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I. INTRODUCTION 
 
 
1.1 Problem Statement and Background Information 
 

The main purpose of this project is to design and fabricate a test rig that creates 
and measures swirl exiting a preswirl shaft system. In a gas turbine engine, there are 3 
main sections: the compressors, the combustion chamber, and the turbines (Figure 1.1). 
Ambient air is first taken in by the compressors which serve to compress this air to about 
400psia. As a result, according to gas laws, the temperature of this air would also 
undesirably rise to about 1000 – 1500°F. This air is then fed to the combustion chamber. 
At constant pressure, the air is subjected to heat from the combustion of fuel. In the end, 
it would leave the combustion chamber at a temperature of 2500°F. This hot air then 
travels to the turbine which has many stages. 

  

 
Figure 1.1 Components of a Gas Turbine Engine 

 
The turbine blades are subjected to intense heat, so a cooling system is needed for 

these blades to prevent them from melting or being damaged. This cooling system makes 
use of air taken straight from the compressors by bypassing the combustion chamber to 
cool the turbine blades. The turbine blades have to bring this coolant air to their rotational 
velocity. Due to this, energy is used, and the temperature of the coolant air increases. As 
a result, the overall efficiency of the cooling system decreases. In terms of numbers, for 
1.4lbm/s of coolant air, approximately 40hp is required to accelerate the coolant air to the 
rotational velocity. The temperature of the coolant air, as a result, increases by 80°F. 

 
To improve efficiency, preswirl systems or Tangential-Onboard Inducers (TOBI 

systems) are used. The TOBI system preswirls the coolant air that is delivered to the 
turbine blade minimizing the energy required to bring the air up to the blades’ rotational 
velocity. All high performance, high temperature gas turbines use preswirl systems, to 
improve and enhance cooling of the turbine blades. The TOBI system consists of a 
stationary set of radially and tangentially inclined holes, or nozzles, that induce swirl. 
From this system, the air then passes through a rotating shaft via holes that channel the 
cooling air to the turbine blades. Currently, little known about how much swirl is left 
after it enters the rotating shaft. This is needed to predict the pressure drops and flow 
rates in the blade cooling air delivery system.  

 
The team, as requested by Honeywell Aerospace, designed and fabricated a test 

rig that simulates actual engine conditions (as shown in Figures 1.2 and 1.3). This rig 
includes the stationary swirl inducing preswirl “nozzles” (TOBIs), the rotating shaft, the 



 2  

drive method, and the exit swirl measurement system. The test rig operates at a wide 
range of operating conditions, measures, and controls all flows as necessary. The rig is 
adaptable with interchangeable components to reduce operating hours. This design takes 
into account the safety concerns of the rotating system. The rotating system of the test rig 
has an extremely low probability of failure and is self-contained. 
 

 
Figure 1.2 Cross Sectional View of the turbine            Figure 1.3 Cross Sectional View of the turbine 
blade section containing a radial TOBI             blade section containing an axial TOBI  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Rotating 
shaft Rotating 

disk 

What is the air swirl here? 

Radial TOBI Axial TOBI 
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II.  DESIGN SPECIFICATIONS 
 

In order for the test rig to successfully simulate actual engine conditions, 
Honeywell Aerospace provided the team with a set of key design parameters. Honeywell 
Aerospace also requested that the rig be designed to allow for the measurements 
described in Section 2.2. 

 
2.1 Key Design Parameters  
 

Table 2.1 Key Design Parameters 

Design Parameter Desired Specification 
[2.1.1] Exit Velocity Ratio 0 - 2 
[2.1.2] TOBI ratio (LT/DT) >4 
[2.1.3] Rotating Shaft Hole Ratio (LS/DS) 0.3 - 1.5 
[2.1.4] TOBI exit blockage 5% - 35% 
[2.1.5] Shaft Hole Periphery <50% 
[2.1.6] TOBI/Rotating Shaft Gap 0.125 in 
[2.1.7] Operating Hours 200 h 
[2.1.8] Interchangeability of Rig short replacement time 
[2.1.9] Leakage controlled 
[2.1.10] Stability prevent rotary instability 
[2.1.11] Safety low probability of failure 

 
 

2.1.1 Exit Velocity Ratio 
 
 The TOBI exit tangential velocity should vary from 0 to 2 times the tangential 
velocity of the rotating shaft at its outer diameter. This ratio non-dimensionalizes the 
velocity so that the test rig does not run at actual gas turbine velocities.  
 
There are different methods of varying the exit velocity ratio: 
 
� One method is by varying the velocity (mass flow rates) of the air flowing 

through the TOBI’s. 
� The next method is by changing the shaft velocity to vary the ratio. 
� Finally, the angle of the TOBI can be changed in order to match with the ratio 

needed (this would require the fabrication of a new TOBI). 
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2.1.2 TOBI Ratio 
 

The length to diameter ratio of the TOBI hole must be greater than 4. This will 
help the TOBI accurately control the direction of the flow. 
 

2.1.3 Shaft Hole Ratio 
 

The length to diameter ratio of the holes on the rotating shaft is to be between 0.3 
and 1.5.  
 

2.1.4 TOBI Exit Blockage 
 

It was required that the TOBI exit blockage be from 5% to 35%. In other words, 
the total exit width of all the TOBI nozzles must account for 65%-95% of the 
circumference of the inner diameter of stationary TOBI system. 
 

2.1.5 Shaft Hole Periphery 
 

To ensure the structural integrity of the rotating shaft, the shaft hole diameter 
times the number of holes must be less than 50% of the outer circumference of the 
rotating shaft. 
 

2.1.6 TOBI/Rotating Shaft Gap 
 

The distance between the outer diameter of the rotating shaft and the inner 
diameter of the TOBI system should be 0.125 inches. 
 

2.1.7 Operating Hours 
 
 The test rig should have the ability and durability to run for 200hrs. 
 

2.1.8 Interchangeability of Rig 
 
 The components of the test rig must be easily interchangeable. The TOBI system 
and the rotating shaft can be easily replaced in a short amount of time. This is needed to 
prevent using up an engineer’s hours just to set up the test rig, instead of time used to 
carry out tests on the rig. 
 

2.1.9 Leakage 
 
 The test rig must be able to control the amount of leakage produced. It should be 
able to quantify leakage produced by the test rig. 
  
 
 
 



 5  

2.1.10 Stability 
 

 The rig must be designed in order to prevent rotor dynamic instability during the 
operation of the rig. 
 

2.1.11 Safety 
 
 The test rig should consider the safety of the rig as a whole. The design should 
consider safety of the rotating system such that either the system has a low probability of 
failure or else it is self-contained. 
 
 
2.2 Measurement Requirements 
 
During the operation of the rig, the test rig should have the ability to be able to take the 
following measurements: 

 
� Total pressure upstream of TOBIs 
� Total temperature upstream of TOBIs 
� Static pressure downstream of TOBIs 
� Total pressure downstream of rotating shaft 
� Total temperature downstream of rotating shaft 
� Swirl downstream of rotating shaft 

 
Note: The requirements stated that no actual measurements have to be taken. The test rig 
should be designed with the ability to receive the measurements stated above. For 
understandable and comprehensive data to be taken a more advanced measurement 
system is to be designed.  
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III. OVERVIEW OF FINAL DESIGN 
 
 
 The radial test rig that has been designed consists of several main subsystems 
which are designed to fulfill the different design requirements of the sponsor. As shown 
on Figure 3.1, there are different components that surround or attach to the main test rig 
which are part of the support subsystem. The motor and the radial test rig are mounted 
onto a flat board. There is a flat piece of rubber in the interface between that motor and 
the flat board in order to prevent any vibrations from the motor to transfer to the rotating 
components of the test rig. A flexible coupling is used to transfer the motor’s rotational 
power to the rotating subsystem of the rig. This coupling gives enough offset so if the 
drive shaft of the rig and motor are not properly aligned, this coupling will compensate 
for this error and not cause imbalances in the rotation of the rig.  
 
 

 
Figure 3.1 Figure of Radial Test Rig together with the support subsystem  

(Measurement systems and air delivery systems not shown) 
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Figure 3.2 Radial Configuration – Physical Structure 

 
 

 
Figure 3.3 Cross-sectional view of the radial configuration physical structure 
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Figure 3.4 Cross-sectional end  view of the radial configuration physical structure 

 
 
 Figures 3.2, 3.3 and 3.4 show the three subsystems of the test rig, the stationary, 
the rotating, and the measurement subsystems. Figure 3.3 shows how compressed air is 
delivered to the rig via four 45 degree angled nozzles placed on either side of the plenum. 
These nozzles serve to non-directionalize the compressed air that comes from the hoses. 
After this air reaches the TOBI shaft, each of the preswirl nozzles (TOBI’s) should 
receive air at the same mass flow rate. The TOBI shaft then preswirls this air through the 
angled nozzles (Figure 3.4). This preswirled air will have the tangential speed of 0-2 
times the speed of the rotating components of the system. The air is then captured by the 
holes in the rotating shaft.  
 
 The rotating shaft is connected to the drive shaft using four ¼ inch diameter bolts 
that would hold both components together while transferring the rotating speed and the 
torque required from the drive shaft. Between the rotating shaft and the TOBI shaft 
shown in Figure 3.3, there are bearings and seals that minimize leakage axially from the 
system. These bearings also serve as the interface between the stationary and rotating 
system in order to keep the rotating shaft at a fixed distance of 1/8 inches from the 
stationary TOBI shaft at all times. 
 

Once this preswirled air passes through the holes in the rotating shaft, the swirl, 
the pressure and the temperature are finally measured using different measurement 
systems. Pressure transducers, thermocouples and cobra probes will be used to 
accomplish the task of taking different measurements of the swirl. As shown on Figure 

Plenum 

Air Hoses 

TOBI Shaft 

Rotating Shaft 

Drive Shaft 
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3.3, the rotating shaft and drive shaft are specifically dimensioned to allow for the 
different measurement systems to be placed. 
 

The radial test rig would be enclosed by a support subsystem. The plenum stand 
helps hold the test rig in place with the motor, as any imbalance would cause physical 
failure to the system. It has been calculated that the stationary subsystem will be capable 
of containing the disintegration of the rotating components. 
 
 

 
Figure 3.5 Schematic setup of test rig system 

 
 

Figure 3.5 above shows the schematic of the interface for the test rig system. The 
test rig utilizes many other components in order for it to create preswirl.  The University 
Lab Air Compressor provides the air for the rig. The air travels through PVC hoses and 
with the help of a manifold design, all eight holes in the plenum are supplied with equal 
mass flow rates. The plenum then non-directionalizes the flow of air before it passes 
through the TOBI nozzles creating swirl.   
 
 A multi speed motor with speed controller is used to run the rotating system of the 
test rig. The whole test rig is supported which ensures that all the parts of the test rig are 
aligned preventing instabilities in the rotating system. Different measurements are going 
to be taken from the test rig using different measurement systems. For data acquisition, a 
computer would be used, which makes use of LabVIEW to present data obtained from 
the test rig.  
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IV.  DETAIL DESCRIPTION OF SUBSYSTEMS 
 

 
From the different key design parameters that Honeywell Aerospace set, and the 

different measurements that were requested, a functional requirement diagram was 
created as shown in Figure 4.1.  

 
 

 
 

Figure 4.1 Function Structure Diagram 
 
 

Figure 4.1 describes the overall function of the test rig. These functions are 
accomplished by six main subsystems that were created in order to satisfy the design 
specifications set. By satisfying these specifications the overall function of the test rig is 
accomplished. The six main subsystems that are part of the test rig prototype are: 
 
� Air Delivery Subsystem 
� Stationary Subsystem 
� Interface Subsystem 
� Rotating Subsystem 
� Support Subsystem 
� Measurement Subsystem 
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These six subsystems are shown and described in a hierarchy shown on Figure 4.2. 
 

 
 

Figure 4.2 Subsystem Diagram 
 
 

Starting from left to right on Figure 4.2, the first column shows the main system, 
the test rig, which performs its overall function (as described on Figure 4.1) by means of 
all the subsystems on the second column. The second column shows the six main 
subsystems created in order to satisfy the key design parameters. The subsystems were 
created as a mean of categorizing all the parts of the test rig, depending on their role in 
achieving the overall function of the rig and what design parameters they meet. In 
addition, the third column shows all the individual components that make up each 
subsystem. 
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4.1 Air Delivery Subsystem 
 
4.1.1 Compressor 
 

The compressor is provided by the University of Arizona. It provides compressed 
air needed by the test rig. This compressed air is provided to the different labs at the 
Aerospace and Mechanical Engineering Department. The hose coming from the 
compressor into the lab is 1 inch in diameter. 
 
4.1.2 Air Hoses Components [1] 

 
Air from the 1 inch hose is split via a T-joint to two 1/2 inch hoses. As shown on 

Figure 4.3, these ½ inch hoses enter 2 separate volumetric flow meters. The volumetric 
flow meters serve to measure and control the flow traveling through the ½ inch hoses. 
Two separate flow meters are used to set the flow more accurately to desired rates.  Upon 
exiting the flow meters, the hoses converge via another T-joint to a 1 inch hose. This is 
done to maintain the equal flow properties. Two ½ inch hose output the T-joint to two 
different 4-hole manifolds which have 4 quick-disconnect output ports. Each output port 
connects to a 3/8” hose that is directly connected to the plenum. Four hoses enter the 
front portion of the plenum and four hoses enter the back portion of the plenum. All air 
hose components were bought at Home Depot, and these came together with the quick 
disconnect attachments that were attached to the plenum. 

 

 
Figure 4.3 Air Hose Connections 
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4.1.3 Volumetric Flow Meter[2]  
 

A volumetric flow meter is an instrument used to measure linear and nonlinear 
volumetric flow rates of a liquid or a gas. The flow meter is used to measure and control 
the volumetric flow rates of the system upstream of the plenum, and downstream of the 
compressor.  

 
Figure 4.4 Volumetric Flow Meter 
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4.2 Stationary Subsystem 
 

4.2.1 Plenum  
 

The plenum serves to non-directionalize the air coming from the compressor so 
that all the pre-swirl nozzles in the TOBI shaft receive an equal amount of flow. The 
plenum has four equally spaced 45 degree air nozzles on each of its faces. The nozzles 
are angled upward on both faces. A portion of the inner diametrical surface of the plenum 
is open. This is the interface between the plenum and the stationary TOBI shaft. The 
other parts of the inner diametrical surface of the plenum are threaded. These threads 
allow the plenum to be screwed onto the TOBI shaft and in turn prevent leakages from 
occurring since these threads act as labyrinth seals. The full dimensions of the plenum are 
shown in Appendix A. This plenum will be custom machined and is made from AISI 
1018 cold drawn steel. 
 

 
 

Figure 4.5 Radial Plenum 
4.2.2 TOBI Shaft 
 

The TOBI shaft pre-swirls the inlet stream of air coming from the plenum by the 
use of pre-swirl nozzles that are angled. (Figure 4.6) With the help of these pre-swirl 
nozzles, the compressed air exits the TOBI’s at a tangential velocity of 0-2 times the 
rotational speed of the drive shaft. This radial set of pre-swirl nozzles is separated from 
the rotating shaft by 0.125 inches. This separation is made possible by two 0.25 inch 
thick bearings placed at both ends of the inner diameter of this stationary system as 
shown on Figure 4.7. 
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Figure 4.6 TOBI Shaft 

 
 

 
Figure 4.7 Flexibility of TOBI Design 

 
 

As shown on Figure 4.7, the TOBI shaft diameter is not a constant 0.125 inches 
from the rotating shaft. This 0.125 inch gap is only constant between the radial set of pre-
swirl nozzles and the rotating holes. The reason that the other sections of the TOBI shaft 
are not 0.125 inches is to allow for more flexibility with future TOBI designs. The “d” 
shown on Figure 4.7 would allow for different variations of the pre-swirl nozzle design 
without having to design and fabricate a new plenum. 

d 

0.25 0.125 
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On the outer diameter of both sides of the shaft there are sets of threads where the 
radial plenum would screw onto. This helps to minimize leakage and also increase 
interchangeability of the system. 

 
The full dimensions of the TOBI Shaft are shown in Appendix A. The TOBI shaft 

was custom machined and is made from AISI 1018 cold drawn steel. 
 
4.2.3 Parameters Satisfied 
 

The calculations to satisfy the design requirements were carried out using 
Microsoft Excel are shown in Table 4.1. 

 
Table 4.1 Design of TOBI Shaft 

Basic Data 
Rinner, TOBI Shaft (inner radius of stationary shaft) (in) 1.125 
Percentage of Periphery (%) 65 
θ (orientation angle of TOBI with respect to tangential axis) (°) 40 
P (perimeter of stationary shaft based inner radius) (in) 7.07 
Pperiphery,limit (perimeter usage limit for TOBI) (in) 4.60 

Calculated Data*  
N (Number of TOBI's) 40 
τ (thickness of Stationary Disk) (in) 0.225 
DTOBI (diameter of TOBI) (in) 0.094 
WTOBI (inner width of TOBI) (in) 0.15 
Periphery usage 5.84 
L (length of TOBI) (in) 0.4 
  
LT/DT ratio 4.3 
%Pused (percentage of perimeter used) 83 
TOBI exit blockage 17.4 

 *N, τ and DTOBI varied to obtain values that meet design requirements 
*** For a curved surface this value is different due to angular orientation of TOBI. The length was 
taken directly from the Solid Works Drawings. 

 
� Exit Velocity Ratio 

 
The TOBI exit tangential velocity should vary from 0 to 2 times the outer 

diameter of the shaft tangential velocity.  
 

The satisfaction of this ratio by the Test Rig is explained in detail in Section 4.4.4. 
 
� TOBI Nozzle Ratio 

 
The length to diameter ratio of the TOBI hole must be greater than 4. This will 

help the TOBI accurately control the direction of the flow. 
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The preswirl nozzles meet the requirement of having the length of the hole greater 
than 4 times the length of the diameter.  The TOBI diameter is 0.0938 inches and its 
length is 0.4 inches, which yields an L/D ratio of 4.26. 

 
� TOBI Exit Blockage 

 
It was required that the TOBI exit blockage be from 5% to 35%. In other words, 

the total exit width of all the TOBI nozzles must account for 65%-95% of the 
circumference of the inner diameter of stationary TOBI system. 

 
The calculations from the design requirements were carried out using Excel. The 

TOBI exit width is 0.146 inches, there are 40 TOBI nozzles, and the inner perimeter 
of the TOBI shaft is 7.07 inches. These measures yielded a TOBI exit blockage of 
17.4%, satisfying the requirement of 5 -35% blockage. 

 
� Interchangeability of Rig 
 

The stationary subsystem of the test rig satisfies the interchangeability 
requirements set out in Section 2: 
 

o The interface between the plenum and TOBI shaft is threaded. In this way, 
the TOBI shaft can be easily removed and replaced. The new TOBI shaft 
can then be easily threaded onto the plenum. 

o As explained earlier, the TOBI shaft is designed to allow for changes in 
the design of the TOBI nozzles without affecting the basic design of the 
TOBI shaft.  

 
� Safety 
 

Since the test rig consists of a rotating subsystem, there is a chance that failure 
might occur in this subsystem during the operation of the test rig. The stationary 
subsystem, which surrounds the rotating shaft, will have to absorb the kinetic released 
by the rotating system in the event of a massive failure. Honeywell Aerospace 
provided the team with a method of calculating kinetic energy released by a rotating 
system. Using this method, safety calculations were carried out to find out the energy 
released by the test rig’s rotating subsystem in the event of a failure as shown in 
Appendix C. To overestimate the amount of kinetic energy produced, the rotating 
system was assumed to rotate at a speed of 3000rpm. Also calculated in Appendix C 
is the amount of kinetic energy that the plenum would be able to absorb. It was 
determined that the stationary subsystem would be able to absorb the energy released 
by the rotating subsystem by a safety factor of 225. 

 
� Stability 
 

The stationary subsystem helps carry and maintain stability of rotating subsystem. 
The threads between the TOBI shaft and the plenum maintain the position of the 
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TOBI Shaft relative to the plenum. The plenum is held in place by a plenum stand 
which is part of the support subsystem. 
 
� Leakage 
 

The interface between TOBI Shaft and Plenum is threaded and acts as a labyrinth 
seal. A leakage test was carried out on the test rig. It was determined that there was 
still leakage from the threads. To overcome this problem, removable sealant was 
used. Further leakage tests showed that the removable sealant effectively reduced the 
amount of leakage to negligible. 
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4.3 Interface Subsystem 
 

The seals and bearings used in the test rig form an interface between the 
stationary and rotating subsystems. The radial system uses two bearings and seals. 
 
4.3.1 Bearings 
 

The two bearings used are of double-sealed type with dimensions of 2x2.5x2.5 
inches and are distributed by Kaydon Bearings. These bearings were given to the 
machine shop that fabricated the test rig so that the machinists was able to correctly 
provide the needed tolerances, in order to properly fit the bearings to the rotating shaft 
and TOBI shaft. 
 
4.3.2 Seals 

 
Figure 4.8 CRWA1 Seal 

 
The seals used in this test rig are CRWA1 seals provided by SKF Seals. The 

pressure ratings for the seals are as shown below: 
 

o 10 PSI @ 0 to 1,000 feet per minute  
o 5 PSI @ 1,000 to 2,000 feet per minute  
o 0 PSI at 2,000 to 3,600 feet per minute. 
 

These seals are easily press-fitted onto outer faces of the bearings on each side of 
the test rig. These seals are extremely cheap and can be easily replaced out when 
damaged.  
 
4.3.3 Parameters Satisfied 
 

� Leakage 
 

When leakage tests were carried out, it was determined that the combination 
of the double-sealed bearings and CRWA1 seals produced negligible leakage. 
Although there is close to negligible leakage produced throughout the test rig, it is 
still necessary to quantify the amount of leakage produced. In order to be able to 
quantify leakage produce, a setup was made where a hose was plug onto the end 
of the rotating shaft, as shown on Figure 4.9. This test was performed without 
rotating any component, and mass flow rate coming in and out were calculated. 
The difference between these two flow rates would quantify the leakage in the test 
rig. Pressure gauges are also placed on the different parts of the rig to ensure that 
during the test there is no pressure build up at any component. 
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Figure 4.9 Quantification of Leakage in the Test Rig 

 
Honeywell Aerospace also required that the leakage be controllable. To 

achieve this, as shown on Figure 4.9, two holes were drilled into the outer 
diameter TOBI Shaft that is not covered by the plenum. These holes can either be 
plugged, to maintain negligible leakage, or left open, to allow for a specific 
amount of leakage. In this way, the test rig would more accurately mimic a real 
gas turbine engine coolant system.  

 
� Stability  

 
To ensure stability, the interface subsystem ensures that both ends of the 

rotating shaft are kept at a constant distance from the TOBI shaft. The bearing 
placements at both ends of the shafts were critical in preventing instabilities 
occurring in the rotating system during operation. Upon testing, the test rig 
showed minimal signs of vibration at the maximum test rotating speed of the test 
rig. 

 
� TOBI/Rotating Shaft Gap 

 
The distance between the outer diameter of the rotating shaft and the inner 

diameter of the TOBI system should be 0.125 inches. 
 

As explained earlier in Section 4.3.2, the TOBI/rotating shaft gap is 
maintained with the help of the two 0.25 inch this bearings. 

 
� Operation Hours 

 
The test rig should have the ability and durability to run for 200hrs. 
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The bearings have a long enough life span to allow the test rig to run for 200 
hrs. However, the seals need to be replaced approximately every 50 hrs, but this is 
not a constraint since their cost is very minimal, and they are easily 
interchangeable. 
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4.4 Rotating Subsystem 
 
4.4.1 Rotating Shaft 

 
The rotating shaft serves to imitate the rotating components of the turbine section 

of the gas turbine engine. The rotating shaft captures the pre-swirled air created by the 
stationary TOBI shaft. The rotating shaft is directly connected to the drive shaft via four 
¼ inch screws, as shown on Figure 4.10. Therefore, it will rotate at the same rotational 
velocity as the drive shaft. 

 

 
Figure 4.10 Rotating Shaft 

 
 

As required, the non-angled holes in the rotating shaft are only permitted to take 
up to 50 % of the periphery to allow the shaft have structural integrity when rotating at 
extreme speeds. The inner diameter was set at 2 inches. Different measurement 
instruments must be able to fit and be adjusted between the drive shaft and the rotating 
shaft to measure the different properties of the air exiting the rotating shaft. The thickness 
is set at 0.125 inches to make the shaft standard but strong enough to rotate at the desired 
speeds. 24 holes are cut to maximize air flow without weakening the shaft to failure. The 
length of the shaft is 4.5 inches.  
 

The full dimensions of the Rotating Shaft are shown in Appendix A. The TOBI 
shaft was custom machined and is made from AISI 1018 cold drawn steel.   

 
 
 
 
 
 
 

Location of ¼ 
inch screws 
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4.4.2 Drive Shaft 
 

 
Figure 4.11 Drive Shaft 

 
 
The drive shaft is coupled directly to the motor. As shown on Figure 4.11, the 

drive shaft has a 0.5 inch thick protruding section. This section is where the rotating shaft 
would be directly connected to the drive shaft with the use of the 4-¼ diameter screws 
placed radially around the section. The rotating shaft has an O-ring insert that will be 
placed flush onto the second face of the drive shaft. This ensures that once the rotating 
shaft is connected to the drive shaft, the O-ring will prevent any leakages from happening 
through the interface between the rotating shaft and drive shaft. The drive shaft was 
custom machined from AISI 1018 cold drawn steel. 
 
4.4.3 Flexible Coupling (Love Joint) 

 
The flexible coupling (shown on Figure 4.12) serves to connect the motor shaft to 

the drive shaft of the rotating subsystem of the test rig. This flexible coupling allows all 
the torque and rotational velocity of the motor to be transferred to the drive shaft. In 
addition, the flexible coupling allows a certain degree of offset between the drive shaft 
and the motor shaft without sacrificing stability and performance.  
 

 
Figure 4.12 Flexible Coupling 

 
 

Location of O-ring 

Placement of ¼ inch screws 

Connected to 
Flexible Coupling 
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4.4.4 Parameters Satisfied 
  
The calculations from the design requirements were carried out using Microsoft 

Excel. The excel table used to analyze the sizes required for the rotating shaft is shown in 
Table 4.2. 

 
Table 4.2 Design of Rotating Shaft 

Basic Data 
Rshaft, outer (outer radius of shaft) (in) 1 
Percentage of Periphery (%) 50 
P (perimeter of rotating shaft based on outer radius) (in) 6.284 
Pperiphery, limit (Perimeter usage limit for holes) (in) 3.142 

Calculated Data*  
N (number of holes) 24 
l (thickness of rotating shaft) (in) 0.125 
dhole (diameter of hole) (in) 0.125 
Periphery usage  (in) 3 
L/D ratio 1 
% Pused (percentage of perimeter used) 48 

* N, l and dhole varied to obtain values that meet design requirements 
 
 
� Shaft Hole Periphery:  

 
To ensure the structural integrity of the rotating shaft, the shaft hole diameter 

times the number of holes must be less than 50% of the shaft circumference at the 
inner diameter of the outer cylinder. 

 
The hole diameter is 0.125 inches, there are 24 holes, and the inner 

perimeter of the rotating shaft is 6.3 inches. As a result, the shaft periphery usage 
is 47.7%. 

 
� Shaft Hole Ratio 

 
The design requirement asks for the length to diameter ratio of holes on the 

rotating shaft to be between 0.3 and 1.5. 
 

The length of the holes on the rotating shaft is equal to the thickness of the 
rotating shaft. This length was set to 0.125 inches. And, the diameter of the holes 
was set to 0.125 inches, yielding an L/D ratio of 1.  

 
� Exit Velocity Ratio 

 
The TOBI exit tangential velocity was required to vary from 0 to 2 times the 

outer diameter of the shaft tangential velocity.  
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There are two ways of varying the exit velocity ratio: 
 

o The rotational speed of the motor can be varied to achieve the exit velocity 
ratio needed. 

o The mass flow rate of the air flowing through the TOBI’s can be varied to 
achieve the desired velocity ratio. 

o Finally, the angle of the TOBI can be changed in order to match with the 
ratio needed (this would require the fabrication of a new TOBI). 

 
The test rig is designed to allow all the methods to be used in varying the 

exit velocity ratio. Appendix C shows the calculations done to obtain the needed 
mass flow rate, when the rotational velocity is 1750rpm and the exit velocity ratio 
is set to 2. The tangential velocity of the air exiting the TOBI nozzles is calculated 
with the help of the vector diagram shown in Figure 4.13. 

 
Figure 4.13 Vector Diagram of air exiting the TOBI nozzle 

 
 For the current configuration Vn,air will be 2 time more than the tangential 
velocity of the shaft rotating at 1750rpm. Once this is calculated, as shown in 
Appendix C, the mass flow rates needed is easily obtained.  
 
 The maximum speed that the rotating subsystem would rotate during 
operation was set to be 1750rpm for both safety and stability considerations. This 
means that the maximum volumetric flow rates needed are 275ft3/h. This is the 
reason as explained in Section 4.1.2 that two volumetric flow meters are used, 
where its ranges at to 200ft3/h and 100ft3/h respectively. In this way also, during 
operation, the user would be able to obtain the desired flow rate as accurately as 
possible. 

 
� Stability 

 
The rig must be designed in order to prevent rotor dynamic instability during 

the operation of the rig. 
 
The drive shaft uses a flexible coupling to connect to the motor to ensure 

stability even when drive shaft and motor shaft not aligned. As explained earlier, 
the bearings between the rotating and TOBI shaft ensure that the rotating shaft 
does not wobble. 
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� Safety 
 
Stress analysis was carried out on the four ¼ inch bolts that attach the rotating 

shaft to the drive shaft as shown in Appendix C. Based on the calculation, the 
bolts satisfied the low probability of failure requirement with a safety factor of 
32.8.  
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4.5 Support Subsystem 
 
Figure 4.14 below shows the entire setup of the Support Subsystem for the test rig. 
 

 
Figure 4.14 Setup of Support Subsystem 

 
 

4.5.1 Motor 
     
The motor [3] chosen was the MicroMax Y368 (Figure 4.13).  This motor was 

chosen for multiple reasons. The motor is a 2 hp motor which creates more than enough 
torque to drive our system.  Lastly, the Y368 was chosen because it is reversible. A 
reversible motor adds to the flexibility to the tests that can be run in the test rig. 

 

 
Figure 4.15 Micromax Y368 motor 

 
 
 
 

Rubber Sheet 
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Speed Controller 
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4.5.2 Speed Controller 
 
 To control the motor, a speed controller is used. The speed controller allows the 
user to vary the rotational speed of the test rig and also reverse the rotation of the motor if 
needed. Figure 4.14 shows the placement of the speed controller. 
 

 
Figure 4.16 Speed Controller 

 
 

4.5.3 Safety Net 
 
The open part of the drive shaft and motor shaft is covered with metal wire gauze. 

This is to prevent anyone from touching the rotating shafts during the operation of the 
test rig. 

 

 
Figure 4.17 Safety Net 
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4.5.4 Plenum Stand 
 

The plenum stand consists on two blocks of wood attached to each other by two 
13” bolts. This stand encloses the plenum and provides support for the end section of the 
test rig. Although the plenum is enough to contain failing parts in case of any 
malfunctioning, the plenum stand with the two 13” bolts holds the plenum strongly and 
enhancing its safety capabilities. 

 
Figure 4.18 Plenum Stand 

 
4.5.5 Platform Board and Side Board 
 

The base, which is a flat board, has locator holes for stands to be bolted on.  These 
holes keep the stands in a perfect location to attach the system to the motor.  The stand 
clamps around the plenum and keeps the system well supported.  
 
4.5.6 Rubber Sheet 
 

Between the motor and the flat board there is a sheet of rubber. This rubber sheet 
helps reduce the transference of vibrations from the motor to the test rig. This ensures 
that measurements taken are accurate and that the test rig is stable throughout testing. 
 
4.5.5 Design Parameters Satisfied 
 

� Safety 
 

The plenum stand and the safety net both form key parts in satisfying the 
safety requirement set forth by Honeywell Aerospace. The safety net ensures that 
the open rotating system of the rig does not cause harm to any ‘wandering hands’ 
during the operation of the test rig. Also, in the even of a massive failure, the net 
serves as an additional barrier for the drive shaft. The plenum stand serves to 
ensure that the main test rig section is firmly in place. During a massive failure, 
this component also helps in containing the failure. 
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� Stability 

 
The combination of the different components that make up the support 

subsystem ensure that the test rig is fully stable during full operation. This means 
that with the help of the supporting subsystem, the test rig is able to align properly 
with the motor, so enabling the motor to fully transfer its power to the drive shaft 
with minimal vibration induced torque. 
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4.6 Measurement Subsystem 
 
 
4.6.1 Pressure Transducer 
 

The pressure transducer is a device that converts pressure into an analog electrical 
signal. Two pressure transducers are used to measure both, the pressure downstream of 
the rotating shaft, and the pressure in the plenum. To take these measurements, pressure 
taps were drilled on the TOBI shaft and other sections of the test rig. 
 
4.6.2 Cobra Probe 
 

A cobra probe is used to determine the direction of the tangential velocity of the 
swirl remaining after leaving the nozzles and entering the rotating shaft. Three holes are 
used on the cobra probe. Two outer holes are used to find the pressure difference, and 
when the pressure difference is determined to be zero, the direction of the flow has been 
determined. The center hole at that point in combination with a static pressure hole is 
used to determine the magnitude of the flow. The pressure difference is, then, inserted 
into a LabVIEW averaging program, due to the fluctuations in the pressure difference. At 
this point, uncertainties can be calculated in the measurements as well as the tangential 
velocity of the swirl. To calibrate the probe, a calibration wind tunnel is used to ensure 
that the channels on LabVIEW are calibrated. 
 
4.6.3 Thermocouple 
 

Thermocouples are commonly used as temperature sensors; they are mainly used 
as a mean of converting thermal potential differences into electric potential differences. 
The benefit of thermocouples is that they are easily interchangeable and cheap.  
 
4.6.4 Parameters Satisfied 
 

By having placed pressure transducers and thermocouples upstream and 
downstream the TOBI shaft, the test rig is capable of providing measurements of pressure 
and temperatures. 
 
� Total pressure upstream of TOBIs, downstream of rotating shaft, and static 

pressure downstream of TOBIs 
 

These measurements are accomplished by pressure taps drilled on the TOBI shaft 
at different sections along its outer diameter 
 
� Total temperature downstream of rotating shaft 

 
This measurement is accomplished by thermocouples placed on the TOBI shaft 
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� Swirl downstream of rotating shaft 
 

This measurement is accomplished by the placement of the cobra probe at the exit 
of the rotating shaft. This probe’s alignment is flexible enough to find an accurate 
swirl measurement, by finding the maximum tangential velocity of the air exiting the 
shaft.  

 
Currently the 3 hole Cobra Probe was used to obtain data at the exit of the rotating 

shaft. This probe allowed only for the direction of the flow could be obtained and not 
the magnitude. A set of tests (steps outlines in Operation Manual) were carried out 
the to determine the effect of the direction of swirl as the cobra probe is brought from 
the center of the rotating shaft exit plane to the edge as shown on Figure 4.19. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.19 Movement of Cobra Probe during Swirl Test 
 
The results from this test are as show in the plot on Figure 4.20. 
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 The method, by which the test above was carried out, was to make use of the two 
outer holes of the cobra probe as shown in Figure 4.21. During the test, the two side holes 
of the probe would start at an angle perpendicular to the exit plane of the rotating shaft. 
There would be a pressure differential between these two holes if the direction of the 
flow at the exit is not perpendicular to both the holes. The probe is then rotated until the 
pressure differential between the two side holes are zero. This then means that the cobra 
probe is in the direction of the flow. This angle is then taken. As shown in Figures 4.19 
and 4.20, this procedure is done from the rotating shaft center to the edge and a 
relationship is found from this. As we go closer to the edge of the rotating shaft, the angle 
of the flow is steeper. 
 

 
Figure 4.21 3 Hole Cobra Probe 

 
 Although the test above showed positive results concerning the swirl left in the 
rotating shaft, more detailed test need to be carried out. During discussions with different 
advisors and also other measurement system experts, it was realized that in the near 
future, a new kind of measuring device would need to be specially made to be able to 
fully understand the complex 3-Dimensional characteristics of the flow coming exiting 
the rotating shaft. Once this can be done, useful data can be obtained and analyzed. 
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V. BILL OF MATERIALS 
 
Table 4.1 shows the budget for the Test Rig.  The total allotted budget for this 

project is $7.000.  $4100 was used to the machined the main components of the test rig. 
The rest was used to obtain the other materials and equipment necessary to fabricate a 
fully operational test rig. Currently, there is still $500 left in the allotted budget. This 
$500 will be used by the team’s advisor (Professor Lesley Wright), to help fabricate or 
acquire additional measurement devices that would help during the future testing of this 
test rig.  The following table displays the item, supplier, part#, quantity, and the cost per 
part. 

Table 5.1 Bill of Materials 

Item Supplier / Manufacturer Manufacture Part # Qty . Cost 

2x2.5x.25 Bearings Kaydon Bearings Ja020cpu 2 388.00 

Motor Automation Direct Micromax Y368 1 275.00 

Motor Speed Controller Automation Direct 
GS2 Micro AC Motor 

Controller 
1 199.00 

Volumetric Flow Meter Dwyer Instruments  3 297.75 

Thermocouple AME Department - 2 - 

Pressure Transducer Dwyer Instruments - 2 405.00 

Air Supplies Granberry -  385.00 

Air Hose Home Depot - 100 ft 44.00 

Drive Shaft Clamp Climax Metal Cc-087-087 1 19.00 

Seals SKF Seals 19739-Crwa1s 2 20.60 

Air Plug Ace Hardware   3.77 

Lumber Home Depot  1 27.11 

3/8 Air Nipples Mechanics Tool   10.87 

Power Cord / Plug / Switch Borderstate   32.59 

Bolts Copperstate Bolts  12.32 

Pressure Gages Dwyer Instruments   100.00 

Misc Pressure Hose Mcmaster Carr   55.00 

3/8 Plugs Home Depot   7.99 

Machine + Material Costs    4,145.00 

Total    6,428.00 
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VI. REQUIREMENTS REVIEW  
 

In sections 3 and 4, each subsystem is shown to meet the different specifications 
stated in section 2. Table 6.1, below, shows in a table format how the different design 
specifications (key design parameters) stated in section 2 are met and references each 
parameter to the different components of the test rig. 
 

Table 6.1 Mapping Test Rig to Design Specifications (Key Design Parameters) 

Design Parameter Desired 
Specification 

Actual 
Specification Test Procedure Reference 

Exit Velocity Ratio 0 - 2 
2 (varies with flow 
rate and rotational 
speed of shaft) 

Inspection 2.1.1, 4.2.3, 

TOBI Ratio >4 4.26 Inspection 2.1.2, 4.2.3 

Shaft Hole Ratio 0.3 - 1.5 1 Inspection 2.1.3, 4.4.4 

TOBI Exit 
Blockage 

5% - 35% 17.4% Inspection 2.1.4, 4.2.3 

Shaft Hole 
Periphery <50% 47.7% Inspection 2.1.5, 4.4.4 

TOBI / Rotating 
Shaft Gap 

0.125 in 0.125 in Inspection 2.1.6, 4.3.3 

Operating Hours 200 h 

test rig life span is 
more than 200 h 
with exception to 
seals 

Analysis 2.1.7, 4.3.3 

Interchangeability 
Of Rig 

short replacement 
time 

all parts are 
interchangeable in 
short time span 

Test 2.1.8, 4.2.3 

Leakage controlled 
quantified and 
controlled 

Test 2.1.9, 4.2.3, 4.3.3 

Stability 
prevent rotary 
instability 

fully stable during 
operation 

Test 
2.1.10, 4.2.3, 
4.3.3, 4.4.4 

Safety 
low probability of 
failure 

low probability of 
failure and self 
contained 

Analysis 
2.1.11, 4.2.3, 
4.4.4, 4.5.5 
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Table 6.2, below, shows in a table format how the different design specifications 
(measurement requirements) stated in section 2 are met and references each parameter to 
the different components of the test rig. 

 
Table 6.2 Mapping Test Rig to Design Specifications (Measurement Requirements) 

Measurement 
Requirements Desired Specification Actual Specification Test Procedure Reference 

Total Pressure 
upstream of TOBIs 
and downstream of 
rotating shaft 

upstream of TOBIs 
and downstream of 
rotating shaft 

Test 2.2, 4.6.4 

Static Pressure downstream of TOBIs 
downstream of 
TOBIs 

Test 2.2, 4.6.4 

Total Temperature 
upstream of TOBIs 
and downstream of 
rotating shaft 

downstream of 
rotating shaft 

Test 2.2, 4.6.4 

Swirl 
downstream of 
rotating shaft 

downstream of 
rotating shaft 

Test 2.2, 4.6.4 
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VII. CLOSURE AND RECOMMENDATIONS 
 
 
7.1 Conclusion  
 

An entire year’s work comes to a closure at this point with test rig completely built 
and running.  Every requirement set by Honeywell was met and in some cases surpassed.  
Due to the numerous safety considerations taken for a project like this, the project would 
be free from hazards during full operation. Honeywell requires the ability to measure 
certain points on the rig such as temperature or pressure. Basic measurement systems 
have been placed into the rig, but no actual official measurements were taken. 
Honeywell’s initial requirements did not state for actual measurements to be taken. 
 

The two final parts for this project will be Appendix C and Appendix D. Appendix C 
will contain the operations manual for the radial system. This manual will explain how to 
run the rig as well as disassemble it for quick changing of the TOBI shaft and the other 
components of the test rig. The user manual also outlines the steps to be taken in order to 
carry out measurements needed from the test rig. Appendix D contains the axial design 
TOBI system which at first was required by Honeywell, but left for potentially another 
team due to money and time constraints.     
 

The radial test rig designed is a stepping stone for Honeywell for developing more 
efficient coolant systems for gas turbine engines. Once a proper measurement system is 
place in this test rig, Honeywell Aerospace will be able to gage and optimize the amount 
of mass flow flowing through the coolant system. In this way, this will effectively 
prevent too much air from being taken on of the compressor for the coolant system 
therefore increasing the efficiency of the engine. In literature a few rigs have been built to 
serve this purpose. However these were based on the axial design. This one of a kind test 
rig built by the team ensures that Honeywell has the ability to obtain results (base data 
points) that will be sufficient in creating CFD (Computational Fluid Dynamics) models in 
effort to better understand the inner-workings a gas turbine engine. 
 
7.2 Recommendations 
 

The future recommendations for this project come down to 2 main parts.  The first is 
the future development of the axial design and building it.  Although the main design for 
the axial system is complete there are still many aspects that could be changed in order to 
improve our design as we had to do with the radial system this semester.  The last part is 
the implementation of a comprehensive swirl measurement system that would have the 
ability to provide comprehendible data. The future of this test rig is very promising in that 
this is a step in the right direction in improving the efficiency of the coolant system in a 
radial gas turbine engine and in effect improving the overall efficiency of the engine 
itself. 
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IX. APPENDIX A - Technical Drawings of Radial System with Full Dimensions 

 



 40  

 



 41  

 



 42  

 



 43  

 



 44  

X. APPENDIX B – Test Rig Calculations 
 
 

 
 
 
 
 
 
 

ENERGY CALCULATIONS    

    

Basic Equations    

I Moment of inertia for a disk 

m Mass of object 

r Radius of disk 

ω 
Angular velocity of rotating 
components 

KETOTAL  
Total rotational energy of wheel (disk) 
at time of burst 

KETR 
Total energy which must be absorbed 
by surrounding structure 

KE 
Amount of energy that must be 
absorbed by the structure 

M structure 
Mass of the safety structure of the 
system 

 

M rotor  Mass of the rotating components 

Calculations    

    

MASS    

MD (drive shaft)  (lbm) 10  

MR (rotating shaft) (lbm) 5  

Mrotor (lbm) 15  

Mstructure (lbm) 15  

    
SPEED    

V (maximum rotating speed) (rev/min) 3000  
ω (rad/s) 314.200  
I (lbm.ft2) 0.052  
    
ENERGY    

KETOTAL (lbf.ft) 80.340 1 lbf = 32.2 lbm.ft/s2 

KETR (lbf.ft) 48.204  

KE (lbf.ft) 96.408  
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KNOWN PARAMETERS    

    

Rshaft (radius of shaft) (in) 1  

    

Plenum And TOBI Properties    

  
MATERIAL Cold-Drawn 1018 AISI Steel 
ρ (density) (lbm/in3) 0.284  
t (thickness of plenum with non-rotating component) (in) 0.5  
E (modulus of elasticity) (lbf/in2) 29000000  

σy (yield strength) (SCC) (lbf/in2) 45000  
   

Vol Volume of structure 

2.5

SCC
Vol

2

1
KECC ×=  

SCC 
Specific containment  
capability (yield strength) 

    
VOLUME    

ro (outer radius) (in) 2.875  

ri (inner radius) (in) 2.375  

l (length of disk) (in) 3.5  

Vol (in3) 28.867  

KECC (lbf.ft) 21650.34  

 
 

SF 225 
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Bolts
Drive Shaft

Rotating Shaft

 
 
 

SHEAR ANALYSIS FOR BOLT ON SHAFT SYSTEM  
   

Basic Equations   

HP Horsepower 

RPM Rotational speed in rev/min 

r Radius of disk 

T Torque 

LT Threaded length 

 D Nominal diameter 

   

Calculations   
assume minor diameter is 3/4 of nominal diameter  
   

Dm (in) 0.1875 

AS (area based on minor diameter) (in2) 0.027615 

   

HP (based on motor specifications)  2 
RPM (rev/min) 1800 
   
T (lbf.ft) 5.836 
   
F (force exerted by rotating system at radius r) (lbf) 70.02667 
   
Since each there are four bolts located at this radius to hold this force 
FB (lbf) 17.50667 

   

τ (shear stress on the bolt minor diameter) (lbf/in2) 633.9496 
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BASIC PROPERTIES OF BOLT USED    

    
Shape   Hexagonal (Table A-29) 
ASTM Designation   A307 

Material   Low Carbon 

Minimum Proof Strength (lbf/in2)  33000 

Minimum Tensile Strength (lbf/in2)  60000 

Minimum Yield Strength (lbf/in2)  36000 
    
D (in)  0.25 
 
From distortion energy theorem, the shear strength of the bolt is: 

    

SSY (lbf/in2)  20772 

    
KNOWN PARAMETERS    
    

Rshaft (radius of shaft) (in) 1 0.0833 

 
 

SF 32.8 
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Radial TOBI (Velocity Ratio = 2)   
   
KNOWN PARAMETERS   
   
Rshaft (radius of Shaft) (in) 1 
θ (angle of TOBI orientation with respect to tangential axis) (°) 40 
ρ (air at 30psi, ambient temp) (slug/ft3) 0.004665 

Dtobi (diameter of TOBI) (in) 0.09375 

Rinner (inner radius of TOBI holding Shaft) (in) 1.125 

No. of TOBIs  40 
   
Ideal Gas Law   
Rair ft lb/slug R 1716 
p lb/in2 30 
T °F 80 
   
Rotation Speed (rev/min) 1750 
   
Rotation Speed (rev/sec) 29.1666667 
   
ω (angular velocity) (rad/sec) 183.283333 
   
Vt (Tangential Velocity of Shaft) (in/sec) 183.283333 
  15.2736111 
Vt,TOBI (tangential velocity of exit TOBI flow) (ft/s) 30.5472222 
   
VTOBI (velocity of air coming out of TOBI) (ft/s) 39.8766212 
   
           (mass flow rate for each TOBI) (lbm/s) 0.00028717 
   
   
         (total mass flow rate from the plenum) (lbm/s) 0.01148679 
   
Q (Flow Rate) (ft3/s) 0.07647238 
Q (Flow Rate) (litres/s) 2.16545303 
Q (Flow Rate) (litres/min) 129.927182 
Q (Flow Rate) (ft3/h) 275.30056 

 

 
 
 
 
 
 
 
 
 

Tm&
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XI. APPENDIX C - Operations Manual 
 

TEST RIG DESIGN TO MEASURE AIR SWIRL 
EXITING A PRESWIRL-SHAFT SYSTEM 

 

 
 

OPERATION’S MANUAL  
 

Team Members:   Chris Dubois   
      Brett Horton   
      Gavin Kumar 

William Morales 
     William Reveron 
 
 
Submitted to:   Jeff Howe 

Dr. Gerald Pine 
 
 
Date:     May 4th, 2007 
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I. ASSEMBLING / DISASSEMBLING 

1.1 Disassembling 

� On the plenum stand, there are 2 (13”) knots bolted 
� Wedge an instrument in the middle section of the plenum stand to lift the top part 

of the stand  
� Undo the 8 air hose disconnects 
� Take off all measurement devices (thermocouples, pressure transducers) 
� Slide plenum out 
� Undo 4 screws from the drive shaft clamped safety cage 
� Use an Allen wrench to unhook the drive shaft clamp (coupling) 
� Unscrew the TOBI shaft from the plenum 
� If the rotating shaft needs to be replaced, unscrew 4 hex bolts, with an Allen 

wrench, that are attaching this to the drive shaft 

1.2 Assembling 

� To assemble the rig back, reverse the steps outlines above. 
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II. HOW TO RUN A TEST  

� Plug in the 208 V source to supply the motor with power 
� Turn on air lines 
� Adjust flow meters to allow the required mass flow rate to enter the test rig  
� Turn the motor into reverse mode by pressing the forward-reverse button and 

pressing "run" (click on “display” to view current rotational speed) 
� Slowly turn dial to adjust test rig rotational speed 

2.1 How to use cobra probe 
 

� Login to the computer. 
o Login Name: amitjon 
o Password:  mechengr 

� Open National Instruments Lab View 6.1 by double clicking on the icon found on 
the desktop. 

� Select Open VI. 
� Choose Convert Baratron Voltage to Velocity. 
� Turn on the Barometer, open the two valves found behind the Baratron. 
� Zero out the null, as well as the 0.1 multiplier, with a small screw driver, with the 

assistance of the yellow digital multimeter. 
� Turn the Barometer to full scale, and adjust with small screw driver until the 

yellow digital multimeter reads 5.000.  
� Open air lines, and adjust air to desired flow rate (there are knobs to adjust the 

flow rate that can be found on the SCFH flow meters). 
� Plug in the 208 V source. 
� Press REV, then RUN to get the motor to run in the correct direction. 
� Turn the power supply on the motor controller until desired speed is reached. 
� Press DISPLAY to read the rev/min. 
� Adjust the corba probe holder so that the small brass pointer is in the same 

direction as the cobra probe inlets. 
� Set the cobra probe to desired location on the exit plane of the test rig. 
� Adjust the angle of the probe to produce around a zero voltage.  
� Use the Lab View program to take an average reading by selecting RUN in the 

top left corner. 
� Select the LOOP box on the program and increase the number, to choose a longer 

time to sample. 
  
2.2 How to measure temperature  
 
� Plug in the thermocouple power supply. 
� Select the channel of the thermocouple desired. 
� Move the third thermocouple to the exit plane of the test rig if exit temperature is 

desired. 
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2.2 How to measure pressure 
 
� Take the pressure transducer tube and plug it into the differential pressure 

transducer. 
� Leave the other part of the pressure transducer open to ambient air. 
� Plug the pressure transducer power supply into the digital meter. 
� Power to the digital meter. 

 
2.4 How to measure leakage 

� Insert plug in the exit of the rig, and connect the hose to the plug  
� Turn the air on and adjust the desired flow rate in the flow meters 
� Measure outlet flow 
� Measure the leakage by taking the difference between the inlet and outlet flow 

measurements 

 
 
User Manuals: 
 
- Attached to the final design report are the user manuals/spec sheets 
for the different components that were used in the test rig 
 
• Micro Max Motor Spec Sheet 
• GS2 AC Drive User Manual 
• Seals Self Study Guide 
• Information concerning Waveseals 
• Kaydon Bearing Catalog 
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XII. APPENDIX D - Technical Drawings of Axial System with Full Dimensions 
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Motors - Performance & Specification Comparisons

Characteristic microMAXTM Black Max® Blue Max® Blue Chip XRI®

Electrical Characteristics
Horsepower range 1/4 - 10 1/4 - 30 40 - 100 15 - 100

Base speed (# Poles) 1800 (4) 1800 (4) and 1200 (6) 1800 (4) 1800 (4)

Standard Voltage 230/460
(1/4 HP is 230 V only) 230/460 and 575 230/460 230/460 and 575

Insulation Class H F H F

Insulation System CR200 magnet wire MAX GUARD® MAX GUARD® n/a

Service Factor (inverter power) 1.0 1.0 1.0 1.15

Phase/Base Frequency 3/60 3/60 3/60 3/60

Design Code (NEMA) A and B for 1/4 - 2 HP A A B

Duty Cycle Continuous Continuous Continuous Continuous

Thermal protection None Class F thermostats Class F thermostats None

Mechanical Characteristics
Frame size (mounting) 56C - 215TC 56C - 286TC 324T(C) - 405T(C) 254T - 405T

Normal NEMA frame size Yes Yes Yes Yes

Enclosure TENV and TEFC TENV TEFC and TEBC TEFC

Frame material Rolled Steel Rolled Steel, Aluminum
& Cast Iron Cast Iron Cast Iron

End bracket material Aluminum Aluminum, Cast Iron Cast Iron Cast Iron

Conduit box material Steel Steel Cast Iron Cast Iron

Fan guard material Polypropylene None (all ratings TENV) Cast Iron Cast Iron

Fan material Polypropylene None (all ratings TENV) Polypropylene Polypropylene

Lead termination Conduit box
(1/4 HP - terminal block) Conduit box Conduit box Conduit box

Standard mounting C-Face with Rigid Base
and C-Face Round Body C-Face with Rigid Base C-Face with Rigid Base Rigid Base

Drive end shaft slinger No No Yes Yes

Paint Black powder-coat Black enamel Blue enamel epoxy paint

Bearings Ball (C3 fit) Ball (C3 fit) Ball (C3 fit) Ball (C3 fit)

Grease Exxon POLYREX EM Exxon POLYREX EM Exxon POLYREX EM Exxon POLYREX EM

Standard conduit box assembly position F3 F1, reversible to F2 F1, reversible to F2 F1

Performance Characteristics
Constant Torque speed range 20:1 (TEFC), 1000:1 (TENV) 1000:1 (TENV) 2000:1 (all enclosures) 20:1

Constant Horsepower speed range 2:1 (90-120 Hz intermittent) 2:1 (90-120 Hz intermittent) 2:1 2:1

Temperature rise B F F (TEFC) and B (TEBC) B

Encoder provisions No Yes Yes No

Other Characteristics
Agency listings UL Recognized, CSA Certified UL Recognized, CSA Certified UL Recognized, CSA Certified UL Recognized, CSA Certified 

Warranty* 3 years 3 years 3 years 3 years

*See Terms and Conditions for motor warranty explanation.  
Warranty service can be arranged through numerous Marathon Electric service centers.  See list of service centers on our Web site at www.automationdirect.com.
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Features
• Constant torque operation from 0 to base speed (TENV ratings)
• Constant torque operation from 1/20 speed to base speed (TEFC ratings)
• Constant horsepower to twice base speed (RPM)
• Class H insulation with CR200 (corona-resistant) magnet wire
• Continuous duty at 40°C ambient
• Dual Mounting (C-Face with rigid base and C-Face

with removable rigid base, as noted)
• Service Factor: 1.0
• Utilizes double shielded ball bearings
• Exxon Polyrex® EM bearing grease
• Eliminates brush and commutator maintenance
• UL recognized and CSA certified
• Three year warranty

Applications
• Replaces 90 volt and 180 volt PMDC motors (when used with

AC variable frequency drives)
• Typical uses include: machine tools, conveyors, packaging machines,

batching machines, printing equipment, pumps and fans.

Motor Specifications
Part

Number Price HP Base
RPM Volts Encl. NEMA

Frame Model No. F.L.
Amps

Weight
(lbs.) Footnotes

Y500** <---> 1/4 1800 230 TENV 56C 56H17T2011 1.0 17 N,Q

Y360** <---> 1/2 1800 230/460 TENV 56C 56H17T2017 1.8/0.9 25 N

Y364** <---> 1 1800 230/460 TEFC 56C 56H17F2021 3.2/1.6 28 –

Y368** <---> 2 1800 230/460 TEFC 145TC 145THFR5329 5.8/2.9 51 6

Y999** <---> 3 1800 230/460 TEFC 182TC 182THFR7729 8.4/4.2 77 6

Y372** <---> 5 1800 230/460 TEFC 184TC 184THFR7726 13.0/6.5 91 6

Y994* <---> 7 1/2 1800 230/460 TEFC 213TC 213THFW7726 21.4/10.7 133 6

Y996* <---> 10 1800 230/460 TEFC 215TC 215THFW7726 27.6/13.8 154 6

Footnotes:
N Totally Enclosed Non Ventilated
Q "Quick Connect" terminal board
6 Bolt-on, removable base for footless mounting option
Note:  Please review the AutomationDirect Terms & Conditions for this product.  

Warranty service can be arranged through numerous Marathon Electric service centers.  See list of service centers on our Web site at www.automationdirect.com.

microMAXTM AC Inverter Duty Motors

Performance Data (460 Volt except as indicated)

Part
Number HP NEMA

Design
F.L.
RPM

Min.
RPM

F.L.
AMPS
460 V

N.L.
AMPS
460 V

F.L.
Torque
(lb-ft)

B.D.
Torque
(lb-ft)

Max.
CHP

RPM*

Max.
Safe
RPM

F.L.
Effic.

F.L.
Power
Factor

Rotor
Inertia
(lb-ft2)

Y500 1/4 (230V) B 1725 1.8 1.0 (230V) 0.7 (230V) 0.75 3.7 3520 5400 72.0 65.0 0.040

Y360 1/2 B 1730 1.8 0.9 0.5 1.5 6.8 3520 5400 80.0 72.0 0.075

Y364 1 B 1725 45 1.6 0.9 3.0 12.0 3520 5400 78.5 77.5 0.090

Y368 2 B 1740 60 2.9 1.6 6.0 29.0 3530 5400 82.5 77.0 0.140

Y999 3 A 1760 80 4.2 2.5 9.0 35.0 3540 5400 87.5 76.0 0.30

Y372 5 A 1750 90 6.7 3.5 15.0 61.0 3480 5400 88.5 79.0 0.45

Y994 7 1/2 A 1770 90 10.7 6.2 22.3 80.0 3565 4200 89.5 72.5 0.75

Y996 10 A 1770 90 13.8 7.8 30.0 110 3570 4200 91.0 74.0 1.00

* Maximum Constant HP RPM is for direct coupled loads.

1000:1 Constant Torque (TENV), 20:1 Constant Torque (TEFC)

Motor Shipping Schedule
Same or one day * Up to 7 days Up to 10 days

Color indicates shipping lead time in business days.  Check stock status online.

* For same day shipping of motors requiring LTL shipment and motors not
stocked at AutomationDirect, order before 12 p.m. EST.

** For same day shipping of microMAX motors under 100 lbs, order before 5
p.m. EST.
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microMAXTM Motor Dimensions

Motor Dimensions [Inches]
Part

Number HP Fig. NEMA
Frame C D E 2F H O

Max.
P

Max. U AA AB
Max.

AG
Max. AH AJ AK BA BF BS Key

Y500 1/4 1

56C

9.8

3.5
2.4 3.0 .34 Slot

6.4

5.7 .6

None None 7.7

2.1 5.9 4.5 2.8 3/8-16

4.0

.19x.19x1.38
Y360 1/2 2 10.5

7.9
.9

4.4
8.5 4.7

Y364 1 2 12.4 10.4 4.1

Y368 2 2 145TC 14.9 2.8 5.0 .35 9.1 6.5 .9 5.6 12.8 6.4

Y999 3 2 182TC 16.2
4.5 3.8 5.5 .44

11.7
8.6 1.1

1.1

7.2
13.6

2.6

7.3 8.5

3.5

1/2-13

2.5
.25x.25x1.75

Y372 5 2 184TC 16.7 11.7 16.1 2.8 

Y994 7 1/2 2 213TC 21.0
5.2 4.3 7 .46

13.0
9.5 1.4 7.8

17.9
3.1 4.3

6.9
.31x.31x2.38

Y996 10 2 215TC 22.2 13.0 19.1 8.2

Note:  Dimensions are for reference only.  For complete dimensional information, refer to Marathon Electric at www.marathonelectric.com.

Figure 1

Figure 2

Note: conduit box on 1/2 HP only, 1/4 HP
motor has "Quick Connect" terminal board.
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230V Input: 0.5 - 7.5 hp

460V Input: 1.0 - 10 hp

115V Input: 0.25 - 1.0 hp

575V Input: 1.0 - 10 hp





  WARNING 
Thank you for purchasing automation equipment from Automationdirect.com®, doing business as
AutomationDirect. We want your new automation equipment to operate safely. Anyone who installs
or uses this equipment should read this publication (and any other relevant publications) before
installing or operating the equipment.

To minimize the risk of potential safety problems, you should follow all applicable local and national
codes that regulate the installation and operation of your equipment. These codes vary from area to
area and usually change with time. It is your responsibility to determine which codes should be
followed, and to verify that the equipment, installation, and operation is in compliance with the
latest revision of these codes.

At a minimum, you should follow all applicable sections of the National Fire Code, National
Electrical Code, and the codes of the National Electrical Manufacturer's Association (NEMA). There
may be local regulatory or government offices that can also help determine which codes and
standards are necessary for safe installation and operation.

Equipment damage or serious injury to personnel can result from the failure to follow all applicable
codes and standards. We do not guarantee the products described in this publication are suitable for
your particular application, nor do we assume any responsibility for your product design,
installation, or operation.

Our products are not fault-tolerant and are not designed, manufactured or intended for use or resale
as on-line control equipment in hazardous environments requiring fail-safe performance, such as in
the operation of nuclear facilities, aircraft navigation or communication systems, air traffic control,
direct life support machines, or weapons systems, in which the failure of the product could lead
directly to death, personal injury, or severe physical or environmental damage ("High Risk
Activities"). AutomationDirect specifically disclaims any expressed or implied warranty of fitness for
High Risk Activities.

For additional warranty and safety information, see the Terms and Conditions section of our catalog.
If you have any questions concerning the installation or operation of this equipment, or if you need
additional information, please call us at 770-844-4200.

This publication is based on information that was available at the time it was printed. At
AutomationDirect we constantly strive to improve our products and services, so we reserve the right
to make changes to the products and/or publications at any time without notice and without any
obligation. This publication may also discuss features that may not be available in certain revisions of
the product.

Trademarks
This publication may contain references to products produced and/or offered by other companies.
The product and company names may be trademarked and are the sole property of their respective
owners. AutomationDirect disclaims any proprietary interest in the marks and names of others.

Copyright 2004, Automationdirect.com® Incorporated
All Rights Reserved

No part of this manual shall be copied, reproduced, or transmitted in any way without the prior,
written consent of Automationdirect.com® Incorporated. AutomationDirect retains the exclusive
rights to all information included in this document.



  AVERTISSEMENT 
Nous vous remercions d'avoir acheté l'équipement d'automatisation de Automationdirect.com®, en
faisant des affaires comme AutomationDirect. Nous tenons à ce que votre nouvel équipement
d'automatisation fonctionne en toute sécurité. Toute personne qui installe ou utilise cet équipement
doit lire la présente publication (et toutes les autres publications pertinentes) avant de l'installer ou
de l'utiliser.

Afin de réduire au minimum le risque d'éventuels problèmes de sécurité, vous devez respecter tous
les codes locaux et nationaux applicables régissant l'installation et le fonctionnement de votre
équipement. Ces codes diffèrent d'une région à l'autre et, habituellement, évoluent au fil du temps. Il
vous incombe de déterminer les codes à respecter et de vous assurer que l'équipement, l'installation
et le fonctionnement sont conformes aux exigences de la version la plus récente de ces codes.

Vous devez, à tout le moins, respecter toutes les sections applicables du Code national de
prévention des incendies, du Code national de l'électricité et des codes de la National Electrical
Manufacturer's Association (NEMA). Des organismes de réglementation ou des services
gouvernementaux locaux peuvent également vous aider à déterminer les codes ainsi que les normes
à respecter pour assurer une installation et un fonctionnement sûrs. 

L'omission de respecter la totalité des codes et des normes applicables peut entraîner des dommages
à l'équipement ou causer de graves blessures au personnel. Nous ne garantissons pas que les produits
décrits dans cette publication conviennent à votre application particulière et nous n'assumons aucune
responsabilité à l'égard de la conception, de l'installation ou du fonctionnement de votre produit.

Nos produits ne sont pas insensibles aux défaillances et ne sont ni conçus ni fabriqués pour
l'utilisation ou la revente en tant qu'équipement de commande en ligne dans des environnements
dangereux nécessitant une sécurité absolue, par exemple, l'exploitation d'installations nucléaires, les
systèmes de navigation aérienne ou de communication, le contrôle de la circulation aérienne, les
équipements de survie ou les systèmes d'armes, pour lesquels la défaillance du produit peut
provoquer la mort, des blessures corporelles ou de graves dommages matériels ou
environnementaux («activités à risque élevé»). La société AutomationDirect nie toute garantie
expresse ou implicite d'aptitude à l'emploi en ce qui a trait aux activités à risque élevé.

Pour des renseignements additionnels touchant la garantie et la sécurité, veuillez consulter la section
Modalités et conditions de notre documentation. Si vous avez des questions au sujet de l'installation
ou du fonctionnement de cet équipement, ou encore si vous avez besoin de renseignements
supplémentaires, n'hésitez pas à nous téléphoner au 770-844-4200.

Cette publication s'appuie sur l'information qui était disponible au moment de l'impression. À la
société AutomationDirect, nous nous efforçons constamment d'améliorer nos produits et services.
C'est pourquoi nous nous réservons le droit d'apporter des modifications aux produits ou aux
publications en tout temps, sans préavis ni quelque obligation que ce soit. La présente publication
peut aussi porter sur des caractéristiques susceptibles de ne pas être offertes dans certaines versions
révisées du produit.

Marques de commerce
La présente publication peut contenir des références à des produits fabriqués ou offerts par d'autres
entreprises. Les désignations des produits et des entreprises peuvent être des marques de commerce
et appartiennent exclusivement à leurs propriétaires respectifs. AutomationDirect nie tout intérêt
dans les autres marques et désignations.

Copyright 2004, Automationdirect.com® Incorporated
Tous droits réservés

Nulle partie de ce manuel ne doit être copiée, reproduite ou transmise de quelque façon que ce soit
sans le consentement préalable écrit de la société Automationdirect.com® Incorporated.
AutomationDirect conserve les droits exclusifs à l'égard de tous les renseignements contenus dans le
présent document.



  WARNING

Warning:  The AC drive may be destroyed beyond repair if incorrect cables are
connected to the input/output terminals.  Never connect the AC drive output
terminals T1, T2, and T3 directly to the AC main circuit power supply.

WARNING: The mounting enclosure of the AC drive must comply with EN50178.  Live
parts shall be arranged in enclosures or located behind barriers that meet at least the
requirements of the Protective Type IP20.  The top surface of the enclosures or barrier
that is easily accessible shall meet at least the requirements of the Protective Type
IP40.  Users must provide this environment for GS2 Series AC Drive.

WARNING: Ground the GS2 AC Drive using the ground terminal.  The grounding
method must comply with the laws of the country where the AC drive is to be
installed.  Refer to “Basic Wiring Diagram” in CHAPTER 2.

WARNING: A charge may still remain in the DC-link capacitor with hazardous
voltages, even if the power has been turned off.  To avoid personal injury, do not
remove the cover of the AC drive until all "DISPLAY LED" lights on the digital keypad
are off.  Please note that there are live components exposed within the AC drive.  Do
not touch these live parts.

WARNING: There are highly sensitive MOS components on the printed circuit boards,
and these components are especially sensitive to static electricity.  To avoid damage to
these components, do not touch these components or the circuit boards with metal
objects or your bare hands.

WARNING: AC input power must be disconnected before performing any maintenance.
Do not connect or disconnect wires or connectors while power is applied to the
circuit.  Maintenance must be performed only by a qualified technician.

Warning:  Read this manual thoroughly before using GS2 Series AC Motor Drives.



Please include the Manual Number and the Manual Issue, both shown below, when
communicating with Technical Support regarding this publication.

Manual Number: GS2-M

Issue: First Edition, Revision C

Issue Date: 12/2006

GS2 SERIES AC DRIVE

U S E R  M A N U A L

Publication History

Issue Date Description of Changes

First Edition 6/07/02 Original

First Edition, Revision A 6/30/03
Made minor changes throughout.
Update for Firmware  Version 1.04
Added parameter 7.00 (PID) functionality.

First Edition, Revision B 1/28/05 Added 115V drives; Made minor changes throughout.

First Edition, Revision C 12/2006

Added 575V drives and accessories; Added Ch1 Drives Purpose
section; Added short circuit withstand specifications and notes;
Changed Ch5 DL PLC control program example; Added new AppxB
PLC analog modules; Miscellaneous clarification revisions throughout.
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Manual Overview

Overview of this Publication
The GS2 AC Drive User Manual describes the installation, configuration, and
methods of operation of the GS2 Series AC Drive.

Who Should Read This Manual
This manual contains important information for those who will install, maintain,
and/or operate any of the GS2 Series AC Drives.

Supplemental Publications
The National Electrical Manufacturers Association (NEMA) publishes many
different documents that discuss standards for industrial control equipment.
Global Engineering Documents handles the sale of NEMA documents. For more
information, you can contact Global Engineering Documents at:

15 Inverness Way East
Englewood, CO  80112-5776
1-800-854-7179 (within the U.S.)
303-397-7956 (international)
www.global.ihs.com

NEMA documents that might assist with your AC drive systems are:

• Application Guide for AC Adjustable Speed Drive Systems
• Safety Standards for Construction and Guide for Selection, Installation, and

Operation of Adjustable Speed Drive Systems.  

Technical Support
By Telephone: 770-844-4200

(Mon.-Fri., 9:00 a.m.-6:00 p.m. E.T.)
On the Web: www.automationdirect.com

Our technical support group is glad to work with you in answering your questions. If
you cannot find the solution to your particular application, or, if for any reason you
need additional technical assistance, please call technical support at 770-844-4200.
We are available weekdays from 9:00 a.m. to 6:00 p.m. Eastern Time.

We also encourage you to visit our web site where you can find technical and
non-technical information about our products and our company. Visit us at
www.automationdirect.com.

Special Symbols

When you see the “exclamation mark” icon in the left-hand margin, the paragraph to
its immediate right will be a WARNING.  This information could prevent injury, loss
of property, or even death (in extreme cases).

When you see the “notepad” icon in the left-hand margin, the paragraph to its
immediate right will be a special note.
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GS2 AC Drive Introduction

Purpose of AC Drives
AC drives are generally known by many different names:  Adjustable Frequency
Drives (AFD), Variable Frequency Drives (VFD), and Inverters.  Drives are used
primarily to vary the speed of three phase AC induction motors, and they also
provide non-emergency start and stop control, acceleration and deceleration, and
overload protection.  By gradually accelerating the motor, drives can reduce the
amount of motor startup inrush current.

AC drives function by converting incoming AC power to DC, which is then
synthesized back into three phase output power.  The voltage and frequency of
this synthesized output power is directly varied by the drive, where the frequency
determines the speed of the three phase AC induction motor.

Drive Package Contents
After receiving the AC motor drive, please check for the following:

• Make sure that the package includes an AC drive, the GS2 Series AC Drive User
Manual, and the GS2 Series AC Drive Quick Reference. 

• Inspect the unit to insure it was not damaged during shipment.

• Make sure that the part number indicated on the nameplate corresponds with the
part number of your order.

Model Explanation:

Nameplate Information:

MODEL:   GS2-47P5
INPUT:   380-480V   50/60Hz   3ph

OUTPUT:   0-480V   7.5hp   13Amps   9.9kVA

FREQUENCY RANGE:   0.1- 400Hz

GS2-47P5+T101001
Automationdirect.com, Inc.     

U
®LC US

LISTED
19XK

IND. CONT. EQ

AC Drive Model

Barcode

Output Frequency Range
Output Specification

Input Specification

Serial Number

*
* 575V models are NOT CE compliant.

GS2-  4  7P5
Applicable Motor Capacity
0P2: 0.25HP 0P5: 0.5HP
1P0: 1.0HP 2P0: 2.0HP
3P0: 3.0HP 5P0: 5.0HP
7P5: 7.5HP 010: 10HP
  
Input Voltage
1: 100-120VAC
2: 200-240VAC
4: 380-480VAC
5: 500-600VAC

Series Name

Chapter 1: Getting Started
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External Parts and Labels:

� Nameplate Label

� Mounting Screw Holes

� Ventilation Slots

� Upper Cover

� Digital Keypad

� Lower Cover

� DIP Switches

� Input Power Terminals

	 Control Input/Output Terminals


 Output Power Terminals

��
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��

��

��

��
		



GS2 Series AC Drive User Manual 1–5

GS2 AC Drive Specifications

230V Class

Model Name: GS2-xxx 20P5 21P0 22P0 23P0 25P0 27P5

Output
Rating

Maximum Motor Output
HP 0.5 1.0 2.0 3.0 5.0 7.5

kW 0.4 0.75 1.5 2.2 3.7 5.5

Rated Output Current (A) 2.5 5.0 7.0 10 17 25

Maximum Output Voltage Three-phase 200 to 240V (proportional to input voltage)

Rated Output Frequency 0.1 to 400 Hz

Input
Rating

Rated Voltage/Frequency
Single/Three-phase,

200/208/220/230/240 VAC,
50/60 Hz

Three-phase,
200/208/220/230/240

VAC, 50/60 Hz

Rated Input Current (A) 6.3/3.2 11.5/6.3 15.7/9.0 27/12.5 19.6 28

Voltage/Frequency Tolerance Voltage: +/- 10%; Frequency: +/- 5%

Short Circuit Withstand 
(A, rms symmetrical) 5kA @ 240 VAC

Watt Loss @ 100% I (W) 34 57 77 111 185 255

Weight (lbs.) 3.5 3.6 3.7 8.5 8.5 8.5

115V Class

Model Name: GS2-xxx 10P2 10P5 11P0

Output
Rating

Maximum Motor Output
HP 0.25 0.5 1.0

kW 0.2 0.4 0.75

Rated Output Current (A) 1.6 2.5 4.2

Maximum Output Voltage Three-phase 200 to 240V (x2 of input voltage)

Rated Output Frequency 0.1 to 400 Hz

Input
Rating

Rated Voltage/Frequency Single-phase, 100 to 120 VAC, 50/60Hz

Rated Input Current (A) 6 9 16

Voltage/Frequency Tolerance Voltage: +/- 10%; Frequency: +/- 5%

Short Circuit Withstand 
(A, rms symmetrical) 5kA @ 120 VAC

Watt Loss @ 100% I (W) 24 34 46

Weight (lbs.) 3.5 3.6 3.7

Chapter 1: Getting Started
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GS2 AC Drive Specifications (continued)

575V Class

Model Name: GS2-xxx 51P0 52P0 53P0 55P0 57P5 5010

Output
Rating

Maximum Motor Output
HP 1.0 2.0 3.0 5.0 7.5 10

kW 0.75 1.5 2.2 3.7 5.5 7.5

Rated Output Current (A) 1.7 3.0 4.2 6.6 9.9 12.2

Maximum Output Voltage Three-phase 500 to 600V (proportional to input voltage)

Rated Output Frequency 0.1 to 400 Hz

Input
Rating

Rated Voltage/Frequency Three-phase 500 to 600V

Rated Input Current (A) 2.4 4.2 5.9 7.0 10.5 12.9

Voltage/Frequency Tolerance Voltage: -15 to +10% ; Frequency: +/- 5%

Short Circuit Withstand 
(A, rms symmetrical) 5kA @ 600 VAC

Watt Loss @ 100% I (W) 30 58 83 132 191 211

Weight (lbs.) 3.3 3.3 4.4 7.0 7.0 7.3

460V Class

Model Name: GS2-xxx 41P0 42P0 43P0 45P0 47P5 4010

Output
Rating

Maximum Motor Output
HP 1.0 2.0 3.0 5.0 7.5 10

kW 0.8 1.5 2.2 4.0 5.5 7.5

Rated Output Current (A) 3.0 4.0 5.0 8.2 13 18

Maximum Output Voltage Three-phase 380 to 480V (proportional to input voltage)

Rated Output Frequency 0.1 to 400 Hz

Input
Rating

Rated Voltage/Frequency Three-phase
380/400/415/440/460/480 VAC 50/60Hz

Rated Input Current (A) 4.2 5.7 6.0 8.5 14 23

Voltage/Frequency Tolerance Voltage: +/- 10%; Frequency: +/- 5%

Short Circuit Withstand 
(A, rms symmetrical) 5kA @ 480 VAC

Watt Loss @ 100% I (W) 73 86 102 170 240 255

Weight (lbs.) 3.5 3.6 3.7 8.5 8.5 8.5
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General Specifications

Control Characteristics

Control System Pulse Width Modulation, Carrier frequency 1-12 kHz

Rated Output Frequency 1.0 to 400.0 Hz

Output Frequency Resolution 0.1 Hz

Overload Capacity 150% of rated current for 1 minute

Torque Characteristics Includes auto-torque boost, auto-slip compensation, 
starting torque 125% @ 0.5 Hz / 150% @ 5.0 Hz

Braking Torque 20% without dynamic braking, 125% with optional braking resistor
- braking transistor built-in

DC Braking Operation frequency 60-0 Hz, 0 - 100% rated current, 
Start time 0.0 - 5.0 seconds, Stop time 0.0 - 25.0 seconds 

Acceleration/Deceleration Time 0.1 to 600 seconds (linear or non-linear acceleration/deceleration), 
second acceleration/deceleration available

Voltage/Frequency Pattern Settings available for Constant Torque - low & high starting torque,
Variable Torque - low & high starting torque, and user configured

Stall Prevention Level 20 to 200% or rated current

Operation Specification

Inputs

Frequency
Setting

Keypad Setting by <UP> or <DOWN> buttons or potentiometer

External Signal
Potentiometer - 3-5 k
, 0 to 10 VDC (input impedance 10 k
),
0 to 20 mA / 4 to 20 mA (input impedance 250
).
Multi-Speed Inputs 1 to 3, RS-232C/RS-485 communication interface

Operation
Setting

Keypad Setting by <RUN>, <FWD/REV>, <STOP/RESET> buttons

External Signal
Forward/Stop, Reverse/Stop (run/stop, fwd/rev), 3-wire control, 
Serial Communication RS-232C & RS-485 (Modbus RTU)

Input
Terminals

Digital

6 user-programmable: FWD/STOP, REV/STOP, RUN/STOP,
REV/FWD, RUN momentary (N.O.), STOP momentary (N.C.),
External Fault (N.O./N.C.), External Reset, Multi-Speed Bit (1-3), Jog,
External Base Block (N.O./N.C.), Second Accel/Decel Time, Speed
Hold, Increase Speed, Decrease Speed, Reset Speed to Zero, PID
Disable (N.O.), PID Disable (N.C.), Input Disable

Analog
1 user-configurable, 0 to 10 VDC (input impedance 10 k
), 
0 to 20 mA / 4 to 20 mA (input impedance 250
), 10 bit resolution

Outputs

Output
Terminals

Digital

2 user-programmable: Inverter Running, Inverter Fault, At Speed,
Zero Speed, Above Desired Frequency, Below Desired Frequency, At
Maximum Speed, Over Torque Detected, Above Desired Current,
Below Desired Current, PID Deviation Alarm

Analog
1 user-programmable, 0 to 10 VDC (max load 2mA), 8 bit resolution
frequency, current, process variable PV

Operating Functions

Automatic voltage regulation, voltage/frequency characteristics
selection, non-linear acceleration/deceleration, upper and lower
frequency limiters, 7-stage speed operation, adjustable carrier
frequency (1 to 12 kHz), PID control, skip frequencies, analog gain
& bias adjustment, jog, electronic thermal relay, automatic torque
boost, trip history, software protection

Chapter 1: Getting Started
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General Specifications (continued)

Protective Functions 

Electronic Thermal, Overload Relay, Auto Restart after Fault,
Momentary Power Loss, Reverse Operation Inhibit, Auto Voltage
Regulation, Over-Voltage Trip Prevention, Auto Adjustable
Accel/Decel, Over-Torque Detection Mode, Over-Torque Detection
Level, Over-Torque Detection Time, Over-Current Stall Prevention
during Acceleration, Over-Current Stall Prevention during Operation

Operator
Interface

Operator Devices 8-key, 4-digit, 7-segment LED, 14 status LEDs, potentiometer

Programming Parameter values for setup and review, fault codes

Status Display
Actual Operating Frequency, RPM, Scaled Frequency, Amps, % Load,
Output Voltage, DC Bus Voltage, Process Variable, Set-point Frequency

Key Functions
RUN, STOP/RESET, FWD/REV, PROGRAM, DISPLAY, <UP>,
<DOWN>, ENTER

Environment

Enclosure Rating Protected Chassis, IP20

Ambient Temperature
-10°C to 50°C (14°F to 122°F) 
-10°C to 40°C (14°F to 104°F) for models 7.5 hp (5.5 kW) and higher

Storage Temperature -20°C to 60°C (-4°F to 140°F) – during short term transportation period

Ambient Humidity 20 to 90% RH (non-condensing)

Vibration 9.8 m/s^2 (1G) less than 10 Hz, 5.9 m/s^2 (0.6G) 10 to 60 Hz

Installation Location
Altitude 1000m or lower above sea level, keep from corrosive gas,
liquid and dust

Options Noise filter, input AC reactor, output AC reactor, cable for remote
operator, programming software, Dynamic braking resistor, input fuses

Agency Approvals UL & cUL listed; CE* 
*CE certification applies only to 115V, 230V, 460V class drives.
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Ambient Conditions
The AC drive should be kept in the shipping carton before installation. In order to
retain the warranty coverage, the AC drive should be stored properly when it is
not to be used for an extended period of time. Some storage suggestions are:

• Store in a clean and dry location free from direct sunlight or corrosive fumes. 

• Store within an ambient temperature range of -20°C to +60°C.

• Store within a relative humidity range of 0% to 90% and non-condensing
environment.

• Store within an air pressure range of 86 kPA to 106 kPA. 

Ambient Conditions

Ambient Temperature -10°C to 50°C (14°F to 122°F) for models below 7.5 hp (5.5 kW),
-10°C to  40°C (14°F to 104°F) for models 7.5 hp (5.5 kW) and higher

Storage Temperature -20° to 60°C (-4°F to 140°F)

Relative Humidity 0 to 90% (non-condensing)

Atmosphere Pressure 86 kPA to 106 kPA

Vibration 9.8 m/s2 (1G) less than 10 Hz, 5.9 m/s2 (0.6G) 10 to 60 Hz

Installation Location Altitude 1000m or lower above sea level, keep from corrosive gas,
liquid and dust

Enclosure Rating IP20: Protection against contact by fingers. Protection against
medium-size foreign objects
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Installation
Improper installation of the AC drive will greatly reduce its life. Be sure to observe
the following precautions when selecting a mounting location:

WARNING: Failure to observe these precautions may damage the drive and void the warranty!

• Do not mount the AC drive near heat-radiating elements or in direct sunlight. 

• Do not install the AC drive in a place subjected to high temperature, high humidity,
excessive vibration, corrosive gases or liquids, or airborne dust or metallic particles.

• Mount the AC drive securely on a flat, rigid, non-flammable surface.

• Mount the AC drive vertically and do not restrict the air flow to the heat sink fins.

WARNING: AC drives generate a large amount of heat which may damage them.
Auxiliary cooling methods are typically required in order not to exceed maximum
ambient temperatures.

Minimum Clearances and Air Flow

6"
150mm

min

6"
150mm

min

2"
50mm

min

2",50mm
min

Fan

Input
Power To

Motor

Air Flow

MAXIMUM AMBIENT TEMPERATURES MUST NOT EXCEED 50°C (122°F),
OR 40°C (104°F) FOR MODELS 7.5 HP (5.5 KW) AND HIGHER!
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Dimensions
GS2-10P2, GS2-10P5, GS2-11P0,
GS2-20P5, GS2-21P0, GS2-22P0,
GS2-41P0, GS2-42P0, GS2-43P0,
GS2-51P0, GS2-52P0, GS2-53P0

Units: mm [inches]
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Dimensions (continued)
GS2-23P0, GS2-25P0, GS2-27P5,
GS2-45P0, GS2-47P5, GS2-4010,
GS2-55P0, GS2-57P5, GS2-5010

Units: mm [inches]
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GS2 Circuit Connections

DANGER!

HAZARDOUS VOLTAGE! Before making any connection to the AC drive, disconnect
all power to the AC drive, and wait five minutes for DC bus capacitors to discharge.

Warning: Any electrical or mechanical modification to this equipment without prior
written consent of AutomationDirect.com, Inc. will void all warranties, may result in a
safety hazard, and may void the UL listing.

WARNING: Do not connect the AC input power to the T1, T2, and T3 output terminals.
This will damage the AC drive

WARNING: Tighten all screws to the proper torque rating. See “Main Circuit Wiring”
later in this chapter. 

Wiring Notes: PLEASE READ PRIOR TO INSTALLATION.

1. During installation, follow all local electrical, construction, and safety codes for
the country in which the AC drive is to be installed.

2. Make sure the appropriate circuit protective devices (circuit breaker or fuses)
are connected between the power supply and AC drive.

3. Make sure that the leads are connected correctly and the AC drive is properly
grounded.  (Ground resistance should not exceed 0.1�.)

4. Use ground leads that comply with AWG/MCM standards and keep them as
short as possible.

5. Do not use a power circuit contactor or disconnect switch for run/stop control
of the AC drive and motor.  This will reduce the operating life cycle of the AC
drive.  Cycling a power circuit switching device while the AC drive is in run
mode should be done only in emergency situations.

6. Multiple GS2 units can be installed in one location.  All of the units should be
grounded directly to a common ground terminal, or connected in parallel, as
shown in the figure below.  Make sure there are no ground loops.

7. When the AC drive output terminals T1, T2, and T3 are connected to the motor
terminals T1, T2, and T3, respectively, the motor will rotate counterclockwise
(as viewed from the shaft end of the motor) when a forward operation
command is received.  To reverse the direction of motor rotation, switch the
connections of any of the two motor leads.

8. Make sure that the power source is capable of supplying the correct voltage
and required current to the AC drive.

Correct Incorrect Forward
running
(CCW)
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9. Do not attach or remove wiring when power is applied to the AC drive.

10. Do not inspect components unless inside "POWER" lamp is turned off.

11. Do not monitor the signals on the circuit board while the AC drive is in operation.

12. For the 115V single-phase rated AC drives, AC power must be connected to
input terminals L1 and L2.  For the 230V single-phase rated AC drives, AC
power can be connected to any two of the three input terminals L1, L2, and
L3.  Note: This AC drive is not intended for use with single-phase motors.

13. Route the power and control wires separately, or at 90 degree angle to each other.

14. If a filter is required for reducing EMI (Electro-Magnetic Interference), install it as close
as possible to the AC drive.  EMI can also be reduced by lowering the Carrier Frequency.

15. If the AC drive is installed in a place where a load reactor is needed, install
the filter close to the T1, T2, and T3 side of AC drive.  Do not use a Capacitor,
L-C Filter (Inductance-Capacitance), or R-C Filter (Resistance-Capacitance),
unless approved by AutomationDirect.

16. When using a GFCI (Ground Fault Circuit Interrupt), select current sensor with sensitivity
of 200 mA, and not less than 0.1-second detection to avoid nuisance tripping.

Motor Operation Precautions

1. If the AC drive is used to operate a standard 3-phase induction motor, the
energy loss is greater than if using an inverter duty motor.

2. Avoid running a standard induction motor at low speed, which may cause the
motor temperature to exceed the motor rating due to limited airflow produced
by the motor's fan.

3. When the standard motor operates at low speed, the output load must be decreased.

4. If 100% output torque is desired at low speed, it may be necessary to use a
special "inverter-duty" rated motor.

Short Circuit Withstand Current

Suitable for use on a circuit capable of delivering not more than 5,000 rms
symmetrical Amperes.  The maximum voltage is 120, 240, 480, and 600V for all
115, 230, 460, and 575V models, respectively.  (An optional line reactor can be
installed in the incoming power circuit to reduce the available short circuit
current.)

Applicable Codes

All GS2 Series AC drives are Underwriters Laboratories, Inc. (UL) and Canadian
Underwriters Laboratories (cUL) listed, and therefore comply with the
requirements of the National Electrical Code (NEC) and the Canadian Electrical
Code (CEC).

Installation intended to meet the UL and cUL requirements must follow the
instructions provided in "Wiring Notes" as a minimum standard.  Follow all local
codes that exceed UL and cUL requirements.  Refer to the technical data label
affixed to the AC drive and the motor nameplate for electrical data.

The "Fuses and Fuse Kits" section in APPENDIX A, lists the recommended fuse part
number for each GS2 Series part number.  These fuses (or equivalent) must be
used on all installations where compliance with U.L. standards is required.
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Main Circuit Wiring

3-phase Input Power Connections

1-phase Input Power Connections*

Output Power Connections

T1 T2 T3 B1 B2

L1 L2 L3

L1 L2

Main Circuit Terminals
Terminal Description

L1, L2, L3 Input Power

T1, T2, T3 AC Drive Output

B1, B2 Dynamic Braking Resistor
(optional)

Ground

3-phase Input Power

230V Class 200-240V ± 10%; 50/60 Hz ± 5%

460V Class 380-480V ± 10%; 50/60 Hz ± 5%

575V Class 500-600V -15/+10%; 50/60 Hz ± 5%

1-phase* Input Power
115V Class 100-120V ± 10%; 50/60Hz ± 5%

230V Class 200-240V ± 10%; 50/60Hz ± 5%

* Only models GS2-10P2, GS2-10P5,
GS2-11P0, GS2-20P5, GS2-21P0,
GS2-22P0, and GS2-23P0 are rated for 
1-phase input power
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Main Circuit Wiring Specifications

AC Drive Model Current
Input/Output (A)

Wire Gauge
(AWG)

Terminal Screw
Torque (in·lbf)

GS2-10P2 (1-phase) 6 / 1.6
12-14

12

GS2-10P5 (1-phase) 9 / 2.5

GS2-11P0 (1-phase) 16 / 4.2 12

GS2-20P5 (1-phase) 6.3 / 2.5

12-14
GS2-20P5 (3-phase) 3.2 / 2.5

GS2-21P0 (1-phase) 11.5 / 5.0

GS2-21P0 (3-phase) 6.3 / 5.0

GS2-22P0 (1-phase) 15.7 / 7.0 12

GS2-22P0 (3-phase) 9 / 7.0 12-14

GS2-23P0 (1-phase) 27 / 10 8

13
GS2-23P0 (3-phase) 12.5 / 10 8-12

GS2-25P0 19.6 / 17 8-10

GS2-27P5 28 / 25 8

GS2-41P0 4.2 / 3.0

12-14 12GS2-42P0 5.7 / 4.0

GS2-43P0 6.0 / 5.0

GS2-45P0 8.5 / 8.2 8-14

13GS2-47P5 14 / 13 8-12

GS2-4010 23 / 18 8-10

GS2-51P0 2.4 / 1.7

12-14 12GS2-52P0 4.2 / 3.0

GS2-53P0 5.9 / 4.2

GS2-55P0 7.0 / 6.6
8-14

13GS2-57P5 10.5 / 9.9

GS2-5010 12.9 / 12.2 8-12

NOTE: Use 75°C (or higher) copper wire only.
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Control Terminal Wiring

Control Circuit Terminals

Terminal Symbol Description Remarks
R1O Relay Output 1 Normally Open

120 VAC / 24 VDC @ 5A
230 VAC @ 2.5A

R1C Relay Output 1 Normally Closed

R1 Relay Output 1 Common

R2O Relay Output 2 Normally Open

R2C Relay Output 2 Normally Closed

R2 Relay Output 2 Common

DI1 Digital Input 1

Input Voltage: Internally Supplied (see WARNING below)
Input Voltage Range: 4-12V
Minimum ON Current: 22 mA max
Maximum OFF Current: 1.1 mA
also see “Basic Wiring Diagram” on next page.

DI2 Digital Input 2

DI3 Digital Input 3

DI4 Digital Input 4

DI5 Digital Input 5

DI6 Digital Input 6

DCM Digital Common

AI Analog Input
0 to +10 V Input  
0 to 20 mA Input, or
4 to 20 mA Input

+10V Internal Power Supply +10 VDC (10 mA maximum load)

AO Analog Output 0 to +10V Output (2mA maximum load)

ACM Analog Common

Note: Use twisted-shielded, twisted-pair, or shielded-lead wires for the control signal
wiring. It is recommended to run all signal wiring in a separate steel conduit. The shield
wire should be connected only at the AC drive. Do not connect shield wire on both ends.

Warning: Do NOT connect external voltage sources to the Digital Inputs.  Permanent
damage may result.
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Basic Wiring Diagram

Control circuit terminal Shielded leadsMain circuit (power) terminals

P o w e r   S o u r c e*
100-120V ±10%
200-240V ±10%
380-480V ±10%
500-600V -15%;+10%

(50,60Hz ±5%)

IMGS2-xxxx

AC Motor

Grounding resistance 
less than 0.1�

Braking resistor
(optional)

B1

B2

T3

T1

T2

�Forward/Stop

�Reverse/Stop

�External Fault
(N.O.)

�Multi-Speed 1

�Multi-Speed 2

�Multi-Speed 3

DI1

DI2

DI3

DI4

DI5

DCM

DI6

+10V
(10mA max)

AI

ACM

Potentiometer
3-5 k�

Analog voltage
0-10 VDC

Analog current
0-20 mA
4-20 mA

* Use terminals L1, L2 for 115V 1-phase
 models; use any two of L1, L2, L3 for
 230V 1-phase models.

 

R1C

R1

R1O �Inverter Running

Multi-function output contacts
120VAC/24VDC @5A
230VAC @2.5A

R2

R2C

R2O �Inverter Fault

Multi-function output contacts
120VAC/24VDC @5A
230VAC @2.5A

L1

L3

L2

16

RJ-12 Serial Comm Port
Interface (see note below)

RS-485
2: GND
3: SG-
4: SG+
5: +5V

2: GND
3: RXD
4: TXD
5: +5V

RS-232

+
-

AO

ACM

Potentiometer (3-5 k�)

Analog
output
0 to +10 VDC
2mA max

�Output Frequency

Voltmeter

(may be
required for some

meters)

RJ-12
(6P4C)

��Factory default source of frequency command is via the keypad potentiometer

�Factory default setting

��

WARNING:  Do not plug a modem or telephone into the GS2 RJ-12 Serial Comm Port,
or permanent damage may result.  Terminals 2 and 5 should not be used as a power
source for your communication connection.

Note: Users must connect wiring according to the circuit diagram shown below.
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External Accessories
Refer to Appendix A for
information regarding
external accessories.

Motor

L1 L3L2

T1 T3T2
GND

B1

B2

From power supply

GS2-xxxx
AC Drive

GND

Disconnect switch

� Power Supply
Please follow the specific power supply requirements
shown in CHAPTER 1

� Fuses
Input fuses protect the AC drive from excessive input
current due to line surges, short circuits, and ground
faults.  They are recommended for all installations and
may be required for UL-listed installations.

� Contactor (Optional)
Do not use a contactor or disconnect switch for
run/stop control of the AC drive and motor.  This will
reduce the operating life cycle of the AC drive.
Cycling a power circuit switching device while the AC
drive is in run mode should be done only in
emergency situations.

� AC Line Reactor (Optional)
Input line reactors protect the AC drive from transient
overvoltage conditions typically caused by utility
capacitor switching.  Input line reactors also reduce the
harmonics associated with AC drives, and are
recommended for all installations.

� EMI filter (Optional)
Input EMI filters reduce electromagnetic interference or
noise on the input side of the AC drive.  They are required
for CE compliance and recommended for installations
prone to or sensitive to electromagnetic interference. 

� Braking Resistors (Optional)
Dynamic braking allows the AC drive to produce
additional braking (stopping) torque.  AC drives can
typically produce between 15% & 20% braking torque
without the addition of any external components.  The
addition of optional braking may be required for
applications that require rapid deceleration or high inertia
loads.

� AC Line Reactor (Optional)
Output line (load) reactors protect the motor insulation
against AC drive short circuits and IGBT reflective wave
damage, and also allow the motor to run cooler by
smoothing the motor current waveform. They are
recommended for operating “non-inverter-duty” motors,
and for any motors when the length of wiring between the
AC drive and motor exceeds 75 feet.

�

�

�

�

�

�

�

Note: Please refer to Appendix A for specifications on GS2 AC Drive Accessories.
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The GS2 Digital Keypad
The digital keypad includes a 4-digit LED display, 14 LED Indicators, 8 function
keys, and a potentiometer.  The diagram below shows all of the features of the
digital keypad and an overview of their functions.

LED Display
The LED display shows the AC drive operation values and parameter settings.

LED Indicators

The RUN LED indicates the AC drive is in Run Mode.  The RUN LED blinks
when the drive is decelerating to stop.

The STOP LED indicates the AC drive is not in Run Mode.  The STOP LED blinks
when the drive is in Run Mode, but has zero speed reference.

The FWD LED indicates the AC drive is running the motor in the forward
direction.

The REV LED indicates the AC drive is running the motor in the reverse
direction.

The MTR LED indicates the AC drive is in Program Mode and is displaying the
Motor Parameters group (P 0.xx).

The RAMP LED indicates the AC drive is in Program Mode and is displaying the
Ramp Parameters group (P 1.xx).

The V/Hz LED indicates the AC drive is in Program Mode and displays the
Volts/Hertz Parameters group (P 2.xx).

The DIGT LED indicates the AC drive is in Program Mode and displays the
Digital Parameters group (P 3.xx).

The ANLG LED indicates the AC drive is in Program Mode and displays the
Analog Parameters group (P 4.xx).

RUNRUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOPSTOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWFWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REVREV

ANLG

COMM

RUN

STOP

MTRMTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMPRAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/HzV/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGTDIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLGANLG

COMM

Program Key

LED Indicators

LED Display

Up/Down Keys

Enter Key

Stop/Reset Key

PotentiometerDisplay Key

Fwd/Rev Key

Run Key
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Function Keys

Pressing the PROGRAM key repetitively cycles through the parameter groups.
As you cycle through the parameter groups, an LED indicator lights to show you
which parameter group is selected.

Pressing the DISPLAY key cycles through the operational values of the AC drive
when the AC drive is not in Program Mode.  When in Program Mode, the
Display key will display the value of the selected parameter.

Pressing the FWD/REV key changes the direction in which the motor operates.

Pressing the RUN key starts the AC drive operation.  This key has no function if
the AC drive is controlled by the external control terminals.

Press the UP/DOWN arrow keys momentarily to change parameter settings.
These keys may also be used to scroll through different operating values or
parameters.  Pressing the "Up" or "Down" key momentarily, changes the
parameter settings in single-unit increments.  To quickly run through the range of
settings, press and hold the “Up” or "Down" key.

Press the ENTER key to view parameters and store parameter settings.

The STOP/RESET key is used to stop AC drive operation.  If the AC drive has
stopped due to a fault, clear the fault first, then press this key to reset the AC
drive.

The POTENTIOMETER is for setting operation frequency.

The PSET LED indicates the AC drive is in Program Mode and displays the Preset
Parameters group (P 5.xx).

The PROT LED indicates the AC drive is in Program Mode and displays the
Protection Parameters group (P 6.xx).

The PID LED indicates the AC drive is in Program Mode and displays the PID
Parameters group (P 7.xx).

The DISP LED indicates the AC drive is in Program Mode and displays the
Display Parameters group (P 8.xx).

The COMM LED indicates the AC drive is in Program Mode and displays the
Communication Parameters group (P 9.xx).

RUN

STOP

MTR

PSETPSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROTPROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PIDPID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISPDISP

FWD

REV

ANLG

COMM

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMMCOMM
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Displaying the Status of the GS2 AC Drive
Press the display button on the keypad repeatedly to cycle through the status
messages on the AC drive.  The diagram below shows the order of the status
messages as you cycle through them, and shows the definitions of the status
messages.  The status of the AC drive can be shown in RUN or STOP mode.

Actual Operating Frequency
Displays the actual operating frequency present at the T1,
T2, and T3 terminals.  Example: 60.0Hz
RPM
Displays the present estimated speed of the motor.  
Example: 1750 rpm
Scaled Frequency
Displays the result of output frequency x P 8.01.  
Example: 60Hz x 1.5 = 90.0
Amps
Displays the output current present at the T1, T2, and T3
terminals.  Example: 0.9A

% Load
Displays the amount of load on the AC drive.  
Example: (Output Current � Drive Rated Current) x 100
Output Voltage
Displays the output voltage present at the T1, T2, and T3
terminals.  Example: 465V
DC Bus Voltage
Displays the DC Bus Voltage.  Example: 662 VDC
PID Setpoint
Displays the PID setpoint.  Note: It is possible to change
the PID setpoint with the � and � keys when the PID
setpoint value is displayed on the keypad. The PID
function (P 7.00) must be enabled, and the PID Setpoint
source (P 7.02) must be set to keypad (00).
PID Feedback Signal (PV)
Displays the PID feed-back signal.

NOTE:
The PID LED will flash when the 
PID Setpoint or Process Variable is displayed.

Setpoint Frequency
Displays the frequency setting of the AC drive.
Example: 60.0 Hz

00

01

02

03

07

04

05

06

08

09

RUN

STOP

MTR

PSET

RAMP

PROT PIDPID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

U465

d662

t 0.0

F60.0

X60.0

!750

90.0

A 0.9

o!8.0

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER

00

01

02

03

04

05

06

07

09

u 0.008

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER
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PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER
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PROGRAM

DISPLAYDISPLAY
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RUN

STOP

RESET

ENTER

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER

0 100

PROGRAM

DISPLAYDISPLAY

FWD/REV

RUN

STOP

RESET

ENTER
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Programming the GS2 AC Drive
The GS2 AC Drive parameters are organized into 10 different groups according to their
functions.  The illustration below shows you how to navigate through the parameter
groups and parameter settings.  For a complete list of parameters, refer to CHAPTER 4.

� Press the "Program" key repetitively to cycle through the parameter groups.
As you cycle through the parameter groups, an LED indicator will light to
show you which parameter group is selected.

� Once you reach the desired parameter group, use the UP/DOWN keys to
cycle through the available parameters in that group.

RUN

STOP

MTR

PSET

RAMP

PROT PID

V/Hz DIGT

DISP

FWD

REV

ANLG

COMM

P!.00

P0.00

P0.0!

P0.02

P0.03

P0.04
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� When you reach your desired parameter, press the “ENTER”
key to select the parameter. 

� Use the UP/DOWN keys to cycle through the available settings.

� Press the “ENTER” key to select the setting.  The word “End”
will display on the digital display to signal that the parameter
value has been changed.  (If you want to back out without
changing the parameter, press the “PROGRAM” key.)

� After the parameter value has been set, the AC drive will cycle
to the next parameter in the selected group.

� Select
Parameter
Group

� Select
Parameter 

� Select
Parameter
Value 
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GS2 Quickstart
The following examples will help you quickly set up your GS2 AC Drive for two
common applications.  The first example applies to an application that requires
constant torque, and the second example requires variable torque.

Example 1: Constant torque (e.g. conveyors, compressors, etc.)
In this example, the AC drive needs to operate a motor that is connected to a conveyor.
In order to decide which parameters need modifications, we will make a list of the needs
for the application.

Application Needs

•The AC drive must control a 460V, 1hp inverter duty motor.  We will use a
model GS2-41P0 drive for this application.  An example of the motor
nameplate is shown below.

•The maximum speed for the motor is 2000 rpm.

•The motor should accelerate to maximum speed in 5 seconds.

•The motor should decelerate from maximum speed in 5 seconds.

•The motor will require a high torque when starting.

•The operation of the motor (start, stop, etc.) will be controlled by remote
control terminals.  All keys on the GS2 keypad should be disabled.

•The frequency of the AC drive will be determined by remote potentiometer
that has a 0 to +10V signal.

•The display of the AC drive should default to the motor speed (rpm) when
running.

INVERTER DUTY MOTOR
HP 1 Volts 460 PHASE 3 TYPE P
RPM 1725 AMPS 2.6 HZ 60 SF 1.15
DESIGN B AMB 40°C INSUL CLASS F
DUTY CONT ENCL TEFC CODE K

Note: For a complete list and description of the parameters for the GS2 Series AC
drives, refer to CHAPTER 4.
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Parameter Setup
In order to meet the needs of this application, the drive parameters should be set
as follows:

Motor Nameplate Voltage Setting: 460

Range: 115V&230V class: 200/208/220/230/240 Default Setting: 240
460V class: 380/400/415/440/460/480 480
575V class: 380 to 637 575

This parameter setting is determined by the motor nameplate.

Motor Nameplate Amps Setting: 2.6

Range: Drive Rated Amps x .3 to Default Setting: Drive Rating (A)
Drive Rated Amps x 1.0

This parameter setting is determined by the motor nameplate.. 

Motor Base Frequency Setting: 60

Range: 50/60/400 Default Setting 60

This parameter setting is determined by the motor nameplate.

Motor Base RPM Setting: 1725

Range: 375 to 9999 rpm Default Setting:  1750

This parameter setting is determined by the motor nameplate.

Motor Maximum RPM Setting: 2000

Range: P 0.03 to 9999 rpm Default Setting: P 0.03

This parameter setting is determined by the needs of the application.

WARNING: The Motor Maximum RPM parameter (P 0.04) should never exceed the
maximum rpm rating for the motor you are using.  If this information is not readily
available, consult your motor manufacturer.

P 0.04

P 0.03

P 0.02

P 0.01

P 0.00
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Stop Methods Setting: 00

Range: 00 Ramp to Stop Default Setting: 00
01 Coast to stop

The Ramp to Stop setting causes the drive to stop the motor under
power according to the Deceleration Time set in P 1.02.  If the AC
drive was set for Coast to Stop, the AC drive would ignore the
Deceleration Time setting.

Acceleration Time Setting: 5.0

Range: 0.1 to 600 sec Default Setting: 10 sec

The motor should accelerate from 0 rpm to base rpm (P 0.03) in 5
seconds.

Deceleration Time Setting: 5.0

Range: 0.1 to 600 sec Default Setting: 30 sec

The motor should decelerate from 2000 rpm (maximum speed) to 0 rpm in 5
seconds.

Volts/Hertz Settings Setting: 01

Settings: 00 - General Purpose Default Setting: 0.0
01 - High Starting Torque
02 - Fans and Pumps
03 - Custom

The GS2 Series AC drive has some predefined torque settings that meet
the needs of most applications.  A custom setting is available if needed.
In this example, the application requires a high starting torque.

P 2.00

P 1.02

P 1.01

WARNING:  If the Stop Method for the GS2 AC drive is set for Coast to Stop, the AC
drive will ignore any setting you have for Deceleration Time (P 1.02).

P 1.00
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Source of Operation Command Setting: 02

Default Setting: 00

Settings 00 Operation Determined by Digital Keypad

01 Operation determined by external control terminals.  
Keypad STOP is enabled.

02 Operation determined by external control terminals.  
Keypad STOP is disabled.

03 Operation determined by RS-232/RS-485 interface.  
Keypad STOP is enabled.

04 Operation determined by RS-232/RS-485 interface.  
Keypad STOP is disabled.

The AC drive operation will be determined by external control
terminals and the keypad stop will be disabled.

Source of Frequency Command Setting: 02

Default: 00

Settings: 00 Frequency determined by keypad potentiometer 

01 Frequency determined by digital keypad up/down

02 Frequency determined by 0 to +10V input on AI
terminal.  Switch, SW1 must be set to AVI.

03 Frequency determined by 4 to 20mA input on AI
terminal.  Switch SW1 must be set to ACI.

04 Frequency determined by 0 to 20mA input on AI
terminal.  Switch SW1 must be set to ACI.

05 Frequency determined by RS-232/RS-485
communication interface (RS-232 or RS-485
communication selected by switches SW2 and SW3.
Refer to CHAPTER 5 for details.)

The frequency of the AC drive will be determined by an external
potentiometer with a 0 to +10V signal.

AVI

ACI

Switch SW1 must be set to ACI in
order to use a 0 to 20mA input

AVI

ACI

Switch SW1 must be set to ACI 
in order to use a 4 to 20mA input

AVI

ACI

Switch SW1 must be set to AVI 
in order to use a 0 to +10V input

P 4.00

P 3.00

Chapter 3: Keypad Operation and Quickstart
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Electronic Thermal Overload Relay Setting: 00

Default Setting: 00
Settings: 00 - Constant Torque (inverter/vector duty motor)

01 - Variable Torque (fan-cooled standard motor)
02 - Inactive

This function setting 00 is the standard overload protection curve used
to protect inverter/vector duty motors.

User Defined Display Function Setting: 01

Default Setting: 00

Settings: 00 Output Frequency (Hz)
01 Motor Speed (rpm)
02 Output Frequency x P 8.01
03 Output Current (A)
04 Motor Output Current (%)
05 Output Voltage(V)
06 DC Bus Voltage (V)
07 PID Setpoint
08 PID Feedback (PV)
09 Frequency Setpoint

The AC drive display will default to motor speed (rpm) when running.

P 8.00

P 6.00
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Example 2: Variable torque (e.g. fans, centrifugal pumps, etc.)
In this example, the AC drive needs to operate a motor that is connected to a centrifugal
pump.  As in Example 1, we will make a list of the needs for the application in order to
decide which parameters need modifications.

Application Needs

•The AC drive must control a 208V, 3hp fan-cooled standard duty motor.  The
AC drive model we will be using for this application is a GS2-23P0.  An
example of the motor nameplate is shown below.

•The maximum speed for the motor is 3600 rpm.

•The motor should accelerate to maximum speed in 20 seconds.

•The motor should coast to stop when operation is terminated.

•The motor will be turning a centrifugal pump.

•The operation of the motor (start, stop, etc.) will be controlled by the GS2
digital keypad.

•The frequency of the AC drive will be determined by the GS2 keypad
potentiometer.

•The display of the AC drive should default to output current (A) when running.

Parameter Setup
In order to meet the needs of this application, the parameters should be set as
follows:

Motor Nameplate Voltage Setting: 208

Range: 115V&230V class: 200/208/220/230/240 Default Setting: 240
460V class: 380/400/415/440/460/480 480
575V class: 380 to 637 575

This parameter setting is determined by the motor nameplate.

Motor Nameplate Amps Setting: 9.2

Range: Drive Rated Amps x .3 to Default Setting: Drive Rating (A)
Drive Rated Amps x 1.0

This parameter setting is determined by the motor nameplate.

P 0.01

P 0.00

STANDARD DUTY MOTOR
HP 3 Volts 208 PHASE 3 TYPE P
RPM 3525 AMPS 9.2 HZ 60 SF 1.15
DESIGN B AMB 40°C INSUL CLASS F
DUTY CONT ENCL TEFC CODE K

Chapter 3: Keypad Operation and Quickstart
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Motor Base Frequency Setting: 60

Range: 50/60/400 Default Setting 60

This parameter setting is determined by the motor nameplate.

Motor Base RPM Setting: 3525

Range: 375 to 9999 rpm Default Setting:  1750

This parameter setting is determined by the motor nameplate.

Motor Maximum RPM Setting: 3600

Range: P 0.03 to 9999 rpm Default Setting: P 0.03

This parameter setting is determined by the needs of the application.

Stop Methods Setting: 01

Range: 00 Ramp to Stop Default Setting: 00
01 Coast to stop

The application requires that this parameter be set to Coast to Stop.

Acceleration Time Setting: 20.0

Range: 0.1 to 600 sec Default Setting: 10 sec

The motor should accelerate from 0 rpm to Base rpm (P 0.03) in 20
seconds.

Volts/Hertz Settings Setting: 02

Range: 00 - General Purpose Default Setting: 0.0
01 - High Starting Torque
02 - Fans and Pumps
03 - Custom

The GS2 Series AC drive has predefined torque settings that meet the
needs of most applications.  A custom setting is also available, if
needed.  In this example, the motor will be running a centrifugal
pump.

P 2.00

P 1.01

WARNING: If the Stop Method for the GS2 AC drive is set for Coast to Stop, the AC
drive will ignore any setting you have for Deceleration Time (P 1.02).

P 1.00

WARNING: The Motor Maximum RPM parameter (P 0.04) should never exceed the
maximum rpm rating for the motor you are using.  If this information is not readily
available, consult your motor manufacturer.

P 0.04

P 0.03

P 0.02
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Source of Operation Command Setting: 00

Default Setting: 00

Settings 00 Operation Determined by Digital Keypad

01 Operation determined by external control
terminals. Keypad STOP is enabled.

02 Operation determined by external control
terminals. Keypad STOP is disabled.

03 Operation determined by RS-232/RS-485 interface.
Keypad STOP is enabled.

04 Operation determined by RS-232/RS-485 interface.
Keypad STOP is disabled.

The AC drive operation will be determined by the Digital Keypad.

Source of Frequency Command Setting: 00

Default: 00

Settings: 00 Frequency determined by keypad potentiometer 

01 Frequency determined by digital keypad up/down

02 Frequency determined by 0 to +10V input on AI
terminal. Switch, SW1 must be set to AVI.

03 Frequency determined by 4 to 20mA input on AI
terminal. Switch SW1 must be set to ACI.

04 Frequency determined by 0 to 20mA input on AI
terminal. Switch SW1 must be set to ACI.

05 Frequency determined by RS-232/RS-485
communication interface (RS-232 or RS-485
communication selected by switches SW2 and SW3.
Refer to CHAPTER 5 for details.)

The frequency of the AC drive will be determined by keypad
potentiometer.

AVI

ACI

Switch SW1 must be set to ACI 
in order to use a 0 to 20mA input

AVI

ACI

Switch SW1 must be set to ACI 
in order to use a 4 to 20mA input

AVI

ACI

Switch SW1 must be set to AVI 
in order to use a 0 to +10V input

P 4.00

P 3.00
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Electronic Thermal Overload Relay Setting: 01

Default Setting: 00
Settings: 00 - Constant Torque (inverter/vector duty motor)

01 - Variable Torque (fan-cooled standard motor)
02 - Inactive

This function setting 01 is used to derate the AC drive output current
overload protection to protect a fan-cooled standard motor running at
low speeds.

User Defined Display Function Setting: 03

Default Setting: 00

Settings: 00 Output Frequency (Hz)
01 Motor Speed (rpm)
02 Output Frequency x P 8.01
03 Output Current (A)
04 Motor Output Current (%)
05 Output Voltage(V)
06 DC Bus Voltage (V)
07 PID Setpoint
08 PID Feedback (PV)
09 Frequency Setpoint

The AC drive display will default to indicate Output Current (A) when
running.

Note: For a complete list and description of the parameters for the GS2 Series AC
drives, refer to CHAPTER 4.

P 8.00

P 6.00
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GS2 Parameter Summary

�� Parameter can be set during RUN Mode.

Ramp Parameters

P1.00 Stop Methods
00: Ramp to Stop
01: Coast to Stop

00

�� P1.01 Acceleration Time 1 0.1 to 600.0 sec 10.0

�� P1.02 Deceleration Time 1 0.1 to 600.0 sec 30.0

P1.03 Accel S-curve 0 to 7 00

P1.04 Decel S-curve 0 to 7 00

�� P1.05 Acceleration Time 2 0.1 to 600.0 sec 10.0

�� P1.06 Deceleration Time 2 0.1 to 600.0 sec 30.0

P1.07 Select method to use
2nd Accel/Decel

00: RMP2 from DI terminal
01: Transition Frequencies

P1.08 & P1.09
00

P1.08 Accel 1 to Accel 2 
frequency transition 

0.0 to 400.0 Hz 0.0

P1.09 Decel 2 to Decel 1 
frequency transition

0.0 to 400.0 Hz 0.0

P1.10 Skip Frequency 1 0.0 to 400.0 Hz 0.0

P1.11 Skip Frequency 2 0.0 to 400.0 Hz 0.0

P1.12 Skip Frequency 3 0.0 to 400.0 Hz 0.0

P1.17 Skip Frequency Band 0.0 to 20.0 Hz 0.0

P1.18 DC Injection Current Level 00 to 100 % 00

P1.20 DC Injection during Start-up 0.0 to 5.0 sec 0.0

P1.21 DC Injection during Stopping 0.0 to 25.0 sec 0.0

P1.22 Start-point for DC Injection 0.0 to 60.0 Hz 0.0

Motor Parameters
GS2

Parameter Description Range Default

P0.00 Motor Nameplate Voltage
115V/230V: 200/208/220/230/240
460V: 380/400/415/440/460/480
575V: 380 to 637

240
480
575

P0.01 Motor Nameplate Amps Drive Rated Amps X .3 to 1.0
Drive Rated
Amps x 1.0

P0.02 Motor Base Frequency 50/60/400 60

P0.03 Motor Base RPM 375 to 9999 RPM 1750

P0.04 Motor Maximum RPM P0.03 to 9999 RPM P0.03
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�� Parameter can be set during RUN Mode.

Digital Parameters

P3.00 Source of Operation Command

00: Operation determined by digital keypad
01: Operation determined by external control

terminals, keypad STOP is enabled
02: Operation determined by external control

terminals, keypad STOP is disabled
03: Operation determined by RS-485 interface,

keypad STOP is enabled
04: Operation determined by RS-485

interface, keypad STOP is disabled

00

P3.01 Multi-function Input Terminals
(DI1 - DI2)

00: DI1 - FWD / STOP, DI2 - REV / STOP
01: DI1 - RUN / STOP, DI2- REV / FWD
02: DI1 - RUN momentary (N.O.)

DI2 - REV / FWD
DI3 - STOP momentary (N.C.)

00

Volts/Hertz Parameters
GS2

Parameter Description Range Default

P2.00 Volts/Hertz Settings

00: General Purpose
01: High Starting Torque
02: Fans and Pumps
03: Custom

00

�� P2.01 Slip Compensation 0.0 to 10.0 0.0

�� P2.02 Auto-torque Boost 00 to 10 00

P2.04 Mid-point Frequency 0.1 to 400 Hz 1.5

P2.05 Mid-point Voltage
115V/230V: 2.0 to 255V
460V: 2.0 to 510V
575V: 2.0 to 637V

10.0
20.0
24.0

P2.06 Min. Output Frequency 0.1 to 20.0 Hz 1.50

P2.07 Min. Output Voltage
115V/230V: 2.0 to 50.0V
460V: 2.0 to 100.0V
575V: 2.0 to 130.6V

10.0
20.0
24.0

P2.08 PWM Carrier Frequency
115V/230V/460V 01 to 15 kHz
575V 01 to 10 kHz

12
6

Chapter 4: AC Drive Parameters
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�� Parameter can be set during RUN Mode.

Digital Parameters (cont.)
GS2

Parameter Description Range Default

P3.02 Multi-function Input (DI3)

00: External Fault (N.O.)
01: External Fault (N.C.)
02: External Reset
03: Multi-Speed/PID SP Bit 1
04: Multi-Speed/PID SP Bit 2
05: Multi-Speed/PID SP Bit 3
06: Reserved
07: Reserved
08: Reserved
09: Jog
10: External Base Block (N.O.)
11: External Base Block (N.C.)
12: Second Accel/Decel Time
13: Speed Hold
14: Increase Speed
15: Decrease Speed
16: Reset Speed to Zero
17: PID Disable (N.O.)
18: PID Disable (N.C.)
99: Input Disable

00

P3.03 Multi-function Input (DI4) 03

P3.04 Multi-function Input (DI5) 04

P3.05 Multi-function Input (DI6) 05

P3.11 Multi-Function Output Terminal
1

00: AC Drive Running
01: AC Drive Fault
02: At Speed
03: Zero Speed
04: Above Desired Frequency
05: Below Desired Frequency
06: At Maximum Speed
07: Over torque detected
08: Above Desired Current
09: Below Desired Current
10: PID Deviation Alarm

00

P3.12 Multi-Function Output Terminal
2

01

�� P3.16 Desired Frequency 0.0 to 400.0 Hz 0.0

�� P3.17 Desired Current 0.0 to <Drive Rated Amps> 0.0 

�� P3.18 PID Deviation Level 1.0 to 50.0 % 10.0 

�� P3.19 PID Deviation Time 0.1 to 300.0 sec 5.0
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�� Parameter can be set during RUN Mode.

Presets
�� P5.00 Jog 0.0 to 400.0 Hz 6.0

�� P5.01 Multi-Speed 1 0.0 to 400.0 Hz 0.0

�� P5.02 Multi-Speed 2 0.0 to 400.0 Hz 0.0

�� P5.03 Multi-Speed 3 0.0 to 400.0 Hz 0.0

�� P5.04 Multi-Speed 4 0.0 to 400.0 Hz 0.0

�� P5.05 Multi-Speed 5 0.0 to 400.0 Hz 0.0

�� P5.06 Multi-Speed 6 0.0 to 400.0 Hz 0.0

�� P5.07 Multi-Speed 7 0.0 to 400.0 Hz 0.0

Analog Parameters
GS2

Parameter Description Range Default

P4.00 Source of Frequency Command

00: Frequency determined by keypad
potentiometer

01: Frequency determined by digital keypad
up/down

02: Frequency determined by 0 to +10V
input on AI terminal with jumpers

03: Frequency determined by 4 to 20mA
input on AI terminal with jumpers

04: Frequency determined by 0 to 20mA
input on AI terminal with jumpers

05: Frequency determined by RS-232C/
RS-485 communication interface

00

P4.01 Analog Input Offset Polarity
00: No Offset
01: Positive Offset
02: Negative Offset

00

�� P4.02 Analog Input Offset 0.0 to 100.0% 0.0

�� P4.03 Analog Input Gain 0.0 to 300.0% 100.0

P4.04 Analog Input Reverse Motion
Enable

00: Forward Motion Only
01: Reverse Motion Enable

00

P4.05 Loss of ACI Signal 
(4-20mA)

00: Decelerate to 0Hz
01: Stop immediately and display error

code “EF”
02: Continue operation by the last

frequency command

00

�� P4.11 Analog Output Signal
00: frequency Hz
01: Current A
02: PV

00

�� P4.12 Analog Output Gain 00 to 200% 100

Chapter 4: AC Drive Parameters
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�� Parameter can be set during RUN Mode.

Protection Parameters
GS2

Parameter Description Range Default

P6.00 Electronic Thermal 
Overload Relay

00: Constant Torque
01: Variable Torque
02: Inactive

00

P6.01 Auto Restart after Fault 00 to 10 00

P6.02 Momentary Power Loss

00: Stop operation after momentary power
loss

01: Continue operation after momentary
power loss, speed search from Speed
Reference

02: Continue operation after momentary
power loss, speed search from
Minimum Speed

00

P6.03 Reverse Operation Inhibit
00: Enable Reverse Operation
01: Disable Reverse Operation

00

P6.04 Auto Voltage Regulation

00: AVR enabled
01: AVR disabled
02: AVR disabled during decel
03: AVR disabled during stop

00

P6.05 Over-Voltage Stall Prevention
00: Enable Over-voltage Stall Prevention
01: Disable Over-voltage Stall Prevention

00

P6.06 Auto Adjustable Accel/Decel

00: Linear Accel/Decel
01: Auto Accel, Linear Decel
02: Linear Accel, Auto Decel
03: Auto Accel/Decel
04: Auto Accel/Decel Stall Prevention 

(limited by P1.01, P1.02, P1.05, P1.06)

00

P6.07 Over-Torque Detection Mode

00: Disabled
01: Enabled during constant speed

operation
02: Enabled during acceleration

00

P6.08 Over-Torque Detection Level 30 to 200% 150

P6.09 Over-Torque Detection Time 0.1 to 10.0 0.1

P6.10 Over-Current Stall Prevention during
Acceleration

20 to 200% 150

P6.11 Over-Current Stall Prevention 
during Operation

20 to 200% 150

P6.12 Maximum Allowable Power Loss Time 0.3 to 5.0 sec 2.0

P6.13 Base-Block Time for Speed Search 0.3 to 5.0 sec 0.5

P6.14 Maximum Speed Search Current Level 30 to 200% 150

P6.15 Upper Bound of Output Frequency 0.1 to 400Hz 400

P6.16 Lower Bound of Output Frequency 0.0 to 400Hz 0.0

P6.30 Line Start Lockout
00: Enable Line Start Lockout
01: Disable Line Start Lockout

00
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�� Parameter can be set during RUN Mode.

Protection Parameters (cont.)
GS2

Parameter Description Range Default

P6.31 Present Fault Record

00: No Fault occurred
01: Over-current (oc)
02: Over-voltage (ov)
03: Overheat (oH)
04: Overload (oL)
05: Overload 1 (oL1)
06: Overload 2 (oL2)
07: External Fault (EF)
08: CPU failure 1 (CF1)
09: CPU failure 2 (CF2)
10: CPU failure 3 (CF3)
11: Hardware Protection Failure (HPF)
12: Over-current during accel (OCA)
13: Over-current during decel (OCd)
14: Over-current during steady state (OCn)
15:Ground fault or fuse failure (GFF)
16: Reserved
17: Input power 3-phase loss
18: External Base-Block (bb)
19: Auto Adjust accel/decel failure (cFA)
20: Software protection code (codE)

00

P6.32 Second Most Recent Fault Record 00

P6.33 Third Most Recent Fault Record 00

P6.34 Fourth Most Recent Fault Record 00

P6.35 Fifth Most Recent Fault Record 00

P6.36 Sixth Most Recent Fault Record 00

Chapter 4: AC Drive Parameters
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�� Parameter can be set during RUN Mode.

Display Parameters

�� P8.00 User Defined Display Function

00: Output Frequency (Hz)
01: Motor Speed (RPM)
02: Output Freq. X  P8.01
03: Output Current (A)
04: Motor Output Current (%)
05: Output Voltage (V)
06: DC Bus Voltage (V)
07: PID Setpoint
08: PID Feedback Signal (PV) 
09: Frequency Setpoint

00

�� P8.01 Frequency Scale Factor 0.01 to 160.0 1.0

PID Parameters
GS2

Parameter Description Range Default

P7.00 Input Terminal for PID Feedback

00: Inhibit PID operation
01: Forward-acting (heating loop) PID

feedback, PV from AVI (0 to + 10V
02: Forward-acting (heating loop) PID

feedback, PV from ACI (4 to 20mA) 
03: Reverse-acting (cooling loop) PID

feedback, PV from AVI (0 to +10V). 
04: Reverse-acting (cooling loop) PID

feedback, PV from ACI (4 to 20mA). 

00

P7.01 PV 100% Value 0.0 to 999 100.0

P7.02 PID Setpoint Source
00: Keypad

01: Serial Communications
00

�� P7.10 Keypad PID Setpoint 0.0 to 999 0.0

�� P7.11 PID Multi-setpoint 1 0.0 to 999 0.0

�� P7.12 PID Multi-setpoint 2 0.0 to 999 0.0

�� P7.13 PID Multi-setpoint 3 0.0 to 999 0.0

�� P7.14 PID Multi-setpoint 4 0.0 to 999 0.0

�� P7.15 PID Multi-setpoint 5 0.0 to 999 0.0

�� P7.16 PID Multi-setpoint 6 0.0 to 999 0.0

�� P7.17 PID Multi-setpoint 7 0.0 to 999 0.0

�� P7.20 Proportional Control 0.0 to 10.0 1.0

�� P7.21 Integral Control 0.00 to 100.0 sec 1.00

�� P7.22 Derivative Control 0.00 to 1.00 sec 0.00

P7.23 Upper Bound for Integral Control 00 to 100% 100

P7.24 Derivative Filter Time Constant 0.0 to 2.5 sec 0.0

P7.25 PID Output Frequency Limit 00 to 110% 100

P7.26 Feedback Signal Detection Time 0.0 to 3600 sec. 60

P7.27 PID Feedback Loss
00: Warn and AC Drive Stop

01: Warn and Continue Operation
00
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�� Parameter can be set during RUN Mode.

Communications Parameters
GS2

Parameter Description Range Default

P9.00 Communication Address 01 to 254 01

P9.01 Transmission Speed

00: 4800 baud
01: 9600 baud
02: 19200 baud
03: 38400 baud

01

P9.02 Communication Protocol

00: Modbus ASCII mode
7 data bits,no parity,2 stop bits

01: Modbus ASCII mode
7 data bits,even parity,1 stop bit

02: Modbus ASCII mode 
7 data bits,odd parity,1 stop bit 

03: Modbus RTU mode 
8 data bits,no parity,2 stop bits 

04: Modbus RTU mode 
8 data bits,even parity,1 stop bit 

05: Modbus RTU mode 
8 data bits,odd parity,1 stop bit 

00

P9.03 Transmission Fault Treatment

00: Display fault and continue operating
01: Display fault and RAMP to stop
02: Display fault and COAST to stop
03: No fault displayed and continue

operating

00

P9.04 Time Out Detection
00: Disable
01: Enable

00

P9.05 Time Out Duration 0.1 to 60.0 seconds 0.5

�� P9.07 Parameter Lock
00: All parameters can be 

set and read
01: All parameters are read-only

00

P9.08 Restore to Default
99: Restores all parameters to factory

defaults
00

�� P9.11 Block Transfer Parameter 1 P0.00 to P8.01, P9.99 P9.99

�� P9.12 Block Transfer Parameter 2 P0.00 to P8.01, P9.99 P9.99

�� P9.13 Block Transfer Parameter 3 P0.00 to P8.01, P9.99 P9.99

�� P9.14 Block Transfer Parameter 4 P0.00 to P8.01, P9.99 P9.99

�� P9.15 Block Transfer Parameter 5 P0.00 to P8.01, P9.99 P9.99

�� P9.16 Block Transfer Parameter 6 P0.00 to P8.01, P9.99 P9.99

�� P9.17 Block Transfer Parameter 7 P0.00 to P8.01, P9.99 P9.99

�� P9.18 Block Transfer Parameter 8 P0.00 to P8.01, P9.99 P9.99

�� P9.19 Block Transfer Parameter 9 P0.00 to P8.01, P9.99 P9.99

�� P9.20 Block Transfer Parameter 10 P0.00 to P8.01, P9.99 P9.99

�� P9.21 Block Transfer Parameter 11 P0.00 to P8.01, P9.99 P9.99

�� P9.22 Block Transfer Parameter 12 P0.00 to P8.01, P9.99 P9.99

Chapter 4: AC Drive Parameters
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�� Parameter can be set during RUN Mode.

Communications Parameters (continued)
GS2

Parameter Description Range Default

�� P9.23 Block Transfer Parameter 13 P0.00 to P8.01 P9.99

�� P9.24 Block Transfer Parameter 14 P0.00 to P8.01 P9.99

�� P9.25 Block Transfer Parameter 15 P0.00 to P8.01 P9.99

�� P9.26 Serial Comm Speed Reference 0.0 to 400.0 Hz 60.0

�� P9.27 Serial Comm RUN Command
00: Stop
01: Run

00

�� P9.28 Serial Comm Direction Command
00: Forward
01: Reverse

00

�� P9.29 Serial Comm External Fault
00: No fault
01: External fault

00

�� P9.30 Serial Comm Fault Reset
00: No action
01: Fault Reset

00

�� P9.31 Serial Comm JOG Command
00: Stop
01: Jog

00

P9.39 Firmware Version #.## #.##

P9.41 GS Series Number
01: GS1
02: GS2
03: GS3

##

P9.42 Manufacturer Model Information

00: GS2-20P5  (230V 1ph/3ph 0.5hp)
01: GS2-21P0  (230V 1ph/3ph 1hp)
02: GS2-22P0  (230V 1ph/3ph 2hp)
03: GS2-23P0  (230V 1ph/3ph 3hp)
04: GS2-25P0  (230V 3ph 5hp)
05: GS2-27P5  (230V 3ph 7.5hp)
06: Reserved
07: GS2-41P0  (460V 3ph 1hp)
08: GS2-42P0  (460V 3ph 2hp)
09: GS2-43P0  (460V 3ph 3hp)
10: GS2-45P0  (460V 3ph 5hp)
11: GS2-47P5  (460V 3ph 7.5hp)
12: GS2-4010  (460V 3ph 10hp)
13: GS2-10P2  (115V 1ph 0.25hp)
14: GS2-10P5  (115V 1ph 0.5hp)
15: GS2-11P0  (115V 1ph 1hp)
16~20: Reserved
21: GS2-51P0  (575V 3ph 1hp)
22: GS2-52P0  (575V 3ph 2hp)
23: GS2-53P0  (575V 3ph 3hp)
24: GS2-55P0  (575V 3ph 5hp)
25: GS2-57P5  (575V 3ph 7.5hp)
26: GS2-5010  (575V 3ph 10hp)

##



GS2 Series AC Drive User Manual 4–11

Chapter 4: AC Drive Parameters

1st Ed. Rev. C     12/2006

Detailed Parameter Listings

Motor Parameters

Motor Nameplate Voltage

Range: 115V/230V classes: 200/208/220/230/240 Default Setting: 240
460V class: 380/400/415/440/460/480 480
575V class: 380 to 637 575

This parameter determines the Maximum Output Voltage of the AC drive.  The
Maximum Output Voltage setting must be less than or equal to the rated voltage of
the motor as indicated on the motor nameplate.  The setting value must be equal
to or greater than the Mid-Point Voltage (P2.05).

Motor Nameplate Amps

Range: Drive Rated Amps x 0.3 to Default Setting: Drive Rating (A)
Drive Rated Amps x 1.0

This parameter sets the output current to the motor, and is used by the drive to set
the motor overload protection.  Set this parameter value to the full load current
listed on the motor nameplate.  (Also refer to P6.00 to set overload curve type.)

P0.01

P0.00

Note: If the � symbol is found next to the parameter name, the parameter can be
edited when the AC drive is in RUN Mode.

Motor Nameplate Voltage

Range: 115V/230V classes: 200/208/220/230/240 Default Setting: 240
460V class: 380/400/415/440/460/480 Default Setting: 480
575V class: 380 to 637 Default Setting: 575

•This parameter determines the Maximum Output Voltage of the AC drive.  The Maximum Output
Voltage setting must be less than or equal to the rated voltage of the motor as indicated on the
motor nameplate.  The setting value must be equal to or greater than the Mid-Point Voltage
(P2.05).

Parameter
Number

Parameter Setting
Range

Parameter
Description

Parameter Default
Setting

Parameter
Name

P0.00
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Motor Base Frequency

Range: 50/60/400 Default Setting 60

•This value should be set according to base frequency of the motor as indicated on
the motor nameplate.  Motor Base Frequency determines the volts per hertz ratio.

Motor Base RPM

Range: 375 to 9999 RPM Default Setting:  1750

• This value should be set according to rated Base RPM of the motor as indicated on
the motor nameplate.

Motor Maximum RPM

Range: P0.03 to 9999 RPM Default Setting: P0.03

• This value should be set according to the desired maximum speed of the motor.
This value should not exceed the motor’s maximum rated speed. 

• This value cannot be set lower than Motor Base RPM (P0.03).

This parameter, along with P0.02 and P0.03, determines the Maximum Output
Frequency of the AC Drive.  The Maximum Output Frequency can be calculated
as follows:

• If an output limit based on Maximum Output Frequency is desired, use the following
equation to determine the corresponding value for Motor Maximum RPM:

x Motor Base RPM (P 0.03)Motor Maximum RPM = Max. Output Frequency
Motor Base Frequency (P 0.02)( )

x Base Frequency (P0-02)Max. Output Frequency = Motor Max. RPM (P0-04)
Motor Base RPM (P0-03)( )

WARNING: The Motor Maximum RPM parameter (P0.04) should never exceed the
maximum speed rating for the motor you are using.  If this information is not readily
available, consult your motor manufacturer.

P0.04

P0.03

P0.02
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Ramp Parameters

Stop Methods

Range: 00 Ramp to Stop Default Setting: 00
01 Coast to stop

This parameter determines how the motor is stopped when the AC drive receives a
valid stop command.

• Ramp: The AC drive decelerates the motor to Minimum Output Frequency (P2.06)
and then stops according to the deceleration time set in P1.02 or P1.06.

•Coast:The AC drive stops output instantly upon command, and the motor free runs
until it comes to a complete stop.

��  Acceleration Time 1

Range: 0.1 to 600 sec Default Setting: 10 sec
This parameter is used to determine the time required for the AC drive to ramp
from 0 to its Maximum Motor RPM (P0.04). The rate is linear unless S-Curve is
"Enabled."

P1.01

Motor
Speed

ON OFF

decel 
time

Ramp

time

Frequency

Motor
Speed

time

ON OFF

?

Coast

Free running to stop

Stops according to 
deceleration time

Hz Hz

Frequency

Operation 
Command

Note: The drive application or system requirements will determine which stop method is
needed.

P1.00
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��  Deceleration Time 1

Range: 0.1 to 600 sec Default Setting: 30 sec

This parameter is used to determine the time required for the AC drive to
decelerate from the Maximum Motor RPM (P0.04) down to 0Hz.  The rate is
linear unless S-Curve is “Enabled.”

Accel S-Curve

Range:  00 to 07 Default Setting: 00

This parameter is used whenever the motor and load need to be accelerated more
smoothly.  The Accel S-Curve may be set from 0 to 7 to select the desired
acceleration S Curve.

Decel Time

1 or 2
Accel Time

1 or 2

S-curve 

characteristics 

Time

S-curve 

characteristics 

Time

Time

Time

Frequency

P 1.03 = 00

"Accel S curve Disabled"

P 1.04 = 00

"Decel S curve Disabled"

P1.03

P1.02
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Decel S-Curve

Range: 00 to 07 Default Setting: 00

This parameter is used whenever the motor and load need to be decelerated more
smoothly.  The Decel S-Curve may be set from 00 to 07 to select the desired
deceleration S-Curve.

Note: From the diagram shown below, the original setting accel/decel time will be
for reference when the function of the S-curve is enabled. The actual accel/decel
time will be determined based on the S-curve selected (1 to 7).

��  Acceleration Time 2

Range: 0.1 to 600 sec Default Setting: 10.0

•The Second Acceleration Time determines the time for the AC drive to accelerate
from 0 RPM to Maximum Motor RPM (P0.04). Acceleration Time 2 (P1.05) can be
selected using a multi-function input terminal or frequency transition (P1.07). 

��  Deceleration Time 2

Range: 0.1 to 600 sec Default Setting: 30 sec

•The Second Deceleration Time determines the time for the AC drive to decelerate
from Maximum Motor RPM (P0.04) to 0 RPM. Deceleration Time 2 (P1.06) can be
selected using a multi-function input terminal or frequency transition (P1.07). 

P1.06

P1.05

Time

S curve is disabled in (1), (2)
P 1.03 sets S curve for (3) 
P 1.04 sets S curve for (4) 

(4)(3)

(4)(3)

(2)(1)

(2)(1)

P 1.03 P 1.04
Frequency

P1.04
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Select method for 2nd Accel/Decel

Range: 00: Second Accel/Decel from DI terminal Default Setting: 00
01: Frequency Transition

P1.08 & P1.09

• The second set of acceleration and deceleration times P1.05 and P1.06 can be
selected either with a multi-function input terminal programmed to Second
Accel/Decel, or by the values of the transition frequencies P1.08 and P1.09

Second Accel/Decel Times selected with Multi-Function Input Terminal

Accel 1 to Accel 2 Frequency Transition

Range: 0.0 to 400.0 Hz Default Setting: 0.0
Second Accel/Decel Times selected with Frequency Transition

Decel 1 to Decel 2 Frequency Transition

Range: 0.0 to 400.0 Hz Default Setting: 0.0

P1.09

Frequency

Time

Accel 1 
P 1.01

Accel 2 
P 1.05

Decel 2 
P 1.06

Decel 1 
P 1.02

Maximum Output 
Frequency P 0.04

Accel 1 to Accel 2
Frequency Transition
P 1.08

Decel 2 to Decel 1
Frequency Transition
P 1.09

P1.08

Frequency

Time

Multi-function 
Input Terminal

On
Off

Accel 1 
P 1.01

Accel 2 
P 1.05

Decel 2 
P 1.06 Decel 1 

P 1.02

Maximum Output 
Frequency P 0.04

P1.07



GS2 Series AC Drive User Manual 4–17

Chapter 4: AC Drive Parameters

1st Ed. Rev. C     12/2006

Skip Frequency 1

Range: 0.0 to 400.0 Hz Default Setting: 0.0

Skip Frequency 2

Range: 0.0 to 400.0 Hz Default Setting: 0.0

Skip Frequency 3

Range: 0.0 to 400.0 Hz Default Setting: 0.0

• P1.10, P1.11, and P1.12 determine the location of the frequency bands that will
be skipped during AC drive operation. 

Skip Frequency Band

Range: 0.0 to 20.0 Hz Default Setting: 0.0

This parameter determines the frequency band for a given Skip Frequency (P1.10,
P1.11, or P1.12). Half of the Skip Frequency Band is above the Skip Frequency
and the other half is below. Programming this parameter to 0.0 disables all skip
frequencies.

Output frequency

Skip Frequency 1  

P 1.10

Skip Frequency 2  

P 1.11

Skip Frequency 3  

P 1.12

Skip Frequency 

Set Point

Skip Frequency Band 

P 1.17

P1.17

P1.12

P1.11

P1.10



Chapter 4: AC Drive Parameters

GS2 Series AC Drive User Manual4–18

DC Injection Current Level

Range: 00 to 100% Default Setting: 00

This parameter determines the amount of DC Braking Current applied to the
motor during start-up and stopping.  When setting DC Braking Current, please
note that 100% is equal to the rated current of the drive.  It is recommended to
start with a low DC Braking Current Level and then increase until proper holding
torque has been attained.

DC Injection during Start-up

Range: 0.0 to 5.0 sec Default Setting: 0.0

This parameter determines the duration of time that the DC Braking Current will
be applied to the motor during the AC drive start-up.  DC Braking will be applied
for the time set in this parameter until the Minimum Frequency is reached during
acceleration.

DC Injection during Stopping

Range: 0.0 to 25.0 sec Default Setting: 0.0

This parameter determines the duration of time that the DC braking voltage will
be applied to the motor during stopping.  If stopping with DC Braking is desired,
then P1.00 must be set to Ramp to Stop (00).

Start-point for DC Injection

Range: 0.0 to 60.0 Hz Default Setting: 0.0

This parameter determines the frequency when DC Braking will begin during
deceleration.

Operation

Command

Min. Output 

Frequency

Start-Point for DC Braking 

time

DC Injection Current Level

Master

Frequency

ON OFF

  P 1.22

  P 1.20

  

  P 1.21

 P 1.18

P1.22

P1.21

P1.20

P1.18
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Volts/Hertz Parameters

Volts/Hertz Settings

Settings: 00 - General Purpose (constant torque) Default Setting: 0.0
01 - High Starting Torque
02 - Fans and Pumps (variable torque)
03 - Custom

Volts

60/400 Hz
10/20

1.5

P0.00
Volts

50.0 Hz
10/20

1.3

P0.00

25

50/100

30

50/100

60/400Hz Base Frequency 50Hz Base Frequency

02: Fans and Pumps

50.0 Hz1.3 2.2

Volts

60/400 Hz
18/36

1.5

P0.00

3

23/46

Volts

14/28

P0.00

23/46

60/400Hz Base Frequency 50Hz Base Frequency

01: High Starting Torque

Volts

60/400 Hz

10/20

1.5

P0.00
Volts

50.0 Hz

10/20

1.5

P0.00

60/400Hz Base Frequency 50Hz Base Frequency

00: General Purpose

Frequency

Voltage

P2.04 P0.02 P0.04
P0.03

P0.00

P2.05

P2.07

P2.06 x P0.02

03: Custom

Note: P2.04 through P2.07 are only used when the Volts/Hertz parameter (P2.00) is set to 03.

P2.00

1st Ed. Rev. C     12/2006
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��  Slip Compensation

Range: 0.0 to 10.0 Default Setting: 0.0

When controlling an asynchronous induction motor, load on the AC drive will
increase causing an increase in slip.  This parameter may be used to compensate
the nominal slip within a range of 0 to 10.  When the output current of the AC
drive is greater than the Motor Nameplate Amps (P0.01), the AC drive will adjust
its output frequency according to this parameter.

��  Auto-torque Boost

Range: 00 to 10 Default Setting: 00

This parameter functions similarly to the P2.00-01 High Starting Torque V/Hz
setting, except that this parameter uses less current than does P2.00-01.  P2.00-01
boosts starting torque by increasing current at every start beyond what is required
to move the load.  P2.02 Auto-torque Boost increases the current only as required
to move the load.  The proper setting for P2.02 is determined by trial and error.

Mid-point Frequency

Range: 0.1 to 400 Hz Default Setting: 1.5

This parameter sets the Mid-Point Frequency of V/F curve.  With this setting, the
V/F ratio between Minimum Frequency and Mid-Point frequency can be
determined.
This parameter must be greater than or equal to the Minimum Output Frequency
(P2.06) and less than or equal to the Maximum Voltage Frequency (P0.02).  This
parameter is used only when the Volts/Hertz parameter (P2.00) is set to 03.

Mid-point Voltage

Range: 115V/230V:  2.0 to 255V Default Setting: 10.0
460V:  2.0 to 510V 20.0
575V:  2.0 to 637V 24.0

This parameter sets the Mid-Point Voltage of any V/F curve.  With this setting, the
V/F ratio between Minimum Frequency and Mid-Point Frequency can be
determined.
This parameter must be greater than or equal to the Minimum Output Voltage 
(P2.07) and less than or equal to the Maximum Output Voltage (P0.00).  This
parameter is used only when the Volts/Hertz parameter (P2.00) is set to 03.

P2.05

P2.04

P2.04 through P2.07 are used only when the Volts/Hertz parameter (P2.00) is set to 03.

P2.02

P2.01
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Minimum Output Frequency

Range: 0.1 to 20.0 Hz Default Setting: 1.5

This parameter sets the Minimum Output Frequency of the AC drive.
This parameter must be less than or equal to the Mid-Point Frequency (P2.04).
This parameter is used only when the Volts/Hertz parameter (P2.00) is set to 03.

Minimum Output Voltage

Range: 115V/230V:  2.0 to 50.0V Default Setting: 10.0
460V:  2.0 to 100.0V 20.0
575V:  2.0 to 130.6V 24.0

This parameter sets the Minimum Output Voltage of the AC drive.
This parameter must be equal to or less than Mid-Point Voltage (P2.05).  This
parameter is used only when the Volts/Hertz parameter (P2.00) is set to 03.

PWM Carrier Frequency

Range: 115V/230V/460V:  01 to 15 kHz Default Setting: 12
575V:  01 to 10 kHz 6

This parameter sets the carrier frequency of PWM (Pulse-Width Modulated)
output.

• In the table below, we see that the carrier frequency of PWM output has a
significant influence on the electromagnetic noise, leakage current, heat
dissipation of the AC drive and the acoustic noise to the motor:

Carrier Frequency Acoustic Noise Electromagnetic Noise,
Leakage Current Heat Dissipation

1kHz significant minimal minimal

15 kHz minimal moderate moderate

P2.08

P2.07

P2.06
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Digital Parameters

Source of Operation Command

Default Setting: 00

Settings 00 Operation Determined by Digital Keypad

01 Operation determined by external control
terminals.  Keypad STOP is enabled.

02 Operation determined by external control
terminals.  Keypad STOP is disabled.

03 Operation determined by communication interface.  
Keypad STOP is enabled.

04 Operation determined by communication interface.  
Keypad STOP is disabled.

• This parameter sets the input source for the AC drive operation commands.

• Refer to P3.01 to P3.05 for more details.

Multi-function Input Terminals (DI-DI2)

Default Setting: 00

Settings 00 DI1 - FWD/STOP
DI2 - REV/STOP

01 DI1 - RUN/STOP
DI2 - REV/FWD

02 DI1 - RUN (N.O. latching input)
DI2 - REV/FWD
DI3 - STOP (N.C. latching input)

DI1 DI2 Result
OFF OFF STOP

ON OFF FWD

OFF ON REV

ON ON STOP

REV/STOP

FWD/STOP

DCM

DI2

DI1

P3.01:  Setting 00

Note: Multi-function Input Terminals DI1 and DI2 do not have separate parameter
designations. DI1 and DI2 must be used in conjunction with each other to operate
two and three wire control.

P3.01

P3.00
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Multi-Function Input (DI3)

Default Setting: 00

Multi-Function Input (DI4)

Default Setting: 03

Multi-function Input (DI5)

Default Setting: 04

Multi-function Input (DI6)

Settings for P3.02 to P3.05: Default Setting: 05

00 *External Fault (N.O.)
01 *External Fault (N.C.)
02 External Reset
03 Multi-Speed/PID SP Bit 1
04 Multi-Speed/PID SP Bit 2
05 Multi-Speed/PID SP Bit 3
06 Reserved
07 Reserved
08 Reserved
09 Jog
10 External Base Block (N.O.)
11 External Base Block (N.C.)
12 Second Accel/Decel Time
13 Speed Hold
14 Increase Speed  (P4.00 must be set to 01)
15 Decrease Speed  (P4.00 must be set to 01)
16 Reset Speed to Zero  (P4.00 must be set to 01)
17 PID Disable (N.O.)
18 PID Disable (N.C.)
99 Input Disable

* Use either 00 or 01, but not both.  Use interposing relays if more contacts are
needed.

P3.05

P3.04

P3.03

P3.02

DI1- RUN command
Latching input (N.O.)
Runs when closed

DI3- STOP command
Latching input (N.C.)
Stops when open 

DI2

DI3

DI1

DCM

STOP RUN

FWD/REV

DI2- FWD/REV select
"Open" : FWD
"Close" : REV 

P3.01:  Setting 02

DI1- RUN/STOP select
"Open" : Stop
"Close" : Run 

DI2- FWD/REV select
"Open" : FWD
"Close" : REV 

FWD/REV

RUN/STOP

DCM

DI2

DI1

P3.01:  Setting 01
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Setting Explanations for parameters P3.02 - P3.05
Setting 00:  External Fault (N.O.)

When an External Fault input signal is received, the AC drive output will turn off,
the drive will display “EF” on the LED Display, and the motor will Coast to Stop.
To resume normal operation, the external fault must be cleared, and the drive must
be reset.

Setting 01:  External Fault (N.C.)

Setting 02:  External Reset

An External Reset has the same function as the Reset key on the digital keypad.
Use an External Reset to reset the drive after a fault.

DI3-DI6: External Reset
"Close": Drive receives external reset input signal

DI3-DI6

DCM

External Reset

DI3-DI6: External Fault (N.C.)
"Open": Drive receives external fault input signal

DI3-DI6

DCM

External Fault (N.C)

DI3-DI6: External Fault (N.O.)
"Close": Drive receives external fault input signal

DI3-DI6

DCM

External Fault (N.O)
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Settings 03, 04, and 05:  Multi-Speed/PID SP Bits 1, 2, and 3

If PID operation is inhibited (P7.00 = 00), the three Multi-Speed/PID SP Bits are
used to select the multi-speed settings defined by P5.01 to P5.07.  
If PID operation is enabled (P7.00 ≠ 00), the three Multi-Speed/PID SP Bits are
used to select the PID multi-setpoint settings defined by P7.11 to P7.17.

Setting 09: Jog Command

This setting configures a Multi-function Input Terminal to give the Jog Command
when activated.  P5.00 sets the Jog Speed.

Note: The motor must be stopped to initiate this command. The Jog Command cannot
be used simultaneously with an active FWD/STOP, REV/STOP, or RUN/STOP
command. The Jog Command can be used with an active REV/FWD command.

DI3-DI6: Jog Command
"Close": Drive receives Jog Command signal

DI3-DI6

DCM

Jog Command

Note: When all multi-speed inputs are off, the AC drive reverts back to the Source of
Frequency Command (P4.00), or the PID Setpoint Source (P7.02).

Note: In order to use the Multi-Speed settings, parameters 5.01 to 5.07 must be set.
In order to use the Multi-PID SP settings, parameters 7.11 to 7.17 must be set.

Multi-Spd/PID SP Speed
Selection

PID SP
SelectionBit 3 Bit 2 Bit 1

OFF OFF OFF P4.00 P7.02

OFF OFF ON P5.01: Spd 1 P7.11: SP 1

OFF ON OFF P5.02: Spd 2 P7.12: SP 2

OFF ON ON P5.03: Spd 3 P7.13: SP 3

ON OFF OFF P5.04: Spd 4 P7.14: SP 4

ON OFF ON P5.05: Spd 5 P7.15: SP 5

ON ON OFF P5.06: Spd 6 P7.16: SP 6

ON ON ON P5.07: Spd 7 P7.17: SP 7

DI3-DI6

DCM

03: Mult-Spd/PID SP Bit 1

DI3-DI6

DI3-DI6
05: Mult-Spd/PID SP Bit 3

04: Mult-Spd/PID SP Bit 2
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Settings 10 and 11:  External Base Block (N.O.) and External Base Block (N.C.)

Value 10 is for a normally open (N.O) input and value 11 is for a normally closed
(N.C.) input.

When an External Base Block is activated, the LED display shows bb, the AC
drive stops all output, and the motor will free run.  When the External Base Block
is deactivated, the AC drive will start the speed search function and synchronize
with the motor speed.  The AC drive will then accelerate to the Master Frequency.

P 6.13

Base Block (N.C)

DI3-DI6: Base Block Input

Base Block (N.O.)

DCM

DI3-DI6

DCM

DI3-DI6
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Setting 12:  Second Accel/Decel Time

Multi-function Input Terminals DI3-DI6 can be set to select between Accel/Decel
times 1 and 2.  Parameters P1.01 and P1.02 set Accel 1 and Decel 1 times.
Parameters P1.05 and P1.06 set Accel 2 and Decel 2 times.

Setting 13:  Speed Hold

When the Speed Hold command is received, the drive acceleration or
deceleration is stopped and the drive maintains a constant speed.

Actual Operation Freq.

Time

ON ONON

ON

ON

OFF

Master Frequency

Accel inhibit

Decel inhibit

Decel inhibit

Accel inhibit

Actual Operation Frequency

 Frequency

Run 
Command

Speed Hold

Frequency

Time

Multi-function 
Input Terminal

On
Off

Accel 1 
P 1.01

Accel 2 
P 1.05

Decel 2 
P 1.06 Decel 1 

P 1.02

Maximum Output 
Frequency P 0.04

DI3-DI6: Accel/Decel Time 2 Command
"Close": Drive receives Accel/Decel 2 Command signal

DI3-DI6

DCM

Accel/Decel 2
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Settings 14 and 15:  Increase and Decrease Speed 
(Electronic Motor Operated Potentiometer)

Settings 14 and 15 allow the Multi-function terminals to be used to increase or
decrease speed.  As long as the DI terminal is activated, the speed reference will
continuously increase or decrease according to the acceleration and deceleration
ramp settings.

Setting 16:  Reset Speed to Zero

Settings 17 and 18:  PID Disable (N.O) and (N.C.)

Settings 17 and 18 set the Multi-function terminals to disable PID operation.

Setting 18: PID Disable (N.C.)

Setting 17: PID Disable (N.O.)

DCM

DI3-DI6

DI3-DI6
DI3-DI6: PID Disable (N.O.) or (N.C.)

DI3-DI6: Reset Speed to Zero
"Close": Drive receives Reset Speed to Zero signal

DI3-DI6

DCM

Reset Speed to Zero

Note: In order to use these settings, P4.00 must be set to 01.

Setting 15: Decrease

Setting 14: Increase

DCM

DI3-DI6

DI3-DI6
DI3-DI6: Increase or Decrease Frequency
"Close": Drive receives Increase or Decrease Frequency Input



GS2 Series AC Drive User Manual 4–29

Chapter 4: AC Drive Parameters

1st Ed. Rev. C     12/2006

Setting 99:  Multi-Function Input Disable

Setting a Multi-Function Input to 99 will disable that input.  The purpose of this
function is to provide isolation for unused Multi-Function Input Terminals.  Any
unused terminals should be programmed to 99 to make sure they have no effect
on drive operation.

Note: Any unused terminals should be programmed to 99 to make sure they have no
effect on drive operation.
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Multi-function Output Terminal 1

Default Setting: 00

Multi-function Output Terminal 2

Default Setting: 01

Settings for P3.11 to P3.12:

Settings: 00 AC Drive Running
01 AC Drive Fault
02 At Speed
03 Zero Speed
04 Above Desired Frequency (P3.16)
05 Below Desired Frequency (P3.16)
06 At Maximum Speed (P0.02)
07 Over Torque Detected
08 Above Desired Current (P3.17)
09 Below Desired Current (P3.17)
10 PID Deviation Alarm (P3.18 and P3.19)

Setting Function Explanations:
00:  AC Drive Running—The terminal will be activated when there is an output

from the drive.

01:  AC Drive Fault—The terminal will be activated when one of the faults listed
under parameters P6.31 through P6.36 occurs.

02:  At Speed—The terminal will be activated when the AC drive attains the Command
Frequency (P4.00 or P5.01~P5.07).

03:  Zero Speed—The output will be activated when Command Frequency (P4.00
or P5.01~P5.07) is lower than the Minimum Output Frequency (P2.06).

04:  Above Desired Frequency—The output will be activated when the AC drive is
above the Desired Frequency (P3.16).

05:  Below Desired Frequency—The output will be activated when the AC drive is
below the Desired Frequency (P3.16).

06:  At Maximum Speed—The output will be activated when the AC drive reaches
Motor Maximum RPM (P0.04).

07:  Over Torque Detected—The output will be activated when the AC drive
reaches the Over-torque Detection Level (P6.08), and exceeds this level for a
time greater than the Over-torque Detection Time (P6.09).

08:  Above Desired Current—The output will be activated when the AC drive is above
the Desired Current (P3.17).

09: Below Desired Current—The output will be activated when the AC drive is below
the Desired Current (P3.17).

10:  PID Deviation Alarm—The output will be activated when the AC drive
exceeds the PID Deviation Level (P3.18) for longer than the PID Deviation
Time (P3.19).

P3.12

P3.11
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��  Desired Frequency

Range: 0.0 to 400.0 Hz Default Setting: 0.0

•If a Multi-function output terminal is set to function as Desired Frequency Attained
(P3.11 or P3.12 = 04 or 05), then the output will be activated when the
programmed frequency is attained.

��  Desired Current

Range: 0.0 to <Drive Rated Amps> Default Setting: 0.0

��  PID Deviation Level

Range: 1.0 to 50.0% Default Setting: 10.0

��  PID Deviation Time

Range: 0.1 to 300.0 sec Default Setting: 5.0

P3.19

P3.18

P3.17

Time

ON OFF

Frequency

Maximum Output 
Frequency

Desired Frequency 
P3.16

Desired Frequency 
Attained Indication 
P3.11 & P3.12

P3.16
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Analog Parameters

Source of Frequency Command

Default: 00

Settings: 00 Frequency determined by keypad potentiometer 

01 Frequency determined by digital keypad up/down

02 Frequency determined by 0 to +10V input (including
remote potentiometer) on AI terminal.  Switch SW1
must be set to AVI.

03 Frequency determined by 4 to 20mA input on AI
terminal.  Switch SW1 must be set to ACI.

04 Frequency determined by 0 to 20mA input on AI
terminal.  Switch SW1 must be set to ACI.

05 Frequency determined by RS-232/RS-485
communication interface. Switches SW2 and SW3
must be set to RS-232 or RS-485.

Analog Input Offset Polarity

Range: 00 Offset disabled Default Setting: 00
01 Positive Offset
02 Negative Offset

• This parameter sets the potentiometer Bias Frequency to be positive or negative.

• The Analog Input Offset calculation will also define the Offset Polarity.  See the
note after P4.02.

P4.01

RS485

RS232
SW3 SW2

RS-232 / RS-485 communication
is determined by switches 

SW2 & SW3

AVI

ACI

Switch SW1 must be set to ACI in
order to use a 0 to 20mA input

AVI

ACI

Switch SW1 must be set to ACI 
in order to use a 4 to 20mA input

AVI

ACI

Switch SW1 must be set to AVI 
in order to use a 0 to +10V input

P4.00
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��  Analog Input Offset

Range: 0.0 to 100% Default Setting: 0.0
This parameter can be set during the operation

• This parameter provides a frequency offset for an analog input.

• Use the equation below to determine the Analog Input Offset.  For this equation,
you will need to know the necessary Minimum Frequency References and and
Maximum Output Frequency needed for your application.

��  Analog Input Gain

Range: 0.0 to 300.0% Default Setting: 100.0
This parameter can be set during the operation

• This parameter sets the ratio of analog input vs frequency output. 

• Use the equation below to calculate the Analog Input Gain.  For this equation, you
will need to know the minimum and maximum set-point frequencies needed for
your application.

Analog Input Reverse Motion Enable

Range: 00 Forward Motion Only Default Setting: 00
01 Reverse Motion Enable

•P4.01 to P4.04 are used when the source of frequency command is the analog
signal (0 to +10 VDC, 0 to 20 mADC, or 4 to 20 mADC).  Refer to the following
examples:

P4.04

Analog Gain % =
Maximum Output Frequency

Max. Frequency Reference – Min. Frequency Reference( ) x 100 

P4.03

Note: The result of the Analog Input Offset calculation will also define the Analog
Input Offset Polarity (P4.01). A positive answer means you should have a positive
offset. A negative answer means you should have a negative offset.

x 100 Analog Offset % = Min. Frequency Reference
Max. Frequency Reference ( )

P4.02
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Analog Input Examples
Use the equations below when calculating the values for the Maximum Output
Frequency, Analog Input Offset, Analog Input Gain, and the Mid-point Frequency.

A)

B)

C)

D)

Note: The Mid-point Frequency calculation shows the frequency reference of the drive
when the potentiometer or other analog device is at its mid-point.

+ Min. Freq. ReferenceMid-point Freq. =
2

Max. Freq. Reference – Min. Freq. Reference( )

Analog Gain % =
Maximum Output Frequency

Max. Frequency Reference – Min. Frequency Reference( ) x 100 

x 100 Analog Offset % = Min. Frequency Reference
Max. Frequency Reference ( )

Note: The Maximum Output Frequency is not a parameter setting, but is needed in
order to calculate the Analog Gain. The default Maximum Output Frequency for the
GS2 drive is 60Hz. If parameters P0.02, P0.03, or P0.04 are changed, then the
Maximum Output Frequency will change.

x Base Frequency (P0-02)Max. Output Frequency = Motor Max. RPM (P0-04)
Motor Base RPM (P0-03)( )
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Example 1: Standard Operation
This example illustrates the default operation of the drive.  The example is given to
further illustrate the use of the analog calculations.  The full range of the analog
input signal corresponds to the full forward frequency range of the AC drive. 

• Minimum Frequency Reference = 0Hz

• Maximum Frequency Reference = 60Hz

Calculations

A)

B)

C)

D)

Parameter Settings

P4.01: 01 – Positive Input Offset Polarity
P4.02: 00 – 0% Analog Input Offset
P4.03: 100 – 100% Analog Input Gain
P4.04: 00 – Forward Motion Only

Results

0 60Hz

30

Potentiometer Scale

0V 10V

4mA 20mA
20mA

10V
0Hz

0V

4mA

5V

12mA

60Hz
Maximum
Output
Frequency

0mA     10mA       20mA   
0mA 20mA

+ 0Hz  =  30HzMid-point Frequency =
2

60Hz – 0Hz( )

Analog Gain % =
60Hz

60Hz – 0Hz( ) x 100  =  100%

x 100  =  0% Analog Offset % = 0Hz
60Hz( )

x 60Hz  =  60HzMax. Output Frequency = 1750 RPM
1750 RPM( )
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Example 2: Positive Offset
In this example, the Analog Input will have a positive offset while still using the
full scale of the potentiometer.  When the potentiometer is at its lowest value (0V,
0mA, or 4mA), the set-point frequency will be at 10Hz.  When the potentiometer
is at its maximum value (10V or 20mA), the set-point frequency will be at 60Hz.

• Minimum Frequency Reference = 10Hz

• Maximum Frequency Reference = 60Hz

Calculations

A)

B)

C)

D)

Parameter Settings

P4.01: 01 – Positive Input Offset Polarity
P4.02: 16.7 – 16.7% Analog Input Offset
P4.03: 83.3 – 83.3% Analog Input Gain
P4.04: 00 – Forward Motion Only

Results

10 60Hz

3560Hz

0Hz

10Hz

Maximum Output 
Frequency 

Positive Offset

20mA

10V0V

4mA

5V

12mA
0mA     10mA       20mA   

Potentiometer Scale

0V 10V

4mA 20mA
0mA 20mA

Mid-point Frequency =
2

60Hz – 10Hz( ) + 10Hz  =  35Hz

Analog Gain % =
60Hz

60Hz – 10Hz( )x 100  =  83.3%

Analog Offset % = 10Hz
60Hz( )x 100  =  16.7% 

x 60Hz  =  60HzMax. Output Frequency = 1750 RPM
1750 RPM( )
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Example 3: Forward and Reverse Operation
In this example, the potentiometer is programmed to run a motor full-speed in
both forward and reverse direction.  The frequency reference will be 0Hz when
the potentiometer is positioned at mid-point of its scale.  Parameter P4.04 must be
set to enable reverse motion.

• Minimum Frequency Reference = -60Hz (reverse)

• Maximum Frequency Reference = 60Hz

Calculations

A)

B)

C)

D)

Parameter Settings

P4.01: 02 – Negative Input Offset Polarity
P4.02: 100 – 100% Analog Input Offset
P4.03: 200 – 200% Analog Input Gain
P4.04: 01 – Reverse Motion Enable

Results

-60 60Hz

060Hz

-60Hz

Maximum Output 
Frequency 

0Hz
Forward

Reverse

Potentiometer Scale

0V 10V

4mA 20mA
0mA 20mA

20mA

10V0V

4mA

5V

12mA
0mA     10mA       20mA   

Mid-point Frequency =
2

60Hz – (-60Hz)( ) + (-60Hz)  =  0Hz

Analog Gain % =
60Hz

60Hz – (-60Hz)( ) x 100  =  200%

Note: The negative (-) value for the Analog Offset % shows that a negative offset is
needed for P4.01.

Analog Offset % = -60Hz
60Hz( )x 100  =  -100% 

x 60Hz  =  60HzMax. Output Frequency = 1750 RPM
1750 RPM( )

Note: When calculating the values for the Analog Input using reverse motion, the
reverse frequency reference should be shown using a negative (-) number. Pay special
attention to signs (+/-) for values representing reverse motion.
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Example 4: Forward Run/Reverse Jog
This example shows an application in which the drive runs full-speed forward and
jogs in reverse.  The full scale of the potentiometer will be used.

• Minimum Frequency Reference = -15Hz (reverse)

• Maximum Frequency Reference = 60Hz

Calculations

A)

B)

C)

D)

Parameter Settings

P4.01: 02 – Negative Input Offset Polarity
P4.02: 25 – 25% Analog Input Offset
P4.03: 125 – 125% Analog Input Gain
P4.04: 01 – Reverse Motion Enable

Results

-15 60Hz

22.560Hz

-15Hz

Maximum Output 
Frequency 

Forward

Reverse

22.5Hz

0Hz

0

20mA

10V0V

4mA

5V

12mA
0mA     10mA       20mA   

Potentiometer Scale

0V 10V

4mA 20mA
0mA 20mA

Mid-point Frequency =
2

60Hz – (-15Hz)( ) + (-15Hz)  =  22.5Hz

Analog Gain % =
60Hz

60Hz – (-15Hz)( ) x 100  =  125%

Note: The negative (-) value for the Analog Offset % shows that a negative offset is
needed for P4.01.

Analog Offset % = -15Hz
60Hz( )x 100  =  -25% 

x 60Hz  =  60HzMax. Output Frequency = 1750 RPM
1750 RPM( )

Note: When calculating the values for the Analog Input using reverse motion, the
reverse frequency reference should be shown using a negative (-) number. Pay special
attention to signs (+/-) for values representing reverse motion.
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Example 5: Reduced Analog Gain and Increased Maximum 
Output Frequency

This example illustrates two separate features:

1) limiting the Maximum Frequency Reference by reducing the Analog Input Gain
2) increasing the Maximum Output Frequency to run the motor faster than the Motor

Base RPM

When the Analog Input is at its maximum value (10V or 20mA), the set-point
frequency will be 50Hz.  However, the Jog and Multi-speed settings can set the
output as high as 70Hz.

• Minimum Frequency Reference = 0Hz
• Maximum Frequency Reference = 50 Hz
• Motor Maximum RPM = 2042 rpm

Calculations

A)

B)

C)

D)

Parameter Settings

P0.04: 2042 – Motor Maximum RPM
P4.01: 00 – Offset disabled
P4.02: 00 – 0% Analog Input Offset
P4.03: 71.4 – 71.4% Analog Input Gain
P4.04: 00 – Forward Motion Only

Results

0 50Hz

25
60Hz

Max. Output Frequency 

25Hz

0Hz

50Hz

70Hz
Motor Base Frequency 

Max. Frequency Reference

Potentiometer Scale

0V 10V

4mA 20mA
0mA 20mA

20mA

10V0V

4mA

5V

12mA
0mA     10mA       20mA   

Mid-point Frequency =
2

50Hz – (0Hz)( )+ (0Hz)  =  25Hz

Analog Gain % =
70Hz

50Hz – (0Hz)( )x 100  =  71.4%

Analog Offset % = 0Hz
50Hz( )x 100  =  0% 

x 60Hz  =  70HzMax. Output Frequency = 2042 RPM
1750 RPM( )

WARNING: The Motor Maximum RPM parameter (P0.04) should never exceed the
maximum speed rating for the motor you are using.  If this information is not readily
available, consult your motor manufacturer.

Chapter 4: AC Drive Parameters
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Loss of ACI Signal (4-20mA)

Settings: 00 - Decelerate to 0Hz Default Setting: 00
01 - Stop immediately and display “EF”.
02 - Continue operation by the last frequency command

This parameter determines the operation of the drive when the ACI frequency
command is lost.

��  Analog Output Signal

Range: 00 - Frequency Hz Default Setting: 00
01 - Current A
02 - PV

This parameter selects either Output Frequency or current to be displayed using
the 0 to 10V A0 output.

�� Analog Output Gain

Range: 00 to 200% Default Setting: 100

This parameter sets the voltage range of the analog output signal, on output
terminal A0.

•The analog output voltage is directly proportional to the output frequency of the AC
drive.  With the factory setting of 100%, the Maximum Output Frequency of the AC
drive corresponds to +10VDC analog voltage output.  (The actual voltage is about
+10VDC, and can be adjusted by P4.12)

•The analog output voltage is directly proportional to the output current of the AC
drive.  With the factory setting of 100%, the 2.5 times rated current of the AC drive
corresponds to +10 VDC analog voltage output.  (The actual voltage is about +10
VDC, and can be adjusted by P4.12).

Note:  Any type of voltmeter can be used.  If the meter reads full scale at a voltage
less than 10 volts, then P4.12 should be set by the following formula: 

P4.12 = (meter full scale voltage ÷ 10)×100%

For Example:  When using the meter with full scale of 5 Volts, adjust
P4.12 to 50%.

A0 ACM

Analog Frequency Meter

+ –

Potentiometer

(3-5k�)

A0 ACM

Analog Current Meter

+ –

Potentiometer

(3-5k�)

P4.12

P4.11

P4.05
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Preset Parameters

��  Jog

Range: 0.0 to 400.0 Hz Default Setting: 6.0

The Jog Command is selected by a Multi-Function Input Terminal (P3.02 to P3.05)
set to the Jog Function (09).

Frequency

Time

Jog Frequency

DecelAccel

Jog Operation
Command ON OFF

P 1.02/P 1.06P 1.01/P 1.05

P 5.00

P5.00
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��  Multi-Speed 1

��  Multi-Speed 2

��  Multi-Speed 3

��  Multi-Speed 4

��  Multi-Speed 5

��  Multi-Speed 6

��  Multi-Speed 7

Range for P5.01 - P5.07:  0.0 to 400.0 Hz Default Setting: 0.0

•The Multi-Function Input Terminals (refer to P3.01 to P3.05) are used to select
one of the AC drive Multi-Step speeds.  The speeds (frequencies) are determined
by P5.01 to P5.07 shown above.

Note: When all multi-speed inputs are off, the AC drive reverts back to the Command
Frequency (P4.00).

Multi-Speed Bits
Speed Selection

Bit 3 Bit 2 Bit 1
OFF OFF OFF P4.00:  Source of Frequency

OFF OFF ON P5.01:  Multi-Speed 1

OFF ON OFF P5.02:  Multi-Speed 2

OFF ON ON P5.03:  Multi-Speed 3

ON OFF OFF P5.04:  Multi-Speed 4

ON OFF ON P5.05:  Multi-Speed 5

ON ON OFF P5.06:  Multi-Speed 6

ON ON ON P5.07:  Multi-Speed 7

P5.07

P5.06

P5.05

P5.04

P5.03

P5.02

P5.01
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Protection Parameters

Electronic Thermal Overload Relay

Default Setting: 00
Settings:

00 Constant Torque (inverter/vector duty motors)

01 Variable Torque (fan cooled standard motors)

The output current is derated as follows:
• Ioutput (%) = [ ƒoutput (Hz) x 1.2 %/Hz ] + 40%

Example:
If the rated motor current is 10A, and the output frequency is 25Hz,
the derating will be 70%, and the overload will be 10.5A (150%) for
one minute.
• Ioutput (%) = [ (25Hz) (1.2 %/Hz) ] + 40% = 70%

• 10A x 70% = 7A
• 7A x 150% = 10.5A

02 Inactive

Output (Hz)50

100%

T

40%

Use this setting when using
the drives with motors which
are NOT designed
specifically for AC drive
outputs.  Motors with shaft
mounted fans offer poor
cooling at low speeds,
therefore the output can be
derated at lower output
frequencies.  This derated
current is for protecting the
motor at lower speeds.

Output (Hz)

100%

TUse this setting when using
the drives with motors
designed specifically for AC
drive outputs and for running
at low speeds with high
currents.  Motor currents will
be 100% throughout the
speed range, and can be up
to 150% for one minute.

P6.00
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Auto Restart After Fault

Range: 00 to 10 Default Setting: 00

• After fault occurs (allowable faults: over-current OC, over-voltage OV), the AC
drive can be reset/restarted automatically up to 10 times.  Setting this parameter to
0 will disable the reset/restart operation after any fault has occurred.  When
enabled, the AC drive will restart with speed search, which starts at the previous
Frequency.  To set the fault recovery time after a fault, please see (P6.13) base-
block time for speed search.

Momentary Power Loss

Default Setting: 00

Settings: 00 Stop operation after momentary power loss.

01 Continue operation after momentary power
loss, speed search from Speed Reference.

02 Continue operation after momentary power
loss, speed search from Minimum Speed.

Reverse Operation Inhibit

Default Setting: 00

Settings: 00 Enable Reverse Operation

01 Disable Reverse Operation

This parameter determines whether the AC Motor Drive can operate in the reverse
direction.

P6.03

Note: Also refer to P6.30, Line Start Lockout.
Note: This parameter (P6.02) will work only if the Source of Operation (P3.00) is set

to something other than 00 (Operation determined by digital keypad).

P6.02

P6.01
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Auto Voltage Regulation

Default Setting: 00

Settings: 00 AVR enabled

01 AVR disabled

02 AVR disabled during decel

03 AVR disabled during Stop

• AVR function automatically regulates the AC drive output voltage to the Maximum
Output Voltage (P0.00).  For instance, if P0.00 is set at 200 VAC and the input
voltage is at 200V to 264 VAC, then the Maximum Output Voltage will
automatically be regulated to 200 VAC.

• Without AVR function, the Maximum Output Voltage may vary between 180V to
264 VAC, due to the input voltage varying between 180V to 264 VAC.

• Selecting program value 2 enables the AVR function and also disables the AVR
function during deceleration.  This offers a quicker deceleration.

Over-Voltage Stall Prevention

Range: 00 Enable Over-voltage Stall Prevention Default Setting: 00
01 Disable Over-voltage Stall Prevention

• During deceleration, the AC drive DC bus voltage may exceed its Maximum
Allowable Value due to motor regeneration.  When this function is enabled, the AC
drive will stop decelerating, and maintain a constant output frequency.  The drive
will resume deceleration when the voltage drops below the factory-preset value.

Note: With moderate inertial loads, over-voltage during deceleration will not occur.
For applications with high inertia loads, the AC drive will automatically extend the
deceleration time. If deceleration time is critical for the application, a dynamic braking
resistor should be used. Set this parameter to 01 (disable) when using a dynamic
braking resistor.

DC bus voltage

Over-voltage

Detection Level

Output Frequency

time

time

P6.05

P6.04
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Auto Adjustable Accel/Decel

Default Setting: 00

Settings: 00 Linear Accel/Decel

01 Auto Accel, Linear Decel

02 Linear Accel, Auto Decel

03 Auto Accel/Decel

04 Auto Accel/Decel Stall Prevention

If the auto accel/decel is selected, the AC drive will accel/decel in the fastest and
smoothest means possible by automatically adjusting the time of accel/decel.

This parameter provides five modes to choose:

• 00  Linear Acceleration and deceleration (operation by P1.01,
P1.02 or P1.05, P1.06 acceleration/deceleration time).

• 01  Automatic acceleration, linear deceleration (Operation by automatic
acceleration time, P1.02 or P1.06 deceleration time).

• 02  Linear acceleration and automatic deceleration (Operation by automatic
acceleration time, P1.01 or P1.05 acceleration time).

• 03  Automatic acceleration, deceleration (Operation by AC drive auto adjustable
control).

• 04  Auto acceleration, deceleration.  The auto accel/decel will not be quicker than
the settings for acceleration (P1.01 or P1.05) or deceleration (P1.02 or P1.06).
The operation is specific to preventing a stall.

Over-Torque Detection Mode

Default Setting: 00

Settings: 00 Disabled

01 Enabled during constant speed operation

02 Enabled during acceleration

Over-Torque Detection Level

Range: 30 to 200% Default Setting: 150

• A setting of 100% is proportional to the Rated Output Current of the drive.

• This parameter sets the Over-Torque Detection level in 1% increments. (The AC
drive rated current is equal to 100%.)

Over-Torque Detection Time

Range: 0.1 to 10.0 Default Setting: 0.1

This parameter sets the Over-Torque Detection Time in units of 0.1 seconds.

P6.09

P6.08

P6.07

P6.06
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Over-Current Stall Prevention During Acceleration

Range: 20 to 200% Default Setting: 150

A setting of 100% is equal to the Rated Output Current of the drive.

• Under certain conditions, the AC drive output current may increase abruptly,
and exceed the value specified by P6.10  This is commonly caused by rapid
acceleration or excessive load on the motor.  When this function is enabled, the
AC drive will stop accelerating and maintain a constant output frequency.  The
AC drive will only resume acceleration when the current drops below the
maximum value.

Over-Current Stall Prevention During Operation

Range: 20 to 200% Default Setting: 150

• During steady-state operation with motor load rapidly increasing, the AC drive
output current may exceed the limit specified in P6.11.  When this occurs, the
output frequency will decrease to maintain a constant motor speed.  The drive
will accelerate to the steady-state output frequency only when the output
current drops below the level specified by P6.11.

Output current

Over-current

detection

level

Output current

time

Output

frequency output

freq

time

Over-current Stall Prevention

during Operation

time

P 6.10

time

Over-current

detection

level

P 6.11

Over-current Stall Prevention

during Acceleration

P6.11

P6.10
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Maximum Allowable Power Loss Time

Range: 0.3 to 5.0 sec Default Setting: 2.0

• During a power loss, if the power loss time is less than the time defined by this
parameter, the AC drive will resume operation.  If the Maximum Allowable
Power Loss Time is exceeded, the AC drive output is turned off.

Base-Block Time for Speed Search

Range: 0.3 to 5.0 sec Default Setting: 0.5

• When a momentary power loss is detected, the AC drive turns off for a specified
time interval determined by P6.13 before resuming operation.  This time interval is
called Base-Block.  This parameter should be set to a value where the residual
output voltage due to regeneration is nearly zero, before the drive resumes
operation.

• This parameter also determines the searching time when performing external Base-
Block and Fault Reset (P6.01)

Maximum Speed Search Current Level

Range: 30 to 200% Default Setting: 150

• Following a power failure, the AC drive will start its speed search operation only if
the output current is greater than the value determined by P6.14.  When the output
current is less than that of P6.14, the AC drive output frequency is at a "speed
synchronization point".  The drive will start to accelerate or decelerate back to the
operating frequency at which it was running prior to the power failure.

Input

Power

Output

Frequency

Output

Voltage

Speed Search starts with 

the previous Frequency 

Max. Allowable Power Loss Time

Speed Search

speed synchronization

detection

Baseblock 

Time

= 01

 P 6.12

 P 6.02

 P 6.13

= 02

Speed Search starts w ith

Minimum Output  Frequency

Baseblock 

Time

Max. Allowable Power Loss Time

 P 6.12

 P 6.02

 P 6.13

P6.14

P6.13

P6.12
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Upper Bound of Output Frequency

Range: 0.1 to 400 Hz Default Setting: 400

• The Upper/Lower Bound of Output Frequency is to prevent operation error and
machine damage.

• This parameter must be equal to or greater than the Lower Bound of Output
Frequency (P6.16).

• If the Upper Bound of Output Frequency is 50 Hz and the Maximum Output
Frequency is 60 Hz, then any Command Frequency above 50 Hz will generate a
50 Hz output from the drive.

• The Output Frequency is also limited by the Motor Maximum RPM (P0.04).

Lower Bound of Output Frequency

Range: 0.0 to 400 Hz Default Setting: 0.0

• The Upper/Lower Bound of Output Frequency is to prevent operation error and
machine damage.

• This parameter must be equal to or less than the Upper Bound of Output
Frequency (P6.15).

• If the Lower Bound of Output Frequency is 10 Hz, and the Minimum Output
Frequency (P2.06) is set at 1.0 Hz, then any Command Frequency between 1-10
Hz will generate a 10 Hz output from the drive.

• The Upper/Lower Bound of Output Frequency is to prevent operation error and
machine damage.

Line Start Lockout

Default Setting: 00

Settings: 00 Enable Line Start Lockout
01 Disable Line Start Lockout

When this parameter is enabled, the AC Motor Drive will not start when powered
up with a RUN command already applied.  The drive must see the RUN
command change from STOP to RUN before it will start.

When this parameter is disabled, the AC Motor Drive will start when powered up
with a RUN command already applied.

P6.30

Command Frequency

Maximum Output Frequency
P 6.15

P 6.16

P6.16

P6.15
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Present Fault Record

Second Most Recent Fault Record

Third Most Recent Fault Record

Fourth Most Recent Fault Record

Fifth Most Recent Fault Record

Sixth Most Recent Fault Record

Default Setting: 00

Settings for P6.31 - P6.36:

00 No Fault occurred

01 Over-current (oc)

02 Over-voltage (ov)

03 Overheat (oH)

04 Overload (oL)

05 Overload 1 (oL1)

06 Overload 2 (oL2)

07 External Fault (EF)

08 CPU failure 1 (CF1)

09 CPU failure 2 (CF2)

10 CPU failure 3 (CF3)

11 Hardware Protection Failure (HPF)

12 Over-current during accel (OCA)

13 Over-current during decel (OCd)

14 Over-current during steady state (OCn)

15 Ground fault or fuse failure (GFF)

16 Reserved

17 Input Power 3 phase loss

18 External Base Block (bb)

19 Auto Adjust Accel/decel failure (cFA)

20 Software protection code (co)

P6.36

P6.35

P6.34

P6.33

P6.32

P6.31
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PID Parameters

Input Terminal for PID Feedback

Default Setting: 00
Settings: 00 Inhibit PID operation.

01 Forward-acting (heating loop) PID feedback,
PV from AVI (0 to +10V)

02 Forward-acting (heating loop) PID feedback,
PV from ACI (4 to 20mA)

03 Reverse-acting (cooling loop) PID feedback,
PV from AVI (0 to +10V)

04 Reverse-acting (cooling loop) PID feedback,
PV from ACI (4 to 20mA)

Note: When using PID operation, the Source of Frequency parameter (P4.00) must be
set to 00 or 01. If PID operation is disabled, the AC drive will operate using the Source
of Frequency specified by P4.00.

Note: Reverse-acting PID loops are available only for GS2 AC drives with firmware
version 1.04 or higher.
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PV 100% Value

Range: 0.0 to 999 Default Setting: 100.0
This parameter should be set to the value corresponding to the 100% value of the process
variable (PV). The setting for P7.01 cannot be less than any setting for P7.10 to P7.17.

PID Setpoint Source

Settings: 00 - Keypad Default Setting: 00
01 - Serial Communications

��  Keypad PID Setpoint

Range: 0.0 to 999 Default Setting: 0.0

��  PID Multi-setpoint 1

Range: 0.0 to 999 Default Setting: 0.0

•The Multi-Function Input Terminals DI3 to DI6 are used to select one of the PID
Multi-Setpoints. (For further explanation, refer to settings 03, 04, and 05 for
P3.02 to P3.05.) The setpoints are determined by P7.11 to P7.17.

��  PID Multi-setpoint 2

Range: 0.0 to 999 Default Setting: 0.0

•Refer to P7.11 for explanation.

��  PID Multi-setpoint 3

Range: 0.0 to 999 Default Setting: 0.0

•Refer to P7.11 for explanation.

��  PID Multi-setpoint 4

Range: 0.0 to 999 Default Setting: 0.0

•Refer to P7.11 for explanation.

��  PID Multi-setpoint 5

Range: 0.0 to 999 Default Setting: 0.0

•Refer to P7.11 for explanation.

P7.15

P7.14

P7.13

P7.12

P7.11

Note: The settings for P7.10 to P7.17 cannot exceed the setting for P7.01.

P7.10

P7.02

Note: The setting for PV 100% value (P7.01) cannot be set less than any value set for
P7.10 to P7.17. If you are unable to reduce P7.01 to the desired value, check
parameters P7.10 to P7.17 and reduce these values accordingly.

P7.01
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��  PID Multi-setpoint 6 

Range: 0.0 to 999 Default Setting: 0.0

•Refer to P7.11 for explanation.

��  PID Multi-setpoint 7

Range: 0.0 to 999 Default Setting: 0.0

•Refer to P7.11 for explanation.

��  Proportional Control (P)

Range: 0.0 to 10.0 Default Setting: 1.0
The first parameter of PID control is Proportional Control (P). For a given process,
if the Proportional Value is set too low, the control action will be too sluggish. If
the Proportional value is set too high, the control action will be unstable (erratic). 

Set the Integral Control (I) and Derivative Control (D) to zero (0). Begin tuning the
process with a low Proportional Value, and increase the Proportional value until the
system goes unstable (erratic). When instability is reached, reduce the Proportional
Value slightly until the system becomes stable (smaller values reduce system Gain).
Stability can be tested by moving between two wide-spread setpoint values.

With 10% deviation and P=1, then P X 10% = Control Output. For example, if the
speed of a motor is dragged down 10% due to a load increase, a corrective speed
signal increase of 10% is generated. In a perfect world, this increase in speed
command should bring the motor speed back to normal.

��  Integral Control (I)

Range: 0.00 to 100.0 sec (0.00 disable) Default Setting: 1.00

Using only the Proportional Control, the corrective action may not increase fast
enough or the setpoint may never be reached because of system losses. The
Integral Control is used to generate additional corrective action.

When tuning, begin with a large Integral value and reduce the value until the system
goes unstable (erratic). When instability is reached, increase the Integral value slightly
until the system becomes stable and the desired setpoint value is reached.

��  Derivative Control (D)

Range: 0.00 to 1.00 sec Default Setting: 0.00

If the control output is too sluggish after the Proportional Control (P) and Integral
Control (I) values are set, Derivative Control (D) may be required. Begin with a
high Derivative value and reduce the value to the point of system instability. Then
increase the Derivative value until the control output regains stability. Stability can
be tested by moving between two wide-spread setpoint values.

P7.22

P7.21

P7.20

P7.17

P7.16
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Upper Bound for Integral Control

Range: 00 to 100% Default Setting: 100

• This parameter defines an upper boundary or limit for the integral gain (I) and
therefore limits the Master Frequency. Use the formula below to calculate the
Integral upper limit.

• The formula is: Integral upper limit = (Maximum Output Frequency) X P7.23. This
parameter can limit the Maximum Output Frequency

Derivative Filter Time Constant

Range: 0.0 to 2.5 sec Default Setting: 0.0

• To avoid amplification of measured noise in the controller output, a derivative
digital filter is inserted. This filter helps smooth oscillations. Larger values for P7.24
provide more smoothing.

PID Output Frequency Limit

Range: 00 to 110% Default Setting: 100

• This parameter defines the percentage of output frequency limit during the PID control.
The formula is Output Frequency Limit = (Maximum Output Frequency) X P7.25. This
parameter will limit the Maximum Output Frequency.

Feedback Signal Loss Detection Time

Range: 0.0 to 3600 sec Default Setting: 60

• This parameter defines how long the PID Feedback signal is lost before an error is
generated. Setting this parameter to 0.0 disables the PID Feedback loss timer. 
When the feedback signal is lost, PID Feedback loss timer starts timing. When the
timer value is greater than the setting value of P. 7.26, the PID Feedback Loss
parameter (P7.27) is activated. Furthermore, the Keypad will display "FbE" means
the feedback abnormality detected. When the signal is corrected, the warning
message "FbE" will automatically be cleared. 

PID Feedback Loss Operation

Range: 00 - Warn and AC Drive Stop Default Setting: 00
01 - Warn and Continue Operation

• This parameter sets the operation of the drive when there is a loss of the PID
feedback signal.

• This parameter only functions with 4-20ma for feedback loss operation.

P7.27

P7.26

x Base Frequency (P0-02)Max. Output Frequency = Motor Max. RPM (P0-04)
Motor Base RPM (P0-03)( )

P7.25

P7.24

x Base Frequency (P0-02)Max. Output Frequency = Motor Max. RPM (P0-04)
Motor Base RPM (P0-03)( )

P7.23
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Display Parameters

��  User Defined Display Function

Default Setting: 00

Settings: 00 Output Frequency (Hz)
01 Motor Speed (RPM)
02 Output Frequency x P8.01
03 Output Current (A)
04 Motor Output Current (%)
05 Output Voltage(V)
06 DC Bus Voltage (V)
07 PID Setpoint
08 PID Feedback (PV)
09 Frequency Setpoint

��  Frequency Scale Factor

Range: 0.01 to 160.0 Default Setting: 1.0

This parameter can be used to multiply the display unit by a scaling factor so that
the display will represent some other user desired unit.  For example, the user may
want to scale the drive display to represent ft/min for a motor that is driving a
conveyor.

The coefficient K determines the multiplying factor for the user-defined unit.

• The display value is calculated as follows:

Display value = output frequency x K

• The display window is only capable of showing four digits, but
P8.01 can be used to create larger numbers.  The display window uses decimal
points to signify numbers up to five digits as explained below: 

DISPLAY NUMBER REPRESENTED

9999 The absence of a decimal point indicates a four digit integer.

999.9 A single decimal point between the middle and the right-most
numbers is a true decimal point; it separates ones and tenths
as in “300.5 (three hundred and one-half).

9999. A single decimal point after the right-most number is not a
true decimal point; instead it indicates that a zero follows the
right-most numbers.  For example, the number 12340 would
be displayed as “1234.”.

P8.01

P8.00
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Communication Parameters

Communication Address

Range: 01 to 254 Default Setting: 01

• If the AC drive is controlled by serial communication, the communication address
must be set via this parameter.

Transmission Speed

Range: 00 to 03 Default Setting: 01

Setting 00: 4800 baud data transmission speed

01: 9600 baud data transmission speed
02: 19200 baud data transmission speed
03: 38400 baud data transmission speed

• Users can set parameters and control the operation of the AC drive via the 
RS-485 serial interface of a personal computer. This parameter is used to set the
transmission speed between the computer and AC drive.

Communication Protocol

Default Setting: 00

Settings: 00 MODBUS ASCII mode.
<7 data bits, no parity, 2 stop bits>

01 MODBUS ASCII mode
<7 data bits, even parity, 1 stop bit>

02 MODBUS ASCII mode
<7 data bits, odd parity, 1 stop bit>

03 MODBUS RTU mode
<8 data bits, no parity, 2 stop bits>

04 MODBUS RTU mode
<8 data bits, even parity, 1 stop bit>

05 MODBUS RTU mode
<8 data bits, odd parity, 1 stop bit>

P9.02

P9.01

01 02 03 . . .
RS–485

Modbus Device

P9.00
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Transmission Fault Treatment

Default Setting: 00

Settings: 00 - Display fault and continue operating

01 - Display fault and RAMP to stop

02 - Display fault and COAST to stop

03 - No fault displayed and continue operating

Time Out Detection

Range: 00 - Disable Default Setting: 00
01 - Enable

•This parameter is used for ASCII mode.  When this parameter is set to
01, it indicates that the over-time detection is enabled and the time slot between
each character cannot exceed 500 ms.

Time Out Duration

Range: 0.1 to 60.0 seconds Default Setting: 0.5

��  Parameter Lock

Default Setting: 00

Settings: 00 All parameters can be set and read
01 All parameters are read only

Restore to Default

Settings: 0 or 99 Default Setting: 00
•• Setting 99 restores all parameters to factory defaults. ••

P9.08

P9.07

P9.05

P9.04

P9.03
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��  Block Transfer Parameter 1

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99
The sequential block transfer parameters (P9.11 through P9.25) allow you to
"group" various miscellaneous non-sequential parameters, so that only one PLC
programming write instruction is required to update those parameters, instead of
three separate write instructions.

• Example:
Writing directly to three non-sequential parameters P1.00, P1.02, and P1.04
requires three separate write instructions from the PLC.  However, those drive
parameters can be updated with only one PLC write instruction to the sequential
transfer blocks P9.11 through P9.13; if P9.11 is set to P1.00, P9.12 is set to P1.02,
and P9.13 is set to P1.04.

��  Block Transfer Parameter 2

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 3

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 4

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 5

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 6

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 7

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 8

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 9

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

P9.19

P9.18

P9.17

P9.16

P9.15

P9.14

P9.13

P9.12

P9.11
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��  Block Transfer Parameter 10

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 11

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 12

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 13

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 14

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Block Transfer Parameter 15

Range: P0.00 to P8.01, P9.99 Default Setting: P9.99

��  Serial Comm Speed Reference

Range: 0.0 to 400.0 Hz Default Setting: 60.0

• This parameter is used to set the Frequency Command when the AC drive is
controlled by communication interface.

��Serial Comm RUN Command

Range: 00 - Stop Default Setting: 00
01 - Run

��  Serial Comm Direction Command

Range: 00 - Forward Default Setting: 00
01 - Reverse

P9.28

P9.27

Note: In order for this parameter to function, the Source of Frequency Command
(P4.00) must be set to 05.

P9.26

P9.25

P9.24

P9.23

P9.22

P9.21

P9.20
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��  Serial Comm External Fault

Range: 00 - No action Default Setting: 00
01 - External fault

�� Serial Comm Fault Reset

Range: 00 - No action Default Setting: 00
01 - Fault Reset

�� Serial Comm JOG Command

Range: 00 - Stop Default Setting: 00
01 - Jog

Firmware Version

Range: #.## Default Setting: #.##

GS Series Number

Default Setting: ##

Settings: 01 GS1 
02 GS2
03 GS3
04 GS4

P9.41

P9.39

P9.31

P9.30

P9.29
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Manufacturer Model Information

Default Setting: ##

Settings: 00 GS2-20P5  (230V 1 ph/3ph 0.5hp)
01 GS2-21P0  (230V 1 ph/3ph 1hp)
02 GS2-22P0  (230V 1ph/3ph 2hp)
03 GS2-23P0  (230V 1ph/3ph 3hp)
04 GS2-25P0  (230V 3ph 5hp)
05 GS2-27P5  (230V 3ph 7.5hp)
06 Reserved
07 GS2-41P0  (460V 3ph 1hp)
08 GS2-42P0  (460V 3ph 2hp)
09 GS2-43P0  (460V 3ph 3hp)
10 GS2-45P0  (460V 3ph 5hp)
11 GS2-47P0  (460V 3ph 7.5 hp)
12 GS2-4010  (460V 3ph 10hp)
13 GS2-10P2  (115V 1ph 0.25hp)
14 GS2-10P5  (115V 1ph 0.5hp)
15 GS2-11P0  (115V 1ph 1hp)
16 Reserved
17 Reserved
18 Reserved
19 Reserved
20 Reserved
21 GS2-51P0  (575V 3ph 1hp)
22 GS2-52P0  (575V 3ph 2hp)
23 GS2-53P0  (575V 3ph 3hp)
24 GS2-55P0  (575V 3ph 5hp)
25 GS2-57P5  (575V 3ph 7.5hp)
26 GS2-5010  (575V 3ph 10hp)

P9.42
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Communication Parameters Summary
A summary of the GS2 Communications Parameters is listed below. For a
complete listing of the GS2 Parameter, refer to CHAPTER 4.

Communications Parameters
GS2

Parameter Description Range Default

P 9.00 Communication Address 01 to 254 01

P 9.01 Transmission Speed

00: 4800 baud
01: 9600 baud
02: 19200 baud
03: 38400 baud

01

P 9.02 Communication Protocol

00: Modbus ASCII mode
7 data bits,no parity,2 stop bits

01: Modbus ASCII mode
7 data bits,even parity,1 stop bit

02: Modbus ASCII mode 
7 data bits,odd parity,1 stop bit

03: Modbus RTU mode 
8 data bits,no parity,2 stop bits

04: Modbus RTU mode 
8 data bits,even parity,1 stop bit

05: Modbus RTU mode 
8 data bits,odd parity,1 stop bit

00

P 9.03 Transmission Fault Treatment

00: Display fault and continue operating
01: Display fault and RAMP to stop
02: Display fault and COAST to stop
03: No fault displayed and continue

operating

00

P 9.04 Time Out Detection
00: Disable
01: Enable

00

P 9.05 Time Out Duration 0.1 to 60.0 seconds 0.5

�� P 9.07 Parameter Lock
00: All parameters can be 

set and read
01: All parameters are read-only

00

P 9.08 Restore to Default
99: Restores all parameters to factory

defaults
00

�� P 9.11 Block Transfer Parameter 1 P0.00 to P8.01, P9.99 P 9.99

�� P 9.12 Block Transfer Parameter 2 P0.00 to P8.01, P9.99 P 9.99

�� P 9.13 Block Transfer Parameter 3 P0.00 to P8.01, P9.99 P 9.99

�� P 9.14 Block Transfer Parameter 4 P0.00 to P8.01, P9.99 P 9.99

�� P 9.15 Block Transfer Parameter 5 P0.00 to P8.01, P9.99 P 9.99

�� P 9.16 Block Transfer Parameter 6 P0.00 to P8.01, P9.99 P 9.99

�� P 9.17 Block Transfer Parameter 7 P0.00 to P8.01, P9.99 P 9.99

�� Parameter can be set during RUN Mode.
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Communications Parameters (continued)
GS2

Parameter Description Range Default

�� P 9.18 Block Transfer Parameter 8 P0.00 to P8.01, P9.99 P 9.99

�� P 9.19 Block Transfer Parameter 9 P0.00 to P8.01, P9.99 P 9.99

�� P 9.20 Block Transfer Parameter 10 P0.00 to P8.01, P9.99 P 9.99

�� P 9.21 Block Transfer Parameter 11 P0.00 to P8.01, P9.99 P 9.99

�� P 9.22 Block Transfer Parameter 12 P0.00 to P8.01, P9.99 P 9.99

�� P 9.23 Block Transfer Parameter 13 P0.00 to P8.01, P9.99 P 9.99

�� P 9.24 Block Transfer Parameter 14 P0.00 to P8.01, P9.99 P 9.99

�� P 9.25 Block Transfer Parameter 15 P0.00 to P8.01, P9.99 P 9.99

�� P 9.26 Serial Comm Speed Reference 0.0 to 400.0 Hz 60.0

�� P 9.27 Serial Comm RUN Command
00: Stop
01: Run

00

�� P 9.28 Serial Comm Direction Command
00: Forward
01: Reverse

00

�� P 9.29 Serial Comm External Fault
00: No fault
01: External fault

00

�� P 9.30 Serial Comm Fault Reset
00: No action
01: Fault Reset

00

�� P 9.31 Serial Comm JOG Command
00: Stop
01: Jog

00

P 9.39 Firmware Version #.## #.##

P 9.41 GS Series Number
01: GS1
02: GS2
03: GS3

##

P 9.42 Manufacturer Model Information

00:  GS2-20P5  (230V 1ph/3ph 0.5hp)
01:  GS2-21P0  (230V 1ph/3ph 1hp)
02:  GS2-22P0  (230V 1ph/3ph 2hp)
03:  GS2-23P0  (230V 1ph/3ph 3hp)
04:  GS2-25P0  (230V 3ph 5hp)
05:  GS2-27P5  (230V 3ph 7.5hp)
06: Reserved
07:  GS2-41P0  (460V 3ph 1hp)
08:  GS2-42P0  (460V 3ph 2hp)
09:  GS2-43P0  (460V 3ph 3hp)
10:  GS2-45P0  (460V 3ph 5hp)
11:  GS2-47P5  (460V 3ph 7.5hp)
12:  GS2-4010  (460V 3ph 10hp)
13:  GS2-10P2  (115V 1ph 0.25hp)
14:  GS2-10P5  (115V 1ph 0.5hp)
15:  GS2-11P0  (115V 1ph 1hp)
16~20: Reserved
21:  GS2-51P0  (575V 3ph 1hp)
22:  GS2-52P0  (575V 3ph 2hp)
23:  GS2-53P0  (575V 3ph 3hp)
24:  GS2-55P0  (575V 3ph 5hp)
25:  GS2-57P5  (575V 3ph 7.5hp)
26:  GS2-5010  (575V 3ph 10hp)

##

�� Parameter can be set during RUN Mode.
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GS2 Parameter Memory Addresses

Parameter Memory Addresses
GS2

Parameter Description Hexadecimal Modbus
Decimal Octal

Motor Parameter Addresses
P 0.00 Motor Nameplate Voltage 0000 40001 0

P 0.01 Motor Nameplate Amps 0001 40002 1

P 0.02 Motor Base Frequency 0002 40003 2

P 0.03 Motor Base RPM 0003 40004 3

P 0.04 Motor Maximum RPM 0004 40005 4

Ramp Parameter Addresses
P 1.00 Stop Methods 0100 40257 400

�� P 1.01 Acceleration Time 1 0101 40258 401

�� P 1.02 Deceleration Time 1 0102 40259 402

P 1.03 Accel S-curve 0103 40260 403

P 1.04 Decel S-curve 0104 40261 404

�� P 1.05 Acceleration Time 2 0105 40262 405

�� P 1.06 Deceleration Time 2 0106 40263 406

P 1.07 Select method to use 2nd Accel/Decel 0107 40264 407

P 1.08 Accel 1 to Accel 2 frequency transition 0108 40265 410

P 1.09 Decel 2 to Decel 1frequency transition 0109 40266 411

P 1.10 Skip Frequency 1 010A 40267 412

P 1.11 Skip Frequency 2 010B 40268 413

P 1.12 Skip Frequency 3 010C 40269 414

P 1.17 Skip Frequency Band 0111 40274 421

P 1.18 DC Injection Current Level 0112 40275 422

P 1.20 DC Injection during Start-up 0114 40277 424

P 1.21 DC Injection during Stopping 0115 40278 425

P 1.22 Start-point for DC Injection 0116 40279 426

Volts/Hertz Parameter Addresses
P 2.00 Volts/Hertz Settings 0200 40513 1000

�� P 2.01 Slip Compensation 0201 40514 1001

�� P 2.02 Auto-torque Boost 0202 40515 1002

P 2.04 Mid-point Frequency 0204 40517 1004

P 2.05 Mid-point Voltage 0205 40518 1005

P 2.06 Min. Output Frequency 0206 40519 1006

P 2.07 Min. Output Voltage 0207 40520 1007

P 2.08 PWM Carrier Frequency 0208 40521 1010

�� Parameter can be set during RUN Mode.
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Parameter Memory Addresses (continued)
GS2

Parameter Description Hexadecimal Modbus
Decimal Octal

Digital Parameter Addresses
P 3.00 Source of Operation Command 0300 40769 1400

P 3.01 Multi-function Input Terminals 
(DI1 - DI2)

0301 40770 1401

P 3.02 Multi-function Input (DI3) 0302 40771 1402

P 3.03 Multi-function Input (DI4) 0303 40772 1403

P 3.04 Multi-function Input (DI5) 0304 40773 1404

P 3.05 Multi-function Input (DI6) 0305 40774 1405

P 3.11 Multi-Function Output Terminal 1 030B 40780 1413

P 3.12 Multi-Function Output Terminal 2 030C 40781 1414

�� P 3.16 Desired Frequency 0310 40785 1420

�� P 3.17 Desired Current 0311 40786 1421

�� P 3.18 PID Deviation Level 0312 40787 1422

�� P 3.19 PID Deviation Time 0313 40788 1423

Analog Parameter Addresses
P 4.00 Source of Frequency Command 0400 41025 2000

P 4.01 Analog Input Offset Polarity 0401 41026 2001

�� P 4.02 Analog Input Offset 0402 41027 2002

�� P 4.03 Analog Input Gain 0403 41028 2003

P 4.04 Analog Input Reverse Motion Enable 0404 41029 2004

P 4.05 Loss of ACI Signal (4-20mA) 0405 41030 2005

�� P 4.11 Analog Output Signal 040B 41036 2013

�� P 4.12 Analog Output Gain 040C 41037 2014

Presets Parameter Addresses
�� P 5.00 Jog 0500 41281 2400

�� P 5.01 Multi-Speed 1 0501 41282 2401

�� P 5.02 Multi-Speed 2 0502 41283 2402

�� P 5.03 Multi-Speed 3 0503 41284 2403

�� P 5.04 Multi-Speed 4 0504 41285 2404

�� P 5.05 Multi-Speed 5 0505 41286 2405

�� P 5.06 Multi-Speed 6 0506 41287 2406

�� P 5.07 Multi-Speed 7 0507 41288 2407

�� Parameter can be set during RUN Mode.
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Parameter Memory Addresses (continued)
GS2

Parameter Description Hexadecimal Modbus
Decimal Octal

Protection Parameter Addresses
P 6.00 Electronic Thermal Overload Relay 0600 41537 3000

P 6.01 Auto Restart after Fault 0601 41538 3001

P 6.02 Momentary Power Loss 0602 41539 3002

P 6.03 Reverse Operation Inhibit 0603 41540 3003

P 6.04 Auto Voltage Regulation 0604 41541 3004

P 6.05 Over-VoltageTrip Protection 0605 41542 3005

P 6.06 Auto Adjustable Accel/Decel 0606 41543 3006

P 6.07 Over-Torque Detection Mode 0607 41544 3007

P 6.08 Over-Torque Detection Level 0608 41545 3010

P 6.09 Over-Torque Detection Time 0609 41546 3011

P 6.10 Over-Current Stall Prevention 
during Acceleration

060A 41547 3012

P 6.11 Over-Current Stall Prevention 
during Operation

060B 41548 3013

P 6.12 Maximum Allowable Power Loss Time 060C 41549 3014

P 6.13 Base-Block Time for Speed Search 060D 41550 3015

P 6.14 Maximum Speed Search Current Level 060E 41551 3016

P 6.15 Upper Bound of Output Frequency 060F 41552 3017

P 6.16 Lower Bound of Output Frequency 0610 41553 3020

P 6.31 Present Fault Record 061F 41568 3037

P 6.32 Second Most Recent Fault Record 0620 41569 3040

P 6.33 Third Most Recent Fault Record 0621 41570 3041

P 6.34 Fourth Most Recent Fault Record 0622 41571 3042

P 6.35 Fifth Most Recent Fault Record 0623 41572 3043

P 6.36 Sixth Most Recent Fault Record 0624 41573 3044

�� Parameter can be set during RUN Mode.
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Parameter Memory Addresses (continued)
GS2

Parameter Description Hexadecimal Modbus
Decimal Octal

PID Parameter Addresses 
P 7.00 Input Terminal for PID Feedback 0700 41793 3400

P 7.01 PV 100% Value 0701 41794 3401

P 7.02 PID Setpoint Source 0702 41795 3402

�� P 7.10 Keypad PID Setpoint 070A 41803 3412

�� P 7.11 PID Multi-setpoint 1 070B 41804 3413

�� P 7.12 PID Multi-setpoint 2 070C 41805 3414

�� P 7.13 PID Multi-setpoint 3 070D 41806 3415

�� P 7.14 PID Multi-setpoint 4 070E 41807 3416

�� P 7.15 PID Multi-setpoint 5 070F 41808 3417

�� P 7.16 PID Multi-setpoint 6 0710 41809 3420

�� P 7.17 PID Multi-setpoint 7 0711 41810 3421

�� P 7.20 Proportional Control 0714 41813 3424

�� P 7.21 Integral Control 0715 41814 3425

�� P 7.22 Derivative Control 0716 41815 3426

P 7.23 Upper Bound for Integral Control 0717 41816 3427

P 7.24 Derivative Filter Time Constant 0718 41817 3430

P 7.25 PID Output Frequency Limit 0719 41818 3431

P 7.26 Feedback Signal Detection Time 071A 41819 3432

P 7.27 PID Feedback Loss 071B 41820 3433

Display Parameter Addresses 
�� P 8.00 User Defined Display Function 0800 42049 4000

�� P 8.01 Frequency Scale Factor 0801 42050 4001

�� Parameter can be set during RUN Mode.
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Parameter Memory Addresses (continued)
GS2

Parameter Description Hexadecimal Modbus
Decimal Octal

Communications Parameter Addresses 
P 9.00 Communication Address 0900 42305 4400

P 9.01 Transmission Speed 0901 42306 4401

P 9.02 Communication Protocol 0902 42307 4402

P 9.03 Transmission Fault Treatment 0903 42308 4403

P 9.04 Time Out Detection 0904 42309 4404

P 9.05 Time Out Duration 0905 42310 4405

�� P 9.07 Parameter Lock 0907 42312 4407

P 9.08 Restore to Default 0908 42313 4410

�� P 9.11 Block Transfer Parameter 1 090B 42316 4413

�� P 9.12 Block Transfer Parameter 2 090C 42317 4414

�� P 9.13 Block Transfer Parameter 3 090D 42318 4415

�� P 9.14 Block Transfer Parameter 4 090E 42319 4416

�� P 9.15 Block Transfer Parameter 5 090F 42320 4417

�� P 9.16 Block Transfer Parameter 6 0910 42321 4420

�� P 9.17 Block Transfer Parameter 7 0911 42322 4421

�� P 9.18 Block Transfer Parameter 8 0912 42323 4422

�� P 9.19 Block Transfer Parameter 9 0913 42324 4423

�� P 9.20 Block Transfer Parameter 10 0914 42325 4424

�� P 9.21 Block Transfer Parameter 11 0915 42326 4425

�� P 9.22 Block Transfer Parameter 12 0916 42327 4426

�� P 9.23 Block Transfer Parameter 13 0917 42328 4427

�� P 9.24 Block Transfer Parameter 14 0918 42329 4430

�� P 9.25 Block Transfer Parameter 15 0919 42330 4431

�� P 9.26 Serial Comm Speed Reference 091A 42331 4432

�� P 9.27 Serial Comm RUN Command 091B 42332 4433

�� P 9.28 Serial Comm Direction Command 091C 42333 4434

�� P 9.29 Serial Comm External Fault 091D 42334 4435

�� P 9.30 Serial Comm Fault Reset 091E 42335 4436

�� P 9.31 Serial Comm JOG Command 091F 42336 4437

P 9.41 GS Series Number 0929 42346 4451

P 9.42 Manufacturer Model Information 092A 42347 4452

�� Parameter can be set during RUN Mode.
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GS2 Status Addresses
The GS2 Series AC drive has status memory addresses that are used to monitor the
AC drive.  The status addresses and value definitions are listed below.

Status Addresses (Read Only)

Status Monitor 1 h2100

Error Codes:
00: No fault occurred
01: Over-current(oc)
02: Over-voltage(ov)
03: Overheat (oH)
04: Overload (oL)
05: Overload 1 (oL1)
06: Overload 2 (oL2)
07: External Fault (EF)
08: CPU failure 1 (cF1)
09: CPU failure 2 (cF2)
10: CPU failure 3 (cF3)

11: Hardware Protection Failure (HPF)
12: Over-current during accel (ocA)
13: Over-current during decel (ocd)
14: Over-current during steady state (ocn)
15: Ground fault or fuse failure (GFF)
16: Low voltage (Lv)
17: Input power 3-phase loss (PHL)
18: External Base-Block (bb)
19: Auto adjust accel/decel failure (cFA)
20: Software protection code (codE)

GS2 Status Addresses
Description Hexadecimal Modbus Decimal Octal

Status Monitor 1 2100 48449 20400

Status Monitor 2 2101 48450 20401

Frequency Command F 2102 48451 20402

Output Frequency H 2103 48452 20403

Output Current A 2104 48453 20404

DC Bus Voltage d 2105 48454 20405

Output Voltage U 2106 48455 20406

Motor RPM 2107 48456 20407

Scale Frequency (Low Word) 2108 48457 20410

Scale Frequency (High Word) 2109 48458 20411

Power Factor Angle 210A 48459 20412

% Load 210B 48460 20413

Firmware Version 2110 48465 20420

Chapter 5: GS2 Modbus Communications
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Status Monitor 2 h2101

Frequency Command F (XXX.X) h2102

Status location for the frequency setting of the AC drive.

Output Frequency H (XXX.X) h2103

Status location for the actual operating frequency present at the T1, T2, and T3
terminal.

Output Current A h2104

Status location for the output current present at the T1, T2, and T3 terminals.

DC-BUS Voltage d (XXX.X) h2105

Status location for the DC Bus Voltage.

Status Monitor 2 - Memory Address h2101
Address

Bit(s)
Bit(s) Value

Binary (Decimal) AC Drive Status

0 and 1

00 (0) Drive operation stopped (STOP)

01 (1) Run to Stop transition

10 (2) Standby

11 (3) Drive operation running (RUN)

2 1 (4) JOG active

3 and 4

00 (0) Rotational direction forward (FWD)

01 (8) REV to FWD transition

10 (16) FWD to REV transition

11 (24) Rotational direction reverse (REV)

5 1 (32) Source of frequency determined by serial comm interface (P4.00 = 5)

6 1 (64) Source of frequency determined by AI terminal (P4.00 = 2, 3, or 4)

7 1 (128) Source of operation determined by serial comm interface (P3.00 = 3 or 4)

8 1 (256) Parameters have been locked (9-07 = 1)

9 to 15 N/A Reserved

Bits15 01234567891011121314

0 010001000000000

GS2 Memory Data (binary)GS2 Memory Address

(hexadecimal)

2101

3
2
7
6
8 248

1
6

3
2

6
4

1
2
8

2
5
6

5
1
2

1
0
2
4

2
0
4
8

4
0
9
6

8
1
9
2

1
6
3
8
4 1 Bit Values 

(decimal)
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Output Voltage U (XXX.X) h2106

Status location for the output voltage present at the T1, T2, and T3 terminals.

Motor RPM h2107

Status location for the present estimated speed of the motor.

Scale Frequency (Low word) h2108

Status location for result of output frequency x P 8.01 (low word).

Scale Frequency (High word) h2109

Status location for result of output frequency x P 8.01 (high word).

Power Factor Angle h210A

Status location for the power factor angle.

% Load h210B

Status location for the amount of load on the AC drive. (Output Current ÷ Drive
Rated Current) x 100.

Firmware Version h2110

Status location for the firmware version of the AC drive.
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Communicating with DirectLOGIC PLCs
The following steps explain how to connect to and communicate with the GS2
Series AC drives using DirectLOGIC PLCs.

Step 1: Choose the Appropriate CPU.
The GS2 Series AC drives will communicate with the following DirectLOGIC
CPUs using Modbus communications:

• DL05 • DL06 • DL250(-1)
• DL260 • DL350 • DL450

Step 2: Make the Connections
First you must decide what type of interface will work best for your application.
The GS2 Comm Port can accomodate an RS-232C or an RS-485 connection.

RS-232C

An RS-232C connection is somewhat limited.  The maximum RS-232C network cable
length is 15 meters (50 feet).  In addition, using the RS-232C interface will allow you
to connect an AC drive to only one PLC.  For an RS-232C connection, set the GS2 DIP
switches SW2 and SW3 to RS232.

Use the following wiring diagrams to connect your DirectLOGIC PLC to a GS2
Series AC drive with an RS-232C interface:

1  0V

3  RXD

4  TXD

DL05

PORT 2

GS2

Comm Port
2  GND

3  RXD

4  TXD

DL05: RS-232C Connection Wiring

2  TXD

3  RXD

5  CTS

4  RTS

PORT 2 

GS2

Comm Port

3  RXD

2  GND

4  TXD

1

15

6

7  GND

DL06/DL250/DL260: RS-232C Connection
Wiring

DL350 PORT 2 

DL450 PORT 1 GS2

Comm Port
1

25

2  TXD

3  RXD

5  CTS

4  RTS

3  RXD

2  GND

4  TXD

7  GND

DL350/DL450: RS-232C Connection Wiring

RS485

RS232
SW3 SW2

Switches SW2 and SW3
must be set to RS232 for
an RS-232C connection.

RJ-12 (6P4C) Serial Comm Port

16

2: GND
3: RXD
4: TXD
5: +5V

RS-232C Interface
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RS-232C to RS-485 Conversion

An RS-485 network cable can span up to 1000 meters (4000 feet).  However, most
DirectLOGIC PLCs require an FA-ISOCON (RS-232C to RS-422/485 network adapter)
in order to make this type of connection.  For an RS-485 connection, set the GS2 DIP
switches SW2 and SW3 to RS485.

Use the following wiring diagrams to connect your DirectLOGIC PLC to a GS2
Series AC drive with an RS-485 interface:

DL350 PORT 2
 DL450 PORT 1 

2  TXD
3  RXD
5  CTS
4  RTS

3  RXD 
4  TXD

2  CTS
6  GND7  GND

1

25

GS2
Comm Port

FA-ISOCON

A TXD+
TXD-
RXD-
RXD+
COM B

D

+V
COM A

C

4  SG+

2  COM

3  SG-

24VDC +
24VDC -

DL350/DL450: RS-485 Connection Wiring

GS2
Comm Port

DL250
PORT 2 

1

15

6 2  TXD
3  RXD
5  CTS
4  RTS

3  RXD 
4  TXD

2  CTS
6  GND7  GND

FA-ISOCON

A TXD+
TXD-
RXD-
RXD+
COM B

D

+V
COM A

C

4  SG+

2  COM

3  SG-

24VDC +
24VDC -

DL250: RS-485 Connection Wiring

DL05
PORT 2

GS2
Comm Port

2  5V
3  RXD
4  TXD
5  RTS

5  +5VDC

3  RXD
4  TXD

2  CTS
6  0V 1  COM A

1  0V 6  COM A

FA-ISOCON

A

TXD+
TXD-
RXD-
RXD+
COM B

D

+V
COM A

C

4  SG+

2  COM

3  SG-

No connection
(for DL05)

DL05: RS-485 Connection Wiring

Note: If an FA-ISOCON module is used in your connection, set the module
dipswitches S21 = ON; S22 - S27 = OFF; TERMINATE, BIAS, and DPX = ON. Refer to
FA-ISOCON manual for more detailed information.

RS485

RS232
SW3 SW2

Switches SW2 and SW3
must be set to RS485 for

an RS-485 connection.

RJ-12 (6P4C) Serial Comm Port

16

RS-485 Interface
2: GND
3: SG-
4: SG+
5: +5V

Chapter 5: GS2 Modbus Communications
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RS-485

Step 3: Set AC Drive Parameters
The following parameters need to be set as shown in order to communicate
properly.

P 3.00: 03 or 04 – Operation Determined by RS-232C/RS-485 interface. Keypad
STOP is enabled (03) or disabled (04).

P 4.00: 05 – Frequency determined by RS-232/RS-485 communication interface

P 9.00: xx – Communication address 1-254 (unique for each device, see P 9.00)

P 9.01: 01 – 9600 baud data transmission speed

P 9.02: 05 – Modbus RTU mode <8 data bits, odd parity, 1 stop bit>

Step 4: Configure the DirectLOGIC CPUs
The DirectLOGIC CPUs must be configured to communicate with the GS2 Series
AC drives.  This set up includes setting up the communication port and adding
instructions to your logic program.

The set up for all of the DirectLOGIC CPUs is very similar.  However, there may
be some subtle differences between CPUs.  Refer to the appropriate CPU User
Manual for the specifics on your DirectLOGIC CPU.

Note: For instructions on Modbus Configuration for your specific CPU, refer to the
appropriate CPU User Manual.

Note: The previous list of parameter settings is the minimum required to communicate
with a DirectLOGIC PLC. There may be other parameters that need to be set to meet
the needs of your application.

120� Termination Resistor 
at both ends of network

Connect shield
to signal ground

TXD+

TXD–

RXD–

15

RXD+

0V

11

TXD+ / RXD+

Signal GND
TXD– / RXD–

RTS+

RTS–
CTS+

CTS–

DL06/DL260
CPU Port 2

GS2 
Comm Port

2  GND
3  SG -

4  SG +

10

1 6

5

DL06/DL260: RS-485 Connection Wiring

Note: The Termination Resistor
is necessary only on large runs.
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DirectLOGIC Modbus Port Configuration
The following configuration example is specific to the DL250(-1) CPU.  Refer to
the appropriate CPU User Manual for the specifics on your DirectLOGIC CPU.

• In DirectSOFT, choose the PLC menu, then Setup, then “Secondary Comm Port”.

• From the Port list box, choose “Port 2”.

• For the protocol, select “Modbus”.

• In the Timeout list box, select “800 ms”.

• Response Delay Time should be “0 ms”.

• The Station Number should be set to “1” to make the DL250(-1) CPU a Modbus
master.

• The Baud Rate should be set at “9600”.

• In the Stop Bits list box, choose “1”.

• In the Parity list box, choose “Odd”.

Note: The DL250(-1) network instructions used in Master mode will access only slaves
1 to 90. Each slave must have a unique number.

Chapter 5: GS2 Modbus Communications
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DirectLOGIC Modbus Ladder Programming
The set up for all of the DirectLOGIC CPUs is very similar.  However, there may
be some subtle differences between CPUs.  Refer to the appropriate CPU User
Manual for the specifics on your DirectLOGIC CPU.

The following ladder program shows some examples of how to control the GS2
AC drive through Modbus RTU.  The drive should be setup and tested for
communications before it is connected to a load.

In many drive applications, electromagnetic interference can sometimes cause
frequent, short duration communication errors.  Unless the application
environment is perfect, an occasional communication error will occur.  In order to
distinguish between these non-fatal transients and a genuine communication
failure, you may want to use the instructions as shown in Rungs 1 through 4.

Rung 1 monitors the number of times that the PLC attempts to communicate with the
AC drive.  When the PLC’s communication attempts are successful, SP116 will count
up, and SP117 will not count.  Once the count reaches 9999, the counter will reset
and resume counting.

(Continued next page)

DL250-1/260 Comm
SP116

Comm Transaction Count
CT0

Comm Transaction Count
CT0

K9999

CNT
1

This rung counts every time Port 2 is busy communicating. 

Note: SP116 and SP117 are special relays in the DirectLOGIC CPUs that monitor the
PLC’s communications. SP116 is on when Port 2 is communicating with another
device. SP117 is on when Port 2 has encountered a communication error.

Note: This program is for illustration purposes only, and is not intended for a true
application.

WARNING:  A drive should never be connected to a load until any applicable
communication programs have been proven.
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DirectLOGIC Modbus Ladder Programming (cont.)

Rungs 2 through 4 monitor the number of times the PLC fails in communicating with
the AC drive.  These instructions set the C0 control relay bit (to be used for alarm or
shut-down) based on the number of times the SP117 bit is active in one minute.  In
this example, C0 will be set if the number of errors exceed 20 in one minute.

(Continued next page)

Comm Error Port 2
SP117

Comm Transaction Count
CT0

_1Minute
SP3

Comm Error Count
CT1

K20

CNT
2

This rung counts every time Port 2 has an error communicating with the slave. 

3 ( )SET

Comm Error Occurred
C0

Comm Error Count
CT1

External Comm Reset
X0

4 ( )RST

Comm Error Occurred
C0

This rung sets a control relay to indicate a communication error. 

Chapter 5: GS2 Modbus Communications
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DirectLOGIC Modbus Ladder Programming (cont.)

Rung 5 reads 12 of the status addresses of the GS2 AC drive.  These instructions
read the values from the GS2 status addresses, 2100 to 210B, and places the
values into the PLC memory addresses, V2000 to V2013.

Notice the number in the RX box; V20400.  20400 is an octal number, as are all
address references in the DirectLOGIC PLCs.  20400 octal converted to hex is
2100, which is the first status address for the GS2 AC drive.

(Continued following “Alternate Modbus Read Instruction”)

Kf201
LD

V20400
RX

O2000
LDA

K24
LD

5

DL250-1/260
Comm
SP116

Speed Reference
Write Enable

C10

Direction, Fault, Reset
Write Enable

C11

Run CMD
Write Enable

C12

If not writing to the drive, this rung reads the first 12 status addresses of the drive.

Note: Refer to your PLC User Manual for more specifics on Modbus addressing and
address conversions.
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Alternate Modbus Read Instruction for DL06 and DL260 CPUs

The DL06 and DL260 CPUs offer “Modbus Read from Network” and “Modbus
Write to Network” instructions that are easier to use than are the “Read from
Network” and “Write to Network” instructions of the other DirectLOGIC CPUs.

Rung 5, as shown below, reads the first 12 of the status addresses of the GS2 AC
drive.  This instruction reads the values from the GS2 status addresses, 2100 to
210B, and place the values into the PLC memory addresses V2000 to V2013.

The Start Slave Memory Address in the MRX box is 48449, which is a Modbus decimal
number (584/984 type).  To convert 48449 decimal to hex, you first subtract 40001,
and then convert the remainder to (hex) 2100.  H2100 is the address for the GS2 Status
Monitor.

MRX
Port Number:
Slave Address:
Function Code:
Start Slave Memory Address:
Start Master Memory Address:
Number of Elements:
Modbus Data type:
Exception Response Buffer:

K2
K1

03 - Read Holding Register
48449
V2000

K12
584/984 Mode

V5000

5

DL250-1/260
Comm
SP116

Speed Reference
Write Enable

C10

Direction, Fault, Reset
Write Enable

C11

Run CMD
Write Enable

C12

If not writing to the drive, this rung reads the first 12 status addresses of the drive.

Note: Refer to your PLC User Manual for more specifics on Modbus addressing and
address conversions.
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DirectLOGIC Modbus Ladder Programming (cont.)

Rungs 6 through 9 show examples of how data read from the drive Status
Addresses to set Control Relay bits that can be used for alarm or shut-down.

(Continued next page)

8 ( )SET

Overload Occurred
C2

Overload Indication Reset
X2

9 ( )RST

Overload Occurred
C2

This rung monitors the drive Status Monitor 1 for an overload fault,
and sets a control relay if an overload fault occurs.

Drive Status Monitor 1
V2000

=
Overload
K4

6 ( )SET

Drive Fault Occurred
C1

Drive Fault Indication Reset
X1

7 ( )RST

Drive Fault Occurred
C1

This rung monitors the drive Status Monitor 1 for any drive fault,
and sets a control relay if a fault occurs.

Drive Status Monitor 1
V2000 K1

�
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DirectLOGIC Modbus Ladder Programming (cont.)

Rung 10 monitors the Speed Reference, Direction, External Fault, and Fault Reset
Commands for changes.  If there are any changes, then a control relay is set to
allow the Speed Reference to be written to the drive in the next rung.  (This
control relay is also used in later rungs to enable writes for the other three listed
commands.)

The program monitors the commands for changes, and then writes to the drive
only when there is a change.  This procedure promotes safe machine operation by
isolating the Run Command from the write block.

(Continued next page)

10

This rung monitors Speed Ref, Direction, External Fault, and Fault Reset for changes.
If any of them has changed, a write sequence is enabled to write the new values to the drive.

Speed Ref New
V3000

=
Speed Ref Retain
V3010

Direction New
V3002

=
Direction Retain
V3012

Ext Fault New
V3003

=
Ext Fault Retain
V3013

Fault Reset New
V3004

=
Fault Reset Retain
V3014

Speed Ref
Write Enable

C10

Run CMD
Write Enable

C12
( )SET

Speed Ref
Write Enable

C10

Chapter 5: GS2 Modbus Communications
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DirectLOGIC Modbus Ladder Programming (cont.)

Rungs 11 and 12 write the new Speed Reference, Direction, External Fault, and
Fault Reset commands to the drive.  We use two separate write commands in two
separate rungs because the drive’s Speed Reference command address (O4432) is
not sequential with the Direction, External Fault, and Fault Reset command
addresses (O4434 ~ O4436).

Kf201
LD

V4432
WX

O3000
LDA

K2
LD

11

DL250-1/260
Comm
SP116

Speed Reference
Write Enable

C10

Direction, Fault, Reset
Write Enable

C11

( )SET

Direction, Fault, Reset
Write Enable

C11

Kf201
LD

V4434
WX

O3002
LDA

K6
LD

12

DL250-1/260
Comm
SP116

Speed Reference
Write Enable

C10

Direction, Fault, Reset
Write Enable

C11

This rung writes the Speed Reference to the drive when the Enable is on, and the comm port is not 
busy.  To be able to write all four registers, we have to write them in two write cycles because the Speed
Reference register is not consecutive with the Direction, External Fault, and Fault Reset registers.

This rung writes values to the Direction, External Fault, and Fault Reset registers.
This write occurs after rung 5 has completed the first write cycle.

( )SET

Speed, Direction, Fault, Reset
Writes Finished

C13(Continued following 
“Alternate Modbus Write Instruction”)
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Alternate Modbus Write Instruction for DL06 and DL260 CPUs

The DL06 and DL260 CPUs offer “Modbus Read from Network” and “Modbus
Write to Network” instructions that are easier to use than are the “Read from
Network” and “Write to Network” instructions of the other DirectLOGIC CPUs.

Rungs 11, 12, and 15 write the V3000 Speed Reference, V3002 Direction, V3003
External Fault, V3004 Fault Reset, and V3001 Run values to the corresponding drive
Modbus decimal addresses 42331, 42333, 42334, 42335, and 42332.  In the first
MWX box, the slave start memory address is 42331, which is a Modbus decimal
number (584/984 type).  To convert 42311 decimal to hex, you first subtract 40001,
and then convert the remainder to hex (91A).  91A is the address for the Serial Comm
Speed Reference.

(Continued next page)

11

DL250-1/260
Comm
SP116

Speed Reference
Write Enable

C10

Direction, Fault, Reset
Write Enable

C11

( )SET

Direction, Fault, Reset
Write Enable

C11

This rung writes the Speed Reference to the drive when the Enable is on, 
and the comm port is not busy.  To be able to write all four registers, we have 
to write them in two write cycles because the Speed Reference register is 
not consecutive with the Direction, External Fault, and Fault Reset registers.

MWX
Port Number:
Slave Address:
Function Code:
Start Slave Memory Address:
Start Master Memory Address:
Number of Elements:
Modbus Data type:
Exception Response Buffer:

K2
K1

06 - Preset Single Register
42331
V3000

n/a
584/984 Mode

V5001

Note: Refer to your PLC User Manual for more specifics on Modbus addressing and
address conversions.
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Alternate Modbus Write Instruction for DL06 and DL260 CPUs (cont.)

MWX
Port Number:
Slave Address:
Function Code:
Start Slave Memory Address:
Start Master Memory Address:
Number of Elements:
Modbus Data type:
Exception Response Buffer:

K2
K1

06 - Preset Single Register
42332
V2000

n/a
584/984 Mode

V5003

12

DL250-1/260
Comm
SP116

Speed Reference
Write Enable

C10

Direction, Fault, Reset
Write Enable

C11

This rung writes values to the Direction, External Fault, and Fault Reset registers.
This write occurs after rung 5 has completed the first write cycle.

( )SET

Speed, Direction, Fault, Reset
Writes Finished

C13

MWX
Port Number:
Slave Address:
Function Code:
Start Slave Memory Address:
Start Master Memory Address:
Number of Elements:
Modbus Data type:
Exception Response Buffer:

K2
K1

16 - Preset Multiple Registers
42333
V3002

K3
584/984 Mode

V5002

15

DL250-1/260
Comm
SP116

Run Command
Write Enable

C12

This rung writes the new Run Command to the drive 

( )SET

Run Command
Write Finished

C14

The Run Command has its own
separate write instruction in order

to prevent a new Speed Reference,
Direction, External Fault, or Fault
Reset Command from causing a

previous Run Command to be
rewritten to the drive and overwritng

a keypad Stop Command.
(For P3.00 = 03; serial comm
with keypad STOP enabled.)
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DirectLOGIC Modbus Ladder Programming (cont.)

Rung 13 loads the new Speed Reference, Direction, External Fault, and Fault Reset
Command values into the retained value registers, and resets the applicable Write
Enable control relays.  Now the program is ready for the next command change
detection and write to the drive.

(Continued next page)

Speed Ref New
V3000LD

Direction Retain
V3012OUT

Direction New
V3002LD

Speed Ref Retain
V3010OUT

13

Speed Reference
Write Enable

C10

Direction, Fault, Reset
Write Enable

C11

( )RST

Speed Reference
Write Enable

C10

When both write cycles are completed, the retained values will be updated
with new values, and the write enable is reset.

Ext Fault New
V3003LD

Ext Reset Retain
V3014OUT

Ext Reset New
V3004LD

Ext Fault Retain
V3013OUT

( )RST

Direction, Fault, Reset
Write Enable

C11

( )RST

User Data Words:

V3000:
Load P9.26 Speed Ref Command
(with implied decimal place) here

Example: K150 for 15.0Hz

V3002:
Load P9.28 Direction Command here

0 = Forward
1 = Reverse

V3003:
Load P9.29 Ext Fault Command here

0 = No Action
1 = External Fault

V3004:
Load P9.30

Fault Reset Command here
0 = No Action

1 = Fault Reset

Speed, Direction, Fault, Reset
Writes Finished

C13

Speed, Direction, Fault, Reset
Writes Finished

C13
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DirectLOGIC Modbus Ladder Programming (cont.)

Rungs 14 through 16 check for a Run Command change, write it to the drive,
store the new value in the program register, and reset the enable control relays.

Run CMD New
V3001

=
Run CMD Retain
V3011

Speed Ref
Write Enable

C10

Run CMD
Write Enable

C12
( )SET

Run CMD
Write Enable

C12

This rung monitors the Run Command for changes.  If a change is detected, 
a write sequence is enabled to write the new value to the drive. 

14

Kf201
LD

V4433
WX

O3001
LDA

K2
LD

15

DL250-1/260
Comm
SP116

Run Command
Write Enable

C12

This rung writes the new Run Command to the drive 

Run Command New
V3001LD

Run Command Retain
V3011OUT

16

Run Command
Write Enable

C12

When the Run Command write is complete, this rung updates the Run Command 
retained value with the new value, and resets the Write Enable.

( )RST

Run Command
Write Enable

C12

( )SET

Run Command
Write Finished

C14

Run Command
Write Finished

C14

( )RST

Run Command
Write Finished

C14

User Data Words:

V3001:
Load P9.27 Run Command here

0 = Stop
1 = Run

The Run Command has its own
separate write instruction in order

to prevent a new Speed Reference,
Direction, External Fault, or Fault
Reset Command from causing a

previous Run Command to be
rewritten to the drive and overwritng

a keypad Stop Command.
(For P3.00 = 03; serial comm
with keypad STOP enabled.)

(Continued next page)
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DirectLOGIC Modbus Ladder Programming (cont.)

Rungs 17 through 26 show an example of a method of inputting command values
into the PLC.

(Continued next page)

K300
LD

V3000
OUT

BIN

17

Speed Bit 1
30.0 Hz

X3

This rung loads speed 1 into V3000.
LD: loads the constant value of 300 in BCD format;
BIN: converts from BCD to binary (HEX) format;
OUT: stores value in V3000 to instruct the drive to run at 30.0 Hz.

Speed Bit 2
60.0 Hz

X4

K600
LD

V3000
OUT

BIN

18

Speed Bit 2
60.0 Hz

X4

This rung loads speed 2 into V3000.
LD: loads the constant value of 600 in BCD format;
BIN: converts from BCD to binary (HEX) format;
OUT: stores value in V3000 to instruct the drive to run at 60.0 Hz.

Speed Bit 1
30.0 Hz

X3

K1
LD

V3001
OUT

19

Run / Stop
X5

This rung loads a value of 1 into V3001 for the drive Run Command

K0
LD

V3001
OUT

20

This rung loads a value of 0 into V3001 for the drive Stop Command
Run / Stop

X5
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DirectLOGIC Modbus Ladder Programming (cont.)

( )END27

K1
LD

V3002
OUT

21

Reverse / Forward
X6

This rung loads a value of 1 into V3002 for the drive Reverse Command

K0
LD

V3002
OUT

22

This rung loads a value of 0 into V3002 for the drive Forward Command
Reverse / Forward

X6

K1
LD

V3003
OUT

23

External Fault
X7

This rung loads a value of 1 into V3003 for the drive External Fault Command.

K0
LD

V3003
OUT

24

This rung loads a value of 0 into V3003 to remove the External Fault Command.
External Fault

X7

K1
LD

V3004
OUT

25

External Fault Reset
X8

This rung loads a value of 1 into V3004 for the drive External Fault Reset Command

K0
LD

V3004
OUT

26

This rung loads a value of 0 into V3004 to remove the External Fault Reset Command
External Fault Reset

X8
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DirectLOGIC Modbus Ladder Programming (cont.)

Separate Run Command Write Instruction

Why do we write the Run Command with a separate write instruction?  If we write
the Run Command to the drive along with the Speed Reference, Direction, External
Fault, and Fault Reset Commands, we can keep the parameter addresses in sequence,
and we can update all five of the commands with one write instruction.  This method
is valid only if we disable the drive’s keypad STOP button (P3.00 = 04).

Typically, the keypad STOP button will be enabled (P3.00 = 03), and we need to
prevent a change in one of the other commands from overriding a keypad Stop
Command by causing a previous Run Command to be rewritten to the drive.  By
using a separate Run Command write instruction, only a deliberate Run Command
change by the program will run the drive again after a stop.

Block Transfer Parameters

For writing to any of the parameters from P0.00 to P8.01, a group of 15 block transfer
parameters (P9.11 to P9.25) is available in the GS2 AC drive.  This sequential block of
parameters can be used to "group" various miscellaneous non-sequential parameters,
so that you can update the parameters in one programming write block instead of
having to use multiple WX commands.

For example: If you need to change the PID setpoint (P7.11), accel time (P1.01), and
multi-speed 1 (P5.01), this would typically take three different WX commands
because the parameters are non-sequential.  However, by setting P9.11 to P7.11,
P9.12 to P1.01, and P9.13 to P5.01, the parameters become sequential, and can be
controlled using one WX command (LD Kf201, LD K6, LDA Oxxxx, WX V4413).
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Communicating with Third-party Devices
First you must decide what type of interface will work best for your application.
The GS2 RJ-12 Serial Comm Port can accommodate an RS232C or an RS-485
connection.

RS-232C

An RS-232C connection is somewhat limited.  The maximum network cable
length for an RS-232C connection is 15 meters (50 feet).  In addition, using the
RS-232C interface will allow you to connect only one AC drive to one Modbus
device.  For an RS-232C connection, set the GS2 DIP switches SW2 and SW3 to
RS232.

RS-485

An RS-485 network cable can span up to 1000 meters (4000 feet).  For an RS-485
connection, set the GS2 DIP switches SW2 and SW3 to RS485.

The GS2 Series AC drive communication address is specified by P9.00.  The third
party device then controls each AC drive according to its communication address.

The GS2 Series AC drive can be setup to communicate on standard Modbus
networks using the following transmission modes: ASCII or RTU.  Using the
Communication Protocol parameter (P9.02), you can select the desired mode,
data bits, parity, and stop bits.  The mode and serial parameters must be the same
for all devices on a Modbus network.

RS485

RS232
SW3 SW2

Switches SW2 and SW3
must be set to RS485 for

an RS-485 connection.

RJ-12 (6P4C) Serial Comm Port

16

RS-485 Interface
2: GND
3: SG-
4: SG+
5: +5V

RS485

RS232
SW3 SW2

Switches SW2 and SW3
must be set to RS232 for
an RS-232C connection.

RJ-12 (6P4C) Serial Comm Port

16

2: GND
3: RXD
4: TXD
5: +5V

RS-232C Interface
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Data Format
ASCII Mode: 10-bit character frame (For 7-bit character):

P9.02 = 00 (7 data bits, no parity, 2 stop bits)

P9.02 = 01 (7 data bits, even parity, 1 stop bit)

P9.02 = 02 (7 data bits, odd parity, 1 stop bit)

RTU Mode: 11-bit character frame (For 8-bit character):

P9.02 = 03 (8 data bits, no parity, 2 stop bit)

P9.02 = 04 (8 data bits, even parity, 1 stop bit)

P9.02 = 05 (8 data bits, odd parity, 1 stop bit)

Start 
bit 

6 5 4 321 0 

8-bit character
11-bit character frame

Stop 
bit 

Odd 
parity

7 

Start 
bit 

6 5 4 321 0 

8-bit character
11-bit character frame

Stop 
bit 

Even
parity

7 

Start 
bit 

6 5 4 321 0 

8-bit character
11-bit character frame

Stop 
bit 

Stop 
bit 

7 

Start 
bit 

Stop 
bit 

Odd
parity 

6 5 4 321 0 

7-bit character
10-bit character frame

Start 
bit 

Stop 
bit 

Even
parity 

6 5 4 321 0 

7-bit character
10-bit character frame

Start 
bit 

Stop 
bit 

Stop 
bit 

6 5 4 321 0 

7-bit character
10-bit character frame
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Communication Protocol
ASCII Mode:

RTU Mode:

ADR (Communication Address)

Valid communication addresses are in the range of 0 to 254.  Communication
address equals to 0 means broadcast to all AC drives, in which case the drives will
not reply any message to the master device. 

For example, communication to AC drive with address 16 decimal:

ASCII mode: (ADR 1, ADR 0)='1','0'  => '1'=31H, '0'=30H
RTU mode: (ADR)=10H

START A silent interval of more than 10 ms

ADR Communication Address: 8-bit address

CMD Command Code: 8-bit command

DATA (n-1)

Contents of data: n x 8-bit data, n ≤ 25.......

DATA 0

CRC CHK Low
CRC check sum: 16-bit check sum consists of 2 8-bit characters

CRC CHK High

END A silent interval of more than 10 ms

STX Start Character: (3AH)

ADR 1

Communication Address: 8-bit address consists of 2 ASCII codes
ADR 0

CMD 1

CMD 0

DATA (n-1)
Contents of data: n x 8-bit data consists of 2n ASCII codes.  n ≤ 25

maximum of 50 ASCII codes
.......

DATA 0

LRC CHK 1
LRC check sum: 8-bit check sum consists of 2 ASCII codes

LRC CHK 0

END 1
END characters: END 1 = CR (0DH), END 0 = LF (0AH)

END-0



GS2 Series AC Drive User Manual 5–33

CMD (Command code) and DATA (data characters)

The format of data characters depends on the command code.  The available
command codes are described as followed: Command code: 03H, read N words.
The maximum value of N is 12.  For example, reading continuous 2 words from
starting address 2102H of the AC drive with address 01H.

ASCII mode:

RTU mode:

Command Message Response Message

ADR 01H ADR 01H

CMD 03H CMD 03H

Starting data
address

21H Number of data 
(Count by byte)

04H

02H '0'

Number of data 
(Count by word)

00H Content of data
address 2102H

17H

02H 70H

CRC CHK Low
CRC CHK High

6FH Content of data
address 2103H

00H

F7H 02H

CRC CHK Low
CRC CHK High

FEH

5CH

Command Message Response Message

STX ':' STX ':' ':'

ADR 1
ADR 0

'0' ADR 1
ADR 0

'0'

'1' '1'

CMD 1
CMD 0

'0' CMD 1
CMD 0

'0'

'3' '3'

Starting data 
address

'2' Number of data
(Count by byte)

'0'

'1' '4'

'0'
Content of starting

data address
2102H

'1'

'2' '7'

Number of data
(Count by word)

'0' '7'

'0' '0'

'0'

Content data
address 2103H

'0'

'2' '0'

LRC CHK 1
LRC CHK 0

'D' '0'

'7' '0'

END 1
END 0

CR LRC CHK 1
LRC CHK 0

'7'

LF '1'

END 1
END 0

CR

LF
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Command code: 06H, write 1 word

For example, writing 6000(1770H) to address 0100H of the AC drive with address
01H.

ASCII mode:

RTU mode:

This is an example of using function code 16 for writing to multiple registers.

Command Message Response Message

ADR 01H ADR 01H

CMD 10H CMD 10H

Starting data
address

20H Starting data
address

20H

00H 00H

Number of registers
00H Number of data 

(Count by word)
00H

02H 02H

Byte count 04H CRC CHK Low
CRC CHK High

4AH

Content of data
address 2000H

00H 08H

02H

Content of data
address 2001H

02H

58H

CRC CHK Low
CRC CHK High

CBH

34H

Command Message Response Message

STX ':' STX ':' ':'

ADR 1
ADR 0

'0' ADR 1
ADR 0

'0'

'1' '1'

CMD 1
CMD 0

'0' CMD 1
CMD 0

'0'

'6' '6'

Data Address

'0'

Data Address

'0'

'1' '1'

'0' '0'

'0' '0'

'1'

Data Content

'1'

'7' '7'

'7' '7'

'0' '0'

LRC CHK 1
LRC CHK 0

'7' LRC CHK 1
LRC CHK 0

'7'

'1' '1'

END 1
END 0

CR END 1
END 0

CR

LF LF
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CHK (check sum)

ASCII Mode:

LRC (Longitudinal Redundancy Check) is calculated by summing up module 256,
the values of the bytes from ADR1 to last data character then calculating the
hexadecimal representation of the 2's-complement negation of the sum.

For example, reading 1 word from address 0401H of the AC drive with address 01H.

RTU Mode:

Response Message

ADR 01H

CMD 03H

Starting data
address

21H

02H

Number of data 
(Count by word)

00H

02H

CRC CHK Low
CRC CHK High

6FH

F7H

Command Message

STX ':'

ADR 1
ADR 0

'0'

'1'

CMD 1
CMD 0

'0'

'3'

Starting data 
address

'0'

'4'

'0'

'1'

Number of data
(Count by word)

'0' 01H+03H+04H+01H+00H+01H=0AH; 
the 2's complement negation of 0AH is F6H.'0'

'0'

'1'

LRC CHK 1
LRC CHK 0

'F'

'6'

END 1
END 0

CR

LF
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CRC (Cyclical Redundancy Check) is calculated by the following steps:

Step 1: Load a 16-bit register (called CRC register) with FFFFH.

Step 2: Exclusive OR the first 8-bit byte of the command message with the low order
byte of the 16-bit CRC register, putting the result in the CRC register.

Step 3: Shift the CRC register one bit to the right with MSB zero filling.  Extract and
examine the LSB.

Step 4: If the LSB of CRC register is 0, repeat step 3; else Exclusive OR the CRC
register with the polynomial value A001H.

Step 5: Repeat step 3 and 4 until eight shifts have been performed.  When this is
done, a complete 8-bit byte will have been processed.

Step 6: Repeat steps 2 to 5 for the next 8-bit byte of the command message. 

Continue doing this until all bytes have been processed.  The final contents of the
CRC register are the CRC value.

The following is an example of CRC generation using C language. The function
takes two arguments:

Unsigned char* data ← a pointer to the message buffer
Unsigned char length ← the quantity of bytes in the message buffer

The function returns the CRC value as a type of unsigned integer.

Unsigned int crc_chk(unsigned char* data, unsigned char length){
int j;
unsigned int reg_crc=0xFFFF;
while(length--){

reg_crc ^= *data++;
for(j=0;j<8;j++){

if(reg_crc & 0x01){  /* LSB(b0)=1 */
reg_crc=(reg_crc>>1) ^ 0xA001;

}else{
reg_crc=reg_crc >>1;

}
}

}
return reg_crc;
}

Note: When transmitting the CRC value in the message, the upper and lower bytes of
the CRC value must be swapped, i.e. the lower order byte will be transmitted first.
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Maintenance and Inspection
Modern AC drives are based on solid state electronics technology. Preventive
maintenance is required to operate the AC drive in its optimal condition, and to
ensure a long life. It is recommended that a qualified technician perform a regular
inspection of the AC drive. Some items should be checked once a month, and
some items should be checked yearly. Before the inspection, always turn off the
AC Input Power to the unit. Wait at least 2 minutes after all display lamps have
turned off, and then confirm that the capacitors have fully discharged by
measuring the voltage between B1 and Frame Ground using a multimeter set to
measure DC voltage.

Monthly Inspection:
Check the following items at least once a month.

1. Make sure the motors are operating as expected.

2. Make sure the installation environment is normal.

3. Make sure the cooling system is operating as expected.

4. Check for irregular vibrations or sounds during operation.

5. Make sure the motors are not overheating during operation.

6. Check the input voltage of the AC drive and make sure the voltage is within the
operating range.  Check the voltage with a voltmeter.

Annual Inspection
Check the following items once annually.

1. Tighten and reinforce the screws of the AC drive if necessary.  They may loosen
due to vibration or changing temperatures.

2. Make sure the conductors and insulators are not corroded and damaged.

3. Check the resistance of the insulation with mega-ohm meter.

4. Check the capacitors and relays; may require qualified repair shop to replace any
defective components.  Drive components are NOT field serviceable or
replaceable.

5. Clean off any dust and dirt with a vacuum cleaner.  Pay special attention to
cleaning the ventilation ports, heat sinks, and PCBs.  Always keep these areas
clean.  Accumulation of dust and dirt in these areas can cause unforeseen failures. 

If the AC drive is not used for a long period of time, turn the power on at least
once every two years and confirm that it still functions properly.  To confirm
functionality, disconnect the motor and energize the AC drive for 5 hours or more
before attempting to run a motor with it.

WARNING! Disconnect AC power and ensure that the internal capacitors have fully
discharged before inspecting the AC drive! 
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Troubleshooting

Fault Codes
The AC drive has a comprehensive fault diagnostic system that includes several
different alarms and fault messages. Once a fault is detected, the corresponding
protective functions will be activated. The fault codes are then displayed on the
digital keypad display. The six most recent faults can be read on the digital keypad
display by viewing P6.31 to P6.36.

NOTE: Faults can be cleared by a reset from the keypad or input terminal.

Fault Codes

Fault Name Fault Descriptions Corrective Actions

oc
The AC drive detects an abnormal
increase in current.

1. Check whether the motor's horsepower corresponds
to the AC drive output power.

2. Check the wiring connections between the AC drive
and motor for possible short circuits.

3. Increase the Acceleration time (1-01 or 1-05).
4. Check for possible excessive loading conditions at the

motor.
5. If there are any abnormal conditions when operating

the AC drive after short-circuit is removed, the AC
drive should be sent back to the manufacturer.

ou
The AC drive detects that the DC
bus voltage has exceeded its
maximum allowable value.

1. Check whether the input voltage falls within the rated
AC drive input voltage. 

2. Check for possible voltage transients.
3. Bus over-voltage may also be caused by motor

regeneration. Either increase the decel time or add an
optional braking resistor. 

4. Check whether the required braking power is within
the specified limits.

oX
The AC drive temperature sensor
detects excessive heat.

1. Ensure that the ambient temperature falls within the
specified temperature range.

2. Make sure that the ventilation holes are not
obstructed.

3. Remove any foreign objects on the heat sinks and
check for possible dirty heat sink fins.

4. Provide enough spacing for adequate ventilation.

Lu
The AC drive detects that the DC
bus voltage has fallen below its
minimum value.

Check whether the input voltage falls within the AC
drive’s rated input voltage.

oL

The AC drive detects excessive drive
output current. 
Note: The AC drive can withstand
up to 150% of the rated current for
a maximum of 60 seconds.

1. Check whether the motor is overloaded.
2. Reduce torque compensation setting as set in 2-03.
3. Increase the AC drive’s output capacity.
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Fault Codes
Fault Name Fault Descriptions Corrective Actions

oL1 Internal electronic overload trip

1. Check for possible motor overload.
2. Check electronic thermal overload setting.
3. Increase motor capacity.
4. Reduce the current level so that the AC drive output

current does not exceed the value set by the Motor
Rated Current 0-01.

oL2
Motor overload.  Check the parameter
settings (6-07 to 6-09)

1. Reduce the motor load.
2. Adjust the over-torque detection setting to an

appropriate level.

ocA

Over-current during acceleration: 
1. Short-circuit at motor output. 
2. Torque boost too high. 
3. Acceleration time too short. 
4. AC drive output capacity is too

small.

1. Check for possible poor insulation at the output line.
2. Decrease the torque boost setting in 2-03.
3. Increase the acceleration time.
4. Replace  the AC drive with one that has a higher

output capacity (next HP size).

ocd

Over-current during deceleration
1. Short-circuit at motor output. 
2. Deceleration time too short. 
3. AC drive output capacity is too

small.

1. Check for possible poor insulation at the output line.
2. Increase the deceleration time.
3. Replace the AC drive with one that has a higher

output capacity (next HP size).

ocn

Over-current during steady state
operation: 
1. Short-circuit at motor output. 
2. Sudden increase in motor loading. 
3. AC drive output capacity is too

small.

1. Check for possible poor insulation at the output line.
2. Check for possible motor stall.
3. Replace the AC drive with one that has a higher

output capacity (next HP size).

cF1
Internal memory IC cannot be
programmed.

1. Switch off power supply.
2. Check whether the input voltage falls within the AC

drive's rated input voltage.
3. Switch the AC drive back on.

cF2 Internal memory IC can not be read.
1. Check the connections between the main control

board and the power board.
2. Reset drive to factory defaults.

XPF Hardware protection failure Return to the factory. 

codE Software protection failure Return to the factory. 

cF3
AC Drive’s internal circuitry
abnormal

1. Switch off power supply.
2. Check whether the input voltage falls within the

rated AC drive input voltage.  Switch on the AC
drive.

EF
DI terminal EF-CM goes from OFF to
ON, or 4-20mA AI signal is lost

Remove EF-CM N.O. signal, restore EF-CM N.C.
signal, or restore 4-20mA AI signal.

cFA Auto accel/decel failure
Don’t use the function of auto acceleration/
deceleration.
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Fault Codes
Fault Name Fault Descriptions Corrective Actions

CuFF

Ground fault : 
The AC drive output is abnormal.
When the output terminal is
grounded (short circuit current is
50% more than the AC drive rated
current), the AC drive power
module may be damaged. The short
circuit protection is provided for AC
drive protection, not user protection.

Ground fault : 
1. Check whether the IGBT power module is damaged.
2. Check for possible poor insulation at the output line.

bb
External Base Block:
AC drive output is turned off.

1. When the external input terminal (base-block) is
active, the AC drive output will be turned off.

2. Disable this connection and the AC drive will begin
to work again.

PHL
Input Power 3 phase loss:
One phase of the input power is lost.

1. Check for possible poor connection on the input
power line.

2. Check for possible loss of phase on input power line.
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Warning Messages
There are several Warning Messages that a GS2 AC Drive may give. The GS2 AC
Drive allows you to decide its response to these messages. The descriptions of the
Warning Messages are listed below.

Warning Messages
Warning
Name Warning Descriptions Corrective Actions

Ce01

Communications Warning:
Illegal command code - The
command code received in the
command message is not
available for the AC drive.

The corrective action can be set with the Transmission
Fault Treatment parameter (9-03). The available settings
are:

0 - Display fault and continue operating
1 - Display fault and RAMP to stop
2 - Display fault and COAST to stop
3 - No fault displayed and continue operating

The default setting is 0.

Ce02

Communications Warning:
Illegal data address - The data
address received in the command
message is not available for the
AC drive.

Ce03

Communications Warning:
Illegal data value - The data value
received in the command
message is not available for the
AC drive.

Ce04

Communications Warning:
Slave device failure - The AC
drive is unable to perform the
requested action.

Ce!0
Communications Warning:

Communication Time Out

FbE
PID Warning:
PID Feedback Loss - The 4-20mA PID
signal has been lost.

The corrective action can be set with the PID Feedback
Loss parameter (P7.27). The available settings are:

00 - Warn and AC Drive Stop
01 - Warn and Continue 

The default setting is 00.
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Accessories Part Numbering
With the exception of EMI Filters, RF Filters, and some Line Reactors, GS2 Series
accessory part numbers incorporate the part numbers of the AC Drives for which they
are compatible.  Each accessory part number begins with the AC Drive series and
rating.  This is followed by an accessory code, and, when applicable, a description
code.  The accessory part numbering scheme is shown below.

Line Reactors
Input line reactors protect the AC drive from transient overvoltage conditions
typically caused by utility capacitor switching.  Input line reactors also reduce the
harmonics associated with AC drives, and are recommended for all installations.

Output line (load) reactors protect the motor insulation against AC drive short
circuits and IGBT reflective wave damage, and also allow the motor to run cooler
by “smoothing” the motor current waveform.  They are recommended for
operating “non-inverter-duty” motors, and for any motors when the length of
wiring between the AC drive and motor exceeds 75 feet.

115V Single Phase Input Line Reactors*

Part Number Rated
Amps Impedance Inductance Watt 

Loss
GS2 Drive Model and 
Side / Phase / Volts

Drive
hp

GS-10P2-LR 18 3% 0.80 mH 19 GS2-10P2 (input) / 1ph / 115V 0.25

GS-10P5-LR 25 3% 0.50 mH 23 GS2-10P5 (input) / 1ph / 115V 0.5

GS-11P0-LR 35 3% 0.40 mH 36 GS2-11P0 (input) / 1ph / 115V 1

*NOTE: Single phase line reactors should NOT be installed on the output side of the AC drive.

 GS - 23P0 - LR - 3PH

Drive Series
GS: All GS and DURApulse Series Drives
GS1: GS1 Series     GS2: GS2 Series
GS3: DURApulse Series

Description Code (optional)
1PH: Single phase   3PH: Three phase    ENC: Enclosure
Blank: For reactor, check specific part # to determine phase

Accessory Code
BR: Braking resistor    FKIT: Fuse Kit
FUSE: Replacement fuses for FKIT     LR: Line reactor

Drive Rating (See Drive P/N description)
BZL: Bezel     CBL: Cable     DBU: Dynamic Brake Unit
EDRV: Ethernet board     FB: Feedback board
KPD: Keypad     RS: Recommended Standard
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Line Reactors (continued)

460V & 575V Three Phase Input / Output Line Reactors

Part Number Rated
Amps Impedance Inductance Watt 

Loss
GS2 Drive Model and 
Side / Phase / Volts

Drive
hp

GS-41P0-LR 2 3% 12.0 mH 7 GS2-41P0 (in/out) / 3ph / 460V 1

GS-42P0-LR 4 3% 6.50 mH 13
GS2-42P0 (in/out) / 3ph / 460V
GS2-53P0 (in/out) / 3ph / 575V

2
3

GS-43P0-LR 8 3% 5.00 mH 31
GS2-43P0 (in/out) / 3ph / 460V
GS2-55P0 (in/out) / 3ph / 575V

3
5

GS-45P0-LR 8 3% 3.00 mH 25 GS2-45P0 (in/out) / 3ph / 460V 5

GS-47P5-LR 12 3% 2.50 mH 26
GS2-47P5 (in/out) / 3ph / 460V
GS2-57P5 (in/out) / 3ph / 575V
GS2-5010 (in/out) / 3ph / 575V

7.5
7.5
10

GS-4010-LR 18 3% 1.50 mH 29 GS2-4010 (in/out) / 3ph / 460V 10

GS-51P0-LR 2 3% 20.0 mH 9 GS2-51P0 (in/out) / 3ph / 575V 1

GS-52P0-LR 4 3% 9.10 mH 15 GS2-52P0 (in/out) / 3ph / 575V 2

230V Three Phase Input / Output Line Reactors

Part Number Rated
Amps Impedance Inductance Watt 

Loss
GS2 Drive Model and 
Side / Phase / Volts

Drive
hp

GS-20P5-LR-3PH 4 3% 6.50 mH 13 GS2-20P5 (in/out) / 3ph / 230V 0.5

GS-21P0-LR-3PH 4 3% 3.00 mH 7 GS2-21P0 (in/out) / 3ph / 230V 1

GS-22P0-LR-3PH 8 3% 1.50 mH 11 GS2-22P0 (in/out) / 3ph / 230V 2

GS-23P0-LR-3PH 12 3% 1.30 mH 23 GS2-23P0 (in/out) / 3ph / 230V 3

GS-25P0-LR 18 3% 0.80 mH 19 GS2-25P0 (in/out) / 3ph / 230V 5

GS-27P5-LR 25 3% 0.50 mH 23 GS2-27P5 (in/out) / 3ph / 230V 7.5

230V Single Phase Input Line Reactors*

Part Number Rated
Amps Impedance Inductance Watt 

Loss
GS2 Drive Model and 
Side / Phase / Volts

Drive
hp

GS-20P5-LR-1PH 8 3% 6.50 mH 13 GS2-20P5 (input) / 1ph / 230V 0.5

GS-21P0-LR-1PH 12 3% 6.50 mH 13 GS2-21P0 (input) / 1ph / 230V 1

GS-22P0-LR-1PH 18 3% 3.00 mH 25 GS2-22P0 (input) / 1ph / 230V 2

GS-23P0-LR-1PH 35 3% 2.50 mH 26 GS2-23P0 (input) / 1ph / 230V 3

*NOTE: Single phase line reactors should NOT be installed on the output side of the AC drive.
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Line Reactor Dimensions

AC Line Reactor Dimensions

LabelH

Top View
Mounting Holes

W
MTG

W

MTG
D D

AC Line Reactor Dimensions (inches)

Part Number H W D Mtg. D Mtg. W Mtg Slot
Hole Size

Weight
(lbs)

GS-10P2-LR 4.80 6.00 3.30 2.09 2.00 0.28 x 0.63 7

GS-10P5-LR 5.70 6.00 3.09 2.09 3.00 0.28 x 0.63 7

GS-11P0-LR 5.70 6.00 3.34 2.34 3.00 0.28 x 0.63 9

GS-20P5-LR-1PH 3.40 4.40 2.83 1.77 1.44 0.28 x 0.63 2.80

GS-20P5-LR-3PH 3.40 4.40 2.83 1.77 1.44 0.28 x 0.63 2.80

GS-21P0-LR-1PH 3.40 4.40 2.83 1.77 1.44 0.28 x 0.63 2.80

GS-21P0-LR-3PH 3.40 4.40 2.83 1.77 1.44 0.28 x 0.63 2.30

GS-22P0-LR-1PH 3.40 4.40 2.83 1.77 2.00 0.28 x 0.63 3.10

GS-22P0-LR-3PH 3.40 4.40 2.83 1.77 2.00 0.28 x 0.63 2.80

GS-23P0-LR-1PH 4.80 6.00 3.30 2.09 2.00 0.28 x 0.63 7.50

GS-23P0-LR-3PH 3.40 4.40 2.83 1.77 2.00 0.28 x 0.63 2.90

GS-25P0-LR 4.80 6.00 3.30 2.09 2.00 0.28 x 0.63 7.10

GS-27P5-LR 5.70 6.00 3.09 2.09 3.00 0.28 x 0.63 7.00

GS-41P0-LR 3.40 4.40 2.83 1.77 1.44 0.28 x 0.63 2.30

GS-42P0-LR 3.40 4.40 2.83 1.77 1.44 0.28 x 0.63 2.80

GS-43P0-LR 3.40 4.40 3.39 2.39 2.00 0.28 x 0.63 4.30

GS-45P0-LR 3.40 4.40 2.83 1.77 2.00 0.28 x 0.63 3.10

GS-47P5-LR 4.80 6.00 3.30 2.09 2.00 0.28 x 0.63 7.50

GS-4010-LR 4.80 6.30 3.55 2.34 2.00 0.28 x 0.63 9.10

GS-51P0-LR 3.40 4.40 2.83 1.77 1.44 0.28 x 0.63 3

GS-52P0-LR 3.40 4.40 3.33 2.37 1.44 0.28 x 0.63 3
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Line Reactor Applications and Connections

Input Side of AC Drive

When installed on the input side of the AC Drive, line reactors will reduce line
notching, and limit current and voltage spikes and surges from the incoming line.
The line reactors will also reduce harmonic distortion from the AC Drive onto the
line.  Units are installed in front of the AC Drive as shown.

Output Side of AC Drive

When installed on the output side of the AC Drive, line reactors protect the drive
from short circuits at the load.  Voltage and current waveforms from the drive are
enhanced, reducing motor overheating and noise emissions.

Single-phase line reactors should NOT be installed on the output of the AC Drive. Use
only three-phase reactors on drive outputs.

C1

T1

T2

T3

A2

B2

C2

A1

B1

C1

L2

T1

T2

T3

A2

B2

C2

A1 L1

B1

L3
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Line Reactor Applications and Connections (continued)
Multiple AC Drives

Individual line reactors are recommended when installing multiple AC Drives on the
same power line.  Individual line reactors eliminate cross-talk between multiple
drives, and provide isolated protection for each drive for its own specific load.

Multiple Motors

A single reactor can be used when the application calls for multiple motors on the
same AC Drive, if the motors operate simultaneously.  The reactor is sized based
on the total horsepower of all the motors.  Overload relays (not shown) are
recommended for use in multi-motor applications.

A single reactor should be used with multiple motors ONLY when the motors will
operate simultaneously. OVERLOAD RELAYS are recommended for use in multiple
motor applications.
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Line Reactor Applications and Connections (continued)
Single-Phase Applications

Some of the line reactors are listed for use with single-phase input power.  Follow
the connection diagram shown below.  Make sure that terminals B1 and B2 are
properly insulated before any connections are made.

WARNING: Please ensure that you properly insulate terminals B1 and B2 before making
any connections to single-phase power.

C1

T1

T2

T3

A2

B2

C2

A1 L1

B1
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Braking Resistors
Braking resistors are used to increase the control torque of the AC Drive, for
frequently repeated ON-OFF cycles of the AC Drive, or for decelerating a load
with large inertia.

Braking Resistor Connections

B2B1

Braking

Resistor

Braking Resistor Specifications

Part Number Quantity
& Wiring Drive Model Braking

Torque Ohms Watts Duty
Cycle

GS-20P5-BR 1 GS2-10P2, GS2-10P5, GS2-20P5 270% 200� 80 10%

GS-21P0-BR 1 GS2-11P0, GS2-21P0 125% 200� 80 10%

GS-22P0-BR 1 GS2-22P0 125% 100� 300 10%

GS-23P0-BR 1 GS2-23P0 125% 70� 300 10%

GS-25P0-BR 1 GS2-25P0 125% 40� 400 10%

GS-27P5-BR 1 GS2-27P5 125% 30� 500 10%

GS-41P0-BR 1 GS2-41P0 125% 750� 80 10%

GS-42P0-BR
1 GS2-42P0, GS2-51P0, GS2-52P0

125% 400� 300 10%
2 in parallel GS2-53P0, GS2-55P0, GS2-57P5

GS-43P0-BR 1 GS2-43P0 125% 250� 300 10%

GS-45P0-BR 1 GS2-45P0 125% 150� 400 10%

GS-47P5-BR 1 GS2-47P5 125% 100� 500 10%

GS-4010-BR
1 GS2-4010 

125% 75� 1000 10%
2 in series GS2-5010

The use of braking resistors with GS2 Series AC drives requires no parameter setup. The
AC drive automatically senses the presence of braking resistors.
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Braking Resistor Dimensions

W
+ --0

.5 D

L2+--2

+ --0
.5

L1+--2

H
+ --0

.5

W
+ --0

.5

D

L2+--2

+ --0
.5

L1+--2

H
+ --0

.5

RING TERMINAL

TERMINAL: 2t x 125 x Ø63

Figure 1

Figure 2

150±2

Braking Resistor Dimensions (mm)

Part Number Figure L1 L2 H D W Maximum
weight (g)

GS-20P5-BR 1 140 125 20 5.3 60 160

GS-21P0-BR 1 140 125 20 5.3 60 160

GS-22P0-BR 1 215 200 30 5.3 60 750

GS-23P0-BR 1 215 200 30 5.3 60 750

GS-25P0-BR 1 265 250 30 5.3 60 930

GS-27P5-BR 2 335 320 30 5.3 60 1100

GS-41P0-BR 1 140 125 20 5.3 60 160

GS-42P0-BR 1 215 200 30 5.3 60 750

GS-43P0-BR 1 215 200 30 5.3 60 750

GS-45P0-BR 1 265 250 30 5.3 60 930

GS-47P5-BR 2 335 320 30 5.3 60 1100

GS-4010-BR 2 400 385 50 5.3 100 2800
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EMI Input Filters
The EC Declaration of Conformity for the GS2 Series AC Drives was completed in
conjunction with EMI Filters listed below.

EMI Input Filter Specifications

EMI Filter AC Drive Model
/ Input Phase Filter Input Rating Filter Dimensions

20DRT1W3S

GS2-10P2 / 1ph
GS2-10P5 / 1ph
GS2-11P0 / 1ph
GS2-20P5 / 1ph
GS2-21P0 / 1ph
GS2-22P0 / 1ph

250V, 1-phase, 20A Figure 1

32DRT1W3C GS2-23P0 / 1ph 250V, 1-phase, 32A Figure 2

not available GS2-20P5 / 3ph n/a

10TDT1W4C * GS2-21P0 / 3ph
GS2-22P0 / 3ph

250V, 3-phase, 10A Figure 3

26TDT1W4C * GS2-23P0 / 3ph 250V, 3-phase, 26A Figure 4

40TDS4W4B GS2-25P0 / 3ph
GS2-27P5 / 3ph

250V, 3-phase, 40A Figure 5

11TDT1W4S
GS2-41P0 / 3ph
GS2-42P0 / 3ph
GS2-43P0 / 3ph

480V, 3-phase, 11A Figure 6

17TDT1W44 GS2-45P0 / 3ph
GS2-47P5 / 3ph

480V, 3-phase, 17A Figure 7

26TDT1W4B4 GS2-4010 / 3ph 480V, 3-phase, 26A Figure 8

not available GS2-5xxx n/a

* EMI filters 10TDT1W4C and 26TDT1W4C do not mount underneath GS2 drives.

CE compliance requires the use of EMI filters; not available for 575V drives.
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EMI Filter Dimensions
These filters, except 10TDT1W4C and 26TDT1W4C, mount between the drive and the sub-
panel.  The filters have threaded holes on their front surface for this purpose, and the drives
mount directly to the front of the filters.
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EMI Filter Dimensions (continued)

Figure 4 [units = mm (in)]
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EMI Filter Dimensions (continued)
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EMI Filter Dimensions (continued)

26TDT1W4B426TDT1W4B4

Figure 8 [units = mm]
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EMI Filter Connections

L1 L2

EMI Input

 Filter

L N

L1 L2

R S

L3

EMI Input

 Filter
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1-phase Input Power 3-phase Input Power

L N R S T
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RF Filters
Description

Zero phase reactors, (aka RF noise filters) help reduce radiated noise from the AC
drive power wiring.  These RF filters are effective for noise reduction on both the
input and output sides of AC drives.  Attenuation quality is good in a wide range
from AM band to 10 MHz.

Wiring Method

Wind each wire four times around the core, as shown in Figure 1.  The reactor
should me mounted as closely as possible to the drive.

If you are unable to wire as described above due to wire size or another aspects
of your application, put all wires through four reactor cores in series without
winding, as shown in Figure 2.

L1
L2
L3

T1
T2
T3

MOTORLine
Power

Figure 2

MOTOR
T3

L1

L2

L3

T1

T2
Line

Power

Figure 1

80 (3.15)

90 (3.54)
25 (0.98)

68
.5

 (
2.

70
)

35
 (

1.
38

)

36
 (

1.
42

)

TOP VIEW

UNITS:
mm (in)

RF220X00A
RF Filter number RF220X00A
can be used with all models of
GS2 AC drives.
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Fuses and Fuse Kits
Short-circuit and ground fault protection devices are essential to prevent costly damage
to your AC Drive application equipment.  Fuse kits are available from AutomationDirect
for the 115V through 460V GS2 Series AC Drives.

The following fuse kits consist of one fuse block and fuses sized to match each
GS2 Series AC Drive.  Replacement fuses are also available, and their part
numbers are listed in the table below.

Fuse Kit Specifications (for 115V, 230V, 460V GS2 drive models)

Part Number Drive Model
/ Phase

Fuse
Block

Wire
Size

Fuse
Type

Dimen
-sions

Fuse
Rating

Replacement
Fuses

GS-10P2-FKIT-1P GS2-10P2 / 1

2 pole

Al/Cu
#2-14

A3T

Figure 1 300V@20A

GS-10P2-FUSE-1P
GS-10P5-FKIT-1P GS2-10P5 / 1 GS-10P5-FUSE-1P
GS-11P0-FKIT-1P GS2-11P0 / 1 GS-11P0-FUSE-1P
GS-20P5-FKIT-1P GS2-20P5 / 1 GS-20P5-FUSE-1P
GS-20P5-FKIT-3P GS2-20P5 / 3 3 pole Figure 2 300V@10A GS-20P5-FUSE-3P
GS-21P0-FKIT-1P GS2-21P0 / 1 2 pole Figure 1 300V@30A GS-21P0-FUSE-1P
GS-21P0-FKIT-3P GS2-21P0 / 3 3 pole Figure 2 300V@20A GS-21P0-FUSE-3P
GS-22P0-FKIT-1P GS2-22P0 / 1 2 pole Figure 1 300V@45A GS-22P0-FUSE-1P
GS-22P0-FKIT-3P GS2-22P0 / 3 3 pole Figure 2 300V@25A GS-22P0-FUSE-3P
GS-23P0-FKIT-1P GS2-23P0 / 1 2 pole Figure 1 300V@60A GS-23P0-FUSE-1P
GS-23P0-FKIT-3P GS2-23P0 / 3

3 pole

Figure 2
300V@40A GS-23P0-FUSE-3P

GS-25P0-FKIT GS2-25P0 / 3 300V@60A GS-25P0-FUSE

GS-27P5-FKIT GS2-27P5 / 3
Al/Cu
2/0-#6

Figure 3
300V

@100A GS-27P5-FUSE

GS-41P0-FKIT GS2-41P0 / 3

Al/Cu
#2-14

A6T

Figure 4

600V@10A GS-41P0-FUSE
GS-42P0-FKIT GS2-42P0 / 3 600V@15A GS-42P0-FUSE
GS-43P0-FKIT GS2-43P0 / 3 600V@20A GS-43P0-FUSE
GS-45P0-FKIT GS2-45P0 / 3 600V@30A GS-45P0-FUSE
GS-47P5-FKIT GS2-47P5 / 3 Figure 5 600V@50A GS-47P5-FUSE

GS-4010-FKIT GS2-4010 / 3
Al/Cu
2/0-#6

Figure 6 600V@70A GS-4010-FUSE

Warning: The fuse kits provide protection only for the semiconductor components
inside the AC drive.  Motor branch circuit overcurrent protection should be separately
provided using applicable local codes.
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Fuses and Fuse Kits (continued)
Edison Class CC fuses and fuse blocks are available for the 575V GS2 drives.

Fuses and Fuse Kits Dimensions

.88"

1.85"

.49"

3
.6

5
"

3
.2

1
"

.2
2

"

1
.4

7
"

.6
0

"

1.750"

2.73"

.49"

3
.6

5
"

3
.2

1
"

.2
2

"

1
.4

7
"

.6
0

"

3.50"

5.00"

1.67".73"

.75"

1.67"

1.38”

2.75”

2.03”

Dia. 0.25 THRU
C'BORE Dia. 0.50 x
0.50 DEEP (2 PLCS)

Figure 1 
[units = inches]

Figure 2 
[units = inches]

Figure 3 
[units = inches]

Fuses (for 575V GS2 drive models)
Drive
Model

Fuse
Rating

Fuse Type
(Qty Req’d)

Edison
Fuse

Edison
Fuse Block Dimensions Poles Wire

Range
GS2-51P0 6A @ 600V

CC (3)

HCLR6

BC6033PQ
or

CHCC3D
or

CHCC3DI

Figure 7

Figure 8

Figure 8

3
18-8 AWG
(1-16 mm2)

GS2-52P0 10A @ 600V HCLR10
GS2-53P0

15A @ 600V HCLR15
GS2-55P0

GS2-57P5 20A @ 600V HCLR20
GS2-5010 30A @ 600V HCLR30
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Fuses and Fuse Kits Dimensions (continued)

1.625" + 0.015"
(41.28mm + 0.38mm)

R

BUSSMANN
COOPER INDUSTRIES
ST. LOUIS, MO 63178
MADE IN U.S.A.

75   C    WIRE
200,000A   RMS   SYM
WITHSTAND   RATING

Buss ®BC6033PQ
30A    600V

CLASS   CC
FUSES   ONLY

CU   ONLY
10 AWG     20 LB·IN

0.200" + 0.003"
(5.08mm + 0.08mm)

0.425"
(10.80mm)

1.530"
(38.86mm)

3 POLE

1.210" + 0.015"
(30.73mm + 0.38mm)

52.50
(2.067)

19.0
(0.75)
17.50

(0.689)
35.00

(1.378)

45.2
(1.78)

80.7
(3.18)

49.9
(1.97)7.6

(0.30)

57.5
(2.26)

44.0
(1.73)

82.2
(3.24) 6.0

(0.24)

Figure 7 [units = inches (mm)] Figure 8 [units = mm (inches)]
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GS-EDRV Ethernet Interface
The GS-EDRV Ethernet Interface provides a low-cost, high-performance Ethernet
link between a PLC/PC-based Control system and any GS Series AC Drive.  The
GS-EDRV mounts on DIN rail and communicates through cable connections to
the AC drive and Ethernet hub or PC.

Functions and features of the interface:

• process input signals from the AC drive

• formats signals to conform to the Ethernet standard for connectivity to many
control system architectures: H2-ERM or H4-ERM, KEPDirect EBC I/O server, or
independent controller with a Modbus TCP/IP driver

• transmit the signals to the PC-based controller

• receive and translate output signals from the PLC/PC-based Control software

• distribute the output signals to the appropriate drive

• built-in web browser allows users to configure and control the drive from any web
browser via the IP address of the GS-EDRV card.

The control function is not performed by the interface. The control function is
performed by PC–based Control software (which is purchased separately) running
on a PC.

Specifications

Part Number Input Voltage Input Current

GS-EDRV 10-33 VDC 90-135 mA

Can be used with all GS2 AC drives.

GS-EDRV
Ethernet interface number 
GS-EDRV can be used with all
models of GS2 AC drives.

The GS series drives have a provision for shutting down control or power to the drive in
the event of a communications time-out. This function can be set up through the drive
parameter group 9.

The GS-EDRV requires an external 24 VDC power supply.
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GS-EDRV Ethernet Interface (continued)

4.0"

2.7"
1.9"

Dimensions

units: inches

GS-EDRV
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GS Drive Configuration Software

• Upload/download drive configurations 
• Create new drive configurations using Quick Start, Detailed, or Schematic Views
• Edit drive configurations
• Archive/store multiple drive configurations on your PC
• Trend drive operation parameters
• Tune the drive PID loop
• View drive faults
• Print a schematic representation of the drive configuration

System Requirements
GSoft will run on PCs that meet the following requirements:

• Windows 95, 98, Me, NT, 2000, and XP
• Internet Explorer 4.0 or higher (for HTML help support)
• 24Mb of available memory
• 8 Mb hard drive space
• Available RS-232 serial port

Software Configuration Methods
GSoft offers 3 methods of creating a new configuration for your AC drive.

Quick Start Configuration
The Quick Start Configuration
method guides you through
the most commonly used AC
drive parameters.  Quick Start
Configuration may ONLY be
used to create a new
configuration.  Once created
and saved, a configuration
built with the Quick Start
Configuration method may be
edited using the Detailed or
Schematic View methods.

Note: GSoft requires use of a configuration cable, GS-232CBL, which is sold separately.
Note: RS-485 communication from an RS-232 PC port requires an FA-ISOCON or

compatible converter, which is sold separately.

GS Series AC Drive Software

Part Number Description

GSOFT GS drives configuration software

GSoft is the optional configuration software for
the GS family of AC drives.  It allows you to
connect a PC to a GS series AC drive via RS-232
or RS-485, and performs a variety of functions:
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Software Configuration Methods (continued)

Detailed Configuration
The Detailed Configuration method provides AC drive parameter access in a
tabbed dialog format.  Detailed Configuration can be used for new or existing
configurations.
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Software Configuration Methods (continued)

Schematic View Configuration
The Schematic View Configuration method uses a schematic picture of the AC
drive and external connections to guide you through the setup of the AC drive.
The Schematic View method can be used for new or existing configurations.
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Miscellaneous Accessories

Configuration Cable
GS-232CBL

Required programming cable for GSOFT software.

Spare Keypad
GS2-KPD

Spare or replacement keypad for GS2 AC drives.

Keypad Cables
(installation screws included)

GS-CBL2-1L

1 meter keypad cable

GS-CBL2-3L

3 meter keypad cable

GS-CBL2-5L

5 meter keypad cable

GS-CBL2-1L GS-CBL2-3L GS-CBL2-5L

M4*P0.7

0

STOP

PSET

MTR RAMP

PROT

RUN

100

REV

PID

V/Hz

DISP

DIGT

COMM

ANLG

FWD
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Communication Distribution Blocks

GS-RS485-4

4 port RS485 Communication Distribution Board

GS-RS485-8

8 port RS485 Communication Distribution Board

2.66
1.62

3.30

SG- SG+

OUT_1 OUT_2 OUT_3 OUT_4

DELTAECT 1 94V-D

0049

6  5  4  3  2  1

3:SG+
4:SG-

3811093900  1

OUT_5 OUT_6 OUT_7 OUT_8

INPUT

INPUT
SG- SG+

OUT_1 OUT_2

OUT_3 OUT_4

DELTA

ECT 1 94V-D

0049

6  5  4  3  2  1

3811093800  1

1.35
1.62

3.30

5 24 36 1

OUT 1OUT 2OUT 3 - 8

INPUT
INPUT

SG- SG+
PIN 3: SG+
PIN 4: SG-

TYPICAL

5 24 36 1

5 24 36 1

5 24 36 1

GS-RS485-4/8
Internal Wiring Pin-Out

(wiring internally reversed
between input and output

modular comm ports)
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Compatible DirectLOGIC PLCs and Modules
The following tables show which DirectLOGIC PLCs and modules can be used
with the GS2 Series AC Drive.

DirectLOGIC PLC Modules for Use with GS2 AC Drives
DL05 PLCs

D0-05AR
DL05 CPU, 8 AC in / 6 Relay out, 110/220VAC Power Supply. Inputs: 8 AC inputs,
90-120 VAC, 2 isolated commons. Outputs: 6 Relay outputs, 6-27 VDC, 6-240 VAC, 2A/pt.
max., 2 isolated commons

D0-05DR
DL05 CPU, 8 DC in / 6 Relay out, 110/220VAC Power Supply. Inputs: 8 DC inputs,
12-24 VDC current sinking/sourcing, 2 isolated commons. Outputs: 6 Relay outputs,
6-27 VDC, 6-240 VAC, 2A/pt. max., 2 isolated commons

D0-05DD
DL05 CPU, 8 DC in / 6 DC out, 110/220VAC Power Supply. Inputs: 8 DC inputs, 12-24 VDC
current sinking/sourcing, 2 isolated commons. Outputs: 6 DC outputs, 6-27 VDC current
sinking, 1.0A/pt. max.

D0-05DD-D
DL05 CPU, 8 DC in / 6 DC out, 12/24VDC Power Supply. Inputs: 8 DC inputs, 12-24 VDC
current sinking/sourcing, 2 isolated commons. Outputs: 6 DC outputs, 6-27 VDC current
sinking, 1.0A/pt. max.

D0-05DR-D
DL05 CPU, 8 DC in / 6 Relay out, 12/24VDC Power Supply. Inputs: 8 DC inputs, 12-24 VDC
current sinking/sourcing, 2 isolated commons. Outputs: 6 Relay outputs, 6-27 VDC,
6-240 VAC, 2A/pt. max., 2 isolated commons

DL06 PLCs 

D0-06DD1

DL06 CPU, 20 DC in / 16 DC out, 110/220VAC Power Supply, with 0.3A 24VDC Auxiliary
Device Power Supply. Inputs: 20 DC inputs, 12-24 VDC current sinking/sourcing, 5 isolated
commons (4 inputs per common). Outputs: 16 DC outputs, 12-24 VDC current sinking,
1.0A/pt. max., 4 commons non-isolated (4 points per common)

D0-06DR

DL06 CPU, 20 DC in / 16 Relay out, 110/220VAC Power Supply, with 0.3A 24VDC Auxiliary
Device Power Supply. Inputs: 20 DC inputs, 12-24 VDC current sinking/sourcing, 5 isolated
commons (4 inputs per common). Outputs: 16 Relay outputs, 6-27 VDC, 6-240 VAC, 2A/pt.
max., 4 isolated commons (4 points per common)

D0-06AR
DL06 CPU, 16 AC in / 20 Relay out, 110/220VAC power supply, with 0.3A 24VDC auxiliary device
power supply. Inputs: 20 AC inputs, 90-120 VAC, 5 isolated commons (4 inputs per common).  Outputs:
16 Relay outputs, 6-27 VDC, 6-240 VAC, 2A/pt. max., 4 isolated commons (4 points per common)

D0-06DD1-D
DL06 CPU, 20 DC in / 16 DC out, 12/24VDC Power Supply. Inputs: 20 DC inputs, 12-24 VDC
current sinking/sourcing, 5 isolated commons (4 inputs per common). Outputs: 16 DC outputs,
12-24 VDC current sinking, 1.0A/pt. max., 4 commons non-isolated (4 points per common).

D0-06DR-D
DL06 CPU, 20 DC in / 16 Relay out, 110/220VAC Power Supply. Inputs: 20 DC inputs,
12-24VDC current sinking/sourcing, 5 isolated commons (4 inputs per common). Outputs: 16
Relay outputs, 6-27 VDC, 6-240 VAC, 2A/pt. max., 4 isolated commons (4 points per common)

DL05/DL06 DC Input/Output Module

D0-08CDD1 4 pt. 12-24VDC current sinking/sourcing input, 1 common, 4 pt. 12-24VDC sinking output,
0.3A/point, 1.2A/module, removable terminal, no fuse
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DirectLOGIC PLC Modules for Use with GS2 AC Drives (cont.)

DL05/DL06 DC Output Module

D0-10TD1 10 pt. 12-24 VDC current sinking output module, 2 commons non-isolated (5 pts. per
common), 0.3A/point, 1.5A/common, removable terminal, no fuse 

D0-16TD1 16 pt. 12-24 VDC current sinking output module, 2 commons non-isolated (5 pts. per
common), 0.3A/point, 1.5A/common, removable terminal, no fuse

DL05/DL06 Analog Module
F0-2AD2DA-2 2 channel in, 2 channel out voltage analog option card; 0-5V, 0-10V

F0-4AD2DA-2 4 channel in, 2 channel out voltage analog option card; 0-5V, 0-10V

F0-4AD2DA-1 4 channel in, 2 channel sourcing out current analog option card; 4-20mA

DL105 PLCs

F1-130DR
DL130 CPU, 10 DC in / 8 Relay out, 110/220VAC Power Supply. Inputs: 10 DC inputs, 12-
24 VDC current sinking/sourcing, 3 isolated commons. Outputs: 8 relay outputs, 12-30
VDC, 12-250VAC, 7A/pt. max., 4 isolated commons

F1-130DD
DL130 CPU, 10 DC in / 8 DC out, 110/220VAC Power Supply. Inputs: 10 DC inputs, 12-24
VDC current sinking/sourcing, 3 isolated commons. Outputs: 8 DC outputs, 5-30VDC
current sinking, 0.5A/pt. max, 3 internally connected commons

F1-130DR-D
DL130 CPU, 10 DC in / 8 Relay out, 12/24VDC Power Supply. Inputs: 10 DC inputs, 12-24
VDC current sinking/sourcing, 3 isolated commons. Outputs: 8 relay outputs, 12-30 VDC,
12-250VAC, 7A/pt. max., 4 isolated commons

F1-130DD-D
DL130 CPU, 10 DC in / 8 DC out, 12/24VDC Power Supply. Inputs: 10 DC inputs, 12-24
VDC current sinking/sourcing, 3 isolated commons. Outputs: 8 DC outputs, 5-30VDC
current sinking, 0.5A/pt. max, 3 internally connected commons

DL205 DC Output Module

D2-16TD1-2 16 pt. 12-24 VDC current sinking output module, 1 common (2 common terminals),
0.1A/point, 1.6A/module, no fuse, European type removable terminal

D2-32TD1 32 pt. 12-24 VDC current sinking output module. 1 common (4 common terminals),
0.1A/point, 3.2A/module, no fuse
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DirectLOGIC PLC Modules for Use with GS2 AC Drives (cont.)
DL205 Relay Output Modules

D2-04TRS 4-pt. 5-30 VDC or 5-240 VAC isolated relay output module, 4 Form A (SPST) relays, 4
commons, 4A/point, 8.0A/module, replaceable fuse, removable terminal

D2-08TR 8-pt. 5-30 VDC or 5-240 VAC output module, 8 Form A (SPST) relays, 1 common (2
common terminals), 1A/point, 4.0A/module, replaceable fuse, removable terminal

F2-08TR 8-pt relay output, 10A/common, 5-30VDC or 5-240VAC

F2-08TRS 8-pt. 12-28 VDC or 12-240 VAC output module, 5 Form A (SPST) relays, 3 Form C (SPDT)
relays, 8 isolated commons, 7A/point max., no fuses, removable terminal

D2-12TR 12 pt. 5-30 VDC or 5-240 VAC relay output module, 12 Form A (SPST) relays, 2 commons,
1.5A/point max., 3.0A/common, 2 replaceable fuses, removable terminal

DL205 DC Input/Output Modules

D2-08CDR 4 pt. 24VDC sinking/sourcing input, 1 common, 4 pt. relay output, 1A/pt., 4A/module, 1
common, replaceable fuse

DL205 Analog Output Module

F2-02DAS-1 2 channel, 16-bit resolution, Isolated 4-20mA sourcing (2 isolated commons).  Designed to
operate with 24 VDC user-supplied power supply.

F2-02DAS-2 2 channel analog output, 16 bit resolution, isolated, range: 0-5V, 0-10V (2 isolated
commons).  Designed to operate with 24 VDC user-supplied power supply.

F2-08DA-1 8 channel analog output module, 12 bit resolution, range: 4-20mA, sink or source output
configurable.  Designed to operate with 24 VDC user-supplied power supply.

F2-02DA-2 2 channel analog output module, 12 bit resolution, ranges: 0-5V, 0-10V, -5 to +5V, -10 to
+10V. Designed to operate with 24 VDC user-supplied power supply.

F2-08DA-2 8 channel analog output module, 12 bit resolution, ranges: 0-5V, 0-10V.  Designed to
operate with 24 VDC user-supplied power supply.

DL205 Analog Input Modules

F2-04AD-2 4 channel, 12-bit, 0-5V, 0-10V, -5 to +5V, -10 to +10V. Designed to operate with a 24VDC
user supplied power supply.

F2-08AD-2 8 channel, 12-bit, 0-5V, 0-10V, -5 to +5V, -10 to +10V. Designed to operate with a 24VDC
user supplied power supply.

DL205 Analog Combination Modules

F2-8AD4DA-1 8 channel, 16-bit, 0-20mA in; 4 channel, 16-bit, 4-20mA out.  Designed to operate with a
24VDC user supplied power supply.

F2-8AD4DA-2 8 channel, 16-bit, 0-5V, 0-10V in; 4 channel, 16-bit, 0-5V, 0-10V out.  Designed to operate
with a 24VDC user supplied power supply.
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DirectLOGIC PLC Modules for Use with GS2 AC Drives (cont.)
DL305 Relay Output Modules 

D3-08TR 8 pt. 5-30 VDC or 5-220 VAC output module, 5A/point DC or 4A/point AC, 8 Form A relays
(SPST), 2 commons (isolated), non-removable terminal, 2 user replaceable fuses 

D3-16TR 16 pt. 5-30 VDC or 5-220 VAC output module, 2A/point,16 Form A relays (SPST), 2
commons (isolated), removable terminal, no internal fuses

DL305 Analog Output Modules

F3-04DAS 4 channel isolated analog output module, 12 bit resolution, ranges: 0 to 5V, 0 to 10V, -5 to
+5V, -10 to +10V, 4 to 20mA, 0 to 20mA. -750 to +750 VDC channel to channel isolation

F3-16AD 16 channel analog input module, 12 bit resolution, ranges: -5 to +5V, -10 to +10V, 0 to
10V, 0 to 20mA. Each point can be either a voltage or current input

DL305 Analog Output Modules

F3-04DAS 4 channel isolated analog output module, 12 bit resolution, ranges: 0 to 5V, 0 to 10V, -5 to
+5V, -10 to +10V, 4 to 20mA, 0 to 20mA. -750 to +750 VDC channel to channel isolation

DL405 DC Output Modules

D4-08TD1 8 pt. 12-24 VDC current sinking output module, 2 commons (internally connected),
2A/point, 5A/common, removable terminal

D4-16TD1 16 pt. 5-24 VDC current sinking output module, 2 commons (internally connected),
0.5A/point, 3A/common, removable terminal

D4-32TD1 32 pt. 5-24 VDC current sinking output module, 4 commons (isolated), 0.2A/point,
1.6A/common. Requires one connector, sold separately

DL405 Relay Output Modules

D4-08TR 8 pt. 5-30 VDC or 5-250 VAC output module, 8 Form A (SPST) relays, 2 commons
(isolated), 2A/point, 5A/common, removable terminal

F4-08TRS-1 8 pt. 12-30 VDC or 12-250 VAC isolated output module, 4 Form A (SPST) and 4 Form C
(SPDT) relays, 8 commons (isolated), 10A/point, 40A/module, removable terminal

F4-08TRS-2 8 pt. 12-30 VDC or 12-250 VAC isolated output module, 4 Form A (SPST) relays and 4 Form C
(SPDT) relays, 8 commons (isolated), 5A/point, 40A/module, replaceable fuses, removable terminals

D4-16TR 16 pt. 5-30 VDC or 5-250 VAC output module, 8 Form A (SPST) relays, 2 commons
(isolated), 1A/point, 5A/common, removable terminals

DL405 Analog Input Modules

F4-04ADS 4 channel isolated analog input module, 12 bit resolution, ranges: 0 - 5V, 0 - 10V, 1 - 5V, -
5V to +5V, -10V to +10V, 0 - 20mA, 4 - 20mA

F4-08AD 8 channel analog input module, 12 bit resolution, ranges: 4 to 20mA, 1 to 5V, 0 to 20mA, 0
to 5V, 0 to 10V, -5V to +5V, -10V to +10V

F4-16AD-2 16 channel analog input module, 12 bit resolution, ranges: 0-5V, 0-10V

DL405 Analog Output Modules
F4-04DAS-1 4 channel analog output module, 16 bit resolution, isolated, range: 4 to 20mA current sourcing

F4-04DAS-2 4 channel analog output module, 16 bit resolution, isolated, range: 0-5V, 0-10V

F4-08DA-2 8 channel analog output module, 12 bit resolution, range: 0-5V or 0-10V

F4-16DA-2 16 channel analog output module, 12 bit resolution, range: 0-5V or 0-10V
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DirectLOGIC PLC Modules for Use with GS2 AC Drives (cont.)
Terminator I/O DC Output Modules

T1K-08TD1 8 pt. 12-24 VDC current sinking output module, 4 points per common, 1.0A/point, 2
replaceable fuses (T1K-FUSE-1). (use with T1K-08B or T1K-08B-1 terminal base)

T1K-16TD1 16 pt. 12-24 VDC current sinking output module, 4 points per common, 1.0A/point, 4
replaceable fuses  (T1K-FUSE-1). (use with T1K-16B or T1K-16B-1 terminal base)

Terminator I/O Relay Output Modules

T1K-08TR
8 pt. 5-30 VDC or 5-240 VAC output module, 8 Form A (SPST) relays, 4 points per common,
2.0A/point max., 2 replaceable fuses (T1K-FUSE-2).  (use with T1K-08B or T1K-08B-1
terminal base)

T1K-16TR
16 pt. 5-30 VDC or 5-240 VAC output module, 16 Form A (SPST) relays, 4 points per
common, 2.0A/point max., 4 replaceable fuses (T1K-FUSE-2). (use with T1K-16B or T1K-
16B-1 terminal base)

T1K-08TRS
8 pt. 5-30 VDC or 5-240 VAC isolated relay output module, 8 Form A (SPST) relays, 1 point
per common, 7.0A/point max., 8 replaceable fuses (T1K-FUSE-3).  (isolation requires use of
T1K-16B or T1K-16B-1 terminal base)

Terminator I/O Analog Input Modules

T1F-08AD-2 8 channel analog input module, 14 bit resolution (13 bit plus sign bit), range: 0-5VDC, 0-
10VDC, +/-5VDC, +/-10VDC (Use with T1K-08B or T1K-08B-1 terminal base.)

T1F-16AD-2 16 channel analog input module, 14 bit resolution (13 bit plus sign bit), range: 0-5VDC, 0-
10VDC, +/-5VDC, +/-10VDC (use with T1K-16B or T1K-16B-1 terminal base.)

Terminator I/O Analog Output Modules

T1F-08DA-2 8 channel analog output, 12 bit resolution, range: 0-5VDC, 0-10VDC, +/-5VDC, 
+/-10VDC. (use with T1K-08B or T1K-08B-1 terminal base)

T1F-16DA-2 16 channel analog output, 12 bit resolution, range: 1-5VDC, 1-10VDC, +/-5VDC, +/-
10VDC.  (use with T1K-16B or T1K-16B-1 terminal base) 

Terminator I/O Analog Input/Output Modules

T1F-8AD4DA-1
8 channel analog input module and 4 channel analog output module.  Inputs: 14 bit resolution
(13 bit plus sign bit), range: -20 to 20mA, 0-20mA, 4-20mA.  Outputs: 12 bit resolution, range:4-
20mA, sinking or sourcing compatible. (use with T1K-08B or T1K-08B-1 terminal base)

T1F-8AD4DA-2
8 channel analog input module and 4 channel analog output module.  Inputs: 14 bit resolution
(13 bit plus sign bit), range: 0-5VDC, 0-10VDC, +/-5VDC, +/-10VDC.  Outputs: 12 bit resolution,
range: 0-5VDC, 0-10VDC, +/-5VDC, +/-10VDC. (use with T1K-08B or T1K-08B-1 terminal base)
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Typical Connections to the GS2 Series AC Drive
The following drawings show some typical connections between the GS2 Series
AC Drive and DirectLOGIC PLCs and modules.

DC Output Modules

Control circuit terminal Shielded leadsMain circuit (power) terminals

GS2-xxxx

B1

B2

T3

T1

T2

AO

ACM

DI1

DI2

DI3

DI4

DI5

DCM

DI6

+10V 10mA
(max)

AI

ACM

R1C

R1

R1O

R2

R2C

R2O

L1

L3

L2

16

�

�

�

�

�

�

C

+V

+24 VDC

DC Output Module

• D0-05DD
• D0-05DD-D
• D0-06DD1
• D0-06DD1-D
• D0-10TD1

• D0-16TD1
• D2-16TD1-2
• D2-32TD1
• D4-08TD1
• D4-16TD1

• D4-32TD1
• T1K-08TD1
• T1K-16TD1
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Isolated Analog Output Modules

Control circuit terminal Shielded leadsMain circuit (power) terminals

GS2-xxxx

B1

B2

T3

T1

T2

AO

ACM

DI1

DI2

DI3

DI4

DI5

DCM

DI6

+10V 10mA
(max)

AI

ACM

R1C

R1

R1O

R2

R2C

R2O

L1

L3

L2

16

Isolated Analog 
Output Module

- I/V

+ I/V
0 – +10V

or
4 – 20mA

or
0 – 20mA

• F2-02DAS-1
• F2-02DAS-2

• F4-04DAS-1
• F4-04DAS-2
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Non-Isolated Voltage or Sourcing Current Analog Output Modules

Control circuit terminal Shielded leadsMain circuit (power) terminals

GS2-xxxx

B1

B2

T3

T1

T2

AO

ACM

DI1

DI2

DI3

DI4

DI5

DCM

DI6

+10V 10mA
(max)

AI

ACM

R1C

R1

R1O

R2

R2C

R2O

L1

L3

L2

16

Non-Isolated Voltage
 or Sourcing Current 

Analog Output Modules

OV

+I/+V
0 – +10V

or
4 – 20mA

or
0 – 20mA

• F0-02AD2DA-2
• F0-04AD2DA-1
• F0-04AD2DA-2

• F2-02DAS-1
• F2-02DAS-2
• F2-08DA-1

• F2-02DA-2
• F2-08DA-2
• F2-8AD4DA-1
• F2-8AD4DA-2

• F4-08DA-2
• F4-16DA-2

• T1F-08DA-2
• T1F-16DA-2
• T1F-8AD4DA-1
• T1F-8AD4DA-2
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CHAPTER 1—
INTRODUCTION
This book, produced for use by distributors and end-users, should 

prove of practical value to engineers, industrial designers, maintenance

superintendents and anyone who can benefit from a thorough 

understanding of seals.

It will explain:

• What types of seals are available

• How to select the best seal for any given application

• How to improve performance with proper installation

• How to repair seal-worn shaft surfaces

• How to spot and correct seal problems economically

HHooww  ttoo  UUssee  tthhiiss  SSttuuddyy  GGuuiiddee
This self-study guide is designed to increase performance productivity.

Each chapter consists of a logical organization of material, technical

diagrams and a short quiz to help you retain what you study.

Carefully read the text portion of each chapter. Make notes or

underline if you wish; this can help you remember what you’ve read.

This material is designed for the individual’s own learning pace. At the

end of the program, you will have learned the same information and

should retain it as well as any other “student.”

The chapter quizzes are an important phase of self-study learning

since they are intended to reinforce the material covered. The quiz

questions are straightforward multiple choice and true–false. There 

are no “trick questions.” Your answers can easily be checked by 

referring to the material presented in the chapter.

Complete each review in order before going on to the next chapter. 

If you are not sure of an answer to a question, check back in the 

chapter and review that portion again.

If you follow this procedure through all nine chapters, you should 

gain a thorough understanding of shaft seals.

You will be able to test your knowledge through an overall “Final

Review” at the end of the book. This is a final check for the reader. 

A “Certificate of Merit” to those who successfully pass the final review

with a minimum score of 85% will be issued. Instructions for obtaining

a certificate are at the end of this book.
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BBrriieeff  HHiissttoorryy  ooff  tthhee  SShhaafftt SSeeaall
SKF Sealing Solutions invented and patented the first integrated,

self-contained shaft seal in 1928 (fig. 1a). It was designed to hold

grease in automobile wheel hubs and help lubricate the wheel bear-

ing.

In the mid 1930’s, SKF pioneered the development of custom 

formulating, compounding and molding of elastomers (synthetic 

rubber) to develop higher performance materials. This led to other

innovations in manufacturing processes, new sealing techniques to

handle more demanding automotive and industrial applications 

and the compounding and molding of various elastomer seals to

improve consistency and quality.

Today, SKF is the world’s leading supplier of fluid sealing devices for

the truck, automotive, farm equipment, aircraft, heavy machinery

and machine tool industries. SKF also supplies seals for aerospace

missiles, earthmoving equipment, appliances, and a wide variety of

pumps, hydraulic systems, motors and sub-assemblies.

A company-wide commitment to quality earned SKF Sealing

Solutions significant certifications including TS16949 in December

2002 and ISO 9001:2000 in May 1999.

SKF can supply more than 200 types of seals, over 3,000 stock

sizes, and over 10,000 cataloged variations. That includes seals in

both inch and metric sizes, metal and rubber O.D.’s in both bonded

and assembled designs, with single or double lip elements and with

or without springs or inner cases (fig. 1b).

SKF sealing products fit shaft diameters from . 110” to over 180”.

They fit metric shaft diameters from 3mm to over 4572mm. All are 

fashioned from an ever-growing spectrum of sealing elements 

and materials including LongLife™ fluoroelastomer lip materials.* 

That, plus ongoing development of new materials and processes, 

will enable SKF to meet tomorrow’s expectations.

*LongLife is a registered trademark of SKF

SKF invented the shaft

seal in 1928 (fig. 1a).

Over 2�� types of seals are now

available from SKF (fig. 1b).

1
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TThhee  TToottaall  BBeeaarriinngg  aanndd  SSeeaall  SSeerrvviiccee  CCoonncceepptt
When bearings fail, they can bring equipment to an unscheduled halt. 

Every hour of downtime due to premature bearing failure can result in

costly lost production, especially in capital intensive manufacturing.

The majority of bearings outlive the machinery or equipment in 

which they are installed. Of the bearings that do fail, only 1/3 fail due 

to normal fatigue. Over half of bearing failures result from lubrication 

or contamination problems—both of which can be related to the sealing

arrangement. Seals are vital to all bearing applications and are a critical

component in an integrated systems approach to Trouble-Free 

Operation.

PPrroodduucctt QQuuaalliittyy
The SKF goal is to provide every bearing user with long, trouble-free

operation. Our substantial investment in research and development has

resulted in the production of bearings and seals of the highest quality.

However, quality alone cannot guarantee trouble-free operation.  

Other factors affect the life span of every bearing, including:

OOppeerraattiinngg  EEnnvviirroonnmmeenntt
Machinery must be kept in peak operating condition. The bearings should

be properly aligned and protected from extreme temperatures and properly

sealed from moisture and contaminants. The seals must also retain the

lubricant to assure a proper oil film.

PPrrooppeerr IInnssttaallllaattiioonn
Knowledge of the proper installation techniques and tools is required 

to ensure that the bearings and seals are not damaged.

PPrrooppeerr MMaaiinntteennaannccee
Following lubrication and maintenance schedules and monitoring bearing

operating conditions are also important in maximizing bearing life.

TTrroouubbllee--FFrreeee  OOppeerraattiioonn  
SKF is committed to the proper servicing and maintenance of the

bearing/sealing arrangement. The Trouble-Free Operation Concept

minimizes the risk of bearing downtime and ensures that your bearings

achieve their full potential. A full line of products and services is available

from SKF to make installation and maintenance easy to perform.

The Trouble-Free Operation Concept meets customer demands for

long bearing life and cost-effective operation.

INTRODUCTION (cont.)
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SSeeaall  FFuunnccttiioonnss
Whenever a shaft rotates, it needs a bearing arrangement for smooth,

effective operation. Wherever there’s a bearing, you’ll find a seal help-

ing it to reach its maximum service life and reliability. In simplest terms

a shaft seal is a barrier.

This barrier has four functions:

• Retain lubricants and/or liquids

• Exclude dirt/contaminants

• Separate fluids

• Confine pressure

When a seal performs these functions properly, it protects the bearing

from harmful contaminants while retaining a clean lubricant supply,

resulting in lengthened bearing service life and reliability. The bearings

do their job better, cleanliness of production and process materials is

maintained, lubricant is saved and machinery downtime is reduced. 

An integrated bearing/seal system approach is the best way to achieve

trouble-free operation (fig. 2a).

Seals handle a broad range of media, from light oil to heavy grease to

hot turbine gases. Electric motors and gear reduction units are some

of the more common applications, however there are extremes requir-

ing very special solutions.

For example, seals protect the high speed turbine pump in a rocket

that accelerates from 0 to 12,000 rpm in one-fourth of a second.

Other types of seals protect the drive unit in a track type earth mover,

operating at only 15 to 30 rpm.

SSttaattiicc  SSeeaallss
The function of static seals is to create barriers between relatively 

non-moving surfaces. Typical “static” applications of seals are 

valve-cover gaskets, cylinder covers, packings of many kinds, and 

o-rings used in stationary situations. The gasket lining a refrigerator

door used to seal the inside chilled air from the outside ambient

temperature is a classic static seal application. “Static” simply means

that no relative motion takes place in the performance of the sealing

function. The sealing devices for such applications are often tailored

from o-rings. Typical sectional views of static seal applications are

shown in figure 2b.

Sealing takes place as lube is

retained and outside contaminants

are excluded (fig. 2a).

Sectional views of typical 

static or non-moving seal

applications (fig. 2b).

2

Chapter 2—Basic Seal Types 



At the “interface” point, a thin film 

of lubricant separates sealing surfaces

(fig. 2e).
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BASIC SEAL TYPES (cont.)

DDyynnaammiicc  ““RRaaddiiaall””  SSeeaallss
A dynamic radial seal creates a barrier or interface between surfaces 

in relative motion. For radial lip type seals, the interface is where the

seal touches the shaft. Sealing is accomplished by two surfaces making

contact radially, one usually stationary while the other rotates.

An example of a radial seal is shown in figure 2c. As the shaft rotates 

in a stationary housing, a CRW1 seal both retains lubricant and

excludes contaminants. Typical radial seal applications include 

gearboxes, drives, motors, pumps and speed reducers.

AAxxiiaall  MMeecchhaanniiccaall  SSeeaallss
Axial mechanical seals are face type seals which create an axial 

seal interface between matched, radially mounted components. In

operation, one contact face is usually stationary in the housing while

the other moves with the shaft. Sealing pressure is applied in the 

axial direction through a spring mechanism. The spring force keeps 

the surfaces together.

Axial mechanical seals are generally used where pressure and/or

surface speeds exceed the capabilities of radial shaft seals. Typical

applications are water pumps and most types of pumps used in 

chemical processing plants or refineries. Figure 2d is a view of 

such an installation.

Other types of axial seals are “non-mechanical” ones, such as V-Rings.

SSeeaall  IInntteerrffaaccee
“Interface” is the point of contact between sealing surfaces (fig. 2e). But

they do not really “contact” at that point, they are separated by a film

of lubricant as thin as 0.00001 in.—a hundred thousandths of an inch.

In metrics, that is 0.25 microns.

The lubricant film prevents rapid wear of the seal lip and/or the shaft

surface. But interface tolerances must be precise to keep the lubricant

from leaking. Uncontrolled conditions of run-out must be prevented.

Any misalignment or eccentricity of interfacing surfaces which exceed

acceptable tolerances must be corrected.

As a shaft rotates in a stationary

housing, a CRW1 dynamic radial

seal both retains lubricant and

excludes contaminants (fig. 2c).

B

A

Axial mechanical seals create an

interface along the shaft plane

between matched components.

Usually, one contact face is stationary

while the other rotates with the shaft

(fig. 2d).



FFaaccttoorrss  AAffffeeccttiinngg  SSeeaall  SSeelleeccttiioonn
Every seal application has a unique set of characteristics that must be

analyzed in order to specify the exact style and type of seal (fig. 2f).

Selecting the right seal depends on the basic parameters of the 

application, including: 

• Shaft speed

• Fluid compatibility

• Primary seal function (retention or exclusion)

• Operating pressure

• Maximum temperature

HHooww  ttoo  MMeeaassuurree  SSppeeeedd  
Surface speed at the point of contact between the seal and the 

shaft (fpm: feet per minute, or mpm: meters per minute) is generally a 

better indicator of seal performance than revolutions per minute (rpm).

To convert rpm to fpm, use the following formula or refer to the 

SKF Handbook of Seals.

.262 x rpm x shaft diameter = fpm (feet per minute)

To convert rpm to mpm, use the following formula or refer to the 

SKF Handbook of Seals.

3.142 x .001 x rpm x shaft dia. (mm) = mpm (meters per minute)

or

3.142 x .001 x rpm x shaft dia. (mm) / 60 = ms (meters per second)

PPrreessssuurree
The more pressure applied to a seal, the greater the friction and heat. 

That means faster wear and shorter seal life. Most SKF bonded oil seals handle

pressure up to 10 psi (.07 MPa), at speeds from 0 to 1000 fpm (5.08 m/s). 

For complete pressure ratings, consult the SKF Handbook of Seals.

TTeemmppeerraattuurree//FFlluuiidd  CCoommppaattiibbiilliittyy
Another consideration affecting seal selection is temperature and 

fluid compatibility. Handbook listings are given in “continuous” ratings— 

the relatively constant ambient temperature next to the seal, or the 

temperature of the lubricant it retains.

When operating conditions are under O̊ F or above 200̊ F

(-17 -93˚C), , the range recommended in the Handbook must be 

considered in selecting the type of sealing material.
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Factors such as shaft

speed, operating pressure,

internal and external 

temperature, all affect

proper seal selection (fig. 2f).

2



When the seal’s basic function

is to exclude, face the seal lip

toward contaminants (fig. 2h).

For retention/exclusion applications,

a combination of seals in a unitized

assembly can be the best solution

(fig. 2i).
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BASIC SEAL TYPES (cont.)

As was earlier stated, SKF’s standard nitrite compound provides good

service in most sealing applications from -40˚F to 250˚F (-40˚C to

121˚C). However, silicone, polyacrylate, Longlife or PTFE may be more

suitable for and should be considered for temperatures outside this

range.

For more information on the temperature compatibility and abrasion

resistance of various seal lip materials, turn to Chapter 4.

Most applications for shaft seals involve the need to retain or separate

lubricants from some form of external contaminant or abrasion. But

many times it must be determined which is more important, retention

of lubricant or exclusion of foreign matter.

RReetteennttiioonn  
When the seal’s basic function is to retain lubrication, pressure, or both,

the lip of the seal (generally the spring side) must face toward the

lubricant or the pressure being retained and generally be spring 

assisted (fig. 2g).

EExxcclluussiioonn
Most bearings fail from the entrance of foreign material and from the

loss or degradation of lubricant. Dirt, abrasives, water and other liquids

can interfere with the film of lubricant required to support the moving

parts of a bearing in a sealed system. Reliable excluders generally

include V-Rings and non-spring loaded seals.

Therefore, it’s vitally important for the seal to keep those materials

from entering the bearing cavity. When the seal’s basic function is to

exclude, the lip of the seal should face toward the contaminants

instead of toward the bearing (fig. 2h). However in this case, only

grease lubrication should be used since oil loss could be excessive.

RReetteennttiioonn//EExxcclluussiioonn  
Some extreme applications require the seal to perform both the 

retention and exclusion functions at the same time. For example, the

seal may need to confine a lubricant while excluding dust or cleaning

solutions. In this case, a special type of protection is necessary either

a combination of seals back-to-back or dual sealing elements within

one unitized assembly (fig. 2i).

When a seal’s basic 

function is to retain, 

face the seal lip toward

lubricant (fig. 2g).
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SSuummmmaarryy
There are many factors involved in selecting seals. To avoid confusion,

the SKF Handbook of Seals contains a “Recommended Operating

Conditions” selection chart to assure a correct seal choice. All of the

selection factors are grouped together along with recommendations

about the type of seal to use in almost every application.

SSeeaall  CCoommppoonneennttss
There are five basic seal components (fig. 2j), each performing 

a particular function. They include:

• Outer Shell (Case). The outer, cup-shaped, rigid structure 

(metal or rubber over a metal case) of the lip seal assembly. 

Primarily used for holding the seal in place. The lip is generally

bonded to the outer shell. (A)

• Inner Shell (Case). A rigid cup-shaped component of a seal 

assembly, which is placed inside the outer seal case. Reinforces 

the outer shell. Can also function as a shield or spring retainer

device. (B)

• Primary Lip (Head Section). The flexible elastomeric component

of a lip seal which contacts the rotating surface. Normally points

toward the most important sealing job, either retaining or

excluding. (C, D)

• Secondary Lip (Auxiliary Lip). A short, non-spring loaded lip which

is located at the outside seal face of a radial lip seal. Used to

exclude contaminants. Used only in dual lip designs. (E)

• Garter Spring. A coiled wire spring with its ends connected.  

It provides a controlled radial load for the lip/shaft interface. (F)

2

Each of the seal’s basic 

components contribute to its

function (fig. 2j).

B

D

F

A

C

E



To take this test, simply place a card or sheet of paper under the first question. After

you’ve read it (and answered it to yourself) slide the paper down below the next question.

The correct answer to the first problem will appear directly to the right of the new 

question. Be sure not to skip any questions.

1. A shaft seal is a barrier designed to retain lubricants and _________________. 

❑ a. confine pressure 

❑ b. exclude dirt

❑ c. separate fluids 

❑ d. all of the above

1. D

2 The _________________ of a seal is a cup-shaped rigid structure that

protects the head of the sealing element.

❑ a. primary lip 

❑ b. outer shell (case) 

❑ c. inner shell (case) 

❑ d. garter spring

2. B

3. Typical radial seal applications include _________________. 

❑ a. gearboxes 

❑ b. motors 

❑ c. pumps 

❑ d. all of the above

3. D

4. Selecting the right seal depends on application parameters, including

_________________. 

❑ a. shaft speed

❑ b. fluid compatibility

❑ c. operating pressure

❑ d. all of the above

4. D

5. When the seal’s basic function is to retain, the lip of the seal should 

face away from the lubricant or pressure being retained.

❑ True ❑ False

5.  F

6. More bearings fail from the entrance of foreign material than

from loss of lubricant.

❑ True ❑ False

6. T

1100
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7. The function of static seals is to create barriers between relatively 

non-moving surfaces.

❑ True ❑ False

7. T

8. Axial mechanical seals are generally used where pressure and/or surface 

speeds are more than radial shaft seals can handle.

❑ True ❑ False

8. T

9. Seal “interfaces” is the point of contact between sealing surfaces, but do not

actually contact because they are separated by a film of lubricant.

❑ True ❑ False

9. T

10. Revolutions per minute (rpm) is generally a better indication 

of seal performance than feet per minute (fpm).

❑ True ❑ False

10. F

11. The more pressure you apply to a seal, the greater the frictional heat

and faster the shaft wear.

❑ True ❑ False

11. T

12. Sealing lips of SKF’s standard nitrile compound are correct for all applications.

❑ True ❑ False

12. F

13. Reliable exclusion seals include V-Rings and non-spring-loaded seals.

❑ True ❑ False

13. T

14. Retention/exclusion applications, sometimes require a combination of 

seals in one assembly.

❑ True ❑ False

14. T

15. The sealing lip is generally bonded to the seal’s inner shell.

❑ True ❑ False

15. F

2
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CHAPTER 3—
SEAL DESIGN GROUPS
BBaassiicc  DDeessiiggnn  GGrroouuppss
Seals with similar functional abilities are categorized into design

groups. Note that design codes are unique to each manufacturer, 

and the ones listed below are codes used by SKF.

NNoonn--SSpprriinngg  LLooaaddeedd  SSeeaallss
These seal designs are typically used for grease retention or dirt

exclusion in slower shaft speed applications.

The seals illustrated in fig. 3a, HM14 and HM21, are SKF’s standard

designs. Agricultural equipment and quarry conveyor systems are 

typical uses. They can also be used as light-duty rod wipers. Other

designs include FF, G, HD, HMA and TL. The heavy-duty TL seal is

designed for severe conditions such as disc harrows. For maximum 

dirt exclusion, they should be installed with the lip facing outward. 

Non-spring loaded seals are not intended for lube oil retention. 

Non-spring loaded seals, especially the HM design, are generally 

less expensive than spring-loaded versions, and generally cost much

less than the assembled seals they replace. They also provide a good

level of performance when sealing grease.

SSpprriinngg--LLooaaddeedd  SSeeaallss
These seal designs are typically used to retain oil and/or exclude 

dirt in higher shaft speed applications (fig. 3b). SKF’s standard designs

include: single lip, dual-lips, and single and double shell designs. 

The dual-lip design features a non-interference auxiliary lip for added

exclusion protection without the heat build-up associated by traditional

dual-lip designs. Typical applications include gearboxes, speed reducers, 

transmissions, motors and drive systems. CRW5 and CRWA5 types 

are designed for high pressure applications, up to 90 psi (.62 MPa). 

For maximum dirt exclusion, they should be installed with the lip facing

outward. While this works well with grease, be aware of potentially

high levels of oil leakage. The large diameter seal HDW1 type is

designed for severe conditions.

Spring-loaded seals provide longer, more consistent service life 

in radial applications than non-spring loaded designs, and better

sealability over a wide range of conditions. They also perform 

exceptionally well in applications where there is shaft run-out

and shaft-to-bore misalignment.

SKF’s non-spring loaded designs (fig. 3a).

SKF’s standard spring-loaded

designs are typically used to retain

oil and/or exclude dirt in higher

shaft speed applications (fig. 3b).

HDW1 CRW1 CRWA5

HMS4CRWHA1CRWA1

HM14 HM21

FF G HD

TL HMA
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CCaassee  CCoonnssttrruuccttiioonn
Seal cases are constructed with either metal or rubber outer

diameters. The reasons for these different constructions—their features

and benefits—are as follows:

MMeettaall  OO..DD..
Metal O.D. seals feature a metal outer shell or case (fig. 3c).  They are

also available with an inner metal shell.  The double metal shell pro-

vides torsional stiffness and assists in installation, especially where the

assembly of the shaft is against the lip, or for “hammer” assembly 

of larger seals.

Dual-lip versions of metal O.D. seals are available in many selected

sizes.

Applications for metal O.D. seals include engines, drive axles, 

transmissions, pumps, electric motors and speed reducers. Overall, 

the metal-clad CRW seals are recommended over the more basic 

HMS seals for most applications.

Metal O.D. seals perform well as economical, general-purpose designs

and provide an exceptionally wide application range.

RRuubbbbeerr OO..DD..
Rubber O.D. seals feature rubber molded around a steel stamping 

(fig. 3d).

They are generally required for split housings and light alloys that are

subject to thermal expansion or gaseous media.

Rubber O.D. seals can withstand reasonable abuse during installation,

and can be inserted in imperfect or rough bores. Their construction

provides limited additional rust resistance. Dual lip versions are 

available for many size combinations.

3

CRW1 features a metal outer

shell or case (fig. 3c).

CRW1

HMS5 features rubber

molded around a steel 

stamping (fig 3d).
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HHyyddrrooddyynnaammiicc  SSeeaallss
One of the most significant developments in sealing technology

occurred in the 1950’s with the introduction of hydrodynamic seals.

Hydrodynamic seals have molded projections added to the seal lip

which enables the seal to pump oil into the oil pump, improving 

lubricant retention.

There are a variety of molded projections used in hydrodynamic 

seals. Standard designs have a series of helical ribs, parabolic 

triangular pads molded to the lip (fig. 3e). However, these designs 

are not without their problems. As dirt builds up against the seal lip,

the lip wears, eliminating the hydrodynamic projections. They can also

become clogged with carbon or dirt. Some hydrodynamic designs are

uni-directional, and can actually pump lubricant out if installed incorrectly.

SKF developed a new type of hydrodynamic seal in the early 1970’s.

Called “Waveseal”, this design features a sealing lip molded with a

sinewave pattern. This traces a wavy path over the surface of the

rotating shaft. 

WWaavveesseeaall
In technical terms, the SKF Waveseal is a smooth lip, 

bi-rotational hydrodynamic, molded radial lip seal. More simply, it is a

shaft seal that pumps lubricant back into the sump while sealing out

contaminants no matter which way the shaft is turning.

TThhee  WWaavveesseeaall  bbyy  SSKKFF
• Offers longer, more dependable performance and service life than 

conventional trimmed lip seals and other hydrodynamic designs.

• Has almost universal applications

• Is the first standard line of shaft seals incorporating hydrodynamics

HHooww  WWaavveesseeaallss  WWoorrkk
The Waveseal by SKF makes a sweeping contact with the shaft. Its

unique, specially molded lip rides the shaft forming a sinusoidal or

wave pattern around the shaft surface (fig. 3f).

This unique pattern generates less heat, reduces shaft wear and 

provides greater lip lubrication than standard lip designs. Its pumping

power is maintained at the same level throughout its service life.

SEAL DESIGN GROUPS (cont.)

Standard hydrodynamic seal designs

feature helical ribs, parabolic ribs or

triangular pads (fig. 3e).

The SKF Waveseal touches the shaft

in wide ‘sine’ or wave pattern. Due to

this unique design, contact pressure

and grooving are minimized, heat

generation and friction are reduced.

Lubricant is pumped back to the 

bearing while dirt is pushed away

from the lip/shaft interface (fig. 3f). 

Low Angle
Steep Angle

Scraper

Steep Angle
Scrapes Oil 

Inward

Low Angle 
Permits Oil 
To Slide 

Under Lip

Static 
Contact 

Path

Dynamic 
Contact 

Path

Oil Particles

Shaft 
Rotation

Air Side Oil Side
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AAddvvaannttaaggeess

+ Traces wavy path over the surface of the shaft. 

+ Generates 25-35% less heat at the contact point. This reduces early

seal failure from heat checking, blistering, hardening or lubricant

breakdown.

+ Generates 20% less friction torque or drag.

+ Pumps liquid back into the sump while ingesting substantially 

fewer contaminants.

+ Bi-rotational hydrodynamic radial lip design outlasts any other

seal of its kind.

+ Performs regardless of lip wear.

WWaavveesseeaall  DDeessiiggnnss  
Waveseal is SKF’s standard seal design, with over 3,500 part numbers

to fit inch shaft diameters from 0.250” to 12.250”; metric shafts from

12mm to 280mm.

CCRRWW11,,  CCRRWWHH11
Single-lip, spring-loaded Waveseals (fig. 3g). CRW1 is designed without

an inner case. It is recommended for most general purpose applica-

tions engines, drive axles, transmissions, pumps, electric motors and

speed reducers. CRWH1 has an inner case for greater strength and

sealing lip protection. It is recommended where shaft assembly is

against the lip.

CCRRWWAA11,,  CCRRWWHHAA11
Dual-lip, single element Waveseals feature a no-interference auxiliary

lip that excludes dirt (fig. 3h). CRWA1, designed without an inner case,

provides medium-duty dirt exclusion. CRWHA1, designed with an 

inner case, also provides medium dirt exclusion, but for heavier duty

applications. (They also are used when the sealing lip requires 

protection during shaft assembly or operation.)

3

CRW1 is designed without an inner

case. CRWH1 has an inner case for

greater strength and sealing lip

protection (fig. 3g).

CRWH1CRW1

CRWHA1, with an inner case,

excludes medium dirt in heavier

duty applications. CRWA1 

Waveseal has no inner case, 

provides medium-duty dirt

exclusion (fig. 3h).

CRWHA1 CRWA1
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CCRRWWAA55,,  CCRRWW55  
Waveseals designed without an inner case, CRWA5 has a dual lip 

(fig. 3i) and CRW5 has a single lip sealing element. Both are designed

specifically for applications in pressurized seal cavities, up to 90 psi 

(.62 MPa).

LLaarrggee  DDiiaammeetteerr MMeettaall  CCllaadd  SSeeaallss
Large diameter seals fit shafts 8” (203.20 mm) in diameter and larger.

They come in two basic designs HDS metal clad and HS non-metal

clad (all rubber) seals.

MMeettaall  CCllaadd  SSeeaallss  ((TTyyppee  HHDDSS))  
Encased in a heavy-duty steel shell, metal clad seals (type HDS) 

are specifically designed to withstand the conditions encountered in

heavy-duty applications. These conditions range from slow speed,

abrasive conditions of a scale breaker to the high-speed operation 

of finishing stands. They work exceptionally well in rolling mills, 

vertical edgers, logging operations and drag line equipment.

HDS type seals are available in three styles HDS1, HDS3 and the 

preferred style, HDS2. HDS1 is the basic seal design (Fig. 3j). It has 

a single sealing element that features Spring-Lock. The Spring-Lock

270˚ wrap feature keeps the spring in position during handling and 

seal installation as well as during seal removal. Spring-Lock is standard

on all three types of metal clad seals.

HDS2 is SKF’s preferred large diameter seal design. It has a single 

sealing element and is available with nitrile, Duralip or SKF LongLife 

fluoroelastomer lip material. Optional fixed width spacer lugs permit

tandem seal installation, and provide a lubrication gap. HDS2 also 

features Spring-Lock encased with a Spring-Kover (fig. 3k). 

Spring-Kover is a flexible, resin covering that totally encloses the 

garter spring. It is used in sealing applications where dirt or other

contaminants may damage the spring, or where the spring could 

be dislodged. The Spring-Kover protects the spring without

affecting its operation.

CRWA5, with a dual lip, is designed

for applications in pressurized seal

cavities (fig. 3i).

CRWA5 

HDS1 

HDS2

HDS1 seal’s Spring-Lock keeps 

the spring in position during seal

handling, installation, and removal

(fig. 3j).

HDS2 has a Spring-Lock encased

in a flexible Spring-Kover covering

(fig. 3k).

SEAL DESIGN GROUPS (cont.)
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HDS3’s standard features include adjustable lugs, a Duralip sealing 

element for reduced wear and extended service life and a spark-free

inner diameter (I.D.). Other features include Spring-Lock and Spring-

Kover for maximum spring protection (fig. 3l). Spark free I.D. reduces

the chance the seal shell and shaft will come into contact, due to

extreme misalignment or bearing wear. Adjustable lugs allow for

installing two seals in tandem.

HDS seals are available for over 4,600 inch and metric sizes, and new

sizes within catalog guidelines can be created without tool changes or

long lead times.

SSiizzee
Metal clad seals fit shafts 8” (203.20 mm) to 62” (1574.80 mm)

in diameter.

PPrreessssuurree
Pressure tolerance of 10-15 psi (.07 - .10MPa).

SSppeeeedd
5,000 fpm (25.40 m/s) and greater are possible. The HDS type seal

can handle these speeds in most applications.

TTeemmppeerraattuurree
Handles temperatures ranging from -40˚F to 250˚F (-40˚C to

121˚C) or greater, depending on lip material.

SSeeaalliinngg  EElleemmeenntt MMaatteerriiaallss
Nitrile is the standard elastomer base. Duralip, Duratemp and SKF

LongLife fluoroelastomer are also available.

More technical and size information on metal clad large diameter seals

can be found in the SKF Handbook of Seals.

SSeeaalliinngg  CCoommbbiinnaattiioonnss  
Two metal clad seals, back-to-back or in tandem, provide extra-duty

sealing, cost less and install easier than a double seal. However, in

applications where the bore is not wide enough to hold two seals, 

two elements may be combined in one seal assembly.

Dual metal clad types are described below.

HHDDSSAA
HDSA has a single, spring-loaded sealing lip combined with 

a non-spring loaded auxiliary lip for maximum exclusion (fig. 3m).

There are two designs available. HDSA1 has Spring-Lock; HDSA2 

has Spring-Lock and Spring-Kover. In both designs, the auxiliary lip’s

chamfer faces the spring-loaded lip, allowing easier shaft insertion

from the direction of the springloaded lip.

3

HDS3

HDSA

HDS3 features a spark-free I.D. which

reduces contact between the seal

shell and shaft surface. (fig. 3l). 

HDSA seal is designed with

or without a Spring-Kover

(fig. 3m).



HHDDSSDD
Type HDSD has two opposing sealing elements in a single shell 

(fig. 3p).  That makes this design ideal for separating two fluids in 

applications where two individual seals are impractical.  Both sealing

lips in HDSD1 have Spring-Lock, while each sealing lip in HDSD2 has

Spring-Lock and Spring-Kover. HDSD can also be used to retain and

exclude.

There must be ample lubrication between the two sealing elements.

Pack the cavity between the lips with grease, or optional drill lube holes

from the O.D. to the I.D. for lubrication for sealing elements can be

provided by SKF. 

HHDDSSEE
HDSE has two sealing elements with both lips facing in the same 

direction (fig. 3q).  This design is recommended in applications where a

back-up seal is desired for retention or exclusion, but there is no room

for two seals.  HDSE1 features Spring-Lock on both lips, while HDSE2

features both Spring-Lock and Spring-Kover. If installed to exclude,

grease lubrication should be used for the bearings.

Lubricating the back-up lip is very important, since it could easily run

dry.  The primary lip usually stays well lubricated from the fluid being

retained. SKF can provide HDSE with pre-drilled lube holes on the O.D.
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HHDDSSBB
HDSB is similar to HDSA in that it also has a non-spring loaded 

auxiliary lip combined with a spring-loaded lip (fig. 3n). The chamfer

on the auxiliary lip of the HDSB faces away from the spring-loaded 

lip, permitting easier shaft insertion from the back. This eliminates 

the need to reverse the direction of the auxiliary lip when the shaft

enters the seal. However, HDSB may be less effective in contaminant

exclusion due to the direction of the auxiliary sealing element.

Two designs are available. HDSB1 and HDSB2 both have 

Spring-Lock, while HDSB2 also has Spring-Kover.

HHDDSSCC
HDSC (fig. 3o) is similar to HDSA, but with one exception. The auxiliary

lip is placed on the spring side of the spring-loaded lip and faces the

same direction, providing maximum exclusion of foreign materials. 

This style is recommended when excluding foreign materials is more

important than retaining lubricants. When HDSC is installed, both 

sealing elements point toward the material being excluded. HDSC

should not be used in oil lubricated systems.

HDSB seal has both a spring-loaded

and non-spring loaded lip (fig. 3n).

For maximum exclusion of 

contaminants, HDCS seal has an 

auxiliary lip on the spring side of 

the spring-loaded lip (fig. 3o).

For separating two fluids, HDSD

has opposing sealing elements in 

a single shell (fig. 3p)

Where back-up sealing action

is desired, HDSE’s two sealing

elements serve as two seals in

one (fig. 3q).

SEAL DESIGN GROUPS (cont.)

HDSB

HDSC

HDSD

HDSE
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EEPP--22000000
The newest member of the HD seal family is the EP-2000 

(Extra Performance construction) type HDS7; fig. 3r.

Water and solid contamination ingress is a common cause for

bearing failure. SKF has developed the EP-2000 as a grease seal 

with enhanced exclusion capabilities.

The highly engineered EP-2000 features a computer optimized,

springless lip profile designed to retain lubricants and aggressively

pump contamination away from the lip. The increased ability of the EP-

2000 to exclude contamination makes it an ideal equipment

protector in heavily contaminated environments such as the water

and scale present in rolling mill applications. With this design, the lip

should always face away from the bearings.

HHDDLL
The HDL seal (fig. 3s) is a premium metal clad oil seal that is especially

designed to operate in severe conditions including high speeds and

temperatures, high run-out, and high misalignment. The excellent

high-speed performance characteristics of the HDL make it the pre-

ferred design in the severe environment encountered in the rolls of 

papermaking machines.

NNoonn--MMeettaall  CCllaadd  SSeeaallss  ((TTyyppee  HHSS))
There are two basic types of HS all-rubber seals: solid and split. 

All-rubber seals are popular and commonly used where space 

limitation and installation difficulties are major considerations. While

metal-clad seals generally provide more positive lubricant retention,

all-rubber seals are an excellent compromise where cost would be high

to tear down and reassemble the unit for the purpose of replacing the

seal. The split type offers a distinct advantage since the equipment

generally doesn’t need to be completely torn down to replace the seal.

Split seals perform best in grease or below-centerline fluid-lubricated

applications on horizontal shafts. They are generally not recommended

for vertical shafts (except for HS8, covered on page 21).

The springless lip concept of the 

EP-2��� also reduces radial load.

Radial load can be thought of as the

‘squeeze’ force that the seal exerts on

the shaft.  High radial load can lead

to increased seal wear and elevated

underlip temperatures decreasing 

seal life (fig. 3r). 

The HDL features a stainless steel

garter spring that is entrapped by

individual finger springs, also made 

of stainless steel, around the entire

circumference of the seal.  The 

spring combination allows the seal 

to compensate for severe conditions 

in order to maintain high levels of

sealing performance, operational life, 

and equipment reliability (fig. 3s).

3

HDS7

HDL



HS5 is the same as HS4, but with 

a Spring-Kover to provide added 

protection (fig. 3w).
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SEAL DESIGN GROUPS (cont.)

CCoovveerr PPllaatteess
All HS type seals, split and solid, require the end-user to fabricate and

use a cover plate for proper fit (fig. 3t). The cover plate provides axial

compression and supplements radial press-fit to ensure a leakproof

seal. Refer to Large Diameter Split Seal Installation section for details.

SSoolliidd  DDeessiiggnnss  ((HHSS33,,  HHSS44,,  HHSS55))
The differences between these three designs lie in the shape of the

sealing element and the method of retaining the garter spring.

HHSS33
HS3 is an all-rubber seal with a single spring-loaded element (fig. 3u).

The spring is held in an open groove which permits easy access to the

garter spring. This design is recommended for vertical and horizontal

shafts (Split version: HS9). Limited availability. All new machine

designs, and field replacements, should be made with HS4 or HS5.

HHSS44
HS4 is an all-rubber seal with a single spring-loaded element (fig. 3v).

The Spring-Lock secures the spring during installation regardless of

the direction of shaft entry. It is recommended for vertical and 

horizontal shafts and for use with a cover plate. It is used in steel mills,

work rolls and other applications requiring frequent shaft removal 

and installation. (Split versions: HS6).

HHSS55
HS5 is identical to HS4, except that it also has a Spring-Kover (fig.

3w). HS5 is recommended in applications where materials could affect

the garter spring or when installation can cause the spring to pop 

out (Split versions: HS7 and HS8). It can be used for vertical shaft

assemblies in flooded conditions.

SSpplliitt DDeessiiggnnss  ((HHSS66,,  HHSS77,,  HHSS88,,  HHSS99))
Split seals are recommended in applications where downtime is 

critical and shaft disconnection is impractical. The split seal design

offers a distinct advantage over solid seal types. It is placed around 

the shaft, the spring connected and then the seal is pushed into the

seal bore. A cover plate provides axial and radial compression 

and butts the split ends together.

Split seals perform best in grease applications or on well-lubricated

horizontal applications where the oil is below the shaft centerline. 

Split seals generally have poor pressure sealing capability.

The HS3 all-rubber seal has a spring

held in an open groove, permitting

easy access to the garter spring (fig. 3u).

The HS4 all-rubber seal’s spring is

secured by a Spring-Lock (fig. 3v).

All HS seals require a cover plate 

for proper fit (fig. 3t).

HS3

HS4

HS5



HS8 features a positively connected

spring protected by a Spring-Lock

and Spring-Kover. It is the most

secure and versatile split seal (fig. 3y).

HS8
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HHSS66
Recommended for general operating requirements, HS6 is 

an all-rubber split seal with a single spring-loaded element and a

Spring-Lock. HS6 has a separate loose spring that can be removed

easily so the ends may be connected during installation. A hook-and 

eye type spring connector is used with HS6 seals for shafts over 18”. 

A threaded type spring connector is used on smaller sized seals. 

For proper fit, a cover plate is required.

Note: HS7 and HS8 split seals are preferred where separate seal 

and spring installation is unnecessary.

HHSS77
The most easily installed split seal design, HS7 is an all-rubber seal

with a single spring-loaded element (fig. 3x). It has both Spring-Lock

and Spring-Kover. A special guide wire joins the seal together, making

it very easy to install (fig. 3x). After installation, the spring is reconnected

by simply running the control wire into the center of the spring coil

across the split (butt joint). For proper fit, a cover plate is required.

Because this sealing arrangement is not as positive as HS8 (see

below),  HS7 is recommended for retaining only grease lubricants on

horizontal shafts at speeds under 1,500 fpm (7.62 m/s).

HHSS88
HS8 is an all-rubber seal with a single spring-loaded element (fig. 3y).

It features a positive spring connection (hook-and-eye or threaded) in

addition to its Spring-Lock and Spring-Kover. The spring is enclosed

except for a small portion on either side of the split. Unlike other HS

split seals, HS8 is recommended for vertical shafts.

Since HS8 provides the most positive seal of all split type designs, it is

the preferred design in applications for the retention of light lubricants

and water exclusion. It also is recommended for sealing light oils and

heavy greases as well as in applications where there could be extreme

misalignment or run-out. HS8 performs best on horizontal shafts, but

may be used on vertical shafts that are not oil flooded at speeds up to

2,000 fpm (10.16 m/s).

HHSS99
HS9 is identical to the HS3 solid seal except that it is a split design.  

It is recommended in applications requiring grease retention on 

horizontal shafts at speeds up to 1,500 fpm (7.62 m/s).  HS9 can seal

lighter lubricants or work at higher speeds only if misalignment or run

out are not excessive.  This seal has a narrow cross section and is 

designed for smaller shaft size, under 9” (228.6mm).  

Limited availability. All new machine designs, and field replacements,

should be made with HS6 or HS8.

HS7 seal is all rubber

with single spring protected by

Spring-Lock and Spring-Kover.  

HS7 seal’s guide wire makes 

installation easy (fig. 3x).

3

HS7
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SSBBFF aanndd  HHSSFF
The SKF family of all-rubber seals includes metal inserted (SBF) 

and fabric reinforced (HSF) products (fig. 3z).  The fabric-reinforced

series is available as solid round or with an open joint (split).  When

required by customers, they can be used interchangeably with all 

rubber HS types and are often found in imported heavy industry

machinery.  The inserted SBF type is an alternative to solid HS or

HSF all rubber seals that eliminates the need for a cover plate.  

All-rubber seals do not score the bore even after repeated installations

and extractions.  This prevents damage to the metal that can cause

bypass leakage.  All rubber-seals accept rougher bore finishes, reducing

machining costs.  They are especially helpful for split housings.  They

resist corrosion and will not seize in the bore even years after assembly.

MMuullttiippllee  SSpplliitt SSeeaatt IInnssttaallllaattiioonn
When split seals are used in multiples, it is necessary to separate the

seals and provide extra lubrication between them. For the best results,

a slotted washer should be fabricated and installed between the seals

(fig. 3aa). SKF does not supply slotted washers.

For best performance, multiple split seals should have staggered 

butt joints, for example: one joint at 10 o’clock, the other at 2 o’clock.

VV--RRiinnggss
The V-Ring is an all-rubber seal that mounts directly on the shaft

by hand, and is then pushed axially against a counterface, housing,

bearing race or similar surface. Usually made of nitrile or flouroelas-

tomers, other compounds may be obtained on special orders.

Designed with a long flexible lip, it acts like a mechanical face 

seal, or a flinger. The V-Ring can be used as the primary seal or

as a back-up seal, to retain lubricants or exclude contaminants. The 

V-Ring, which has very high surface speed capabilities, can run without

lubrication. Minimal friction and heat buildup results in extended seal

life.  V-Rings running over 1600 FPM (8.13 m/s) may require axial

support and radial retention at even higher velocities.

Its design is based on three components: The body, a conical 

self-adjusting lip, and a hinge. The elastic body adheres to the rotating

shaft while the actual sealing occurs at the point of contact between 

the conical lip and counterface. The counterface can be the end of a

bearing, washer, suitable steel stamping or even the back of an 

oil seal case. The V-Ring’s flexible hinge causes the sealing lip to apply

very light contact pressure against the counterface. Generally, fine shaft

or countersurface preparation is not necessary.

All rubber seals do not score the

bore after repeated installations

and extractions.  This prevents

damage to the metal that can

cause bypass leakage (fig. 3z).

SBF

Slotted washer installed between

seals provides room for extra 

lubrication when needed (fig. 3aa).

BA

SEAL DESIGN GROUPS (cont.)

HSF SBF
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Because of its elasticity (the V-Ring stretches up to 2 1/2 times 

its molded diameter), the V-Ring can be easily mounted without

disassembling the shaft—even over flanges, pillow blocks and other

assemblies.  V-Rings also may be split, rejoined by hot bonding (down 

to approximately 18.000”(459.20 mm shaft diameter), or cold-bonded

and used for difficult installations.

VV--RRiinngg  FFiitttteedd  DDiimmeennssiioonn
The fitted dimension of the V-Ring is known as the B1 dimension 

(fig. 3bb). This dimension changes as shaft diameters increase. It is

very important when installing a V-Ring. The distance from the back

or “heel” of the seal to the counterface (this is where the sealing lip 

contacts the surface axially) must be strictly adhered to. This 

dimension is listed as “seal width” in the SKF Handbook of Seals, 

V-Ring size listings section.  Other key dimensions are also found in

the handbook. There are no requirements for special machining, tight

tolerances or stringent finishes to apply the V-Ring into an existing

application. In most cases it can be retrofitted with little or no changes

to the equipment.

AApppplliiccaattiioonnss
The V-Ring is suited for direct shaft mounting in sealing applications for:

• Conveyor rollers

• Transport equipment

• Rolling mills

• Agricultural machinery

• Paper mills

• Grinding equipment

• Appliances

SSttyylleess
V-Rings are available in five styles. Standard material is nitrile; 

fluoroelastomer compounds are available in many sizes and special

compounds can be quoted. V-Rings for shafts 8.000” (203.20 mm)

and over can be cut and rejoined by hot or cold bonding.  Smaller

nitrile V-Rings can be cold bonded.  Note that cold bonding of LongLife

materials is not possible at this time.

VVRR11
Ideal for conveyor rollers and appliances, VR1 is the most common 

style (fig. 3cc). It is available in the widest range of sizes from .110” 

to over 78.74” (3mm to 2000mm) nitrile and fluoroelastomer lip

materials are available as standard. Other compounds can be quoted.

The fitted dimension of 

the V-Ring is called “B1”

dimension (fig. 3bb).

B1

VR1 is the most common

style V-Ring (fig. 3cc).

3

VR1
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SEAL DESIGN GROUPS (cont.)

VVRR22
This is the original V-Ring (fig. 3dd). It is designed with a wide body 

and tapered heel which holds the seal firmly against the shaft and acts

as a deflector.

VR2 is available in sizes ranging from .177” to 8.270” (4.50mm 

to 210mm). It is generally used in contaminated industrial and 

agricultural applications.

VVRR33
With its very narrow axial cross-section, VR3 is excellent for use in 

pillow blocks to supplement or replace labyrinth seals or where the 

fitted width (B1) is not adequate for a style VR1 (fig. 3ee). VR3 is 

available with nitrite and fluoroelastomer lip materials, in sizes that

fit shafts ranging from 4.13” to 79.724” (110mm to 2000mm).

VVRR44
Known as the heavy-duty large diameter V-Ring, VR4 is commonly

used in rolling mills as a dirt/water excluder (fig. 3ff). Sizes range 

from 11.811” to over 78.740” (300mm to over 2000mm) shaft

diameter. VR4 is available in nitrile and flouroelastomer.

VVRR55
This heavy-duty, large diameter style V-Ring can be easily fitted with 

a standard clamping band for axial location in high-speed and large

diameter applications (fig. 3gg). VR5 is ideal for steel mills, ball mills

and paper mills. It is available for shaft diameters from 11.811” to 

over 78.740” (300mm to over 2000mm). This design can also be

machined to special widths and lip heights. Available in nitrile and 

fluoroelastomer. 

VVRR66
A new version, VR6, is similar except there is no “footer” extension

from the housing (see fig. 3hh). It is available by special quotation. VR4

should be used for most replacement applications. VR6 is a special

order profile mainly used for new machine applications and it will

eventually phase in as a general catalog item. 

VR2 is the original V-ring (fig. 3dd).

A narrow axial cross-section makes

VR3 ideal for certain applications

(fig. 3ee).

VR4 is heavy-duty large diameter

V-Ring (fig. 3ff).

The heavy-duty, large diameter VR5

is ideal for steel mills, ball mills and

papermills (fig. 3gg).

VR2

VR3

VR4

VR5

VR6
VR6 is a new heavy-duty profile 

similar to VR5 except it fits a more

compact size (fig. 3hh).
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Scotseal Oil Bath Seals
SSKKFF SSccoottsseeaall®® PlusXL
FFeeaattuurreess
The Scotseal® PlusXL is a rubber unitized, one piece design. The

Scotseal PlusXL consists of four sealing lips; a spring loaded primary

sealing lip with patented Waveseal® design that is factory pre-lubed, 

a radial and axial dirt lip, plus an outer bumper lip that acts as a 

preliminary dirt excluder. Scotseal PlusXL requires no special installation

tools and maintains a rubber-to-metal contact between the seal O.D.

and the hub bore surface as well as a rubber-to-metal contact

between the packing I.D. and spindle (see fig. 3ii).

BBeenneeffiittss
The Scotseal® PlusXL design with extended life capabilities is the 

SKF premium performance seal, offering maximum sealing life under

virtually all driving conditions. The new high-temperature, synthetic

lubricant friendly material of the new Scotseal PlusXL, Hydrogenated

nitrite Butadiene Rubber (HNBR), is an excellent choice for frequent

braking applications. HNBR elastomeric material provides heat

resistance up to 300˚F (149˚C) and broad compatibility with today’s

synthetic lubrication fluids. The unsurpassed exclusion properties allow

the Scotseal PlusXL to perform in very harsh conditions. The new

Scotseal PlusXL with the unique hand-installable design includes 

a fat footprint ensuring stability on the shaft. Worn hubs and spindles

are not a problem for the Scotseal PlusXL.

SSKKFF SSccoottsseeaall®® Longlife
FFeeaattuurreess
SKF Scotseal® Longlife is a unitized, one piece design consisting 

of a sealing element (packing) that is assembled between a metal 

outer and inner case. The Scotseal LongLife's packing consists of 

four sealing lips; a spring-loaded primary sealing lip that is factory 

pre-lubed, a radial and axial dirt lip, plus an outer bumper lip that

acts as a preliminary dirt excluder. The Scotseal Longlife is press-fit

into the hub bore using Scotseal Installation Tools. The Scotseal

Longlife maintains a metal-to-metal contact between the seal O.D. 

and the hub bore surface as well as a metal-to-metal contact

between the packing I.D. and the spindle (see fig. 3jj).

BBeenneeffiittss
The Scotseal® Longlife was built upon the success of the original

Scotseal design, which gave SKF engineers a great start in their

development of a new extended life seal. Computer aided design (CAD)

of lip geometry and the addition of an axial dirt excluder lip was 

combined with a newly formulated material to produce Scotseal®

Longlife–a premium performance seal with the characteristics 

required by many of today’s demanding heavy duty environments.

Scotseal PlusXL (fig. 3ii). 

Scotseal Longlife (fig. 3jj). 

3
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SEAL DESIGN GROUPS (cont.)

SSKKFF SSccoottsseeaall®® Classic
FFeeaattuurreess
SKF Scotseal® Classic is a unitized, one piece design consisting of 

a sealing element (packing) that is assembled between a metal outer

and inner case. The packing consists of three sealing lips; a spring-

loaded primary sealing lip that is factory pre-lubed, a dirt exclusion 

lip, and an outer bumper lip that acts as a preliminary dirt excluder.

The seal is press-fit into the hub bore using Scotseal Installation Tools.

The Scotseal Classic maintains a metal-to-metal contact between the

seal O.D. and the hub bore surface as well as a metal-to-metal contact

between the packing I.D. and the spindle (see fig. 3kk).

BBeenneeffiittss
The original Self Contained Oil Type Seal, Scotseal® Classic became 

the trucking industry standard—and the best value for more than 30

years. With literally trillions of road miles to its credit, Scotseal Classic

has proven to be a solid choice for dependable, long lasting service.

Time and time again, field studies show that when properly installed,

using SKF tools and procedures, Scotseal Classic is a reliable performer

for meeting the sealing requirements between brake maintenance

intervals.

HHeeaavvyy--DDuuttyy  MMeecchhaanniiccaall  SSeeaallss
SKF heavy-duty, dual face (HDDF) seals are used where positive 

lubrication retention and dirt exclusion are both required (fig. 3ll).

Typical applications include mixers, mining equipment, grinders, rollers,

off-road equipment or wherever abrasive contaminants would cause

failure of a general purpose seal.

FFeeaattuurreess
SKF’s heavy-duty DF seal operates on the principle that two lapped

mating surfaces—a sealing ring and a mating ring—rotate against the

other at right angles to the shaft. This forms an ideal, leakproof seal.

Each one is composed of four components: two identical, high alloy, 

corrosion resistant steel sealing rings and two similar, opposed

Belleville washers of compounded elastomers, one with a patented

retainer lip. The seal fits easily into conventional, straight bore hous-

ings, with neither special machining or polishing of the bore required.

SKF’s HDDF seal is designed 

for applications requiring both

positive lubricant retention and

dirt exclusion (fig. 3ll).

For protection against damage or

contamination, a special retainer

holds the two sealing ring faces

together (fig. 3mm).

Scotseal Classic (fig. 3kk). 
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BBeenneeffiittss
Extensive testing under rigorous conditions proves that the heavy-duty

DF seal performs dependably at least ten times longer than soft face

designs, and three times longer than other metal face designs.

The one-piece heavy-duty DF seal installs simply by hand. No special

tools or jigs are required. A small retaining lip on the O.D. edge of one

of the washers holds and centers the entire seal in the bore while the

assembler installs the companion bore or flange.

AAxxiiaall  CCllaammpp  SSeeaallss
Axial clamp seals (fig. 3nn) are recommended especially for large 

diameter applications where additional protection from heavy amounts

of contamination is required for the primary seal. Examples include

steel and paper mill rolling equipment, logging operations, and rock

and ore crushing applications. Clamp seals are available in 3 design

variations and are intended for stationary mounting, usually on 

horizontal shoulders though they can also be mounted vertically. The

clamp seal must be fitted against a positive stop. Assembly is usually

easily done by wrapping around the shoulder diameter and tightening

the stainless steel screw clamp. The seal may have no gap at the 

ends (butt joint) or an optional drain gap.

DDeeffeennddeerr bbeeaarriinngg  iissoollaattoorr
A new sealing concept known as the bearing isolator relies on very

small internal clearances and dynamic non-contacting technology.

SKF’s Defender isolator is an assembled, two-piece labyrinth or gap

seal utilizing a stator element pressed into the housing bore and a

rotor fixed to the shaft. Fluid or particle contamination trying to enter

the machine system is limited by the small labyrinth gap. Any that does

get into the labyrinth is collected and expelled out a port at the bottom

of the seal. Grease or oil lubricants can be contained so long as they

do not flood the seal stator, however the Defender (fig. 3oo) itself can

run dry indefinitely. Besides highly effective contaminant protection,

bearing isolators offer long service life with virtually no torque drag,

friction or power loss. Defender isolators are stocked for specific 

equipment applications or can be produced to the necessary dimensions.

NNoonn--SSttaannddaarrdd  SSeeaall  CCoonnffiigguurraattiioonnss
SKF seals include a variety of non-standard designs for specific 

applications. Fig. 3pp shows sectional views of their configurations.

Engineered for special sealing applications by SKF, they are examples 

of the company’s ability to respond to end-users’ unique requirements.

The designs shown are not all available in a complete range of sizes

and/or materials. However, quantities of certain sizes/materials are

inventoried. Whatever application, SKF offers consulting services to help

end-users find stock or custom solutions to their shaft sealing problems.

Defender bearing isolators are

special unitized, two piece seals

that are easily installed into

housing bores (fig. 3oo).

Sectional views of SKF’s non-standard

seal configurations.  (fig. 3pp).

Bearing

Shaft

Oil Level

Housing

Stator

Flouroelastomer 
O-rings

Rotor

Ejection Port

CRS1 CRSA9 D7

FF1 HMA3 HMS4N HMSA11

W1 X1 X4 X14

A stainless steel screw type

clamp secures and locks the axial

clamp seal in place (fig. 3nn). 

Axial Clamp Type Seal

Chock

Roll

Primary
Seal

Fillet Ring

3
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SEAL DESIGN GROUPS (cont.)

OOlldd  vvss..  NNeeww  SSeeaall  DDeessiiggnnss
Following the “original” leather strap seals, the first engineered 

designs were known as “assembled” or “clamp-type” seals. They were

assembled by laying two sealing elements and three metal spacer rings

into an outer shell and clamping these components together. They

were wide and sturdy in appearance, and tended to apply high lip

pressure to the shaft, creating shaft wear. A garter spring was placed

against the primary or retention element. The sealing lips were usually

trimmed to size, using a knife.

In today’s designs, the sealing element is molded to size, and 

permanently bonded to a metal case (fig 3qq). In modern spring

loaded molded seals, a garter spring is snapped into a mold-formed

groove in the sealing member. Today’s seals are narrower, lighter

and less sturdy in appearance, but their designs give them uniform 

compressive sealing force. Only a thin band of lip material rubs against

the shaft so they can operate at higher speeds with less friction.

PPTTFFEE  sseeaallss
SKF PTFE seals (fig. 3rr and fig. 3ss) are assembled or machined,

made-to-order radial shaft seals based on PTFE (Teflon® or

polytetrafluoroethylene). This thermoplastic material has properties

that exceed the capabilities of rubber compounds. PTFE seals can

accept high surface speeds, pressure and dry running conditions and

have high wear resistance and service life. Their temperature range 

is very wide and they resist attack by nearly all acids, solvents and

chemical agents. They can be made for variety of inch or metric sizes

from small to large diameter, often without any tooling charge. PTFE

seals generally require a high quality shaft finish and hardness, and 

are engineered to meet specific application conditions.

General purpose design for lubricated

media and moderate pressure and

surface speeds (fig. 3rr).

Pressure design for service to 5�� 

psi (35 bar). Variations for vacuum

and high shaft speeds (fig. 3ss).

Older “clamp-type” seal (left) has

been replaced by newer hydrodynamic

Waveseal (right) (fig. 3qq).

“OLD” DESIGN ““NNEEWW DDEESSIIGGNN””
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Chapter 3 Review
To take this test, simply place a card or sheet of paper under the first question. After

you’ve read it (and answered it to yourself) slide the paper down below the next question.

The correct answer to the first problem will appear directly to the right of the new question. 

Be sure not to skip any questions.

I . Heavy-duty mechanical seals (HDDF) _________________.

❑ a. retain lubricants

❑ b. exclude contaminants

❑ c. can be used under severe service conditions

❑ d. all of the above

1. D

2. The _________________is a smooth lip, bi-rotational hydrodynamic radial lip seal that

pumps lubricant back into the sump while sealing out contaminants.

❑ a. V-Ring

❑ b. metal clad seal

❑ c. Waveseal

❑ d. none of the above

2. C

3. An advantage of the Waveseal is it _________________.

❑ a. generates 20% less frictional torque or drag, which reduces shaft scoring

❑ b. pumps liquid back into the sump while drawing in less contaminants

❑ c. generates 25%-35% less heat at contact, which reduces early seal failure

❑ d. all of the above

3. D

4. HS all-rubber _________________ may be placed around the shaft, the spring 

connected and the assembly pushed into the seal bore.

❑ a. split seals

❑ b. solid seals

❑ c. both of the above

❑ d. neither of the above

4. A

5. When split seals are used in multiples, a_________________is often used to separate

the seals and provide extra lubrication between them.

❑ a. horizontal shaft

❑ b. slotted washer

❑ c. control wire

❑ d. butt joint

5. B

6. _________________ are dual face mechanical seals used where both positive 

lubrication and dirt exclusion are required.

❑ a. Waveseals

❑ b. V-Rings

❑ c. HDDF seals 

❑ d. Retention seals

6. C

3



7. The V-Ring is an all-rubber seal that _________________. 

❑ a. mounts directly on the shaft by hand

❑ b. is sealed axially against a counterface, housing bearing race or similar surface

❑ c. acts like a mechanical face seal, or flinger

❑ d. all of the above

7. D

8. Heavy-duty mechanical seals (HDDF) _________________.

❑ a. retain lubricants

❑ b. exclude contaminants

❑ c. can be used under severe service conditions

❑ d. all of the above

8. D

9. _________________ are recommended for large diameter applications where there is a

need for two seals but room for one, as in steel and paper mills or logging operations.

❑ a. Heavy-duty seals

❑ b. Axial clamp seals

❑ c. V-Rings

❑ d. None of the above

9. B

10. HDS metal clad and HS non-metal clad (all-rubber) seals are the two basic types of

large diameter seals.

❑ True ❑ False

10. T

11. Cover plates, required by all HS type seals, provide axial compression and supplement

radial press-fit to ensure leakproof seals.

❑ True ❑ False

11. T

12. Pressure Waveseals (CRW5 and CRWA5) perform better than conventional 

lip seal designs in pressurized environments, and can be used to replace some

mechanical seals.

❑ True ❑ False

12. T

13. Type HDSD has two opposing elements in a single shell, making it ideal 

for separating two fluids in applications where two seals are impractical.

❑ True ❑ False

13. T

14. PTFE seals can run for long periods of time without lubrication and resist attack by

many acids and solvents.

❑ True ❑ False

14. F

15. Metal clad seals (Type HDS) are incapable of handling high speeds.

❑ True ❑ False

15. F
3300
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16. Two metal clad seals (Type HDS), back-to-back or in tandem, provide extra-duty 

sealing, cost less and install easier than a double seal.

❑ True ❑ False

16. T

17. SKF heavy-duty mechanical seals (HDDF) are not recommended when abrasives or

contamination could cause premature failure of general purpose seals.

❑ True ❑ False

17. F

18. Axial clamp seats are difficult to use and require special tools for installation.

❑ True ❑ False

18. F

19. The heavy-duty DF seal has a special retainer to hold the two sealing ring faces

together for protection against damage or contamination.

❑ True ❑ False

19. T

20. The V-Ring’s elastic body adheres to the rotating shaft while the actual 

sealing occurs at the point of contact between the lip and counterface.

❑ True ❑ False

20. T

21. An axial clamp seal assembles securely and locks in place with a stainless 

steel screw type clamp.

❑ True ❑ False

21. T

22. The heavy-duty DF seal’s seating ring and mating ring rotate against each 

other at right angles to the shaft to form a leakproof seal.

❑ True ❑ False

22. T

23. Scotseal oil bath seals have three seating lips: one primary lip to keep oil in, 

two secondary lips to keep dirt out.

❑ True ❑ False

23. T

24. Scotseal Plus oil bath seals can be installed by hand, using no more than 

common shop tools if any at all.

❑ True ❑ False

24. T

25. Defender bearing isolators require no lubrication but provide highly effective 

protection against fluid or particle contamination.

❑ True ❑ False

25. T

3
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Chapter 4—
Seal Applications
SSeeaall  SSeelleeccttiioonn  bbyy  AApppplliiccaattiioonn
When selecting a seal for a specific application, it is important to know

what the seal is supposed to do and what operating conditions are

present. Common types of applications and seal designs recommended

for them are covered below.

SSeeaallss  ffoorr CCoonnttaammiinnaanntt EExxcclluussiioonn
In steel mill or work roll applications, an abundance of contaminants—

scale, water spray, abrasive particles—are usually present. The seal’s 

primary function is to exclude contaminants and prevent them from

entering the bearing cavity.

A back-up excluder seal, such as a V-Ring, is recommended (fig 4a).

The V-Ring can function as the primary seal or, in applications where

there is excessive contamination, it can provide protection for the 

primary sealing element, increasing its life and reliability.

The V-Ring is designed to exclude dust, mud, water and most

contaminants, and can handle pressures up to 10 psi/.07 MPa (static)

or 3-5 psi/.02-.03MPa (dynamic). An all-rubber design, it stretches (up

to 2-1/2 times its diameter) over the shaft, easing installation.

As the seal rotates with the shaft, centrifugal force provides a “flinger”

effect, keeping out dust, mud, water and most contaminants. Exclusion

seals can be installed axially against any suitable counterface (bearing,

other seal, pillow block, bearing assembly or other housing). They 

generally do not require lube for normal operating conditions.

SSeeaallss  ffoorr GGrreeaassee  RReetteennttiioonn
Grease lubricated applications, such as electric motors or small trailer

wheels, are generally easier to seal than oil lubricated applications.

When cost is also a factor, a non-spring loaded seal such as an HM

design, is usually the most cost-effective design for grease retention.

(fig. 4b).

The HM seal design retains grease at shaft speeds up to 2000 fpm,

(10.16 m/s) and handles pressure up to 3 psi/.02 MPa. It should be

installed with the lip facing the grease, except in applications where

grease purge is desired. In “purge”-type applications, the lip should 

face away from the grease lube.

In grease retention applications where contaminants are present, 

a V-Ring can also be installed as a back-up excluder.

V-Ring excludes contaminants,

prevents them from entering

bearing cavity (fig. 4a).

Non-spring-loaded HM seal is a

cost-effective design for grease

retention. Note that the lip faces the

lube in this application (fig. 4b).
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SSeeaallss  ffoorr OOiill  RReetteennttiioonn
Input-output shafts, gearboxes and driveshafts are oil-lubricated 

applications. These and other oil retention applications require 

spring-loaded seals, either with or without inner shells (fig. 4c). 

CRW and CRWA are spring-loaded Waveseals recommended for oil 

retention. They should be installed with the lip facing the lubricant.

They are capable of handling shaft speeds up to 3600 FPM (18.29

m/s). While they are designed with nitrile, silicon or LongLife 

fluoroelastomer lip materials, the material selected must be 

compatible with the lube being used.

SSeeaallss  ffoorr EExxcclluussiioonn//RReetteennttiioonn
Some applications require positive oil retention and absolute dirt

exclusion. The best way to solve this problem is with two seals. One

faces the bearing to retain the lubricant. The other faces out to exclude

contamination. A variety of combinations can be used depending on 

the space available and the operating conditions.

For very severe dirt, water and mud conditions, SKF has designed 

the HDDF series (fig. 4d). Classified as “heavy-duty mechanical” seals,

their typical applications are track rollers and final drives for mining

equipment, earth moving vehicles, mixer and rock crushers.

The HDDF seal has a dual face construction which retains lube 

while excluding water, dirt and abrasive materials. The HDDF resists

abrasives that cause radial type seals to fail. Other seal recommendations

include the G, HD, and HM series seals. These are for light to moderate

dirt exclusion applications at slow shaft speeds.

Recommendations for severe dirt exclusion applications include the 

A, B, TL and XTL, which are heavy-duty designs with multiple lips.

SSeeaallss  ttoo  SSeeppaarraattee  TTwwoo  LLiiqquuiiddss
Sometimes, a shaft runs through two liquids which must be kept

separate. The previous seal design used in this application has two

spring-loaded elements and one seal case. The D7 design has the two

sealing lips point in opposite directions and both are spring-loaded.

There is room between the sealing lips for a grease pack when one is

needed. If necessary, holes can often be drilled from the outer to the

inner diameter to align with existing lubrication grooves. Typical 

applications include separating different lubricants in gearboxes, 

transmissions and transfer cases.

Oil retention applications

require spring-loaded seals,

either with or without inner

shells (fig. 4c).

SKF’s HDDF seal is designed to

provide both positive oil retention

and absolute dirt exclusion (fig. 4d).

4
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Seal Applications (cont.)

An alternative, more effective solution is to use two seals of the same

design (CRW1 or CRWH1) installed back-to-back. The sealing lips must

be pointed toward the liquid which they are intended to retain. One lip

should face the lube, while the other faces the fluid (fig. 4e). 

To retain a fluid, a spring-loaded seal should be used. If one side will 

be occasionally called upon to run in a dry atmosphere, a compatible

grease pack should be used in the cavity between the two seals to

insure sufficient lubrication at all times.

SSeeaallss  UUsseedd  iinn  CCoommbbiinnaattiioonn
To satisfy the needs of particularly difficult applications (such as 

multiple requirements in one location) or extreme operating conditions,

seals can be used in combination. Such applications might be rolling

mills and power take-off assemblies, where lube retention and 

contaminant exclusion are equally critical.

There are several combinations to choose from, depending on specific

application needs. One solution would be to combine opposed CRW or

HDS seals to retain lube and exclude fine contaminants. Another might

be to use a V-Ring to exclude contaminants and protect radial lip seals

for longer life (fig. 4f).

HDS seals used with V-Rings are usually the correct solution 

for applications such as roll necks in milling operations.

FFaaccttoorrss  DDeetteerrmmiinniinngg  SSeeaall  MMaatteerriiaall  SSeelleeccttiioonn
Choosing the correct seal for an application requires satisfying a 

number of operating conditions (fig. 4g). Among these are the 

application’s temperature range, lubricant compatibility, chemical 

compatibility, shaft speed(s), shaft surface finish, pressure (internal 

or external), contaminants to be excluded, housing material/condition,

and abrasion.

Other factors which should be considered are run-out, shaft-to-bore

misalignment, installation/handling, operating torque and, of course,

cost.

SSeeaalliinngg  EElleemmeenntt ((LLiipp))  MMaatteerriiaallss
Seals are available with a wide variety of sealing element materials.

Selection should be based on sealing application, compatibility with

lubricants and fluids being retained, operation temperatures and 

other operating conditions.

Detailed ratings and recommendations for each material can be 

found in the first few pages of the SKF Handbook of Seals.

Sometimes seals are used in 

combination to satisfy application

requirements. Here, a V-ring 

performs an exclusion function 

(fig. 4f).

A variety of factors are used to

determine selection of proper seal

material (fig. 4g).

An effective solution to separating

two liquids is to install two seals of

same design back to back (fig. 4e).
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SSyynntthheettiiccss
The most popular and versatile sealing element (lip) materials in 

use today are synthetics. These include thermoset elastometers such

as nitriles (standard, carboxylated and hydrogenated), polyacrylates, 

silicones and fluorelastomers plus thermoplastics such as Teflon™*. 

Each material has its own advantages and disadvantages.

TThheerrmmoosseett EEllaassttoommeerrss
Thermoset elastomers are defined as materials which are 

non-reversibly cross-linked through the vulcanization process. 

Vulcanization uses heat and catalysts to create strong molecular

bonds linking polymer chains. They compose the largest group of 

synthetic compounds. These include nitriles, polyacrylates, silicones and

LongLife elastomers (fig. 4h). 

NNiittrriillee

Nitrile is the most popular material for the majority of sealing 

applications today. It is a co-polymer of two basic synthetic compounds

Butadiere and acrylonitrile polymers. Different properties are obtained

by changing the percentage of each polymer used in the mixture 

(or copolymer).

Nitrile has generally replaced leather as a sealing lip material.

OOppeerraattiinngg  RRaannggee
Seals with nitrile sealing lips are effective in temperatures 

ranging from –40°F to 250°F (-40°C to 121°C).

AAddvvaannttaaggeess

+ Good oil compatibility

+ Good abrasion resistance

+ Good low temperature and swell characteristics

+ Good manufacturing qualities

+ Relatively low in cost

DDiissaaddvvaannttaaggeess

- Not resistant to EP lubes or synthetic oils (phosphate ester, skydrol)

- Not recommended for temperatures over 250°F (121°C)

- Vulnerable to ozone, ultraviolet light conditions

Thermoset elastomers include

nitriles, polyacrylates, silicones

and LongLife elastomers (fig. 4h)

4

*Teflon is a registered trademark of E.I. DuPont.
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Seal Applications (cont.)

IIddeennttiiffiiccaattiioonn
Varies from gray-black to shiny jet black

SSuubbssttiittuuttee  MMaatteerriiaallss
Polyacrylate, Duralip, Duratemp or LongLife and LongLife TFE 

elastomers.

DDUURRAATTEEMMPP
A special nitrile compound based on hydrogenated nitrile (HNBR)

Duratemp offers improved tensile strength and resistance to heat,

abrasion, hardening in hot oil, ozone and weathering effects. It is 

mainly used in large diameter seals in heavy-duty applications; other

sizes available by quotation.

OOppeerraattiinngg  RRaannggee
Hydrogenated nitrile seals can be used from –40°F

to 300°F (-40°C to 149°C).

AAddvvaannttaaggeess

+ Tensile strength typically 50% higher than standard nitrite

+ Ozone and UV resistance considerably improved

+ Heat resistance increased 20% with less reduction in hardness 

and elongation, especially in hot oil with additives

+ Better abrasion resistance (equal to Duralip)

LLiimmiittaattiioonnss

- Decreased elasticity at cold temperatures

- Lower compression set resistance at cold temperatures

(but better than Viton) 

- Should not be considered a universal replacement for Viton

especially considering attack by aerated lubricants and high 

temperature physical properties such as compression set

- In some cases, aerated oils can be a problem for HNBR

IIddeennttiiffiiccaattiioonn
Visually the same as standard nitrile

SSuubbssttiittuuttee  MMaatteerriiaallss
Polyacrylate, PTFE and LongLife elastomers (depending on the 

operating conditions)
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DDUURRAALLIIPP
Duralip is SKF’s special nitrile compound blended for extreme abrasion

resistance. It is recommended where scale, sand, grit, dirt or other

highly abrasive materials are present. Not usually a stocked compound,

it most often is used for large diameter HDS and HS seals. It can be

quoted for most CRW type seals.

AAddvvaannttaaggeess
+ Extreme abrasion resistance

+ See nitrile

DDiissaaddvvaannttaaggeess
- See nitrile

OOppeerraattiinngg  RRaannggee
See nitrile

IIddeennttiiffiiccaattiioonn
See nitrile

PPOOLLYYAACCRRYYLLAATTEESS
Polyacrylates are elastomers which will function at higher operating

temperatures than nitriles, as well as with extreme pressure (EP) 

lubricants. They have limited availability from stock.

AAddvvaannttaaggeess

+ Good compatibility with most oils, including EP additive

+ High resistance to oxidation and ozone

+ Tolerates higher operating temperatures than nitrile

DDiissaaddvvaannttaaggeess

- Low compatibility with some industrial fluids

- Poor compression-set characteristics

- Should not be used with water

- Poor performance in cold conditions

OOppeerraattiinngg  RRaannggee
Seals with polyacrylate lips are effective in temperatures ranging 

from –40°F to 300°F (-40°C to 149°C).

IIddeennttiiffiiccaattiioonn
Generally black; slight gloss when rubbed. May have sharp odor.

4
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Seal Applications (cont.)

SSuubbssttiittuuttee  MMaatteerriiaallss  
Nitrile, Duratemp or LongLife and PTFE fluorocarbon lip 

materials.

SSIILLIICCOONNEE  
Silicone’s high lubricant absorbency minimizes friction and wear. It can

be used in a wide range of temperatures. Silicone polymers generally

are made only in bonded designs. Limited availability from stock; also

available by quotation.

AAddvvaannttaaggeess
+ High lubricant absorbency, minimizing friction

+ Very flexible

+ Wide temperature range

DDiissaaddvvaannttaaggeess
- Poor compatibility with oils that have become oxidized, 

or with EP lube additives

- Tendency to tear and cut during installation

- Poor abrasion resistance

- Tends to wear the shaft

- Relatively high cost

- Attacked by acids, alkalai, hot water and steam

OOppeerraattiinngg  RRaannggee
Silicone seals can withstand a very wide temperature range, 

from –100°F to 325°F (-73°C to 163°C).

IIddeennttiiffiiccaattiioonn
Generally red or orange but sometimes gray or blue. Silicone seals 

feel softer and are more flexible than other materials.

SSuubbssttiittuuttee  MMaatteerriiaallss
Duratemp, Polyacrylate, LongLife, PTFE and fluoroelastomer lip 

materials. Always check the operating conditions.

SSKKFF LLoonnggLLiiffee
SKF’s LongLife fluoroelastomer is a premium synthetic lip formulation

that provides extended service life under wide temperature ranges 

(fig. 4i). It also resists degradation caused by the newer chemically

aggressive lubricants. It is compatible with an exceptionally broad 

range of media, including most oil additives and synthetic oils.

SKF’s LongLife material 

extends seal service life under

wide temperature ranges (fig. 4i).
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AAddvvaannttaaggeess

+ Extended service life.

+ Wide temperature ranges.

+ Resistance to attack by lubricants and chemicals that destroy nitriles,

polyacrylates, silicones and other synthetics.

+ Compatibility with rubber solvents (benzene, toluene, carbon 

tetrachloride).

+ Compatible with wide range of mineral and synthetic lubricants.

+ Low swell characteristics.

+ Excellent abrasion resistance.

+ Superior heat performance and weathering.

DDiissaaddvvaannttaaggeess

- Higher initial cost.

- Can be attacked by some special purpose lubricants, and

fire-resistant fluids.

- Not recommended for applications involving low molecular

weight esthers, ethers, ketones, amines and acids.

- Not the best for cold temperature applications

OOppeerraattiinngg  RRaannggee
LongLife fluoroelastomers maintain thermal stability at temperatures

from –40°F to over 400°F (-40°C to over 200°C).

IIddeennttiiffiiccaattiioonn  
LongLife materials are brown or black.

TThheerrmmooppllaassttiiccss  ((PPTTFFEE))
PTFE (i.e. Teflon®) is the most widely used fluoropolymer

thermoplastic. These materials are not cross-linked like most rubber

materials. Instead they are formed by heat and pressure (sintering) 

into dense blocks comprised of long carbon and fluorine chains.

Teflon seals offer a wide operating temperature range, accommodate

high surface speeds and provide superior dry-running characteristics

(fig. 4j). They feel like plastic, having a waxy texture. These seals are

usually machined or assembled designs. 

AAddvvaannttaaggeess
+ Resists nearly all acids, acid-based fluids and solvents

+ Handles wide temperature range

+ Superior dry-running characteristics

+ Extreme wear resistance; longer seal life

Teflon seals perform well at high

surface speeds (fig. 4j).

4
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Seal Applications (cont.)

+ Handles high surface speeds

+ Some blends are food grade compatible

+ Can accept high pressure

+ Service life capability can exceed rubber compounds

DDiissaaddvvaannttaaggeess

- Higher initial cost

- Normally non-stock

- Mechanical properties must be engineered in (Virgin PTFE 

has low mechanical strength)

- Extra care is required during assembly

- Difficult to install

- Generally requires higher shaft hardness

OOppeerraattiinngg  RRaannggeess  
Thermoplastic PTFE seals handle a wide temperature range, from

–400°F to 500°F (240°C to 260°C).

IIddeennttiiffiiccaattiioonn  
Red, white, gray, blue, green or brown.

LLEEAATTHHEERR  SSEEAALLSS
Before synthetic materials were developed, leather was the sealing 

element commonly found in most early seals. Leather is tough, resists

abrasion and works well even today in many dirt exclusion applications.

However, it is expensive and can usually be replaced with another lip

material (fig. 4k). SKF stocks very few leather seals.

AAddvvaannttaaggeess

+ Good tensile strength and abrasion resistance

+ Performs well with minimal lubrication

+ Tends to smooth rough shaft surfaces

+ Compatible with most lubes and solvents

+ Good dry running performance

+ Good in very cold temperature operation

+ Tough

Once the most popular seal 

material, leather is now being

replaced by less expensive 

synthetic materials (fig. 4k).
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DDiissaaddvvaannttaaggeess
- Poor compatibility with water

- Non-homogeneous matrix makes 

consistent high quality difficult to maintain.

- Expensive

- Vulnerable to heat above 200˚F

- Designs tend to have high torque

- Limited Availability

- Costly

OOppeerraattiinngg  RRaannggee
Leather can handle temperatures ranging from –100°F to 200°F

(-73°C to 93°C).

IIddeennttiiffiiccaattiioonn
It is difficult to determine from the appearance of a used seal whether

the sealing element is leather or rubber. Scratch the sealing surface. 

If that makes the surface much lighter (brown or beige) and fibrous,

rather than black and smooth, the material is probably leather.

SSuubbssttiittuuttee  LLiipp  MMaatteerriiaall
Nitrile, polyacrylate or fluoroelastomer

FFEELLTT
Felt is another non-synthetic material which has long been used as a

sealing material. Made of wool and sometimes laminated with synthetic

rubber washers, felt is generally limited to dirt exclusion. It can be used

to retain heavy lubricants under some conditions.

AAddvvaannttaaggeess
+ Excludes dust and dirt well

+ Retains grease efficiently

DDiissaaddvvaannttaaggeess
- Cannot confine oil

- May trap metal and/or dirt particles, causing shaft wear

- Absorbs water which may cause shaft rusting

- Few stock sizes

OOppeerraattiinngg  RRaannggee
- Felt is used in temperatures ranging from –65°F to 200°F

SSuubbssttiittuuttee  LLiipp  MMaatteerriiaallss
Nitrile, polyacrylate or fluoroelastomer

4
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Seal Applications (cont.)

MMaatteerriiaall  CCaappaabbiilliittiieess——TTeemmppeerraattuurree  RReessiissttaannccee
In performing their sealing function, seal lip materials work best within 

the following temperature ranges. (Also see fig. 4l). 

F˚ C˚

PPoollyytteettrraafflluuoorrooeetthhyylleennee  

((PPTTFFEE))  -400˚ to 500˚ -240˚ to 260˚

Fluoroelastomer -40˚ to 400˚ -40˚ to 204˚

(LongLife)

Silicone -100˚ to 325˚ -73˚ to 163˚

Polyacrylate -40˚ to 300˚ -40 to 149˚

Duralip -40˚ to 250˚ -40 to 121˚

Nitrile -40˚ to 250˚ -40 to 121˚

Leather -100˚ to 200˚ -73˚ to 93˚

Duratemp -40˚ to 300˚ -40˚ to 149˚

Low temperatures can be as much of a problem for a seal as high 

temperatures. At low temperatures the sealing material gets stiff 

and rigid. That causes several problems. The sealing lip has trouble 

following the eccentricity of a shaft that’s not perfectly true. That causes 

it to leak every time the shaft rotates “off center” and pulls away from 

the seal. If it gets stiff enough, the material becomes brittle and breaks 

up with the movement of the shaft. Another problem can appear when

the lip material starts to shrink up at low temperatures.

At high temperatures, some elastomers will continue to cure again 

and lose their pliability. If the temperature gets high enough to burn the 

lip material, it often becomes hard and brittle. It can crack and break up. 

In such cases, it not only loses its sealing effectiveness, it can also 

damage the bearing and the shaft it was designed to protect.

Consequently, both upper and lower operating temperature limits 

should be considered when choosing a lip material. See fig. 4l for

operating temperature ranges of a variety of lip materials.

Lip materials’ maximum operating

temperatures fall within these

ranges (fig. 4l).
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MMaatteerriiaall  CCaappaabbiilliittiieess——AAbbrraassiioonn  RReessiissttaannccee
Usually, it’s desirable for a lip material to be soft and pliable. This allows

it to follow the eccentricity of a shaft and form a better seal. But in

extremely dirty environments, a soft material can become a liability.

Fine dust particles and other contaminants can become imbedded 

in the surface of a soft lip material and turn it into an abrasive. It

scores the shaft causing deep grooves which render the seal useless

and the shaft in need of repair.

For example, nitrile is a compound of synthetic rubber which is 

formulated to optimize pliability and hardness so it covers most

applications. However, other materials are available which offer better

resistance to abrasive contaminants. They’re harder, denser materials,

and dust particles are less likely to become imbedded in them. SKF’s

Duralip compound was developed especially for large-diameter seals

where abrasion resistance is critical. See fig. 4m for relative abrasion 

resistance of several lip materials.

Lip materials offering the best resistance to abrasion are PTFE and

LongLife by SKF. On a scale of 1 to 10, PTFE is a “10.” On the same

scale and not far behind is fluoroelastomer-based LongLife with a 

“9.” The abrasion resistance provided by both of these materials is 

exceptional, outperforming hydrogenated nitrile’s very good “7.”

On a scale of 1 to 1�, abrasion-

resistance capabilities of sealing lip

materials are compared in the chart

above (fig. 4m).
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To take this test, simply place a card or sheet of paper under the first question. After

you’ve read it (and answered it to yourself) slide the paper down below the next question.

The correct answer to the first problem will appear directly to the right of the new 

question. Be sure not to skip any questions.

1 . Simultaneous exclusion and retention is best performed with _________________ .

❑ a. a combination of two seals back to back

❑ b. single lip design seals

❑ c. a combination of two seals front to back

❑ d. V-Ring seals

1. A

2. _________________ is the most popular material for the majority

of sealing applications today.

❑ a. Leather

❑ b. Felt

❑ c. Nitrile

❑ d. Silicone

2. C

3. Polyacrylates _________________ .

❑ a. are compatible with high operating temperatures 

❑ b. offer high resistance to oxidation and ozone 

❑ c. may be used with water

❑ d. both a. and b.

3. D

4. Before the invention of nitriles, _________________ was the most common 

sealing element.

❑ a. rubber

❑ b. felt

❑ c. leather

❑ d. metal

4. C

5. Popular sealing lip synthetics in use today include _________________ .

❑ a. nitriles

❑ b. fluoroelastomers

❑ c. fluoropolymer (PTFE)

❑ d. all of the above

5. D

6. Advantages of polyacrylates include _________________ .

❑ a. good compatibility with most oils

❑ b. high resistance of oxidation and ozone

❑ c. better compatibility with high temperatures than nitrile

❑ d. all of the above

6. D
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7. Advantages of silicone include _________________ .

❑ a. good compatibility with oxidized oils

❑ b. high lubricant absorbency 

❑ c. excellent abrasion resistance 

❑ d. low cost

7. B

8. Leather is an expensive sealing material that has a good compatibility with water.

❑ True ❑ False

8. F

9. V-Rings must be lubricated for all operating conditions. 

❑ True ❑ False

9. F

10. For very severe conditions, SKF’s HDDF seals resist abrasives that cause other

seals to fail.

❑ True ❑ False

10. T

11. HDS seals used in combination with o-rings are usually the right answer

for applications such as roll necks in milling operations.

❑ True ❑ False

11. F

12. All of the synthetic materials have the same operating characteristics.

❑ True ❑ False

12. F

13. Nitrile’s disadvantages include poor abrasion resistance.

❑ True ❑ False

13. F

14. Some blends of fluoropolymer seals are food grade compatible.

❑ True ❑ False

14. T

15. Applications for SKF’s LongLife fluoroelastomer lip materials are limited 

to standard lubricants

❑ True ❑ False

15. F

16. PTFE can often be used where temperatures and pressure would ruin rubber seals.

❑ True ❑ False

16.T

4
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Chapter 5—Seal Selection
The first consideration in selecting a seal is to know: 

• Is it a seal for a new application, or

• Is it a replacement seal for an existing application?

Selecting seals for new applications is covered in Chapter 4: Seal

Applications. It would seem that selecting a seal for an existing 

application would be an easier chore. Even so, there are 

considerations such as: 

• Is an exact replacement seal desired, or

• Should an alternative seal be selected which would be a “better”

choice for that particular application?

HHooww  ttoo  SSeelleecctt aa  RReeppllaacceemmeenntt SSeeaall
If the old seal was manufactured by SKF, you should have no trouble

finding an appropriate identification number and selecting the proper

replacement. SKF seals are identified by: 

• SKF stock number

• SKF industrial part number

• SKF drawing number

• OEM part number

This number will tell you exactly which replacement seal is right for

the job. If the part number on the old seal is legible, refer to the SKF

Master Interchange for a replacement.

If you can’t find an identification number, match the old seal’s size 

with listings in the SKF Handbook of Seals. If there is no seal listed 

with the exact same width, select a narrower one.

SSeeaall  SSiizzee
Seal size (fig. 5a) is determined by:

• Seal bore the diameter of the hole in the housing into 

which the seal is fitted.

• Seal Outer Diameter (O.D.)—the press-fit diameter. It’s usually in 

the range .004” to .008” (.10mm to .20mm) larger than the bore 

for metal O.D.’s. It’s usually .006” to .022” (.15mm to .55mm) for

rubber O.D.’s.

• Seal Width (W)—the total width of the seal including both 

the inner and outer shell.

• Shaft Diameter (S.D.)—the outside diameter of the shaft

at the location where the seal is mounted.

Seal size is determined by seal

bore, seal width, seal �.D. and

shaft diameter (fig. 5a).

W

O.D.

Shaft 
Diameter



4477

PPrrooppeerr SSeeaall  MMeeaassuurreemmeenntt
Two of a seal’s measurements are its outer diameter (O.D.) and its

inner diameter (I.D.). To determine these, follow these procedures:

• To measure the O.D. of a seal, take three measurements

equally spaced around the outside of the seal. The average

of the three is the seal’s O.D. (fig. 5b).

• A metal 0.D. seal is generally 0.005” to 0.008” (0.13mm 

to 0.20mm) larger than the bore, for press fit.

• A rubber O.D. seal is generally 0.008” to 0.026” (0.203mm

to 0.508mm) larger than the bore, for proper compression

and interference fit.

• The inner diameter is more difficult to measure. Take about

five I.D. readings, average them.

• Allow for interference, added to the lip I.D.

• When selecting seal size, use the shaft O.D. as the seal I.D.

Then refer to size listings in the SKF Handbook of Seals for

determining the correct seal part number.

HHooww  ttoo  SSuubbssttiittuuttee  aa  NNeeww  SSeeaall  ffoorr aann  OOlldd  SSeeaall
When an exact replacement seal is not available, your best option 

is substitution of a similar material and design. Refer to the SKF

Handbook of Seals guidelines on seal substitution. If the lip material 

to match the old seal cannot be found in the size listings, refer to the

Recommended Operating Tables at the beginning of the Handbook.

Common lip material substitutes include:

• Nitrile instead of felt

• Nitrile instead of leather

• Polyacrylate instead of nitrile

• Another nitrile instead of the original nitrile

• Fluoroelastomer instead of polyacrylate

• Fluoroelastomer instead of silicone

Note: Substitution may extend or shorten the seal life, depending 

on the material chosen. Lip materials are covered in Chapter 4. 

It is recommended that the compatibility tables shown in the SKF

Handbook of Seals be consulted for verification of material substitution.

The average of three equally spaced

measurements is the seal’s O.D. 

(fig. 5b).

5
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Seal Selection (cont.)

SSeeaall  SSeelleeccttiioonn  CCrriitteerriiaa
Factors to consider when selecting a seal for a particular application

(fig. 5c) include:

• Basic seal function

• Shaft surface finish (A)

• Shaft speed and direction (G)

• Shaft and bore conditions (B)

• Shaft eccentricity (E)

• Seal material/lubricant compatibility

• Underlip temperature (F)

• Contaminants (abrasiveness) (C)

• Pressure (internal/external) (I)

In many applications, seal life can be extended simply by substituting

the same size seal (O.D. and I.D.), but of slightly different design or with

a different lip material. A narrower seal width can usually be used (see

following “Seal Width vs. Seal Performance” section). The seal selected

must be able to meet the application’s requirements for operating 

temperature, pressure, and other factors listed above.

SSiinnggllee  LLiipp  vvss..  DDoouubbllee  LLiipp  SSeeaallss  TTeesstt RReessuullttss
In its development of new seal designs, SKF has conducted extensive

testing. One series of tests has compared single lip with double lip

seals (fig. 5d). Test objectives were to determine:

• Does the double lip seal’s secondary (dust) lip help or hinder

the primary lip?

• How does the double lip seal’s overall performance compare

with that of the single lip seal?

During testing, these measurements were taken:

• Temperature vs. shaft speed.

• Dust ingestion vs. time.

• Peak performance vs. temperature rise.

Test results:

• The double lip seal failed at 270 hours.

• The single lip seal, tested under identical conditions, was still

running at 1254 hours.

• The single lip seal was proven to run four times longer than

the double lip seal.

• The single lip seal runs cooler.

A variety of factors determine

proper seal selection (fig. 5c).
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WWhhyy  DDoouubbllee  LLiipp  SSeeaallss  FFaaiill  FFaasstteerr
Lips create friction. Friction creates heat. So more lips mean more

heat. Heat causes the double lip seal to become hard and brittle

because the dust lip is lubricated less and can transfer its heat to 

the main lip.

As the brittle secondary lip wears, it allows dirt to pass and pack

between the two sealing lips. This dirt builds and forces itself under the

primary lip. In a short time, the dirt will mix with the lubricant which

had been contained by the primary lip.

The mixture of lube and dirt becomes a lapping compound. Highly

abrasive, it wears the shaft, escapes past the seal lips and enters the

bearings to cause premature failure.

AA DDeessiiggnn  IImmpprroovveemmeenntt——tthhee  ZZeerroo  
IInntteerrffeerreennccee  AAuuxxiilliiaarryy  LLiipp
SKF offers single as well as double lip designs. However, SKF has

found that its Waveseal design offers the attributes of double lip 

capabilities with one significant difference.

The SKF Waveseal’s exclusive design utilizes a secondary lip that

excludes dirt without touching the shaft surface—it excludes dirt while

having zero interference. The Waveseal’s primary lip follows a wavy

path around the shaft, dissipating the heat over a wide area. The wave

lip retains and excludes at the same time, generating less friction,

torque and shaft wear.

The Waveseal design is detailed in Chapter 3.

SSeeaall  WWiiddtthh  vvss..  SSeeaall  PPeerrffoorrmmaannccee
Seal width is another factor to consider when selecting a replacement

seal. Seal width is the measurement of the axial dimension of the seal

case, not the seal lip length.

Since the width dimension doesn’t take lip design into account, it does

not provide a basis to explain the seal’s performance characteristics.

But it is important to note that, for proper seal operation, the case

must provide both an effective support for the seal lip and a good 

surface area for proper installation. Today’s “narrow” seals—their cases

and their lip designs—are designed to satisfy these same requirements

(fig. 5e).

Certainly, lip dimension is a key factor in how—and how well—the seal

performs. This is the axial distance between the lip contact point and

the base of the flex thickness (the point of deflection takes place).

Today’s “narrow” provide 

performance effective seal lip 

support and surface area for

proper installation (fig. 5e).

“OLD” DESIGN

5

““NNEEWW DDEESSIIGGNN””
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Seal Selection (cont.)

A longer lip often improves the seal’s capacity to compensate for

misalignments or eccentricities in the shaft surface. But lip length is

not necessarily related to seal width. Often, seal widths are increased

by changing the seal casing width without altering lip dimensions 

in any way. These variables in dimensions have allowed seal 

designers and manufacturers to inter-work them in producing higher

performance products—including those in more compact packages.

There are special applications where seal width cannot be reduced.

These often involve situations where seal widths are used as reference

points for other components. There also are applications where the

reduced width of a replacement seal will help extend shaft life. This is

accomplished by locating the contact point of the new seal away from

any damage on the shaft that may have been caused by the original

wider seal.

In general, use of a narrower seal as a replacement is very proper if it

is determined by a thorough examination of the application’s operating

conditions that all the other factors affecting the seal’s performance are

satisfied as well.

SSKKFF’’ss  WWaasstteeWWaattcchheerrPPrrooggrraamm
Another benefit of using narrower seals to replace original wider ones

is in inventory management. By stocking narrower seals of assorted

shaft and bore sizes while consolidating widths as much as possible,

inventory can be minimized while maximizing coverage.

SKF offers an inventory control system, called “WasteWatcher,” in 

which distributors can consolidate replacement seals by I.D./O.D. sizes.

The program eliminates many stocking units that differ only by their

width dimensions. WasteWatcher also enables end-users to effectively

substitute single lip seals for comparable double lip designs.

Within distributors’ operating environments/performance requirements,

it is realized that the different “kinds” of seals that are used become

fewer in number over a period of time. As their sizes and application

requirements become more clearly defined, stocking units can become

further consolidated.

The “WasteWatcher” system is designed to streamline each end-user’s

inventory of replacement seals—to provide him with the seals and the

quantities he should stock for his market. The benefits to him, of

course, are excellent inventory cost controls and maximum efficiency 

in use of inventory stocking space.
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Chapter 5 Review
To take this test, simply place a card or sheet of paper under the first question. After

you’ve read it (and answered it to yourself) slide the paper down below the next question.

The correct answer to the first problem will appear directly to the right of the new question.

Be sure not to skip any questions.

1. _________________ is a premium lip material for the majority of sealing applications

today.

❑ a. LongLife fluoroelastomer

❑ b. Fluoropolymer (PTFE seals)

❑ c. both of the above 

❑ d. neither of the above

1. C

2. SKF seals are identified by an OEM part number or an SKF _________________ .

❑ a. stock number

❑ b. industrial part number

❑ c. drawing number

❑ d. all of the above

2. D

3. _________________ is an acceptable sealing lip material substitute for nitrile.

❑ a. Leather

❑ b. Felt

❑ c. Another nitrile

❑ d. none of the above

3. C

4. Selecting the right seal for a particular application depends on _________________ .

❑ a. size and speed

❑ b. pressure and temperature

❑ c. fluid compatibility

❑ d. all of the above

4. D

5. _________________ refers to the outside diameter of the shaft at the location where

the seal is mounted.

❑ a. Size bore

❑ b. Seal I.D.

❑ c. Seal width

❑ d. Shaft diameter

5. D

6. If the same size replacement is not available, _________________ .

❑ a. select a narrower seal 

❑ b. select a wider seal 

❑ c. select a different lip material 

❑ d. either a. or b.

6. A

5
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Chapter 5 Review (cont.)

7. Substitute lip materials will extend a seal’s life, no matter which material is chosen.

❑ True ❑ False

7. F

8. A combination seal or a double lip seal will always do a better job than a single lip design.

❑ True ❑ False

8. F

9. Seal width refers to the diameter of the hole in the housing into which the seal is fitted.

❑ True ❑ False

9. F

10. Fluoroelastomer is generally an acceptable sealing lip material substitute for silicone.

❑ True ❑ False

10. T

11. There are no acceptable sealing lip material substitutes for nitrile.

❑ True ❑ False

11. F

12. The temperature of the lubricant being retained is the only temperature 

reading critical to seal selection.

❑ True ❑ False

12. F

13. When an exact replacement is not available, your best option is substitution 

of a similar material and design.

❑ True ❑ False

13. T

14. In SKF’s single lip vs. double lip test, the single lip outlasted the double lip by 

nearly 1000 hours.

❑ True ❑ False

14. T

15. SKF’s “WasteWatcher” seal inventory control system helps control costs 

of replacement seals.

❑ True ❑ False

15. T
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Chapter 6—Wear Sleeves
HHooww  SShhaaffttss  WWeeaarr
Seals operate with a closely controlled interference at the interface.

Continuous contact between a rotating shaft and a seal produces shaft

polishing friction. Under normal conditions, the friction causes a slight

wear track on the shaft (fig. 6a). However, as operating conditions

begin to worsen, shaft wear can accelerate. Dust, heat, dirt, shaft

speed, lack of lubrication, and even a cocked seal can cause the seal 

lip to groove the shaft. Mechanical eccentricities can cause direct,

metal-to-metal contact between the seal and shaft surface. 

The ultimate result is a leak.

HHooww  ttoo  IIddeennttiiffyy  SSeeaall  WWoorrnn  SShhaafftt SSuurrffaacceess
It’s not always easy to identify seal-worn shaft surfaces. The shaft may

be visibly scored or grooved. You can catch your fingernail in a wear

groove. A new seal that leaks soon after it’s installed is another telltale

sign of shaft damage.

The shaft surface can become so deeply grooved and worn that

a new seal will not eliminate leaks, nor compensate for the shaft

damage (fig. 6b).

Seal replacement does not solve the problem. The new lip will ride in

the rough, worn seal track and the new seal will leak and wear out

quickly.

Three solutions are possible:

• Reworking or metallizing the shaft surface at a machine shop—

high cost, requires hours of downtime.

• Replacing the shaft—Also expensive, with machine downtime.

• Installing a wear sleeve—Comparatively low in cost, virtually no

downtime, longer life.

Wear sleeves correct shaft damage instantly with the least amount of

downtime and cost. Wear sleeves require no special preparation or

machining of the shaft for installation. Applied over the damaged shaft,

a wear sleeve makes the shaft usable again. It eliminates shaft leaks

and smooths out damaged surfaces. And often the new shaft finish

created is better than the original.

SKF offers two types of wear sleeves: Speedi-Sleeves®, for nominal

shafts .472” to 8.000” (12.00 to 203.20mm), and large diameter wear

sleeves, for shafts 8” to 45” (203.20 to 114.300mm). Made of 

carbon steel and chrome-plated, the wear sleeve resists corrosion 

in a wide range of applications.

As a seal continuously contacts 

a rotating shaft, it creates shaft

wear (fig. 6a).

W

O.D.

Shaft 

Shaft surface can become so

deeply grooved and worn that a

new seal will not eliminate leaks,

nor compensate for the shaft

damage (fig. 6b).

6
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Wear Sleeves (cont.)

SSppeeeeddii--SSlleeeevveess®®

The Speedi-Sleeve is a cost-effective alternative to resizing, 

metallizing or replacing the severely damaged surface because it

installs easily, without excessive machine downtime (fig. 6c).

Speedi-Sleeve is a highly engineered component, precision 

manufactured of 300 series stainless steel. Its surface is factory 

finished to 10-20 micro inch Ra (.25 to .50μm), with no machine 

lead, and requires no expensive shaft preparation or machining before

installation. Once in place on the shaft, Speedi-Sleeve provides a 

sealing surface that is superior to most original shaft finishes and

materials.

Typically, when a wear sleeve is installed over the shaft, the 

new surface is thicker and requires a larger-sized seal. The wall of the

Speedi-Sleeve is so thin that the original size seal can still be used. Its

stainless steel construction provides a surface that can outlast the 

original shaft material.

Each sleeve is built with a removable flange and includes a special 

tool for installation. This tool is placed over the Speedi-Sleeve. Both the

tool and sleeve are tapped into position on the shaft. The flange allows

the sleeve to be pulled on instead of pushed on, eliminating sleeve 

distortion.

When the Speedi-Sleeve is in position, the tool slides off easily. The

flange can be left intact, or cut and peeled off along a pre-cut line.

It takes only a few Speedi-Sleeves to meet the needs of even the

biggest operators. In most cases, there is no need to stock more than

one size sleeve for each seal application or location.

SSppeeeeddii--SSlleeeevvee  SSiizzee  SSeelleeccttiioonn
Correct Speedi-Sleeve size selection requires that three measurements

of shaft diameter be taken and averaged. Use a caliper and measure 

at three positions: noon and 6 o’clock, 2 and 8 o’clock, and 4 and 10

o’clock. Take these measurements at a point on the shaft ahead of the

wear path. Find the average of the three readings.

The average will compensate for out-of-round shaft conditions as 

well as indicate the approximate shaft diameter (fig. 6d). When that is

determined, refer to the SKF Handbook of Seals to select the correct

Speedi-Sleeve part number.

Speedi-Sleeve installs easily, 

without excessive machine 

downtime (fig. 6c).

Averaged caliper measurements 

of shaft diameters at three positions

will compensate for out-of-round 

conditions (fig. 6d).
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SSppeeeeddii--SSlleeeevvee  IInnssttaallllaattiioonn
Speedi-Sleeves are available for shaft diameters ranging from .469” 

up to 8.005” (11.91 to 203.33mm). Each Speedi-Sleeve kit contains a

disposable installation tool and every box is marked with the shaft

range for proper selection.

Follow these guidelines for proper Speedi-Sleeve installation:

1. Clean the surface where the seal contacts the shaft. 

File down and polish any burrs, nicks or rough spots. 

Make sure the end is free of nicks and burrs.

2. Measure an unworn portion of the shaft where the sleeve

will be positioned. Do not install Speedi-Sleeve over key-

ways or splines unless their diameter is under nominal 

shaft size. Measure in three positions and average the 

reading, in case the shaft is out of round. If the average

diameter is within the range for a given Speedi-Sleeve,

there is sufficient press-fit built into the sleeve to keep it

from sliding or spinning. No cement is necessary.

3. If the groove does not require filling, optionally a light

layer of non-hardening sealant can be applied to the inner

surface of the sleeve.

4. If the shaft is deeply scored, fill the groove with powdered

metal epoxy type filler. Install Speedi-Sleeve before the 

filler hardens.

5. Speedi-Sleeves are wide enough to cover the wear pattern

of both standard and wider combination seals. Where extra

wide combinations are encountered, a second sleeve can be

installed to butt against the first. The flange is then peeled

off to provide the clearance necessary for the seal housing

to slide into place. The Speedi-Sleeve installation flange can

be left in place unless it could prevent oil from reaching the

seal lip.

6. Determine how far back the sleeve must be positioned to

cover the old seal wear tracks. Measure to the exact point,

or mark directly on the shaft surface (fig. 6e).

7. The sleeve must be placed over the worn surface area, not

just bottomed or left flush with the end of the shaft.

Place flanged end of Speedi-Sleeve

onto shaft first. (fig. 6e).

6

…then apply the installation

tool over the sleeve and

against the flange… (fig. 6f).



SKF Large diameter wear sleeve 

(fig. 6i).
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Wear Sleeves (cont.)

8. Drop the Speedi-Sleeve into the end of the installation tool so 

only the flange end projects (fig. 6f). The flange end of the sleeve goes

on the shaft first. Gently tap the center of the tool using a soft face

hammer or mallet until the sleeve reaches the previously marked 

or pre-measured point on the shaft (fig. 6g).

9. Speedi-Sleeves may be installed to any depth required (refer to SKF

Handbook of Seals). If the installation tool supplied with sleeve is too

short, a length of pipe with a squared-off, burr-free end can be 

substituted if its I.D. matches the kit installation tool.

10. Inside pipe diameters should be larger than the shaft by:

Shafts less than 3” (75mm): 1/32” to 1/8” (.8mm to 3.2mm)

Shafts 3” to 6” (75-150mm): 1/32” to 3/16” (.9mm to 4.8mm)

Shafts more than 6”: (150mm) 3/64” to 7/32” (1.2mm to 5.6)

The installation tool correctly places the sleeve on the shaft to the

required installation depth (intermediate values can also be obtained by

pressing the sleeve on more or less as required).

11. If clearance is needed, the Speedi-Sleeve flange can be removed

easily with side cutters and carefully pried away from the sleeve. Bend

flange back and forth until flange cracks at tear groove. The flange will

peel away from sleeve surface along a precut line (fig. 6h). Be careful

nothing scratches the sleeve surface.

LLaarrggee  DDiiaammeetteerr WWeeaarr SSlleeeevveess
Large diameter wear sleeves correct damaged shafts from 8” to 45”

(203.20 - 1143.00mm) (fig. 6i). Though they function the same as

SKF Speedi-Sleeves, these sleeves are designed and built for heavy-

duty, large shaft applications. Installed over a seal grooved shaft, the

sleeve provides a positive sealing surface and reinforced protection.

They are available with or without an installation flange. They also

resist wear and corrosion, especially in contaminated environments.

SKF large diameter wear sleeves are custom-made from high quality

cold-rolled steel, SAE 1005-1020. The sealing surface is machined

and hard chrome-plated to provide a strong, corrosion-resistant

sealing surface. The standard thickness of the sleeve is 0.094”

(2.4mm). Other materials and thicknesses are available on a 

quote basis.

…then gently tap center of tool

using soft-face hammer or

mallet until sleeve reaches

desired point on shaft (fig. 6g).

When Speedi-Sleeve is in position,

flange can be removed (fig. 6h).
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Two styles of large diameter wear sleeves are available.

SSttyyllee  33
Style 3 is designed with a flange for final positioning on the shaft

(fig. 6j). Actual sealing surface width is .250” (6.4mm) narrower than

overall sleeve width.

SSttyyllee  44
Style 4 is designed without a flange (fig. 6k). It is used where space

restrictions limit the width or prohibit the use of a flange.

LLaarrggee  DDiiaammeetteerr WWeeaarr SSlleeeevvee  IInnssttaallllaattiioonn
Large diameter wear sleeves are designed for heated, slip-fit

installation. A bearing heater (either hot air, hot oil or electric induction)

is used to bring the sleeve to about 350°F (176°C). Even with heating,

the sleeve may not position itself correctly and would then require

pushing or pulling on the flange.

While a large diameter wear sleeve will increase shaft life and eliminate

leaks, it also increases the shaft diameter. When considering seals and

sleeves for a large shaft, choose one of two options:

• Machine the shaft before installing the sleeve to .188”

(4.8mm) under original size. The resulting sleeve O.D. will

allow use of the original size seal.

• Increase the seal size. No shaft machining is required. 

Use seals designed for shafts .188” (4.8mm) larger than 

the original.

Style 3 features a flange for

pull-on installation (fig 6j).

LDSLV3

Style 4 is ideal where space 

prohibits use of a flange (fig. 6k).

LDSLV4

Original Option I Option II

14.000”

Shaft 11.812”

B.
A.

C.
11.812” Sleeve Shaft 12.000” 11.625” Sleeve Shaft 11.812”

Seal no.

1181640

Seal no.

1200560

Seal no.

1181640

Style 3

Sleeve

With flange Without flange

Style 4

Sleeve
.094” .094”

D.

6

Unlike Speedi-Sleeve, adding an LD sleeve requires either reducing the shaft

diameter to compensate for the sleeve thickness or using a different seal sized

for the nominal sleeve outer diameter. 
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Chapter 6 Review
To take this test, simply place a card or sheet of paper under the first question. After

you’ve read it (and answered it to yourself) slide the paper down below the next question.

The correct answer to the first problem will appear directly to the right of the new 

question. Be sure not to skip any questions.

1. The Speedi-Sleeve is an ultra-thin wall made of _________________ that repairs

grooved shafts.

❑ a. bronze 

❑ b. zinc 

❑ c. stainless steel 

❑ d. magnesium

1. C

2. The flange allows the Speedi-Sleeve to be _________________ eliminating 

sleeve distortion.

❑ a. pushed on

❑ b. pulled on

❑ c. either of the above

❑ d. none of the above

2. B

3. SKF’s Large Diameter Wear Sleeves _________________ .

❑ a. repair damaged shafts 8” (203mm) and larger

❑ b. are built for heavy-duty applications 

❑ c. provide high quality sealing surfaces and improved seal performance 

❑ d. all of the above

3. D

4. If the shaft is deeply scored, you should fill the groove with _________________ .

❑ a. powdered metal epoxy type filler

❑ b. non-hardening sealant

❑ c. grease 

❑ d. SAE 30 oil

4. A

5. A Large Diameter Wear Sleeve _________________ the diameter of the shaft.

❑ a. reduces 

❑ b. increases

❑ c. will never change

❑ d. none of the above

5. B

6. When considering seals and wear sleeves for a large diameter shaft, 

it is possible to _________________ .

❑ a. machine the shaft to a reduced diameter for use with the wear sleeve 

and original size seal.

❑ b. apply the .094” thick (2.4mm) wear sleeve and use a larger sized seal.

❑ c. both of the above

❑ d. none of the above

6. C
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7. When the Speedi-Sleeve is in position, the flange can be left intact, 

or cut and peeled along a precut line.

❑ True ❑ False

7. T

8. More than one Speedi-Sleeve size is usually required for each seal application.

❑ True ❑ False

8. F

9. While the Speedi-Sleeve repairs damaged shafts, it is inexpensive and 

requires little machine downtime.

❑ True ❑ False

9. T

10. Speedi-Sleeve’s wall is so thin that the original size seal can still be used.

❑ True ❑ False

10. T

11. Speedi-Sleeves cannot cover the wear pattern of wider combination seals.

❑ True ❑ False

11. F

12. Large Diameter Wear Sleeves are designed for heated, slip-fit installation.

❑ True ❑ False

12. T

13. Proper Speedi-Sleeve size selection requires that seven measurements can be taken

and averaged.

❑ True ❑ False

13. F

14. Speedi-Sleeve’s stainless steel construction provides a surface that can outlast the

original shaft material.

❑ True ❑ False

14. T

15. The most economic repair option for a worn shaft seal is to install a wear sleeve.

❑ True ❑ False

15. T

6
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Chapter 7—Shaft
and Bore Conditions
In addition to application parameters and environmental factors, shaft

and bore specifications are important to proper seal selection.

SShhaafftt CCoonnddiittiioonnss
SSeeaalliinngg  SSuurrffaaccee  RReeqquuiirreemmeennttss
SKF produces thousands of seals in designs, sizes and lip materials to

meet the most severe operating conditions.

For proper seal performance, three factors must be considered:

1. The shaft surface has no machine lead (grooves running

diagonally toward or away from the sealing lip).

2. The entrance edge is chamfered or rounded.

3. The surface finish is 8-17 micro inch Ra (.20 μm to .43μm).

SShhaafftt RReeqquuiirreemmeennttss
A burr-free chamfer (fig. 7a) or radius (fig. 7b) is required as 

illustrated (c = chamfer depth).

Because the seal’s inside diameter is difficult to measure and varies

with seal designs, the shaft diameter for which the seal was designed

is used as the cataloged inside dimension.

SShhaafftt EEcccceennttrriicciittyy
Two types of shaft eccentricity affect seal performance. They are: 

• Shaft-to-bore misalignment (STBM)—The amount by which the

shaft is off center, with respect to the center of the bore. This 

somewhat common occurrence is caused by machining and assembly

inaccuracies. To measure, attach a dial indicator to the shaft (between

the shaft and bore), rotate the shaft and read the indicator (fig. 7c).

• Dynamic run-out (DRO)—DRO is the measure of the amount

by which the shaft does not rotate around the true center. The

motion away from the center may be in more than one direction.

Misalignment, in-line boring tolerances, shaft bending, lack of shaft

balance and other manufacturing inaccuracies are common causes.

To measure, slowly rotate the shaft and calculate total movement

of an indicator attached to the bore and held against the shaft’s 

side (fig. 7d).

For specific limitations on both shaft-to-bore misalignment and

dynamic run-out and the total eccentricity (combined STBM and DRO

readings) indicator, refer to the SKF Handbook of Seals.

Shaft surfaces must be

smooth and free of nicks

and rough spots

15-30˚

fig. 7A

.070 - .120 INCH

(1.7B - 3.05mm) 

The shaft corners 
must be burr-free

Burr-free radius alternatives

can also be used (fig. 7b).

R.125 INCH

(3.18mm) 

fig. 7B

A dial indicator is used to

measure STBM (fig. 7c).

A

B

Dynamic run-out is also measured

using a dial indicator (fig. 7d).
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SShhaafftt SSppeeeedd
Maximum speeds for effective seal operation depend on shaft finish,

pressure, temperature, eccentricity, lubricant or fluid being retained,

seal type and other conditions. For example, shaft speeds may be

increased (not to exceed manufacturer upper limit) when shaft finish 

is improved or eccentricity (run-out) is reduced.

The surface speed at the contact point between the seal and shaft as

measured in fpm (feet per minute) or mpm (meters per minute) or fps

(feet per second) or M/S (meters per second) is generally a better seal

selection guide than rpm (revolutions per minute).

SShhaafftt TToolleerraannccee
It is important to note that machinery built with inch vs. metric 

dimensions may use different tolerance standards. In general, the inch

(RMA) system uses a ‘floating’ range based on the nominal shaft diam-

eter plus or minus some value depending on the base size. With the

metric (ISO) standard, the tolerances for shafts are applied as a plus

zero / minus value (typically ISO h11). While the lip interference 

of radial lip seals is relatively less sensitive to shaft diameter variations,

the best recommendation is to specify the correct size for the 

tolerancing system used. Refer to the SKF Handbook of Seals for

tolerance tables and other details.

RReeccoommmmeennddeedd  SShhaafftt MMaatteerriiaallss
Seals perform best on medium carbon steel (SAE 1035, 1045) or

stainless steel surfaces. Properly finished ceramic-coated and chrome-

plated or nickel-plated surfaces are also acceptable. Brass, bronze and

alloys of aluminum, zinc, magnesium or plastics are not recommended.

Surface should be hardened to Rockwell C30 or higher to prevent

handling damage or abrasive wear.

RReeccoommmmeennddeedd  SShhaafftt FFiinniisshh  
Shaft finish is critical to the proper functioning of a lip-type seal (fig.

7e). It is important to note that not all shaft finishes are good ones. 

An improper shaft sealing surface will not allow the seal to function

properly. Generally, the shaft surface should be smooth enough to

maintain effective contact with the seal lip. But it also must be rough

enough to form lubricant holding pockets, without causing excessive

seal wear.

Machine lead is always present after the shaft has been machined to

size on a lathe. It is necessary to dress the shaft surface to remove the

lead introduced during the machining operation.

A new shaft with the proper finish is

shown on the left; normal shaft wear

is shown on the right (fig. 7e). 

7
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Shaft and Bore Conditions (cont.)

Seal and original equipment (OE) manufacturers agree the following

shaft conditions must be met:

• Shaft finish should fall between 8 and 17 micro inch Ra 

(.20μm to .43μm).

• Shafts should be ground with mixed number rpm ratios.

• Plunge grinding is the preferred method

• The shaft finish should be free of machine lead spiral marks that

can cause lip damage and auguring out of the lubricant.

• The entrance edge should be chamfered or rounded.

*In addition to the finish roughness, parameters related to texture and other factors 

are important to optimum seal performance. Refer to the SKF Handbook of Seals for

further information.

To maintain a smooth sealing surface, remove any surface burrs, nicks,

rough spots or grooves. Such imperfections can damage the lip seal as

it slides on the shaft.

PPlluunnggee  GGrriinnddiinngg
Plunge grinding is the recommended method for shaft finish. 

It produces short, parallel grooves or pockets which hold lubricants

without letting them escape (fig. 7f). Other methods, while smooth

enough, may create shaft lead or not completely remove lead 

patterns that may be present.

The wheel used to grind the shaft moves straight into rather than

across the surface. This action eliminates any axial movement of the

grinding wheel on the shaft surface and prevents spiral grooves

(machine lead) that may promote seal leakage.

For plunge grinding to be effective, a cluster head dressing tool must

be used.  Work at a slow pace (three inches per minute), use a mixed

number ratio between grinding wheel rpm and shaft rpm, and take

shallow cuts (two thousandths the first pass, one thousandth the 

second).  Run the grinding wheel until it sparks out.

CChheecckkiinngg  tthhee  SShhaafftt ffoorr SSuurrffaaccee  RRoouugghhnneessss
Seal manufacturers agree that the optimal shaft surface range 

is 8 to 17 micro inch Ra (.20μm to .43 μm), with no machine lead.  

A Talysurf machine can check the surface and calculate average 

surface roughness.

The average surface roughness appears in a digital readout. A chart

provides a “picture” of the actual shaft surface. However, even if the

resulting finish falls within the acceptable range, machine lead may 

still be present.

Plunge grinding is the recommended

method for shaft finish (fig. 7f). (50x

magnification)
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TTeessttiinngg  ffoorr tthhee  PPrreesseennccee  ooff  MMaacchhiinnee  LLeeaadd
Testing the shaft surface for machine lead can be done simply and with

a minimum of tools. The most effective method requires a 36 inch

(914.4mm) length of cotton quilting thread, a one ounce weight and

silicone oil.

Mount the shaft in a chuck so the shaft surface is level. Lightly coat the

shaft with oil. Suspend the weight on the thread as shown here.

Rotate the shaft at approximately 60 rpm. If the thread moves along

the shaft, machine lead is present (fig. 7g).

BBoorree  RReeqquuiirreemmeennttss
The lead corner, or entering edge, of the bore should be chamfered

with a 15/30 degree angle and free of burrs.  The inside corner of the

bore should have a maximum radius of .031 (.79mm).  This will help

prevent seal damage during installation.  Chamfer length should be

.060” to .090” (1.50 to 2.29mm); see fig. 7h.

BBoorree  TToolleerraannccee
Similar to shafts, the inch (RMA) system for seal bores also uses 

a “floating” range based on the nominal diameter plus or minus 

some value depending on the base size.  With the metric (ISO) 

standard however, the tolerances for bores (typically ISO H8) are

applied as a plus value/minus zero.  Unlike shafts and seal lips, the

bore fit for seals can be significantly affected by the tolerance applied 

to the hardware.  For the best results, the correct bore diameter

for the tolerance system used should always be observed.

Refer to the SKF Handbook of Seals for tolerance data and further

information on housing bores.

BBoorree  HHaarrddnneessss
No specific Rockwell hardness is recommended. Bore hardness need

only be high enough to maintain interference with the seal’s outside

diameter.

BBoorree  MMaatteerriiaall
Ferrous and other commonly used metallic materials (like aluminum)

are acceptable for the bore. Bore material must be compatible with the

seal type used; if an aluminum bore is used, thermal expansion may

have to be considered.

Testing the shaft surface for machine

lead is a simple process requiring a

minimum of tools (fig. 7g).

FINISH 100 microinch

OR LESS Ra
(2.5 micrometer)

.060 - .090
(1.52 - 2.229 mm)

R .031
(0.79 mm)

15-30

(fig. 7h)

7
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Shaft and Bore Conditions (cont.)

BBoorree  FFiinniisshh
A bore finish of approximately 100 micro inch Ra (2.54 μm) 

or smoother (100 to 200 micro inch Ra [2.54μm to 5.08μm] for

aluminum), should be maintained to avoid leakage between the seal

outer diameter and housing. An inside corner that is too rounded or

a corner with too large a radius can cause the seal to distort when

pressed into the bore.

SKF applies a coating of Bore-tite to the O.D. on selected metal-clad

seals on production quantities at the factory. Seals without Bore-tite

can be improved by applying a non-hardening, pliable sealant to the

O.D. prior to installation.
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7

Chapter 7 Review
To take this test, simply place a card or sheet of paper under the first question. 

After you’ve read it (and answered it to yourself) slide the paper down below the next

question. The correct answer to the first problem will appear directly to the right

of the new question. Be sure not to skip any questions.

1. To help ensure proper seal performance, the shaft _________________ .

❑ a. entrance edge should be chamfered or rounded

❑ b. surface finish should be 8-17 micro inch Ra (.20μm to .43μm)

❑ c. surface should have no machine lead

❑ d. all of the above

1. D

2. _________________ refers to the amount by which the shaft does not

rotate around the true center.

❑ a. Shaft-to-bore misalignment

❑ b. Dynamic run-out

❑ c. Shaft diameter

❑ d. none of the above

2. B

3. The recommended method for obtaining an optimum shaft finish is

_________________ .

❑ a. paper polishing

❑ b. roto preening

❑ c. plunge grinding

❑ d. diamond burnishing

3. C

4. Seals perform best on Rockwell C30 medium carbon steel 

(SAE 1035, 1045) or _________________ .

❑ a. stainless steel

❑ b. aluminum

❑ c. bronze

❑ d. zinc

4. A

5. To assure a smooth sealing surface, the shaft should be ground with

_________________ rpm ratios.

❑ a. even number (2 to 1) 

❑ b. odd number (3 to 1) 

❑ c. mixed number (3.5 to 1) 

❑ d. none of the above

5. C



6. Spiral grooves (machine lead) may promote seal leakage.

❑ True ❑ False

6. T

7. Tumbled stone finishing provides a positive solution to machine lead.

❑ True ❑ False

7. F

8. Shaft speeds should be reduced when shaft finish or eccentricity (run-out) is reduced.

❑ True ❑ False

8. F

9. Revolutions per minute (rpm) is a better seal selection guide than the surface speed

at the contact point between the seal and shaft (fpm: feet per minute).

❑ True ❑ False

9. F

10. The shaft surface should be smooth enough to prevent excessive seal wear, but

“rough” enough to form lubrication holding pockets.

❑ True ❑ False

10. T

11. Ferrous and other commonly used metallic materials (such as aluminum) are 

acceptable bore materials.

❑ True ❑ False

11. T

12. Roto preening is recommended to dress the shaft and remove lead introduced during

the machining operation.

❑ True ❑ False

12. F

13. Imperfections such as surface burrs, nicks or rough spots on the shaft surface can

damage the lip as it slides on the shaft.

❑ True ❑ False

13. T

14. Bore material must be metallurgically compatible with the seal type that is used.

❑ True ❑ False

14. T

15. Bore-tite on a metal clad seal’s O.D. efficiently fills major bore imperfections.

❑ True ❑ False

15. F

16. It is acceptable to use inch sized seals in metric sized equipment.

❑ True ❑ False

16. F

6666

Chapter 7 Review (cont.)
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Chapter 8—Installation
The seal is ready to be installed in the bore once the shaft and bore

have been checked and cleaned, and the seal has been pre-lubricated.

Be sure to keep the work area and tools clean. Do not unbox the seal

until immediately prior to installation. Be careful not to introduce any

contaminants into the seal or bearing cavity (fig. 8a).

IInnssppeecctt tthhee  SShhaafftt aanndd  HHoouussiinngg  
Remove any burrs or nicks which could damage the seal lip or score

the O.D. Make sure that the housing and shaft have a smooth, 

chamfered edge.

PPrree--LLuubbrriiccaattiioonn  
The lip of the seal must be pre-lubed with clean lubricant

before the seal is installed. The seal O.D. of metal cased seals can 

be oiled or installed dry. However, rubber O.D. seals must always be 

pre-lubricated. This step is important because pre-lubrication aids

mounting and provides a film on which the seal rides until there is

ample lubricant in the seal cavity.

The best pre-lube to use is the lubricant being retained. This 

precaution can prevent any problems occurring by mixing two different

lubricants together.

Choosing an improper pre-lube could damage the seal lip, causing it to

shrink, swell or soften. By using the same lube as that being retained,

you can eliminate the possibility of selecting a lubricant with a limit of

200°F (93°C) for an application where the temperature might run as

high as 250°F or 300°F (121°C to 149°C). 

PPrrooppeerr IInnssttaallllaattiioonn  PPrroocceedduurreess
The first step in installation is to confirm that the seal meets the 

specific application requirements. Always be sure to check the 

dimensions, orientation of lip, helix direction, and condition of lip 

before pre-lubing.

To assist in mounting, always be sure to lube the O.D. of rubber

covered seals. A light lube can also assist in the mounting of metal 

clad seals.

TToooollss  
The best method for seal mounting is to use an arbor or hydraulic

press that applies uniform pressure against the seal. Always use a

proper size tool to apply installation force. If a press is not available or

not practical, use the second best alternative—a round tool. A bearing

cup is excellent. If it must follow the seal into the bore, it should be

slightly smaller than the outside diameter of the seal. An O.D. .010”

(.25mm) smaller than the bore is ideal. 

Before installing the seal, check to see

that the shaft and bore are cleaned and

the seal is pre-lubricated (fig. 8a). 

8



When using the wooden block

installation method, apply force

in the area over the center of

the seal (fig. 8c).
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Installation (cont.)

For best results, the center of the tool should be open so pressure is

applied only at the outer edge.

The tools used to install seals can often affect seal performance. 

For instance, a screwdriver may easily cut the seal lip, but make 

the damage invisible to the eye. Even blunt-end drifts can damage 

the seal case or distort the seal from its proper working position.

IIddeeaall  IInnssttaallllaattiioonn  CCoonnddiittiioonnss——AArrbboorr PPrreessss
This hydraulic press method is best for providing the uniform pressure

necessary to overcome seal O.D. press fit, usually 0.004 to 0.008 

inches (0. 102mm to 0.203mm) larger than the bore (fig. 8b).

Before installation, pre-lube the seal. To protect the seal outer shell,

apply pressure through an installation collar that contacts the seal near

the O.D. and has a relieved center to avoid pressure on the I.D. of the

seal face.

When installing the seal in a step bore, be careful not to squeeze or

crush the seal case. When installing in a “through” bore, apply pressure

through a steel plate or plug larger than bore diameter (to set the seal

perpendicular to the shaft).

AAlltteerrnnaattiivvee  IInnssttaallllaattiioonn  
MMeetthhoodd——WWooooddeenn  BBlloocckk IInnssttaallllaattiioonn
Use of a wooden block as an installation tool is acceptable when the

seal is to be installed flush with a housing and no arbor press is available.

Before installation, pre-lube the seal. Use the flat surface of the wood-

block to press the seal in place. A steel hammer can be used to apply

force to the wood block and to overcome the seal’s press fit diameter.

Apply force evenly across the back of the seal. That is, avoid forcing

one side of the seal first, thus cocking the seal (fig. 8c). Apply no direct

force to the seal I.D.

Whatever tool is used, remember that seating force must be applied

and spread out around the entire circumference of the seal. A direct

blow on one side of the seal distorts the shell and can cause the lip 

to be pressed against the shaft. This action produces increased 

friction between the lip and the shaft surface.

If installation pressure is applied to the seal’s inside diameter, the shell

is forced upward, lifting the lip from the shaft surface. If the seal is

cocked—not perpendicular to the shaft and bore—the result will be 

too much contact on one side, and not enough on the other.

Careless installation is one of the most common reasons for seal 

problems. The end-user can prevent these problems by reviewing 

and following the recommendations on the opposite page.

The arbor press installation method 

provides the uniform pressure needed 

to overcome seal �.D. press fit (fig. 8b).
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FFoorr bbeesstt sseeaall  ppeerrffoorrmmaanncceess,,  uussee::

• Arbor or hydraulic press

• Wooden block

• Soft-faced hammer or mallet

IInnssttaallllaattiioonn  ttoooollss  iinn  oorrddeerr ooff  pprreeffeerreennccee::

• Tools tailor-made for seal installation

• Standard driving plug

• Old bearing cup

• Wooden block

SSeeaalliinngg  ddaammaaggee  mmaayy  rreessuulltt wwhheenn  uussiinngg::

• Steel hammer

• Drift or punch

• Chisel or screwdriver

• Direct hammer blows on the face of the seal

• Starting seal into the bore at an angle (cocked)

IInnssttaallllaattiioonn  CChheecckklliisstt
1. Check the bore. Remove any burrs from the leading edge. 

Be sure there is a rounded corner or chamfer (fig. 8d).

2. Check the shaft. Remove burrs, surface nicks, grooves and spiral

machine marks (machine lead).

3. Check the shaft end. Remove burrs or sharp edges. If the shaft

enters the seal against the sealing lip, its end must be chamfered 

or a special installation tool must be used.

4. Check splines and keyways. Sharp edges should be covered 

with a lubricated assembly sleeve, shim stock or tape to protect

the seal lip.

5. Check the dimensions. Make sure that shaft and bore diameters

match those specified for the seal selected.

6. Check for part interference. Watch out for other machine parts that

might rub against the seal and cause friction and damaging heat.

7. Check the seal. Damage may have occurred before installation. 

A sealing lip that is turned back, cut or otherwise damaged should

be replaced.

Remember to check shaft and bore

surfaces and pre-lube the seal

before installation (fig. 8d).

8
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Installation (cont.)

8. Check seal direction. Make sure the new seal faces in the same

direction as the original one. Generally, the lip faces the lubricant

or fluid being retained.

9. Use the correct installation tool. Press-fitting tools should have an

outside diameter approximately .010” (.254mm) smaller than the

bore size. For best results, the center of the tool should be open 

so that pressure is applied only at the outer edge.

10. Pre-lubricate the sealing element. Before installation, wipe the

sealing element and shaft with the lubricant being retained. 

Rubber O.D. seals must be completely lubricated.

11. Never hammer directly on the surface of the seal. Use proper

driving force such as a soft face tool, arbor press or soft workpiece

(wood). To avoid cocking the seal, apply force evenly around the

outer edge.

12. Position the seal properly in the housing and inspect for alignment

and installation damage.

PPoosstt--IInnssttaallllaattiioonn  TTiippss
When painting, be sure to mask the seal. Avoid getting paint on the lip,

or the shaft where the lip rides. Also, mask the vents so they will not

become clogged.

If paint is to be baked or the mechanism otherwise subjected to heat,

the seals should not be heated to temperatures higher than their

materials can tolerate.

In cleaning or testing, do not subject seals to any fluids or pressures

that could damage them. Check the Compound Selection Chart in 

the SKF Handbook of Seals when in doubt. Improper installation 

procedures will result in early seal failure. Three of the most common

installation errors are detailed below.

CCoommmmoonn  IInnssttaallllaattiioonn  EErrrroorrss  DDaammaaggee  ffrroomm
SShhaafftt BBuurrrr
SSyymmppttoommss
Shaft burr damage is evidenced when early lip leakage signals there 

is a cut (usually visible) in the seal lip.

CCaauusseess
This cut was probably caused by a burr on the shaft which caught and

tore the seal lip. A burr on the spline or keyway of the shaft may have

caught the seal lip (fig. 8e). It also could be caused by not chamfering

the leading edge of the shaft or bore.

A cut on the seal lip can be

caused by shaft burrs (fig. 8e).
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CCoorrrreeccttiivvee  AAccttiioonnss
Inspect the mating surfaces of the bore and shaft. Remove any burrs

and nicks from the bore and shaft. Tape the keyway or spline, then

lubricate it. Chamfer the leading edges of the bore and shaft. Pre-lube

the seal to ease its installation over the shaft. Use a cone or sleeve

made from shim stock to slide the seal over the shaft.

CCoommmmoonn  IInnssttaallllaattiioonn  EErrrroorrss——CCoocckkeedd  SSeeaall
SSyymmppttoommss
Markings can be tell-tale signs that the seal was cocked (tilted) during 

installation.

Light scratches on the front of the seal would appear when the case

was first inserted. Since the seal was cocked, it takes additional force 

to seat the back half. This extra force causes heavier markings on the

back of the seal (fig. 8f).

Other symptoms include early lip leakage, high or low wear on the 

lip or wide wear on the shaft.

CCaauusseess
A seal can be cocked if uneven pressure was applied during installation

or if the entering edge of the bore was not chamfered. Also, the 

housing could have been cocked during installation. This can occur

during arbor press assembly if foreign material gets under the housing.

CCoorrrreeccttiivvee  AAccttiioonn  
If the seal is cocked, you must remove the cocked seal and put in a

new one, applying uniform force to the seat during press fit installation.

Be sure to use the correct tools and procedures to be sure the new

seal is straight.

CCoommmmoonn  IInnssttaallllaattiioonn  EErrrroorrss——
DDaammaaggeedd  SSeeaall  CCaassee
SSyymmppttoommss
Immediate lip leakage usually occurs when the case is damaged, 

out of round, or bent.

CCaauusseess
This can occur when pressure is applied incorrectly or unevenly during

installation, or if improper tools that can damage the seal case are 

utilized. After the seal bottoms out in a step-bore, continued pressure

will bend the case inward (fig. 8g).

Markings on the case or metal insert

signal the seal was cocked during

installation (fig. 8f). 

Uneven installation pressure

can damage the seal case,

causing lip leakage (fig. 8g).

8
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Installation (cont.)

CCoorrrreeccttiivvee  AAccttiioonnss
Use the correct tools and procedures to apply uniform pressure to

press fit the seal in the housing.

LLaarrggee  DDiiaammeetteerr SSeeaall  IInnssttaallllaattiioonn
Installation of a large diameter seal follows the same procedures 

as those used in standard seal installation. Follow these steps:

• Check the bore, shaft, shaft ends, splines and keyways, for

imperfections, dirt and anything that shouldn’t be there.

• Check dimensions. Be sure the correct seal size has been selected.

• Check for parts interference. Watch out for metal-to-metal contact

between the seal shell and shaft surface.

• Check the seal. Is it the right style for the application?

• Check seal direction. The seal lip should be pointed toward 

the lube for retention, or away from the lube for dirt exclusion.

• Pre-lube the sealing element. Always use the same lubricant

as the one used in the application.

• Position the seal properly. Be sure it sits squarely in the bore.

During installation, never hammer directly on the seal. Because 

of their size, it is often not possible to apply uniform pressure across

the seal at one time.

FFoorr fflluusshh  iinnssttaallllaattiioonn::
Use a board or wooden block to progressively tap the seal into the

bore. A little at a time, gradually ease the seal into the bore. Gently tap

at 9 o’clock, 3 o’clock, 12 o’clock and 6 o’clock positions to avoid cocking

the seal (fig. 8h).

LLaarrggee  DDiiaammeetteerr SSpplliitt SSeeaall  IInnssttaallllaattiioonn
A large diameter split seal is correctly installed by following these steps:

• Lightly lubricate the seal’s O.D. and inner lip.

• Apply the seal around the shaft, positioning it at the desired 

location with the butt ends of the seal at the 12 o’clock position.

• Make the spring connection (see following section for details) (fig. 8i).

• Tap the seal in place, alternately striking lightly around 

its circumference.

• Install the cover plate.

To install a large diameter

seal, tap around the seal in the

sequence shown above (fig. 8h).

Connect the split seal’s spring after

the seal is placed around the shaft

(fig. 8i).

HS8
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SSpplliitt SSeeaall  FFiittttiinngg  
All HS seals require a cover plate (fig. 8j). The cover plate provides 

the compression fit necessary to ensure a leakproof seal. It should be

thick enough .250” to .500 inches (6.3mm to 12.70mm) not to bend 

or distort. The cover plate should also be secured by bolts or studs no

more than 6” (152.40mm) apart on the bolt circle. Splitting the cover

plate in two or more sections will make seal replacement easier, 

particularly in confined areas.

To block surges of lubricant toward the seal from the inside and to

protect the seal from damage from the outside, the cover plate I.D.

should be as close as practical to the shaft. Generally, 1/4” (6.3mm)

over shaft size is sufficient for clearance in the presence 

of moderate shaft misalignment and run-out.

If supplementary sealing is required but it is impractical to machine 

the original housing, the seal cavity may be incorporated into a new

plate which is then bolted into place.

PPrroocceedduurree
• Lightly lube seal O.D. and inner lip.

• Put seal around shaft.

• Install spring into its groove if required

• Make spring connection.

• Install butt-ends first at 12 o’clock position.

• Tap into place, alternately striking around seal.

• Install cover plate.

Cover plates ensure a

leakproof seal (fig. 8j.)

8
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Installation (cont.)

SSpplliitt SSeeaall  CCoonnnneeccttoorrss
There are three types of stainless steel spring connectors 

for SKF split seals: 

• Control-wire 

• Hook and eye 

• Threaded

CCoonnttrrooll--WWiirree  CCoonnnneeccttoorr
Making the split seal easy to install, the control-wire connector offers

these features, benefits and limitations:

• The connector wire slips into the core of the garter spring for

connection (fig. 8k).

• The Spring-Kover keeps the spring in place.

Of the three types of connectors, this provides the least secure spring

connection. The seal ends might not join completely due to the ease of

assembly feature.

It is recommended only for horizontal shafts running at speeds below

1500 fpm (7.62 m/s), retaining grease. It is used only with SKF’s HS7

seal design.

HHooookk aanndd  EEyyee  CCoonnnneeccttoorr
The hook and eye (fig. 8l) assembles easier than threaded connectors,

and provides a positive spring connection. It is used only on seals for

shaft diameters over 18.001 inches (457.23mm), or by special order.

TThhrreeaaddeedd  CCoonnnneeccttoorrss
Most difficult to install of the three, threaded connectors (fig. 8m) 

provide the most positive connection of the spring. They are used on

smaller seals, for shaft diameters up to 18 inches (457.22mm) or by

special order.

The hook and eye provides positive

spring connection on seals for larger

(18  diameter) shafts (fig. 8l).

The control-wire connector fits into

the core of the garter spring (fig. 8k).

Threaded connectors provide positive

spring connection on seals for shaft

diameters under 18  (fig, 8m).
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VV--RRiinngg  IInnssttaallllaattiioonn
These step-by-step procedures will assure correct SKF V-Ring installation:

• Clean the shaft and counterface. Make sure there is no grease or oil on

the V-Ring’s shaft seating surface.

• Apply a light coat of molycote, grease or silicone oil to the counterface 

or lip. This will minimize break-in wear as well as maximize the 

V-Ring’s service life.

• Mount the V-Ring by hand. It should be stretched uniformly around the

shaft (it can be stretched up to 2 1/2 times its molded diameter).

• On shaft diameters over 19.685 inches (500mm), run a blunt tool

between the V-Ring and the shaft to assure uniform stretch. Make 

sure the V-Ring is located clear of housings or projections.

V-rings should be selected for the shaft size being used and mounted 

on the shaft based on the “B1” dimension, or distance from the rear

base of the ring to the surface its lip is contacting. It is called the 

“width of seal” in the SKF Handbook. Other key installation dimensions 

are the D2, or maximum gap between the shaft and housing and D3, 

the minimum radial clearance around the V-ring.

While the V-ring can stretch to fit on the shaft, sometimes it is 

necessary to cut the ring, fit it around the shaft and rejoin the ends. 

It is possible to use cold or hot bonding methods, depending on the 

operating conditions. SKF offers special instructions for bonding the 

rings based on which compound is involved.

V-Rings should be mounted to their

“B1” dimension (fig. 8n).

B1

8



To take this test, simply place a card or sheet of paper under the first question. After

you’ve read it (and answered it to yourself), slide the paper down below the next question.

The correct answer to the first problem will appear directly to the right of the new question.

Be sure not to skip any questions.

1 . The seal is ready to be installed in the bore when _________________ .

❑ a. the shaft and bore have been checked and cleaned

❑ b. the seal has been pre-lubricated

❑ c. both of the above

❑ d. none of the above

1. C

2. For best seal performance, use a(n) _________________ or soft-face hammer

for seal installation.

❑ a. screwdriver

❑ b. arbor press

❑ c. chisel

❑ d. steel hammer

2. B

3. Press-fitting tools should have an outside diameter approximately _________________

the bore size.

❑ a. .010” (.254mm) smaller than

❑ b. .010” (.254mm) larger than

❑ c. equal to

❑ d. none of the above

3. A

4. Seals which are to be flush with the outside of the housing can be pressed 

in with a _________________ .

❑ a. drift

❑ b. punch

❑ c. block of wood

❑ d. chisel

4. C

5. The wrong installation tool can _________________ .

❑ a. cut the seal lip

❑ b. damage the seal case

❑ c. distort the seal

❑ d. all of the above

5. D

6. A sealing lip that is cut, turned back or damaged should be _________________ .

❑ a. repaired

❑ b. replaced

❑ c. cleaned

❑ d. chamfered

6. B

7766
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7. Careless installation is a common reason for seal problems.

❑ True ❑ False

7. T

8. In wooden block installation, the sealing force of the installation tool should be applied

uniformly across the seal case, not concentrated in the center.

❑ True ❑ False

8. T

9. A cocked seal is perpendicular to the shaft and bore.

❑ True ❑ False

9. F

10. Shaft and bore diameters should match those specified for the seal selected.

❑ True ❑ False 10. T

11. An arbor press does not apply uniform pressure against a seal.

❑ True ❑ False

11. F

12. A direct blow on one side of the seal distorts the shell and can cause the lip to be

pressed against the shaft.

❑ True ❑ False

12. T

13. The new seal should face the opposite direction of the original one.

❑ True ❑ False

13. F

14. Using the arbor press method to set the seal perpendicular to the shaft when

installing a “through” bore, apply pressure through a steel plate or plug larger than

bore diameter.

❑ True ❑ False

14. T

15. The best pre-lube to use is the lubricant being retained by the seal.

❑ True ❑ False

15. T

16. V-rings can not be stretched when installing them on shafts.

❑ True ❑ False

16. F

17. Control wire connections on HS7 split seals can be used for oil sealing applications

❑ True ❑ False

17. F

18. With V-rings, it doesn’t matter where they are positioned on the shaft so long as the

shaft diameter is correct.

❑ True  ❑ False

18. F

8
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Chapter 9—Troubleshooting
PPrreelliimmiinnaarryy  SSuurrvveeyy  
The best way to troubleshoot is to follow a sequence of steps that

should lead you to the problem.

• What was the seal supposed to do? How well has it done the job in

the past? If there is a history of failures, the problem may not be

caused by the seal itself.

• Was it the right seal? Check the seal’s part number and look up its

recommended applications. If the correct seal has been installed and

there is no history of repeated failures, the problem requires further

investigation.

• Pinpoint the source of the leak. It may be either an I.D. leak or an

O.D. leak. Also, find out when the leak first occurred and see if this

relates to a change in maintenance or operating procedures.

• In the case of exceptional seal wear, what is the cause of this wear?

To find out requires failure analysis.

BBaassiicc  SStteeppss  iinn  AAnnaallyyzziinngg  SSeeaalliinngg  SSyysstteemm  FFaaiilluurreess
Follow these steps in determining why a seal has failed:

• Inspect the seal before removal to check the condition of the area,

note the amount of leakage that has occurred, and determine the

source of the leakage (fig. 9a).

• Wipe the area clean and inspect to determine if:

- There are nicks on the bore chamfer,

- The seal is cocked in the bore,

- The seal was installed improperly,

- There is shaft-to-bore-misalignment,

- The seal is loose in the bore,

- The seal case is deformed, and/or

- There is paint on the seal.

• Rotate the shaft to determine if there is excessive end play 

or excessive run-out.

If the leakage cannot be located, follow this procedure:

• Add ultraviolet dye to the sump or spray the area with white powder.

• Operate for 15 minutes.

• Use ultraviolet or regular light to check for leakage.

• Mark the seal location at 12 o’clock and remove it carefully. 

Check for nicks on the bore chamfer.

Inspect the seal and check for signs

of failure (fig. 9a).
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With the seal removed, check for: 

• Rough bore surface. 

• Shaft cleanliness (is it clean and free of carbon?) 

• Coked lube on the shaft. 

• Shaft damage. 

• Flaws or voids in the bore.

• Shaft corrosion.

• Shaft discoloration.

Identify the seal style and materials. Then inspect it for: 

• Primary lip wear. 

• Primary lip conditions. 

• Seal O.D. wear/damage. 

• Spring damage.

PPrrooppeerr SSeeaall  MMeeaassuurreemmeenntt
Two of a seal’s measurements are its outer diameter (O.D.) and its

inner diameter (I.D.). To determine these, follow these procedures:

• To measure the O.D. of a seal, take three measurements equally

spaced around the outside of the seal. The average of the three is

the seal’s O.D (fig. 9b).

• A metal O.D. seal is generally 0.005 to 0.016 inches (0. 13mm 

to 0.41mm) larger than the bore, for press fit.

• A rubber O.D. seal is generally 0.008 to 0.020 inches (0.20mm 

to 0.51mm) larger than the bore, for proper compression and 

interference fit.

• The inner diameter is more difficult to measure. Take about five 

I.D. readings, average them and add an interference figure to the lip

I.D. to reach the approximate shaft I.D. (see Catalog 457010).

• Alternatively, use the shaft O.D. as the seal I.D. Then refer to size 

listings in the SKF Handbook of Seals, for determining the correct

seal part number.

CCoommmmoonn  SSeeaalliinngg  PPrroobblleemmss
Common sealing problems, their causes and solutions, are detailed

below.

HHaammmmeerr DDaammaaggee
Some obvious signs of hammer damage include visible dents on the

seal back, a distorted sealing element, or a garter spring that pops out

(fig. 9c).

The average of three measurements

around the outside of the seal is the

seal O.D. (fig. 9b).
9

Visible dents on the seal back are

symptoms of hammer damage (fig. 9c).
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Troubleshooting (cont...)

CCaauusseess
Such hammer damage can be caused by using a steel hammer on the

seal housing during installation.

CCoorrrreeccttiivvee  AAccttiioonnss  
Never hammer directly on the seal. Seals which are to be flush with

the outside of the housing should be pressed in with an installation

tool larger than the seal O.D. or with a block of wood. In this case it is

acceptable to use a steel hammer, a dead blow hammer or soft-faced

hammer on the wooden workpiece.

When the blow is going through steel (such as a bearing ring), use 

a soft-faced or dead-blow hammer or mallet. This type of tool, like 

a block of wood, absorbs the shock wave created by the tool’s impact. 

A hammer blow without any material to absorb the shock wave can

dislodge the garter spring from its proper operating position. Once 

the spring is out of position, the seal will fail. It may even interfere 

with the action of the seal lip, or find its way into the bearing.

SShhaafftt--ttoo--BBoorree--MMiissaalliiggnnmmeenntt DDyynnaammiicc  RRuunn--OOuutt
Early lip leakage, excessive (uneven) lip wear on one side of the seal,

and/or excessive but consistent lip wear all around are symptoms of

shaft-to-bore-misalignment or dynamic run-out.

CCaauusseess
Shaft-to-bore-misalignment (STBM) is a condition of excessive 

misalignment created by inaccurate machining, shaft bending, lack of

shaft balance or worn bearings (fig. 9d and fig. 9e). Dynamic run-out

(DRO) is a similar condition where the shaft does not rotate around 

its true center (fig. 9d and fig. 9f).

If you find a leaking seal with a wide wear band on one side, but a

narrow band on the other, you can suspect high STBM (unless O.D.

markings indicated the seal was cocked). The lip area with the greatest

wear indicates the direction of shaft misalignment. 

Initial leakage will generally occur in the area that shows little or no

seal wear. This is because of inadequate lip contact. But as the worn

side is hardened from excess pressure and heat, it may crack and

cause additional leakage.

CCoorrrreeccttiivvee  AAccttiioonnss  
Check the shaft-to-bore alignment, and adjust it. Inspect the shaft and

bore before installing the replacement seal. Replace worn bearings.

Shaft-to-bore misalignments (left)

and dynamic run-out (right) both

cause early lip leakage (fig. 9d).

A

B

STBM 

Misaligned components in a power train

create Shaft to Bore Misalignment (STBM)

and leaks. The seal lip will appear worn 

on one side and relatively untouched on

the other. Shaft alignment should always

be checked before installing a new seal

(fig. 9e).

DRO 

Dynamic Run Out (DRO) is the result of a

bent, unbalanced or misaligned shaft. The

sealing lip will be severely worn around

the entire diameter. A dial indicator

attached to the bore or housing while the

shaft is rotated through 360˚ will reveal

DRO. (fig. 9f).
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LLiipp  WWeeaarr
Look for clues in the sealing member of the seal. A small cut, nick

or abrasives continually laying at lip/shaft interface could be the source

of the leak. But if everything looks intact, it’s time to look at the wear

pattern of the lip (fig. 9g).

CCaauusseess
A new seal which has never been installed has a sharp edge at

the contact point. Following a period of normal operation, the lip’s

sharp edge will be flattened some by normal wear. If the lip has 

been substantially worn away, the seal may not be getting enough

lubrication, the shaft may be corroded, the vent in the lube system

may be blocked, or the finish too rough. Extreme wear could also be

caused by shaft-whip (DRO). It could also be caused by excess 

pressure or by misalignment (STBM).

CCoorrrreeccttiivvee  AAccttiioonnss
Check the shaft-to-bore alignment. Correct the alignment. Provide

proper lube for the seal if there isn’t enough. Repair the shaft if the

shaft is not properly finished. Use a seal designed to exclude abrasive

contaminants if there is an abrasive build-up. Clean and open vents

that are blocked to reduce pressure. If conditions warrant, consider

using a seal designed for high pressure.

OOuutteerr CCaassee  DDaammaaggee
A “curled” or rolled edge of the seal metal case indicates damage. 

The damaged zone may feel rough.

CCaauusseess
The housing bore may have a square corner or not have had a proper

lead-in chamfer. Without it, the seal may bind on insertion. This can

cause cocking or create a beveled or rolled end for part of its circum-

ference. It’s also possible that the bore diameter and tolerance are

incorrect.

CCoorrrreeccttiivvee  AAccttiioonnss
Insure that the bore does not start with a square corner. Per industry

standard, it should have a 15 -̊30˚ angle and the corners should be

smooth and free of burrs. Confirm that the bore size is correct for the

seal. 

The illustration above compares 

the lip on a new seal (A) to one

with normal wear (B) and one with

excessive wear (C) (fig. 9g).

A B

C

9

No Chamfer

The beveled edge (chamfer) on the 

leading edge of the bore provides a ramp

for starting the seal straight. Without it, 

it is virtually impossible to get the seal

installed correctly. A 15˚-30˚ angle, clean

and burr free, is recommended. (fig. 9h).
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Troubleshooting (cont...)

OOuutt--ooff--RRoouunndd  SShhaafftt
Early lip leakage is also a symptom that the shaft is out-of-round 

(fig. 9i). Industry specifications are listed in the 457010 SKF Handbook

of Seals.

CCaauusseess
Inspect the shaft to see if it is out-of-round. Flat spots on the shaft

can also cause early lip leakage.

CCoorrrreeccttiivvee  AAccttiioonnss
Check the shaft’s “roundness” by measuring with a micrometer in 

three equally spaced points circumferentially near the location of the

seal. Tolerances should be within the allowable range for the shaft size.

Be sure the shaft is carbon or stainless steel, finished 8 to 17

micro-inch Ra (0.20μm to 0.43μm), with no machine lead. One 

solution is to remove and resize or reshape the shaft first. Then 

repair the shaft with either a Speedi-Sleeve or an SKF Large 

Diameter Wear Sleeve.

GGaarrtteerr SSpprriinngg  DDaammaaggee
Garter spring problems are easy to spot. The spring may be loose, or

out of the seal. The spring may pop out and damage the mechanical

components. Or, the spring may be missing (fig. 9j).

CCaauusseess
Maybe the spring was never installed in the seal. Perhaps it was 

dislodged from the seal prior to installation. Or maybe too much 

shock was transmitted to the seal during installation.

CCoorrrreeccttiivvee  AAccttiioonnss
The only solution is to install a replacement seal. But first, check

the spring on the new seal. It could have become dislodged during

packaging or shipment. If so, install the spring into the seal. Use 

correct mounting tools and follow correct installation procedures. 

Be sure to apply press fit force uniformly.

An out-of-round shaft can also 

cause seal leakage (fig. 9i).

Garter spring problems are visible 

and easy to spot (fig 9j).
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CCuutt SSeeaall  LLiipp
Ever-so-slight seal leakage is evidence that there may be a small nick

or cut in the sealing lip (fig. 9k).

CCaauusseess
It may have been caused by a burr on the keyway, spline or shaft end.

CCoorrrreeccttiivvee  AAccttiioonnss
Follow these steps to correct and prevent cuts on the seal lip:

• Use a deburring tool or emery cloth to remove any burrs. Use 

correct mounting tools to protect the seal lip from sharp edges. Be

sure to tape the keyway or spline. Handle seals carefully. Keep seals

packaged during storage or while in transit.

LLuubbee  BBrreeaakkddoowwnn
Sludge or varnish-like deposits on the seal lip and/or shaft are 

symptoms of lube breakdown (fig. 9l).

CCaauusseess
Sometimes heat is high enough to break down the oil, but not enough

to harden the lip. In this case, sludge accumulates and is deposited on

the seal lip.

CCoorrrreeccttiivvee  AAccttiioonnss
Reduce operating temperature if possible, or use a seal designed 

for high temperatures (fluoroelastomer type). Be sure to use proper

lubricant for the seal. It also helps to change the oil regularly. 

HHeeaatt CChheecckkiinngg
Heat checking or cracking is another common sealing problem. 

This may be evidenced by a hardened seal lip or fine cracks that show

up in the seal lip surface (fig. 9m).

CCaauusseess  
These problems with the seal may be caused by an operating 

temperature greater than the lip material maximum. Other

reasons for heat cracking are excessive surface speeds or insufficient

lubrication at the seal lip.

CCoorrrreeccttiivvee  AAccttiioonnss
One possible solution is to reduce the temperature or select a seal

material with a higher temperature range. In the other cases, change

the lip material to one that is compatible with the lube or provide

proper lube for the seal. For high pressure applications, be sure to 

use a seal designed for that purpose, such as CRWA5.

A nicked seal lip also causes lip 

leakage (fig. 9k).

Sludge deposits on the seal lip 

indicate lube breakdown (fig. 9l).

Fine cracks in the seal lip are 

visible signs of excess heat or

pressure (fig. 9m).

9
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Troubleshooting (cont...)

PPrreessssuurree  BBllooww--OOuutt
Another visible seal problem is a ruptured or inverted seal lip. Either

problem results in lip leakage (fig. 9n).

CCaauusseess
Pressures exceeding seal design limitations can cause seal rupture,

inverted lips and resultant lip leakage.

CCoorrrreeccttiivvee  AAccttiioonnss
Check the seal cavity for excess pressure. Provide vents to reduce pres-

sure, or use a seal designed for high pressure applications (CRWA5).

PPrreessssuurree  LLiipp  WWeeaarr
Signs of excessive pressure include extreme lip wear and lip leakage.

CCaauusseess
Excess pressure can crush the lip against the shaft. Heavy friction will

eventually force the garter spring through the lip. Excess pressure can

blow the lip completely off (Fig. 9o).

CCoorrrreeccttiivvee  AAccttiioonnss
We recommend two ways to prevent seal failure caused by excessive

pressure. First, check the air vents to be sure they are clean. If not

open them to reduce pressure. Dirt or paint may block proper air flow.

Second, if the system is clean, try using a medium pressure seal such

as the CRW5 and CRWA5. Make sure the system operating parame-

ters are within the seal’s capability.

CChheemmiiccaall  SSwweelllliinngg
A swollen, distorted appearance of the seal rubber element combined

with a “soft” feel can indicate incompatibility between the lip compound

and the media being retained or excluded.

CCaauusseess
The rubber is experiencing swell, an increase in volume resulting from

the compound absorbing the attacking media. This displacement of the

rubber molecular structure reduces the physical strength of the rubber

leading to rapid wear and failure. In extreme cases, the rubber may

dissolve completely. With some compounds, heat or other agents can

also be responsible. 

CCoorrrreeccttiivvee  AAccttiioonnss
Consult seal catalogs and investigate to make sure that the selected

seal compound is acceptable for the media and operating conditions.

Sometimes a rubber type can be sensitive to a particular media but

still be adequate in the expected application but in other cases it can

be ruined.

Too much pressure can 

rupture the seal lip (fig. 9n).

Extreme lip wear (B) is a sign of

excess pressure. Note the lip with

pressure (A) (fig. 9o).

Chemical swelling 

Incompatibility between the lip 

material and the operating media,

including lubricants, can produce

major swelling of the seal material.

Above is a before (1) and after (2)

example of the gross damage 

you may see from chemical 

incompatibility.(fig. 9p).
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Chapter 9 Review
To take this test, simply place a card or sheet of paper under the first question. After you’ve

read it (and answered it to yourself), slide the paper down below the next question. The

correct answer to the first problem will appear directly to the right of the new question. 

Be sure not to skip any questions.

1. Premature seal failure can be caused by _________________ .

❑ a. nicks on the bore chamfer

❑ b. improper seal installation

❑ c. shaft-to-bore misalignment

❑ d. all of the above

1. D

2. If a seal’s lip shows premature wear _________________ .

❑ a. the seal may not be getting enough lubrication

❑ b. the shaft may be corroded

❑ c. the finish is too rough

❑ d. all of the above

2. D

3. A cut lip seal may have been caused by _________________ .

❑ a. a damaged seal housing

❑ b. shaft discoloration 

❑ c. coked lube on the shaft

❑ d. a burr on the keyway

3. D

4. Pressures exceeding seal design limitations can cause _________________ .

❑ a. seal rupture

❑ b. inverted lips

❑ c. lubricant leakage

❑ d. all of the above

4. D

5. Heat checking or cracking is sometimes caused by lack of lubrication.

❑ True ❑ False

5. T

6. The only solution to garter spring damage is to install a replacement seal.

❑ True ❑ False

6. T

7. If high operating temperatures cannot be reduced, fluoroelastomer type seals 

(SKF LongLife) can be used because of their higher temperature range.

❑ True ❑ False

7. T

9
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Chapter 9 Review (cont...)

8. Garter spring damage requires careful inspection, often necessitating 

calling in an “expert.”

❑ True ❑ False

8. F

9. For out-of-round shaft repairs, a Speedi-Sleeve or SKF Large Diameter Wear

Sleeve is often a better solution than shaft removal and reshaping.

❑ True ❑ False

9. F

10. When examining for STBM, the lip area with the least wear indicates 

the direction of shaft misalignment.

❑ True ❑ False

10. F

11. When using a wooden workpiece for flush installation of a seal, it is acceptable 

to use a steel hammer.

❑ True ❑ False

11. T

12. Because seal I.D. is easy to measure, only three measurements need 

to be taken and averaged.

❑ True ❑ False

12. F

13. When determining the cause of a leak, remove the seal immediately and inspect it.

❑ True ❑ False

13. F

14. If there is a history of seal failures for a particular installation, the problem 

may not be the seal’s fault.

❑ True ❑ False

14. T

15. A hammer blow without any material to absorb the shock wave can 

dislodge the garter spring from its proper operating position.

❑ True ❑ False

15. T

16. A swollen appearance and soft feel to a seal’s rubber element probably indicates

chemical incompatibility with the system media. 

❑ True ❑ False

16. T

17. There is no problem installing a seal into a bore without a lead-in chamfer.

❑ True ❑ False

17. F



Glossary of Seal Terms
Abrasives – Materials that cause wear, 

friction or irritation

All-Rubber Seals – A non-metal clad seal made of

rubber commonly used where space limitation and

installation difficulties are a major consideration.

Two basic types of HS all-rubber seals are solid 

and split, both require a cover plate for proper

compression and sealing.

Auxiliary Lip – See Secondary Lip

Axial Seal – Applies force along the direction of 

the shaft, usually between one moving and one

stationary element.  Examples: carbon 

face seal, V-Ring.

Axial Clamp Split Seal – Made of nitrile, these

compact seals operate against a rotating step or roll

face. Recommended for large diameter applications

where there is the need for a second seal to

exclude dirt.

Bearing – An anti-friction device that supports,

guides, and reduces friction between fixed and

moving machine parts. Rolling bearings rely on

balls or roller elements riding within raceways on 

a thin film of lubricant. Plane or sleeve bearings

use only a lubricant film.

Bi-rotational Seal – A rotary shaft seal which will

seal fluid regardless of direction of shaft rotation.

Bond – The adhesion established by vulcanization

between two cured elastomer surfaces, or between

one cured elastomer surface and one 

non-elastomer surface.

Bonded Seal – Design feature of a type of radial

lip seal.  The heel of the sealing element is attached

(bonded) to the seal case by an adhesive during the

molding operation.

Bore – See Seal Bore.

Bore-tite – A sealant that fills small bore 

imperfections.

Bottom Out – Installation of a seal into a groove

until it reaches the end of possible travel. Additional

force should not be used or damage can result.

Buna-N – See nitrile.

Burr – A rough edge on metal or other material

after it has been cast, cut, or drilled.

Case, Bonded – A design feature of a type of radial

lip seal wherein the heel of the sealing element is

attached to the seal case by an adhesive during the

molding operation.

Case, Inner – A rigid, cup-shaped component of a

seal assembly, which is placed inside the outer seal

case.

Case, Outer – The outer thin-wall rigid structure of

the lip-seal assembly which contains the inner case,

the primary-seal ring, the spring parts, and the

secondary seal.

Case, Seal – A rigid member to which the seal lip

is attached.

Case Width – The total axial width of the seal case.

Cavity, Mold – A single unit or assembly of 

contoured parts in which a material, such as an

elastomer, is shaped into a particular configuration.

Cavity, Seal – The annular area between a housing

bore and a shaft, into which a seal is installed.

Chamfer – A surface that has a groove cut in it or

the edge or corner is cut off; beveled.

Cocked – An installation in which the plane of the

outside seal face is not perpendicular to the shaft

axis.

Compound – A substance or material formed 

by the combination of two or more otherwise 

independent elements.

Contaminants – Foreign matter on the seal 

surface.

Contact Pressure – The average pressure exerted

by a seal on a shaft. This pressure is computed

dividing the total lip force by the total lip area. Also

referred to as radial load.

Counterface – The end of a bearing, a washer, a

steel stamping, or even the back of an oil seal shell.

Cover Plate – Metal plate used to compress all

rubber (HS) seals in the bore and hold them

securely. 8877
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Diameter – A straight line segment passing

through the center of a figure, especially of a circle

or a sphere.

Diameter, Trimmed Lip – The lip diameter in the

free state (no spring) developed by knife trimming

the molded portion of the sealing element to form

the contact line.

Diamond Burnishing – A method of shaft surface

finishing in which the burnishing medium moves

axially.

Double Lip – Use of two sealing elements.  One is

usually spring loaded, the other not.  However, can

also have two spring loaded lips.  Can be opposed

or in same direction.

Duralip - SKF’s special nitrile compound for

extreme abrasion resistance.  Recommended 

where scale, sand, grit, dirt or other highly 

abrasive materials are present.

Duratemp – A special compound based on hydro-

genated nitrile (HNBR) Duratemp offers improved

tensile strength and resistance to heat, abrasion,

hardening in hot oil, ozone and weathering effects.

Dynamic Run-Out (DRO) – The amount by which

the shaft does not rotate around its true center.

Dynamic Seal – A seal which has rotating, 

oscillating, or reciprocating motion between it and

its mating surface, in contrast to a stationary-type

seal, such as a gasket.

DIN – “Deutcshes Institute fur Normung” German

standards organization that is a member of

International Standards Organization (ISO).

Eccentricity, Lip I.D. – See: variation, radial wall.

Eccentricity, Shaft – The radial distance which the

geometric center of a shaft is displaced from the

axis of shaft rotation.

Elastomer (Lip Material) – An elastic rubberlike

substance, such as natural or synthetic rubber.

End-Play – A measure of axial movement

encountered or allowed, usually in reference to 

the shaft on which the seal lip contacts.

EP lubes – “Extreme Pressure” lubricants which

contain additives to increase the strength of the

lubricant film.  These additives can include sulfur,

chlorine, or phosphorus compounds that can attack

the sealing materials.

Exclusion – The prevention of dirt, water and 

contaminants from entering the bearing cavity.

Flange – A protruding rim or edge used to

strengthen an object or hold it in place.

Flinger – Synonym: slinger.

Fluid Side – Side of the seal which normally 

faces the fluid being sealed.

Fluoroelastomer – A saturated polymer in which

hydrogen atoms have been replaced with fluorine.

It is characterized by excellent chemical and heat

resistance.

FPM – Feet per minute; used as a measure of

shaft speed instead of rpm.  To convert rpm into

fpm, use the formula: .262 x rpm x shaft diameter

(inches) = fpm.

Garter Spring – A Helically coiled spring wire with

its ends connected to form a ring.  It is used for

maintaining a sealing surface between the sealing

element and a sealing surface.

Glass Bead Blasting – A method of shaft surface 

finishing in which the shaft surface dimples.

Grinding Wheel-To-Shaft-Ratio – A number ratio

between grinding wheel rpm and shaft rpm.  The

whole number is proportionate to the number of

lead grooves formed in the shaft.  For example, at

a 2 to 1 ratio, one groove on the grinding wheel

will form two lead grooves on the shaft surface. 

Groove, Spring – A depression formed in the 

head of the section of the seal. It is generally 

semicircular in form and serves to accommodate

and locate the garter spring.

Glossary of Seal Terms (cont...)
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Hardness – The resistance to indentation.

Measured by the relative resistance of the 

material to the indentor point of a standard

diameter test instrument.  The Shore A scale is

commonly used for rubber materials.  For steel 

a Rockwell Hardness Tester is used with the

Rockwell or Brinnel hardness scale.

Helical – Shaped like a helix; a three-dimensional

curve that lies on a cylinder or cone and cuts the

elements at a constant angle; a spiral form.

Helix Seal – An elastomeric hydrodynamic lip

seal having helical ribs on the outside lip surface.

Housing – A rigid structure which supports the

seal assembly with respect to the shaft.

Housing Bore – A cylindrical surface which

mates with the outside surface of the seal outer

care (also referred to as a seal bore). 

Hydraulic – Use of fluid pressure to perform

work.  Examples include cylinders, accumulators,

motors, motor drives and pumps.

Hydraulic/Pneumatic Seals – Seals used to

contain fluid or gas pressure and protect them

from contamination.

Hydrodynamic Seal – A dynamic sealing device

which utilizes the viscous shear and inertia forces

of the fluid; imparted by a helically grooved or

ribbed seal lip, to generate a pressure differential

that opposed fluid flow.

Hydroseal – A sealing system having helically

disposed elements formed on the shaft surface.

HDDF – SKF Heavy Duty Dual Face axial seal.

I.D. – See Seal, Inside Diameter.

Inclusion – Foreign material included in the seal

material.

Interface – The region between the static 

and dynamic sealing surfaces in which there is

contact, or which experiences the closest

approach and effects the primary seal.

ISO – International Standards Organization.  

This is the international organization which sets

standards for quality excellence in manufacturing

organizations, service industries, and small 

companies. Sets tolerance specifications for

metric systems.

Keyway – A notch cut axially into the O.D. of a

shaft.  Used with a key and notched component

(gear, drive, etc.) to radially lock the component

onto the shaft.

Large Diameter Seals – Seals that fit shaft 8”

(200mm) in diameter and larger. 

Lip, Dirt – See Secondary Lip.

Lip, Dust – See Secondary Lip.

Lip, Molded – A type of seal lip which requires

no trimming to form the contact line.

LongLife Seal – SKF seal utilizing premium 

high performance fluoroelastomer materials 

for extended life service against high speed, 

heat and chemical attack.

Lubricant – Any of various materials, such as

grease, or machine oil, that reduces friction when

applied as a coating to remove parts; lube.

Machine Lead – Spiral grooves similar to a

screw thread on a shaft surface.  May be caused

by improper shaft finishing.  May result in early

seal leakage.

Metal Clad Seals – Seals using a metal case 

or housing.

Metallize – Addition of new metal to fill grooves

or nicks on worn shafts.

Misalignment – Physical displacement of 

the shaft centerline to theoretical drive center.  

Can be fixed (shaft to bore misalignment) 

or variable (dynamic run-out). 

M/S – Meters per second. Calculate as (shaft

diameter (mm) x RPM x .001 x 3.142) /60
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MPM – Meters per minute. Calculate as shaft

diameter (mm) x RPM x .001 x 3.142

Nick – A void created in the seal material after

molding.

Nitrile – A general term for the co-polymer of

butadiene and acrylonitrile.  ASTM class NBR.

Non-Spring loaded – Seal without a spring.

Applies radial force only through elasticity of the

rubber lip and interference.

Non-Synthetic – Before synthetic materials were

developed, naturally occurring materials were used.

Leather was the sealing element commonly found

in earlier seals.  Felt was also extensively used for

grease and dust seals.

Oil Resistance – The measure of an elastomer’s

ability to withstand the deteriorating effect of 

lubricant on the mechanical properties.

O-Ring – A toroidal shaped seal, commonly round.

Variations are square, lobed or rectangular. 

Out-Of-Round, Shaft – The deviation of the shaft

cross section from a true circle.

O.D. – See Seal, Outside Diameter.

Paper Polishing – Finishing the surface of a shaft

with abrasive paper.  

Parabolic – Like a parabola; a plane curve formed

by the locus of points equidistant from a fixed line

and a fixed point not on the line. 

Plunge Ground – The surface texture of shaft or

wear sleeve produced by presenting the grinding

wheel perpendicular to the rotating shaft without

axial motion.

Polyacrylate - A type of elastomer characterized

by an unsaturated chain and being a copolymer

of alkyl acrylate and some other monomer such 

as chloroethyl vinyl ether or vinyl chloroacetate.

ASTM class ACM.

Press Fit – Retention force achieved by installing

an element whose contact diameter is greater (or

less) than its mating surface.

Primary Lip – The flexible elastomeric component

of a seal lip which contacts the rotating surface,

performing the main sealing function. 

psi – Pounds per square inch.  Measure of 

pressure for fluids and gases.

PTFE – Polytetrafluoroethylene.  A thermoplastic

polymer developed by Dupont with outstanding

heat and chemical resistance.

Radial Seal – A seal which exerts radial sealing

pressure in order to retain fluids and/or exclude

foreign matter.

Radius – A line segment that joins the center

of a circle with any point on its circumference.

Retention – To retain lubricants or pressure 

within the bearing cavity.

Retention Seals – These seals are often spring-

loaded to retain lubricants or confine pressure in

the bearing cavity.

Roller Burnishing – A method of shaft surface 

finishing in which the surface peaks caused by

lathe cutting appear to flatten.  The original lead

grooves are compressed and not removed.

Roto preening – A method of shaft surface 

finishing in which the shaft surface dimples and

kerfs at one side of the depression.

Run-In – The period of initial operation during

which the seal-lip wear rate in greatest and the

contact surface is developed.  Synonym: 

bedding-in.

Run-Out – That run-out to which the seal lip is

subjected due to the outside diameter of the shaft

not rotating in a true circle.  Usually expressed as

TIR (Total Indicator Reading).

Glossary of Seal Terms (cont...)
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Ra – Measure of surface roughness average

of all peaks and valleys from the main line

within one cut-off (normally .030” or .76mm)

of measurement. 

RMA – Rubber Manufacturers Association.

Sets inch standards.

RPM – Revolutions per minute.

Scoring – A type of wear in which the 

working surface of the shaft is grooved.

Scotseal – “Self Contained Oil Type.” An SKF

seal which integrates multiple rubber sealing

elements within a housing which provides 

a running surface.  

Seal Bore – The diameter of the hole in the

housing into which the seal is fitted.

Seal, Head Section – The portion of a lip

seal which is generally defined by the inside

and outside lip surfaces and the spring

groove.  

Seal, Inside Diameter (I.D.) – The internal

diameter of a lip seal assembly.  Usually the

inside diameter of the inner seal case.

Seal Interference – The difference between

the seal lip and shaft diameters.

Seal, Outside Diameter (O.D.) – The external

diameter of a lip seal assembly.  Usually the

outside diameter of the outer seal case. 

Seal Width – The overall axial dimension of

the lip seal assembly.  Normally the total width

measurement of the outer seal case.

Sealing Element – The normal flexible 

elastomeric component of a lip seal assembly

which rides against the shaft.

Secondary Lip – A short, non-spring loaded

lip which is located at the outside seal face 

of a radial lip seal.  Used to exclude 

contaminants.

Section, Head – The portion of a lip seal

which is generally defined by the inside and

outside lip surfaces and the spring groove.

Shaft Diameter – The outside diameter of

the shaft at the location where the seal is

mounted.

Shaft Finish – The relative roughness, 

usually expressed in micro inches, of the 

outside diameter of the shaft.  The smaller

the number, the smoother the finish.

Shaft Hardness – Under normal conditions,

the portion of the shaft contacted by the seal

should be hardened to Rockwell C30 

minimum.  There is no conclusive evidence

that hardening above this will increase the

wear resistance of the shaft except under

extreme abrasive conditions.  Where the shaft

is liable to be nicked in handling previous to

assembly, it is recommended that it be 

hardened to Rockwell C45 minimum in order

to prevent against being permanently 

damaged during assembly.

Shaft Seal Nomenclature – The basic seal

components including: Outer Shell (Case),

Inner Shell (Case), Sealing Element, Primary

Lip, Secondary (Auxiliary) Lip and the Garter

Spring.  Each perform a particular function.

Shaft Seal – Generally considered to be a lip

seal or an oil seal.  A broad definition could

include any sealing device mounted on a shaft

or sealing shaft.

Shaft Surface Texture – A prime factor in

the proper functioning of a lip seal  The surface

roughness should be specified as 8-17

microinch (0.20μm-0.43μm) Ra with no

machine lead.  The best known method to

date for obtaining this roughness is plunge 

grinding.

Shell, Inner (Case, Inner) – A rigid, 

cup-shaped component of a seal assembly,

which is placed inside the outer seal shell.  It

can function as a reinforcing member, shield,

spring retainer or lip-clamping device.
9911
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Shell, Outer (Case, Outer) – The outer, 

cup-shaped, rigid structure of the lip assembly.

Acts as a protective cover for the head of the 

sealing element.

Silicone – A type of elastomer having a basic 

polymer of dimethyl polysilozane, with various

attached vinyl or pheyl groups. (ASTM class VMQ)

Single Lip – Seal element utilizing one contact

point, with or without springs.

Sinusoidal – Describing an alternative wave form

centered on a fixed line.

Sirvene – SKF’s tradename for synthetic rubber.

Slinger – A washer-like device used for imparting

radial momentum to a liquid order too keep the

latter away from the sealing interface.  Often 

incorporated into a wear sleeve.

Small Diameter Seals – Seals that fit shafts 

ranging from .110” to 12.5” (2.8mm to 317.5mm)

in diameter.

Solid Seals – Continuous seals without a split.

Spark Out – When the grinding wheel is allowed

to run until there are no more sparks flying from

the wheel.

Speedi-Sleeve – The Speedi-Sleeve is a highly

engineered, precision part of the finest 300 series

stainless steel.  Its surface is factory finished to 

10-20 micro inch Ra (.25-.50 micro meter), with

no machine lead, and requires no expensive prepa-

ration or machining before installation.

Spindle – Slots of positive or negative alternating

shapes used to connect two elements, one usually

drives the other.

Split Seal – A seal which has its primary sealing

element split, approximately parallel with the shaft

axial centerline.  Typically used where conventional

installation methods are impractical.

Spring-Loaded – The design of most oil seals in

which a spring is incorporated to provide a uniform

load at the seal contact line-shaft surface junction.

Spring-Lock – A sealing lip design that extends

over and surrounds most of the garter spring’s

diameter.

Spring-Kover – A flexible, rubber like covering that

totally enclosed the garter spring.

Spring Position – The axial distance between the

“seal contact line” and the centerline of the spring

groove of a radial lip seal; commonly referred to as

the “R” value.

Static Seal – Seal without a dynamic contact

surface.  Example is a refrigerator gasket.

Surface, Contact – The portion of the seal lip

which circumferentially contacts the shaft to form

the seal-shaft interface.

Surface Honing – A cross hatching pattern on the

shaft causing a grooving which tends to act as a

lead, allowing lubricant to escape under the seal lip.

Synthetics – The most popular and versatile lip

sealing element in use today.  These include

nitriles, polyacrylates, silicones and fluoroelas-

tomers.

Synthetic Rubber – Synthetic elastomers made by

polymerization of one or more monomers.

STBM – Shaft-to-bore-misalignment.  The amount

by which the shaft is off center, with respect to the

bore’s center.

Talysurf – Device used to measure shaft surface

finish.

Test, Accelerated Life – Any set of test conditions

designed to reproduce in a short time the effects

obtained under service conditions.

Test, Bench – A laboratory test procedure in 

which the functional operating conditions are

approximated, but the equipment is conventional

laboratory equipment and not necessarily identical

with that in which the product will be used.

Glossary of Seal Terms (cont...)
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Test, Life – A laboratory procedure used to

determine that period of operation which a

component or assembly will operate until it

no longer performs its intended function.

Through Bore – Bore without a diameter

reduction, may have a bearing in line with 

a seal.

Tolerances – Bore and Seal – The bore and

seal tolerances.

Torque – The tendency of a force to produce

rotation about an axis.

Transverse Grinding – A shaft surface 

finishing method of which there are two types;

either the grinding medium moves laterally

while the shaft turns, or the wheel rotates in 

a fixed position while the shaft turns and

moves laterally.

Tumbled Stone Finishing – A shaft surface 

finishing method in which a uniform shaft

appearance is produced.

Underlip – The area under the seal lip.

Unitized Seal – A seal assembly in which 

all components necessary for accomplishing

the sealing function are retained in a single

package.

Variation, Radial Wall – The difference

between the minimum and maximum radial

wall dimensions when measured around 360 

of the seal lip.

Vibration, Torsional – A vibration which has

a circumferential or angular direction.  It is

often generated by a stick-slip action between

mating seal surfaces.

V-Ring Seal – A versatile all-rubber seal that

mounts directly on the shaft by hand and is

then sealed axially against a counterface,

housing bearing race or similar surface.

Functions by “slinger” or deflector action.

Vulcanizing – An irreversible heat and chemical

treatment process that makes rubber in a seal

more elastic and durable.  Used to rejoint

V-rings that were split during installation.

“WasteWatcher” – An SKF program designed

to consolidate seal stocking units in relation 

to their applications to control replacement

inventory and effect cost savings for the user.

Waveseal – The SKF Waveseal is a smooth

lip, bi-rotational hydrodynamic radial lip seal.

A shaft seal that pumps lubricant back in the

sump while sealing out contaminants – no

matter which way the shaft is turning.

Wear Sleeve – A replaceable metal ring.

Generally used in assemblies to eliminate

expensive shaft replacement caused by 

grooving that may occur at the seal shaft

interface.

Width – See Seal Width.
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CCoonnggrraattuullaattiioonnss.. You have completed the Shaft Seals Industrial Self-Study Program.

Now you are ready to test your knowledge about SKF seals, Speedi-Sleeves and Scotseals

in this Final Review.

First, turn to the last page of this study guide. Remove the Final Review answer sheet by

tearing it out carefully along the perforated edge.

Begin the test. Be sure to answer every question; uunnaannsswweerreedd  qquueessttiioonnss  wwiillll  bbee  ggrraaddeedd

aass  iinnccoorrrreecctt..

When you have finished the test, fold your answer sheet as indicated, with the return

address on the outside. Staple it closed; no envelope is required. Be sure to attach the

proper postage, and mail your answer sheet to SKF.

IIff  yyoouu  ssccoorree  8855%%  oorr mmoorree,,  yyoouu  wwiillll  rreecceeiivvee  aa  CCeerrttiiffiiccaattee  ooff  MMeerriitt ffrroomm  SSKKFF..  

PPlleeaassee  aallllooww  aatt lleeaasstt ffoouurr wweeeekkss  ffoorr ggrraaddiinngg..

If you have a seal problem that cannot be answered through this study guide, contact

your SKF representative. He’s backed by a full crew of technicians—product managers,

engineers and service personnel—who will gladly provide the assistance you need.

When you have a question, call SKF toll-free: 1-800-882-0008.

1 . A shaft seal is a barrier designed to retain lubricants and _________________ .

❑ a. confine pressure

❑ b. exclude dirt

❑ c. separate fluids

❑ d. all of the above

2. Selecting the right seal depends on application parameters, including

_________________ .

❑ a. shaft speed

❑ b. fluid compatibility

❑ c. operating pressure

❑ d. all of the above

3. When split seals are used in multiples, a _________________ is often used to separate

the seals and provide extra lubrication between them.

❑ a. horizontal shaft

❑ b. slotted washer

❑ c. control wire

❑ d. butt joint

4. Premature seal failure can be caused by _________________ .

❑ a. nicks on the bore chamfer

❑ b. improper seal installation

❑ c. shaft-to-bore misalignment

❑ d. all of the above
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5. When considering seals and wear sleeves for a large diameter shaft, it is possible to

_________________ .

❑ a. machine the shaft to a reduced diameter for

use with the wear sleeve and original size seal. 

❑ b. Apply the .094” thick (2.4mm) wear sleeve and 

use a larger sized seal. 

❑ c. both of the above 

❑ d. none of the above

6. _________________ is the most popular material for the majority of sealing 

applications today.

❑ a. Leather

❑ b. Felt

❑ c. Nitrile

❑ d. Silicone

7. Waveseals _________________ .

❑ a. generate less heat

❑ b. reduce shaft wear

❑ c. provide greater lip lubricant

❑ d. all of the above

8. The seal is ready to be installed in the bore once the shaft and bore have been

checked and cleaned, and the seal has been _________________ .

❑ a. pre-lubricated 

❑ b. split

❑ c. vulcanized 

❑ d. none of the above

9. Two metal clad seals (Type HDS), back to back or in tandem,

❑ a. provide extra-duty sealing 

❑ b. are less expensive than a double seal 

❑ c. install easier than a double seal 

❑ d. all of the above

10. _________________ seals are the basic type large diameter seals.

❑ a. HDS metal clad (all-rubber) 

❑ b. HS non-metal clad (all-rubber) 

❑ c. Both of the above 

❑ d. None of the above

11. Type _________________ has two opposing sealing elements in a single shell,

making it ideal for separating two fluids in applications where two seals are impractical.

❑ a. HDSA

❑ b. HDSD

❑ c. both of the above 

❑ d. none of the above
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12. A cocked seal can cause a seal lip to _________________ .

❑ a. leak

❑ b. groove the shaft

❑ c. both of the above

❑ d. neither of the above

13. If a seal’s lip shows premature wear _________________ .

❑ a. the seal may not be getting enough lubrication 

❑ b. the shaft may be corroded 

❑ c. the finish is too rough 

❑ d. all of the above

14. The flange allows the Speedi-Sleeve to be _________________ eliminating

sleeve distortion.

❑ a. pushed on

❑ b. pulled on

❑ c. either of the above

❑ d. none of the above

15. When heat is enough to break down the oil, but not enough to harden the lip, sludge

accumulates and deposits on the _________________ .

❑ a. garter spring 

❑ b. bore 

❑ c. seal lip 

❑ d. none of the above

16. Popular sealing lip synthetics in use today include _________________ .

❑ a. nitriles

❑ b. fluoroelastomers 

❑ c. fluorocarbons 

❑ d. all of the above

17. A cut lip seal may have been caused by _________________ .

❑ a. a damaged seal housing 

❑ b. shaft discoloration 

❑ c. a coked lube on the shaft

❑ d. a burr on the keyway

18. _________________, required by all HS type seals, provide axial compression 

and supplement radial press-fit to ensure leakproof seals.

❑ a. Spring-Lock

❑ b. Spring-Kover

❑ c. Cover plates

❑ d. all of the above
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19. _________________ are dual face mechanical seals used where both positive 

lubrication and dirt exclusion are required.

❑ a. Waveseals

❑ b. V-Rings

❑ c. HDDF seals

❑ d. Retention seals

20. Selecting the right seal for a particular application depends on _________________ .

❑ a. size and speed

❑ b. pressure and temperature

❑ c. fluid compatibility

❑ d. all of the above

21. The V-Ring is an all-rubber seal that _________________ .

❑ a. mounts directly on the shaft by hand

❑ b. is sealed axially against a counterface, housing bearing race 

or similar surface

❑ c. acts like a mechanical face seal, radial lip seal or slinger

❑ d. all of the above

22. Installation of a Large Diameter Wear Sleeve without any 

machining _________________ the effective shaft diameter.

❑ a. reduces

❑ b. increases

❑ c. will never change

❑ d. none of the above

23. Pressures exceeding seal design limitations can cause _________________ .

❑ a. seal rupture

❑ b. inverted lips

❑ c. lubricant leakage

❑ d. all of the above

24. Heavy-duty mechanical seals (HDDF) _________________ .

❑ a. retain lubricants

❑ b. exclude contaminants

❑ c. can be used under severe service conditions

❑ d. all of the above

25. Simultaneous exclusion and retention is best performed with _________________ .

❑ a. a combination of two seals back to back

❑ b. single lip design seals

❑ c. a combination of two seals front to back

❑ d. V-Ring seals
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26. In _________________ installation, the sealing force of the installation

tool should be applied only in the area over the center of the seal.

❑ a. wooden block

❑ b. arbor press 

❑ c. Speedi-Sleeve 

❑ d. none of the above

27. Using the _________________ method to set the seal perpendicular

to the shaft when installing a “through” bore, apply pressure

through a steel plate or plug larger than bore diameter.

❑ a. wooden block

❑ b. arbor press

❑ c. Speedi-Sleeve

❑ d. none of the above

28. _________________ refers to the outside diameter of the shaft at the location where

the seal is mounted.

❑ a. Size bore

❑ b. Seal I.D.

❑ c. Seal width

❑ d. Shaft diameter

29. SKF’s Large Diameter Wear Sleeves _________________ .

❑ a. repair damaged shafts 8” (203mm) and larger.

❑ b. are built for heavy-duty applications 

❑ c. provide positive sealing surfaces and reinforced protection 

❑ d. all of the above

30. Advantages of polyacrylates include _________________ .

❑ a. good compatibility with most oils 

❑ b. high resistance of oxidation and ozone 

❑ c. better compatibility with higher temperatures than nitrile 

❑ d. all of the above

31. _________________ are designed for heated, slip-fit operation.

❑ a. Speedi-Sleeves 

❑ b. Large Diameter Wear Sleeves

❑ c. both of the above

❑ d. none of the above

32. Press-fitting tools should have an outside diameter approximately _________________

the bore size.

❑ a. .010” (.254mm) smaller than 

❑ b. .010” (.254mm) larger than 

❑ c. equal to 

❑ d. none of the above
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33. A hammer blow without any material to absorb the shock wave _________________ .

❑ a. may interfere with the action of the seal lip

❑ b. can dislodge the garter spring from its proper operating position

❑ c. both of the above

❑ d. none of the above

34. To assure a smooth sealing surface, the shaft should be ground

with _________________ rpm ratios.

❑ a. even number (2 to 1) 

❑ b. odd number (3 to 1) 

❑ c. mixed number (3.5 to 1) 

❑ d. none of the above

35. If the same size replacement is not available, _________________ .

❑ a. select a narrower seal 

❑ b. select a wider seal 

❑ c. select a different lip material 

❑ d. either a. or b.

36. Before the invention of nitriles, _________________ was the most

common sealing element.

❑ a. rubber

❑ b. felt

❑ c. leather

❑ d. metal

37. For best seal performance, use a(n) _________________ or soft-face hammer

for seal installation.

❑ a. screwdriver

❑ b. arbor press

❑ c. chisel

❑ d. steel hammer

38. _________________ refers to the amount by which the shaft does 

not rotate around the true center.

❑ a. Shaft-to-bore misalignment

❑ b. Dynamic run-out

❑ c. Shaft diameter

❑ d. none of the above

39. If the shaft is deeply scored, you should fill the groove with _________________ .

❑ a. powdered metal epoxy type filler

❑ b. non-hardening sealant

❑ c. grease

❑ d. SAE 30 oil
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40. A sealing lip that is cut, turned back or damaged should be _________________ .

❑ a. repaired

❑ b. replaced 

❑ c. cleaned 

❑ d. chamfered

41. Advantages of silicone include _________________ .

❑ a. good compatibility with oxidized oils 

❑ b. high lubrication absorbency 

❑ c. excellent abrasion resistance 

❑ d. low cost

42. Seals perform best on Rockwell C30 medium carbon steel (SAE 1035,

1045) or _________________ .

❑ a. stainless steel

❑ b. aluminum

❑ c. bronze

❑ d. zinc

43. The seal is ready to be installed in the bore when _________________ .

❑ a. the shaft and bore have been checked and cleaned 

❑ b. the seal has been pre-lubricated 

❑ c. both of the above 

❑ d. none of the above

44. The wrong installation tool can _________________ .

❑ a. cut the seal lip 

❑ b. damage the seal case 

❑ c. distort the seal 

❑ d. all of the above

45. Proper Speedi-Sleeve installation requires that _________________ measurement(s)

be taken.

❑ a. four

❑ b. three 

❑ c. two 

❑ d. one

46. The _________________ is a smooth lip, bi-rotational hydrodynamic

radial lip seal that pumps lubricant back in to the sump while

sealing out contaminants.

❑ a. V-Ring 

❑ b. metal clad seal 

❑ c. Waveseal 

❑ d. none of the above
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47. _________________ seals have three sealing lips: one primary lip 

to keep oil in, two secondary lips to keep dirt out.

❑ a. Scotseal oil bath

❑ b. Scotseal Plus oil bath

❑ c. both of the above

❑ d. neither of the above

48. _________________ seals can be installed by hand, using no more 

than common shop tools if any at all.

❑ a. Scotseal oil bath

❑ b. Scotseal Plus oil bath

❑ c. both of the above

❑ d. neither of the above

49. If high operating temperatures cannot be reduced, _________________ type seals 

(LongLife) can be used because of their higher temperature range.

❑ a. nitrile

❑ b. large diameter

❑ c. fluoroelastomer

❑ d. none of the above

50. To help ensure proper seal performance, the _________________ .

❑ a. entrance edge should be chamfered or rounded

❑ b. surface finish should be 8-17 micro inches (.20-.43 micro meter)

❑ c. shaft surface should have no machine lead

❑ d. all of the above

51. _________________ is an acceptable sealing lip material substitute for nitrile.

❑ a. Leather

❑ b. Felt

❑ c. Another nitrile

❑ d. none of the above

52. On some seals, SKF applies a coating of Bore-tite to the _________________ which 

fills minor bore imperfections.

❑ a. I.D.

❑ b. O.D.

❑ c. both of the above

❑ d. none of the above

53. Speedi-Sleeves provide a _________________ that is superior to most original 

shaft material.

❑ a. sealing surface

❑ b. stainless steel construction

❑ c. both of the above

❑ d. none of the above
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54. If a shaft is lightly grooved but does not require filling, _________________ before 

installing the Speedi-Sleeve.

❑ a. apply a light layer of nonhardening sealant

❑ b. apply a light layer of powdered metal epoxy type filler

❑ c. apply a light layer of cement

❑ d. none of the above

55. The _________________ should be smooth enough to prevent excessive seal 

wear, but “rough” enough to form lubricant holding pockets.

❑ a. inside corner of the bore 

❑ b. bore center

❑ c. shaft surface 

❑ d. both a. and b.

56. The recommended method for obtaining an optimum shaft finish is

_________________ .

❑ a. paper polishing 

❑ b. roto preening 

❑ c. plunge grinding 

❑ d. diamond burnishing

57. _________________ is a lip material for the majority of sealing applications today.

❑ a. LongLife fluoroelastomer

❑ b. Nitrile

❑ c. both of the above

❑ d. neither of the above

58. Seals which are to be flush with the outside of the housing can be pressed in 

with a _________________ .

❑ a. drift

❑ b. punch 

❑ c. block of wood 

❑ d. chisel

59. Typical radial seal applications include _________________ .

❑ a. gearboxes 

❑ b. motors 

❑ c. pumps 

❑ d. all of the above

60. HS all-rubber _________________ may be placed around the shaft, connected and

pushed into the seal bore.

❑ a. split seals 

❑ b. solid seals 

❑ c. both of the above 

❑ d. neither of the above
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61. A combination seal or a double lip seal will always do a better job than a single lip

design.

❑ True ❑ False

62. Roto preening is recommended to dress the shaft and remove lead introduced during

the machine operation.

❑ True ❑ False

63. The only solution to garter spring damage is to install a replacement seal.

❑ True ❑ False

64. The best prelube to use is the lubricant being retained by the seal.

❑ True ❑ False

65. When determining the cause of a leak, remove the seal immediately and inspect it.

❑ True ❑ False

66. For very severe conditions, SKF’s HDDF seals resist abrasives that cause other

seals to fail

❑ True ❑ False

67. When a Speedi-Sleeve is used to repair a damaged shaft, it is inexpensive and

requires little machine downtime.

❑ True ❑ False

68. A cocked seal is perpendicular to the shaft and bore.

❑ True ❑ False

69. Waveseals (CRW5 and CRWA5) perform better than conventional lip seal designs 

in pressure applications, and can be used to replace some mechanical seals.

❑ True ❑ False

70. Substitute lip material will extend a seal’s life, no matter which material is chosen.

❑ True ❑ False

71. If there is a history of seal failures for a particular installation, the problem may not

be the seal’s fault.

❑ True ❑ False

72. Spiral grooves (machine lead) may promote seal leakage.

❑ True ❑ False
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73. More bearings fail from the entrance of foreign material than from loss of lubricant.

❑ True ❑ False

74. Bore material must be metallurgically compatible with the seal type that is used.

❑ True ❑ False

75. When examining for STBM, the lip area with the least wear indicates the direction of

shaft misalignment.

❑ True ❑ False

76. Axial clamp seals are recommended for large diameter applications where there is a

need for two seals but room for one, as in steel and paper mills or logging operations.

❑ True ❑ False

77. When using a wooden workpiece for flush installation of a seal, it is acceptable to use

a steel hammer.

❑ True ❑ False

78. A direct blow on one side of the seal distorts the shell and can cause the lip to be

pressed against the shaft.

❑ True ❑ False

79. Speedi-Sleeve’s wall is so thin that the original size seal can still be used.

❑ True ❑ False

80. Revolutions per minute (rpm) is generally a better indication of seal performance than

feet per minute (fpm).

❑ True ❑ False

81. Shaft and bore diameters should match those specified for the seal selected.

❑ True ❑ False

82. SKF’s “WasteWatcher” seal inventory control system helps control costs of replace-

ment seals.

❑ True ❑ False

83. The overall axial dimension of the lip seal assembly is called seal width.

❑ True ❑ False

84. Garter spring damage requires careful inspection, often necessitating 

calling in an “expert.”

❑ True ❑ False
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85. Imperfections such as surface burrs, nicks or rough spots on the shaft surface 

can damage the lip as it slides on the shaft.

❑ True ❑ False

86. The more pressure you apply to a seal, the greater the friction heat and 

faster the shaft wear.

❑ True ❑ False

87. The temperature of the lubricant being retained is the only temperature reading 

critical to seal selection.

❑ True ❑ False

88. Type HDSD seal has two opposing elements in a single shell, making it ideal 

for separating two fluids in applications where two seals are practical.

❑ True ❑ False

89. Applications for SKF’s LongLife fluoroelastomers are limited to standard lubricants.

❑ True ❑ False

90. Speedi-Sleeve’s stainless steel construction provides a surface that can outlast

the original shaft material

❑ True ❑ False

91. In SKF’s single lip vs. double lip test, the single lip outlasted the double lip by 

nearly 1000 hours.

❑ True ❑ False

92. The heavy-duty DF seal has a special retainer to hold the two sealing ring faces

together for protection against damage or contamination.

❑ True ❑ False

93. For out-of-round shaft repairs, a Speedi-Sleeve or SKF Large Diameter Wear

Sleeve is often a better solution than shaft removal and reshaping.

❑ True ❑ False

94. The V-Ring’s elastic body adheres to the rotating shaft while the actual sealing 

occurs at the point of contact between the lip and the counterface.

❑ True ❑ False

95. More than one Speedi-Sleeve size is usually required for each seal application.

❑ True ❑ False
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96. Ferrous and other commonly used metallic materials (such as aluminum) 

are acceptable bore materials.

❑ True ❑ False

97. The heavy-duty DF seal’s sealing ring and mating ring rotate against each other

at right angles to the shaft to form a leak-proof seal.

❑ True ❑ False

98. When an exact replacement is not available, your best option is substitution 

of a similar material and design.

❑ True ❑ False

99. V-Rings must be lubricated for all operating conditions.

❑ True ❑ False

100. The most economic repair option for a worn shaft seal is to install a wear sleeve.

❑ True ❑ False

101. A seal should be pressed into housings with a 15 -̊30˚ chamfer.

❑ True ❑ False

102. A seal can have a “swollen” appearance and still be acceptable with the system

media. 

❑ True ❑ False
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The only standard stock line of molded lip, bi-
rotational hydrodynamic shaft seals available anywhere.
The CR Handbook of Seals (457010) lists 2000 + part
numbers in over 200 shaft sizes (inch and metric) from
.250" through 12.250".  Choices allow selection of
inner case, dust lip or pressure profiles as needed to
solve specific application problems.  Rubber materials
include nitrile, Longlife® fluoroelastomer, silicone and
polyacrylate to accommodate a wide range of operating
conditions.

Zero-Interference
The double-lip Waveseals, CRWA1 and CRWHA1

designs, have a special zero-interference dirt lip.  It
acts as a dirt excluder without actually touching the
shaft.  There is no heat build-up under the dirt lip
because there is no friction and the zero-interference
dirt lip reduces the  possibility of trapping contamination
at the shaft.  The primary Waveseal lip provides cool-
running, long-lasting, hydrodynamic benefits without
the adverse effects of most conventional double lip
seals.

Waveseal Features:

• Bi-rotational, hydrodynamic radial lip design
• Smooth molded lip
• Provides exceptional sealing performance with less lip

pressure and a wider contact pattern than required by
conventional trimmed lip seals (including other hydro-
dynamic types)

• Generates a hydrodynamic action that provides better
lip lubrication and greatly reduces shaft wear

• Pumps lubricant in while sealing out contaminants
• Boretite coating on seal O.D.

Waveseal Benefits:

• Allows seal to run cooler
• Creates less drag
• Reduces shaft wear
• Extends seal service life
• Ingests fewer contaminants
• Maintains fresh oil film
• Bore-Tite fills small bore imperfections

and resists heat and chemical attack

Waveseal®

Size listing starts on page 1.

The CR Waveseal touches the shaft in a wide 'sine'
or wave pattern.  Due to this unique design, contact
pressure and grooving are minimized, heat generation
and friction are reduced.  Lubricant is pumped back to
the bearing while dirt is pushed away from the lip/shaft
interface.

Conventional trimmed
lip has sharp edge &
rough surface on lube
side.

Underlip Temperature Rise vs.
Shaft Speed. At 2,000 rpm, the
Waveseal offers up to 35% less
heat built-up under the lip than
conventional lip seals.

Frictional Torque vs. Shaft
Speed. At 2,100 rpm, the
Waveseal offers more than 20%
less frictional torque than
conventional lip seals.
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When your design calls for thin-section, call on Kaydon. We’re the largest 
manufacturer of thin-section bearings in the world. Reali-Slim® thin-section 
bearings were designed to save space, lower the overall weight of your designs, 
dramatically reduce friction, and provide excellent running accuracy. With 
Reali-Slim® you can downsize your design and cut manufacturing costs, with-
out sacrificing bearing performance or life. 

In addition to the complete stock of popular cross-sections and bore sizes
(up to 40") you’ll see in this catalog, our thin-section bearings are also available 
for a wide variety of special applications.

•  Need bearings with corrosion resistance comparable to 440 stainless steel, 
but with a harder surface finish? Our Endurakote® plating is ideal.  
See Section 2.

•  Need bearings for extreme environments? See our P, X, or Y series 
stainless steel and hybrid bearings.  See Section 6.

•  Did you know that Kaydon supplies metric Reali-Slim® bearings?
See Section 6.

•  Got special load, speed, accuracy, or mounting requirements?
Reali-Slim® higher level assemblies may be the solution.

In this catalog, you’ll find a thin-section bearing for virtually every purpose. 
What’s more, with Reali-Slim® bearings you also benefit from Kaydon’s expert 
design and applications engineering assistance, dependable customer sup-
port, and off-the-shelf delivery from distributors nationwide.

Specify Reali-Slim® thin-section bearings for compact, lightweight designs 
of the future.

Reali-Slim®— The Industry Standard
in Thin-Section Bearings
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Reali-Slim®...For Compact, Lightweight 
Designs of the Future.

Kaydon Reali-Slim® bearings were designed to fill the need for a 
fully hardened, thin-section, anti-friction bearing—a need result-
ing from the modern design concepts of simplicity, miniaturiza-
tion, weight reduction, and compactness being applied to a wide 
variety of rotating devices.

Before the introduction of Reali-Slim® bearings, designers were 
forced to use bushings or select bearings from the lightest bear-
ings then commercially available, the standard “Light”, “Extra-

Light”, and “Extremely Light” series—many of which often had 
undesirable cross sections, and excess weight.

Reali-Slim® bearings overcome the problems of excess weight 
and size in bearings, shafts, and housings.

Semiconductor
Fabrication Equipment

CAT Scanner

Textile Printer

Industrial Robots

Rotary Table

• Aircraft, aerospace and astronomy instrumentation

• Fixturing and workholding equipment

• Food processing equipment

• Glassworking equipment

• Index and rotary tables

• Packaging equipment

• Machine tools

• Medical devices

• Optical scanning equipment

• Tire making equipment

• Radar, satellite and communications equipment

• Robotics

• Textile machinery

• Tube and pipe cutting machines

• Semiconductor manufacturing equipment

• Sorting equipment
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The Reali-Slim® product line consists of a family of seven open 
and five sealed series of thin section bearings ranging in bore 
diameters from 1.000 inch to 40.000 inch. Series range from 
.187 x .187 inch to 1.000 x 1.000 inch in cross section. Open 
bearings are available from stock in three configurations (Type 
A, C & X).  Stock sealed bearings are available in Types C & 
X only.

When required, we can provide internal fit up, lubricants, 
separators and other features to meet the most demanding 
application requirements. To obtain corrosion resistance con-
sider using Kaydon’s stainless steel Reali-Slim® or Endura-Slim® 
series of bearings.  Endura-Slim® provides corrosion protection 
equal to or better than a full AISI 440C stainless steel bearing 
and can be supplied with very short lead time.

Additional product line variants include Harsh Environment 
bearings, Metric Reali-Slim® bearings, BB metric ball bearings, 
Ultra-Slim® bearings, TG series bearing assemblies, and KT 
thin-section taper bearings.  See Section 6.

Within these families, you can generally choose between open 
bearings (for applications where bearings will not be exposed
to damaging particulates) and sealed bearings (for applications 
where bearings need to be kept clean and well lubricated).

To support various load scenarios, Reali-Slim® bearings are 
available in three basic types: radial contact (Type C), angular 

contact (Type A), and four-point contact (Type X)—see pages 
8 and 9 for explanations on each type—and in a variety of 
sizes, or series (e.g., KA, KB, KC, etc.). 

Reali-Slim® bearings are available with various separator 
options to space the rolling elements uniformly and prevent 
contact between them. Separator types available include: 
continuous ring “snap-over pocket”, continuous ring circular 
pocket, formed wire, toroid, PTFE spacers, and spacer ball 
separators. See pages 71 through 75 for complete details.

SPECIFICATION CONTROL

In today’s world, product traceability and change control are 
extremely important.  To satisfy these requirements, requesting 
a “specification control drawing” for a Reali-Slim® bearing is a 
valuable option to consider.

A specification control drawing provides the user a concise 
and complete accounting of the important bearing features 
and parameters for a specific application.  A specification 
control drawing request will generate a unique part number 
for the standard Reali-Slim® bearing and commercially 
available options required.  This provides the customer quick 
and easy identification of product in the field as well as a 
concise receiving and inspection document for the factory.  A 
specification control drawing assigned to a Reali-Slim® bearing 
becomes proprietary to the user for his particular application.

Series C
3⁄8" x 3⁄8"

Series D
1⁄2" x 1⁄2"

Series F
3⁄4" x 3⁄4"

Series G
1" x 1"

The Product Line At a Glance

Open Bearings

Series B
5⁄16

" x 5⁄16
"

Series A
1⁄4" x 1⁄4"

Series AA
3⁄16

" x 3⁄16
"

Sealed Bearings

Series JU
1⁄2" x 3⁄8"

Series JA
1⁄4" x 1⁄4"

Series JB
5⁄16

" x 5⁄16
"

Series JG
1" x 1"

Series JHA
3⁄16

" x 1⁄4"

Product Line Overview



1-800-514-3066   www.reali-slim.com|7 

©KAYDON® Corporation 2004    Reali-Slim® Bearings Catalog 300 S
e
ctio

n
 1

–Intro
d

uctio
n

Example 30" diameter

For all diameters of this
rotary table your bearing
envelope stays the same.

Example 12" diameter

Example 4" diameter

Design Efficiency

An Example of How
Reali-Slim® Bearings Improve 
Design Efficiency

In Reali-Slim® bearings, each series is based on 
a single cross section which remains constant as 
the bore diameter is increased. This is in sharp 
contrast to standard bearings in which the cross 
section increases as the bore diameter increases. 
The constant cross section of a Reali-Slim® 
bearing is of particular value when designing a 
product which will be manufactured in various 
sizes based on shaft diameter and power require-
ments (Figure 1). By using the same series of 
Reali-Slim® bearings throughout a product line, 
the designer can standardize on common com-
ponents. For all diameters of this rotary table 
your bearing envelope stays the same.

An Example of How Reali-Slim® Bearings Make a More Compact Design

Additional advantages in application design made possible by Reali-Slim® bearings can be seen by referring to Figures 2, 3 and 
4. A large bore, small cross section Reali-Slim® bearing permits the use of a large diameter hollow shaft (Figure 3) in place of a 
smaller diameter solid shaft (Figure 2), king-post design. Components such as air and hydraulic lines or electrical wiring and 
slip rings can then be accommodated within the hollow shaft, resulting in a neater, more efficient design.

In many applications, a single four-point contact Reali-Slim® bearing (Figure 4) can replace two bearings (Figures 2 and 3)        
compacting the design and simplifying the bearing mounting. Besides the obvious cost savings of eliminating one bearing, this 
arrangement also contributes further savings in weight and space. The use of Reali-Slim® bearings also provides a stiffer structure 
by using large diameter hollow tubes to replace solid shafts and by supporting the rotating structure (table) at the periphery.

Figure 2 Figure 3 Figure 4

Figure 1
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A Word About Radial and Axial
(Thrust) Loads

Bearings support a shaft or housing to permit their free motion 
about an axis of rotation. Load can be applied to bearings in 
either of two basic directions (Figure 5). Radial loads act at right 
angles to the shaft (bearing’s axis of rotation). Axial (thrust)
acts parallel to the axis of rotation. When these loads are off-
set from either the bearing axis (distance St) or radial plane 
(distance Sr), a resulting moment load (M) will be created. 
Kaydon Reali-Slim® bearings are available in a variety of types to 
handle radial loads, axial loads and moment loads.

Figure 5

Types of Reali-Slim® Bearings

Reali-Slim® bearings are available in three basic configurations: 
radial (Type C), angular contact (Type A), and four-point
contact (Type X).

By using these three types, the designer has a wider choice
of mounting arrangements to meet load, stiffness and accuracy 
requirements in the most efficient manner.

Radial Contact Bearing (Type C)

The Type C Radial Contact Bearing (Figure 6) is a single row 
radial ball bearing of conventional design. It is a Conrad-type 
assembly, which means that it is assembled by eccentric
displacement of the inner race within the outer race which 
permits insertion of about half of a full complement of balls.

Reali-Slim® TYPE C

Figure 6

Although the Type C bearing is designed primarily for radial load 
application, it can be configured to accept some axial (thrust) 
load in either direction. But, if thrust is a concern,
a set of angular contact bearings should be considered for the
specific application.

How Reali-Slim® Bearing Types
Support All Load Scenarios

Reali-Slim® Bearing Types

A = angular

C = radial

X = four-point

Outer Race

Ball
Snap-over Separator

Inner RaceThe resultant moment load (M) equation:
M = (± T) (St) + (± R) (Sr)

Radial
Plane

Axis of
Rotation

Sr

St

Force R

Radial

Force T
(Thrust)

Resultant
M

+
+
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Angular Contact Bearing (Type A)

The Type A Bearing is also a conventional design. It features
a circular pocket separator and a thirty degree contact angle
(see Figure 7) along with approximately 67% of a full comple-
ment of balls.

The chief benefit of the Type A bearing is that it provides 
greater thrust capacity than a Type C or Type X bearing. 
Because of its counterbored outer race, Type A bearings have 
unidirectional thrust capacity. Thus, this bearing should be 
mounted opposed to another bearing to establish and maintain 
the contact angle, and to support reversing thrust loads.

Reali-Slim® TYPE A

Figure 7

Four-Point Contact Bearing (Type X)

Standard bearing lines are most often designed to handle either 
radial or axial load conditions. The unique feature about the 
Kaydon Reali-Slim® Type X four-point contact bearing line is that 
the gothic arch geometry of the inner and outer races enables a 
single bearing to carry three types of loading (radial, axial and 
moment) simultaneously. This makes it the bearing of choice for 
many applications since a single four-point contact bearing can 
often replace two bearings, providing a simplified design.

Type X bearings may also be furnished with an internal diametral 
preload for those applications requiring greater stiffness or zero 
free play. This is accomplished by using balls that are larger than 
the space provided in the raceways. The balls and raceways, 
therefore, have some elastic deformation in the absence of an 
external load.

Reali-Slim® TYPE X

Figure 8

Outer Race

Ball
Circular Pocket

Separator

Inner Race

Contact
Angle

Snap-over Separator

Contact Angle

Outer Race

Ball

Inner Race

Warning: Type X bearings are designed to be used singularly. Use 
of two Type X bearings on a common shaft could result in objec-
tionable friction torque.
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Standard Reali-Slim® Bearings—are those listed in the Series 
Data Tables. They are manufactured to Kaydon Precision Class 1 
and the specifications on page 11.

Stock Reali-Slim® Bearings—are indicated by dots (•) in the 
Series Data Tables (pages 15-37) and are also shown below. New 
sizes are added to stock periodically.

Options
Reali-Slim® Bearings—can be optimized for your special appli-
cation.  Standard commercial options  include: changes in 
diametral clearance, preloading, lubricants, packaging, etch-
ing of high points, tagging bearings with actual dimensions as 
requested, separators, duplexing, data sheets, acceptance test-
ing, etc.

Reali-Slim® Bearings—with non-standard materials, sizes, tol-

erances, specifications, and features are available.  We will be 
pleased to quote on your requirements.

Order Reali-Slim® Bearings—by bearing numbers shown in 
Series Data Tables.

Assistance—in bearing selection and applications will be fur-
nished by our regional sales managers or the Kaydon Engineering 
Department upon request. Kaydon welcomes the opportunity to 
solve your bearing problems.

Changes—Kaydon reserves the right to change specifications 
and other information included in this catalog without notice.

Errors—All information, data, and dimension tables in this 
catalog have been carefully compiled and thoroughly checked. 
However, no responsibility for possible errors or omissions can 
be assumed.

General Information
and Availability Chart

 Type Bore Bore Diameter In Inches
 Series   1 11⁄2 13⁄4 2 21⁄2 3 31⁄2 4 41⁄4 41⁄2 43⁄4 5 51⁄2 6 61⁄2 7 71⁄2
 KAA Series A • • •
 3⁄16" Radial C • • •
 Section  X • • •
 JA Series A
 1⁄4" Radial C    • • • • • • •  x
 Section  X    • • • • • • •  x   x
 KA Series A    • • • • • • • • • • • • • •
 1⁄4" Radial C    • • • • • • • • • • • • • •
 Section  X    • • • • • x • • • • • • • •
 JB Series A
 5⁄16" Radial C    • • • • • •
 Section  X    • • • • • •
 KB Series A    • • • • • x x  x x x x
 5⁄16" Radial C    • • • • • • •  • x • •
 Section  X    • • • • • • •  • • • • 
 KC Series A        • x • x • x •  • x
 3⁄8" Radial C        • • • • • • • • • •
 Section  X        •  • • • • • • • 
 JU Series A
 3⁄8" Radial C        •  • x • • • • • •
 Section  X        •  • x • • • • x •
 KD Series A        • • • • • • • • • x
 1⁄2" Radial C        • • • • • • • • • x 
 Section  X        • • • x • • x • x x
 KF Series A           •  • x • x x
 3⁄4" Radial C        • • x • • • • • x •
 Section  X        • • • • • • • • • •
 KG Series A              • x x •
 1" Radial C         x   • • x • • •
 Section  X          x  • • • x • •

• Available from stock.  x Limited Availability – contact Kaydon for lead time.   

 8 9 10 11 12 14 16 18 20 21 22 25 30 35 40

   x
 • • • • •
   •  •

  •
 • x
 • •     x
 x x  x
 • x • x x
 • • • • •  x  

 • • • • x
 • • • • x
 • • x x x x x x x
 • • • • • x x
 • • • • • • x • x x  x
 • x x x • x x
 • • • • • x
 • • • • • •
 • • x x • • • x x   x x  x
 • • • • • • • • x   x x x x
 • • • • • • • • x  • • • • •

This table applies to AISI 52100 standard bearings.  For stainless steel, please see pages 35-37.
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Specifications for Standard
Reali-Slim® Bearings

NOTE—Also available:  Quality Control per MIL-Q-9858, Packaging and Lubrication options, and “White Room” Facilities.

 ITEM DESCRIPTION REFERENCE SPECIFICATION

  MATERIAL ANALYSIS

 RACES & BALLS AISI 52100 Type Steel Vacuum Degassed  ASTM A-295, AMS-STD-66
  AISI 440C Stainless Steel   ASTM A-756

 SEPARATORS P Type—Brass or Non-metallic composite  ASTM B-36 or B-134
   C, X BEARINGS L Type—Nylon, Fiberglass Reinforced

   A BEARINGS R Type—Brass or Non-metallic composite  ASTM B-36 or B-134
  G Type—Nylon, Fiberglass Reinforced

 SEALS Buna-N™ Rubber, 70 Durometer, Steel Reinforced  MIL-R 6855

   HEAT TREATMENT

 RACES Through hardened and dimensionally stabilized for use   
  from -65°F to +250°F (-54°C to +121°C)  

SAE-AMS-H-6875

 BALLS AISI 52100—Hardened to Rc 62-66, AISI 440C—to Rc 58-65  

  PRECISION

 RACE DIMENSIONS KAYDON Precision Class 1  ABMA ABEC-1F or better

 RACE RUNOUTS KAYDON Precision Class 1  ABMA ABEC-1F or better

 BALLS ABMA Grade 24  ANSI/ABMA/ISO 3290

  DIAMETRAL CLEARANCE
  AND CONTACT ANGLE

 TYPE C BEARING Sufficient diametral clearance to provide small amount of
  running clearance after installation with recommended fits
 TYPE X BEARING Gothic Arch Form for two 30° contact angles under light
  radial gaging load. Sufficient diametral clearance to 
  provide clearance after installation with recommended fits  ABMA Standard 26.2
 TYPE A BEARING Diametral clearance for 30° contact angle in single
  unmounted bearing under light axial gaging load. Wide
  range of preload or running clearance for matched sets

  SEPARATOR DESIGN

 P & L TYPES
   C, X BEARINGS Circular Ring, Snapped Over Balls for Retention
 R & G TYPES
   A BEARINGS Circular Ring, Circular Pockets, Self Retained

 QUALITY CONTROL Kaydon Quality Control procedures have been approved
  by major aerospace industries and agencies of the U.S.  ISO 9001, MIL-I-45208 
  Government

 IDENTIFICATION Marked on Bearing O.D.: CAGE Code, “KAYDON” ®,  MIL-STD-130
  Part Number and Date Code

 CLEANING Multiple cycle immersion and agitation in solvents   
  and/or aqueous cleaners

 PRESERVATIVE Preservative Oil

 PACKAGING Heat Sealed in Plastic Bag & Boxed  MIL-DTL-197, Level C
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Reali-Slim® bearings are marked for complete identification 
with an (8) or (9) digit part number. Positions 1-8 identify 

materials, size, type, and precision. Position 9 (optional) 
identifies non-standard internal fit.

Identification of
REALI-SLIM® Bearings

 Position 1 2 3 4 5 6 7 8 9

 Nomenclature Material Series Size  Type Separator Precision Internal Fit

 Typical Part No. K G 1 2 0 X P 0 L

Position 1 – Material

 Races/Balls Seals, Shields

 A AISI 52100 Steel with One seal—PTFE

 B AISI 52100 Steel with Two seals—PTFE

 D AISI 52100 Steel with One shield

 E AISI 52100 Steel with Two shields

 F AISI 52100 Steel with One seal—Buna-N™ rubber 
    Lami-Seal®

 G AISI 52100 Steel with Two seals—Buna-N™ rubber 
    Lami-Seal®

 H AISI 52100 Steel with One seal—Buna-N™ rubber

 J AISI 52100 Steel with Two seals—Buna-N™ rubber

 K AISI 52100 Steel with No seals or shields

 L AISI 52100 Steel with Two seals and 
    Endurakote®

 plating

 M M-50 Steel with No seals or shields

 N AISI 52100 Steel with No seals and 
    Endurakote® plating

 P AISI 17-4PH Steel  with Ceramic Balls (see page 95)

 Q AISI 52100 Steel with No shields or seals
    (see page 78)

 S AISI 440C Stainless Steel with No seals or shields

 T AISI 440C Stainless Steel with One seal—PTFE

 U AISI 440C Stainless Steel with Two seals—PTFE

 V AISI 440C Stainless Steel with Two shields

 W AISI 440C Stainless Steel with Two seals—Buna-N™ rubber

 X AISI 52100 Steel with Ceramic Balls 

 Y AISI 440C Stainless Steel with Ceramic Balls 
    (see pages 35-37 & 94-95)

 Z Other

Position 2 – Series Cross Section

  Radial Thickness  Width

  Standard A *.187 x .187
  Cross-Sections    or .250 x .250
  B .312 x .312
  C .375 x .375
  D .500 x .500
  E .625 x .625
  F .750 x .750
  G 1.000 x 1.000
  Extended Width H *.187 x .250
      or .250 x .312
  I .312 x .375
  J .375 x .437
  K .500 x .578
  L .625 x .727
  M .750 x .875
   N 1.000 x 1.187
  Extra-Extended S *.187 x .312
  Width    or .250 x .375
  T .312 x .437
  U .375 x .500
  V .500 x .656
  W .625 x .828
  X .750 x 1.000
  Y 1.000 x 1.375

* Smaller section applies when position 3 is alphabetic—see following
explanations of positions 3, 4, and 5.

Part Number Code Example



1-800-514-3066   www.reali-slim.com|13 

©KAYDON® Corporation 2004    Reali-Slim® Bearings Catalog 300 S
e
ctio

n
 1

–Intro
d

uctio
n

Position 3, 4 and 5—Size (Bearing Bore)

Numeric Characters
Nominal bearing bore in inches multiplied by ten
Alphabetic Characters
“A” In Position 3 in combination with “A” in Position 2 
denotes .187 x .187 Series
“A” In Position 3 in combination with “H” in Position 2 
denotes .187 x .250 Series
“A” In Position 3 in combination with “S” in Position 2 
denotes .187 x .312 Series
Examples
040 = 4.0" Bore
120 = 12.0" Bore
400 = 40.0" Bore

“10” following “AA” in Positions 2 & 3 = 
.187 x .187 Series with 1.0" Bore
“15” following “HA” in Positions 2 & 3 = 
.187 x .250 Series with 1.5" Bore

Position 6—Bearing Type (see pages 55-59)

A  Angular contact single bearing (not ground for universal 
duplexing)

B Angular contact pair—duplexed back to back
C Radial contact
F Angular contact pair—duplexed face to face
T Angular contact pair—duplexed tandem
U  Angular contact single bearing—ground for universal duplexing
X Four-point contact
Z Other

Position 7—Separator (see pages 71-75)

C Non-metallic composite, segmental, “snap-over” type
D Phenolic laminate, one-piece ring “snap-over” type
E Brass, segmental “snap-over” type
F Full complement bearing—no separator
G Nylon one-piece ring, circular pocket
H Phenolic laminate, one-piece ring with circular pockets
J Nylon strip separator, circular pockets
K Phenolic laminate, riveted two-piece ring
L Nylon, one-piece ring “snap-over” type
M  Formed wire, strip or segmental, “snap-over” type, ball

in every pocket
N Nylon, “snap-over” type
P  Standard formed ring “snap-over” type (material—brass

or non-metallic composite)
Q PEEK, one-piece ring, circular pocket
R  Standard formed ring, circular pocket (material—brass

or non-metallic composite)
S Helical coil springs
T Stainless steel, formed ring “snap-over” type
U Stainless steel, formed ring circular pockets
V Brass, formed ring, “snap-over” type
W Formed wire, strip or segmental, “snap-over” type
X PEEK, one-piece, “snap-over” pocket
Y Brass, formed ring, circular pockets
Z Other (toroids, slugs, spacer balls or others available)

Position 8—Precision (see pages 38-42)

(ABEC Specifications are per ABMA Standard 26.2)
0 Kaydon Precision Class 1 per ABEC 1F
1 Kaydon Precision Class 1 with Class 4 Runouts
2 Kaydon Precision Class 1 with Class 6 Runouts
3 Kaydon Precision Class 3 per ABEC 3F
4 Kaydon Precision Class 4 per ABEC 5F
6 Kaydon Precision Class 6 per ABEC 7F
8 Other

Position 9—Bearing Internal Fit

A .0000 to .0005 Clearance
B .0000 to .0010 Clearance
C .0005 to .0010 Clearance
D .0005 to .0015 Clearance 
E .0010 to .0020 Clearance
F .0015 to .0025 Clearance
G .0020 to .0030 Clearance
H .0030 to .0040 Clearance
I .0040 to .0050 Clearance
J .0050 to .0060 Clearance
K .0000 to .0005 Preload
L .0000 to .0010 Preload
M .0005 to .0010 Preload
N .0005 to .0015 Preload
P .0010 to .0020 Preload
Q .0010 to .0015 Preload
R .0015 to .0025 Preload
S .0020 to .0030 Preload
Z Other clearance or preload not specified above

• Type X or C = Diametral Preload or Clearance
• Duplexed Type A = Axial Preload or Clearance
Note: Above internal bearing fits apply to unmounted bearings only.
Mounting fits can greatly affect final internal bearing fit.



•  Open Bearings – AISI 52100, 
Selection Tables Types A, C, X ................. pgs.15-26

•  Sealed Bearings – AISI 52100, 
Selection Tables Types C, X .....................pgs.27-34

•  Open Bearings – AISI 440C, 
Selection TablesTypes A, C, X .................. pgs.35-37

•  Precision Classes 
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•  Endurakote® Plated 
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Section 2—  Selection Tables for Standard
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Open Bearing Selections
Type A
Angular Contact
A deep groove bearing with reduced shoulder on one side of inner or outer race ball path. Snapover assembly permits use of a one-piece 
circular pocket ring separator and greater ball complement. These bearings will accept radial load and single direction thrust load and are 
normally used in conjunction with another bearing of similar construction. Type A bearings require the application of thrust to establish 
contact angle. Stock bearings are individual units and when purchased as such must be adjusted at installation to desired running clear-
ance or preload. When required, matched sets are available. Kaydon also offers matched spacers for applications requiring extra precision.

 KAA SERIES

 KAA10AG0 1.000 1.375 1.140 1.235 1.274 340 150 970 450 .025
 KAA15AG0 1.500 1.875 1.640 1.735 1.774 480 200 1,380 560 .038
 KAA17AG0 1.750 2.125 1.890 1.985 2.024 530 210 1,520 600 .045

Dimensions in Inches Capacities in Pounds�
Weight

in
Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Circular pocket separator
3/32" balls

� F = .015

 KA SERIES

 KA020AR0 2.000 2.500 2.186 2.314 2.369 790 330 2,280 960 .10
 KA025AR0 2.500 3.000 2.686 2.814 2.869 960 380 2,780 1,100 .12
 KA030AR0 3.000 3.500 3.186 3.314 3.367 1,140 430 3,290 1,230 .14
 KA035AR0 3.500 4.000 3.686 3.814 3.867 1,310 470 3,790 1,350 .17
 KA040AR0 4.000 4.500 4.186 4.314 4.367 1,490 510 4,300 1,470 .19
 KA042AR0 4.250 4.750 4.436 4.564 4.615 1,580 530 4,550 1,530 .20
 KA045AR0 4.500 5.000 4.686 4.814 4.865 1,660 550 4,810 1,580 .21
 KA047AR0 4.750 5.250 4.936 5.064 5.115 1,750 570 5,060 1,640 .22
 KA050AR0 5.000 5.500 5.186 5.314 5.365 1,840 590 5,310 1,690 .23
 KA055AR0 5.500 6.000 5.686 5.814 5.863 2,020 620 5,820 1,800 .25
 KA060AR0 6.000 6.500 6.186 6.314 6.363 2,190 660 6,320 1,900 .28
 KA065AR0 6.500 7.000 6.686 6.814 6.861 2,370 690 6,830 2,000 .30
 KA070AR0 7.000 7.500 7.186 7.314 7.361 2,540 730 7,340 2,100 .32
 KA075AR0 7.500 8.000 7.686 7.814 7.861 2,720 760 7,840 2,190 .34
 *KA080AR0 8.000 8.500 8.186 8.314 8.359 2,890 790 8,350 2,280 .36
 *KA090AR0 9.000 9.500 9.186 9.314 9.357 3,240 850 9,360 2,470 .41
 *KA100AR0 10.000 10.500 10.186 10.314 10.355 3,590 910 10,370 2,640 .45
 *KA110AR0 11.000 11.500 11.186 11.314 11.353 3,940 970 11,380 2,810 .50
 *KA120AR0 12.000 12.500 12.186 12.314 12.349 4,290 1,030 12,390 2,970 .54

Dimensions in Inches Capacities in Pounds�
Weight

in
Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Circular pocket separator
1/8" balls

� F = .025
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.
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�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KB SERIES

 KB020AR0 2.000 2.625 2.231 2.393 2.464 1,090 480 3,150 1,380 .15
 KB025AR0 2.500 3.125 2.731 2.893 2.964 1,340 550 3,860 1,590 .19
 KB030AR0 3.000 3.625 3.231 3.393 3.462 1,550 610 4,470 1,750 .22
 KB035AR0 3.500 4.125 3.731 3.893 3.962 1,790 670 5,180 1,930 .27
 KB040AR0 4.000 4.625 4.231 4.393 4.460 2,040 730 5,890 2,100 .30
 *KB042AR0 4.250 4.875 4.481 4.643 4.710 2,150 750 6,200 2,170 .31
 *KB045AR0 4.500 5.125 4.731 4.893 4.960 2,250 780 6,500 2,240 .34
 *KB047AR0 4.750 5.375 4.981 5.143 5.210 2,390 810 6,910 2,340 .35
 *KB050AR0 5.000 5.625 5.231 5.393 5.460 2,500 830 7,210 2,410 .37
 *KB055AR0 5.500 6.125 5.731 5.893 5.958 2,740 890 7,920 2,560 .40
 *KB060AR0 6.000 6.625 6.231 6.393 6.458 2,990 940 8,630 2,710 .44
 *KB065AR0 6.500 7.125 6.731 6.893 6.958 3,200 980 9,240 2,840 .47
 *KB070AR0 7.000 7.625 7.231 7.393 7.456 3,450 1,030 9,960 2,980 .50
 *KB075AR0 7.500 8.125 7.731 7.893 7.955 3,700 1,080 10,670 3,120 .54
 *KB080AR0 8.000 8.625 8.231 8.393 8.453 3,940 1,130 11,380 3,260 .57
 KB090AR0 9.000 9.625 9.231 9.393 9.451 4,400 1,220 12,700 3,510 .64
 *KB100AR0 10.000 10.625 10.231 10.393 10.449 4,890 1,300 14,120 3,760 .71
 *KB110AR0 11.000 11.625 11.231 11.393 11.447 5,350 1,380 15,440 4,000 .78
 *KB120AR0 12.000 12.625 12.231 12.393 12.445 5,840 1,470 16,860 4,240 .85
 *KB140AR0 14.000 14.625 14.231 14.393 14.439 6,760 1,620 19,500 4,670 .98
 *KB160AR0 16.000 16.625 16.231 16.393 16.433 7,710 1,770 22,250 5,100 1.12
 *KB180AR0 18.000 18.625 18.231 18.393 18.425 8,660 1,910 24,990 5,510 1.26
 *KB200AR0 20.000 20.625 20.231 20.393 20.416 9,610 2,050 27,730 5,900 1.40

Dimensions in Inches Capacities in Pounds�
Weight

in
Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Circular pocket separator
5/32" balls

� F = .040
Bearing corners are
normally chamfered

TYPE A – OPEN BEARINGS

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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 KD SERIES

 KD040AR0 4.000 5.000 4.370 4.630 4.741 3,550 1,480 10,260 4,260 .80
 KD042AR0 4.250 5.250 4.620 4.880 4.991 3,750 1,530 10,830 4,420 .84
 KD045AR0 4.500 5.500 4.870 5.130 5.241 3,950 1,580 11,400 4,570 .88
 KD047AR0 4.750 5.750 5.120 5.380 5.490 4,150 1,640 11,970 4,720 .93
 KD050AR0 5.000 6.000 5.370 5.630 5.740 4,340 1,690 12,540 4,870 .98
 KD055AR0 5.500 6.500 5.870 6.130 6.238 4,740 1,790 13,680 5,160 1.06
 KD060AR0 6.000 7.000 6.370 6.630 6.738 5,130 1,890 14,820 5,440 1.15
 KD065AR0 6.500 7.500 6.870 7.130 7.236 5,530 1,980 15,960 5,720 1.24
 KD070AR0 7.000 8.000 7.370 7.630 7.736 5,920 2,070 17,100 5,990 1.33
 *KD075AR0 7.500 8.500 7.870 8.130 8.236 6,320 2,170 18,240 6,250 1.42
  KD080AR0 8.000 9.000 8.370 8.630 8.734 6,710 2,260 19,380 6,510 1.52
 KD090AR0 9.000 10.000 9.370 9.630 9.732 7,500 2,430 21,660 7,010 1.69
 *KD100AR0 10.000 11.000 10.370 10.630 10.732 8,290 2,600 23,940 7,500 1.87
 *KD110AR0 11.000 12.000 11.370 11.630 11.730 9,080 2,760 26,220 7,960 2.05
 *KD120AR0 12.000 13.000 12.370 12.630 12.728 9,870 2,920 28,500 8,420 2.23
 *KD140AR0 14.000 15.000 14.370 14.630 14.724 11,450 3,220 33,060 9,290 2.57
 *KD160AR0 16.000 17.000 16.370 16.630 16.718 13,030 3,510 37,620 10,130 2.93
 *KD180AR0 18.000 19.000 18.370 18.630 18.712 14,610 3,790 42,180 10,930 3.29
 *KD200AR0 20.000 21.000 20.370 20.630 20.705 16,190 4,060 46,740 11,710 3.65
 *KD250AR0 25.000 26.000 25.370 25.630 25.688 20,140 4,690 58,140 13,540 4.54
 *KD300AR0 30.000 31.000 30.370 30.630 30.672 24,090 5,290 69,540 15,260 5.44

Dimensions in Inches Capacities in Pounds�
Weight

in
Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Circular pocket separator
1/4" balls

� F = .060
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KC SERIES

  KC040AR0 4.000 4.750 4.277 4.473 4.554 2,550 960 7,360 2,770 .44
 *KC042AR0 4.250 5.000 4.527 4.723 4.804 2,710 1,000 7,820 2,880 .46
  KC045AR0 4.500 5.250 4.777 4.973 5.052 2,860 1,040 8,270 2,990 .49
 *KC047AR0 4.750 5.500 5.027 5.223 5.302 3,020 1,070 8,720 3,100 .51
  KC050AR0 5.000 5.750 5.277 5.473 5.552 3,180 1,110 9,170 3,200 .54
 *KC055AR0 5.500 6.250 5.777 5.973 6.052 3,440 1,170 9,920 3,370 .58
  KC060AR0 6.000 6.750 6.277 6.473 6.550 3,750 1,240 10,820 3,580 .64
 *KC065AR0 6.500 7.250 6.777 6.973 7.050 4,060 1,310 11,720 3,770 .68
  KC070AR0 7.000 7.750 7.277 7.473 7.550 4,320 1,360 12,470 3,930 .74
 *KC075AR0 7.500 8.250 7.777 7.973 8.048 4,630 1,430 13,380 4,120 .78
 *KC080AR0 8.000 8.750 8.277 8.473 8.548 4,950 1,490 14,280 4,300 .84
 *KC090AR0 9.000 9.750 9.277 9.473 9.546 5,520 1,600 15,930 4,630 .98
 *KC100AR0 10.000 10.750 10.277 10.473 10.544 6,140 1,720 17,730 4,970 1.04
 *KC110AR0 11.000 11.750 11.277 11.473 11.542 6,720 1,830 19,390 5,280 1.14
 *KC120AR0 12.000 12.750 12.277 12.473 12.540 7,290 1,930 21,040 5,570 1.23
 *KC140AR0 14.000 14.750 14.277 14.473 14.535 8,490 2,140 24,500 6,170 1.43
 *KC160AR0 16.000 16.750 16.277 16.473 16.529 9,680 2,330 27,950 6,730 1.63
 *KC180AR0 18.000 18.750 18.277 18.473 18.523 10,880 2,520 31,410 7,280 1.83
 *KC200AR0 20.000 20.750 20.277 20.473 20.517 12,030 2,690 34,720 7,780 2.03
 *KC250AR0 25.000 25.750 25.277 25.473 25.500 14,900 3,120 43,280 9,010 2.52
 *KC300AR0 30.000 30.750 30.277 30.473 30.484 17,960 3,520 51,850 10,160 3.02

Dimensions in Inches Capacities in Pounds�
Weight

in
Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Circular pocket separator
3/16" balls

� F = .040
Bearing corners are
normally chamfered

TYPE A – OPEN BEARINGS
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 KG SERIES

 *KG040AR0 4.000 6.000 4.742 5.258 5.491 9,480 4,720 27,360 13,630 3.61
 *KG042AR0 4.250 6.250 4.992 5.508 5.741 9,950 4,880 28,730 14,090 3.83
 *KG045AR0 4.500 6.500 5.242 5.758 5.989 10,430 5,030 30,100 14,530 3.95
 *KG047AR0 4.750 6.750 5.492 6.008 6.239 10,900 5,180 31,460 14,970 4.17
 *KG050AR0 5.000 7.000 5.742 6.258 6.489 11,370 5,330 32,830 15,400 4.42
 *KG055AR0 5.500 7.500 6.242 6.758 6.989 12,320 5,630 35,570 16,240 4.73
 KG060AR0 6.000 8.000 6.742 7.258 7.489 13,270 5,910 38,300 17,060 5.07
 *KG065AR0 6.500 8.500 7.242 7.758 7.987 14,220 6,190 41,040 17,870 5.41
 *KG070AR0 7.000 9.000 7.742 8.258 8.487 15,160 6,460 43,780 18,650 5.87
 KG075AR0 7.500 9.500 8.242 8.758 8.987 16,110 6,730 46,510 19,420 6.20
 KG080AR0 8.000 10.000 8.742 9.258 9.485 17,060 6,990 49,250 20,180 6.54
 KG090AR0 9.000 11.000 9.742 10.258 10.485 18,960 7,500 54,720 21,640 7.22
 *KG100AR0 10.000 12.000 10.742 11.258 11.483 20,850 7,990 60,190 23,060 8.00
 *KG110AR0 11.000 13.000 11.742 12.258 12.481 22,750 8,470 65,660 24,440 8.68
 KG120AR0 12.000 14.000 12.742 13.258 13.481 24,640 8,930 71,140 25,780 9.47
 KG140AR0 14.000 16.000 14.742 15.258 15.478 28,430 9,820 82,080 28,360 10.90
 KG160AR0 16.000 18.000 16.742 17.258 17.474 32,220 10,680 93,020 30,830 12.40
 *KG180AR0 18.000 20.000 18.742 19.258 19.472 36,020 11,500 104,000 33,200 13.80
 *KG200AR0 20.000 22.000 20.742 21.258 21.468 39,810 12,300 114,900 35,490 15.20
 *KG250AR0 25.000 27.000 25.742 26.258 26.461 49,280 14,180 142,300 40,920 18.80
 *KG300AR0  30.000 32.000 30.742 31.258 31.451 58,760 15,940 169,600 46,020 22.50
 *KG350AR0 35.000 37.000 35.742 36.258 36.440 68,240 17,610 197,000 50,840 26.20
 *KG400AR0 40.000 42.000 40.472 41.258 41.430 77,720 19,210 224,400 55,440 29.80

Dimensions in Inches Capacities in Pounds�
Weight

in
Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Circular pocket separator
1/2" balls

� F = .080
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic capacities are 
based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and Y - contact Kaydon product 
engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KF SERIES

 *KF040AR0 4.000 5.500 4.555 4.945 5.115 6,350 2,920 18,340 8,420 1.92
 *KF042AR0 4.250 5.750 4.805 5.195 5.365 6,600 2,990 19,050 8,630 2.04
 *KF045AR0 4.500 6.000 5.060 5.445 5.615 7,090 3,140 20,460 9,050 2.14
 KF047AR0 4.750 6.250 5.305 5.695 5.865 7,330 3,210 21,160 9,260 2.26
 *KF050AR0 5.000 6.500 5.555 5.945 6.115 7,570 3,280 21,870 9,460 2.37
 KF055AR0 5.500 7.000 6.055 6.445 6.613 8,310 3,490 23,980 10,060 2.59
 *KF060AR0 6.000 7.500 6.555 6.945 7.113 9,040 3,690 26,100 10,650 2.72
 KF065AR0 6.500 8.000 7.055 7.445 7.613 9,770 3,890 28,220 11,220 2.94
 *KF070AR0 7.000 8.500 7.555 7.945 8.113 10,510 4,080 30,330 11,770 3.16
 *KF075AR0 7.500 9.000 8.055 8.445 8.610 11,000 4,200 31,740 12,130 3.39
 KF080AR0 8.000 9.500 8.555 8.945 9.110 11,730 4,390 33,860 12,670 3.61
 *KF090AR0 9.000 10.500 9.555 9.945 10.108 13,190 4,750 38,090 13,700 3.95
 *KF100AR0 10.000 11.500 10.555 10.945 11.106 14,420 5,030 41,620 14,530 4.40
 *KF110AR0 11.000 12.500 11.555 11.945 12.106 15,880 5,370 45,850 15,500 4.75
 KF120AR0 12.000 13.500 12.555 12.945 13.104 17,100 5,640 49,380 16,290 5.20
 *KF140AR0 14.000 15.500 14.555 14.945 15.102 19,790 6,220 57,140 17,950 5.76
 *KF160AR0 16.000 17.500 16.555 16.945 17.098 22,480 6,770 64,890 19,540 6.78
 *KF180AR0 18.000 19.500 18.555 18.945 19.096 25,410 7,350 73,360 21,210 7.67
 *KF200AR0 20.000 21.500 20.555 20.945 21.092 28,100 7,860 81,120 22,680 8.47
 *KF250AR0 25.000 26.500 25.555 25.945 26.085 34,700 9,040 100,200 26,100 10.50
 *KF300AR0 30.000 31.500 30.555 30.945 31.075 41,540 10,190 119,900 29,430 12.50
 *KF350AR0 35.000 36.500 35.555 35.945 36.064 48,380 11,290 139,700 32,580 14.60
 *KF400AR0 40.000 41.500 40.555 40.945 41.054 55,220 12,330 159,400 35,580 16.60

Dimensions in Inches Capacities in Pounds�
Weight

in
Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Circular pocket separator
3/8" balls

� F = .080
Bearing corners are
normally chamfered

TYPE A – OPEN BEARINGS
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 KA SERIES

 KA020CP0 2.000 2.500 2.186 2.314 680 320 .10
 KA025CP0 2.500 3.000 2.686 2.814 830 360 .13
 KA030CP0 3.000 3.500 3.186 3.314 990 410 .15
 KA035CP0 3.500 4.000 3.686 3.814 1,140 450 .18
 KA040CP0 4.000 4.500 4.186 4.314 1,290 480 .19
 KA042CP0 4.250 4.750 4.436 4.564 1,370 500 .20
 KA045CP0 4.500 5.000 4.686 4.814 1,440 520 .22
 KA047CP0 4.750 5.250 4.936 5.064 1,520 540 .23
 KA050CP0 5.000 5.500 5.186 5.314 1,590 560 .24
 KA055CP0 5.500 6.000 5.686 5.814 1,750 590 .25
 KA060CP0 6.000 6.500 6.186 6.314 1,900 630 .28
 KA065CP0 6.500 7.000 6.686 6.814 2,050 660 .30
 KA070CP0 7.000 7.500 7.186 7.314 2,200 690 .31
 KA075CP0 7.500 8.000 7.686 7.814 2,350 720 .34
 KA080CP0 8.000 8.500 8.186 8.314 2,500 750 .38
 KA090CP0  9.000 9.500 9.186 9.314 2,810 810 .44
 KA100CP0 10.000 10.500 10.186 10.314 3,110 870 .50
 KA110CP0 11.000 11.500 11.186 11.314 3,410 930 .52
 KA120CP0 12.000 12.500 12.186 12.314 3,720 980 .56

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static� DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Snapover separator
1/8" balls

Radial Capacity
(lbs.)�

� F = .025
Bearing corners are
normally chamfered

A Conrad assembled bearing designed primarily for application of radial load—deep ball grooves also permit application of thrust load in 
either direction – often used in conjunction with another bearing.

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KAA SERIES

 KAA10CL0 1.000 1.375 1.140 1.235 290 150 .026
 KAA15CL0 1.500 1.875 1.640 1.735 400 180 .039
 KAA17CL0 1.750 2.125 1.890 1.985 460 200 .045

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static� DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Snapover separator
3/32" balls

Radial Capacity
(lbs.)�

� F = .015

Open Bearing Selections
Type C
Radial Contact
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 KB SERIES

 KB020CP0 2.000 2.625 2.231 2.393 930 450 .16
 KB025CP0 2.500 3.125 2.731 2.893 1,140 520 .20
 KB030CP0 3.000 3.625 3.231 3.393 1,340 580 .24
 KB035CP0 3.500 4.125 3.731 3.893 1,540 630 .27
 KB040CP0 4.000 4.625 4.231 4.393 1,750 690 .30
 KB042CP0 4.250 4.875 4.481 4.643 1,830 710 .31
 KB045CP0 4.500 5.125 4.731 4.893 1,950 740 .33
 *KB047CP0 4.750 5.375 4.981 5.143 2,030 760 .34
 KB050CP0 5.000 5.625 5.231 5.393 2,150 790 .38
 *KB055CP0 5.500 6.125 5.731 5.893 2,360 840 .41
 KB060CP0 6.000 6.625 6.231 6.393 2,560 890 .44
 KB065CP0 6.500 7.125 6.731 6.893 2,760 930 .47
 *KB070CP0 7.000 7.625 7.231 7.393 2,970 980 .50
 *KB075CP0 7.500 8.125 7.731 7.893 3,170 1,020 .53
 KB080CP0 8.000 8.625 8.231 8.393 3,370 1,070 .57
 *KB090CP0 9.000 9.625 9.231 9.393 3,780 1,150 .66
 *KB100CP0 10.000 10.625 10.231 10.393 4,190 1,230 .73
 *KB110CP0 11.000 11.625 11.231 11.393 4,590 1,310 .75
 *KB120CP0 12.000 12.625 12.231 12.393 5,000 1,390 .83
 *KB140CP0 14.000 14.625 14.231 14.393 5,810 1,530 1.05
 *KB160CP0 16.000 16.625 16.231 16.393 6,620 1,670 1.20
 *KB180CP0 18.000 18.625 18.231 18.393 7,440 1,810 1.35
 *KB200CP0 20.000 20.625 20.231 20.393 8,250 1,940 1.50

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static� DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Snapover separator
5/32" balls

Radial Capacity
(lbs.)�

� F = .040
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

TYPE C – OPEN BEARINGS

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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 KC SERIES

 KC040CP0 4.000 4.750 4.277 4.473 2,100 880 .45
 KC042CP0 4.250 5.000 4.527 4.723 2,220 920 .47
 KC045CP0 4.500 5.250 4.777 4.973 2,340 950 .48
 KC047CP0 4.750 5.500 5.027 5.223 2,460 980 .50
 KC050CP0 5.000 5.750 5.277 5.473 2,590 1,010 .58
 KC055CP0 5.500 6.250 5.777 5.973 2,830 1,080 .59
 KC060CP0 6.000 6.750 6.277 6.473 3,070 1,140 .63
 KC065CP0 6.500 7.250 6.777 6.973 3,310 1,200 .68
 KC070CP0 7.000 7.750 7.277 7.473 3,550 1,250 .73
 KC075CP0 7.500 8.250 7.777 7.973 3,790 1,310 .78
 KC080CP0 8.000 8.750 8.277 8.473 4,030 1,360 .84
 *KC090CP0 9.000 9.750 9.277 9.473 4,510 1,470 .94
 KC100CP0 10.000 10.750 10.277 10.473 4,990 1,570 1.06
 *KC110CP0 11.000 11.750 11.277 11.473 5,470 1,670 1.16
 *KC120CP0 12.000 12.750 12.277 12.473 5,950 1,770 1.25
 *KC140CP0 14.000 14.750 14.277 14.473 6,910 1,950 1.52
 *KC160CP0 16.000 16.750 16.277 16.473 7,880 2,130 1.73
 *KC180CP0  18.000 18.750 18.277 18.473 8,840 2,300 1.94
 *KC200CP0 20.000 20.750 20.277 20.473 9,800 2,470 2.16
 *KC250CP0 25.000 25.750 25.277 25.473 12,200 2,850 2.69
 *KC300CP0 30.000 30.750 30.277 30.473 14,610 3,220 3.21

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static� DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Snapover separator
3/16" balls

Radial Capacity
(lbs.)�

� F = .040
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KD SERIES

 KD040CP0 4.000 5.000 4.370 4.630 3,080 1,410 .78
 KD042CP0 4.250 5.250 4.620 4.880 3,190 1,440 .83
 KD045CP0 4.500 5.500 4.870 5.130 3,420 1,510 .88
 KD047CP0 4.750 5.750 5.120 5.380 3,530 1,540 .94
 KD050CP0 5.000 6.000 5.370 5.630 3,760 1,610 1.00
 KD055CP0 5.500 6.500 5.870 6.130 4,100 1,700 1.06
 KD060CP0 6.000 7.000 6.370 6.630 4,450 1,800 1.16
 KD065CP0 6.500 7.500 6.870 7.130 4,790 1,890 1.22
 KD070CP0 7.000 8.000 7.370 7.630 5,130 1,980 1.31
 *KD075CP0 7.500 8.500 7.870 8.130 5,470 2,060 1.41
 KD080CP0 8.000 9.000 8.370 8.630 5,810 2,150 1.53
 KD090CP0 9.000 10.000 9.370 9.630 6,500 2,320 1.72
 KD100CP0 10.000 11.000 10.370 10.630 7,180 2,470 1.88
 KD110CP0 11.000 12.000 11.370 11.630 7,870 2,630 2.06
 KD120CP0 12.000 13.000 12.370 12.630 8,550 2,780 2.25
 *KD140CP0 14.000 15.000 14.370 14.630 9,920 3,070 2.73
 *KD160CP0 16.000 17.000 16.370 16.630 11,290 3,350 3.10
 *KD180CP0 18.000 19.000 18.370 18.630 12,650 3,610 3.48
 *KD200CP0 20.000 21.000 20.370 20.630 14,020 3,870 3.85
 *KD250CP0 25.000 26.000 25.370 25.630 17,440 4,470 4.79
 *KD300CP0 30.000 31.000 30.370 30.360 20,860 5,040 5.73

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static� DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Snapover separator
1/4" balls

L 2
L 1

.500

.500
F

Radial Capacity
(lbs.)�

� F = .060
Bearing corners are
normally chamfered

TYPE C – OPEN BEARINGS
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 KF SERIES

 KF040CP0 4.000 5.500 4.555 4.945 5,360 2,730 1.9
 KF042CP0 4.250 5.750 4.805 5.195 5,640 2,830 2.0
 *KF045CP0 4.500 6.000 5.055 5.445 5,930 2,920 2.1
 KF047CP0 4.750 6.250 5.305 5.695 6,210 3,010 2.2
 KF050CP0 5.000 6.500 5.555 5.945 6,490 3,100 2.3
 KF055CP0 5.500 7.000 6.055 6.445 7,050 3,280 2.5
 KF060CP0 6.000 7.500 6.555 6.945 7,620 3,450 2.7
 KF065CP0 6.500 8.000 7.055 7.445 8,180 3,620 2.9
 *KF070CP0 7.000 8.500 7.555 7.945 8,750 3,790 3.2
 KF075CP0 7.500 9.000 8.055 8.445 9,310 3,950 3.4
 KF080CP0 8.000 9.500 8.555 8.945 9,880 4,100 3.5
 KF090CP0 9.000 10.500 9.555 9.945 11,000 4,410 3.9
 KF100CP0 10.000 11.500 10.555 10.945 12,130 4,710 4.3
 KF110CP0 11.000 12.500 11.555 11.945 13,260 5,000 4.8
 KF120CP0 12.000 13.500 12.555 12.945 14,390 5,280 5.2
 *KF140CP0 14.000 15.500 14.555 14.945 16,650 5,810 6.0
 *KF160CP0 16.000 17.500 16.555 16.945 18,900 6,330 7.1
 *KF180CP0 18.000 19.500 18.555 18.945 21,160 6,820 7.9
 *KF200CP0 20.000 21.500 20.555 20.945 23,420 7,300 8.9
 *KF250CP0 25.000 26.500 25.555 25.945 29,060 8,430 10.9
 *KF300CP0 30.000 31.500 30.555 30.945 34,700 9,490 13.0
 *KF350CP0 35.000 36.500 35.555 35.945 40,350 10,490 15.1
 *KF400CP0 40.000 41.500 40.555 40.945 45,990 11,450 17.2

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static� DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Snapover separator
3/8" balls

Radial Capacity
(lbs.)�

� F = .080
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic capacities are 
based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and Y - contact Kaydon product 
engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KG SERIES

 *KG040CP0 4.000 6.000 4.742 5.258 8,210 4,500 3.6
 *KG042CP0 4.250 6.250 4.992 5.508 8,210 4,500 3.8
 *KG045CP0 4.500 6.500 5.242 5.758 8,760 4,700 4.0
 *KG047CP0 4.750 6.750 5.492 6.008 9,300 4,890 4.1
 KG050CP0 5.000 7.000 5.742 6.258 9,850 5,080 4.3
 KG055CP0 5.500 7.500 6.242 6.758 10,400 5,270 4.7
 *KG060CP0 6.000 8.000 6.742 7.258 11,490 5,630 5.1
 KG065CP0 6.500 8.500 7.242 7.758 12,040 5,810 5.4
 KG070CP0 7.000 9.000 7.742 8.258 13,130 6,160 5.8
 KG075CP0 7.500 9.500 8.242 8.758 13,680 6,330 6.1
 KG080CP0 8.000 10.000 8.742 9.258 14,770 6,660 6.5
 KG090CP0 9.000 11.000 9.742 10.258 16,420 7,150 7.2
 KG100CP0 10.000 12.000 10.742 11.258 18,060 7,620 7.9
 KG110CP0 11.000 13.000 11.742 12.258 19,700 8,070 8.6
 KG120CP0 12.000 14.000 12.742 13.258 21,340 8,510 9.3
 KG140CP0 14.000 16.000 14.742 15.258 24,620 9,360 10.8
 KG160CP0  16.000 18.000 16.742 17.258 27,910 10,180 12.3
 KG180CP0 18.000 20.000 18.742 19.258 31,190 10,960 13.7
 *KG200CP0 20.000 22.000 20.742 21.258 34,470 11,720 15.8
 *KG250CP0 25.000 27.000 25.742 26.258 42,680 13,510 19.5
 *KG300CP0 30.000 32.000 30.742 31.258 50,890 15,190 23.3
 *KG350CP0 35.000 37.000 35.742 36.258 59,100 16,790 27.1
 *KG400CP0 40.000 42.000 40.742 41.258 67,310 18,310 30.8

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static� DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Snapover separator
1/2" balls

L 2

L 1

1.000

1.000

F

Radial Capacity
(lbs.)�

� F = .080
Bearing corners are
normally chamfered

TYPE C – OPEN BEARINGS

S
e
ct

io
n
 2

–S
el

ec
ti

o
n 

Ta
b

le
s

L 1

L 2

.750

.750
F

22 |www.reali-slim.com   1-800-514-3066

Reali-Slim® Bearings Catalog 300    ©KAYDON® Corporation 2004



A Conrad assembled bearing designed for applications involving multiple loads. Unique internal geometry permits application of 
radial load, thrust load in either direction, and moment load, individually or in any combination. A single four-point contact bearing 
may replace two bearings in many applications.

 KAA SERIES

  KAA10XL0 1.000 1.375 1.140 1.235 290 150 730 370 170 90 .026
  KAA15XL0 1.500 1.875 1.640 1.735 400 180 1,000 460 340 150 .039
  KAA17XL0 1.750 2.125 1.890 1.985 460 200 1,140 500 440 190 .045

Dimensions in Inches Capacities� Weight
in

Pounds

Kaydon
Bearing
Number

Radial in Pounds 
Static� Bore

Outside
Diameter

Land
Dia. 

Snapover separator
3/32" balls

� F = .015

Dyn.
Land
Dia. L2

Thrust in Pounds 

Static� Dyn.
Moment (Lbs-In)

Static� Dyn.

 KA SERIES

 KA020XP0 2.000 2.500 2.186 2.314 680 320 1,710 790 770 360 .10
 KA025XP0 2.500 3.000 2.686 2.814 830 360 2,090 910 1,150 500 .13
 KA030XP0 3.000 3.500 3.186 3.314 990 410 2,470 1,010 1,600 660 .15
 KA035XP0 3.500 4.000 3.686 3.814 1,140 450 2,850 1,110 2,130 840 .18
 KA040XP0 4.000 4.500 4.186 4.314 1,290 480 3,220 1,210 2,740 1,030 .19
 *KA042XP0 4.250 4.750 4.436 4.564 1,370 500 3,410 1,260 3,070 1,130 .20
 KA045XP0 4.500 5.000 4.686 4.814 1,440 520 3,600 1,310 3,420 1,240 .22
 KA047XP0 4.750 5.250 4.936 5.064 1,520 540 3,790 1,350 3,790 1,350 .23
 KA050XP0 5.000 5.500 5.186 5.314 1,590 560 3,980 1,400 4,180 1,460 .24
 KA055XP0 5.500 6.000 5.686 5.814 1,750 590 4,360 1,480 5,020 1,700 .25
 KA060XP0 6.000 6.500 6.186 6.314 1,900 630 4,740 1,570 5,930 1,960 .28
 KA065XP0 6.500 7.000 6.686 6.814 2,050 660 5,120 1,650 6,910 2,230 .30
 KA070XP0 7.000 7.500 7.186 7.314 2,200 690 5,500 1,730 7,980 2,510 .31
 KA075XP0 7.500 8.000 7.686 7.814 2,350 720 5,880 1,810 9,120 2,800 .34
 *KA080XP0 8.000 8.500 8.186 8.314 2,500 750 6,260 1,890 10,330 3,110 .38
 *KA090XP0 9.000 9.500 9.186 9.314 2,810 810 7,020 2,040 12,990 3,770 .44
 KA100XP0 10.000 10.500 10.186 10.314 3,110 870 7,780 2,180 15,940 4,470 .50
 *KA110XP0 11.000 11.500 11.186 11.314 3,410 930 8,540 2,320 19,210 5,220 .52
 KA120XP0 12.000 12.500 12.186 12.314 3,720 980 9,300 2,450 22,770 6,010 .56

Dimensions in Inches Capacities� Weight
in

Pounds

Kaydon
Bearing
Number

Radial in Pounds 
Static�  Bore

Outside
Diameter

Land
Dia. 

Snapover separator
1/8" balls

Dyn.
Land
Dia. L2

Thrust in Pounds  
Static�  Dyn.

Moment (Lbs-In)
Static�  Dyn.

� F = .025
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

Open Bearing Selections
Type X
Four-Point Contact
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 KB SERIES

 KB020XP0 2.000 2.625 2.231 2.393 930 450 2,340 1,130 1,080 520 .16
 KB025XP0 2.500 3.125 2.731 2.893 1,140 520 2,840 1,290 1,600 730 .19
 KB030XP0 3.000 3.625 3.231 3.393 1,340 580 3,350 1,440 2,220 960 .24
 KB035XP0 3.500 4.125 3.731 3.893 1,540 630 3,860 1,590 2,940 1,210 .27
 KB040XP0 4.000 4.625 4.231 4.393 1,750 690 4,370 1,720 3,770 1,490 .30
 KB042XP0 4.250 4.875 4.481 4.643 1,830 710 4,570 1,780 4,170 1,620 .31
 KB045XP0 4.500 5.125 4.731 4.893 1,950 740 4,880 1,850 4,690 1,780 .33
 *KB047XP0 4.750 5.375 4.981 5.143 2,030 760 5,080 1,900 5,140 1,930 .34
 KB050XP0 5.000 5.625 5.231 5.393 2,150 790 5,380 1,980 5,720 2,100 .38
 KB055XP0 5.500 6.125 5.731 5.893 2,360 840 5,890 2,100 6,850 2,440 .41
 KB060XP0 6.000 6.625 6.231 6.393 2,560 890 6,400 2,220 8,080 2,800 .44
 KB065XP0 6.500 7.125 6.731 6.893 2,760 930 6,910 2,340 9,410 3,180 .47
 *KB070XP0 7.000 7.625 7.231 7.393 2,970 980 7,420 2,450 10,850 3,580 .50
 *KB075XP0 7.500 8.125 7.731 7.893 3,170 1,020 7,920 2,560 12,380 4,000 .53
 KB080XP0 8.000 8.625 8.231 8.393 3,370 1,070 8,430 2,670 14,020 4,440 .57
 KB090XP0 9.000 9.625 9.231 9.393 3,780 1,150 9,450 2,880 17,600 5,360 .66
 *KB100XP0 10.000 10.625 10.231 10.393 4,190 1,230 10,460 3,080 21,580 6,360 .73
 *KB110XP0 11.000 11.625 11.231 11.393 4,590 1,310 11,480 3,280 25,970 7,420 .75
 *KB120XP0 12.000 12.625 12.231 12.393 5,000 1,390 12,500 3,470 30,770 8,550 .83
 *KB140XP0 14.000 14.625 14.231 14.393 5,810 1,530 14,530 3,840 41,580 10,980 1.05
 *KB160XP0 16.000 16.625 16.231 16.393 6,620 1,670 16,560 4,190 54,020 13,660 1.20
 *KB180XP0 18.000 18.625 18.231 18.393 7,440 1,810 18,590 4,520 68,090 16,560 1.35
 *KB200XP0 20.000 20.625 20.231 20.393 8,250 1,940 20,620 4,850 83,780 19,690 1.50

Dimensions in Inches Capacities� Weight
in

Pounds

Kaydon
Bearing
Number

Radial in Pounds 
Static�Bore

Outside
Diameter

Land
Dia. 

Snapover separator
5/32" balls

Dyn.
Land
Dia. L2

Thrust in Pounds 
Static� Dyn.

Moment (Lbs-In)
Static� Dyn.

� F = .040
Bearing corners are
normally chamfered

TYPE X – OPEN BEARINGS

�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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�  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KD SERIES

 KD040XP0 4.000 5.000 4.370 4.630 3,080 1,410 7,700 3,520 6,930 3,170 .78
 KD042XP0 4.250 5.250 4.620 4.880 3,190 1,440 7,980 3,600 7,580 3,420 .83
 KD045XP0 4.500 5.500 4.870 5.130 3,420 1,510 8,550 3,770 8,550 3,770 .88
 *KD047XP0 4.750 5.750 5.120 5.380 3,530 1,540 8,840 3,860 9,280 4,050 .94
 KD050XP0  5.000 6.000 5.370 5.630 3,760 1,610 9,410 4,020 10,350 4,420 1.00
 KD055XP0 5.500 6.500 5.870 6.130 4,100 1,700 10,260 4,260 12,310 5,110 1.06
 *KD060XP0 6.000 7.000 6.370 6.630 4,450 1,800 11,120 4,490 14,450 5,840 1.16
 KD065XP0 6.500 7.500 6.870 7.130 4,790 1,890 11,970 4,720 16,760 6,610 1.22
 *KD070XP0 7.000 8.000 7.370 7.630 5,130 1,980 12,830 4,940 19,240 7,420 1.31
 *KD075XP0 7.500 8.500 7.870 8.130 5,470 2,060 13,680 5,160 21,890 8,260 1.41
 KD080XP0 8.000 9.000 8.370 8.630 5,810 2,150 14,540 5,370 24,710 9,140 1.53
 KD090XP0 9.000 10.000 9.370 9.630 6,500 2,320 16,250 5,790 30,870 11,000 1.72
 KD100XP0 10.000 11.000 10.370 10.630 7,180 2,470 17,960 6,190 37,710 12,990 1.88
 KD110XP0 11.000 12.000 11.370 11.630 7,870 2,630 19,670 6,570 45,230 15,120 2.06
 KD120XP0 12.000 13.000 12.370 12.630 8,550 2,780 21,380 6,950 53,440 17,370 2.25
 KD140XP0 14.000 15.000 14.370 14.630 9,920 3,070 24,800 7,670 71,910 22,250 2.73
 *KD160XP0 16.000 17.000 16.370 16.630 11,290 3,350 28,220 8,360 93,110 27,600 3.10
 KD180XP0 18.000 19.000 18.370 18.630 12,650 3,610 31,640 9,030 117,000 33,400 3.48
 *KD200XP0 20.000 21.000 20.370 20.630 14,020 3,870 35,060 9,670 143,700 39,630 3.85
 *KD210XP0 21.000 22.000 21.370 21.630 14,710 3,990 36,770 9,980 158,100 42,900 4.04
 KD250XP0 25.000 26.000 25.370 25.630 17,440 4,470 43,610 11,180 222,400 57,010 4.79
 *KD300XP0 30.000 31.000 30.370 30.630 20,860 5,040 52,160 12,600 318,100 76,840 5.73

Dimensions in Inches Capacities� Weight
in

Pounds

Kaydon
Bearing
Number

Radial in Pounds

Static�Bore
Outside
Diameter

Land
Dia. 

Snapover separator
1/4" balls

Dyn.
Land
Dia. 

Thrust in Pounds 

Static� Dyn.
Moment (Lbs-In)

Static� Dyn.

� F = .060
Bearing corners are
normally chamfered

TYPE X – OPEN BEARINGS

 KC SERIES

 KC040XP0 4.000 4.750 4.277 4.473 2,100 880 5,260 2,210 4,600 1,930 .45
 *KC042XP0 4.250 5.000 4.527 4.723 2,220 920 5,560 2,290 5,140 2,120 .47
 KC045XP0 4.500 5.250 4.777 4.973 2,340 950 5,860 2,380 5,710 2,320 .48
 KC047XP0 4.750 5.500 5.027 5.223 2,460 980 6,160 2,460 6,320 2,520 .50
 KC050XP0 5.000 5.750 5.277 5.473 2,590 1,010 6,460 2,540 6,950 2,730 .58
 KC055XP0 5.500 6.250 5.777 5.973 2,830 1,080 7,060 2,690 8,300 3,160 .59
 KC060XP0 6.000 6.750 6.277 6.473 3,070 1,140 7,660 2,840 9,770 3,620 .63
 KC065XP0 6.500 7.250 6.777 6.973 3,310 1,200 8,270 2,990 11,370 4,110 .68
 KC070XP0 7.000 7.750 7.277 7.473 3,550 1,250 8,870 3,130 13,080 4,620 .73
 *KC075XP0 7.500 8.250 7.777 7.973 3,790 1,310 9,470 3,270 14,910 5,150 .78
 KC080XP0 8.000 8.750 8.277 8.473 4,030 1,360 10,070 3,410 16,870 5,710 .84
 KC090XP0 9.000 9.750 9.277 9.473 4,510 1,470 11,270 3,670 21,130 6,890 .94
 KC100XP0 10.000 10.750 10.277 10.473 4,990 1,570 12,470 3,930 25,880 8,160 1.06
 KC110XP0 11.000 11.750 11.277 11.473 5,470 1,670 13,680 4,180 31,110 9,510 1.16
 KC120XP0 12.000 12.750 12.277 12.473 5,950 1,770 14,880 4,420 36,830 10,940 1.25
 *KC140XP0 14.000 14.750 14.277 14.473 6,910 1,950 17,280 4,890 49,690 14,050 1.52
 *KC160XP0 16.000 16.750 16.277 16.473 7,880 2,130 19,690 5,330 64,480 17,450 1.73 
 *KC180XP0 18.000 18.750 18.277 18.473 8,840 2,300 22,090 5,760 81,190 21,150 1.94
 *KC200XP0 20.000 20.750 20.277 20.473 9,800 2,470 24,500 6,170 99,830 25,120 2.16
 *KC250XP0 25.000 25.750 25.277 25.473 12,200 2,850 30,510 7,140 154,800 36,220 2.69
 *KC300XP0 30.000 30.750 30.277 30.473 14,610 3,220 36,520 8,050 221,900 48,880 3.21  

Dimensions in Inches Capacities� Weight
in

Pounds

Kaydon
Bearing
Number

Radial in Pounds 
Static�Bore

Outside
Diameter

Land
Dia. 

Snapover separator
3/16" balls

Dyn.
Land
Dia. 

Thrust in Pounds 

Static� Dyn.
Moment (Lbs-In)

Static� Dyn.

� F = .040
Bearing corners are
normally chamfered
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L 1

L 2

.375

.375

F

L 2
L 1

.500

.500
F
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 KF040XP0 4.000 5.500 4.555 4.945 5,360 2,730 13,400 6,830 12,730 6,490 1.9
 KF042XP0 4,250 5.750 4.805 5.195 5,640 2,830 14,110 7,070 14,110 7,070 2.0
 KF045XP0 4.500 6.000 5.055 5.445 5,930 2,920 14,810 7,300 15,550 7,660 2.1
 KF047XP0 4.750 6.250 5.305 5.695 6,210 3,010 15,520 7,530 17,070 8,280 2.2
 KF050XP0 5.000 6.500 5.555 5.945 6,490 3,100 16,220 7,760 18,660 8,920 2.3
 KF055XP0 5.500 7.000 6.055 6.445 7,050 3,280 17,630 8,200 22,040 10,250 2.5
 KF060XP0 6.000 7.500 6.555 6.945 7,620 3,450 19,050 8,630 25,710 11,650 2.7
 KF065XP0 6.500 8.000 7.055 7.445 8,180 3,620 20,460 9,050 29,660 13,130 2.9
 KF070XP0 7.000 8.500 7.555 7.945 8,750 3,790 21,870 9,460 33,890 14,670 3.2
 KF075XP0 7.500 9.000 8.055 8.445 9,310 3,950 23,280 9,870 38,410 16,280 3.4
 KF080XP0 8.000 9.500 8.555 8.945 9,880 4,100 24,690 10,260 43,200 17,960 3.5
 KF090XP0 9.000 10.500 9.555 9.945 11,000 4,410 27,510 11,030 53,640 21,510 3.9
 KF100XP0 10.000 11.500 10.555 10.945 12,130 4,710 30,330 11,770 65,210 25,310 4.3
 KF110XP0 11.000 12.500 11.555 11.945 13,260 5,000 33,150 12,490 77,910 29,350 4.8
 KF120XP0 12.000 13.500 12.555 12.945 14,390 5,280 35,970 13,190 91,730 33,630 5.2
 KF140XP0 14.000 15.500 14.555 14.945 16,650 5,810 41,620 14,530 122,800 42,880 6.0
 *KF160XP0 16.000 17.500 16.555 16.945 18,900 6,330 47,260 15,820 158,300 53,000 7.1
 *KF180XP0 18.000 19.500 18.555 18.945 21,160 6,820 52,900 17,060 198,400 63,960 7.9
 *KF200XP0 20.000 21.500 20.555 20.945 23,420 7,300 58,550 18,250 243,000 75,730 8.9
 *KF250XP0 25.000 26.500 25.555 25.945 29,060 8,430 72,650 21,070 374,200 108,500 10.9
 *KF300XP0 30.000 31.500 30.555 30.945 34,700 9,490 86,760 23,720 533,600 145,900 13.0
 *KF350XP0 35.000 36.500 35.555 35.945 40,350 10,490 100,900 26,220 721,200 187,500 15.1
 *KF400XP0  40.000 41.500 40.555 40.945 45,990 11,450 115,000 28,620 937,100 233,200 17.2

Dimensions in Inches Capacities� Weight
in

Pounds

Kaydon
Bearing
Number

Radial in Pounds 
Static�Bore

Outside
Diameter

Land
Dia. L1

Snapover separator
3/8" balls

Dyn.
Land
Dia. L2

Thrust in Pounds 
Static� Dyn.

Moment (Lbs-In)
Static� Dyn.

� F = .080
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic capacities are 
based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and Y - contact Kaydon product 
engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 KG SERIES

 *KG040XP0 4.000 6.000 4.742 5.258 8,210 4,500 20,520 11,260 20,520 11,260 3.6
 *KG042XP0 4.250 6.250 4.992 5.508 8,210 4,500 20,520 11,260 21,550 11,820 3.8
 *KG045XP0 4.500 6.500 5.242 5.758 8,760 4,700 21,890 11,750 24,080 12,920 4.0 
 *KG047XP0 4.750 6.750 5.492 6.008 9,300 4,890 23,260 12,230 26,740 14,070 4.1
 KG050XP0 5.000 7.000 5.742 6.258 9,850 5,080 24,620 12,710 29,550 15,250 4.3
 KG055XP0 5.500 7.500 6.242 6.758 10,400 5,270 25,990 13,180 33,790 17,130 4.7
 KG060XP0 6.000 8.000 6.742 7.258 11,490 5,630 28,730 14,090 40,220 19,720 5.1
 *KG065XP0 6.500 8.500 7.242 7.758 12,040 5,810 30,100 14,530 45,140 21,790 5.4
 KG070XP0 7.000 9.000 7.742 8.258 13,130 6,160 32,830 15,400 52,530 24,630 5.8
 KG075XP0 7.500 9.500 8.242 8.758 13,680 6,330 34,200 15,820 58,140 26,900 6.1
 KG080XP0 8.000 10.000 8.742 9.258 14,770 6,660 36,940 16,650 66,480 29,980 6.5
 KG090XP0 9.000 11.000 9.742 10.258 16,420 7,150 41,040 17,870 82,080 35,730 7.2
 KG100XP0 10.000 12.000 10.742 11.258 18,060 7,620 45,140 19,040 99,320 41,880 7.9
 KG110XP0 11.000 13.000 11.742 12.258 19,700 8,070 49,250 20,180 118,200 48,420 8.6
 KG120XP0 12.000 14.000 12.742 13.258 21,340 8,510 53,350 21,280 138,700 55,330 9.3
 KG140XP0 14.000 16.000 14.742 15.258 24,620 9,360 61,560 23,410 184,700 70,230 10.8
 KG160XP0 16.000 18.000 16.742 17.258 27,910 10,180 69,770 25,450 237,200 86,530 12.3
 KG180XP0 18.000 20.000 18.742 19.258 31,190 10,960 77,980 27,410 296,300 104,100 13.7
 *KG200XP0 20.000 22.000 20.742 21.258 34,470 11,720 86,180 29,300 362,000 123,100 15.8
 KG2 20XP0 22.000 24.000 22.742 23.258 37,760 12,450 94,390 31,130 434,200 143,200 17.3
 KG250XP0 25.000 27.000 25.742 26.258 42,680 13,510 106,700 33,780 554,900 175,700 19.5
 KG300XP0 30.000 32.000 30.742 31.258 50,890 15,190 127,200 37,980 788,800 235,500 23.3
 KG350XP0 35.000 37.000 35.742 36.258 59,100 16,790 147,700 41,970 1,064,000 302,200 27.1
 KG400XP0 40.000 42.000 40.742 41.258 67,310 18,310 168,300 45,770 1,380,000 375,300 30.8

Dimensions in Inches Capacities� Weight
in

Pounds

Kaydon
Bearing
Number

Radial in Pounds 
Static�Bore

Outside
Diameter

Land
Dia. 

Snapover separator
1/2" balls

Dyn.
Land
Dia. L2

Thrust in Pounds
Static� Dyn.

Moment (Lbs-In)
Static� Dyn.

� F = .080
Bearing corners are
normally chamfered

TYPE X – OPEN BEARINGS

L 1

L 2

.750

.750
F

L 2

L 1

1.000

1.000

F
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To realize the full benefits from anti-friction bearings, it is impor-
tant to keep them clean and well lubricated.  Seals and shields 
properly designed and mounted help to accomplish this.  In this 
catalog these terms have the following definitions:

Seal—a contacting closure between the stationary and rotating 
members, for retaining lubricant within and excluding foreign 
material from the bearing.  Seals are retained in the outer race 
and make positive contact with the inner race.

Shield—a closure for the same purpose as a seal but without 
positive contact.

A seal is more effective, but requires more turning effort 
(torque), generates more heat, and as a result, has a lower speed 
limit than an open or shielded bearing.

The accompanying illustrations are examples by which Reali-
Slim® bearings may be sealed or shielded, either integrally 
or externally.  The lubricant and lubrication systems, torque 
requirements, speed, and operating environment will influence 
the choice.

Integral seals and shields offer a very compact overall design with 
the additional advantage of protecting the bearing before, during 
and after installation.

Figure 9 shows a double sealed Reali-Slim® bearing, available 
from stock in the JU series.  In this case, adding shields and 
seals requires an increase in the width of the bearing.  Page 
12, Position 2.  In the case of JA, JB, and JG double sealed 
Reali-Slims, the bearing width is the same as that of the 
open  bearing.

Illustrated in Figure 10 is a double Lami-Seal® bearing.  
Shown in Figure 11 is a double Lami-Shield® bearing for use 
where a shield will suffice or is required due to torque limita-
tions or speed.

Note: Sealed Reali-Slim® bearings are pre-lubricated with a gen-
eral purpose grease.  Operating conditions (i.e. time, temperature, 
speed, environment) may result in premature grease breakdown.  
Grease options are available upon request.

Sealed Bearings Selections
Seals and Shields Available

Figure 9
Double Sealed Reali-Slim®

Figure 12
Single Sealed Reali-Slim®

Figure 10
Double Lami-Seal® bearing

Figure 13
Single Lami-Seal® bearing

Figure 11
Double Lami-Shield® bearing

Figure 14
Single Lami-Shield® bearing

Note: Pictures are for illustration only and are not intended for 
design specification.
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Where weight and space are at a premium, and a seal or shield
is required on one side only, single sealed or single shielded 
bearings as shown in Figures 12, 13 and 14 may be supplied.

Figure 15 shows a BUNA-N™ lip-type seal ring available in a 
variety of cross-sections compatible with the Reali-Slim® bearing 
series.  While this is a very effective seal, torque is substantial 
and speeds must not exceed 1000 feet per minute if continuous.  
Figure 16 shows a felt seal ring which is suitable for higher speeds 
and can be made from commercially available strip stock by 
bonding the ends with solvent resistant glue.  Many grades of felt 
are readily obtainable for experimental determination of the best 
compromise between torque, heat, wear, and seal effectiveness.

If grease lubrication is used and torque is not critical, a very 
effective shield is that shown in Figure 17 where annular 
grooves are cut in the housing shoulder and clamp plate and 
filled with grease.

When a separate shield is required, washers made from preci-
sion flat stock are ideal, as shown in Figure 18.  They serve 
well where weight limitations are strict.

Whether or not integral seals or shields are specified, bearings 
must be isolated from hostile environments and debris.

Figure 15
BUNA-N™ Lip-Type Seal

Figure 18
Washer Shield From
Precision Flat Stock

Figure 16
Felt Seal Ring

Figure 17
Annular Grooves
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 JA SERIES (DOUBLE SEALED)

 JA020CP0 2.000 2.500 2.148 2.356 680 320 3,220 6 .10
 JA025CP0 2.500 3.000 2.648 2.856 830 360 2,630 8 .12
 JA030CP0 3.000 3.500 3.148 3.356 990 410 2,230 12 .14
 JA035CP0 3.500 4.000 3.648 3.856 1,140 450 1,930 16 .17
 JA040CP0 4.000 4.500 4.148 4.356 1,290 480 1,700 20 .19
 JA042CP0 4.250 4.750 4.398 4.606 1,370 500 1,610 24 .20
 JA045CP0 4.500 5.000 4.648 4.856 1,440 520 1,520 28 .21
 *JA047CP0 4.750 5.250 4.898 5.106 1,520 540 1,450 32 .22
 *JA050CP0 5.000 5.500 5.148 5.356 1,590 560 1,380 36 .23
 *JA055CP0 5.500 6.000 5.648 5.856 1,750 590 1,260 44 .25
 *JA060CP0 6.000 6.500 6.148 6.356 1,900 630 1,160 52 .28
 *JA065CP0 6.500 7.000 6.648 6.856 2,050 660 1,070 61 .30

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number

Limiting
Speeds
(RPM**)Static� Dyn. Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
1/8" balls

Torque
Max.

No Load
(Oz-In)�

Radial Capacity
(lbs.)�

� F = .025
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
�  Torque figures shown are for single bearings with standard lubricant at room temperature and under 5 pounds thrust load.
**     Values apply to bearings loaded up to 20% of their dynamic capacity.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 JHA SERIES (DOUBLE SEALED)

 *JHA10CL0 1.000 1.375 1.108 1.274 290 150 6110 5 .035
 *JHA15CL0 1.500 1.875 1.608 1.774 400 180 4300 5 .052
 *JHA17CL0 1.750 2.125 1.858 2.024 460 200 3750 6 .060

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number

Limiting
Speeds
(RPM**)Static� Dyn. Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
3/32" balls

Torque
Max.

No Load
(Oz-In)�

Radial Capacity
(lbs.) �

� F = .015
Bearing corners are
normally chamfered

Sealed Bearing Selections
Type C
Radial Contact

1

.1875

F
.250

L2 L

L 2 L 1

.250

.250

F
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TYPE C – SEALED BEARINGS

 JB SERIES (DOUBLE SEALED)

 JB020CP0 2.000 2.625 2.136 2.362 930 450 3,130 6 .15
 JB025CP0 2.500 3.125 2.636 2.862 1,140 520 2,580 8 .19
 JB030CP0 3.000 3.625 3.136 3.362 1,340 580 2,190 12 .22
 JB035CP0 3.500 4.125 3.636 3.862 1,540 630 1,900 16 .27
 JB040CP0 4.000 4.625 4.136 4.362 1,750 690 1,630 20 .30
 JB042CP0 4.250 4.875 4.386 4.662 1,830 710 1,600 24 .31
 *JB045CP0 4.500 5.125 4.636 4.862 1,950 740 1,500 28 .34
 *JB047CP0 4.750 5.375 4.886 5.162 2,030 760 1,430 32 .35
 *JB050CP0 5.000 5.625 5.136 5.362 2,150 790 1,360 36 .37
 *JB055CP0 5.500 6.125 5.636 5.862 2,360 840 1,240 44 .40
 *JB060CP0 6.000 6.625 6.136 6.362 2,560 890 1,150 52 .44
 *JB065CP0 6.500 7.125 6.636 6.862 2,760 930 1,060 61 .47

Dimensions in Inches Weight
in

Pounds�

Kaydon
Bearing
Number

Limiting
Speeds
(RPM**)Static� Dyn. Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
5/32" balls

Torque
Max.

No Load
(Oz-In)�

Radial Capacity
(lbs.)�

� F = .040
Bearing corners are
normally chamfered

 JU SERIES (DOUBLE SEALED)

 JU040CP0 4.000 4.750 4.150 4.547 2,100 880 1,640 2.9 .55
 *JU042CP0 4.250 5.000 4.400 4.797 2,220 920 1,520 3.2 .58
 JU045CP0 4.500 5.250 4.650 5.047 2,340 950 1,440 3.5 .61
 *JU047CP0 4.750 5.500 4.900 5.295 2,460 980 1,360 3.9 .65
 JU050CP0 5.000 5.750 5.150 5.545 2,590 1,010 1,300 4.3 .68
 JU055CP0 5.500 6.250 5.650 6.042 2,830 1,080 1,180 5.1 .74
 JU060CP0 6.000 6.750 6.150 6.542 3,070 1,140 1,080 6.1 .81
 JU065CP0 6.500 7.250 6.650 7.037 3,315 1,200 1,000 7.0 .87
 JU070CP0 7.000 7.750 7.150 7.537 3,550 1,250 920 8.1 .93
 JU075CP0 7.500 8.250 7.650 8.037 3,790 1,310 860 9.2 .99
 JU080CP0 8.000 8.750 8.150 8.537 4,030 1,360 810 10.4 1.06
 JU090CP0 9.000 9.750 9.150 9.535 4,510 1,470 720 13.0 1.18
 JU100CP0 10.000 10.750 10.150 10.535 4,990 1,570 650 16.0 1.31
 JU110CP0 11.000 11.750 11.150 11.535 5,470 1,670 590 19.2 1.43
 *JU120CP0 12.000 12.750 12.150 12.535 5,950 1,770 540 22.8 1.56

Dimensions in Inches Weight
in

Pounds�

Kaydon
Bearing
Number

Limiting
Speeds
(RPM**)Static� Dyn. Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
3/16" balls

Torque
Max.

No Load
(Lbs-In)�

Radial Capacity
(lbs.)�

�  F = .015
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
� Torque figures shown are for single bearings with standard lubricant at room temperature and under 5 pound thrust load.
� Weight includes standard lubricant.
**    Values apply to bearings loaded up to 20% of their dynamic capacity.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

L 2
L 1

.3125

.3125

F

L 2
L 1

.500

.375

F
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TYPE C – SEALED BEARINGS

 JG SERIES (DOUBLE SEALED)

 *JG120CP0 12.000 14.000 12.554 13.602 21,340 8,510 140 44 9.3
 *JG140CP0 14.000 16.000 14.554 15.602 24,620 9,360 125 59 10.8
 *JG160CP0 16.000 18.000 16.554 17.602 27,910 10,180 110 76 12.3
 *JG180CP0 18.000 20.000 18.554 19.602 31,190 10,960 100 95 13.7
 *JG200CP0 20.000 22.000 20.554 21.602 34,470 11,720 90 115 15.8
 *JG250CP0 25.000 27.000 25.554 26.602 42,680 13,510 75 177 19.5
 *JG300CP0 30.000 32.000 30.554 31.602 50,890 15,190 60 252 23.3
 *JG350CP0 35.000 37.000 35.554 36.602 59,100 16,790 55 339 27.1
 *JG400CP0  40.000 42.000 40.554 41.602 67,310 18,310 50 440 30.8

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number

Limiting
Speeds
(RPM**)Static� Dyn. Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
1/2" balls

Torque
Max.

No Load
(lb-in)�

Radial Capacity
(lbs.)�

� F = .080
Bearing corners are
normally chamfered

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
�  Torque figures shown are for single bearings with standard lubricant at room temperature and under 5 pounds thrust load.
**    Values apply to bearings loaded up to 20% of their dynamic capacity.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com

1.000

1.000

L 2

L 1

F
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 JA SERIES (DOUBLE SEALED)

 JA020XP0 2.000 2.500 2.148 2.356 680 320 1,710 790 770 360 1,500 6 .10
 JA025XP0 2.500 3.000 2.648 2.856 830 360 2,090 910 1,150 500 1,200 8 .12
 JA030XP0 3.000 3.500 3.148 3.356 990 410 2,470 1,010 1,600 660 830 12 .14
 JA035XP0 3.500 4.000 3.648 3.856 1,140 450 2,850 1,110 2,130 840 710 16 .17
 JA040XP0 4.000 4.500 4.148 4.356 1,290 480 3,220 1,210 2,740 1,030 620 20 .19
 JA042XP0 4.250 4.750 4.398 4.606 1,370 500 3,410 1,260 3,070 1,130 580 24 .20
 JA045XP0 4.500 5.000 4.648 4.856 1,440 520 3,600 1,310 3,420 1,240 550 28 .21
 *JA047XP0 4.750 5.250 4.898 5.106 1,520 540 3,790 1,350 3,790 1,350 520 32 .22
 *JA050XP0 5.000 5.500 5.148 5.356 1,590 560 3,980 1,400 4,180 1,460 500 36 .23
 *JA055XP0 5.500 6.000 5.648 5.856 1,750 590 4,360 1,480 5,020 1,700 450 44 .25
 *JA060XP0 6.000 6.500 6.148 6.356 1,900 630 4,740 1,570 5,930 1,960 330 52 .28
 *JA065XP0 6.500 7.000 6.648 6.856 2,050 660 5,120 1,650 6,910 2,230 300 61 .30

Dimensions in Inches

Weight
in

Pounds

Kaydon
Bearing
Number Static� Dyn.Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
1/8" balls

Capacities�

� F = .025
Bearing corners are
normally chamfered

Static� Dyn. Static� Dyn.

Torque       
Max.

No Load
(Oz-In)�

Radial
in Lbs.

Thrust
in Lbs.

Moment
(Lbs.-In)

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
�  Torque figures shown are for single bearings with standard lubricant at room temperature and under 5 pounds thrust load.
**    Values apply to bearings loaded up to 20% of their dynamic capacity.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 JHA SERIES (DOUBLE SEALED)

 *JHA10XL0 1.000 1.375 1.108 1.274 290 150 730 370 170 90 3,000 5 .035
 *JHA15XL0 1.500 1.875 1.608 1.774 400 180 1,000 460 340 150 2,000 5 .052
 *JHA17XL0 1.750 2.125 1.858 2.024 460 200 1,140 500 440 190 1,710 6 .060

Dimensions in Inches

Weight
in

Pounds

Kaydon
Bearing
Number Static� Dyn.Bore

Outside
Diameter Dia. L1  L2

Snapover separator
3/32" balls

Capacities�

� F = .015
Bearing corners are
normally chamfered

Static� Static� Dyn.

Torque       
Max.

No Load
(Oz-In)�

Radial
in Lbs.

Thrust
in Lbs.

Moment
(Lbs.-In)

Dyn.

Limiting
Speeds
(RPM**)

Limiting
Speeds
(RPM**)

Sealed Bearing Selections
Type X
Four-Point Contact

1

.1875

F
.250

L2 L

L 2 L 1

.250

.250

F
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 JU SERIES (DOUBLE SEALED)

 JU040XP0 4.000 4.750 4.150 4.547 2,100 880 5,260 2,210 4,600 1,930 620 2.5 2.9 .55
 *JU042XP0 4.250 5.000 4.400 4.797 2,220 920 5,560 2,290 5,140 2,120 590 2.5 3.2 .58
 JU045XP0  4.500 5.250 4.650 5.047 2,340 950 5,860 2,380 5,710 2,320 550 3.0 3.5 .61
 *JU047XP0 4.750 5.500 4.900 5.295 2,460 980 6,160 2,460 6,320 2,520 520 3.0 3.9 .65
 JU050XP0 5.000 5.750 5.150 5.545 2,590 1,010 6,460 2,540 6,950 2,730 500 3.5 4.3 .68
 *JU055XP0 5.500 6.250 5.650 6.042 2,830 1,080 7,060 2,690 8,300 3,160 450 3.5 5.1 .74
 JU060XP0 6.000 6.750 6.150 6.542 3,070 1,140 7,660 2,840 9,770 3,620 410 3.5 6.1 .81
 JU065XP0 6.500 7.250 6.650 7.037 3,310 1,200 8,270 2,990 11,370 4,110 380 4.0 7.0 .87
 *JU070XP0 7.000 7.750 7.150 7.537 3,550 1,250 8,870 3,130 13,080 4,620 350 4.5 8.1 .93
 JU075XP0 7.500 8.250 7.650 8.037 3,790 1,310 9,470 3,270 14,910 5,150 330 4.5 9.2 .99
 JU080XP0 8.000 8.750 8.150 8.537 4,030 1,360 10,070 3,410 16,870 5,710 310 5.0 10.4 1.06
 JU090XP0 9.000 9.750 9.150 9.535 4,510 1,470 11,270 3,670 21,130 6,890 220 5.5 13.0 1.18
 JU100XP0 10.000 10.750 10.150 10.535 4,990 1,570 12,470 3,930 25,880 8,160 200 6.0 16.0 1.31
 JU110XP0 11.000 11.750 11.150 11.535 5,470 1,670 13,680 4,180 31,110 9,510 180 6.5 19.2 1.43
 *JU120XP0 12.000 12.750 12.150 12.535 5,950 1,770 14,880 4,420 36,830 10,940 160 7.0 22.8 1.56

TYPE X – SEALED BEARINGS

 JB SERIES (DOUBLE SEALED)

 JB020XP0 2.000 2.625 2.136 2.362 930 450 2,340 1,130 1,080 520 1,500 6 .15
 JB025XP0 2.500 3.125 2.636 2.862 1,140 520 2,840 1,290 1,600 730 1,200 8 .19
 JB030XP0 3.000 3.625 3.136 3.362 1,340 580 3,350 1,440 2,220 960 1,000 12 .22
 JB035XP0 3.500 4.125 3.636 3.862 1,540 630 3,860 1,590 2,940 1,210 710 16 .27
 JB040XP0 4.000 4.625 4.136 4.362 1,750 690 4,370 1,720 3,770 1,490 620 20 .30
 JB042XP0 4.250 4.875 4.386 4.662 1,830 710 4,570 1,780 4,170 1,620 590 24 .31
 *JB045XP0 4.500 5.125 4.636 4.862 1,950 740 4,880 1,850 4,690 1,780 550 28 .34
 *JB047XP0 4.750 5.375 4.886 5.162 2,030 760 5,080 1,900 5,140 1,930 520 32 .35
 *JB050XP0 5.000 5.625 5.136 5.362 2,150 790 5,380 1,980 5,720 2,100 500 36 .37
 *JB055XP0 5.500 6.125 5.636 5.862 2,360 840 5,890 2,100 6,850 2,440 450 44 .40
 *JB060XP0 6.000 6.625 6.136 6.362 2,560 890 6,400 2,220 8,080 2,800 410 52 .44
 *JB065XP0 6.500 7.125 6.636 6.862 2,760 930 6,910 2,340 9,410 3,180 380 61 .47

Dimensions in Inches

Weight
in

Pounds

Kaydon
Bearing
Number Static� Dyn.Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
5/32" balls

Capacities�

� F = .040
Bearing corners are
normally chamfered

Static� Dyn. Static� Dyn.

Torque      
Max.

No Load
(In-Oz)�

Radial
in Lbs.

Thrust
in Lbs.

Moment
(Lbs.-In)

Dimensions in Inches �     

Weight
in

Pounds

Kaydon
Bearing
Number Static� Dyn.Bore

Outside
Dia. Dia. L1 Dia. L2

Snapover 
separator
3/16" ballsCapacities�

� F = .015
Bearing 

corners are
normally 

chamfered

� Torque
Max.

No Load
(Lbs-In)

Radial
in Lbs.

Thrust
in Lbs.

Moment
(Lbs.-In)

Static� Dyn. Static� Dyn.

�        

Lube
Amt. 
(c.c.)

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
�   “JU” Series Bearings are supplied with general purpose grease, satisfactory for operating temperatures of -15°F to +250°F (-26°C to 

+121°C).  Other lubricants are available.
�  Torque figures shown are single bearings with standard lubricant at room temperature and under 5 pound thrust load.
�  Weight includes standard lubricant.
**   Values apply to bearings loaded up to 20% of their dynamic capacity.
 

Limiting
Speeds
(RPM**)

Limiting
Speeds
(RPM**)

L 2
L 1

.3125

.3125

F

L 2
L 1

.500

.375

F
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TYPE X – SEALED BEARINGS

 JG SERIES (DOUBLE SEALED)

 *JG120XP0 12.000 14.000 12.554 13.602 21,340 8,510 53,350 21,280 138,700 55,300 140 44 9.3

 *JG140XP0 14.000 16.000 14.554 15.602 24,620 9,360 61,560 34,410 184,700 70,230 125 59 10.8

 *JG160XP0 16.000 18.000 16.554 17.602 27,910 10,180 69,770 25,450 237,200 86,530 110 76 12.3

 *JG180XP0 18.000 20.000 18.554 19.602 31,190 10,960 77,980 27,410 296,300 104,100 100 95 13.7

 *JG200XP0 20.000 22.000 20.554 21.602 34,470 11,720 86,180 29,300 362,000 123,100 90 115 15.8

   *JG220XP0 22.000 24.000 22.554 23.602 37,750 12,450 94,390 31,130 434,200 143,190 80 138 16.8

 *JG250XP0 25.000 27.000 25.554 26.602 42,680 13,510 106,700 33,780 554,900 175,700 75 177 19.5

 *JG300XP0 30.000 32.000 30.554 31.602 50,890 15,190 127,200 37,980 788,800 235,500 60 252 23.3

 *JG350XP0 35.000 37.000 35.554 36.602 59,100 16,790 147,700 41,970 1,064,000 302,300 55 339 27.1

 *JG400XP0 40.000 42.000 40.554 41.602 63,310 18,310 168,300 45,770 1,380,000 375,300 50 440 30.8

Dimensions in Inches

Weight
in

Pounds

Kaydon
Bearing
Number Static� Dyn.Bore

Outside
Diameter Dia. L1 Dia. L2

Snapover separator
1/2" balls

Capacities�

� F = .080
Bearing corners are
normally chamfered

Static� Dyn. Static� Dyn.

Torque
Max.

No Load
(Lbs-In)�

Radial
in Lbs.

Thrust
in Lbs.

Moment
(Lbs.-In)

Limiting
Speeds
(RPM**)

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
�  Torque figures shown are single bearings with standard lubricant at room temperature and under 5 pound thrust load.
**    Values apply to bearings loaded up to 20% of their dynamic capacity.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

L 1

1.000

L 2

1.000

F
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�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment.

 SAA SERIES (3/16” cross-section)

 SAA10AG0 1.000 1.375 1.140 1.235 1.274 340 150 970 450 .025

 SAA15AG0 1.500 1.875 1.640 1.735 1.774 480 300 1,380 560 .038

Dimensions in Inches Capacities in Pounds � Weight
in

Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

 SA SERIES (1/4” cross-section)

 SA020AR0 2.000 2.500 2.186 2.314 2.369 790 330 2,280 960 .10

 SA025AR0 2.500 3.000 2.686 2.814 2.869 960 380 2,780 1,100 .12

 SA030AR0 3.000 3.500 3.186 3.314 3.367 1,140 430 3,290 1,230 .14

 SA035AR0 3.500 4.000 3.686 3.814 3.867 1,310 470 3,790 1,350 .17

 SA040AR0 4.000 4.500 4.186 4.314 4.367 1,490 510 4,300 1,470 .19

Dimensions in Inches Capacities in Pounds � Weight
in

Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

 SB SERIES (5/16” cross-section)

 SB020AR0 2.000 2.625 2.231 2.393 2.464 1,090 480 3,150 1,380 .15

 SB025AR0 2.500 3.125 2.731 2.893 2.964 1,340 550 3,860 1,590 .19

 SB030AR0 3.000 3.625 3.231 3.393 3.462 1,550 610 4,470 1,750 .22

 SB035AR0 3.500 4.125 3.731 3.893 3.962 1,790 670 5,180 1,930 .27

 SB040AR0 4.000 4.625 4.231 4.393 4.460 2,040 730 5,890 2,100 .30

Dimensions in Inches Capacities in Pounds � Weight
in

Pounds

Kaydon
Bearing
Number

Radial Thrust 
Static� Dyn. Static� Dyn. Bore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

C’Bore
Dia. L3 

Stainless Steel Reali-Slim® Bearings
Type A
Angular Contact

L 3
L 1

L 2

.1875

.1875
F

L 3
L 1

L 2

.250

.250

F

L 3L 1

L 2

.3125

.3125

F

Circular pocket separator
3/32" balls

� F = .015

Circular pocket separator
1/8" balls

� F = .025
Bearing corners are
normally chamfered

Circular pocket separator
5/32" balls

� F = .040
Bearing corners are
normally chamfered
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�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
  

 SAA SERIES (3/16” cross section)

 SAA10CL0 1.000 1.375 1.140 1.235 290 150 .026

 SAA15CL0 1.500 1.875 1.640 1.735 400 180 .039

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static � DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Radial Capacity
(lbs.) �

 SA SERIES (1/4” cross section)

 SA020CP0 2.000 2.500 2.186 2.314 680 320 .10
 SA025CP0 2.500 3.000 2.686 2.814 830 360 .13
 SA030CP0 3.000 3.500 3.186 3.314 990 410 .15
 SA035CP0 3.500 4.000 3.686 3.814 1,140 450 .18
 SA040CP0 4.000 4.500 4.186 4.314 1,290 480 .19

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static � DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Radial Capacity
(lbs.) �

 SB SERIES (5/16” cross section)

 SB020CP0 2.000 2.625 2.231 2.393 930 450 .16
 SB025CP0 2.500 3.125 2.731 2.893 1,140 520 .20
 SB030CP0 3.000 3.625 3.231 3.393 1,340 580 .24
 SB035CP0 3.500 4.125 3.731 3.893 1,540 630 .27
 SB040CP0 4.000 4.625 4.231 4.393 1,750 690 .30

Dimensions in Inches Weight
in

Pounds

Kaydon
Bearing
Number Static � DynamicBore

Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Radial Capacity
(lbs.) �

L 2 L 1

.250

.250

F

Stainless Steel Reali-Slim® Bearings
Type C
Radial Contact

L 1
L 2

.1875

.1875
F

L 1

L 2

.3125

.3125

F

Snapover separator
1/8" balls

� F = .025
Bearing corners are
normally chamfered

Snapover separator
3/32" balls

� F = .015

Snapover separator
5/32" balls

� F = .040
Bearing corners are
normally chamfered
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 SERIES SAA (3/16” cross section)

 SAA10XL0 1.000 1.375 1.140 1.235 290 150 730 370 170 90 .026

 SAA15XL0 1.500 1.875 1.640 1.735 400 180 1,000 460 340 150 .039

Dimensions in Inches Capacities� Weight
in

Pounds
Radial in Pounds 
Static� 

Land
Dia. L1 Dyn.

Land
Dia. L2

Thrust in Pounds 
Static� Dyn.

Moment (Lbs-In)
Static� Dyn.

 SERIES SA (1/4” cross section)

 SA020XP0 2.000 2.500 2.186 2.314 680 320 1,710 790 770 360 .10

 SA025XP0 2.500 3.000 2.686 2.814 830 360 2,090 910 1,150 500 .13

 SA030XP0 3.000 3.500 3.186 3.314 990 410 2,470 1,010 1,600 660 .15

 SA035XP0 3.500 4.000 3.686 3.814 1,140 450 2,850 1,110 2,130 840 .18

 SA040XP0 4.000 4.500 4.186 4.314 1,290 480 3,220 1,210 2,740 1,030 .19

Dimensions in Inches Capacities� Weight
in

Pounds
Radial in Pounds 
Static� 

Land
Dia. L1 Dyn.

Land
Dia. L2

Thrust in Pounds 
Static� Dyn.

Moment (Lbs-In)
Static� Dyn.

 SERIES SB (5/16” cross section)

 SB020XP0 2.000 2.625 2.231 2.393 930 450 2,340 1,130 1,080 520 .16

 SB025XP0 2.500 3.125 2.731 2.893 1,140 520 2,840 1,290 1,600 730 .19

 SB030XP0 3.000 3.625 3.231 3.393 1,340 580 3,350 1,440 2,220 960 .24

 SB035XP0 3.500 4.125 3.731 3.893 1,540 630 3,860 1,590 2,940 1,210 .27

 SB040XP0 4.000 4.625 4.231 4.393 1,750 690 4,370 1,720 3,770 1,490 .30

Dimensions in Inches Capacities� Weight
in

Pounds
Radial in Pounds 
Static� 

Land
Dia. L1 Dyn.

Land
Dia. L2

Thrust in Pounds 
Static� Dyn.

Moment (Lbs-In)
Static� Dyn.

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
 *   Contact Kaydon for lead time and minimum purchase requirerment. 

Stainless Steel Reali-Slim® Bearings
Type X
Four-Point Contact

Kaydon
Bearing
Number

Kaydon
Bearing
Number

Kaydon
Bearing
Number

Bore
Outside

Dia.

Bore
Outside

Dia.

Bore
Outside

Dia.

L 1
L 2

.1875

.1875
F

L 2 L 1

.250

.250

F

L 1

L 2

.3125

.3125

F

Snapover separator
3/32" balls

� F = .015

Snapover separator
1/8" balls

� F = .025
Bearing corners are
normally chamfered

Snapover separator
5/32" balls

� F = .040
Bearing corners are
normally chamfered
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Recommended Fits for REALI-SLIM®

Ball Bearings in Normal Applications

*  Diametral clearance after installation theoretically can range rather widely if all con-
tributing bearing, housing, and shaft tolerances are at either of their extremes.

Listed shaft and housing diameters are for steel supports with standard bearing 
diametral clearance.  Recommended shaft and housing diameters can change 
greatly based on orientation, temperature, speed, non-standard diametral clear-
ances, and desired performance characteristics.  Contact Kaydon for design assis-
tance when required.

All dimensions in inches.

Race Width Tolerance:
  Up thru 12" Bearing Bore +.000  –.005
  Over 12" Bearing Bore +.000  –.010

TYPE C – PRECISION CLASS 1 (REF. ABEC 1F)

 10 –.0004 –.0005 .0005 .0008 +.0004 +.0005 –.0004 –.0008 –.0005 –.0010 .0010 .0016

 15 –.0005 –.0005 .0006 .0008 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0012 .0018

 17 –.0006 –.0005 .0008 .0010 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0024

 020 –.0006 –.0005 .0008 .0010 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0024

 025 –.0006 –.0005 .0008 .0010 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0024

 030 –.0006 –.0006 .0008 .0010 +.0006 +.0006 –.0006 –.0012 –.0006 –.0012 .0012 .0024

 035 –.0008 –.0006 .0010 .0012 +.0008 +.0006 –.0008 –.0016 –.0006 –.0012 .0016 .0028

 040 –.0008 –.0006 .0010 .0012 +.0008 +.0006 –.0008 –.0016 –.0006 –.0012 .0016 .0028

 042 –.0008 –.0008 .0010 .0014 +.0008 +.0008 –.0008 –.0016 –.0008 .–0016 .0016 .0028

 045 –.0008 –.0008 .0010 .0014 +.0008 +.0008 –.0008 –.0016 –.0008 –.0016 .0016 .0028

 047 –.0010 –.0008 .0008 .0014 +.0010 +.0008 –.0010 –.0020 –.0008 –.0016 .0020 .0034

 050 –.0010 –.0008 .0012 .0014 +.0010 +.0008 –.0010 –.0020 –.0008 –.0016 .0020 .0034

 055 –.0010 –.0010 .0012 .0016 +.0010 +.0010 –.0010 –.0020 –.0010 –.0020 .0020 .0034

 060 –.0010 –.0010 .0012 .0016 +.0010 +.0010 –.0010 –.0020 –.0010 –.0020 .0020 .0034

 065 –.0010 –.0010 .0012 .0016 +.0010 +.0010 –.0010 –.0020 –.0010 –.0020 .0020 .0034

 070 –.0010 –.0012 .0012 .0016 +.0010 +.0012 –.0010 –.0020 –.0012 –.0024 .0020 .0034

 075 –.0012 –.0012 .0016 .0018 +.0012 +.0012 –.0012 –.0024 –.0012 –.0024 .0024 .0042

 080 –.0012 –.0012 .0016 .0018 +.0012 +.0012 –.0012 –.0024 –.0012 –.0024 .0024 .0042

 090 –.0012 –.0012 .0016 .0018 +.0012 +.0012 –.0012 –.0024 –.0012 –.0024 .0024 .0042

 100 –.0014 –.0014 .0018 .0020 +.0014 +.0014 –.0014 –.0028 –.0014 –.0028 .0028 .0048

 110 –.0014 –.0014 .0018 .0020 +.0014 +.0014 –.0014 –.0028 –.0014 –.0028 .0028 .0048

 120 –.0014 –.0014 .0018 .0020 +.0014 +.0014 –.0014 –.0028 –.0014 –.0028 .0028 .0048

 140 –.0016 –.0016 .0018 .0020 +.0016 +.0016 –.0016 –.0032 –.0016 –.0032 .0032 .0052

 160 –.0018 –.0018 .0018 .0020 +.0018 +.0018 –.0018 –.0036 –.0018 –.0036 .0036 .0056

 180 –.0018 –.0018 .0020 .0020 +.0018 +.0018 –.0018 –.0036 –.0018 –.0036 .0036 .0056

 200 –.0020 –.0020 .0020 .0020 +.0020 +.0020 –.0020 –.0040 –0020 –.0040 .0040 .0060

 250 –.0030 –.0030 .0020 .0020 +.0030 +.0030 –.0030 –.0060 –.0030 –.0060 .0060 .0080

 300 –.0030 –.0030 .0020 .0020 +.0030 +.0030 –.0030 –.0060 –.0030 –.0060 .0060 .0080

 350 –.0040 –.0040 .0020 .0020 +.0040 +.0040 –.0040 –.0080 –.0040 –.0080 .0080 .0100

 400 –.0040 –.0040 .0020 .0020 +.0040 +.0040 –.0040 –.0080 –.0040 –.0080 .0080 .0100

Bearing
Size
(Inch 

Series)

Bearing
Bore

Nominal
+.0000

Bearing
O.D.

Nominal
+.0000

Inner
Race

Outer
Race

Shaft
Diameter
Nominal
+.0000

Housing
Bore

Nominal
+.0000

Shaft
Diameter

Housing
Bore

Nominal Nominal
Before

Installation

Bearing
Diametral

Clearance*

Stationary Shaft or
Duplex DB Mounting

Rotating Shaft or
Duplex DF Mounting

Radial & Axial
Runout

Bearing
Diameters
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*  Diametral clearance after installation theoretically can range rather widely if all
 contributing bearing, housing, and shaft tolerances are at either of their extremes.
 Diametral clearances shown do not apply to Type A (angular contact) bearings.

Listed shaft and housing diameters are for steel supports with standard bearing 
diametral clearance.  Recommended shaft and housing diameters can change 
greatly based on orientation, temperature, speed, non-standard diametral clear-
ances, and desired performance characteristics.  Contact Kaydon for design 
assistance when required.

 All dimensions in inches.

Total Width Tolerance—Duplexed Type A Bearings:
   Up thru 12" Bearing Bore +.000 –.010
   Over 12" Bearing Bore +.000 –.020
Race Width Tolerance—Single Type C, X, A 
Bearings:
   Up thru 12" Bearing Bore +.000  –.005
   Over 12" Bearing Bore +.000  –.010

PRECISION TOLERANCES AND RECOMMENDED FITS

TYPE X AND A – PRECISION CLASS 1 (REF. ABEC 1F)

 10 –.0004 –.0005 .0003 .0004 +.0004 +.0005 –.0004 –.0008 –.0005 –.0010 .0010 .0015

 15 –.0005 –.0005 .0004 .0004 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0012 .0017

 17 –.0006 –.0005 .0005 .0005 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0022

 020 –.0006 –.0005 .0005 .0005 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0022

 025 –.0006 –.0005 .0005 .0005 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0022

 030 –.0006 –.0006 .0006 .0006 +.0006 +.0006 –.0006 –.0012 –.0006 –.0012 .0012 .0022

 035 –.0008 –.0006 .0006 .0006 +.0008 +.0006 –.0008 –.0016 –.0006 –.0012 .0016 .0026

 040 –.0008 –.0006 .0006 .0006 +.0008 +.0006 –.0008 –.0016 –.0006 –.0012 .0016 .0026

 042 –.0008 –.0008 .0008 .0008 +.0008 +.0008 –.0008 –.0016 –.0008 .–0016 .0016 .0026

 045 –.0008 –.0008 .0008 .0008 +.0008 +.0008 –.0008 –.0016 –.0008 –.0016 .0016 .0026

 047 –.0010 –.0008 .0008 .0008 +.0010 +.0008 –.0010 –.0020 –.0008 –.0016 .0020 .0030

 050 –.0010 –.0008 .0008 .0008 +.0010 +.0008 –.0010 –.0020 –.0008 –.0016 .0020 .0030

 055 –.0010 –.0010 .0010 .0010 +.0010 +.0010 –.0010 –.0020 –.0010 –.0020 .0020 .0030

 060 –.0010 –.0010 .0010 .0010 +.0010 +.0010 –.0010 –.0020 –.0010 –.0020 .0020 .0030

 065 –.0010 –.0010 .0010 .0010 +.0010 +.0010 –.0010 –.0020 –.0010 –.0020 .0020 .0030

 070 –.0010 –.0012 .0010 .0010 +.0010 +.0012 –.0010 –.0020 –.0012 –.0024 .0020 .0030

 075 –.0012 –.0012 .0012 .0012 +.0012 +.0012 –.0012 –.0024 –.0012 –.0024 .0024 .0034

 080 –.0012 –.0012 .0012 .0012 +.0012 +.0012 –.0012 –.0024 –.0012 –.0024 .0024 .0034

 090 –.0012 –.0012 .0012 .0012 +.0012 +.0012 –.0012 –.0024 –.0012 –.0024 .0024 .0034

 100 –.0014 –.0014 .0014 .0014 +.0014 +.0014 –.0014 –.0028 –.0014 –.0028 .0028 .0038

 110 –.0014 –.0014 .0014 .0014 +.0014 +.0014 –.0014 –.0028 –.0014 –.0028 .0028 .0038

 120 –.0014 –.0014 .0014 .0014 +.0014 +.0014 –.0014 –.0028 –.0014 –.0028 .0028 .0038

 140 –.0014 –.0014 .0014 .0014 +.0014 +.0014 –.0014 –.0028 –.0014 –.0028 .0028 .0038

 160 –.0016 –.0016 .0016 .0016 +.0016 +.0016 –.0016 –.0032 –.0016 –.0032 .0032 .0042

 180 –.0016 –.0016 .0016 .0016 +.0016 +.0016 –.0016 –.0032 –.0016 –.0032 .0032 .0042

 200 –.0018 –.0018 .0018 .0018 +.0018 +.0018 –.0018 –.0036 –0018 –.0036 .0036 .0046

 220 –.0018 –.0018 .0018 .0018 +.0018 +.0018 –.0018 –.0036 –0018 –.0036 .0036 .0046

 250 –.0018 –.0018 .0018 .0018 +.0018 +.0018 –.0018 –.0036 –.0018 –.0036 .0036 .0046

 300 –.0018 –.0018 .0018 .0018 +.0018 +.0018 –.0018 –.0036 –.0018 –.0036 .0036 .0046

 350 –.0020 –.0020 .0020 .0020 +.0020 +.0020 –.0020 –.0040 –.0020 –.0040 .0040 .0050

 400 –.0020 –.0020 .0020 .0020 +.0020 +.0020 –.0020 –.0040 –.0020 –.0040 .0040 .0050 

Bearing
Size
(Inch 

Series)

Bearing
Bore

Nominal
+.0000

Bearing
O.D.

Nominal
+.0000

Inner
Race

Outer
Race

Shaft
Diameter
Nominal
+.0000

Housing
Bore

Nominal
+.0000

Shaft
Diameter

Housing
Bore

Nominal Nominal
Before

Installation

Bearing Diametral
Clearance*

(Type “X” only)

Stationary Shaft or
Duplex DB Mounting

Rotating Shaft or
Duplex DF Mounting

Radial & Axial
Runout

Bearing
Diameters
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PRECISION TOLERANCES AND RECOMMENDED FITS

TYPE C, X AND A – PRECISION CLASS 3 (REF. ABEC 3F)

 10 –.0002 –.0003 .0003 .0004 +.0002 +.0003 –.0002 –.0004 –.0003 –.0006 .0007 .0011

 15 –.0003 –.0003 .0004 .0004 +.0003 +.0003 –.0003 –.0006 –.0003 –.0006 .0008 .0012

 17 –.0004 –.0004 .0004 .0005 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0018

 020 –.0004 –.0004 .0004 .0005 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0018

 025 –.0004 –.0004 .0004 .0005 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0018

 030 –.0004 –.0004 .0004 .0006 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0018

 035 –.0005 –.0004 .0005 .0006 +.0005 +.0004 –.0005 –.0010 –.0004 –.0008 .0010 .0020

 040 –.0005 –.0004 .0005 .0006 +.0005 +.0004 –.0005 –.0010 –.0004 –.0008 .0010 .0020

 042 –.0005 –.0005 .0005 .0008 +.0005 +.0005 –.0005 –.0010 –.0005 .–0010 .0010 .0020

 045 –.0005 –.0005 .0005 .0008 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0020

 047 –.0006 –.0005 .0006 .0008 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0022

 050 –.0006 –.0005 .0006 .0008 +.0006 +.0005 –.0006 –.0012 –.0005 –.0010 .0012 .0022

 055 –.0006 –.0006 .0006 .0009 +.0006 +.0006 –.0006 –.0012 –.0006 –.0012 .0012 .0022

 060 –.0006 –.0006 .0006 .0009 +.0006 +.0006 –.0006 –.0012 –.0006 –.0012 .0012 .0022

 065 –.0006 –.0006 .0006 .0009 +.0006 +.0006 –.0006 –.0012 –.0006 –.0012 .0012 .0022

 070 –.0006 –.0007 .0006 .0010 +.0006 +.0007 –.0006 –.0012 –.0007 –.0014 .0014 .0024

 075 –.0007 –.0007 .0008 .0010 +.0007 +.0007 –.0007 –.0014 –.0007 –.0014 .0014 .0024

 080 –.0007 –.0007 .0008 .0010 +.0007 +.0007 –.0007 –.0014 –.0007 –.0014 .0014 .0024

 090 –.0007 –.0007 .0008 .0010 +.0007 +.0007 –.0007 –.0014 –.0007 –.0014 .0014 .0024

 100 –.0008 –.0008 .0010 .0012 +.0008 +.0008 –.0008 –.0016 –.0008 –.0016 .0016 .0026

 110 –.0008 –.0008 .0010 .0012 +.0008 +.0008 –.0008 –.0016 –.0008 –.0016 .0016 .0026

 120 –.0008 –.0009 .0010 .0014 +.0008 +.0009 –.0008 –.0016 –.0009 –.0018 .0018 .0028

 140 –.0008 –.0009 .0012 .0014 +.0008 +.0009 –.0008 –.0016 –.0009 –.0018 .0018 .0028

 160 –.0009 –.0010 .0014 .0016 +.0009 +.0010 –.0009 –.0018 –.0010 –.0020 .0020 .0030

 180 –.0009 –.0010 .0014 .0016 +.0009 +.0010 –.0009 –.0018 –.0010 –.0020 .0020 .0030

 200 –.0010 –.0012 .0016 .0018 +.0010 +.0012 –.0010 –.0020 –.0012 –.0024 .0024 .0034

Bearing
Size
(Inch 

Series)

Bearing
Bore

Nominal
+.0000

Bearing
O.D.

Nominal
+.0000

Inner
Race

Outer
Race

Shaft
Diameter
Nominal
+.0000

Housing
Bore

Nominal
+.0000

Shaft
Diameter

Housing
Bore

Nominal Nominal
Before

Installation

Bearing Diametral
Clearance*

(Type “X”and
“C” only)

Stationary Shaft or
Duplex DB Mounting

Rotating Shaft or
Duplex DF Mounting

Radial & Axial
Runout

Bearing
Diameters

*  Diametral clearance after installation theoretically can range rather widely if all
 contributing bearing, housing, and shaft tolerances are at either of their extremes.
 Diametral clearances shown do not apply to Type A (angular contact) bearings.

Listed shaft and housing diameters are for steel supports with standard bearing 
diametral clearance.  Recommended shaft and housing diameters can change 
greatly based on orientation, temperature, speed, non-standard diametral clear-
ances, and desired performance characteristics.  Contact Kaydon for design 
assistance when required.

 All dimensions in inches.

Total Width Tolerance—Duplexed Type A Bearings:
   Up thru 12" Bearing Bore +.000 –.010
   Over 12" Bearing Bore +.000 –.020
Race Width Tolerance—Single Type C, X, A 
Bearings:
   Up thru 12" Bearing Bore +.000  –.005
   Over 12" Bearing Bore +.000  –.010
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PRECISION TOLERANCES AND RECOMMENDED FITS

TYPE C, X AND A – PRECISION CLASS 4 (REF. ABEC 5F)

 10 –.0002 –.0002 R.0002, A.0003 R.0002, A.0003 +.0002 +.0002 –.0002 –.0004 –.0002 –.0004 .0005 .0009

 15 –.0002 –.0002 R.0002, A.0003 R.0002, A.0003 +.0002 +.0002 –.0002 –.0004 –.0002 –.0004 .0005 .0009

 17 –.0003 –.0003 R.0002, A.0003 R.0003, A.0004 +.0003 +.0003 –.0003 –.0006 –.0003 –.0006 .0006 .0012

 020 –.0003 –.0003 R.0002, A.0003 R.0003, A.0004 +.0003 +.0003 –.0003 –.0006 –.0003 –.0006 .0006 .0012

 025 –.0003 –.0003 R.0002, A.0003 R.0003, A.0004 +.0003 +.0003 –.0003 –.0006 –.0003 –.0006 .0006 .0012

 030 –.0003 –.0003 R.0002, A.0003 R.0004, A.0005 +.0003 +.0003 –.0003 –.0006 –.0003 –.0006 .0006 .0012

 035 –.0003 –.0003 R.0003, A.0004 R.0004, A.0005 +.0003 +.0003 –.0003 –.0006 –.0003 –.0006 .0006 .0012

 040 –.0003 –.0003 R.0003, A.0004 R.0004, A.0005 +.0003 +.0003 –.0003 –.0006 –.0003 –.0006 .0006 .0012

 042 –.0003 –.0004 R.0003, A.0004 R.0004, A.0005 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 045 –.0003 –.0004 R.0003, A.0004 R.0004, A.0005 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 047 –.0004 –.0004 R.0003, A.0004 R.0004, A.0005 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0014

 050 –.0004 –.0004 R.0003, A.0004 R.0004, A.0005 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0014

 055 –.0004 –.0005 R.0003, A.0004 R.0005, A.0006 +.0004 +.0005 –.0004 –.0008 –.0005 –.0010 .0010 .0016

 060 –.0004 –.0005 R.0003, A.0004 R.0005, A.0006 +.0004 +.0005 –.0004 –.0008 –.0005 –.0010 .0010 .0016

 065 –.0004 –.0005 R.0003, A.0004 R.0005, A.0006 +.0004 +.0005 –.0004 –.0008 –.0005 –.0010 .0010 .0016

 070 –.0004 –.0005 R.0003, A.0004 R.0005, A.0006 +.0004 +.0005 –.0004 –.0008 –.0005 –.0010 .0010 .0016

 075 –.0005 –.0005 R.0004, A.0005 R.0005, A.0006 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 080 –.0005 –.0005 R.0004, A.0005 R.0005, A.0006 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 090 –.0005 –.0005 R.0004, A.0005 R.0005, A.0006 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 100 –.0005 –.0005 R.0005, A.0006 R.0006, A.0007 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 110 –.0005 –.0005 R.0005, A.0006 R.0006, A.0007 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 120 –.0005 –.0006 R.0005, A.0006 R.0007, A.0008 +.0005 +.0006 –.0005 –.0010 –.0006 –.0012 .0012 .0018

 140 –.0006 –.0006 R.0005, A.0007 R.0007, A.0008 +.0006 +.0006 –.0006 –.0012 –.0006 –.0012 .0012 .0018

 160 –.0006 –.0007 R.0007, A.0008 R.0008, A.0009 +.0006 +.0007 –.0006 –.0012 –.0007 –.0014 .0014 .0020

 180 –.0006 –.0007 R.0007, A.0008 R.0008, A.0009 +.0006 +.0007 –.0006 –.0012 –.0007 –.0014 .0014 .0020

 200 –.0007 –.0008 R.0008, A.0009 R.0009, A.0010 +.0007 +.0008 –.0006 –.0014 –.0007 –.0016 .0014 .0022

Bearing
Size
(Inch 

Series)

Bearing
Bore

Nominal
+.0000

Bearing
O.D.

Nominal
+.0000

Inner
Race

Outer
Race

Shaft
Diameter
Nominal
+.0000

Housing
Bore

Nominal
+.0000

Shaft
Diameter

Housing
Bore

Nominal Nominal
Before

Installation

Bearing Diametral
Clearance*

(Type “X”and
“C” only)

Stationary Shaft or
Duplex DB Mounting

Rotating Shaft or
Duplex DF Mounting

Radial & Axial
Runout

Bearing
Diameters

*  Diametral clearance after installation theoretically can range rather widely if all
 contributing bearing, housing, and shaft tolerances are at either of their extremes.
 Diametral clearances shown do not apply to Type A (angular contact) bearings.

Listed shaft and housing diameters are for steel supports with standard bearing 
diametral clearance.  Recommended shaft and housing diameters can change 
greatly based on orientation, temperature, speed, non-standard diametral clear-
ances, and desired performance characteristics.  Contact Kaydon for design 
assistance when required.

 All dimensions in inches.

Total Width Tolerance—Duplexed Type A Bearings:
   Up thru 12" Bearing Bore +.000 –.010
   Over 12" Bearing Bore +.000 –.020
Race Width Tolerance—Single Type C, X, A 
Bearings:
   Up thru 12" Bearing Bore +.000  –.005
   Over 12" Bearing Bore +.000  –.010
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PRECISION TOLERANCES AND RECOMMENDED FITS

TYPE C, X AND A – PRECISION CLASS 6 (REF. ABEC 7F)

 10 –.00015 –.00020 .00015 .0002 +.00015 +.00020 –.00015 –.00030 –.00020 –.00040 .0004 .0008

 15 –.00020 –.00020 .00015 .0002 +.00020 +.00020 –.00020 –.00040 –.00020 –.00040 .0005 .0009

 17 –.0002 –.0002 .00015 .0002 +.0002 +.0002 –.0002 –.0004 –.0002 –.0004 .0004 .0010

 020 –.0002 –.0002 .00015 .0002 +.0002 +.0002 –.0002 –.0004 –.0002 –.0004 .0004 .0010

 025 –.0002 –.0002 .00015 .0002 +.0002 +.0002 –.0002 –.0004 –.0002 –.0004 .0004 .0010

 030 –.0002 –.0003 .00015 .0002 +.0002 +.0003 –.0002 –.0004 –.0003 –.0006 .0006 .0012

 035 –.00025 –.00030 .0002 .0002 +.00025 +.00030 –.00025 –.00050 –.00030 –.00060 .0006 .0012

 040 –.00025 –.00030 .0002 .0002 +.00025 +.00030 –.00025 –.00050 –.00030 –.00060 .0006 .0012

 042 –.00025 –.00040 .0002 .0003 +.00025 +.00040 –.00025 –.00050 –.00040 –.00080 .0008 .0014

 045 –.00025 –.00040 .0002 .0003 +.00025 +.00040 –.00025 –.00050 –.00040 –.00080 .0008 .0014

 047 –.0003 –.0004 .0003 .0003 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 050 –.0003 –.0004 .0003 .0003 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 055 –.0003 –.0004 .0003 .0003 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 060 –.0003 –.0004 .0003 .0003 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 065 –.0003 –.0004 .0003 .0003 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 070 –.0003 –.0004 .0003 .0004 +.0003 +.0004 –.0003 –.0006 –.0004 –.0008 .0008 .0014

 075 –.0004 –.0004 .0003 .0004 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0014

 080 –.0004 –.0004 .0003 .0004 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0014

 090 –.0004 –.0004 .0003 .0004 +.0004 +.0004 –.0004 –.0008 –.0004 –.0008 .0008 .0014

 100 –.0005 –.0005 .0004 .0004 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 110 –.0005 –.0005 .0004 .0004 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 120 –.0005 –.0005 .0004 .0005 +.0005 +.0005 –.0005 –.0010 –.0005 –.0010 .0010 .0016

 140 –.0005 –.0006 .0004 .0005 +.0005 +.0006 –.0005 –.0010 –.0006 –.0012 .0012 .0018

Bearing
Size
(Inch 

Series)

Bearing
Bore

Nominal
+.0000

Bearing
O.D.

Nominal
+.0000

Inner
Race

Outer
Race

Shaft
Diameter
Nominal
+.0000

Housing
Bore

Nominal
+.0000

Shaft
Diameter

Housing
Bore

Nominal Nominal
Before

Installation

Bearing Diametral
Clearance*

(Type “X”and
“C” only)

Stationary Shaft or
Duplex DB Mounting

Rotating Shaft or
Duplex DF Mounting

Radial & Axial
Runout

Bearing
Diameters

*  Diametral clearance after installation theoretically can range rather widely if all
 contributing bearing, housing, and shaft tolerances are at either of their extremes.
 Diametral clearances shown do not apply to Type A (angular contact) bearings.

Listed shaft and housing diameters are for steel supports with standard bearing 
diametral clearance.  Recommended shaft and housing diameters can change 
greatly based on orientation, temperature, speed, non-standard diametral clear-
ances, and desired performance characteristics.  Contact Kaydon for design 
assistance when required.

 All dimensions in inches.

Total Width Tolerance—Duplexed Type A Bearings:
   Up thru 12" Bearing Bore +.000 –.010
   Over 12" Bearing Bore +.000 –.020
Race Width Tolerance—Single Type C, X, A 
Bearings:
   Up thru 12" Bearing Bore +.000  –.005
   Over 12" Bearing Bore +.000  –.010
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Introduction

Endurakote® plating protects bearings from corrosion and pro-
vides substantial life improvements in hostile environments.  
Endurakote® is applied over conventional bearing materials such 
as AISI 52100 steel, and offers the benefit of corrosion resistance
normally found only in stainless steel bearings.  The coating is 
applied to the entire bearing race rings, including the paths, 
thus leaving no area exposed.  Other commercial chrome or
cadmium coatings normally accepted and used cannot 
be applied to the path due to the rolling contact stresses.  
Endurakote® plating is hard chromium, electrodeposited by
a proprietary process which achieves a true molecular bond,
and will not flake or peel even under the high contact stresses 
experienced in the bearing paths.

Laboratory and field testing results have proven the benefits  
of this process.  Severe salt spray testing has shown that bear-
ings with Endurakote® plating withstand corrosion as well as 
or better than AISI 440C stainless steel.  The hard, dense 
exterior surface formed by the coating is extremely wear resis-
tant and is excellent in the retention of the lubricant film.  
Conventional life testing of AISI 52100 steel bearings with 
Endurakote® plating has shown that no life de-rating is neces-
sary.  In fact, the extremely hard surface of Endurakote® plat-
ing protects the bearing from surface generated damage which 
can promote premature failure.  Since the coating is capable 
of withstanding extremely high temperatures, the bearings are 
limited by the bearing materials or lubricant used.

The coating used for Endurakote® plating can be applied to
any type of bearing and to most bearing materials.  Its primary 
advantage is to utilize stock materials such as AISI 52100, 
etc. with their economies, and convert them to wear and cor-
rosion resistant bearings.  This is particularly beneficial for 
larger diameter bearings or where quick delivery is critical.  
Thus, cost savings can be achieved over more exotic or spe-
cialized materials.  Also, stock bearings can have Endurakote® 
plating applied for quick delivery.

The net result is that we can offer bearings with the capacity 
of conventional bearing steels and the corrosion resistance 
of AISI 440C stainless steel from standard AISI 52100 stock 
components.

Application

Endurakote® provides corrosion resistance and is effective in 
increasing wear resistance in sliding surface contacts such 
as the lands where the cage pilots.  The micro-surface com-
position of Endurakote® plating aids in lubricant dispersion, 
enhancing base metals to the degree of reducing or eliminating 
galling, seizing, and high friction, over a wide range of installa-
tions and environments.

Advantages

Endurakote® plating effects a buildup of less than .0002 under 
normal circumstances.  Thus, it can often be applied to stock 
bearing components which have been specially selected.  
Endurakote® plating is compatible with most ferrous and non-
ferrous metal, allowing maximum flexibility in selection of 
base material.  Endurakote® plating is normally a final process, 
and its quality is constant with any given base metal, insuring 
design reproducibility.

Properties and Characteristics

A. Hardness

Endurakote® plating, as deposited, has an equivalent hardness 
in excess of 70 Rockwell “C.” When measured by conven-
tional micro-hardness methods, the host material will modify 
this measurement to some degree.

B. Coefficient of Friction

(Note: Measurements made at 72°, using other materials for 
comparison.)

Material Against Material Static — Sliding
Steel  Steel 0.30 — 0.20
Steel  Brass, Bronze 0.25 — 0.20
Steel  Endurakote® 0.17 — 0.16
Brass, Bronze  Endurakote® 0.15 — 0.13
Endurakote®  Endurakote® 0.14 — 0.12

Endurakote® Plating for
Corrosion-Resistant Bearings
(Series L, N)
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¿  FITS
 Rotating Shaft Stationary Shaft
 Shaft – Tight, zero to 2X bearing bore tolerance. Shaft – Loose, zero to 2X bearing O.D. tolerance.
 Housing – Loose, zero to 2X bearing O.D. tolerance. Housing – Tight, zero to 2X bearing bore tolerance.
 Listed shaft and housing diameters are for steel under normal conditions.  Recommended diameters can change greatly based on orientation, 
 temperature, speed, and other performance requirements.  Consult Kaydon.
¡  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis, Dynamic capacities 
 are based upon 1 million revolutions of L10 life.  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
 Contact Kaydon for lead time.
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C. Adhesion

Endurakote® will not flake, crack, chip, peel or otherwise 
separate from the base material under standard bend tests or 
under conditions where severe heat is induced.  In an extensive 
testing program at Kaydon the adherence proved adequate to 
withstand the extremely high compressive stresses in the con-
tact areas of ball and roller bearings.

D. Effect On Base

The purity of the chromium surface will not be less than
99% as deposited.  A comprehensive testing program at 
Kaydon established that bearings with Endurakote® exhibited 
load carrying capacities and life expectancy equal to or better 
than uncoated AISI 52100 steel bearings.

E. Corrosion Resistance

Endurakote® resists attack by most organic and inorganic
compounds with a pH within the range of 4 and 11 except
sulfuric and hydrochloric acids.  Porosity of the base metal, 
compound concentration and exposure time to the compound 
become corrosion factors, but Endurakote® greatly enhances
the base material.  In severe salt spray tests as well as tap water 
immersion tests, AISI 52100 steel with Endurakote® proved 
equal to fully hardened AISI 440C stainless steel in resistance 
to rusting.  Endurakote® is better for corrosion protection in 
many instances, than cadmium plate, zinc plate, phosphates, 
chromates, black oxide and normal chrome plate.  We invite 
inquiries about and will be pleased to arrange tests to qualify 
Endurakote® for specific environments.

F. Heat Resistance

Endurakote® will withstand temperatures of -400°F to 2300°F.  
Hardness and wear resistance properties can be affected at 
temperatures above 700°F.  At temperatures above 1300°F 
Endurakote® will react with carbon monoxide, sulfur vapor and 
phosphorus.  With bright red heat, oxidation occurs in steam 
or alkali hydroxide atmospheres.  (Note: Suitability for use at 
elevated temperatures is dependent upon the base material, 
which must be selected for adequate physical properties at the 
expected temperature range.) Standard Reali-Slim® bearings  
are heat treated for dimensional stability over an operating 
temperature of -65°F to 250°F.

G. Surface Quality

Endurakote® conforms to the texture of the existing surface.  
R.M.S. finish will be improved slightly down to about 8 R.M.S., 
below 4 R.M.S. there is little change.  Endurakote® has a mat 
or micro-orange peel surface with very good lubricant reten-
tion qualities.

I. Endurakote® coating is FDA approved for use in the food    
industries.

Bearing Size Capabilities

Endurakote® can be applied to any Reali-Slim® bearing.

Restrictions

Kaydon does not recommend the use of Endurakote® in any 
low torque or torque sensitive applications.

Footnotes for Endurakote® Plated Reali-Slim® 
Type A, C and X Bearings for pages 45 through 53.
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Endurakote® Plated Reali-Slim® Bearings
Type A Angular Contact (See footnotes on previous page.)

NAA SERIES 
Kaydon Bearing 

Number Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Dynamic Load
Capacities (Lbs) ¡ 

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Radial Thrust

NAA10AG0 1.0000 1.3752 -.0006 -.0007 .0003 .0004 150 450
NAA15AG0 1.5000 1.8752 -.0007 -.0007 .0004 .0004 200 560
NAA17AG0 1.7500 2.1252 -.0008 -.0007 .0005 .0005 210 600

NA SERIES 
Kaydon Bearing 

Number Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Dynamic Load
Capacities (Lbs) ¡ 

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Radial Thrust

NA020AR0 2.0000 2.5002 -.0008 -.0007 .0005 .0005 330 960
NA025AR0 2.5000 3.0002 -.0008 -.0007 .0005 .0005 380 1100
NA030AR0 3.0000 3.5002 -.0008 -.0008 .0006 .0006 430 1230
NA035AR0 3.5000 4.0002 -.0010 -.0008 .0006 .0006 470 1350
NA040AR0 3.9998 4.5003 -.0009 -.0007 .0006 .0006 510 1470
NA042AR0 4.2498 4.7503 -.0009 -.0009 .0008 .0008 530 1530
NA045AR0 4.4998 5.0003 -.0009 -.0009 .0008 .0008 550 1580
NA047AR0 4.7498 5.2503 -.0011 -.0009 .0008 .0008 570 1640
NA050AR0 4.9998 5.5003 -.0011 -.0009 .0008 .0008 590 1690
NA055AR0 5.4998 6.0003 -.0011 -.0011 .0010 .0010 620 1800
NA060AR0 5.9998 6.5003 -.0011 -.0011 .0010 .0010 660 1900
NA065AR0 6.4998 7.0003 -.0011 -.0011 .0010 .0010 690 2000
NA070AR0 6.9998 7.5003 -.0011 -.0013 .0010 .0010 730 2100
NA075AR0 7.4998 8.0003 -.0013 -.0013 .0012 .0012 760 2190
NA080AR0 7.9998 8.5003 -.0013 -.0013 .0012 .0012 790 2280
NA090AR0 8.9998 9.5003 -.0013 -.0013 .0012 .0012 850 2470
NA100AR0 9.9998 10.5003 -.0015 -.0015 .0014 .0014 910 2640
NA110AR0 10.9998 11.5003 -.0015 -.0015 .0014 .0014 970 2810
NA120AR0 11.9998 12.5003 -.0015 -.0015 .0014 .0014 1030 2970

NB SERIES 
Kaydon Bearing 

Number Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Dynamic Load
Capacities (Lbs) ¡ 

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Radial Thrust

NB020AR0 2.0000 2.6252 -.0008 -.0007 .0005 .0005 480 1380

NB025AR0 2.5000 3.1252 -.0008 -.0007 .0005 .0005 550 1590

NB030AR0 3.0000 3.6252 -.0008 -.0008 .0006 .0006 610 1750

NB035AR0 3.5000 4.1252 -.0010 -.0008 .0006 .0006 670 1930

NB040AR0 3.9998 4.6253 -.0009 -.0007 .0006 .0006 730 2100

NB042AR0 4.2498 4.8753 -.0009 -.0009 .0008 .0008 750 2170

NB045AR0 4.4998 5.1253 -.0009 -.0009 .0008 .0008 780 2240

NB047AR0 4.7498 5.3753 -.0011 -.0009 .0008 .0008 810 2340

NB050AR0 4.9998 5.6253 -.0011 -.0009 .0008 .0008 830 2410

NB055AR0 5.4998 6.1253 -.0011 -.0011 .0010 .0010 890 2560

NB060AR0 5.9998 6.6253 -.0011 -.0011 .0010 .0010 940 2710

NB065AR0 6.4998 7.1253 -.0011 -.0011 .0010 .0010 980 2840

NB070AR0 6.9998 7.6253 -.0011 -.0013 .0010 .0010 1030 2980

NB075AR0 7.4998 8.1253 -.0013 -.0013 .0012 .0012 1080 3120

NB080AR0 7.9998 8.6253 -.0013 -.0013 .0012 .0012 1130 3260

NB090AR0 8.9998 9.6253 -.0013 -.0013 .0012 .0012 1220 3510

NB100AR0 9.9998 10.6253 -.0015 -.0015 .0014 .0014 1300 3760

NB110AR0 10.9998 11.6253 -.0015 -.0015 .0014 .0014 1380 4000

NB120AR0 11.9998 12.6253 -.0015 -.0015 .0014 .0014 1470 4240

NB140AR0 13.9998 14.6253 -.0015 -.0015 .0014 .0014 1620 4670

NB160AR0 15.9998 16.6253 -.0017 -.0017 .0016 .0016 1770 5100

NB180AR0 17.9998 18.6253 -.0017 -.0017 .0016 .0016 1910 5510

NB200AR0 19.9998 20.6253 -.0019 -.0019 .0018 .0018 2050 5900
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NC SERIES 
Kaydon Bearing 

Number Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Dynamic Load
Capacities (Lbs) ¡ 

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Radial Thrust

NC040AR0 3.9998 4.7503 -.0009 -.0007 .0006 .0006 960 2770

NC042AR0 4.2498 5.0003 -.0009 -.0009 .0008 .0008 1000 2880

NC045AR0 4.4998 5.2503 -.0009 -.0009 .0008 .0008 1040 2990

NC047AR0 4.7498 5.5003 -.0011 -.0009 .0008 .0008 1070 3100

NC050AR0 4.9998 5.7503 -.0011 -.0009 .0008 .0008 1110 3200

NC055AR0 5.4998 6.2503 -.0011 -.0011 .0010 .0010 1170 3370

NC060AR0 5.9998 6.7503 -.0011 -.0011 .0010 .0010 1240 3580

NC065AR0 6.4998 7.2503 -.0011 -.0011 .0010 .0010 1310 3770

NC070AR0 6.9998 7.7503 -.0011 -.0013 .0010 .0010 1360 3930

NC075AR0 7.4998 8.2503 -.0013 -.0013 .0012 .0012 1430 4120

NC080AR0 7.9998 8.7503 -.0013 -.0013 .0012 .0012 1490 4300

NC090AR0 8.9998 9.7503 -.0013 -.0013 .0012 .0012 1600 4630

NC100AR0 9.9998 10.7503 -.0015 -.0015 .0014 .0014 1720 4970

NC110AR0 10.9998 11.7503 -.0015 -.0015 .0014 .0014 1830 5280

NC120AR0 11.9998 12.7503 -.0015 -.0015 .0014 .0014 1930 5570

NC140AR0 13.9998 14.7503 -.0015 -.0015 .0014 .0014 2140 6170

NC160AR0 15.9998 16.7503 -.0017 -.0017 .0016 .0016 2330 6730

NC180AR0 17.9998 18.7503 -.0017 -.0017 .0016 .0016 2520 7280

NC200AR0 19.9998 20.7503 -.0019 -.0019 .0018 .0018 2690 7780

NC250AR0 24.9998 25.7503 -.0019 -.0019 .0018 .0018 3120 9010

NC300AR0 29.9998 30.7503 -.0019 -.0019 .0018 .0018 3520 10160

ND SERIES 
Kaydon Bearing 

Number Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Dynamic Load
Capacities (Lbs) ¡

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Radial Thrust

ND040AR0 3.9998 5.0003 -.0009 -.0007 .0006 .0006 1480 4260

ND042AR0 4.2498 5.2503 -.0009 -.0009 .0008 .0008 1530 4420

ND045AR0 4.4998 5.5003 -.0009 -.0009 .0008 .0008 1580 4570

ND047AR0 4.7498 5.7503 -.0011 -.0009 .0008 .0008 1640 4720

ND050AR0 4.9998 6.0003 -.0011 -.0009 .0008 .0008 1690 4870

ND055AR0 5.4998 6.5003 -.0011 -.0011 .0010 .0010 1790 5160

ND060AR0 5.9998 7.0003 -.0011 -.0011 .0010 .0010 1890 5440

ND065AR0 6.4998 7.5003 -.0011 -.0011 .0010 .0010 1980 5720

ND070AR0 6.9998 8.0003 -.0011 -.0013 .0010 .0010 2070 5990

ND075AR0 7.4998 8.5003 -.0013 -.0013 .0012 .0012 2170 6250

ND080AR0 7.9998 9.0003 -.0013 -.0013 .0012 .0012 2260 6510

ND090AR0 8.9998 10.0003 -.0013 -.0013 .0012 .0012 2430 7010

ND100AR0 9.9998 11.0003 -.0015 -.0015 .0014 .0014 2600 7500

ND110AR0 10.9998 12.0003 -.0015 -.0015 .0014 .0014 2760 7960

ND120AR0 11.9998 13.0003 -.0015 -.0015 .0014 .0014 2920 8420

ND140AR0 13.9998 15.0003 -.0015 -.0015 .0014 .0014 3220 9290

ND160AR0 15.9998 17.0003 -.0017 -.0017 .0016 .0016 3510 10130

ND180AR0 17.9998 19.0003 -.0017 -.0017 .0016 .0016 3790 10930

ND200AR0 19.9998 21.0003 -.0019 -.0019 .0018 .0018 4060 11710

ND250AR0 24.9998 26.0003 -.0019 -.0019 .0018 .0018 4690 13540

ND300AR0 29.9998 31.0003 -.0019 -.0019 .0018 .0018 5290 15260

Endurakote® Plated Reali-Slim® Bearings
Type A Angular Contact (See footnotes on page 44.)
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NF SERIES 
Kaydon Bearing 

Number Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Dynamic Load
Capacities (Lbs) ¡ 

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Radial Thrust

NF040AR0 3.9998 5.5003 -.0009 -.0007 .0006 .0006 2920 8420

NF042AR0 4.2498 5.7503 -.0009 -.0009 .0008 .0008 2990 8630

NF045AR0 4.4998 6.0003 -.0009 -.0009 .0008 .0008 3140 9050

NF047AR0 4.7498 6.2503 -.0011 -.0009 .0008 .0008 3210 9260

NF050AR0 4.9998 6.5003 -.0011 -.0009 .0008 .0008 3280 9460

NF055AR0 5.4998 7.0003 -.0011 -.0011 .0010 .0010 3490 10060

NF060AR0 5.9998 7.5003 -.0011 -.0011 .0010 .0010 3690 10650

NF065AR0 6.4998 8.0003 -.0011 -.0011 .0010 .0010 3890 11220

NF070AR0 6.9998 8.5003 -.0011 -.0013 .0010 .0010 4080 11770

NF075AR0 7.4998 9.0003 -.0013 -.0013 .0012 .0012 4200 12130

NF080AR0 7.9998 9.5003 -.0013 -.0013 .0012 .0012 4390 12670

NF090AR0 8.9998 10.5003 -.0013 -.0013 .0012 .0012 4750 13700

NF100AR0 9.9998 11.5003 -.0015 -.0015 .0014 .0014 5030 14530

NF110AR0 10.9998 12.5003 -.0015 -.0015 .0014 .0014 5370 15500

NF120AR0 11.9998 13.5003 -.0015 -.0015 .0014 .0014 5640 16290

NF140AR0 13.9998 15.5003 -.0015 -.0015 .0014 .0014 6220 17950

NF160AR0 15.9998 17.5003 -.0017 -.0017 .0016 .0016 6770 19540

NF180AR0 17.9998 19.5003 -.0017 -.0017 .0016 .0016 7350 21210

NF200AR0 19.9998 21.5003 -.0019 -.0019 .0018 .0018 7860 22680

NF250AR0 24.9998 26.5003 -.0019 -.0019 .0018 .0018 9040 26100

NF300AR0 29.9998 31.5003 -.0019 -.0019 .0018 .0018 10190 29430

NF350AR0 34.9998 36.5003 -.0021 -.0021 .0020 .0020 11290 32580

NF400AR0 39.9998 41.5003 -.0021 -.0021 .0020 .0020 12330 35580

NG SERIES 
Kaydon Bearing 

Number Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Dynamic Load
Capacities (Lbs) ¡ 

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Radial Thrust

NG040AR0 3.9998 6.0003 -.0009 -.0007 .0006 .0006 4720 13630

NG042AR0 4.2498 6.2503 -.0009 -.0009 .0008 .0008 4880 14090

NG045AR0 4.4998 6.5003 -.0009 -.0009 .0008 .0008 5030 14530

NG047AR0 4.7498 6.7503 -.0011 -.0009 .0008 .0008 5180 14970

NG050AR0 4.9998 7.0003 -.0011 -.0009 .0008 .0008 5330 15400

NG055AR0 5.4998 7.5003 -.0011 -.0011 .0010 .0010 5630 16240

NG060AR0 5.9998 8.0003 -.0011 -.0011 .0010 .0010 5910 17060

NG065AR0 6.4998 8.5003 -.0011 -.0011 .0010 .0010 6190 17870

NG070AR0 6.9998 9.0003 -.0011 -.0013 .0010 .0010 6460 18650

NG075AR0 7.4998 9.5003 -.0013 -.0013 .0012 .0012 6730 19420

NG080AR0 7.9998 10.0003 -.0013 -.0013 .0012 .0012 6990 20180

NG090AR0 8.9998 11.0003 -.0013 -.0013 .0012 .0012 7500 21640

NG100AR0 9.9998 12.0003 -.0015 -.0015 .0014 .0014 7990 23060

NG110AR0 10.9998 13.0003 -.0015 -.0015 .0014 .0014 8470 24440

NG120AR0 11.9998 14.0003 -.0015 -.0015 .0014 .0014 8930 25780

NG140AR0 13.9998 16.0003 -.0015 -.0015 .0014 .0014 9820 28360

NG160AR0 15.9998 18.0003 -.0017 -.0017 .0016 .0016 10680 30830

NG180AR0 17.9998 20.0003 -.0017 -.0017 .0016 .0016 11500 33200

NG200AR0 19.9998 22.0003 -.0019 -.0019 .0018 .0018 12300 35490

NG250AR0 24.9998 27.0003 -.0019 -.0019 .0018 .0018 14180 40920

NG300AR0 29.9998 32.0003 -.0019 -.0019 .0018 .0018 15940 46020

NG350AR0 34.9998 37.0003 -.0021 -.0021 .0020 .0020 17610 50840

NG400AR0 39.9998 42.0003 -.0021 -.0021 .0020 .0020 19210 55440

Endurakote® Plated Reali-Slim® Bearings
Type A Angular Contact (See footnotes on page 44.)
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NAA SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts 
Radial & Axial

Diametral Clearance
Before Installation Dynamic Radial

Capacity (Lbs) ¡Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Minimum Maximum

NAA10CL0 1.0000 1.3752 -.0006 -.0007 .0005 .0008 .0010 .0016 150

NAA15CL0 1.5000 1.8752 -.0007 -.0007 .0006 .0008 .0012 .0018 180

NAA17CL0 1.7500 2.1252 -.0008 -.0007 .0008 .0010 .0012 .0024 200

NA SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts 
Radial & Axial

Diametral Clearance
Before Installation Dynamic Radial

Capacity (Lbs) ¡Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Minimum Maximum

NA020CP0 2.0000 2.5002 -.0008 -.0007 .0008 .0010 .0012 .0024 320

NA025CP0 2.5000 3.0002 -.0008 -.0007 .0008 .0010 .0012 .0024 360

NA030CP0 3.0000 3.5002 -.0008 -.0008 .0008 .0010 .0012 .0024 410

NA035CP0 3.5000 4.0002 -.0010 -.0008 .0010 .0012 .0016 .0028 450

NA040CP0 3.9998 4.5003 -.0009 -.0007 .0010 .0012 .0016 .0028 480

 NA042CP0 4.2498 4.7503 -.0009 -.0009 .0010 .0014 .0016 .0028 500

NA045CP0 4.4998 5.0003 -.0009 -.0009 .0010 .0014 .0016 .0028 520

NA047CP0 4.7498 5.2503 -.0011 -.0009 .0012 .0014 .0020 .0034 540

NA050CP0 4.9998 5.5003 -.0011 -.0009 .0012 .0014 .0020 .0034 560

NA055CP0 5.4998 6.0003 -.0011 -.0011 .0012 .0016 .0020 .0034 590

NA060CP0 5.9998 6.5003 -.0011 -.0011 .0012 .0016 .0020 .0034 630

NA065CP0 6.4998 7.0003 -.0011 -.0011 .0012 .0016 .0020 .0034 660

NA070CP0 6.9998 7.5003 -.0011 -.0013 .0012 .0016 .0020 .0034 690

NA075CP0 7.4998 8.0003 -.0013 -.0013 .0016 .0018 .0024 .0042 720

NA080CP0 7.9998 8.5003 -.0013 -.0013 .0016 .0018 .0024 .0042 750

NA090CP0 8.9998 9.5003 -.0013 -.0013 .0016 .0018 .0024 .0042 810

NA100CP0 9.9998 10.5003 -.0015 -.0015 .0018 .0020 .0028 .0048 870

NA110CP0 10.9998 11.5003 -.0015 -.0015 .0018 .0020 .0028 .0048 930

NA120CP0 11.9998 12.5003 -.0015 -.0015 .0018 .0020 .0028 .0048 980

NB SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts 
Radial & Axial

Diametral Clearance
Before Installation Dynamic Radial

Capacity (Lbs) ¡Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Minimum Maximum

NB020CP0 2.0000 2.6252 -.0008 -.0007 .0008 .0010 .0012 .0024 450

NB025CP0 2.5000 3.1252 -.0008 -.0007 .0008 .0010 .0012 .0024 520

NB030CP0 3.0000 3.6252 -.0008 -.0008 .0008 .0010 .0012 .0024 580

NB035CP0 3.5000 4.1252 -.0010 -.0008 .0010 .0012 .0016 .0028 630

NB040CP0 3.9998 4.6253 -.0009 -.0007 .0010 .0012 .0016 .0028 690

NB042CP0 4.2498 4.8753 -.0009 -.0009 .0010 .0014 .0016 .0028 710

NB045CP0 4.4998 5.1253 -.0009 -.0009 .0010 .0014 .0016 .0028 740

NB047CP0 4.7498 5.3753 -.0011 -.0009 .0012 .0014 .0020 .0034 760

NB050CP0 4.9998 5.6253 -.0011 -.0009 .0012 .0014 .0020 .0034 790

NB055CP0 5.4998 6.1253 -.0011 -.0011 .0012 .0016 .0020 .0034 840

NB060CP0 5.9998 6.6253 -.0011 -.0011 .0012 .0016 .0020 .0034 890

NB065CP0 6.4998 7.1253 -.0011 -.0011 .0012 .0016 .0020 .0034 930

NB070CP0 6.9998 7.6253 -.0011 -.0013 .0012 .0016 .0020 .0034 980

NB075CP0 7.4998 8.1253 -.0013 -.0013 .0016 .0018 .0024 .0042 1020

NB080CP0 7.9998 8.6253 -.0013 -.0013 .0016 .0018 .0024 .0042 1070

NB090CP0 8.9998 9.6253 -.0013 -.0013 .0016 .0018 .0024 .0042 1150

NB100CP0 9.9998 10.6253 -.0015 -.0015 .0018 .0020 .0028 .0048 1230

NB110CP0 10.9998 11.6253 -.0015 -.0015 .0018 .0020 .0028 .0048 1310

NB120CP0 11.9998 12.6253 -.0015 -.0015 .0018 .0020 .0028 .0048 1390

NB140CP0 13.9998 14.6253 -.0017 -.0017 .0018 .0020 .0032 .0052 1530

NB160CP0 15.9998 16.6253 -.0019 -.0019 .0018 .0020 .0036 .0056 1670

NB180CP0 17.9998 18.6253 -.0019 -.0019 .0020 .0020 .0036 .0056 1810

NB200CP0 19.9998 20.6253 -.0021 -.0021 .0020 .0020 .0040 .0060 1940

Endurakote® Plated Reali-Slim® Bearings
Type C - Radial Contact (See footnotes on page 44.)
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NC SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts 
Radial & Axial

Diametral Clearance
Before Installation Dynamic Radial

Capacity (Lbs) ¡Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Minimum Maximum

NC040CP0 3.9998 4.7503 -.0009 -.0007 .0010 .0012 .0016 .0028 880

NC042CP0 4.2498 5.0003 -.0009 -.0009 .0010 .0014 .0016 .0028 920

NC045CP0 4.4998 5.2503 -.0009 -.0009 .0010 .0014 .0016 .0028 950

NC047CP0 4.7498 5.5003 -.0011 -.0009 .0012 .0014 .0020 .0034 980

NC050CP0 4.9998 5.7503 -.0011 -.0009 .0012 .0014 .0020 .0034 1010

NC055CP0 5.4998 6.2503 -.0011 -.0011 .0012 .0016 .0020 .0034 1080

NC060CP0 5.9998 6.7503 -.0011 -.0011 .0012 .0016 .0020 .0034 1140

NC065CP0 6.4998 7.2503 -.0011 -.0011 .0012 .0016 .0020 .0034 1200

NC070CP0 6.9998 7.7503 -.0011 -.0013 .0012 .0016 .0020 .0034 1250

NC075CP0 7.4998 8.2503 -.0013 -.0013 .0016 .0018 .0024 .0042 1310

NC080CP0 7.9998 8.7503 -.0013 -.0013 .0016 .0018 .0024 .0042 1360

NC090CP0 8.9998 9.7503 -.0013 -.0013 .0016 .0018 .0024 .0042 1470

NC100CP0 9.9998 10.7503 -.0015 -.0015 .0018 .0020 .0028 .0048 1570

NC110CP0 10.9998 11.7503 -.0015 -.0015 .0018 .0020 .0028 .0048 1670

NC120CP0 11.9998 12.7503 -.0015 -.0015 .0018 .0020 .0028 .0048 1770

NC140CP0 13.9998 14.7503 -.0017 -.0017 .0018 .0020 .0032 .0052 1950

NC160CP0 15.9998 16.7503 -.0019 -.0019 .0018 .0020 .0036 .0056 2130

NC180CP0 17.9998 18.7503 -.0019 -.0019 .0020 .0020 .0036 .0056 2300

NC200CP0 19.9998 20.7503 -.0021 -.0021 .0020 .0020 .0040 .0060 2470

NC250CP0 24.9998 25.7503 -.0031 -.0031 .0020 .0020 .0060 .0080 2850

NC300CP0 29.9998 30.7503 -.0031 -.0031 .0020 .0020 .0060 .0080 3220

ND SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts 
Radial & Axial

Diametral Clearance
Before Installation Dynamic Radial

Capacity (Lbs) ¡Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Minimum Maximum

ND040CP0 3.9998 5.0003 -.0009 -.0007 .0010 .0012 .0016 .0028 1410

ND042CP0 4.2498 5.2503 -.0009 -.0009 .0010 .0014 .0016 .0028 1440

ND045CP0 4.4998 5.5003 -.0009 -.0009 .0010 .0014 .0016 .0028 1510

ND047CP0 4.7498 5.7503 -.0011 -.0009 .0012 .0014 .0020 .0034 1540

ND050CP0 4.9998 6.0003 -.0011 -.0009 .0012 .0014 .0020 .0034 1610

ND055CP0 5.4998 6.5003 -.0011 -.0011 .0012 .0016 .0020 .0034 1700

ND060CP0 5.9998 7.0003 -.0011 -.0011 .0012 .0016 .0020 .0034 1800

ND065CP0 6.4998 7.5003 -.0011 -.0011 .0012 .0016 .0020 .0034 1890

ND070CP0 6.9998 8.0003 -.0011 -.0013 .0012 .0016 .0020 .0034 1980

ND075CP0 7.4998 8.5003 -.0013 -.0013 .0016 .0018 .0024 .0042 2060

ND080CP0 7.9998 9.0003 -.0013 -.0013 .0016 .0018 .0024 .0042 2150

ND090CP0 8.9998 10.0003 -.0013 -.0013 .0016 .0018 .0024 .0042 2320

ND100CP0 9.9998 11.0003 -.0015 -.0015 .0018 .0020 .0028 .0048 2470

ND110CP0 10.9998 12.0003 -.0015 -.0015 .0018 .0020 .0028 .0048 2630

ND120CP0 11.9998 13.0003 -.0015 -.0015 .0018 .0020 .0028 .0048 2780

ND140CP0 13.9998 15.0003 -.0017 -.0017 .0018 .0020 .0032 .0052 3070

ND160CP0 15.9998 17.0003 -.0019 -.0019 .0018 .0020 .0036 .0056 3350

ND180CP0 17.9998 19.0003 -.0019 -.0019 .0020 .0020 .0036 .0056 3610

ND200CP0 19.9998 21.0003 -.0021 -.0021 .0020 .0020 .0040 .0060 3870

ND250CP0 24.9998 26.0003 -.0031 -.0031 .0020 .0020 .0060 .0080 4470

ND300CP0 29.9998 31.0003 -.0031 -.0031 .0020 .0020 .0060 .0080 5040

Endurakote® Plated Reali-Slim® Bearings
Type C - Radial Contact (See footnotes on page 44.)
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NF SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts 
Radial & Axial

Diametral Clearance
Before Installation Dynamic Radial

Capacity (Lbs) ¡Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Minimum Maximum

NF040CP0 3.9998 5.5003 -.0009 -.0007 .0010 .0012 .0016 .0028 2730

NF042CP0 4.2498 5.7503 -.0009 -.0009 .0010 .0014 .0016 .0028 2830

NF045CP0 4.4998 6.0003 -.0009 -.0009 .0010 .0014 .0016 .0028 2920

NF047CP0 4.7498 6.2503 -.0011 -.0009 .0012 .0014 .0020 .0034 3010

NF050CP0 4.9998 6.5003 -.0011 -.0009 .0012 .0014 .0020 .0034 3100

NF055CP0 5.4998 7.0003 -.0011 -.0011 .0012 .0016 .0020 .0034 3280

NF060CP0 5.9998 7.5003 -.0011 -.0011 .0012 .0016 .0020 .0034 3450

NF065CP0 6.4998 8.0003 -.0011 -.0011 .0012 .0016 .0020 .0034 3620

NF070CP0 6.9998 8.5003 -.0011 -.0013 .0012 .0016 .0020 .0034 3790

NF075CP0 7.4998 9.0003 -.0013 -.0013 .0016 .0018 .0024 .0042 3950

NF080CP0 7.9998 9.5003 -.0013 -.0013 .0016 .0018 .0024 .0042 4100

NF090CP0 8.9998 10.5003 -.0013 -.0013 .0016 .0018 .0024 .0042 4410

NF100CP0 9.9998 11.5003 -.0015 -.0015 .0018 .0020 .0028 .0048 4710

NF110CP0 10.9998 12.5003 -.0015 -.0015 .0018 .0020 .0028 .0048 5000

NF120CP0 11.9998 13.5003 -.0015 -.0015 .0018 .0020 .0028 .0048 5280

NF140CP0 13.9998 15.5003 -.0017 -.0017 .0018 .0020 .0032 .0052 5810

NF160CP0 15.9998 17.5003 -.0019 -.0019 .0018 .0020 .0036 .0056 6330

NF180CP0 17.9998 19.5003 -.0019 -.0019 .0020 .0020 .0036 .0056 6820

NF200CP0 19.9998 21.5003 -.0021 -.0021 .0020 .0020 .0040 .0060 7300

NF250CP0 24.9998 26.5003 -.0031 -.0031 .0020 .0020 .0060 .0080 8430

NF300CP0 29.9998 31.5003 -.0031 -.0031 .0020 .0020 .0060 .0080 9490

NF350CP0 34.9998 36.5003 -.0041 -.0041 .0020 .0020 .0080 .0100 10490

NF400CP0 39.9998 41.5003 -.0041 -.0041 .0020 .0020 .0080 .0100 11450

NG SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts 
Radial & Axial

Diametral Clearance
Before Installation Dynamic Radial

Capacity (Lbs) ¡Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Minimum Maximum

NG040CP0 3.9998 6.0003 -.0009 -.0007 .0010 .0012 .0016 .0028 4500

NG042CP0 4.2498 6.2503 -.0009 -.0009 .0010 .0014 .0016 .0028 4500

NG045CP0 4.4998 6.5003 -.0009 -.0009 .0010 .0014 .0016 .0028 4700

NG047CP0 4.7498 6.7503 -.0011 -.0009 .0012 .0014 .0020 .0034 4890

NG050CP0 4.9998 7.0003 -.0011 -.0009 .0012 .0014 .0020 .0034 5080

NG055CP0 5.4998 7.5003 -.0011 -.0011 .0012 .0016 .0020 .0034 5270

NG060CP0 5.9998 8.0003 -.0011 -.0011 .0012 .0016 .0020 .0034 5630

NG065CP0 6.4998 8.5003 -.0011 -.0011 .0012 .0016 .0020 .0034 5810

NG070CP0 6.9998 9.0003 -.0011 -.0013 .0012 .0016 .0020 .0034 6160

NG075CP0 7.4998 9.5003 -.0013 -.0013 .0016 .0018 .0024 .0042 6330

NG080CP0 7.9998 10.0003 -.0013 -.0013 .0016 .0018 .0024 .0042 6660

NG090CP0 8.9998 11.0003 -.0013 -.0013 .0016 .0018 .0024 .0042 7150

NG100CP0 9.9998 12.0003 -.0015 -.0015 .0018 .0020 .0028 .0048 7620

NG110CP0 10.9998 13.0003 -.0015 -.0015 .0018 .0020 .0028 .0048 8070

NG120CP0 11.9998 14.0003 -.0015 -.0015 .0018 .0020 .0028 .0048 8510

NG140CP0 13.9998 16.0003 -.0017 -.0017 .0018 .0020 .0032 .0052 9360

NG160CP0 15.9998 18.0003 -.0019 -.0019 .0018 .0020 .0036 .0056 10180

NG180CP0 17.9998 20.0003 -.0019 -.0019 .0020 .0020 .0036 .0056 10960

NG200CP0 19.9998 22.0003 -.0021 -.0021 .0020 .0020 .0040 .0060 11720

NG250CP0 24.9998 27.0003 -.0031 -.0031 .0020 .0020 .0060 .0080 13510

NG300CP0 29.9998 32.0003 -.0031 -.0031 .0020 .0020 .0060 .0080 15190

NG350CP0 34.9998 37.0003 -.0041 -.0041 .0020 .0020 .0080 .0100 16790

NG400CP0 39.9998 42.0003 -.0041 -.0041 .0020 .0020 .0080 .0100 18310

Endurakote® Plated Reali-Slim® Bearings
Type C - Radial Contact (See footnotes on page 44.)
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Endurakote® Plated Reali-Slim® Bearings
Type X - Four Point Contact (See footnotes on page 44.)

NAA SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Diametral Clearance
Before Installation

Dynamic Load
Capacities (Lbs) ¡

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Min. Max. Radial Thrust Moment

NAA10XL0 1.0000 1.3752 -.0006 -.0007 .0003 .0004 .0010 .0015 150 370 90

NAA15XL0 1.5000 1.8752 -.0007 -.0007 .0004 .0004 .0012 .0017 180 460 150

NAA17XL0 1.7500 2.1252 -.0008 -.0007 .0005 .0005 .0012 .0022 200 500 190

NA SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Diametral Clearance
Before Installation

Dynamic Load
Capacities (Lbs) ¡

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Min. Max. Radial Thrust Moment

NA020XP0 2.0000 2.5002 -.0008 -.0007 .0005 .0005 .0012 .0022 320 790 360

NA025XP0 2.5000 3.0002 -.0008 -.0007 .0005 .0005 .0012 .0022 360 910 500

NA030XP0 3.0000 3.5002 -.0008 -.0008 .0006 .0006 .0012 .0022 410 1010 660

NA035XP0 3.5000 4.0002 -.0010 -.0008 .0006 .0006 .0016 .0026 450 1110 840

NA040XP0 3.9998 4.5003 -.0009 -.0007 .0006 .0006 .0016 .0026 480 1210 1030

NA042XP0 4.2498 4.7503 -.0009 -.0009 .0008 .0008 .0016 .0026 500 1260 1130

NA045XP0 4.4998 5.0003 -.0009 -.0009 .0008 .0008 .0016 .0026 520 1310 1240

NA047XP0 4.7498 5.2503 -.0011 -.0009 .0008 .0008 .0020 .0030 540 1350 1350

NA050XP0 4.9998 5.5003 -.0011 -.0009 .0008 .0008 .0020 .0030 560 1400 1460

NA055XP0 5.4998 6.0003 -.0011 -.0011 .0010 .0010 .0020 .0030 590 1480 1700

NA060XP0 5.9998 6.5003 -.0011 -.0011 .0010 .0010 .0020 .0030 630 1570 1960

NA065XP0 6.4998 7.0003 -.0011 -.0011 .0010 .0010 .0020 .0030 660 1650 2230

NA070XP0 6.9998 7.5003 -.0011 -.0013 .0010 .0010 .0020 .0030 690 1730 2510

NA075XP0 7.4998 8.0003 -.0013 -.0013 .0012 .0012 .0024 .0034 720 1810 2800

NA080XP0 7.9998 8.5003 -.0013 -.0013 .0012 .0012 .0024 .0034 750 1890 3110

NA090XP0 8.9998 9.5003 -.0013 -.0013 .0012 .0012 .0024 .0034 810 2040 3770

NA100XP0 9.9998 10.5003 -.0015 -.0015 .0014 .0014 .0028 .0038 870 2180 4470

NA110XP0 10.9998 11.5003 -.0015 -.0015 .0014 .0014 .0028 .0038 930 2320 5220

NA120XP0 11.9998 12.5003 -.0015 -.0015 .0014 .0014 .0028 .0038 980 2450 6010

NB SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Diametral Clearance
Before Installation

Dynamic Load
Capacities (Lbs) ¡

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Min. Max. Radial Thrust Moment

NB020XP0 2.0000 2.6252 -.0008 -.0007 .0005 .0005 .0012 .0022 450 1130 520

NB025XP0 2.5000 3.1252 -.0008 -.0007 .0005 .0005 .0012 .0022 520 1290 730

NB030XP0 3.0000 3.6252 -.0008 -.0008 .0006 .0006 .0012 .0022 580 1440 960

NB035XP0 3.5000 4.1252 -.0010 -.0008 .0006 .0006 .0016 .0026 630 1590 1210

NB040XP0 3.9998 4.6253 -.0009 -.0007 .0006 .0006 .0016 .0026 690 1720 1490

NB042XP0 4.2498 4.8753 -.0009 -.0009 .0008 .0008 .0016 .0026 710 1780 1620

NB045XP0 4.4998 5.1253 -.0009 -.0009 .0008 .0008 .0016 .0026 740 1850 1780

NB047XP0 4.7498 5.3753 -.0011 -.0009 .0008 .0008 .0020 .0030 760 1900 1930

NB050XP0 4.9998 5.6253 -.0011 -.0009 .0008 .0008 .0020 .0030 790 1980 2100

NB055XP0 5.4998 6.1253 -.0011 -.0011 .0010 .0010 .0020 .0030 840 2100 2440

NB060XP0 5.9998 6.6253 -.0011 -.0011 .0010 .0010 .0020 .0030 890 2220 2800

NB065XP0 6.4998 7.1253 -.0011 -.0011 .0010 .0010 .0020 .0030 930 2340 3180

NB070XP0 6.9998 7.6253 -.0011 -.0013 .0010 .0010 .0020 .0030 980 2450 3580

NB075XP0 7.4998 8.1253 -.0013 -.0013 .0012 .0012 .0024 .0034 1020 2560 4000

NB080XP0 7.9998 8.6253 -.0013 -.0013 .0012 .0012 .0024 .0034 1070 2670 4440

NB090XP0 8.9998 9.6253 -.0013 -.0013 .0012 .0012 .0024 .0034 1150 2880 5360

NB100XP0 9.9998 10.6253 -.0015 -.0015 .0014 .0014 .0028 .0038 1230 3080 6360

NB110XP0 10.9998 11.6253 -.0015 -.0015 .0014 .0014 .0028 .0038 1310 3280 7420

NB120XP0 11.9998 12.6253 -.0015 -.0015 .0014 .0014 .0028 .0038 1390 3470 8550

NB140XP0 13.9998 14.6253 -.0015 -.0015 .0014 .0014 .0028 .0038 1530 3840 10980

NB160XP0 15.9998 16.6253 -.0017 -.0017 .0016 .0016 .0032 .0042 1670 4190 13660

NB180XP0 17.9998 18.6253 -.0017 -.0017 .0016 .0016 .0032 .0042 1810 4520 16560

NB200XP0 19.9998 20.6253 -.0019 -.0019 .0018 .0018 .0036 .0046 1940 4850 19690
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NC SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Diametral Clearance
Before Installation

Dynamic Load
Capacities (Lbs) ¡

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Min. Max. Radial Thrust Moment

NC040XP0 3.9998 4.7503 -.0009 -.0007 .0006 .0006 .0016 .0026 880 2210 1930

NC042XP0 4.2498 5.0003 -.0009 -.0009 .0008 .0008 .0016 .0026 920 2290 2120

NC045XP0 4.4998 5.2503 -.0009 -.0009 .0008 .0008 .0016 .0026 950 2380 2320

NC047XP0 4.7498 5.5003 -.0011 -.0009 .0008 .0008 .0020 .0030 980 2460 2520

NC050XP0 4.9998 5.7503 -.0011 -.0009 .0008 .0008 .0020 .0030 1010 2540 2730

NC055XP0 5.4998 6.2503 -.0011 -.0011 .0010 .0010 .0020 .0030 1080 2690 3160

NC060XP0 5.9998 6.7503 -.0011 -.0011 .0010 .0010 .0020 .0030 1140 2840 3620

NC065XP0 6.4998 7.2503 -.0011 -.0011 .0010 .0010 .0020 .0030 1200 2990 4110

NC070XP0 6.9998 7.7503 -.0011 -.0013 .0010 .0010 .0020 .0030 1250 3130 4620

NC075XP0 7.4998 8.2503 -.0013 -.0013 .0012 .0012 .0024 .0034 1310 3270 5150

NC080XP0 7.9998 8.7503 -.0013 -.0013 .0012 .0012 .0024 .0034 1360 3410 5710

NC090XP0 8.9998 9.7503 -.0013 -.0013 .0012 .0012 .0024 .0034 1470 3670 6890

NC100XP0 9.9998 10.7503 -.0015 -.0015 .0014 .0014 .0028 .0038 1570 3930 8160

NC110XP0 10.9998 11.7503 -.0015 -.0015 .0014 .0014 .0028 .0038 1670 4180 9510

NC120XP0 11.9998 12.7503 -.0015 -.0015 .0014 .0014 .0028 .0038 1770 4420 10940

NC140XP0 13.9998 14.7503 -.0015 -.0015 .0014 .0014 .0028 .0038 1950 4890 14050

NC160XP0 15.9998 16.7503 -.0017 -.0017 .0016 .0016 .0032 .0042 2130 5330 17450

NC180XP0 17.9998 18.7503 -.0017 -.0017 .0016 .0016 .0032 .0042 2300 5760 21150

NC200XP0 19.9998 20.7503 -.0019 -.0019 .0018 .0018 .0036 .0046 2470 6170 25120

NC250XP0 24.9998 25.7503 -.0019 -.0019 .0018 .0018 .0036 .0046 2850 7140 36220

NC300XP0 29.9998 30.7503 -.0019 -.0019 .0018 .0018 .0036 .0046 3220 8050 48880

ND SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Diametral Clearance
Before Installation

Dynamic Load
Capacities (Lbs) ¡

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Min. Max. Radial Thrust Moment

ND040XP0 3.9998 5.0003 -.0009 -.0007 .0006 .0006 .0016 .0026 1410 3520 3170

ND042XP0 4.2498 5.2503 -.0009 -.0009 .0008 .0008 .0016 .0026 1440 3600 3420

ND045XP0 4.4998 5.5003 -.0009 -.0009 .0008 .0008 .0016 .0026 1510 3770 3770

ND047XP0 4.7498 5.7503 -.0011 -.0009 .0008 .0008 .0020 .0030 1540 3860 4050

ND050XP0 4.9998 6.0003 -.0011 -.0009 .0008 .0008 .0020 .0030 1610 4020 4420

ND055XP0 5.4998 6.5003 -.0011 -.0011 .0010 .0010 .0020 .0030 1700 4260 5110

ND060XP0 5.9998 7.0003 -.0011 -.0011 .0010 .0010 .0020 .0030 1800 4490 5840

ND065XP0 6.4998 7.5003 -.0011 -.0011 .0010 .0010 .0020 .0030 1890 4720 6610

ND070XP0 6.9998 8.0003 -.0011 -.0013 .0010 .0010 .0020 .0030 1980 4940 7420

ND075XP0 7.4998 8.5003 -.0013 -.0013 .0012 .0012 .0024 .0034 2060 5160 8260

ND080XP0 7.9998 9.0003 -.0013 -.0013 .0012 .0012 .0024 .0034 2150 5370 9140

ND090XP0 8.9998 10.0003 -.0013 -.0013 .0012 .0012 .0024 .0034 2320 5790 11000

ND100XP0 9.9998 11.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 2470 6190 12990

ND110XP0 10.9998 12.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 2630 6570 15120

ND120XP0 11.9998 13.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 2780 6950 17370

ND140XP0 13.9998 15.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 3070 7670 22250

ND160XP0 15.9998 17.0003 -.0017 -.0017 .0016 .0016 .0032 .0042 3350 8360 27600

ND180XP0 17.9998 19.0003 -.0017 -.0017 .0016 .0016 .0032 .0042 3610 9030 33400

ND200XP0 19.9998 21.0003 -.0019 -.0019 .0018 .0018 .0036 .0046 3870 9670 39630

ND250XP0 24.9998 26.0003 -.0019 -.0019 .0018 .0018 .0036 .0046 4470 11180 57010

ND300XP0 29.9998 31.0003 -.0019 -.0019 .0018 .0018 .0036 .0046 5040 12600 76840

Endurakote® Plated Reali-Slim® Bearings
Type X - Four Point Contact (See footnotes on page 44.)
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NF SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Diametral Clearance
Before Installation

Dynamic Load
Capacities (Lbs) ¡ 

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Min. Max. Radial Thrust Moment

NF040XP0 3.9998 5.5003 -.0009 -.0007 .0006 .0006 .0016 .0026 2730 6830 6490

NF042XP0 4.2498 5.7503 -.0009 -.0009 .0008 .0008 .0016 .0026 2830 7070 7070

NF045XP0 4.4998 6.0003 -.0009 -.0009 .0008 .0008 .0016 .0026 2920 7300 7660

NF047XP0 4.7498 6.2503 -.0011 -.0009 .0008 .0008 .0020 .0030 3010 7530 8280

NF050XP0 4.9998 6.5003 -.0011 -.0009 .0008 .0008 .0020 .0030 3100 7760 8920

NF055XP0 5.4998 7.0003 -.0011 -.0011 .0010 .0010 .0020 .0030 3280 8200 10250

NF060XP0 5.9998 7.5003 -.0011 -.0011 .0010 .0010 .0020 .0030 3450 8630 11650

NF065XP0 6.4998 8.0003 -.0011 -.0011 .0010 .0010 .0020 .0030 3620 9050 13130

NF070XP0 6.9998 8.5003 -.0011 -.0013 .0010 .0010 .0020 .0030 3790 9460 14670

NF075XP0 7.4998 9.0003 -.0013 -.0013 .0012 .0012 .0024 .0034 3950 9870 16280

NF080XP0 7.9998 9.5003 -.0013 -.0013 .0012 .0012 .0024 .0034 4100 10260 17960

NF090XP0 8.9998 10.5003 -.0013 -.0013 .0012 .0012 .0024 .0034 4410 11030 21510

NF100XP0 9.9998 11.5003 -.0015 -.0015 .0014 .0014 .0028 .0038 4710 11770 25310

NF110XP0 10.9998 12.5003 -.0015 -.0015 .0014 .0014 .0028 .0038 5000 12490 29350

NF120XP0 11.9998 13.5003 -.0015 -.0015 .0014 .0014 .0028 .0038 5280 13190 33630

NF140XP0 13.9998 15.5003 -.0015 -.0015 .0014 .0014 .0028 .0038 5810 14530 42880

NF160XP0 15.9998 17.5003 -.0017 -.0017 .0016 .0016 .0032 .0042 6330 15820 53000

NF180XP0 17.9998 19.5003 -.0017 -.0017 .0016 .0016 .0032 .0042 6820 17060 63960

NF200XP0 19.9998 21.5003 -.0019 -.0019 .0018 .0018 .0036 .0046 7300 18250 75730

NF250XP0 24.9998 26.5003 -.0019 -.0019 .0018 .0018 .0036 .0046 8430 21070 108500

NF300XP0 29.9998 31.5003 -.0019 -.0019 .0018 .0018 .0036 .0046 9490 23720 145900

NF350XP0 34.9998 36.5003 -.0021 -.0021 .0020 .0020 .0040 .0050 10490 26220 187500

NF400XP0 39.9998 41.5003 -.0021 -.0021 .0020 .0020 .0040 .0050 11450 28620 233200

NG SERIES
Kaydon
Bearing
Number

Bore Outside
Diameter

Endura-Slim® Tolerances ¿ Runouts
Radial & Axial

Diametral Clearance
Before Installation

Dynamic Load
Capacities (Lbs) ¡

Bearing Bore
Nominal +.0000

Bearing O.D.
Nominal +.0000

Inner
Race

Outer
Race Min. Max. Radial Thrust Moment

NG040XP0 3.9998 6.0003 -.0009 -.0007 .0006 .0006 .0016 .0026 4500 11260 11260

NG042XP0 4.2498 6.2503 -.0009 -.0009 .0008 .0008 .0016 .0026 4500 11260 11820

NG045XP0 4.4998 6.5003 -.0009 -.0009 .0008 .0008 .0016 .0026 4700 11750 12920

NG047XP0 4.7498 6.7503 -.0011 -.0009 .0008 .0008 .0020 .0030 4890 12230 14070

NG050XP0 4.9998 7.0003 -.0011 -.0009 .0008 .0008 .0020 .0030 5080 12710 15250

NG055XP0 5.4998 7.5003 -.0011 -.0011 .0010 .0010 .0020 .0030 5270 13180 17130

NG060XP0 5.9998 8.0003 -.0011 -.0011 .0010 .0010 .0020 .0030 5630 14090 19720

NG065XP0 6.4998 8.5003 -.0011 -.0011 .0010 .0010 .0020 .0030 5810 14530 21790

NG070XP0 6.9998 9.0003 -.0011 -.0013 .0010 .0010 .0020 .0030 6160 15400 24630

NG075XP0 7.4998 9.5003 -.0013 -.0013 .0012 .0012 .0024 .0034 6330 15820 26900

NG080XP0 7.9998 10.0003 -.0013 -.0013 .0012 .0012 .0024 .0034 6660 16650 29980

NG090XP0 8.9998 11.0003 -.0013 -.0013 .0012 .0012 .0024 .0034 7150 17870 35730

NG100XP0 9.9998 12.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 7620 19040 41880

NG110XP0 10.9998 13.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 8070 20180 48420

NG120XP0 11.9998 14.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 8510 21280 55330

NG140XP0 13.9998 16.0003 -.0015 -.0015 .0014 .0014 .0028 .0038 9360 23410 70230

NG160XP0 15.9998 18.0003 -.0017 -.0017 .0016 .0016 .0032 .0042 10180 25450 86530

NG180XP0 17.9998 20.0003 -.0017 -.0017 .0016 .0016 .0032 .0042 10960 27410 104100

NG200XP0 19.9998 22.0003 -.0019 -.0019 .0018 .0018 .0036 .0046 11720 29300 123100

NG250XP0 24.9998 27.0003 -.0019 -.0019 .0018 .0018 .0036 .0046 13510 33780 175700

NG300XP0 29.9998 32.0003 -.0019 -.0019 .0018 .0018 .0036 .0046 15190 37980 235500

NG350XP0 34.9998 37.0003 -.0021 -.0021 .0020 .0020 .0040 .0050 16790 41970 302200

NG400XP0 39.9998 42.0003 -.0021 -.0021 .0020 .0020 .0040 .0050 18310 45770 375300

Endurakote® Plated Reali-Slim® Bearings
Type X - Four Point Contact (See footnotes on page 44.)
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Bearing Selection

Type C—Radial Contact

The Type C Radial Contact ball bearing is a single-row radial 
ball bearing with extra deep ball grooves in both rings (groove 
depth = 25% of ball diameter).  Normally this bearing is assem-
bled by eccentric displacement of the inner race within the outer 
race which permits insertion of about half of a full complement 
of balls.  After insertion of the balls, the races are positioned
concentrically and the balls are spaced about the entire circum-
ference for assembly of the separator.  This method of assembly 
is commonly termed “Conrad Assembly.”

An alternate method of assembly is to insert balls through a
“filling slot” made by notching the raceway shoulder of one or 
both races.  This method permits assembly with up to a full com-
plement of balls for additional load capacity, however, there are 
limitations on the operating conditions and these are discussed 
under Separator Types.

Type C bearings perform best with a small amount of clearance 
between the balls and races (diametral clearance).  Standard 
bearings are supplied with clearances for:

•  Interference fitting between bearing races and mounting
members;

•  Differential thermal expansion or contraction of steel races;

•  Misalignment between shaft and housing and other factors 
may require the clearance to be adjusted accordingly.

The Type C radial contact bearing is designed to have ball
to race contact in the plane of the ball centers when pure 
radial load is applied and thrust forces are absent.  Necessary 
diametral clearance may be increased or decreased to meet 
operating conditions.

While designed primarily for radial load application, the Type C 
bearing, without a filling slot, will accept some axial (thrust) 
load in either direction.  Its ability to resist axial load, however,
is dependent upon the amount of clearance in the bearing after 
installation.  It is this clearance which allows the balls, under 
axial load, to contact the races at an angle, thereby offering
resistance to such load.  In the case of the bearing with a fill-
ing slot, the notches interrupt the ball contact paths under 
axial load, minimizing the dynamic thrust capability.  Where 
axial load is present, therefore, rotation of the filling slot bearing 
must be restricted.

By increasing the diametral clearance beyond the standard 
amount, the Type C bearing can have a greater angle of contact 
under axial load, and thus greater thrust capacity.  In this case, it 
is proper to adjust the bearing against another bearing of similar 
construction to reduce axial movement under reversing thrust 
forces.  Used in this manner, the bearing is essentially an angular 
contact rather than a radial contact bearing.

Type A—Angular Contact

Type A Angular Contact ball bearings differ from Type C 
bearings in that Type A bearings have sufficient diametral 
clearance to produce a substantial angle of contact for resis-
tance to axial load.  This contact angle is 30° in the standard 
bearing.  As in the Type C bearing, extra deep ball grooves are 
used (25% of ball diameter).

The distinguishing feature of the Type A bearing lies in the 
method of assembly.  One ring, usually the outer, is counter-
bored to reduce one shoulder of the raceway to the extent that 
with the assistance of a temperature differential between the two 
rings, the outer ring can be installed over the inner race, ball, 
and separator assembly.  This provides a non-separable bearing 
capable of carrying greater radial loads while resisting a substan-
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tial axial force in one direction.  With an axial force applied, 
the faces of the inner and outer rings are approximately flush to 
minimize preload adjustments .

This assembly method permits the use of a greater complement 
of balls than is possible in the Type C bearing without filling 
slots, and together with the sizable contact angle, gives the 
Type A bearing its greater thrust capacity.

Because of its uni-directional thrust capability, this bearing 
should be mounted opposed to another bearing such that an 
axial force is present to establish and maintain the contact angle 
and to minimize axial movement under reversing thrust loads.

Back-to-back Mounting

Figure 20

Typical mountings of Type A bearings are shown in Figure 20 
and 21.  In Figure 20, the bearings are mounted with the lines of 
contact converging outside of the bearings.  This is commonly 
called a “back-to-back” mounting.  In this figure, the bearings 
are adjustable through the inner races by use of shims under the 
inner race clamping ring.  Sufficient shim thickness is provided 

initially to allow axial movement of the shaft relative to the 
housing.  The total axial movement can then be measured and 
the shim thickness reduced by the amount of movement plus any 
additional amount desired for preload.  When two bearings are 
opposed to each other to the extent that all internal clearance 
is removed and elastic deformation occurs between the balls and 
raceways, the bearings are said to be “preloaded.”

Face-to-face Mounting

Figure 21

In Figure 21, the bearings are mounted “face-to-face” with the 
contact lines converging inward.  Spacers are used between both 
the inner and outer races and adjustment is possible by vary-
ing the length of one spacer relative to the other.  Normally, 
however, the spacers are equal in length and the bearings are 
furnished as a matched pair with a predetermined internal fit.
If the outer race spacer were removed from this assembly, the 
bearings could be adjusted by use of shims under the outer race 
clamping ring.

Shim for Adjustment
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Preload Gap

Resistance
Moment Arm

Preload Gap

Duplexed Bearings

Type A bearings are furnished as matched sets when they are
to be mounted adjacent or with equal length inner and outer 
race spacers.  When required, Kaydon can supply assemblies with 
matched ground spacers.  The arrangements shown in Figures 22, 
23, and 24 are known as duplexed bearings—back-to-back,
face-to-face, and tandem, respectively.  Sets of three, four or
more bearings can also be matched where conditions require 
additional capacity and there is insufficient space radially for 
larger bearings.

The bearings in these sets are matched within close limits for 
size of bore and outside diameter.  Each set is marked with a“V” 
across the bores and outside dia meters at the high point of radial 
runout and indicate the proper orientation of the races at instal-
lation (Figure 24).

The pairs shown in Figures 22 and 23 are normally furnished 
with the race faces ground to provide preload when installed.  

To accomplish this, a gap is provided between the inner races 
of the pair in Figure 22 and between the outer races of the pair 
in Figure 23.  When the bearings are installed and clamped 
axially, the gap is closed producing a preload on the bearings.

•  Back-to-back arrangement of Figures 20 and 22 offers 
greater rigidity under moment loading and should be used 
when the space between single bearings is small or when a 
single pair of adjacent bearings is employed.

•  Face-to-face arrangement is more tolerant of misalignment 
between the shaft and housing and should be considered when 
there are multiple pairs of bearings along an axis.  When sin-
gle bearings are mounted face-to-face, they must be spaced 
suf-ficiently to provide resistance to moment load.  If 
required, a face-to-face pair can be mounted in conjunction 
with another bearing in a “fixed-float” arrangement with 
the pair in the fixed position.  (Also see page 68).

 Figure 22 Figure 23 Figure 24   
 Back-to-back (Type DB) Face-to-face (Type DF) Tandem (Type DT)
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30°

C B

D A

RR
R

R

•  Tandem bearing sets have single direction thrust capacity and 
must be mounted opposed to another bearing or set.

When applying catalog load ratings to matched sets, the total 
radial capacity is considered equal to the single bearing radial 
rating multiplied by N0.7, where N is the number of bearings 
in the set.  The thrust capacity in each direction is considered 
equal to the single bearing thrust rating multiplied by N0.7, 
where N is the number of bearings resisting thrust in that 
direction.

Unless specifically requested, the outboard faces of bearing sets 
are not controlled.  If outboard face flushness is required for pre-
load purposes, universally ground bearings should be considered.  
On universally ground bearings, both inboard and outboard faces 
are matched under a specified gage load to control preload and 
allow for mounting orientation flexibility.

Type X—Four Point Contact

The Type X Four-Point Contact ball bearing is distinguished 
from Types A and C by the geometry of its ball grooves.  In 
Type C, the centers of the radii both lie in the plane of the 

ball centers (Figure 25).  In Type A with the races and balls in 
angular contact, the centers of the groove radii are offset equal 
amounts on either side of the plane of the ball centers (Figure 
26).  In the Type X bearing the groove in each race has two 
radii whose centers are offset from the plane of the ball centers 
(Figure 27).  The latter construction gives the Type X bearing its 
unique “Gothic Arch” configuration, making possible four con-
tact points between a ball and the raceways.

Type X bearings are assembled by the methods described in Type 
C bearings, either Conrad or filling slot.  With a filling slot, 
both the dynamic radial and thrust capabilities are impaired by 
the interruption of the ball contact path and speed of rotation 
must be limited.

The depth of groove in the Type X bearing is the same as in 
Types A and C (25% of ball diameter).  The deep groove com-
bined with the four-point contact geometry enables this bearing 
to resist a combination of radial, thrust, and moment loading.  
The manner in which the bearing accomplishes this is similar to 
that of a pair of Type A bearings duplexed back-to-back.

Referring to Figure 28, an axial force applied to the inner race 
from right to left is passed from the race to the ball at point B.
It is then transmitted through the ball to point D where it passes 
into the outer race and support structure.  The line of action BD 
forms a nominal 30° angle with the radial centerline of the 
bearing.  Because of the elastic deformation of the ball and the 
race grooves along the load-transmission line, the ball load is 
relieved at points A and C permitting smooth rotation around 
an axis perpendicular to line BD.  With an axial force applied to 
the inner race from left to right, a similar transmission of load 
occurs between points C and A.

R

R

 Figure 25 Figure 26 Figure 27 Figure 28   
 Type C Type A Type X
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Moment or Overturning Load

A moment or overturning load is similar to two thrust loads
acting in opposite directions at diametrically opposite sides of
the bearing.  With a moment load, the loading on one side of the 
bearing will pass from point B to D, relieving points A and C.  
Directly across the bearing, the load passes from point C to point 
A, relieving points B and D.

A radial load is resisted equally across the lines of contact CA 
and BD.  Under combined loading the resistance is along both 
lines of contact with the magnitude of each reaction dependent 
upon the relationship of the individual loads.

By its ability to resist radial, thrust, and moment loads in
any combination, the Type X bearing is often able to replace 
two bearings—a pair of angular contact ball bearings, a pair of 
tapered roller bearings, or a combination of thrust and radial 
bearings, either ball or roller.

As in the case of the Type C bearing, Type X bearings are 
normally supplied with diametral clearance.  The latter bearing, 
however, is not dependent upon this clearance for its nominal 
contact angle and thrust capacity.  On the contrary, where thrust 
or moment loading is considerable, the clearance should be mini-
mized to prevent the angle of contact from becoming excessive.  
For many applications requiring greater stiffness, Type X bearings 
are furnished with an internal preload.  This is accomplished by 
using balls larger in diameter than the space provided between 
the raceways.  The balls and raceways in this case have some
elastic deformation without the presence of external load.

WARNING: Type X Bearings are designed to be used
singularly.  Use of two Type X bearings on a common shaft 
could result in objectionable friction torque.
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The dynamic capacity values shown in this catalog are based 
on actual data from fatigue life testing. The capacities are 
based on 1,000,000 revolutions L10 fatigue life. This is the 
industry standard that was established for ease of calculation. 
It is not advisable to apply loads equal to the catalog capaci-
ties in an actual application. Loads of these magnitudes create 
contact stresses approaching the elastic limit of the bearing 
material. Continuous rotation under these conditions would 
not normally yield acceptable life.

L10 fatigue life is that life which 90% of a representative 
group of identical bearings can be expected to achieve or 
exceed before evidence of subsurface material fatigue appears. 
The life of the remaining 10% is unpredictable. The life which 
50% of the bearings may be expected to achieve or exceed is 
approximately 5 times the L10 life. This is known as the L50 
or median life.

There is no significant difference between the dynamic capac-
ity for inner race rotation versus outer race rotation. This is 
due to the relatively small ratio of ball diameter to pitch diam-
eter in Reali-Slim® bearings.

Static load capacities are shown in this catalog. However, the
actual static load a Real-Slim bearing can withstand is depen-
dent upon the amount of support provided by the shaft and 
housing. Please contact Kaydon whenever heavy static loads 
are anticipated.

Life-Load-Speed Formulas

Since life, load, and speed of rotation are interrelated, this 
relationship must be considered when selecting bearings for 
various speed and life requirements. Based on extensive test-
ing, bearing fatigue life has been determined to vary inversely 
with the third power of the applied load. This is expressed as 
follows:

(1)

Where: Lr = L10 life in revolutions
 C = Kaydon dynamic rating
 *P = Applied load
For determining the life in hours at a given speed of rotation 
the above formula can be changed to read:

(2)

Where: Lh = L10 life in hours

 S = Speed in RPM

A further revision of the basic formula may be used to apply 
the catalog load rating for various conditions of speed and 
load:

(3)

To determine the required catalog capacity for given conditions 
of speed, load, and life the following formula may be used:

(4)

* In many applications the applied load P will be a mean 
effective load or equivalent load as described in the follow-
ing paragraphs.  This applied load should contain a factor of 
safety selected by the designer on the basis of knowledge of 
indeterminate loading, impact, vibration, etc.

Capacity, Life, and Load Analysis of
Reali-Slim® Ball Bearings

16,667
S

=Lh C
P( ( ) )3

●

NOTE: The following calculations assume pure radial 
or axial loads are applied.  For combined loading, see 
discussion of Bearing Selection and Load Analysis.  Refer to 
Kaydon’s REALI-DESIGN™ computer software for capacity 
calculations or contact Kaydon product engineering.
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Mean Effective Load for Variable
Loads and Speeds

In many applications, the speed of rotation and the applied 
load are variable and the effect of these variations on bearing 
life must be considered. For the effective load in these cases, 
the cubic mean of the various load conditions is determined. 
This mean effective load then becomes the applied load P in 
formulas (1) through (4).

When load alone is variable, the mean effective load may be 
found by the following formula:

Where: Pm = Mean effective load

 Pl, P2, . . . . . . . . Pn = Variable load

 Tl, T2, . . . . . . . .Tn =  Percent of time (expressed
as a decimal fraction) during
which Pl, P2,. . .Pn are applied.

When speed varies with the load, the mean effective load is 
found by the formula:

Where: Nl, N2  . . . . . . .  Nn = Number of revolutions during 
which Pl, P2,. . .Pn are applied.

 Nt = Total revolutions of bearing

or by:

Where: S1, S2 . . . . . . . .  Sn = Speed of rotation in RPM
during time T1, T2. . .Tn.

 Sm = T1S1 + T2S2 +. . .
 TnSn =
Mean speed of rotation

Equivalent Load Calculation for
Combined Loading

In most applications, the external force or forces acting on
a bearing mounting result in both radial and thrust (axial) 
loads on one or more of the bearings involved. To select a 
bearing on the basis of catalog load rating, it thus becomes 
necessary to determine an equivalent load to be used for the 
applied load P in formulas (1) through (4).

Type C Radial Contact

Where this bearing is properly applied, radial load should 
predominate and an equivalent radial load is determined by 
the formula:

Pr = Fr + 1.5 Ft

Where: Pr = Equivalent radial load

 Fr = Radial load 

 Ft = Thrust load

Type A Angular Contact

In the discussion of bearing types, it was pointed out that 
angular contact bearings are commonly used in pairs, either 
adjacent or separated by spacers. In either case, the effect
of combined loads can be best determined by a free-body 
analysis. Before proceeding with such analysis, however, a 
preliminary selection of bearing size may be determined by 
the following equivalent load formula:

Pr = Fr + 0.9 Ft

Where: Pr = Equivalent radial load

 Fr = Radial load per bearing

 Ft = Thrust load
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Figure 94

Once a tentative bearing size is selected, the free-body calcu-
lation can be made.

Figure 94 shows a typical mounting of two angular contact 
bearings subject to external forces Fr and Ft. Figure 95 shows 
the equivalent force diagram including the net moment 
caused by the action of Fr and Ft.

In this analysis, the loaded races (usually the inners) are con-
sidered to constitute a free-body in space acted upon by the 
applied loads and stabilized through the ball contacts by the 
alternate races (usually the outers).

A plane is passed through the axis and the lines of action of 
the applied loads. For purposes of calculating the reactions 
R1, R2, R3, and R4, they are assumed to act only on the four 
balls whose centers are in the selected plane. Once the reac-
tions are determined, the maximum reaction on each bearing 
is assumed to be distributed among the balls in that bearing 
in the same manner that a radial load would be distributed.

Figure 95

The maximum reaction can thus be converted to an equiva-
lent radial load by the formula:

Pr = Rmax. Cos �

While four possible reactions are indicated, only three of 
these will occur due to bearing deflections under the applied 
forces. To solve for the reactions, one must be assumed equal 
to zero. The three remaining reactions are then determined 
by the summation of moments about points selected from A, 
B, C, and D. If one of the three calculated reactions is found 
to be negative, the original assumption of the inactive reac-
tion is incorrect and a new assumption must be made.

The case illustrated here is for two bearings of the same pitch 
diameter mounted apart. A similar force diagram can be
constructed for two bearings of unequal pitch diameter or
for two identical bearings duplexed and adjacent. In the
latter case, the bearing spread is approximately equal to the 
width of one bearing.
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Figure 96

Figure 97

When angular contact bearings are used in the face-to-face 
arrangement with the lines of contact converging inside the 
bearings as in Figure 96, the force diagram appears as shown 
in Figure 97.

Type X Four-Point Contact

Since this bearing is capable of resisting radial, thrust, and 
moment loads, it is ordinarily subjected to a combination
of two or more of these loads wherever it is applied. If used 
singly, in lieu of two angular contact (Type A) or two radial 
contact (Type C) bearings, it will usually have all three types 
of loading applied. If used in conjunction with a radial con-
tact bearing, only thrust and radial loads are encountered. In 
either case, the effect of combined loads is best determined 
by a free-body analysis similar to that described for the angu-
lar contact bearings. Before proceeding with this analysis, a 
tentative bearing selection may be made by use of the follow-
ing general formula for equivalent radial load:

Pr =  1.2 M    +  0.75 Fr  +  0.9 Ft
 PD Sin �

Where: Pr = Equivalent radial load

 Fr = Radial load

 Ft = Thrust load

 M = Moment load

 PD = Bearing pitch diameter in inches

 � =  Bearing contact angle
(30° for standard bearing)

When moment load is present, the known values, M, Fr,
Ft, and � (can be inserted in the formula to produce a
relationship between Pr and PD. Then by inspection and
reference to the bearing tables, a bearing of sufficient PD
and cross section can be selected quite readily.

Once a tentative bearing selection has been determined,
the free-body analysis can be made.

Figure 98 shows a four-point contact bearing subjected to 
radial and thrust forces which also induce a moment load. 
Figure 99 shows the equivalent force diagram including
the moment.
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Figure 98

To determine the bearing reactions and equivalent radial load, 
the procedure is identical to that described for the Type A 
angular contact bearing with:

Pr = Rmax.

Figure 99

Tapered Roller – KT Series

While the Reali-Slim® tapered roller bearing will accept both 
radial and thrust load, it is designed primarily for radial load. 
It is commonly employed in the same manner as the angular 
contact ball bearing (Type A) and can be selected for size by 
following the free-body load analysis for the latter bearing. In 
this analysis, a contact angle of 12° should be used.

For a preliminary selection, an equivalent load may be deter-
mined by the formula:

Pr = 0.67 Fr + 0.94 Ft

Where: Pr = Equivalent radial load

 Fr = Radial load per bearing

 Ft = Thrust loadS
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ORIENTATION

It is suggested that in an application where the bearing 
axis will be within 45° of vertical, the bearing be posi-
tioned with separator pocket openings down or that a 
shoulder of the shaft or housing be extended as added 
assurance of retention. Sealed and shielded bearings have 
this position instruction etched on the O.D. by an arrow 
and the word “up” as shown below.

Continuous Ring “Snapover Pocket” 
Separator

Accuracy

Three primary sources of displacement should be considered in a 
bearing application. These are looseness, deflection and geomet-
ric imperfections of the bearing and mating parts. Bearing imper-
fections consist of radial runout or eccentricity and axial or face 
runout. Corresponding to these, and of primary concern, are out-
of-round and out-of-flat mounting surfaces of the mating parts.

Looseness can occur either between the bearing and the shaft 
and housing or within the bearing itself. In some applications, 
looseness cannot be tolerated, especially within the bearing.

Considering the load condition of Figure 29, it can be seen that 
with internal looseness (diametral clearance) in a Type C or 
Type X bearing, the thrust load will cause axial movement of 
the shaft relative to the housing. Because of its unique internal 
geometry with “built-in” contact angles, a Type X bearing exhib-
its much less axial movement (axial play) than a Type C bearing 

of the same dimensions, having the same diametral clearance. So 
even though the thrust force is within the thrust capability of the 
Type C bearing, the Type X bearing is the better choice where 
control of axial movement is important.

Figure 29

Where axial movement must be completely restricted, the
Type X bearing can be preloaded by using balls of greater dia-
meter than the space provided for them between the raceways.
This is common practice and provides excellent control of 
axial play. Where speed is appreciable, however, preload is not 
acceptable in the Type X bearing due to increased friction and 
wear. The alternative, then, is to use the mounting of Figure 30 
employing two Type A bearings. Their geometry is more toler-
ant of preload, and they offer the advantage of adjustment after 
installation, making it possible to remove clearance while mini-
mizing preload.

Figure 30

Regarding bearing deflection, questions as to bearing spring rate 
(ratio of load to deflection) are common. To answer them, the 
nature and magnitude of the load must be considered. Since 
deflection can occur in three modes-axial, radial, and angular-
corresponding to the three types of load, it follows that there are 
three types of spring rate. Moreover, deflection in a ball bearing 
is non-linear and thus the spring rate is not constant. Typical 
load vs. deflection curves are shown in Figure 31.

Mounting

Correct bearing orientation is shown.
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Thus if preload is used, the deflection due to the work load will 
be markedly less whether preload is relieved or not.

The Type A bearing is more tolerant of preload than is the Type 
X bearing. If maximum stiffness is required and speed of rotation 
is significant, Type A bearings are preferred.

Bearing precision, which influences accuracy, is independent of 
bearing type. Radial and axial runout, bore and O.D. tolerances, 
etc. are essentially the same for Types C, A, and X bearings of
a given precision class.

Figure 31

Computer generated reports to show the effect of shaft and 
housing fits are available for all Reali-Slim® standard bearings.

Deflection data for the three bearing types is shown on
pages 82 thru 87.

In each series of Reali-Slim® bearings the ball to raceway
conformity is the same for all three bearing types. Deflection 
under load varies from one type to another within a given 
series as a function of the contact angle and the number of 
balls. Conrad assembled bearings (C and X types) will exhibit 
greater deflection than those assembled by “loading notch” or 
a Type A bearing since C and X types have fewer balls. When 
two bearings are spaced apart to support a moment load, the 
space between the bearings is most important when consider-
ing angular deflection (tilt-of-axis).

Preloading is also a significant factor in reducing deflection, as 
shown in the load-deflection curve. In Figure 31 it can be seen 
that a deflection is non-linear for the non-preloaded bearing. 
In addition, the rate of deflection is higher for lower loads than 
higher loads. Deflection for the preloaded bearings is linear up 
to the point of preload relief. For loads that exceed the preload 
relief, the subsequent deflection follows the same slope as the 
non-preloaded curve but at a reduced rate.
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Load

With a pure radial load such as shown in Figure 32, it can
be seen that the Type C bearings in Figure 34 would be ideal. 
They are designed for radial load, require no adjustment at 
installation, and are available in a wide variety of sizes. As 
shown, one bearing is fixed axially on both races and the other 
bearing is free to “float” in the housing. This arrangement
permits differential expansion to occur between the shaft and 
housing without imposing axial loading on the bearings.

Figure 32

With an axial load applied as in Figure 29, consideration must
be given to the thrust capability of the bearings. Type C bear-
ings will accept some thrust loading, but where this loading is 
substantial, the Type X or Type A bearing is a better choice. The 
Type X bearing can be used with a Type C bearing as shown in 
Figure 35. This mounting is the same as that of Figure 34 except 
for the Type X bearing which is used at the “fixed” position to 
resist thrust in either direction while the Type C bearing “floats” 
and resists only radial load. With Type A bearings, the mounting 
could be as shown in Figure 37.

In the third load condition (Figure 33), the bearing arrangement 
in Figure 34 will be satisfactory for small thrust loads. Where 
thrust is significant, the arrangement of Figures 30, 35 and 36 
should be considered. In the latter case, one Type X bearing will 
accommodate the combined loads while effecting savings in 
space, weight, and cost.

Figure 33

Figure 34

Speed

In bearing selection, speed of rotation is equally as important
as loading.

Referring to Figure 29, arrangements of both Figure 30 and 
Figure 35 would satisfy the load conditions, but their suitability 
for high speed must be considered.
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Figure 35

The better arrangement for high speed operation is that using 
Type A bearings (Figure 30), which can be adjusted to provide 
the optimum internal fit.

There is the possibility of differential expansion creating a problem 
when two Type A bearings a sizable distance apart are clamped 
against each other with all internal clearance removed. If this is 
the case, a “fixed-floating” arrangement can be used as shown in 
Figure 37 with a duplexed pair of Type A bearings at the “fixed” 
position and a Type C bearing at the “float” position. Another 
possibility is to spring load the Type A bearings of Figure 30.

Figure 36

Figure 37

Figure 37A
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Where space is limited, combined loading exists, and speed is
relatively high, a pair of Type A bearings as shown in Figure 38 
would be given preference over the single Type X bearing of 
Figure 36. In this event preloading must be minimized. This can 
be accomplished by using a short spacer between the outer races 
and adjusting the bearings through the inner races.

Figure 38

Limiting speeds are given on page 76 and 77.

Other Considerations

Friction Torque

In applications where minimum driving force is a requirement, 
consideration should be given to friction torque. For low torque, 
preload should be avoided if possible. Type X bearings under 
combined loading can be expected to have more friction than 
Type A bearings. The separators, ball to raceway conformity, 
lubrication method, shaft and housing fits and temperature are 
among the factors influencing bearing friction. Awareness of a 
low torque requirement enables the bearing engineer to weigh 
the compatibility of these factors. Additional information
on friction torque is on pages 78 and 79. Kaydon product
engineering can provide estimates on friction torque, preload, 
mounting, temperature, and other criteria.

Bearing Mounting

What materials are to be used for the shaft and housing? What 
range of operating temperatures will be encountered? Will there 
be a temperature differential between the shaft and housing?  The 

answers to these questions are necessary for proper bearing selec-
tion and application. Significant differential expansion will cause 
marked changes in both the external and internal bearing fits, 
especially in the case of the thin-section, Reali-Slim® bearings. 
These changes affect accuracy, friction, and bearing life.

Special attention must be given to bearing selection and appli-
cation whenever conditions are different from those considered 
normal. For a normal application of standard Reali-Slim® bear-
ings, the following apply:

Arrangement

Type C and Type A bearings—Used with a second bearing with 
sufficient separation to resist moment loads. When the axis of 
rotation is within 45° of vertical, snapover separators should be 
positioned with pocket openings down or the shaft or housing 
should be extended as added assurance of separator retention.

All Types—Fixed races located axially by positive means. Snap 
rings used only for positioning and light loads. Shoulders, sleeves, 
or clamping rings used for heavy loads. No reliance upon inter-
ference fits for resistance to applied axial loads.

Mounting

Shaft and housing of material with coefficient of thermal expan-
sion of approximately .000007 inch per inch per degree F. Shaft 
and housing diameters round within bearing radial runout tol-
erances; shoulders flat within bearing axial runout tolerances; 
cross sections sufficiently rigid to provide good load distribution 
within bearing. Suitable sealing or shielding to protect bearing 
from contamination.

Temperature

Means provided to maintain race temperature between -65°F 
and +250°F with no appreciable differential across the bearing.

Lubrication

Standard bearings are shipped with preservative oil only.  For 
best results, bearings should be flushed and lubricated with oil or 
grease suitable for speed and temperature conditions.  See pages 
91-92.

Speed

Within limits of chart on pages 76 and 77.

Load

Within catalog rating after applying the recommended 
safety factor.
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 Code
  Letter* Description Design Features Precautions Material Design

One piece formed 
ring with “snapover” 
pockets.

Standard ball complement. 
Used in Type C and 
X bearings for “KA” through 
“KG” cross-section bearings.

Commercial type cage, not
recommended for low torque 
applications. Consult factory
for temperatures below -65°F 
and above 250°F.

Brass or non-metallic 
composite.

P

One piece formed 
ring with circular 
pockets.

Standard ball complement. 
Used in Type A bearings
for “KA” through “KG” 
cross-section bearings.

Commercial type cage, not
recommended for low torque 
applications. Consult factory
for temperatures below -65°F 
and above 250°F.

R

One piece molded 
ring with “snapover” 
pockets.

Standard ball complement. 
Used in Type C and X KAA 
cross-section bearings.

Consult factory for temperatures 
below -65°F and above 250°F.

Nylon. Fiberglass
reinforced.

L

One piece molded 
ring with circular 
pockets.

Standard ball complement. 
Used in Type A KAA cross-
section bearings.

Consult factory for temperatures 
below -65°F and above 250°F.

Nylon. Fiberglass
reinforced.

G

One piece 
machined ring with 
“snapover” pockets.

Standard ball complement. 
Used in Type C and X
bearing when low torque, 
lightweight or vacuumed 
impregnation is required.

Not recommended above 250°F. 
Longer lead time and higher cost 
than “P” type separators.

Phenolic laminate.D

One piece 
machined ring with 
circular pockets.

Standard ball complement. 
Used in Type A bearing when 
low torque, lightweight or vacu-
umed impregnation is required.

Not recommended above 250°F. 
Longer lead time and higher cost 
than “R” type separators. Use 
toroid ball spacer when possible.

Phenolic laminate.H

Formed wire strip 
or segmental cage 
with “snapover” 
pockets.

Increased ball complement. 
Used in Type A, C, and X 
bearings for greater capacity 
(approx. 150%) and higher 
temperature.

Higher torque and lower speed
capability than “R” type separators. 
Comparatively high wear rate. 
Requires loading notch for “C” 
and “X” bearings.

17-7 PH stainless 
steel

M

Brass or non-metallic 
composite.

Formed wire strip 
or segmental cage 
with “snapover” 
pockets.

Used in Type C and X
bearings for high tempera-
ture applications. Standard 
ball complement.

Higher torque and lower speed 
capability than “R” type separators. 
Comparatively high wear rate.

17-7 PH stainless 
steel

W

Full complement 
bearing.

Max. ball complement.
Used in Type C, X, and A 
bearings for maximum 
capacity and stiffness.

High torque and low limiting speed 
due to ball rubbing. Not recom-
mended for dynamic applications. 
Loading notches are required for 
“C” and “X” bearings.

Steel (Per ABMA 
Standard 10).

F

Helical coil spring. Reduced ball complement. 
Used in Type C and X
bearings for low torque and
high temperature.

Increased assembly cost. Should 
only be considered when PTFE 
spacer slugs cannot be used. 
Slow speed and light load only.

300 Series stainless 
steel.

S

Spacer slugs. Standard ball complement. 
Used in Type C or X bearings 
for low torque. Prevents 
separator wind-up.

Not recommended for tempera-
tures greater than 250°F or speeds 
in excess of 500 ft/min pitch line 
velocity. (Example: KA040CZ0 
max speed = 450 rpm).

PTFE tubingZ

Toroid ball spacers.

Increased ball complement.
Used in Type A bearings for 
low torque. Prevents separator 
wind-up.

Not recommended for speeds 
greater than 500 ft/min pitch line 
velocity. PTFE is limited to 250®F. 
Vespel® is limited to 500°F.

PTFE or 
Vespel® SP-1 polyam-
ide plastic.

Z Increased ball complement. 
Used in Type A bearings 
for low torque. Prevents 
separator wind-up.

Z Spacer ball. Requires a loading notch 
for C and X assembly. Low 
speed capability. Relatively 
high torque.

Steel per ABMA 
Standard 10. (Spacer 
balls are smaller than 
load carrying balls.)

Overview of Reali-Slim®

Bearing Separators
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The principal function of a bearing separator is to space the 
rolling elements uniformly, thereby preventing contact between 
them. Minute differentials in rolling element motion result from 
differences in individual rolling element loads and the inherent 
elasticity of bearing and mounting components. Without a sepa-
rator some rolling elements will eventually contact each other. 
Due to the shape of the rolling elements and the opposite direc-
tion of motion of the contacting surfaces, a combination of
relatively high contact stress and rapid motion is possible. 
Consequent abrasion of the rolling elements and residue of wear 
in the raceways affect life and torque characteristics, limiting 
the use of full complement bearings to slow speed applications 
where relatively large torque variations can be tolerated.

Kaydon separators for Reali-Slim® bearings are designated by a 
single letter character in coded part numbers (page 13), standard 
P, R, L, and G, separators have proved to be suitable for a wide 
range of operating conditions.  Requirements, however, may 
dictate the use of different materials.  This may affect capacities.  
Contact Kaydon product engineering.  Operating temperatures 
for various separator materials are shown on page 71.

Continuous Ring “Snapover Pocket” 
Separator

Figure 39

Designed for use in bearing types C and X, this style is installed 
after Conrad assembly of the races and balls. The tangs of the 
alternate “snap” pockets deform elastically to snap over the balls 
for retention of the separator. Centered on the balls at room 
temperature, the separator becomes outer race land riding or 
inner race land riding when temperatures cause differential
thermal expansion or contraction.

Close control of roundness and wall thickness insures effective 
piloting in either case, limiting separator “whip” and friction 
between the separator and race lands for smooth operation.

Standard materials used in this style are brass, non-metallic com-
posite, and nylon reinforced with glass fibers. All have adequate 
strength, suitable friction characteristics and sufficient clearances 
for use in normal applications (as defined on Page 71).

Different materials are available for unusual operating condi-
tions including stainless steel and non-metallics such as phenolic 
laminate, PTFE, and PEEK.  Stainless steel separators are used 
in stainless steel bearings or high temperature applications for 
corrosion resistance.  Phenolic laminate is used where light-
weight and/or lubricant absorption is desired.  The “snap-over” 
non-metallic separator is ideal for high speed applications of 
bearings too small in cross section for the two-piece riveted 
design (bearing Series C and lighter sections).  It is also desir-
able in low speed, minimum torque applications.

ORIENTATION

It is suggested that in an application where the bearing 
axis will be within 45° of vertical, the bearing be posi-
tioned with separator pocket openings down or that a 
shoulder of the shaft or housing be extended as added 
assurance of retention. Sealed and shielded bearings have 
this position instruction etched on the O.D. by an arrow 
and the word “up” as shown below.

Technical Specifics on
Bearing Separators

Correct bearing orientation is shown.

UP
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Continuous Ring Circular Separators

Figure 40

Figure 41

Designed for use in Type A bearings, the one-piece separator 
shown in Figure 40 is positioned around the inner race with
the balls placed in pockets before the outer race is expanded 
thermally and dropped over the balls. This method of assembly 
permits the use of more balls than in the Conrad bearing
Types C and X. In addition to the standard separators of brass,
non-metallic composite and reinforced nylon, this style can be 
furnished in phenolic laminate, stainless steel, and aluminum.

Designed for use in non-standard bearings of Type C or Type X, 
the separator shown in Figure 41 is installed after Conrad assem-
bly of the races and bearing and riveted together. Because of the 
space required for rivets, use is limited to Series D and heavier 

sections. Usually machined all over, this style is recommended
in phenolic laminate for very high speeds. Where very high 
strength is required, it is furnished in bronze, aluminum, or
stainless steel.

As in the case of the continuous ring “snapover” pocket separa-
tor, both of these styles are centered on the balls at room tem-
perature, becoming either outer race land riding or inner race 
land riding as the temperature changes.

Segmental Separators

Segmental separators of either the ring or “snapover” design
offer advantages for certain applications.

1.  When larger diameter bearings are subjected to high tempera-
tures, expansion differentials between the separator and the 
races may exceed the normal clearances provided.

2.  When oscillatory motion, variable loading and a vertical axis 
combine to cause differential ball travel with no “vacation 
zone,” torque may become objectionably high or erratic.

A segmental separator may consist of a one piece open ring or
it may be composed of two or more segments. Where differential 
expansion creates a problem, sufficient clearance is provided 
between the ends of the open ring or between the several seg-
ments to allow for this expansion. Where torque is of concern, 
the selection of the number of segments is made based upon 
experience. In all other respects, segmental separators satisfy the 
above descriptions for Continuous Ring “Snapover Pocket” 
Separators or Continuous Ring “Circular Pocket” Separators.

Segmenting the separator imposes somewhat greater restric-
tions on the bearings. Maximum allowable speed of rotation is 
reduced due to the centrifugal force energized “brake banding” 
of the segments against the outer race lands. Also, in the case of 
the “snapover pocket” style, a shaft or housing shoulder should 
be extended to assure retention of the separator irrespective of 
the operating position of the bearing. See next page.
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Formed Wire Separator

Figure 42

When the need exists for maximum capacity and thus the great-
est possible number of balls, a formed wire separator may be used 
to avoid the disadvantages of a full complement bearing. It has 
been most successfully employed in Type A bearings, where
the greater number of balls can be installed without resorting 
to use of a loading slot. Use in bearing Types C and X should be 
restricted to very low speed applications.

Comparatively high wear rate coupled with relatively light
section can cause the wear life of the wire separator to be a
limiting factor in the life a bearing, especially if the loads are 
high. However, where weight or space are at a premium and
the added capacity is an important consideration, this separator 
may be considered a good compromise.

A bearing with a wire separator and maximum allowable ball 
complement has a static load capacity of 180% of the catalog
static rating.

Toroid Separators

Figure 43a

PTFE Spacers

Figure 43b

Spacer Balls

Figure 43c

Helical Spring Separators

Figure 43d
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In some critical positioning applications, uniformity of torque
is more important than the actual mean torque level. Specially 
designed toroids (Figure 43a), teflon spacers (Figure 43b), spacer 
balls (Figure 43c) or helical compression springs (Figure 43d) 
have proved in a number of such instances to be satisfactory 
for ball separation—by their nature they give a large amount of 

individual and cumulative circumferential freedom to the balls. 
To prevent this freedom from being abused, however, speeds 
must be low and loads comparatively light.

Applications involving use of these separators should be referred 
to Kaydon for review and recommendation.

 Type A Types C and X
 Brg.
 No. KAA KA KB KC KD KF KG KAA KA KB KC KD KF KG
 10 28       21      
 15 40       29      
 17 44       33
 20  36 31      27 23    
 25  44 38      33 28    
 30  52 44      39 33    
 35  60 51      45 38    
 40  68 58 49 36 26 20  51 43 35 27 19 15
 42  72 61 52 38 27 21  54 45 37 28 20 15
 45  76 64 55 40 29 22  57 48 39 30 21 16
 47  80 68 58 42 30 23  60 50 41 31 22 17
 50  84 71 61 44 31 24  63 53 43 33 23 18
 55  92 78 66 48 34 26  69 58 47 36 25 19
 60  100 85 72 52 37 28  75 63 51 39 27 21
 65  108 91 78 56 40 30  81 68 55 42 29 22
 70  116 98 83 60 43 32  87 73 59 45 31 24
 75  124 105 89 64 45 34  93 78 63 48 33 25
 80  132 112 95 68 48 36  99 83 67 51 35 27
 90  148 125 106 76 54 40  111 93 75 57 39 30
 100  164 139 118 84 59 44  123 103 83 63 43 33
 110  180 152 129 92 65 48  135 113 91 69 47 36
 120  196 166 140 100 70 52  147 123 99 75 51 39
 140   192 163 116 81 60   143 115 87 59 45
 160   219 186 132 92 68   163 131 99 67 51
 180   246 209 148 104 76   183 147 111 75 57
 200   273 231 164 115 84   203 163 123 83 63
 210            129
 220              69
 250    288 204 142 104    203 153 103 78
 300    345 244 170 124    243 183 123 93
 350      198 144      143 108
 400      226 164      163 123

Number of Balls in Standard REALI-SLIM® Bearings

Figure 44
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Example 1 (Standard Bearing)
Limited speed calculation for bearing part number KG040XP0.
Conditions: light thrust loads (<20%), grease lubrication.
From figure 45: slimness symbol = I
From figure 46: derating factor = 1.0
From figure 47: Type X; Separator P; Grease; Class 1; Charted figure = 9
Calculation: N = (1.0) (9) (1000) = 2,250
                           4
Example 2 (High Performance Bearing)
Limiting speed calculation for bearing number KD100AH6.
Conditions: loading at 25%, oil lubrication
From figure 45: slimness symbol = II
From figure 46: derating factor = 0.9
From figure 47: Type A; Separator H; Oil; Class 6; Charted figure = 32
Calculation: N = (0.9) (32) (1000) = 2,880
                           10

The determination of maximum safe operating speeds is largely 
empirical. A number of complex factors play a part in limiting 
the speed of rotation, some of which are:

• Bearing diameter

• Ratio of bearing diameter to cross-section

• Bearing type and internal configuration

• Ratio of ball groove radius to ball diameter

• Bearing internal fit-up (diametral clearance or preload)

• Operating contact angle(s)

• Bearing precision (runouts)

• Ball separator material and design

• Precision of mount (roundness, flatness under load)

• Lubrication

• Ambient temperature and provision for heat dissipation

• Seals

• Loads

• Life requirement

While precise speed limits cannot be set, experience in actual 
applications and in the Kaydon test laboratories can serve as a 
basis for setting general limits. Figure 47 takes into account some 
of the factors and assumes proper installation and adequate pro-
vision for heat dissipation. These limits are based upon achieving 
the full service life of 1,000,000 revolutions. If a shorter life is 
acceptable, higher speeds may be tolerated, except for bearings 
using formed wire and helical spring separators.

For speeds near or over the limits in the table, special attention 
must be given to lubrication and heat. Greases should be of 
types specially formulated for high speed bearings. Frequency of 
regreasing must be adequate to insure presence of lubricant at
all times. If oil is used, viscous drag should be minimized by con-
trolling the level, using slingers and/or metering small amounts 
as a liquid or mist. Windage effects at high speeds can make the 
introduction of oil to the critical surfaces very difficult, and the 
design of the lubrication system then becomes important.

Generally speaking, operating temperature will be limited by the 
allowable maximum temperature for the lubricant. If, however, 
bearing temperature is expected to exceed 250°F for extended 
periods, the bearings should be given stabilization treatment by 
Kaydon. This treatment will permit operation at temperatures up 
to 400°F.

While maximum temperature is important, consideration must 
also be given to possible temperature differential across the bear-
ing. Generally, heat is lost through the housing at a higher rate 
than through the shaft. The housing fit and the bearing internal 
clearance before installation must be sufficient to allow for this 
as well as for the shaft fit if the necessary running clearance is to 
be realized.

Examples of Limiting Speed Calculations

Figure 45 - Slimness Symbol (Ss) 

Limiting Speeds
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Limiting Speeds for Unsealed Lightly 
Loaded Reali-Slim® Ball Bearings

Limiting Speed (N) =  (Fl) (Cf) (1000)

 D
where

D = Bearing bore in inches

N = RPM

 For bearings loaded
 to following percent Multiply DN values

 of dynamic rating by following factors

 20 1.0

 33 .9

 50 .8

 67 .7

 100 .5

 150 .2

 Bearing Load Separator PRECISION CLASS AND LUBRICATION

 Type Conditions Type CLASS 1, 3 & 4 CLASS 6
    GREASE OIL GREASE OIL OIL MIST

          Slimness Symbol from Figure 45 I II III IV I II III IV I II III IV I II III IV I II III IV
 C  

P, L, X 15 12 9 6 21 18 15 12 21 18 15 12 27 24 21 18 30 27 24 21
 with Diametral Radial 

K 20 16 12 8 28 24 20 16 28 24 20 16 36 32 28 24 40 36 32 28 Clearance 
 A Radial R 15 12 9 6 21 18 15 12 21 18 15 12 27 24 21 18 30 27 24 21
 Spring Loaded or and/or G, H 20 16 12 8 28 24 20 16 28 24 20 16 36 32 28 24 40 36 32 28
  Axially Adjusted Thrust M 8 6 5 3 11 9 8 6 11 9 8 6 14 12 11 9 15 14 12 11
  Thrust 

P, L, X 9 8 7 6 11 10 9 8 11 10 9 8 14 12 11 9 15 14 12 11 X Only 

 with Diametral Radial Only 

 Clearance or Combined P, L, X 3.0 2.5 2.0 1.5 4 3.5 3 2 4 3.5 3 2 4.5 4 3.5 3 5 4.5 4 3.5
  Loading

Figure 47 - Charted Figures (Cf)

Figure 46 - Derating Factor (Fl)

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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Torque Considerations

Torque, as it applies to bearings, is defined as the moment 
required to turn the rotating race with respect to the station-
ary race.

Usually the torque requirement of a ball bearing is only a small 
part of the demand of a mechanical system. In many Reali-Slim® 
bearing applications, however, masses and consequent inertias 
are slight and the amount of work being done is not great. In 
such cases, it may be important to know as accurately as possible 
how much turning effort must be provided.

Many factors contribute to the resistance to rotation of a lightly 
loaded anti-friction bearing, and most of this resistance comes 
from the more unpredictable ones—separator drag; viscous drag 
of the lubricant; minute deviations from true geometry in the 
balls, race ways, and mounting surfaces of bearing, shaft, and 
housing; internal fit-up of the bearing; and the presence of
contaminants.

If it is a design goal to minimize available power required, 
Kaydon should be advised so that attention can be given to 
these factors. If necessary, the bearings can be furnished to
a maximum torque level specification. In most cases, if proper 
attention is given to the lubricant, the shaft and housing 
mounting surfaces, and bearing cleanliness, the torque level
of standard bearings will be satisfactory.

In the selection of the lubricant and lubricating system, their 
effects on torque should be kept in mind. To be considered are 
operating temperatures; speeds of rotation; type, viscosity and 
quantity of lubricant. All are major factors in determining lubri-
cant drag.

In tolerancing the shaft and housing it is important to set limits 
for out-of-roundness and out-of-flatness of the bearing seats. For 
normal requirements a good rule of thumb is to use the bearing 
radial and axial runout tolerances as the respective limits. For 
critical torque applications, closer tolerances should be speci-
fied since even a very small amount of localized internal preload 
(negative clearance) will create surprisingly large ball loads and 
consequent high torque. Where torque must be minimized it is 
important to limit out-of-roundness of housing or shaft to values 
which will insure against complete loss of internal clearance.

Cleanliness is extremely important in maintaining uniformity 
of torque as well as a low level of torque. Very small amounts of 
microscopic particles of lint, dust, and other common contami-
nants can cause bearing torque to vary several hundred percent 
in just a few degrees of rotation. For this reason bearings should 
be kept in their original unopened package until time for instal-
lation. Every effort should be made to protect them from foreign 
matter, whether or not torque is critical.

The accompanying charts show approximate torque levels of 
Reali-Slim® bearings under common conditions. Estimates can 
be furnished for more unusual situations. Information submitted 
should contain all operating conditions of load, speed, lubricant, 
and environment including temperature together with a print of 
the intended mounting, showing materials and radial sections. If 
a limit has been set on permissible system error in terms of axis 
deviation—radial translation, axial translation, or angular rota-
tion (page 80)—this information should also be submitted.

Q SERIES

This series of bearings uses standard materials but additional processing to achieve the lowest 
possible torque levels. High precision races and balls, super-finished ball tracks, and precisely 
set internal fit-ups assure optimum performance. As low operational torque is the key feature 
of this series, it is only offered in angular contact bearings arranged in either DB or DF sets.

• Low torque ball separators

• Clean room assembly

• Factory-lubricated bearings

• ABMA Grade 10 balls

• Super finish ball track

Materials

Races   AISI 52100 (Precision Class 6)

Balls  AISI 52100 (Grade 10)

Cage  PTFE or Vespel® toroid ball spacers 
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Notes Applying To These Charts

1. Values shown are T10 ratings* based on:

  •  Kaydon Precision Class 1 bearings with some internal clear-
ance remaining after installation

  •  A rigid mounting, round and flat within respective radial 
and axial bearing runout limits

  • Light oil lubrication

  • Room temperature

2.  Running torque at speeds up to 10 RPM usually averages 
from 25 to 50% of starting torque, and increases with 
increasing speed to as much as 200% at maximum allowable 
diametral clearance (page 81).

3. Interpolate for intermediate sizes.

4. Curve number indicates bearing bore in tenths of an inch.

  *Usually not more than 10% of a group of bearings will have   
 torque demands higher than those shown.

Figure 48 Figure 50

Figure 49 Figure 51

Starting Torque vs. Load
Computer generated torque curves for mounted Reali-Slim® 
bearings can be provided by Kaydon Product Engineering
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Reali-Slim® bearings are often used in applications where the 
position of a rotating part relative to the stationary structure is 
critical. Knowledge of the displacement of the axis of rotation 
and the factors contributing to it are thus important.

The axis of rotation can be displaced from its true position in 
three ways—radially, axially, and angularly. These deviations
are referred to as radial translation, axial translation, and tilt 
(angular rotation) respectively.

In addition to the obvious effects of bearing runout, total 
deviation of bearing axis in any one of the above conditions 
is due to the effects of bearing diametral clearance and elastic 
deflection (deformation) at the ball or roller contacts. The 
diametral clearance after installation changes due to the com-
bined effects of external fitting practice, differential thermal 
expansion or contraction of the bearing races and mounting 
structures, and relative rigidity of the races and mating parts.

Elastic deflection at the ball or roller contacts results from
the externally applied bearing loads and is influenced by ball 
or roller diameter, race groove radius, raceway diameters, and 
contact angle.

The following three equations are given to aid in determining 
displacement. The internal diametral clearance (DC) must be 
calculated or approximated. The remaining independent vari-
ables can be obtained from the graphs on pages 82 thru 87.

 

 RT = RD + DC       
        2

 AT = AD + AC       
              2

 AR = MD + AC/PD

Where:

 RT = Radial Translation – in inches

 AT = Axial Translation – in inches

 AR = Angular Rotation – in inches/inch or radians

 RD =  Radial deflection due
to radial load – in inches

 AD =  Axial deflection due
to axial load – in inches

 MD =  Moment deflection
due to moment load – in inches/inch or radians

 DC = Diametral clearance – in inches

 AC = Axial clearance – in inches

 PD = Pitch diameter – in inches

  

O.D. + Bore
2

The equations may be used in applications where the radial, 
axial, or moment load is applied singly or where one type of
loading predominates. Applications subjected to combined load-
ing in which more than one type is significant should be referred 
to Kaydon for analysis.

Bearing Axis Deviation Due
To Clearance And Deflection

Computer generated reports and graphs for 
Reali-Slim® bearings are available from 

Kaydon engineering and from our 
Reali-Design™ computer software, 

available for download at reali-slim.com.
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Axial Clearance vs. Diametral Clearance

.0540

AX
IA

L 
CL

EA
RA

NC
E 

IN
 IN

CH
ES

DIAMETRAL CLEARANCE IN INCHES

.0020

.0520

.0500

.0480

.0460

.0440

.0420

.0400

.0380

.0360

.0340

.0320

.0300

.0280

.0260

.0240

.0220

.0200

.0180

.0160

.0140

.0120

.0100

.0080

.0060

.0040

.0020

0 .0040 .0060 .0080 .0100 .0120 .0140 .0160

G

.0160

AX
IA

L 
CL

EA
RA

NC
E 

IN
 IN

CH
ES

DIAMETRAL CLEARANCE IN INCHES

.00200 .0040 .0060 .0080 .0100

.0140

.0120

.0100

.0080

.0060

.0040

.0020

AXIAL CLEARANCE (END PLAY)
VS

DIAMETRAL CLEARANCE
FOR TYPE C BEARINGS

ALL DIAMETERS

B

C

D

G

F

A

AA

AXIAL CLEARANCE (END PLAY)
VS

DIAMETRAL CLEARANCE
TYPE X BEARINGS

TYPE A BEARING PAIRS
ALL DIAMETERS

F

A

D
C
B

AA

Figure 52 Figure 53

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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Axial Deflection vs. Axial Load
Type A Angular Contact
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Figure 54 Figure 57 

Figure 55 Figure 58

Figure 56 Figure 59

Computer generated stiffness reports and graphs are available for 
all Reali-Slim® bearings for mounted and unmounted conditions.
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Radial Deflection vs. Radial Load
Type A Angular Contact

0.00035

0 50

RA
DI

AL
 D

EF
LE

CT
IO

N 
IN

 IN
CH

ES

RADIAL LOAD IN POUNDS

0 250
RA

DI
AL

 D
EF

LE
CT

IO
N 

IN
 IN

CH
ES

RADIAL LOAD IN POUNDS

0.00050

0 100

RA
DI

AL
 D

EF
LE

CT
IO

N 
IN

 IN
CH

ES

RADIAL LOAD IN POUNDS

0.00120

0 1,000

RA
DI

AL
 D

EF
LE

CT
IO

N 
IN

 IN
CH

ES

RADIAL LOAD IN POUNDS

0 250

RA
DI

AL
 D

EF
LE

CT
IO

N 
IN

 IN
CH

ES

RADIAL LOAD IN POUNDS

0.00180

0 1,000

RA
DI

AL
 D

EF
LE

CT
IO

N 
IN

 IN
CH

ES

RADIAL LOAD IN POUNDS

100 150 200 250 300 350 400

200 300 400 500 600 700 800

500 750 1,000 1,250 1,500

500 750 1,000 1,250 1,500 1,750 2,000

2,000 3,000 4,000 5,000

2,000 3,000 5,000 6,000 7,000

TYPE A
SERIES AA & A

0.00030

0.00025

0.00020

0.00015

0.00010

0.00005

0.00000

KA
A1

5
KA

A1
0

KA020

KA040
KA060

KA080
KA100 KA120

TYPE A
SERIES B

0.00040

0.00030

0.00020

0.00010

0.00000

0.00050

KB160

KB020

KB040

KB120
KB200

KB080
KB060

KB100

TYPE A
SERIES C

0.00040

0.00030

0.00020

0.00010

0.00000

KC120

KC250

KC100

KC040

KC060

KC300

KC160
KC200

KC080

TYPE A
SERIES D0.00070

0.00080

0.00060

0.00050

0.00040

0.00030

0.00020

0.00010

0.00000

KD040
KD060

KD160
KD200

KD250

KD100
KD080

KD120

KD300

TYPE A
SERIES F

0.00100

0.00080

0.00060

0.00040

0.00020

0.00000

KF040
KF060

KF100

KF160
KF250 KF300 KF350 KF400

KF080

KF120

KF200

TYPE A
SERIES G

0.00160

0.00140

0.00120

0.00100

0.00080

0.00060

0.00040

0.00020

0.00000
4,000 8,000

KG040
KG060

KG
30

0

KG
35

0

KG
40

0

KG
25

0

KG
10

0

KG
08

0

KG
12

0

KG
16

0

KG
20

0

Figure 60 Figure 63

Figure 61 Figure 64

Figure 62 Figure 65

S
e
ctio

n
 4

– Perfo
rm

a
nce C

o
nsid

era
tio

ns



Reali-Slim® Bearings Catalog 300    ©KAYDON® Corporation 2004

84 |www.reali-slim.com   1-800-514-3066

Radial Deflection vs. Radial Load
Type C Radial Contact
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Axial Deflection vs. Axial Load
Type X Four-Point Contact
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Moment Deflection vs. Moment Load
Type X Four-Point Contact
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• Inspection and Installation Procedures.... pgs. 89-90

• Lubrication and Maintenance .............. pgs. 91-92

Section 5—  Installation and Maintenance
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Inspection

The unique proportions of Reali-Slim® bearings make some of  
the usual gaging practices impractical. Since very light pressure 
is  sufficient to deflect the thin rings, conventional two-point 
measurement of bearing bore and outside diameter must not be 
used. Air gages of the open jet type, or other proximity devices, 
must be used to hold error from distortion to an acceptable level. 
Measurements must be made at enough points to yield a true 
average size, which may not be the mean of the maximum and 
minimum measurement. A Reali-Slim® bearing may be out-of-
round in the free state� more than the ABMA tolerance for its 
precision class. This presents no problem since the races will 
conform readily to a round shaft diameter and housing bore.

To determine the true runout of each race, by excluding the 
effect of out of roundness, measurement is made of variation
in individual wall thickness. This is schematically illustrated in 
Figure 90. The indicator must contact the raceway at the ball or 
roller contact, and must be properly positioned for the particular 
runout (axial or radial) being checked.

Measurement of Radial Runout
of Type C Inner Race

Figure 90

Diametral clearance of Reali-Slim® bearings is controlled by
selective assembly of races and balls following measurement with 
gages specially design for this purpose.

Standard inspection and quality control procedures at Kaydon 
meet the requirements of government procurement agencies 
and major aerospace industries. However, a certificate of com-
pliance to specifications can be furnished if required.

Installation

To realize the potential accuracy and long trouble-free life of 
a Reali-Slim® bearing, it is important that the installation be 
properly done in a clean environment. Cleanliness is vital to sat-
isfactory bearing performance. Work surfaces and tools must be 
free of dirt, chips, and burrs. Disposable wipers or clean, lint-free 
cloths should be used.

Under no circumstances should a bearing be used as a gage dur-
ing grinding or machining of mating parts. Just a few grains of 
grinding grit or chips of metal (soft as well as hard) can seriously 
damage the precise geometry and finishes of bearing raceways 
and rolling elements, and are nearly impossible to remove from 
an assembled bearing.

The shaft and housing should be thoroughly cleaned, special 
attention being given to holes and crevices which could hold 
dirt, chips, and cutting oil. Unfinished surfaces of castings 
should be painted or otherwise sealed. The mounting surfaces 
for the bearing must be carefully checked, cleaned, and lightly 
oiled to ease fitting and minimize danger of scoring. Housing 
bore, shaft diameter, shoulder squareness, and fillet sizes should 
all be verified.

Only when all this has been done and it is time to install the 
bearing, should it be removed from its protective package.

Inspection and Installation Procedures

�  As explained in ABMA Standard 26.2
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Interference fitting any bearing to the shaft or housing must 
be carefully done to avoid injury to the bearing. For Reali-
Slim® bearings, the use of temperature difference is recom-
mended to minimize or eliminate the forces necessary. To 
calculate the differential required, use a coefficient of expan-
sion of .000007 inch per inch per degree F for AISI 52100 
steel races. For a Kaydon Precision Class 1 bearing of 2” bore 
to be fitted to a steel shaft, the differential required to elimi-
nate all interference between a maximum diameter shaft and 
minimum diameter bearing is 90°F, for a 4” bore it is 60°F. 
Either dry heat or hot oil may be used. Electrical resistance 
tape is convenient for the large bearings. Care must be taken 
to avoid overheating the bearing. Do not exceed 250°F.

If pressure is necessary, an arbor press should be used with a 
suitable pusher to apply the force to all 360° of the race being 
press fitted—never to the other race as damage will be done 
to the balls and raceways.

All duplexed bearings are marked with a single “V” on the 
bores and outside diameters to indicate the proper relative
circumferential position of inner and outer races. This “V”
is located at the high points of race eccentricity so that these 
may be placed at the low points of shaft and housing eccen-
tricity for the canceling effect.

After mounting, the bearings must be given continued protec-
tion from contamination until the assembly is closed. Adherence 
to these procedures will assure a successful installation.

If bearings are being returned to verify dimensions and tolerances, 
they should be coated with protective oil and wrapped well to 
prevent damage during transit. If bearings are being returned 
after use for a failure analysis, they should be returned in the as 
removed condition, since the condition of the part (cleanliness, 
lubricated condition, etc.) will provide useful clues for   
considerations.

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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The lubricant in an anti-friction bearing serves to reduce fric-
tion and wear between moving parts, to dissipate heat, and to 
prevent corrosion of critical surfaces. Selection of the proper 
lubricant must be based on satisfaction of the operating condi-
tions, including rotational speed, type and magnitude of loads, 
and ambient temperature.

The three types of lubricant commonly used are oil, grease, 
and dry film or surface treatment.

Oil normally provides more complete lubrication. Because 
of its liquid state, it provides better coverage of the critical 
surfaces and assists in dissipating heat more readily, the latter 
being especially true when circulation and cooling are pro-
vided. In high speed applications where the heating effect is 
more pronounced, oil is generally mandatory (see page 77). 
Where minimum torque is a requirement, oil will usually pro-
vide lower friction values.

Grease offers certain advantages of its own. Because it is more 
easily retained, the design of bearing housings and seals is 
simplified. In many applications, the lubricant itself serves to 
exclude contaminants when used in conjunction with laby-
rinths or close clearances between the rotating and stationary 
structures. Applications using a high quality bearing grease 
will perform for long periods of time with little or no main-
tenance where operating conditions are not severe. For the 
higher speeds within the range suitable for grease lubrication, 
a channeling type grease is recommended.

Dry films and surface treatments have been used as bearing 
lubricants in applications subject to environmental extremes, 
particularly where conventional lubricants cannot be tolerated 
or will not survive. A wide variety of types are available and 
can be furnished, including Tungsten disulfide, graphite, and 
Molybdenum disulfide.

It is important to note that the quantity of lubricant affects 
bearing performance under certain operating conditions. Only 
relatively small amounts of lubricant are necessary to reduce 
friction and wear if a film can be maintained on all contacting 
surfaces. Where speed is significant, excessive amounts of oil 
or grease will result in higher operating temperatures, leading 
to the possibility of early bearing fatigue.

Unsealed bearings are supplied with a coating of preserva-
tive type lubricating oil for the prevention of corrosion 
during storage.  For best performance it is recommended that 
this preservative be removed with clean solvent prior to lubricat-
ing during assembly. If this is not done, the end user should verify 
the lubricant used is compatible with the preservative. 

In applications where minimum torque is required, the coat-
ing should be removed by washing with a clean petroleum 
solvent followed by immediate relubrication with a light 
spindle oil.  When desired, it is a common commercial 
option to have Reali-Slim® bearings factory-lubricated with 
a commercial grease or oil for direct installation by the cus-
tomer.

Sealed bearings are packed approximately one-third full with
a multi-purpose industrial grease. Exterior surfaces are given a 
light coating of the same lubricant for protection during stor-
age in the original package. 

The initial grease pack is usually good for the life of the bear-
ing, but operating conditions may cause the grease to lose its 
properties before the theoretical bearing fatigue life.  If relubri-
cation proves  necessary, grease may be injected with a hypo-
dermic syringe.  In most cases, however, it is better practice 
to replace a bearing with identified grease failure.  If required, 
sealed bearings can be supplied with alternate greases as a 
commercial option.

Lubrication and Maintenance
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Lubrication Temperature Ranges

-100° F 0° F 100° F 200° F° 300° F 400° F 500° F

GREASES

OILS

INFORMATION ONLY
NOT FOR DESIGN

MIL-PRF-81322 General Purpose, Wide Temp. Range

MIL-L-15719 Light Loads

DOD-G-24508 General Purpose

MIL-PRF-23827 Heavy Loads

MIL-G-25013 Light Loads – Low Speed

MIL-PRF-6085 Low Volatility, Instrument

MIL-PRF-7808 General Purpose, Synthetic

MIL-PRF-7870 General Purpose, Low Temp.

Bearings, with or without seals, can be supplied with optional 
lubricants. Shown in the accompanying table are some of the 
greases and oils more frequently specified. Several have been 
developed to meet the requirements of unusual operating 
conditions. Because of this, and the variation in cost, it is 
recommended that lubricants be selected with the assistance 
of a lubrication expert.

Due to the finite shelf life of any wet lubricant, factory lubri-
cated bearings should not be held more than 2 years prior to use.  

Contact Kaydon for refurbishment instructions for product held 
beyond 2 years of receipt.

It is an unfortunate fact that most bearings fail due to abuse 
and/or neglect. To realize the full potential life of a Reali-Slim® 
bearing, protection must be afforded against the intrusion of 
foreign matter of all types, and fresh oil or grease must be 
introduced with sufficient frequency to cleanse the bearing 
and assure continued good lubrication.

Figure 93
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• Hybrid Series Bearings (Material Codes P, Q, 
 X, and Y) for Harsh Environments ........ pgs. 94-95

• Metric Series Bearings ..................... pgs. 96-105

• Ultra-Slim™ Series Bearings .....................pgs. 106

• KT Series Tapered Roller Bearings ...........pgs. 109

Section 6—Other Products
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Kaydon’s stock line of stainless steel 
bearings are used where high precision 
and corrosion resistance are required.

Reali-Slim® thin-section bearings are available in AISI 440C 
stainless steel races, brass or non-metallic separators, and your 
choice of either stainless steel or ceramic balls.  Offered in either 
radial contact “C,” angular contact “A,” or four-point contact “X” 
configurations.  These bearings minimize the surface degradation 
and particulate formation so common in harsh environment 
applications. Best of all, these bearings are available in popular 
sizes from stock for immediate delivery.  (See pages 35-37.)

Hybrid bearings are very well 
suited for applications where 
lubrication is marginal.

Kaydon Real-Slim® bearing performance is legendary in 
demanding applications. That’s because these high-preci-
sion, compact, lightweight bearings feature low torque, 
high temperature performance, outstanding cleanliness, and 
superior chemical compatibility.

Kaydon’s Reali-Slim® thin-section bearing product line has been 
expanded to include several additional bearing series specifically 
engineered to bring the advantages of Reali-Slim® bearings to 
designs intended for service in the most severe or extreme envi-

ronments.  We offer Reali-Slim® bearings with a variety of pack-
aged features to meet specific operation requirements for:

•  Chemical resistance/high temperature—P Series  
(See page 95.)

• High performance/low torque—Q Series  (See page 78.)

• High performance/low particle—X, Y Series

Applications requiring low particle generation, high accuracy, 
high speeds, and/or which must operate in adverse or no-lube 
conditions, can benefit from hybrid bearings.  Tests have 
shown that significant reductions in particle generation can 
be obtained with hybrid designs which incorporate the use of 
ceramic rolling elements on hardened steel races.  In addition, 
the physical properties of the ceramic rolling elements (preci-
sion, hardness, lightweight) provide additional benefits such 
as improved repeata bility, low torque, high stiffness, and resis-
tance to breakdown under marginal or no-lube conditions.

Tremendous benefits in performance can be obtained by match-
ing not just size but also material to the application.  These 
alternative race and ball materials interact differently than 
traditional chrome steel bearings.  Capacities, life calculations, 
stiffness, and mounting requirements should be obtained from 
KAYDON to help assure maximum performance is realized.

Harsh Environment Bearings
(Material Codes S, P, X, and Y)
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Series P—Chemical Resistant
In applications where both corrosion resistance and chemi-
cal resistance are required, series P bearings may be required.  
These bearings feature AISI 17-4PH steel races and ceramic 
balls.  They’re manufactured to provide a greater level of 
corrosion and chemical resistance than either Kaydon Series 
N or Series S bearings.  Due to the hardening limitations 
of AISI 17-4PH steel, an adjustment factor of .17 must be 
applied to the standard dynamic capacity ratings.  Thus, the 
use of P Series bearings should be carefully reviewed prior to 
selection to determine if the life and capacity are adequate.
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Materials

Races   AISI 17-4PH steel

Balls  Borosilicate, glass, or ceramic

Cage  Type A; PTFE or Vespel® toroid ball spacers or 
300 series steel ring

  Type C & X; Stainless steel or 
non-metallic composite ring

Specifications for Hybrid Reali-Slim® Bearings

 ITEM DESCRIPTION REFERENCE SPECIFICATION

  MATERIAL ANALYSIS

 RACES AISI 440C Stainless steel  ASTM A-756

 BALLS AISI 440C Stainless steel or ceramic: Silicon Nitride  

 SEPARATORS P Type—Brass or non-metallic composite  ASTM B-36 or B-134
   C, X BEARINGS L Type—Nylon, fiberglass reinforced

   A BEARINGS R Type—Brass or non-metallic composite  ASTM B-36 or B-134
  G Type—Nylon, fiberglass reinforced

  HEAT TREATMENT

 RACES Through hardened and dimensionally stabilized for use   SAE-AMS-H-6875 with approved
  from -65°F to +250°F (-54°C to +121°C), Rc 58 min.  proprietary modifications

 BALLS Hardened to Rc 58-65, Ceramic—Rc 75 min.  ABMA Std. 10, MIL-B-1083

  PRECISION

 RACE DIMENSIONS KAYDON Precision Class 1, Higher classes available  ABMA ABEC-1F or better

 RACE RUNOUTS KAYDON Precision Class 1, Higher classes available  ABMA ABEC-1F or better

 BALLS ABMA Grade 24 Stainless steel or Grade 5 ceramic  ANSI/ABMA/ISO 3290

} other 
options,
see p. 71
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How to identify Metric Reali-Slim® Bearings using our 
part number code:
Standard and optional metric Reali-Slim bearings are marked for complete identification with a 9 or 10 digit part 
number. Positions 1–9 identify materials, size, type, separator type, and precision. Position 10 (optional) identifies non-
standard internal fit, either preload or clearance. Custom and proprietary bearings cannot be identified by code, and 
are marked only with a nine digit number.

Position 1 2 3 4 5 6 7 8 9 10
Nomenclature Material  Bore    Width Type Separator Precision Internal 
   (mm)   (mm)    Fit
Example K 0 8 0 0  8 X P 0 K

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.
All dimensions in millimeters.  *Contact Kaydon for lead time and minimum purchase requirement.

8mm SERIES

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2) (L3) 
 *K02008AR0 20 36 25.9 30.1 32.2 306 171 884 493 — — 0.05
 K02508AR0 25 41 30.9 35.1 37.2 372 194 1073 561 — — 0.06
 K05008AR0 50 66 55.9 60.1 62.2 656 284 1894 819 — — 0.08
 K06008AR0 60 76 65.9 70.1 72.2 787 321 2273 925 — — 0.09
 K07008AR0 70 86 75.9 80.1 82.2 896 350 2588 1009 — — 0.10
 K08008AR0 80 96 85.9 90.1 92.2 1006 377 2903 1090 — — 0.12
 K09008AR0 90 106 95.9 100.1 102.2 1137 410 3282 1182 — — 0.13
 K10008AR0 100 116 105.9 110.1 112.2 1246 435 3598 1257 — — 0.14
 K11008AR0 110 126 115.9 120.1 122.2 1356 460 3914 1329 — — 0.15
 K12008AR0 120 136 125.9 130.1 132.2 1465 485 4229 1400 — — 0.16
 K13008AR0 130 146 135.9 140.1 142.2 1596 513 4608 1482 — — 0.17
 K14008AR0 140 156 145.9 150.1 152.2 1706 537 4923 1549 — — 0.18
 K15008AR0 150 166 155.9 160.1 162.2 1815 559 5239 1615 — — 0.20
 K16008AR0 160 176 165.9 170.1 172.2 1946 586 5618 1691 — — 0.20
 K17008AR0 170 186 175.9 180.1 182.1 2055 608 5933 1754 — — 0.21
 K18008AR0 180 196 185.9 190.1 192.1 2165 629 6249 1816 — — 0.22
 *K19008AR0 190 206 195.9 200.1 202.1 2296 654 6628 1889 — — 0.23
 K20008AR0 200 216 205.9 210.1 212.1 2405 675 6944 1948 — — 0.23
 K25008AR0 250 266 255.9 260.1 262.1 2974 777 8585 2244 — — 0.28
 K30008AR0 300 316 305.9 310.1 312.1 3564 877 10289 2532 — — 0.33
 K32008AR0 320 336 325.9 330.1 332.1 3805 916 10983 2645 — — 0.36
 K34008AR0 340 356 345.9 350.1 352.1 4023 951 11614 2745 — — 0.38
 K36008AR0 360 376 365.9 370.1 372.1 4264 988 12309 2854 — — 0.40

Metric Reali-Slim® Bearing Selections
Type A
Angular Contact

Angular
Contact
Type A

L 3
L 1

L 2

F

8mm

8mm

1)  K = AISI 52100 steel
S = AISI 440C stainless
N = Endurakote®

7) =  A: Angular contact
C: Radial contact
X: Four-point contact

8)  P =  Standard formed ring
snap-over type

 R =  Standard formed ring
circular pocket type

9) 0 =  Precision Class 1 
(ABEC 1F) standard

10)  empty = Standard (See table, p. 94)
 A = .0000 to .0127 mm clearance
 K = .0000 to .0127 mm preload
 L = .0000 to .0254 mm preload
 Z =  other clearance or preload

not specified above

Explanation of position numbers:
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5/32" (inch) balls

� F = 0.8
Bearing corners are
normally chamfered
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Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2) (L3) 
 *K02013AR0 20 46 29.7 36.3 39.7 560 349 1616 1008 — — 0.11
 *K02513AR0 25 51 34.7 41.3 44.7 616 372 1778 1075 — — 0.13
 *K05013AR0 50 76 59.7 66.3 69.6 1064 536 3070 1547 — — 0.20
 *K06013AR0 60 86 69.7 76.3 79.6 1232 591 3555 1706 — — 0.22
 K07013AR0 70 96 79.7 86.3 89.6 1456 660 4201 1906 — — 0.25
 *K08013AR0 80 106 89.7 96.3 99.6 1623 710 4686 2050 — — 0.28
 *K09013AR0 90 116 99.7 106.3 109.6 1791 758 5171 2190 — — 0.31
 *K10013AR0 100 126 109.7 116.3 119.6 1959 805 5656 2324 — — 0.34
 *K11013AR0 110 136 119.7 126.3 129.6 2127 851 6141 2455 — — 0.37
 *K12013AR0 120 146 129.7 136.3 139.6 2295 895 6625 2583 — — 0.39
 *K13013AR0 130 156 139.7 146.3 149.6 2519 952 7272 2748 — — 0.42
 *K14013AR0 140 166 149.7 156.3 159.5 2687 994 7757 2869 — — 0.45
 *K15013AR0 150 176 159.7 166.3 169.5 2855 1035 8241 2987 — — 0.48
 *K16013AR0 160 186 169.7 176.3 179.5 3023 1075 8726 3104 — — 0.51
 K17013AR0 170 196 179.7 186.3 189.5 3191 1114 9211 3217 — — 0.54
 *K18013AR0 180 206 189.7 196.3 199.5 3359 1154 9696 3329 — — 0.56
 K19013AR0 190 216 199.7 206.3 209.5 3527 1192 10181 3439 — — 0.59
 *K20013AR0 200 226 209.7 216.3 219.4 3750 1242 10827 3583 — — 0.62
 *K25013AR0 250 276 259.7 266.3 269.4 4590 1420 13251 4100 — — 0.76
 *K30013AR0 300 326 309.7 316.3 319.3 5486 1599 15837 4618 — — 0.90
 *K32013AR0 320 346 329.7 336.3 339.3 5822 1664 16806 4804 — — 0.96
 *K34013AR0 340 366 349.7 356.3 359.2 6213 1738 17937 5017 — — 1.02
 *K36013AR0 360 386 369.7 376.3 379.2 6550 1800 18907 5196 — — 1.07

Metric Reali-Slim® Bearing Selections
Type A
Angular Contact (See footnotes on previous page.)

13mm SERIES

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2) (L3) 
 *K02020AR0 20 60 35.0 45.0 50 1007 677 2908 1955 — — 0.28
 *K02520AR0 25 65 40.0 50.0 55 1134 733 3272 2115 — — 0.31
 *K05020AR0 50 90 65.0 75.0 80 1889 1030 5454 2973 — — 0.49
 *K06020AR0 60 100 75.0 85.0 90 2141 1119 6181 3231 — — 0.56
 *K07020AR0 70 110 85.0 95.0 100 2393 1206 6908 3480 — — 0.62
 *K08020AR0 80 120 95.0 105.0 110 2645 1289 7635 3720 — — 0.69
 *K09020AR0 90 130 105.0 115.0 120 3023 1409 8726 4067 — — 0.77
 *K10020AR0 100 140 115.0 125.0 130 3275 1486 9453 4290 — — 0.84
 *K11020AR0 110 150 125.0 135.0 140 3527 1561 10181 4507 — — 0.91
 *K12020AR0 120 160 135.0 145.0 150 3778 1635 10908 4719 — — 0.97
 *K13020AR0 130 170 145.0 155.0 160 4030 1706 11635 4927 — — 1.04
 *K14020AR0 140 180 155.0 165.0 170 4282 1777 12362 5130 — — 1.11
 K15020AR0 150 190 165.0 175.0 180 4660 1880 13453 5427 — — 1.19
 K16020AR0 160 200 175.0 185.0 190 4912 1948 14180 5621 — — 1.26
 K17020AR0 170 210 185.0 195.0 200 5146 2013 14907 5811 — — 1.32
 K18020AR0 180 220 195.0 205.0 210 5416 2078 15634 5999 — — 1.39
 *K19020AR0 190 230 205.0 215.0 220 5668 2142 16361 6183 — — 1.46
 K20020AR0 200 240 215.0 225.0 230 6045 2236 17452 6455 — — 1.54
 K25020AR0 250 290 265.0 275.0 280 7431 2566 21452 7408 — — 1.89
 K30020AR0 300 340 315.0 325.0 330 8691 2848 25088 8222 — — 2.23
 *K32020AR0 320 360 335.0 345.0 350 9321 2984 26906 8615 — — 2.37
 *K34020AR0 340 380 355.0 365.0 370 9824 3091 28360 8923 — — 2.51
 *K36020AR0 360 400 375.0 385.0 390 10454 3221 30178 9300 — — 2.66

20mm SERIES
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Metric Reali-Slim® Bearing Selections
Type C
Radial Contact

�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.

All dimensions in millimeters.  *Contact Kaydon for lead time and minimum purchase requirement.

8mm SERIES

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2)  
 *K02008CP0 20 36 25.9 30.1 278 168 — — — — 0.05
 K02508CP0 25 41 30.9 35.1 303 178 — — — — 0.06
 K05008CP0 50 66 55.9 60.1 556 267 — — — — 0.08
 K06008CP0 60 76 65.9 70.1 656 298 — — — — 0.09
 K07008CP0 70 86 75.9 80.1 758 327 — — — — 0.10
 K08008CP0 80 96 85.9 90.1 859 356 — — — — 0.11
 K09008CP0 90 106 95.9 100.1 959 384 — — — — 0.13
 K10008CP0 100 116 105.9 110.1 1061 410 — — — — 0.14
 K11008CP0 110 126 115.9 120.1 1162 436 — — — — 0.15
 K12008CP0 120 136 125.9 130.1 1262 461 — — — — 0.16
 K13008CP0 130 146 135.9 140.1 1364 485 — — — — 0.17
 K14008CP0 140 156 145.9 150.1 1465 508 — — — — 0.18
 K15008CP0 150 166 155.9 160.1 1565 532 — — — — 0.20
 K16008CP0 160 176 165.9 170.1 1666 554 — — — — 0.20
 K17008CP0 170 186 175.9 180.1 1767 577 — — — — 0.20
 K18008CP0 180 196 185.9 190.1 1868 598 — — — — 0.21
 *K19008CP0 190 206 195.9 200.1 1944 614 — — — — 0.21
 K20008CP0 200 216 205.9 210.1 2045 635 — — — — 0.22
 K25008CP0 250 266 255.9 260.1 2550 736 — — — — 0.28
 K30008CP0 300 316 305.9 310.1 3055 831 — — — — 0.35
 K32008CP0 320 336 325.9 330.1 3257 866 — — — — 0.39
 K34008CP0 340 356 345.9 350.1 3459 902 — — — — 0.42
 K36008CP0 360 376 365.9 370.1 3636 933 — — — — 0.46

Conrad
Assembly

Type C

1L
L 2

F

8mm

8mm

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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5/32" (inch) balls

� F = 0.8
Bearing corners are
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Metric Reali-Slim® Bearing Selections
Type C
Radial Contact (See footnotes on previous page.)

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2)  
 *K02013CP0 20 46 29.7 36.3 453 318 — — — — 0.09
 *K02513CP0 25 51 34.7 41.3 517 347 — — — — 0.11
 *K05013CP0 50 76 59.7 66.3 905 505 — — — — 0.18
 *K06013CP0 60 86 69.7 76.3 1099 575 — — — — 0.21
 K07013CP0 70 96 79.7 86.3 1228 619 — — — — 0.24
 *K08013CP0 80 106 89.7 96.3 1358 661 — — — — 0.26
 *K09013CP0 90 116 99.7 106.3 1551 723 — — — — 0.29
 *K10013CP0 100 126 109.7 116.3 1681 763 — — — — 0.32
 *K11013CP0 110 136 119.7 126.3 1875 820 — — — — 0.35
 *K12013CP0 120 146 129.7 136.3 2004 857 — — — — 0.38
 *K13013CP0 130 156 139.7 146.3 2133 894 — — — — 0.41
 *K14013CP0 140 166 149.7 156.3 2327 948 — — — — 0.44
 *K15013CP0 150 176 159.7 166.3 2456 982 — — — — 0.46
 *K16013CP0 160 186 169.7 176.3 2586 1017 — — — — 0.49
 K17013CP0 170 196 179.7 186.3 2780 1066 — — — — 0.52
 *K18013CP0 180 206 189.7 196.3 2909 1100 — — — — 0.55
 K19013CP0 190 216 199.7 206.3 3038 1132 — — — — 0.58
 *K20013CP0 200 226 209.7 216.3 3232 1179 — — — — 0.61
 *K25013CP0 250 276 259.7 266.3 4008 1361 — — — — 0.75
 *K30013CP0 300 326 309.7 316.3 4719 1518 — — — — 0.89
 *K32013CP0 320 346 329.7 336.3 5042 1586 — — — — 0.95
 *K34013CP0 340 366 349.7 356.3 5365 1653 — — — — 1.01
 *K36013CP0 360 386 369.7 376.3 5688 1719 — — — — 1.06

13mm SERIES

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2)  
 *K02020CP0 20 60 35.0 45.0 873 645 — — — — 0.30
 *K02520CP0 25 65 40.0 50.0 1018 715 — — — — 0.34
 *K05020CP0 50 90 65.0 75.0 1600 967 — — — — 0.51
 *K06020CP0 60 100 75.0 85.0 1745 1025 — — — — 0.58
 *K07020CP0 70 110 85.0 95.0 2036 1136 — — — — 0.65
 *K08020CP0 80 120 95.0 105.0 2181 1189 — — — — 0.72
 *K09020CP0 90 130 105.0 115.0 2473 1293 — — — — 0.80
 *K10020CP0 100 140 115.0 125.0 2618 1343 — — — — 0.86
 *K11020CP0 110 150 125.0 135.0 2909 1441 — — — — 0.94
 *K12020CP0 120 160 135.0 145.0 3200 1535 — — — — 1.01
 *K13020CP0 130 170 145.0 155.0 3345 1581 — — — — 1.08
 *K14020CP0 140 180 155.0 165.0 3636 1672 — — — — 1.15
 K15020CP0 150 190 165.0 175.0 3781 1716 — — — — 1.20
 K16020CP0 160 200 175.0 185.0 4072 1803 — — — — 1.30
 K17020CP0 170 210 185.0 195.0 4363 1887 — — — — 1.40
 K18020CP0 180 220 195.0 205.0 4508 1929 — — — — 1.50
 *K19020CP0 190 230 205.0 215.0 4800 2011 — — — — 1.50
 K20020CP0 200 240 215.0 225.0 4945 2052 — — — — 1.60
 K25020CP0 250 290 265.0 275.0 6108 2362 — — — — 2.10
 K30020CP0 300 340 315.0 325.0 7272 2654 — — — — 2.30
 *K32020CP0 320 360 335.0 345.0 7708 2758 — — — — 2.42
 *K34020CP0 340 380 355.0 365.0 8144 2862 — — — — 2.54
 *K36020CP0 360 400 375.0 385.0 8581 2963 — — — — 2.70

20mm SERIES
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Bearing corners are
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� F = 1.5
Bearing corners are
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�  Capacities listed are not simultaneous.  For combined loading see discussion of Bearing Selection and Load Analysis.  Dynamic 
capacities are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and 
Y - contact Kaydon product engineering for values.

�  Static capacities are non-brinell limits based on rigid support from the shaft and housing.
�  “F” is the maximum shaft or housing fillet radius the bearing corners will clear.

All dimensions in millimeters.  *Contact Kaydon for lead time and minimum purchase requirement.

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com

Metric Reali-Slim® Bearing Selections
Type X
Four-Point Contact

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2)  
 *K02008XP0 20 36 25.9 30.1 278 168 695 420 3.9 2.3 0.03
 K02508XP0 25 41 30.9 35.1 303 187 758 469 5.0 3.1 0.04
 K05008XP0 50 66 55.9 60.1 555 267 1389 666 16.1 7.7 0.07
 K06008XP0 60 76 65.9 70.1 656 298 1641 745 22.3 10.1 0.09
 K07008XP0 70 86 75.9 80.1 757 327 1894 819 29.5 12.8 0.10
 K08008XP0 80 96 85.9 90.1 859 356 2146 890 37.7 15.7 0.11
 K09008XP0 90 106 95.9 100.1 959 384 2399 959 46.9 18.8 0.13
 K10008XP0 100 116 105.9 110.1 1060 410 2651 1025 57.2 22.1 0.14
 K11008XP0 110 126 115.9 120.1 1162 436 2903 1090 68.4 25.7 0.15
 K12008XP0 120 136 125.9 130.1 1262 461 3156 1152 80.6 29.5 0.16
 K13008XP0 130 146 135.9 140.1 1363 485 3409 1212 93.9 33.4 0.18
 K14008XP0 140 156 145.9 150.1 1465 508 3661 1271 108 37.6 0.19
 K15008XP0 150 166 155.9 160.1 1565 532 3914 1329 123 42 0.20
 K16008XP0 160 176 165.9 170.1 1666 554 4166 1386 140 46.5 0.20
 K17008XP0 170 186 175.9 180.1 1767 577 4418 1441 157 51.2 0.20
 K18008XP0 180 196 185.9 190.1 1868 598 4671 1495 175 56.1 0.21
 *K19008XP0 190 206 195.9 200.1 1944 614 4860 1536 192 60.7 0.21
 K20008XP0 200 216 205.9 210.1 2045 635 5113 1588 212 66 0.22
 K25008XP0 250 266 255.9 260.1 2550 736 6375 1840 328 94.8 0.28
 K30008XP0 300 316 305.9 310.1 3055 831 7638 2076 470 128 0.35
 K32008XP0 320 336 325.9 330.1 3257 866 8143 2166 533 142 0.39
 K34008XP0 340 356 345.9 350.1 3459 902 8648 2255 601 157 0.42
 K36008XP0 360 376 365.9 370.1 3636 933 9089 2330 668 171 0.46

8mm SERIES

4 Point
Contact
Type X

L 1
L 2

F

8mm

8mm

S
e
ct

io
n
 6

–O
th

er
 P

ro
d

uc
ts

Snapover separator
5/32" (inch) balls

� F = 0.8
Bearing corners are
normally chamfered



1-800-514-3066   www.reali-slim.com|101 

©KAYDON® Corporation 2004    Reali-Slim® Bearings Catalog 300

Metric Reali-Slim® Bearing Selections
Type X
Four-Point Contact (See footnotes on previous page.)

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2)  
 *K02013XP0 20 46 29.7 36.3 453 318 1131 795 7 5 0.11
 *K02513XP0 25 51 34.7 41.3 517 347 1293 869 10 7 0.13
 *K05013XP0 50 76 59.7 66.3 905 505 2263 1226 28 16 0.20
 *K06013XP0 60 86 69.7 76.3 1099 575 2747 1436 40 21 0.23
 K07013XP0 70 96 79.7 86.3 1228 619 3070 1547 51 26 0.26
 *K08013XP0 80 106 89.7 96.3 1358 661 3393 1653 63 31 0.28
 *K09013XP0 90 116 99.7 106.3 1551 723 3878 1808 80 37 0.31
 *K10013XP0 100 126 109.7 116.3 1681 763 4201 1906 95 43 0.34
 *K11013XP0 110 136 119.7 126.3 1875 820 4686 2050 115 50 0.37
 *K12013XP0 120 146 129.7 136.3 2004 857 5010 2144 133 57 0.40
 *K13013XP0 130 156 139.7 146.3 2133 894 5333 2235 152 64 0.43
 *K14013XP0 140 166 149.7 156.3 2327 948 5817 2368 178 72 0.46
 *K15013XP0 150 176 159.7 166.3 2456 982 6141 2455 200 80 0.48
 *K16013XP0 160 186 169.7 176.3 2586 1017 6464 2541 223 88 0.51
 K17013XP0 170 196 179.7 186.3 2780 1066 6949 2666 254 98 0.54
 *K18013XP0 180 206 189.7 196.3 2909 1100 7272 2748 280 106 0.57
 K19013XP0 190 216 199.7 206.3 3038 1132 7595 2829 308 115 0.60
 *K20013XP0 200 226 209.7 216.3 3232 1179 8080 2948 344 125 0.63
 *K25013XP0 250 276 259.7 266.3 4008 1361 10019 3403 526 179 0.77
 *K30013XP0 300 326 309.7 316.3 4719 1518 11796 3794 737 237 0.91
 *K32013XP0 320 346 329.7 336.3 5042 1586 12605 3966 838 264 0.97
 *K34013XP0 340 366 349.7 356.3 5365 1653 13412 4133 945 291 1.02
 *K36013XP0 360 386 369.7 376.3 5688 1719 14220 4298 1059 320 1.08

13mm SERIES

4 Point
Contact
Type X

L 1
L 2

F

13mm

13mm

Kaydon
Bearing
Number

 DIMENSIONS CAPACITY
 Size (mm) Land Diameters (mm) Radial (kg) Axial (kg) Moment (kg-M) Weight
 Bore O.D. Land Land Static Dyn. Static Dyn. Static Dyn. kg
   (L1) (L2)  
 *K02020XP0 20 60 35.0 45.0 873 645 2181 1614 17 13 0.30
 *K02520XP0 25 65 40.0 50.0 1018 715 2545 1789 23 16 0.34
 *K05020XP0 50 90 65.0 75.0 1600 967 3999 2418 56 34 0.52
 *K06020XP0 60 100 75.0 85.0 1745 1025 4363 2562 70 41 0.59
 *K07020XP0 70 110 85.0 95.0 2036 1136 5090 2839 91 51 0.66
 *K08020XP0 80 120 95.0 105.0 2181 1189 5454 2973 109 59 0.73
 *K09020XP0 90 130 105.0 115.0 2473 1293 6181 3231 136 71 0.80
 *K10020XP0 100 140 115.0 125.0 2618 1343 6545 3357 157 80 0.87
 *K11020XP0 110 150 125.0 135.0 2909 1441 7272 3601 189 93 0.94
 *K12020XP0 120 160 135.0 145.0 3200 1535 7999 3837 224 107 1.01
 *K13020XP0 130 170 145.0 155.0 3345 1581 8363 3953 250 118 1.07
 *K14020XP0 140 180 155.0 165.0 3636 1672 9090 4179 290 133 1.15
 K15020XP0 150 190 165.0 175.0 3781 1716 9453 4290 321 146 1.22
 K16020XP0 160 200 175.0 185.0 4072 1803 10180 4507 366 162 1.30
 K17020XP0 170 210 185.0 195.0 4363 1887 10907 4719 414 179 1.37
 K18020XP0 180 220 195.0 205.0 4508 1929 11271 4823 450 193 1.44
 *K19020XP0 190 230 205.0 215.0 4800 2011 11999 5029 503 211 1.51
 K20020XP0 200 240 215.0 225.0 4945 2052 12362 5130 543 225 1.57
 K25020XP0 250 290 265.0 275.0 6108 2362 15271 5906 823 318 2.10
 K30020XP0 300 340 315.0 325.0 7272 2654 18179 6633 1161 424 2.30
 *K32020XP0 320 360 335.0 345.0 7708 2758 19270 6897 1308 468 2.44
 *K34020XP0 340 380 355.0 365.0 8144 2862 20361 7154 1463 514 2.58
 *K36020XP0 360 400 375.0 385.0 8581 2963 21452 7408 1627 562 2.73

20mm SERIES
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CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com

PRECISION AND FITUP — 
for Metric Reali-Slim® Bearings 
shown on pages 96 thru 101

 Radial & Axial 
 Runout Rotating Shaft Stationary Shaft
Bearing Bore O.D.   Shaft Dia. HSE Bore Shaft Dia. HSE Bore BRG. D.C.*
Size + .0000 + .0000 Inner Outer Nom + .000 Nom +.000 Nominal Nominal Before Inst.
20 -.010 -.010 .008 .010 +.010 +.010 -.010 -.020 -.010 -.020 0.025 0.038
25 -.010 -.010 .008 .010 +.010 +.010 -.010 -.020 -.010 .020 0.025 0.038
50 -.012 -.013 .013 .013 +.012 +.013 -.012 -.024 -.013 -.026 0.030 0.056
60 -.015 -.013 .013 .013 +.015 +.013 -.015 -.030 -.015 -.030 0.030 0.056
70 -.015 -.015 .015 .015 +.015 +.015 -.015 -.030 -.015 -.030 0.030 0.056
80 -.015 -.015 .015 .015 +.015 +.015 -.015 -.030 -.015 -.030 0.030 0.056
90 -.020 -.015 .015 .015 +.020 +.015 -.020 -.040 -.020 -.040 0.041 0.066
100 -.020 -.015 .015 .015 +.020 +.015 -.020 -.040 -.020 -.040 0.041 0.066
110 -.020 -.018 .015 .020 +.020 +.018 -.020 -.040 -.020 -.040 0.041 0.066
120 -.020 -.018 .020 .020 +.020 +.018 -.020 -.036 -.020 -.036 0.051 0.076
130 -.025 -.018 .025 .025 +.025 +.018 -.025 -.051 -.018 -.036 0.051 0.076
140 -.025 -.025 .025 .025 +.025 +.025 -.025 -.051 -.025 -.051 0.051 0.076
150 -.025 -.025 .025 .025 +.025 +.025 -.025 -.051 -.025 -.051 0.051 0.076
160 -.025 -.025 .025 .025 +.025 +.025 -.025 -.051 -.025 -.051 0.051 0.076
170 -.025 -.025 .025 .025 +.025 +.025 -.025 -.051 -.025 -.051 0.051 0.076
180 -.025 -.030 .025 .025 +.025 +.030 -.025 -.051 -.030 -.061 0.051 0.076
190 -.025 -.030 .025 .025 +.025 +.030 -.025 -.051 -.030 -.061 0.051 0.076
200 -.030 -.030 .030 .030 +.030 +.030 -.030 -.061 -.030 -.061 0.061 0.086
250 -.036 -.036 .046 .051 +.036 +.036 -.036 -.071 -.036 -.071 0.071 0.100
300 -.036 -.036 .046 .051 +.036 +.036 -.036 -.071 -.036 -.071 0.071 0.100
320 -.036 -.036 .046 .051 +.036 +.036 -.036 -.071 -.036 -.071 0.071 0.100
340 -.036 -.036 .046 .051 +.036 +.036 -.036 -.071 -.036 -.071 0.071 0.100
360 -.036 -.036 .046 .051 +.036 +.036 -.036 -.071 -.036 -.071 0.071 0.100

*  Diametral clearance after installation theoretically can range rather widely if all contributing bearing, housing, and shaft tolerances are at either 
of their extremes. Diametral clearances shown do not apply to Type A (angular contact) bearings.

Listed shaft and housing diameters are for steel supports with standard bearing diametral clearance.  Recommended shaft and housing 
diameters can change greatly based on orientation, temperature, speed, non-standard diametral clearances, and desired performance 
characteristics.  Contact Kaydon for design assistance when required.

All dimensions in millimeters.

Kaydon class 1 for A, C, X type bearings  All dimensions in millimeters.
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Kaydon BB Metric Series four-point contact 
ball bearings are dimensionally interchange-
able with cross-roller bearings.

BB Series Bearings Are 
Available to Match the 
Bores and Widths of 
Common Cross-Roller 
Bearings.

When factors such as cost, availability, 
corrosion resistance, tighter tolerances, 
torque, seal/shield options, and tempera-
ture resistance are important in your 
application, it pays to consider BB Series 
four-point contact metric ball bearings 
as an alternative to cross-roller bearings. 
The additional design flexibility they 
offer can often help you achieve your 
design objectives with optimum perfor-
mance and economy.

Additional features not commonly 
available in standard cross-roller bearings, 
include a protective package for corrosion 
resistance, custom sealing for extreme 
environments, application-specific 
lubrication and temperature capability.

Optimize Your Design 
Options

With additional features not commonly 
available in standard cross-roller bearings,  
BB Series bearings provide greater design 
flexibility.

Endurakote® coating—For applications 
requiring superior corrosion resistance, 
we offer our proprietary Endurakote®

coating. This thin, dense chrome plating 
gives AISI 52100 bearing material cor-
rosion resistance equal to or better than 
that of AISI 440C stainless steel. Unlike 
many traditional chrome platings, the 
extremely hard surface of Endurakote® 
coating doesn’t peel and flake from 
the bearing race under stress, so corro-
sion resistance is retained and surface 
wear is minimized. The performance of 
Endurakote® has been proven in criti-
cal military, aerospace, and deep space 
applications.

Seals/Shields—Standard industry 
seals are generally available from 
Buna-N rubber. Kaydon can also 
provide custom seals manufactured 
from silicone or Viton® materials for 

applications where high temperature or 
extreme environments are likely to be 
encountered.

Temperature Capability—Standard 
cross-roller bearings have a maximum 
full capacity operating temperature of 
only 212°F. In contrast, Kaydon’s heat 
treating procedures allow Kaydon bear-
ings to operate at higher temperatures.

Lubrication Options—Kaydon offers a 
full range of lubricants, allowing you to 
optimize bearing performance in a range 
of applications with special requirements 
for moisture resistance, hot or cold tem-
peratures, vacuum, and low torque.

Separators—The common roller spacer 
for many cross-roller bearings is a non-
metallic composite. High temperature 
and/or horizontal axis applications may 
require non-standard materials or a 
non-standard separator design, however. 
Kaydon four-point contact ball bearings 
are available with separator options to 
meet a wide range of applications.

Internal Fitup—Kaydon can help you 
optimize internal fitup of our BB Series 
four-point contact ball bearings to pro-
vide the desired operating performance. 
Pre-loaded bearings are recommended 
for greater stiffness, and diametral clear-
ance is recommended for lower torque 
applications.

Metric Series Ball Bearings (BB Series)
Drop-in Replacements For 
Cross-Roller Bearings
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Ø "BORE"

Ø "O.D."

WIDTH

WILL CLEAR "R"
MAX. FIL. RAD.
4 EXT. CORNERS

Ø "BORE"

Ø "O.D."

WIDTH

WILL CLEAR "R"
MAX. FIL. RAD.
4 EXT. CORNERS

Note 1:  Capacities listed are not simultaneous. For combined loading see discussion of Bearing Selection and Load Analysis. Dynamic capacities 
are based upon 1 million revolutions of L10 life.  Published capacities do not apply to hybrid series bearings P, X, and Y - contact Kaydon product 
engineering for values.
Note 2: Standard bearings are supplied without seals and shields, and they are assembled with a light clearance. Alternate features can be obtained by 
adding the following suffix letter to the basic part number.
U = single seal CO = standard clearance CCO = preload TT = double shield
UU = double seal CI = greater than standard clearance T = single shield Check for availability.

Open Bearing Sealed Bearing

BB Series—all dimensions in mm
(Reali-Slim® replacements for RB Series standard cross-roller bearings)

 Model Kaydon Wt. Bore O.D. Width  Radial  Axial Moment
 No. Part No. (kg) (nominal +O) (nominal +O) (nominal +O) “R” (kg) (kg) (kg-M)
  BB2008 39316001 0.03 20 -0.01 36 -0.011 8 -0.12 0.8 168 420 2.3
  BB2508 39317001 0.04 25 -0.01 41 -0.011 8 -0.12 0.8 187 469 3.1
  BB3010 39318001 0.1 30 -0.01 55 -0.013 10 -0.12 1 270 675 5.7
  BB3510 39319001 0.11 35 -0.012 60 -0.013 10 -0.12 1 284 709 6.7
  BB4010 39320001 0.12 40 -0.012 65 -0.013 10 -0.12 1 310 776 8.1
  BB4510 39321001 0.13 45 -0.012 70 -0.013 10 -0.12 1 336 839 9.7
  BB5013 39322001 0.24 50 -0.012 80 -0.013 13 -0.12 1 528 1321 17.2
  BB6013 39323001 0.3 60 -0.015 90 -0.013 13 -0.12 1 575 1436 21.5
  BB7013 39324001 0.31 70 -0.015 100 -0.015 13 -0.12 1 640 1601 27.2
  BB8016 39325001 0.62 80 -0.015 120 -0.015 16 -0.12 1 967 2417 48.3
  BB9016 39326001 0.73 90 -0.02 130 -0.015 16 -0.12 1.5 1033 2584 56.8
  BB10020 39327001 1.21 100 -0.02 150 -0.015 20 -0.12 1.5 1392 3480 87.0
  BB11015 39328001 0.66 110 -0.02 145 -0.018 15 -0.12 1 839 2097 53.5
  BB11020 39329001 1.36 110 -0.02 160 -0.02 20 -0.12 1.5 1488 3720 100.4
  BB12025 39330001 2.13 120 -0.02 180 -0.02 25 -0.12 2 2298 5745 172.3
  BB13025 39331001 2.27 130 -0.025 190 -0.025 25 -0.12 2 2387 5968 190.9
  BB14025 39332001 2.5 140 -0.025 200 -0.025 25 -0.12 2 2561 6402 217.6
  BB15013 39333001 0.61 150 -0.025 180 -0.025 13 -0.12 1 982 2455 81.0
  BB15025 39334001 2.72 150 -0.025 210 -0.025 25 -0.12 2 2645 6614 238.0
  BB15030 39335001 4.54 150 -0.025 230 -0.025 30 -0.12 2 3730 9325 354.2
  BB20025 39336001 3.4 200 -0.03 260 -0.03 25 -0.12 2.5 3128 7820 359.6
  BB20030 39337001 5.72 200 -0.03 280 -0.03 30 -0.12 2.5 4392 10980 526.9
  BB20035 39338001 8.17 200 -0.03 295 -0.03 35 -0.12 2.5 5568 13921 688.9
  BB25025 39339001 4.09 250 -0.03 310 -0.035 25 -0.12 3 3576 8939 500.5
  BB25030 39340001 7.04 250 -0.03 330 -0.035 30 -0.12 3 5008 12519 725.9
  BB25040 39341001 9.08 250 -0.03 355 -0.035 40 -0.12 3 6324 15812 956.3
  BB30025 39342001 4.99 300 -0.035 360 -0.035 25 -0.12 3 3929 9821 648.0
  BB30035 39343001 11.8 300 -0.035 395 -0.035 35 -0.12 3 7038 17595 1222.5
  BB30040 39344001 15.44 300 -0.035 405 -0.035 40 -0.12 3 7038 17595 1240.1
  BB40035 39345001 12.03 400 -0.04 480 -0.04 35 -0.25 3.5 8207 20518 1805.1
  BB40040 39346001 20.66 400 -0.04 510 -0.04 40 -0.25 3.5 8367 20919 1903.0
  BB50040 39347001 22.7 500 -0.045 600 -0.045 40 -0.25 3.5 9598 23996 2638.8
  BB50050 39348001 38.05 500 -0.045 625 -0.045 50 -0.25 3.5 9747 24367 2740.4
  BB60040 39349001 27.24 600 -0.045 700 -0.045 40 -0.2 4 10755 26887 3494.3
  BB70045 39350001 44.95 700 -0.045 815 -0.045 45 -0.25 4 11852 29634 4487.6
  BB80070 39351001 98.52 800 -0.05 950 -0.05 70 -0.25 5 19119 47799 8362.3
  BB90070 39352001 109.87 900 -0.05 1050 -0.05 70 -0.25 5 20591 51478 10035.2

Dynamic Capacity
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BB Precision Tolerances—all dimensions in mm

 Model Bore  O.D. Width Std. Diametral Radial and Axial
 Number (nominal +0) (nominal +0) (nominal +0) Clearance  Runout
      Inner Outer
 BB2008 20 -0.01 36 0.011 8 -0.12 0.025-0.038 0.008 0.01
 BB2508 25 -0.01 41 -0.011 8 -0.12 0.025-0.038 0.008 0.01
 BB3010 30 -0.01 55 -0.013 10 -0.12 0.025-0.038 0.01 0.01
 BB3510 35 -0.012 60 -0.013 10 -0.12 0.03-0.043 0.01 0.01
 BB4010 40 -0.012 65 -0.013 10 -0.12 0.03-0.043 0.013 0.013
 BB4510 45 -0.012 70 -0.013 10 -0.12 0.03-0.043 0.013 0.013
 BB5013 50 -0.012 80 -0.013 13 -0.12 0.03-0.056 0.013 0.013
 BB6013 60 -0.015 90 -0.013 13 -0.12 0.03-0.056 0.013 0.013
 BB7013 70 -0.015 100 -0.015 13 -0.12 0.03-0.056 0.015 0.015
 BB8016 80 -0.015 120 -0.015 16 -0.12 0.03-0.056 0.015 0.015
 BB9016 90 -0.02 130 -0.015 16 -0.12 0.041-0.066 0.015 0.015
 BB10020 100 -0.02 150 -0.015 20 -0.12 0.041-0.066 0.015 0.015
 BB11015 110 -0.02 145 -0.018 15 -0.12 0.041-0.066 0.015 0.02
 BB11020 110 -0.02 160 -0.02 20 -0.012 0.041-0.066 0.015 0.02
 BB12025 120 -0.02 180 -0.02 25 -0.12 0.05-0.08 0.02 0.02
 BB13025 130 -0.025 190 -0.025 25 -0.12 0.05-0.08 0.025 0.025
 BB14025 140 -0.025 200 -0.025 25 -0.12 0.05-0.08 0.025 0.025
 BB15013 150 -0.025 180 -0.025 13 0.23 0.05-0.08 0.025 0.025
 BB15025 150 -0.025 210 -0.025 25 -0.12 0.05-0.08 0.025 0.025
 BB15030 150 -0.025 230 -0.025 30 -0.12 0.05-0.08 0.025 0.025
 BB20025 200 -0.03 260 -0.03 25 -0.12 0.06-0.09 0.03 0.03
 BB20030 200 -0.03 280 -0.03 30 -0.12 0.06-0.09 0.03 0.03
 BB20035 200 -0.03 295 -0.03 35 -0.12 0.06-0.09 0.03 0.03
 BB25025 250 -0.03 310 -0.035 25 -0.12 0.07-0.1 0.035 0.035
 BB25030 250 -0.03 330 -0.035 30 -0.12 0.07-0.1 0.035 0.035
 BB25040 250 -0.03 355 -0.035 40 0.12 0.07-0.1 0.035 0.035
 BB30025 300 -0.035 360 -0.035 25 -0.12 0.07-0.1 0.035 0.035
 BB30035 300 -0.035 395 -0.035 35 -0.12 0.07-0.1 0.035 0.035
 BB30040 300 -0.035 405 -0.035 40 -0.12 0.07-0.1 0.035 0.035
 BB40035 400 -0.04 480 -0.04 35 -0.25 0.08-0.11 0.04 0.04
 BB40040 400 -0.04 510 -0.04 40 -0.2 0.08-0.11 0.04 0.04
 BB50040 500 -0.045 600 -0.045 40 -0.25 0.09-0.12 0.045 0.045
 BB50050 500 -0.045 625 -0.045 50 -0.25 0.09-0.12 0.045 0.045
 BB60040 600 -0.045 700 -0.045 40 -0.25 0.09-0.12 0.045 0.045
 BB70045 700 -0.045 815 -0.045 45 -0.25 0.09-0.12 0.045 0.045
 BB80070 800 -0.05 950 -0.05 70 -0.25 0.09-0.12 0.05 0.05
 BB90070 900 -0.05 1050 -0.05 70 -0.25 0.1-0.13 0.05 0.05

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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New Ultra-Slim™

Thin-Section Bearings

Ideal for applications in robotics, 
inspection equipment, satellites, 
cameras… anywhere precise 
positioning and lightweight designs 
are critical.

At just 2.5 mm wide, Ultra-Slim bearings are available in bore sizes 
ranging from  35 mm to 170 mm for an array of applications.  Their 
compact profile allows you to use Ultra-Slim bearings in the most 

confined design envelopes you can imagine.

Precision-engineered Ultra-Slim bearings are made of stainless steel 
for corrosion resistance.  They are available in angular contact (Type 
A), radial contact (Type C), and four-point-contact (Type X) styles. 
(See selection charts at right).

Hybrid bearings with ceramic balls are available upon request.  These 
configurations are used often when lubrication is marginal or when 
lower wear generation and/or lower torque levels are required.

Position 1 2 3 4 5 6 7 8 9 10
  

Bore 
 Radial    

Internal Nomenclature Material  Section Type Separator Precision 
  

(mm)
 (mm)    

Fit

Example S 1 1 0 0  3 C S 0 K

Position 1—Material

S =  AISI 440C races and balls 
(Standard for Series)

K = AISI 52100 races and balls

Position 2, 3 and 4—Bore

Nominal bearing bore in mm.

Position 5 and 6—Width

Nominal radial race width in mm.

Position 7—Bearing Type

A = Angular Contact
C = Radial Contact
X = 4-Point Contact

Position 8—Separator

S = Spacer balls
F = Full complement of load balls

Position 9—Precision

0 = Kaydon standard precision class

Position 10—Internal Fit

A  = 0.000 - 0.130 mm clearance
C  = 0.013 - 0.025 mm clearance
E  = 0.025 - 0.510 mm clearance
K  = 0.000 - 0.013 mm preload
M  = 0.013 - 0.025 mm preload
 =  standard internal fitup 

if not specified

How to identify Ultra-Slim™ Bearings using our part number code

Ultra-Slim bearings are unique in that their extremely thin 
cross section enables them to provide great size and weight 
reductions for light to medium duty applications with slow or 
intermittent rotation.

Given the fact that these bearings will most likely be used in 
lightly loaded applications where saving weight and space are 
the main objective, the loading values shown assume that the 
shaft and housing will also be of a light construction. This will 
allow for greater bearing ring movement under load than tradi-
tional heavy section bearings. Thus the loading limits for capac-
ity are not based on ABMA standards. 

Depending on the support provided by the shaft and housing, 
this movement can create increased stress levels within the 
bearing. Distortion of the shaft and housing under load will 
transfer to the bearing, causing increased stress levels which 
could lead to premature failure and/or erratic torque conditions.

The impact of non-uniform shaft and housing distortions is best 
found by testing. If problems are experienced, increased rigidity 
of the shaft and housing may be necessary. If the shaft and hous-
ing are of sufficient rigidity, it may be possible for the bearings to 
support greater loads than the loading limits provided.

Performance and Application Considerations
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Ultra-Slim™ Bearing Selection Data

�  Static radial capacities are based on maximum allowable contact stresses.  Adequate support of the races is assumed to help assure uniform ball support.
�  Dynamic radial capacities are included for life calculation purposes.  These are based on the assumption that the shaft and housing have adequate strength to sup-

port the loads without causing excessive distortion of the bearing rings.  For combined loading, use the formulas supplied to determine an equivalent radial load to 
calculate the L10 bearing life. In all cases, the individual loads must not exceed the loading limits provided. (see equations on next page)

�  Higher loading limits may be achieved with sufficiently rigid supports that will better restrict the movement of the bearing races under load.
�  Corner size is the maximum shaft or housing fillet radius that the bearing corners will clear.
*Contact Kaydon for lead time and minimum purchase requirement.

 Radial Contact Type C

 *S03503CS0 35 41 37.2 38.8 418 418 5
 *S06003CS0 60 66 62.2 63.8 711 605 9
 *S07003CS0 70 76 72.2 73.8 827 667 11
 *S07403CS0 74 80 76.2 77.8 875 689 11
 *S08003CS0 80 86 82.2 83.8 944 725 12
 *S09003CS0 90 96 92.2 93.8 1062 783 13
 *S10003CS0 100 106 102.2 103.8 1178 841 15
 *S11003CS0 110 116 112.2 113.8 1295 894 16
 *S12003CS0 120 126 122.2 123.8 1412 943 18
 *S13003CS0 130 136 132.2 133.8 1540 1001 19
 *S14003CS0 140 146 142.2 143.8 1658 1050 21
 *S15003CS0 150 156 152.2 153.8 1774 1099 22
 *S16003CS0 160 166 162.2 163.8 1891 1143 24
 *S17003CS0 170 176 172.2 173.8 2006 1192 25

Dimensions in mm Mass
in

Grams

Kaydon
Bearing
Number Static� Dynamic�

Bore Outside
Diameter

Land
Dia. L1

Land
Dia. L2

Capacity
Radial Newtons

 4-Point Contact Type X

 *S03503XS0 35 41 37.2 38.8 711 585 1045 7.9 5
 *S06003XS0 60 66 62.2 63.8 1208 847 934 11.8 9
 *S07003XS0 70 76 72.2 73.8 1407 934 890 13.0 11
 *S07403XS0 74 80 76.2 77.8 1487 965 867 13.4 11
 *S08003XS0 80 86 82.2 83.8 1606 1015 845 14.0 12
 *S09003XS0 90 96 92.2 93.8 1805 1096 801 14.9 13
 *S10003XS0 100 106 102.2 103.8 2003 1177 756 15.6 15
 *S11003XS0 110 116 112.2 113.8 2201 1252 734 16.6 16
 *S12003XS0 120 126 122.2 123.8 2400 1320 689 17.0 18
 *S13003XS0 130 136 132.2 133.8 2618 1401 645 17.2 19
 *S14003XS0 140 146 142.2 143.8 2818 1470 623 17.8 21
 *S15003XS0 150 156 152.2 153.8 3016 1538 601 18.4 22
 *S16003XS0 160 166 162.2 163.8 3215 1600 578 18.9 24
 *S17003XS0 170 176 172.2 173.8 3413 1669 556 19.2 25

Dimensions in mm Mass
in

Grams

Kaydon
Bearing
Number

Thrust
Newtons�Static� Dyn.� 

Bore Outside
Diameter

Land 
Dia. L1

Land 
Dia. L2

Moment
Nm    �

Capacity
Radial Newtons

Loading Limits

 Angular Contact Type A

 *S03503AS0 35 41 37.2 38.8 382 383 1334 5
 *S06003AS0 60 66 62.2 63.8 649 552 1112 9
 *S07003AS0 70 76 72.2 73.8 756 609 1068 11
 *S07403AS0 74 80 76.2 77.8 799 632 1045 11
 *S08003AS0 80 86 82.2 83.8 863 663 1001 12
 *S09003AS0 90 96 92.2 93.8 970 716 956 13
 *S10003AS0 100 106 102.2 103.8 1077 765 890 15
 *S11003AS0 110 116 112.2 113.8 1183 814 867 16
 *S12003AS0 120 126 122.2 123.8 1290 863 823 18
 *S13003AS0 130 136 132.2 133.8 1407 912 778 19
 *S14003AS0 140 146 142.2 143.8 1514 956 734 21
 *S15003AS0 150 156 152.2 153.8 1621 1001 712 22
 *S16003AS0 160 166 162.2 163.8 1727 1045 689 24
 *S17003AS0 170 176 172.2 173.8 1834 1085 667 25

Dimensions in mm Mass
in

Grams

Kaydon
Bearing
Number Thrust Newtons�

Static� Dyn.� 
Bore Outside

Diameter
Land 

Dia. L1

Land 
Dia. L2

Capacity
Radial Newtons

Loading Limits
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Full complement or
ball spacer ball 1/16" (inch)

� F = 0.25
Bearing corners are
normally chamfered

Full complement or
ball spacer ball 1/16" (inch)

� F = 0.25
Bearing corners are
normally chamfered

Full complement or
ball spacer ball 1/16" (inch)

� F = 0.25
Bearing corners are
normally chamfered
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�  Diameter tolerances apply to average dimensions. Due to the thin nature of these bearings, they cannot be measured with 2 point gauges.
� The runout values apply to individual bearing races.

  � Bore   � Radial  Bearing 
  and O.D. and Axial Diametral 

Rotating Shaft Stationary Shaft  Tolerances Race  Clearance,
   Runouts Type X & C

 Bearing  Nominal    Inner  Outer  Before Shaft Housing Shaft Housing
 Bore +0.000 Race Race Installation Diameter Bore Diameter Bore

 35 -0.013 0.010 0.010 0.030 0.046 35 +0.013/-0.000 41 +0.013/-0.000 34.987 +0.000/-0.013 40.987 +0.000/-0.013

 60 -0.013 0.013 0.013 0.030 0.046 60 +0.013/-0.000 66 +0.013/-0.000 59.987 +0.000/-0.013 65.987 +0.000/-0.013

 70 -0.013 0.015 0.015 0.030 0.046 70 +0.013/-0.000 76 +0.013/-0.000 69.987 +0.000/-0.013 75.987 +0.000/-0.013

 74 -0.013 0.015 0.015 0.030 0.046 74 +0.013/-0.000 80 +0.013/-0.000 73.987 +0.000/-0.013 79.987 +0.000/-0.013

 80 -0.013 0.015 0.015 0.030 0.046 80 +0.013/-0.000 86 +0.013/-0.000 79.987 +0.000/-0.013 85.987 +0.000/-0.013

 90 -0.013 0.015 0.015 0.030 0.046 90 +0.013/-0.000 96 +0.013/-0.000 89.987 +0.000/-0.013 95.987 +0.000/-0.013

 100 -0.013 0.015 0.015 0.030 0.046 100 +0.013/-0.000 106 +0.013/-0.000 99.987 +0.000/-0.013 105.987 +0.000/-0.013

 110 -0.013 0.020 0.020 0.030 0.046 110 +0.013/-0.000 116 +0.013/-0.000 109.987 +0.000/-0.013 115.987 +0.000/-0.013

 120 -0.013 0.020 0.020 0.030 0.046 120 +0.013/-0.000 126 +0.013/-0.000 119.987 +0.000/-0.013 125.987 +0.000/-0.013

 130 -0.013 0.020 0.020 0.030 0.046 130 +0.013/-0.000 136 +0.013/-0.000 129.987 +0.000/-0.013 135.987 +0.000/-0.013

 140 -0.013 0.025 0.025 0.030 0.046 140 +0.013/-0.000 146 +0.013/-0.000 139.987 +0.000/-0.013 145.987 +0.000/-0.013

 150 -0.013 0.025 0.025 0.030 0.046 150 +0.013/-0.000 156 +0.013/-0.000 149.987 +0.000/-0.013 155.987 +0.000/-0.013

 160 -0.013 0.025 0.025 0.030 0.046 160 +0.013/-0.000 166 +0.013/-0.000 159.987 +0.000/-0.013 165.987 +0.000/-0.013

 170 -0.013 0.025 0.025 0.030 0.046 170 +0.013/-0.000 176 +0.013/-0.000 169.987 +0.000/-0.013 175.987 +0.000/-0.013

Ultra-Slim Bearing Precision Tolerances 
(Dimensions in mm.)
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The Kaydon concept of standard bearings with light-weight, thin-sections, and large bore diameters includes tapered and radial 
roller bearings as well as ball bearings.

KT Series tapered roller bearings offer advantages to those designs requiring a bearing of higher capacity, which would benefit 
from the many unique advantages of a thin-section bearing. KT tapered roller bearings are used to advantage in applications 
ranging from oil field equipment to machine tool tables where space and weight considerations are meaningful.

Standard tapered roller bearings, KT Series, have races and rollers of 
through-hardened AISI 52100 steel with a one-piece stamped steel cage. 
They can be furnished, when specified, in pairs match ground for use with 
or without spacers.

The Tapered Roller Bearings in this catalog are of the single-row radial 
type, designed primarily for application of radial load. While of separable 
construction, the rolling elements are retained in the separator.

Since this bearing assumes a contact angle of approximately 12° under an 
axial force, it does have a reasonable amount of thrust capacity. This capacity 
is uni-directional and is realized when the axial force is applied to the wide 
faces of the races.

As in the case of the angular contact ball bearing, the single row tapered 
roller bearing is commonly mounted in opposition to another bearing 
(usually of similar construction) to provide an axial force for establishing 
and maintaining the angle of contact. Two bearings of this type may
be mounted with the lines of contact converging outside of the bearings 
(back-to-back) or inside (face-to-face) with the former preferred for 
stability in the presence of overturning load.

KT Series
Tapered Roller Bearings

 • KT-070 7.000 8.500 .812 1.74 4970 2860 .812 .625 7.375 7.300 8.125 8.250 3.11
  KT-091 9.125 10.250 .718 1.79 4920 2750 .722 .597 9.625 9.312 9.850 10.050 2.88
 • KT-098 9.875 11.500 1.062 1.85 9260 5000 1.062 .875 10.375 10.225 11.063 11.250 6.05
  KT-100 10.000 11.125 .625 1.79 4020 2250 .625 .500 10.500 10.300 10.750 10.900 2.88
  KT-110 11.000 12.500 .875 1.86 7620 4100 .875 .688 11.438 11.250 12.000 12.250 5.06
 • KT-112 11.250 12.750 .812 1.86 7150 3860 .812 .625 11.688 11.500 12.313 12.500 4.72
 • KT-118 11.875 13.562 .937 1.76 7250 4120 .812 1.125 12.438 12.210 13.000 13.320 6.63
  KT-130 13.000 14.562 .843 1.44 5580 3880 .843 .594 13.438 13.320 14.125 14.300 5.20
  KT-132 13.250 15.000 .937 1.69 6160 3650 .937 .750 13.875 13.625 14.375 14.500 6.79
 • KT-151 15.125 17.375 1.125 1.72 11760 6840 1.125 .812 15.750 15.625 16.750 16.875 13.57
 • KT-165 16.500 18.750 .875 1.78 8220 4620 .882 .812 17.250 17.000 18.125 18.500 11.14
  KT-180 18.000 19.625 .812 1.69 7400 4330 .812 .687 18.438 18.375 19.188 19.300 8.19
  KT-200 20.000 21.750 .812 1.80 7930 4400 .812 .687 20.625 20.375 21.125 21.250 9.78

Kaydon
Bearing
Number

Rating at
500 RPM for

3000 hrs. L-10
Bore

d
(IN)

Outside 
Dia.
D

(IN)

Assem.
Width

T 
(IN)

Factor
K

(IN)
Radial
(LB)

Thrust
(LB)

Cone
Width

B
(IN)

Cup
Width

C
(IN)

S1
(IN)

S2
(IN)

H1
(IN)

H2
IN)

Bearing
Wt.
(LB)

Shaft Housing
Shoulder Diameters

• Available from Stock—check for availability of other sizes.
Tolerances are: Bore: +.001" – .000" up to KT-110; +.002" – .000" for KT-110 to KT-200
   Outside Diameter: Same as for bore.
   Width: ±.010" up to KT-112; ±.015" for KT-112 to KT-200
   Cup Radial Runout .0015" Max. F.I.M., Cone Radial Runout .0020" Max. F.I.M.
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Axial Clearance:

The total amount of free axial movement between the inner
and outer race of a bearing. Bearings with internal clearance
will contain both axial and radial clearance.

Axial Load:

Also known as thrust load, it is load applied to the bearing 
parallel with the bearing axis of rotation.

Capacity:

Dynamic capacity is the basic “C” rating which represents 
a load that the bearing can theoretically endure for 1 million 
revolutions. Static capacity is the approximate load the 
bearing can endure before permanent deformation occurs 
on the ball or raceway.  Published capacities do not apply to 
hybrid series bearings P, X, and Y.  Contact Kaydon product 
engineering.

Deflection:

The amount of movement associated with compression or 
stretching of bearing components when placed under load.

Diameter Tolerance:

The range in which the average diameter of a bore or O.D. may 
fall. Reali-Slim® bearings are considered “non-rigid” rings and all 
diameters are averaged using multi-point gaging techniques per 
ABMA Std. 26.2.

Diametral Clearance:

Also referred to as radial clearance, it is the total free movement 
of the inner race relative to the outer race in a radial plane.
“X” and “C” type bearings are made with some internal clearance 
as a standard factory internal fit before mounting.

L10 Life:

The theoretical life span of a bearing under a specific set of 
dynamic operating conditions associated with 90% reliability.

Moment Load:

Load such that when applied to a bearing system, tends to
overturn or bend the axis of rotation in an angular direction.

Pitch Diameter:

The theoretical median diameter of a bearing, which passes 
through the center of the rolling elements. Reali-Slim® pitch 
diameters are equivalent to: (OD+Bore)/2.

Preload:

The amount of load placed on the rolling elements before the 
application of any external loads. Preload can be created in “X” 
and “C” type bearings by controlling internal fits of the ball and 
the raceway at the factory. Preload in angular contact bearings is 
controlled by a “preload gap” between the duplexed races. Tight 
mounting conditions will increase the final bearing preload. 
Preload stiffens the bearing and eliminates axial and radial play, 
but the load on the balls increases friction and shortens L10 life.

Radial Load:

Load applied perpendicular to the bearing axis of rotation. 

Runout:

The maximum axial or radial race wall thickness variation of
an inner or outer bearing race. Runout influences the repeatable 
location variation of rotating components.

Bearing Definitions and Terms

Standard bearing nomenclature
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Warranty

Kaydon Corporation (hereinafter “seller” or “Kaydon”) war-
rants the products manufactured by it to be free from defects 
in materials and workmanship only.  The extent of Seller’s 
obligation hereunder is to either repair or replace its work or 
the defective products, F.O.B. Seller’s plant, if returned within 
12 months after date of delivery.  No allowance will be granted 
for repairs or alterations made by Buyer without Seller’s writ-
ten approval.  The warranty shall not be construed to cover 
the cost of any work done by Buyer on material furnished 
by Seller or the cost of removal or installation of product.  
Products and parts not manufactured by Seller are warranted 
only to the extent and in the manner that the same are war-
ranted to Seller by Seller’s vendors and then only to the extent 
Seller is able to enforce such warranty.  There is no other war-
ranty, express or implied in fact or by law.

THE FOREGOING STATES THE SOLE AND EXCLUSIVE 
WARRANTY OF SELLER.  THE WARRANTIES 
STATED HEREIN ARE IN LIEU OF ALL OTHER 
WARRANTIES, WRITTEN OR VERBAL, STATUTORY, 
EXPRESSED OR IMPLIED, INCLUDING WARRANTIES 
OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE, WHICH ARE HEREBY 
DISCLAIMED.  SELLER SHALL NOT BE LIABLE FOR 
DAMAGES, INCLUDING BUT NOT LIMITED TO, 
CONSEQUENTIAL OR SPECIAL DAMAGES ARISING 
OUT OF OR IN CONNECTION WITH THE USE OR 
PERFORMANCE OF THE PRODUCTS.

Buyer acknowledges that bearing life is directly impacted 
by the following, over which Seller has no control (includ-
ing but not limited to) (i) assembly procedures, (ii) mating 
component dimensions and/or tolerances, (iii) running loads, 
(iv) environmental exposure, (v) thermal deviations and (vi) 
proper maintenance procedures.

Seller’s agreement to sell the products is made upon the condi-

tion and agreement that, with respect to its products, there have 
been no representations or undertakings made by or on behalf of 
Seller and Seller makes no guarantees or warranties, express or 
implied, in fact or in law, except as expressly stated above.

Changes

Kaydon reserves the right to change specifications and other 
information (included) in Kaydon catalogs without notice.  
We recommend that you contact your Regional Sales Manager 
or Kaydon to be sure the information you have is current.

Errors

All information, data, and dimension tables in this cata-
log have been carefully compiled and thoroughly checked.  
However, no responsibility for possible errors or omissions is 
assumed by Kaydon.

Important Notice

Because of possible danger to persons or property from acci-
dents which may result from the use of the products described 
in this catalog, it is important that good design practices and 
correct procedures be followed.  The products must be used in 
accordance with the engineering information provided herein; 
and proper installation, lubrication, maintenance, and peri-
odic inspection must be assured.  It is strongly recommended 
that appropriate instructions be incorporated in equipment 
manuals to assure safe operation under all conditions.  Proper 
guards and other suitable safety devices or procedures as may 
be desirable or as may be specified in safety codes should be 
provided, and are neither provided by Kaydon nor are the 
responsibility of Kaydon.

The product capability statements and engineering specifica-
tions in this catalog supersede those detailed in all prior ver-
sions of the catalog.
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1.  Reali-Slim® thin-section 
bearings catalog

Complete engineering and selection 
information on the entire product 
line, including Metric Reali-Slim® 
and Ultra-Slim series. Request 
Catalog 300.

2.  An illustrated mounting guide 
for Reali-Slim® bearings

Gives ideas on how to improve 
designs through better mounting 
and use of bearing assemblies. 24-
pages. Request Catalog 306.

3.  An illustrated mounting guide 
for Reali-Slim® bearings in 
semiconductor applications

Generic designs showing how Kaydon 
Bearings have been used in semicon-
ductor manufacturing equipment. 
Request Catalog 310. 16 pages.

Application Information
to Help In Your Designs

4.  Reali-Design™

software on CD

Speeds Reali-Slim® bearing selec-
tion process. Includes data sheets, 
life calculations, CAD-ready DXF 
library, and metric conversions.

5.  Large turntable 
bearing catalog

Complete engineering and selec-
tion information on standard and 
custom turntable bearings.  32-pages.  
Request Catalog 390.

6.  Worm drive 
rotation systems

Selection guide for pre-tested, com-
pact bearing/worm assemblies for 
light-to-medium duty applications.  
4-pages.  Request Catalog 308. 
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For latest releases: catalog, 
software, or CAD drawing 
downloads, visit our website at 
www.reali-slim.com.
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Custom designs-Our design engineers work with yours to specify 
the optimum bearing solution for your application.

• Ball and roller bearings in single and multi-row designs.

• Up to 180" O.D.

• Solid and wire race designs.

• Geared races; internal or external.

• Optional materials.

• Induction and through hardened races.

•  Precision gears, runouts, preloads, and torque control to suit 
specific applications.

Custom Turntable
Bearings from Kaydon

CONTACT KAYDON AT—
Kaydon Corporation • Muskegon, Michigan 49443
Telephone: 231/755-3741 • Fax: 231/759-4102

NEED SERVICE FAST?
1-800-514-3066

Website: www.reali-slim.com
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Please answer the questions on this form as completely as possible. Include a drawing (or sketch) of the application if available.
Be sure to show all parts and information relevant to the application. The data you supply is the basis for our recommendations.

 TO: Kaydon Corporation, Muskegon, Michigan 49443                     Date: __________________________________

 : Fax: 231/759-4102

 FROM: Name ___________________________________________ Title ____________________________________

 : Company ________________________________________ Telephone _______________________________  

 : Address __________________________________________________________________________________

 : E-mail ____________________________________________________________________________________

 : Application ______________________________________ Project __________________________________

 : Experimental ❑    Prototype ❑    Production  ❑    Other ❑

 : Quantity _____________     Original Equipment Manufacturer ❑    Resale ❑    Own Use ❑    Replacement ❑

 LOADS: Static Radial (Max.) ____________________ Dynamic Radial (Mean) _______________________________  

 : Static Thrust (Max.) ____________________ Dynamic Thrust (Mean) ______________________________  

 : Static Moment  (Max.) __________________ Dynamic Moment (Mean) _____________________________  

 : If mean dynamic loads are unknown, attach all conditions with percent of time each occurs.

 : Vibration or shock _____________________  Describe ____________________________________________  

 : Factor of Safety of _____________________  (is) (is not) included in loads above.

 SPEED: RPM (Max.) __________________________  RPM (Mean) ______ or attach conditions with percent of time.

 OSCILLATION: Angle ___________°                                           Frequency _____________________

 ACCURACY: Kaydon Precision Class _______________ or:

 : Permissible Eccentricity:  Inner ________________________  Outer _________________________

 : Permissible Face Run-Out:  Inner ________________________  Outer _________________________

 : Permissible Looseness:  Radial _______________________  Axial _________________________

 LIFE: Hours (Min.) _________________ Hours (Avg.)  ________________  Other _________________________

 TEMPERATURE: Normal Operating ________°F    Minimum ________°F    Maximum ________°F.

 : Differential between shaft and housing _______________°F.

 LUBRICATION: Proposed Lubricant _____________________  and method ________________________________________

 BEARING: Preferred Size:       Bore __________________ Outside Dia. ________________ Width __________________

 :                      Min. Bore __________________ Max. Outside Dia. ___________ Max. Width ______________

 : Preferred Type: _____________________________________________________________________________

 : Bearing Axis in (Vertical) (Horizontal) position with (outer) (inner) race rotation relative to load.

 MATERIAL: Shaft ________________________________ Housing ____________________________________________

 SPECIAL: Allowable Friction Torque ___________________________________________________________________

 REQUIREMENTS: Sealing ___________________________________________________________________________________

 : Protective Coating __________________________________________________________________________

 : Other ____________________________________________________________________________________

 REMARKS: _________________________________________________________________________________________  
    _________________________________________________________________________________________

Bearing Application Data
Copy, fill out and fax to 231-759-4102



Please send me more information            
on Reali-Slim® bearings:

❏ #300 REALI-SLIM® Bearing Selection Guide

❏ #306 REALI-SLIM® Mounting Guide

❏  REALI-DESIGN™ CD for REALI-SLIM® Bearings

Name ____________________________ Title ________________________  

Company _________________________ Mailstop/Dept. ________________

Address __________________________ E-mail: _____________________

City _____________________________ State ________   Zip __________

Phone ( ____ ) ____________________ Fax ( _____ ) ________________

Printed in U.S.A.

Please send me more information
on large bearings:
❏ #390 Large Bearing Catalog and Design Manual

❏  #308 Worm Drive Rotating System Catalog

❏ Stock Turntable Bearing Brochure

Name ____________________________ Title ________________________  

Company _________________________ Mailstop/Dept. ________________

Address __________________________ E-mail: _____________________

City _____________________________ State ________   Zip __________

Phone ( ____ ) ____________________ Fax ( _____ ) ________________

Printed in U.S.A.

Visit our new web site to download the latest engineering tools 
for Reali-Slim® thin-section bearings, including:

■ 3D CAD drawings  ■ Reali-Design™ software  ■ .pdf version of Reali-Slim catalog

www.reali-slim.com saves you time and helps you improve your design efficiency!
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TURNING IDEAS INTO ENGINEERED SOLUTIONS

Visit our website: www.reali-slim.com



Kaydon Corporation
2860 McCracken Street

Muskegon, Michigan 49441 U.S.A.
Phone: (231) 755-3741

Fax: (231) 759-4102

Need Service Fast?
1-800-514-3066

Visit our website: www.reali-slim.com


