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ABSTRACT 

This thesis presents descriptions and field time 

studies of some of the laying and retrieving implements 

used in above-ground drip lateral handling. The field stud

ies led to the design and construction of one implement 

that can lay and retrieve laterals. 

The implement was field tested, and evaluated using 

time studies. Throughout the testing, the designed imple

ment performed the laying and retrieving operations without 

significant problems and with relative simplicity. Tubing 

length, operator skill, number of operators, and type of 

tubing had some effect on performance. Those effects, how

ever, were not dramatic and the implement could be expected 

to cover about 0.90 ha/h during laying and 0.85 ha/h during 

retrieval with one operator. 

Comparisons in field capacity and labor cost were 

made between some existing implements and the designed one. 

The designed implement competed with and sometimes outper

formed the existing implements under the simulated field 

conditions. 

x 



INTRODUCTION AND LITERATURE REVIEW 

Background 

"Drip irrigation is the slow application of water 

through small emitter openings to the soil surface" (Keller, 

1980, p. 7.1). Water flows from the source to the emitters 

through tubes called laterals, and then drips out near 

individual plants. This makes drip irrigation a highly 

controlled method of water application. Such a quality 

makes it very efficient and therefore it is becoming popu

lar. As a result, many farmers are trying to adopt drip 

irrigation whenever and wherever economically and techni

cally possible. 

Drip irrigation systems are complex and one of their 

major components is laterals. The laterals extend along 

crop rows with spacing between them specified by the design 

of the system. Laying of the laterals in the field is a 

part of the overall installation of the drip irrigation sys

tem. Laterals can be installed on or below the ground sur

face. In this thesis the concern is only with above-ground 

installation. Such a task requires removal of the laterals 

at the end of the growing season because of harvesting, cul

tivation, and other necessary farming operations. The end 

result is a need for a mechanized method that can lay and 
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retrieve above-ground laterals, both economically and effi

ciently. The objective of this report was to study some of 

the existing methods of lateral handling and possibly devel

oping means to improve such methods. 

Literature Review 

Many implements have been used to date to complete 

the formidable task of laying and retrieving laterals. Many 

were developed either as a part of a marketing operation or 

by farmers as tools of convenience. Some implements have 

United States patents pending. 

A patent index search was carried out. Patent 

classes with headings that included rolling, laying, or tube 

handling were checked. These were the classes: 60, 72, 104, 

105, 138, 172, 204, 239, 242, 256, 285, 405, 414, and 425. 

No information about any lateral handling implements was 

found. University of Arizona theses from 1965 through 1983 

were searched and no information pertaining to any imple

ment was found. Some magazine and journal articles briefly 

mentioned some of these implements. Such journals and mag

azines include: 

1. Drip/Trickle Irrigation, Vol. 5, No. 2, 1983. 

2. California-Arizona Cotton, March, 1984. 

3. Cotton Farming Magazine, November-December, 1982. 
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The information found, however, was limited and referred 

only to their existence and to some of the installations 

where they were used. 

The following references were also searched for the 

years 1978 through 1984: 

1. Agricultural Engineering. 

2. American Society of Agricultural Engineers Trans

actions . 

3. Agricultural Water Management. 

4. Irrigation Science. 

5. Journal of Irrigation and Drainage. 

6. Biography of Agriculture: Annual Cumulations. 

No articles about any implements used in the laying or 

retrieving of above-ground drip lines were found. 

Another source checked was sales literature and 

catalogs from irrigation companies. Some of these were: 

1. Lake Company of Bakersfield, California. 

2. Afula Agricultural Equipment Ltd. of Afula, Israel. 

3. Submatic Irrigation System of Lubbock, Texas. 

The information only mentioned the existence of 

such implements and stated that they are an integral part 

of the overall system of drip irrigation installations. 

Although every effort was made to find meaningful 

information, none provided any technical or theoretical 
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data. In all cases, the information was general and not 

useful for the purpose of this thesis. 



INVESTIGATION OP SOME 
EXISTING IMPLEMENTS 

Because no useful information was found in the lit

erature, a study to investigate some of the existing imple

ments was undertaken. Both farmers and irrigation companies 

in Arizona were contacted to determine the location of imple

ments which could possibly be observed and studied. The 

following are the results of those investigations. 

Description of Implements 

For the purposes of this thesis, machines that lay 

and others that retrieve laterals are referred to as laying 

implements and retrieving implements, respectively. Both of 

these implements have reels on which laterals are wound in 

retrieving or unwound in laying. There are two sizes of 

reels used on the different implements investigated: a 

large reel with an outside diameter or 203 cm and a width 

of 76 cm, and a small reel with an outside diameter of 119 

cm and a width of 33 cm. For the large reels, tubing is 

purchased, hauled, and stored on its own reel. Tubing is 

unloaded by taking a reel off, and loaded by mounting a 

reel on the implement. For the small reels, however, the 

tubing is purchased, hauled, and stored in rolls that are 

independent of a reel. Therefore the reels are not removed 
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from the implement. A feature that helped in removing or 

mounting rolls was a collapsing center drum on the reel. 

Two bars, that acted as guards around the roll, were pulled 

outwards, causing the inside frame or drum of the reel to 

collapse. This decreased the dimension of the inside diame

ter of the reel and allowed for the removal or mounting of 

the tubing rolls. 

Laying Implements 

The first laying implement (Implement A; Figure 1) 

investigated was developed in Afula, Israel by Afula Agri

cultural Equipment Ltd. and is now distributed in the United 

States. There is a U.S. patent pending on this implement. 

Implement A has the following attributes: 

1. A mounted implement. 

2. Large reels suspended on horizontal axles. 

3. Adjustable spacing between reels. 

4. Drum brake used to control reel rotation. 

The laying operation is done by fixing the end of 

the line to the ground and then driving the tractor to the 

other end of the field. This provides a tangential pull on 

the tubing which rotates the reel. The tubing is then 

released from the reel and layed along the field. One or 

two workers had to walk behind the implement to make sure 

that the reel's peripheral speed stayed equal to the forward 
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Figure 1. Implement A 
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speed of the tractor. After a pass is completed, the tubing 

is cut and the implement is turned and reset for the next 

pass. Once the reels are empty, they are unloaded and 

replaced by full reels. 

Some individuals have modified this implement slight

ly. They have changed drum brakes to disc brakes and have 

put seats on the implement for the brake operator. Another 

modification has been made to the reel-mounting mechanism. 

The original involved fixing the reel on the implement by 

means of a U-bolt around the reel axle. This proved to be 

time consuming during the loading and unloading of the reels. 

The modification consisted of building a U-shaped holder on 

the end of each arm that suspended the reel. A bearing 

mounted on each end of the reel axle fit into the holder 

and provided a relatively low friction mounting. 

The second laying implement (Implement B; Figure 2) 

studied used the small reels. It was designed and construct

ed by Rain for Rent Ariz Inc. of Chandler, Arizona and was 

modified by Red River Farms of Stanfield, Arizona. This 

implement has the following attributes: 

1. A mounted implement. 

2. Small reels suspended on horizontal axles. 

3. Adjustable spacing between reels. 

4. Constant friction on brake pads to slow rotation 

of reels. 
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Figure 2. Implement B 
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Implement B was used in the following manner: The 

end of the tubing is pulled and held at the edge of the field 

by inserting it into holes in a wooden beam. The implement 

is then driven down the field, which starts the unrolling of 

the lateral. When the implement reaches the end of the 

field, the line is cut and the implement is reset for the 

following run. Sometimes the roll runs out before the 

implement reaches the end of the field. In that case, new 

rolls are mounted and the beginning of the roll connected to 

the end of the layed out line. This connection is made 

using special splices. 

Retrieving Implements 

One retrieving implement (Implement C; Figure 3) 

studied was also developed in Israel and is distributed in 

the United States by Afula Agricultural Equipment Ltd. 

This implement has the following attributes: 

1. A mounted implement. 

2. Large reels suspended on horizontal axles. 

3. Reel rotated by means of a hydraulic motor. 

4. Rotation of the reel controlled by a hydraulic 

flow valve and drum brakes. 

The operation of Implement C begins by fixing the 

end of a lateral onto the reel. Flow is then manually 

directed to the hydraulic motor by the flow control valve 
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Figure 3. Implement C 
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which causes the reel to turn. The tubing is then wound 

around the reel as it is retrieved from the field. After 

each lateral is pulled, the implement is reset at the next 

lateral. The end of this lateral is connected to the end 

of the one that was just rolled and the winding begins 

again. This is continued until the reel is full and is 

then unloaded and replaced by an empty reel. 

Another type of retrieving implement (Implement D; 

Figure 4) was developed in Arizona by Paloma Ranch of Gila 

Bend, Arizona. In contrast to Implement C, Implement D has 

three reels instead of one. There is a U.S. patent pending 

on Implement D. Implement D has the following attributes: 

1. Towed implement. 

2. Large reels suspended on horizontal axles. 

3. Reels rotated by means of hydraulic motors. 

4. Rotation of reels controlled by flow control 

valves and disc brakes. 

5. An automatic feeding mechanism that evenly feeds 

tubing across the face of the roll. 

6. A mechanism that utilized hydraulic cylinders 

for loading and unloading of reels. 

The operation of Implement D is similar to that of 

Implement C. The loading and unloading of reels is simpler. 

This is achieved by hydraulically lowering the reels until 

they reach the ground. The full reels are pulled out and 
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Figure 4. Implement D 
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empty ones pushed into position. The arms that support the 

reels are then lifted into operating position. The reels 

are held on the arms by means of U-shaped grooves, similar 

to those described for laying Implement A. An important 

feature of Implement D is the auto-feeding device. This 

holds the line, and moves back and forth across the width of 

the reel during the retrieval operation. This oscillating 

motion helps to evenly distribute the line on the reel. 

A third retrieving implement (Implement E; Figure 5) 

was developed by Rain for Rent Ariz Inc. and was modified 

by Red River Farms. 

There are many differences in the tubing retrieval 

operation of Implements C and D, on one hand, and Implement E 

on the other. For the latter, the beginning of the lateral 

is fixed on the reel and the reel is rotated by a hydraulic 

motor. As the line is retrieved, the reel operator manually 

feeds it evenly across the reel. After the lateral is re

trieved, the roll of tubing is tied in four places by hand, 

removed from the reel, and set by the side of the road. 

Implement E has the following attributes: 

1. Towed implement. 

2. Small reels suspended on horizontal axles. 

3. Reels rotated by means of hydraulic motors. 

4. Rotation of reels controlled by hydraulic flow 

valves and manually operated brake pads. 



15 

Figure 5. Implement E 
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Time Studies 

The field investigation of the laying and retrieving 

implements described consisted of time studies, observation 

of operational problems, and discussion with operators. 

Each operation was divided into convenient segments, and 

times for such segments were recorded. Following the stud

ies, calculations were made to determine capacities and 

other performance criteria. 

The following definitions are used in this thesis: 

1. Run: A run consists of one cycle of activities 

that must be made to complete a single pass of the 

implement down the field. 

2. Theoretical Field Capacity (TFC): TFC is the num

ber of hectares covered by the implement in 1 hour, 

considering only the travel time of the implement. 

It does not include turning, time for problems, or 

resetting of the implement. This was calculated in 

the following manner: 

TFC fha/h) = 60 min/h x area of run (ha) 
Laying or retrieving time of run (min) 

3. Actual Field Capacity (AFC): AFC is the actual 

number of hectares covered in 1 hour. This was 

calculated as follows: 

60 min/h x area of run (ha) 
AFC (ha/h) = Total time of run (min) 
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4. Efficiency (E) (%): E = AFC/TFC x 100. 

5. Ground Speed of Implement (V) (km/h): 

v _ 60 min/h x length of run (m) 
Laying or retrieving time of run (min) x 1,000 m/km" 

Results 

The raw data from the time studies is tabulated in 

Appendix A, and the results, averaged on a per run basis, 

are presented in Tables 1 and 2. When viewing the data, the 

following points should be kept in mind: 

1. For implements that use large reels, the loading and 

unloading times were divided by the number of runs 

using the same reel. This was done to obtain the 

portion of the time of loading or unloading that 

could be assigned to each run. The number of runs 

was, in each case, put in parentheses following the 

loading or unloading time. 

2. The time associated with stoppage for problems was 

included in the total time for laying or retrieving 

of tubing. This was done to provide consistency in 

results, as sometimes it was hard in the field to 

separate this time from actual laying or retrieval 

time. 

3. Times necessary to transport tubing to or from the 

field, to loosen tubing (if required) prior to the 
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Table 1. Time study results of existing laying implements. 
— Implement A has three large reels; Implement B 
has three small reels. 

Type of Implement 

B 

Number of Operators 

Time to Stake and Cut 
and Turn (min) 

Time to Lay Tubing (min) 

Time to Load Reels or 
Rolls (min) 

Time to Unload Reels 
or Rolls (min) 

Total Time of Run (min) 

Length of Run (m) 

Width of Run (m) 

Speed of Implement (km/h) 

Theoretical Field 
Capacity (ha/h) 

Actual Field Capacity 
(ha/h) 

1.90 

17.00 

5.30 

3.38 

1.98 

4.08 

3.11 

1.63 

(4 runs) (15 runs) (19 runs) 
2.11 0.87 0.83 1.77 

(4 runs) (15 runs)(19 runs) 
0.90 0.13 0.15 

21.91 

1,207.0 

5.6 

4.18 

2.40 

1.85 

9.68 7.04 6.51 

426.7 426.7 256.0 

4.3 5.6 7.6 

7.57 6.28 9.42 

4.67 3.52 7.16 

1.33 2.04 1.79 

Efficiency (%) 77.0 28.5 5R.0 25.0 
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Table 2. Time study results of existing retrieving imple
ments. — Implement D has three large reels; 
Implement E has three small reels. 

Type of Implement 

D E E  

Number of Operators 4 4 4 

Time to Reset Implement 
and Hook Tubing (min) 0 .25 1.01 0 .48 

Time to Retrieve Tubing 
(min) 1 .27 1.17 2 .01 

Time to Load Reels or 
Rolls (min) 

(27 
0 
runs) 
.12 -— 

Time to Unload Reels or 
Rolls (min) * 

(27 
0 
runs) 
.10 1.37 1 .30 

Total Time of Run (min) 1 .74 3.55 3 .79 

Length of Run (m) 170 .7 152.4 246 .9 

Width of Run (m) 5 •8 5.9 6 .0 

Speed of Implement (km/h) 8 .06 7.82 7 .37 

Theoretical Field 
Capacity (ha/h) 4 .68 4.61 4 .42 

Actual Field Capacity 
(ha/h) 3 .41 1.38 2 .35 

Efficiency (%) 72 .9 29.9 53 .2 

* Time includes time to tie rolls before unloading. 
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retrieval operations, and any break or resting times 

taken by the labor workers are not included. 

Discussion 

There were variable factors that also had a bearing 

on the results. Length of runs had an effect on the perfor

mance of the implements. The longer the field, the more the 

implement was actually laying or retrieving tubing. This 

tended to increase its field capacity and efficiency. An

other factor was the type of tubing used. Some of the tub

ing had the emitters barbed into the line every 1 m. This 

constituted many connections in the line. As the air temper

ature increased, the tubing expanded. When subjected to a 

pull, the tubing sometimes separated at these connections. 

This problem, however, was not encountered with tubing in 

which the emitters are formed into the line at the time of 

manufacture. 

There are some aspects of Implements A, B, C, D, 

and E that make them unattractive. Some of these aspects 

are: 

1. Labor requirement. Most implements required a four-

man crew. This creates a problem where labor is 

scarce or expensive. 

2. High capital investment. Two separate implements 

are needed to handle drip tubing. 



Additional equipment requirement; Large reel sys

tems require machines like forklifts and big trucks 

for hauling reels to and from the field. These 

machines are not usually found on farms, thus add

ing to the expense of such an operation. 



OBJECTIVES 

The field investigation of some existing laying and 

retrieving implements initiated many ideas about improvements 

which could be made to these implements. 

1. It was thought that one implement could be developed 

to handle both the laying and retrieval of drip 

lines. 

2. Labor requirement of such an implement could 

possibly be reduced compared to previously 

described implements. 

3. The operation of such an implement should not 

require any heavy accessory machinery. 

4. The operation could be made simpler and thus 

require less skill. 

Based on these developed concepts, the objectives 

were to design and construct an implement that would satisfy 

the above criteria. Following construction, testing would 

be carried out to evaluate its performance and allow com

parisons to be made with other implements. 
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IMPLEMENT DESIGN 

Every attempt was made in the design to make use of 

existing parts that can serve their intended purpose, are 

cheap, and are simple to use. In order that an implement be 

able to handle both the laying and retrieval operations, the 

following functions must be performed: 

1. Lay drip tubing. 

2. Retrieve drip tubing. 

3. Control reel rotation. 

4. Fix end of drip line on reel for retrieval. 

5. Evenly feed drip line across roll. 

6. Permit tying of the rolls after tubing retrieval. 

Component Description 

Reel 

The most important part of the design was the reel 

(Figure 6a; A). It is the part on which the tubing was 

rolled or unrolled. The reel was chosen to be fixed on the 

implement so that the tubing was handled on rolls rather than 

on reels. This was done to decrease the weight of material 

that had to be handled and thus elmininate the need for 

heavy equipment. 
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Key: 
A Reel 
B Brake Pad 
C Hydraulic Motor 
D Coupling 
E Valve 
F Laying Roller 
G Retrieving Roller 
H Tape Roller 
J Slots 
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Figure 6. Technical drawings of Implement I.: a. Top view; b. Side view; 
c. Back view. fO 



25 

Reel Shape. The retrieval of drip tubing usually 

takes place in the summer months when the growing season is 

over. The warm weather at this time of year expands the tub

ing in length and diameter. When the laterals are retrieved, 

they are rolled on the reel in this expanded state. In 

storage, the tubing cools and shrinks, therefore decreasing 

the diameter of the roll. This has created a problem when 

the rolls are to be remounted on the same size reels as 

they do not fit due to the decrease in their inside diame

ter. To compensate for this, the core of the reel was de

signed in the shape of a cone. This shape provided for a 

decrease in the size of the diameter from one side of the 

core to the other. If the tubing was retrieved and rolled 

around the bigger section in an expanded state, it would 

still fit around the smaller section when it had contracted. 

The reel was mounted on a vertical axis with the bigger 

diameter at the bottom and the smaller one at the top; the 

idea being that the roll would stay near the bottom during 

retrieval under the action of its own weight. Two outside 

rails or reel ends were constructed on the reel. The one 

on the top was removable, while the one on the bottom was 

fixed. These rails acted as guards, preventing the rolls 

from slipping off the reel. The top guard was removable, 

allowing the removal of tubing rolls after retrieval or 

mounting of rolls for laying. 
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Reel Dimensions. The reel was designed to accommo

date a maximum length of 18 3 m of tubing. This length was 

chosen because most farms that were visited had their lat

eral lengths close to that value. The common outside diame

ter of drip tubing used is 1.5 cm. For purposes of conveni

ence and ease of handling, the width of a roll was chosen 

not to exceed 40 cm. Using these dimensions, the following 

calculations were made: 

40 cm/1.5 cm = 27 wraps , 

which would be the number of rotations of line along the 

width of the roll. Similarly, for convenience of handling, 

the depth or thickness of the roll was picked to be 25 cm. 

Then it follows that 

25 cm/1.5 cm = 17 wraps 

are maximum to create the depth of the roll given. These 

two figures give a total of 

17 x 27 = 459 wraps 

that could be accommodated in the design. Using this value, 

and a lateral length of 183 m, gives 

183 m x 100 cm/m _ 
4 5 9  =  4 0  c m -

These calculations were made to find the minimum 

circumference of the reel that would accommodate 183 m of 

tubing. A 40-cm circle, however, has a very tight radius 

that is too small to allow for the proper winding of tubing. 

Larger dimensions were chosen to allow for the winding of 
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the tubing and also to accommodate the length of the tubing. 

The dimensions are as follows: 

Diameter of top of cone: 40 cm 

Diameter of bottom of cone: 60 cm 

Width of reel: 45 cm. 

These reel dimensions should be considered as broad esti

mates used for construction purposes and not as precise and 

strict measurements. 

Because of the larger diameter, the 25-cm depth of 

the roll will be decreased. As a result, the lower and 

upper rails were designed to protrude 23 cm outside the 

reel. This value was selected because it was enough to hold 

the roll and also due to available materials. 

Brake Device 

During the field investigation of existing implements, 

it was noticed that the rotation of the reel had to be con

trolled. Sometimes the peripheral speed of the reel exceed

ed the ground speed of the implement. This caused over 

releasing of the line which could lead to tangling problems. 

Because the designed reel rotated in a manner similar to 

reels on existing implements, a brake device was developed 

to control reel rotation. It consisted of a brake pad 

(figure 6c; B) held under low, constant tension, provided 

by two springs, against the reel axle drum. The grake pad 

provided a frictional force that slowed the reel down and 



kept the rate of tubing release equal to or close to the 

ground speed of the implement. 

Hydraulic Drive 

A hydraulic motor was used to rotate the reel during 

the retrieving operation (Figure 6c; C). This motor was 

coupled to the vertical axle of the reel by a direct coup

ling (Figure 6a; D) . Motor speed was controlled by a flow 

control valve (Figure 6b; E). The motor was powered through 

the remote hydraulic outlets of the tractor with hydraulic 

hoses that ran from the outlets to the flow valve and then 

to the motor. 

Roller Bars 

Two roller bars were used to feed the tubing. One 

(Figure 6b; F) was used during laying and the other (Figure 

tb; G) while retrieving. During laying the tubing passed 

from the reel between two 12-cm tall laying rollers and down 

to the ground. For operating, the implement was aligned 

such that the roller passed along the crop rows where the 

tubing was to be layed. Another purpose of this roller assem

bly was to keep the tubing away from the rotating rails of 

the reel as it was being unrolled. This prevented the tub

ing from getting caught or nicked by the rails. The retriev

ing roller bar provided directional guidance for the tubing 

during retrieval. The length of the rollers was 23 cm. 
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They were welded on a stand that was 59-cm tall. The dimen

sions of the two roller assemblies, their location, and 

their supporting stands were decided upon through trial and 

error while observing movement of the tubing. The lengths of 

the retrieving rollers and stands were changed until a uniform 

distribution of tubing on the reel in retrieving was obtained. 

The lengths of laying roller and stand were varied to obtain 

the proper positioning of the tubing during laying. 

Tying System 

To prevent the tubing from unwinding and tangling, 

the rolls had to be tied prior to their removal from the 

machine. To achieve this with the least possible expense of 

dollars and time, a reusable wrapping tape was used. The 

tape's trade name is "Tack-It" and it is manufactured by 

Clements Industries, Hackensack, New Jersey. It is a 2.5-

cm wide, double-faced tape which has small pockets and pro

trusions that fit together and hook. In use, a roll of tape 

was mounted on the implement in a roller device (Figure 6a; 

H) equipped with a blade. The tape was urolled and manu

ally cut into convenient lengths with each roll of tubing 

tied in two places and set opposite each other on the roll. 

Each piece of tape was mounted on the reel in slots (Figure 

6a; J) so that it layed along the cone and lower rail of 

the reel. Once the lateral retrieval was completed, the 

ends of the tape were removed from the slots and hooked 



together. The length of the piece of tape required was 

found by experience to be approximately 90 cm. 

Construction and Modifications 

The construction of the implement was done by an 

inexperienced shop worker. The total number of hours in

volved in the construction was 73 man hours which did not 

include alterations and painting. All of the construction 

was done in the Research Shop of the Soils, Water and Engi

neering Department of the University of Arizona at the 

Campus Agricultural Center using the following shop equip

ment: wire welder; electric power saw; electric power hand 

grinder; electric power wheel grinder; electric power drill; 

miscellaneous hand tools. 

Testing of the implement revealed some problems in 

the initial design and construction. To solve these prob

lems, the following changes were made: 

The first change involved the upper rail on the reel. 

Originally the design consisted of an upper rail made only 

from two rods. These rods were connected by a hinge which 

allowed them to collapse inside the cone shape of the reel 

for loading and unloading of tubing. For operation they 

extended over the top of the reel in a horizontal plane and 

thus formed a barrier to prevent the tubing from coming off 

the reel. These rods did not serve their intended purpose. 

In addition, another problem was that tubing sometimes was 



caught between the rods and the top of the cone of the reel. 

This caused some tubing damage and on occasion broke the 

tubing. To correct the problems, another rail was designed 

and constructed. It consisted of a frame extending around 

the cone of the reel. This rail sat on top of the tubing 

and slid down as the roll decreased in size. Use of a rail 

during retrieval was found to be unnecessary. 

The second change involved the brake device. In the 

initial design, the brake was supposed to be engaged only 

when the peripheral speed of the reel exceeded the ground 

speed of the implement. The design consisted of welding the 

laying feeder bar to an arm attached to the brake pad. The 

feeder bar was offset from a line connecting the direction 

of the travel and the tubing coming off of the reel. When

ever there was a pull on the tubing, it was to pull the 

feeder bar backwards causing the brake pad to move away 

from the brake drum, allowing free rotation of the reel. 

Correspondingly, when the pull on the tubing stopped, the 

brake was to be automatically engaged. It was found during 

testing that the laying operation went well only if there 

was constant friction by the brake on the reel drum. Since 

complicating the design by using the on-off concept of brake 

engagement actually hindered performance, this idea was dis

carded in favor of the simpler system of a constantly 

engaged brake. 
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The final design of the implement is illustrated in 

the three views of Figure 6. Figure 7 is a photograph of 

the completed implement. Figure 8 shows the implement at 

the beginning of the laying operation. Figure 9 shows the 

implement during tubing retrieval. From this point on, 

the implement will be referred to as Implement I. 

Description of Implement Operations 

The two basic operations of laying and retrieving 

were performed in the following manner: 

Laying Operation 

In preparation for this operation, the hydraulic 

motor was uncoupled from the reel axle and the brake was en

gaged by hooking two springs in their respective positions. 

To start the actual operation, the top rail of the reel was 

removed. A tied roll of tubing was then mounted on the reel 

and the tying tape was removed. The top rail was then put 

back on the reel and the exposed end of the tubing was 

pulled through the laying roller bar and staked to the 

ground. The tractor was then driven down the field until 

the line was layed out, which should "occur at the other end 

of the field. Finally, the tractor was turned around and 

the implement was reset for another laying run. 

Ideally, for this operation the length of the tub

ing in each roll should be approximately equal to the length 

of the field. If such a condition did not exist, then 
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Figure 7. Implement I 

Figure 8. Implement I in laying operation 
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Figure 9. Implement I in retrieving operation 
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the operation would also include cutting tubing at the end 

of the field and splicing it along its length in order to 

make lateral length and field length equal. In this thesis, 

it was assumed that the fields were even in length and that 

the rolls could be purchased corresponding to the field 

lengths. 

Retrieving Operation 

In preparation for this operation, the brake was dis

engaged, the hydraulic motor was coupled to the reel axle, 

and the top rail was removed. The operation consisted of cut

ting two strips of tape, 90 cm each, and mounting them on the 

reel in two slots each. The end of the tubing was then pick

ed off the ground, fed through the retrieving roller bar, and 

inserted in one of the three rings located inside the cone of 

the reel. While holding the tubing from the operator's side 

of the roller bar with one hand, the flow of oil was started 

to the hydraulic motor with the other. This started the rota

tion of the reel, winding the tubing onto the reel as it was 

retrieved. Throughout the retrieval the operator moved his 

hand in an oscillating motion along the vertical direction 

of the roller bar while holding the tubing. This helped to 

evenly distribute the tubing on the reel. After retrieving, 

the two ends of each tape were removed from the slots and 

latched together around the roll. Finally, the roll was 
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removed from the reel and the implement was reset for 

retrieval of the next lateral. 



EVALUATION OF FINAL DESIGN 

After construction was completed, the implement and 

its operation were subjected to different tests. Various 

forms of information were gathered and analyzed in regard 

to the operation of the implement to determine its overall 

acceptability. 

Preliminary Measurements 

The following measurements were made in relation to 

the functional aspects of the system. 

1. For the implement: 

a. Force required to start reel rotating: 

17.7 Newtons. 

b. Force applied by springs at the brake pad: 

31.4 Newtons. 

c. Force required to start pulling a 183-m line: 

44.1 Newtons. 

d. Speed of reel rotation: 18 rpm as minimum; 

12 6 rpm as maximum. 

2. For the tying tape: 

a. Force required to break tape used in tying 

rolls for an overlap of 5 cm: 156.9 Newtons. 

b. There was no decrease in grip after 10 sepa

rations . 
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Operational Evaluation 

The following describes the tests performed to 

evaluate the field performance of the implement. These 

evaluations were accomplished by both observing and then 

conducting time studies of the laying and retrieving opera

tions while varying several parameters. These parameters 

were: 

1. Length of tubing. • 

2. Operator skill. 

3. Number of operators. 

4. Type of tubing. 

Conditions and Limitations 

Testing of the implement was done on field roads 

inside the Campus Agricultural Center. Field conditions 

were simulated as much as possible, however, in the retriev

ing operation there might have been some differences. Under 

actual field conditions, the tubing would have been left in 

the field throughout the growing season. Consequently, mud 

and plant debris might have collected on top of the tubing 

which would have increased the pull required to retrieve the 

tubing from the field. This might require that a crew go 

into the field and manually shake the tubing loose. This 

operation was not included in this evaluation as it was not 

included for the existing retrieving Implements D and E. 

Also, the time and labor necessary to haul the tubing in 



and out of the field was not included, as it was not for 

the field investigations described previously. 

All of the results were obtained assuming a lateral 

row spacing of 1.88 m, since the common lateral spacing for 

cotton grown in Arizona ranges between 1.8 and 2.0 m. The 

following descriptive lists indicate the breakdowns that 

were used for laying and retrieving operations, respectively, 

in the time studies: 

1. Laying Operation 

a. Time to stake tubing. 

b. Time to lay tubing. 

c. Time to reset implement. 

d. Time to load roll. 

2. Retrieving Operation 

a. Time to cut and insert tape. 

b. Time to hook tubing to reel. 

c. Time to retrieve tubing. 

d. Time to tie roll. 

e. Time to unload roll. 

f. Time to reset implement. 

The data taken during the time studies are given in Appen

dix B. 

Data Analysis 

Statistical analysis of the data was carried out 

to evaluate the results of the time studies. The analysis 
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consisted of a t test performed at the 95% confidence level 

(Appendix D) to compare actual field capacity for each 

test. In addition, t tests were performed on some other 

parameters which were varied to further emphasize the effect 

of each. The results of this analysis are shown in Tables 

7 through 15 in the following manner: 

The letters a, b, c, and d were used as super

scripts. When no significant difference was found, the 

same superscripts were used on the appropriate values. 

Where a significant difference was determined, the super

scripts were different. For example, if there is a statis-

a b 
tical difference between X and Y, they appear as X and Y . 

On the other hand, if no statistical difference was found, 

they appear as X and Y . 

Results and Discussion 

Length of Tubing 

This test had two parts. The first was designed to 

test the effect of length of lateral on the capacity of the 

implement. Four lengths of tubing ranging from 61 m to 

183 m were used. The averaged results of five runs for 

each of the lengths are tabulated in Tables 3 and 4. Exam

ination of the results shows a predictable change in perfor

mance. The actual field capacities of the implement were 

significantly greater for longer fields than for shorter 



Table 3. Per run time study results of Implement I in 
laying operation for length of tubing. — See 
Appendix B.* 

Number of Operators: 1 
Width of Run: 1.88 m 

Length of Run (m) 

61 122 152 183 

Time to Stake Tubing (min) 0. 18 0. 20 0. 19 0. 35 

Time to Lay Tubing (min) 0. 46 0. 80 1. 03 0. 95 

Time to 
(min) 

Reset Implement 
0. 51 0. 38 0. 37 0. 39 

Time to Load Rolls (min) 0. 57 0. 59 0. 60 0. 50 

Total Time of Run i (min) 1. 72 1. 97 2. 19 2. 19 

Speed of : Implement (km/h) 7. 9 9. 1 8. 8 12. 2 

Theoretical Field 
Capacity (ha/h) 1. 50 1. 72 1. 66 2. 17 

Actual Field Capacity (ha/h) 0. 40a 0. 70b 0. 78C 0. ,94 

Efficiency (%) 26. 7 40. 7 47. 1 43. 3 

*Numbers with different superscripts are statistically 
different at the 95% confidence level. 
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Table 4. Per run time study results of Implement I in 
retrieving operation for length of tubing. — 
See Appendix B.* 

Number of Operators: 1 
Width of Run: 1.88 m 

Length of Run (m) 

61 122 152 183 

Time to Cut and Insert 
Tape (min) 0. 43 0. 42 0. 43 0. 50 

Time to Hook Tubing (min) 0. 28 0. 30 0. 23 0. 13 

Time to Retrieve 
Tubing (min) 0. 42 0. 67 0. 82 0. 75 

Time to Tie Rolls (min) 0. 64 0. 48 0. 50 0. 76 

Time to Unload Rolls (min) 0. 17 0. 27 0. 12 - 0. 16 

Time to Reset Implement 
(min) 0. 28 0. 28 0. 21 0. 25 

Total Time of Run (min) 2. 22 2. 42 2. 31 2. 55 

Speed of Implement (km/h) 8. 7 10. 9 11. 1 14. 6 

Theoretical Field 
Capacity (ha/h) 1. 64 2. 05 2. 09 2. 75 

Actual Field Capacity (ha/h) 0. 31a 0. 57b 0. 74C 0. 81d 

Efficiency (%) 18. 9 27. 8 35. 4 29. 5 

*Numbers with different superscripts are statistically 
different at the 95% confidence level. 



ones. This was because of the greater percent of total time, 

per run actually spent in laying or retrieving as compared 

to turning and resetting, for the longer laterals than the 

shorter ones. The feasibility of using this implement in 

short fields should be examined more by individuals contem

plating such use. These expected results should be exam

ined and a subjective judgment made according to one's own 

conditions. 

The second part of this test consisted of compari

sons between lengths of fields and lengths of laterals 

necessary to irrigate them. Lengths of tubing were cut and 

then layed using the implement. Two marks were made on the 

ground, one at each end of the tubing. The tubing was then 

removed and the distance between the two marks was measured 

and compared to the lengths of tubing used. The results, 

shown in Table 5, indicate that there was a high correla

tion between length of field and length of laterals required 

to irrigate that field. Although the comparison was lim

ited to two lengths of tubing, it gives an idea about the 

lengths of rolls needed for a specific field when using 

this implement. However, this table does not incorporate 

the effect of temperature on tubing length. 



Table 5. Length of tubing in relation to length of field 

Length of Tubing 
Length of Tubing Length of Field Length of Field 

(m) (m) (m) 

1 2 2 . 0  1 2 0 . 1  1 . 0 1 6  

183.0 181.7 1.007 

Operator Skill 

The operator skill test also consisted of two parts. 

The first part was done to determine the effect of operator 

background or skill on the performance of the implement. 

To do this, three operators with different backgrounds were 

selected. 

1. Operator A: Had never operated any farm machinery. 

2. Operator B: Had operated farm machinery, but never 

Implement I. 

3. Operator C: Had experience in operating Implement I. 

The results are illustrated in Tables 6 and 7. 

Examination of the results shows a trend toward an increase 

in performance of the implement as the machinery background 

of the operator increased. This increase proved to be sta

tistically significant; however, the variation in actual 
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Table 6. Per run time study results of Implement I in 
laying operation for operator background. — See 
Appendix B.* 

Length of Run: 152.0 m 
Width of Run: 1.88 m 

Operator 

A B C 

Time to Stake Tubing (min) 0. 28 0. 19 0. 17 

Time to Lay Tubing (min) 1. 05 1. 00 0. 92 

Time to Reset Implement (min) 0. 49 0. 37 0. 29 

Time to Load Rolls (min) 0. 61 0. 60 0. 52 

Total Time of Run (min) 2. 43 2. 16 1. 90 

Speed of Implement (km/h) 8. 7 8. 9 9. 9 

Theoretical Field Capacity 
(ha/h) 1. 63 1. 71 1. 86 

Actual Field Capacity (ha/h) 0. 7la 0. 79b 0. 

0
 o 

Efficiency (%) 43. 6 46. 2 48. 4 

*Numbers with different superscripts are statistically 
different at the 95% confidence level. 



46 

Table 7. Per run time study results of Implement I in 
retrieving operation for operator background. — 
See Appendix B.* 

Length of Run: 152.0 m 
Width of Run: 1.8 8 m 

Operator 

A B C 

Time to Cut and Insert Tape 
(min) 0. 36 0. 43 0. 35 

Time to Hook Tubing (min) 0. 13 0. 23 0. 10 

Time to Retrieve Tubing (min) 0. 85 0. 82 0. 78 

Time to Tie Rolls (min) 0. 54 0. 50 0. 45 

Time to Unload Rolls (min) 0. 16 0. 12 0. 10 

Time to Reset Implement (min) 0. 25 0. 21 0. 25 

Total Time of Run (min) 2. 29 2. 31 2. 03 

Speed of Implement (km/h) 10. 7 11. 1 11. 7 

Theoretical Field Capacity 
(ha/h) 2. 02 2. 09 2. 20 

Actual Field Capacity (ha/h) 0. 75a 0. 74b 0. 84' 

Efficiency (%) 37. 1 35. 4 38. 2 

*Numbers with different superscripts are statistically 
different at the 95% confidence level. 
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field capacities was on the order of 10% from the mean. 

This indicates that the increase in performance was sig

nificant but not dramatic, which tends to support one of 

the design objectives regarding the simplicity of the 

operation of the implement. 

The second part of this test examined the effect of 

operator experience in regard to performance of the imple

ment. Time studies were conducted for the first five runs 

made by an operator. Later another set of data was col

lected after the operator gained further experience in 

operating the implement. The results, shown in Tables 8 

and 9, indicate that no statistical difference in perfor

mance due to operator experience could be detected. This 

again supports the design objective of simplicity in oper

ation. 

Number of Operators 

Implement I was designed to have a low labor require

ment. One operator could drive the tractor and operate the 

implement. To demonstrate whether using two operators would 

increase performance and therefore justify such use, the fol

lowing test was conducted. In the first case, one operator 

drove the tractor and operated the implement, and in the 

second, one operator drove the tractor while another oper

ated the implement. The results are tabulated in Tables 10 

and 11. These results show a statistically significant 



Table 8. Per run time study results of Implement I in 
laying operation for operator experience. — 
See Appendix B.* 

Length of Run: 18 3.0 m 
Width of Run: 1.8 8 m 

Operator 

Inexperienced Experienced 

Time to Stake Tubing (min) 0. 28 0. 30 

Time to Lay Tubing (min) 1. 05 0. 90 

Time to Reset Implement (min) 0. 49 0. 48 

Time to Load Rolls (min) 0. 61 0. 64 

Total Time of Run (min) 2. 43 2. 32 

Speed of Implement (km/h) 10. 4 12. 2 

Theoretical Field Capacity 
(ha/h) 1. 96 2. 29 

Actual Field Capacity (ha/h) 0. 85a 0. 89a 

Efficiency (%) 43. 4 38. 9 

*Numbers with the same superscripts are statistically 
equal at the 95% confidence level. 
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Table 9. Per run time study results of Implement I in 
retrieving operation for operator experience, 
See Appendix B.* 

Length of Run: 183.0 m 
Width of Run: 1.8 8 m 

Operator 

Inexperienced Experienced 

Time to Cut and Insert 
Tape (min) 0.36 

Time to Hook Tubing (min) 0.13 

Time to Retrieve Tubing (min) 0.91 

Time to Tie Rolls (min) 0.54 

Time to Unload Rolls (min) 0.16 

Time to Reset Implement (min) 0.25 

Total Time of Run (min) 2.35 

Speed of Implement (km/h) 12.1 

Theoretical Field Capcity 
(ha/h) 2.27 

Actual Field Capacity (ha/h) 0.88c 

Efficiency (%) 38.8 

0.36 

0.12 

0.87 

0.45 

0.16 

0.25 

2.21 

12.6 

2.37 

0. 93e 

39.2 

*Numbers with the same superscript are statistically equal 
at the 95% confidence level. 
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Table 10. Per run time study results of Implement I in 
laying operation for number of operators. — See 
Appendix B.* 

Length of Run: 152.0 m 
Width of Run: 1.88 m 

Number of Operators 

1 2 

Time to Stake Tubing (min) 0. 19 0. 20 

Time to Lay Tubing (min) 1. 03 0. 98 

Time to Reset Implement (min) 0. 37a 0. 20 

Time to Load Rolls (min) 0. 60 0. 57 

Total time of Run (min) 2. 19 1. 95 

Speed of Implement (km/h) 8. 9 9. 3 

Theoretical Field Capacity (ha/h) 1. 66 1. 75 

Actual Field Capacity (ha/h) 0. 00
 O
 

0. 88 

Efficiency (%) 47. 2 50. 2 

*Numbers with different superscripts are statistically 
different at the 95% confidence level. 
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Table 11. Per run time study results of Implement I in 
retrieving operation for 
See Appendix B.* 

number of operators. -• 

Length of Run: 152.0 m 
Width of Run: 1.8 8 m 

Number of Operators 

1 2 

Time to Cut and Insert Tape (min) 0.43 0.39 

Time to Hook Tubing (min) 0.23 0.12 

Time to Retrieve Tubing (min) 0.82 0.85 

Time to Tie Rolls (min) 0.50 0.46 

Time to Unload Rolls (min) 0.12 0.12 

Time to Reset Implement (min) 0.21 

0J
 

o
 

o
 

00
 17
 

Total Time of Run (min) 2.31 2.02 

Speed of Implement (km/h) 11.1 10.7 

Theoretical Field Capacity (ha/h) 2.09 2.02 

Actual Field Capacity (ha/h) 0.74C 0.85d 

Efficiency (%) 35.4 42.1 

*Numbers with different superscripts are statistically 
different at the 95% confidence level. 
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increase in performance from the operation with one operator 

to the operation with two. This increase was mostly due to 

the time lost in resetting of the implement when one opera

tor had to mount and dismount the tractor repeatedly. This 

increase in performance was on the order of 10%, so any con

clusion drawn would depend on the requirements of the user. 

Two workers could be used where such an increase in perfor

mance is necessary because of time constraints or if cheap 

labor is available; otherwise, one operator would be suffi

cient . 

Type of Tubing 

There were many brand names of drip tubing found 

on the market at the time of testing. Some of them were 

specified for subsurface and some for above-ground use. 

Due to the limited access to the many different brand names 

of above-ground tubing, only two were used to evaluate 

their effect on the performance of the implement. Those 

chosen were (1) Netafim (Komara Company, Dinuba, California) 

and (2) Drip In (Lake Company, Bakersfield, California). 

These were picked because they represented the majority of 

tubing in fields at the time. The outside diameter of 

either of the two types of tubing used was 1.78 cm at the 

emitters and they weighed as follows: 

183 m of Netafim tubing: 10.0 kg. 

183 m of Drip In tubing: 8.2 kg. 
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The important difference was in the emitters and how 

they were placed in the tubing. For Netafim, the emitters 

were barbed into the line every 1 m and acted as splices. 

Consequently, the emitters protruded slightly from the tub

ing. For the Drip In tubing, the emitters were formed into 

the tubing at manufacture, making the line smooth along its 

length. This smoothness made Drip In appear easier to 

handle through the rollers of the implement. The results 

of this test are shown in Tables 12 and 13. Examination of 

the results indicates that no statistical difference in per

formance of the implement was determined. This suggested 

that both types of tubing could be used on this implement 

with no change in performance. 



Table 12. Per run time study results of Implement I in 
laying operation for type of tubing. — See 
Appendix B.* 

Number of Operators: 1 
Length of Run: 183.0 m 
Width of Run: 1.88 m 

Type of Tubing 

Netafim Drip In 

Time to Stake Tubing (min) 0. 27 0. 30 

Time to Lay Tubing (min) 1. 04 1. 04 

Time to Reset Implement (min) 0. 45 0. 45 

Time to Load Rolls (min) 0. 67 0. 60 

Total Time of Run (min) 2. 43 2. 39 

Speed of Implement (km/h) 10. 6 10. 6 

Theoretical Field Capacity (ha/h) 1. 98 1. 98 

Actual Field Capacity (ha/h) 0. 85a 0. 863 

Efficiency (%) 42. 9 43. 4 

*Numbers with the same superscripts are statistically 
equal at the 95% confidence level. 



Table 13. Per run time study results of Implement I in 
retrieving operation for type of tubing. — 
See Appendix B.* 

Number of Operators: 1 
Length of Run: 183.0 m 
Width of Run: 1.88 m 

Type of Tubing 

Netafim Drip In 

Time to Cut and Insert Tape (min) 0. 45 0. 36 

Time to Hook Tubing (min) 0. 15 0. 10 

Time to Retrieve Tubing (min) 0. 87 0. 95 

Time to Tie Rolls (min) 0. 63 0. 62 

Time to Unload Rolls (min) 0. 19 0. 12 

Time to Reset Implement (min) 0. 26 0. 30 

Total Time of Run (min) 2. 55 2. 50 

Speed of : Implement (km/h) 12. 6 11. 6 

Theoretical Field Capacity (ha/h) 2. 37 2. 17 

Actual Field Capacity (ha/h) 0. 81a 0. 83a 

Efficiency (%) 34. 2 38. 2 

*Numbers with the same superscripts are statistically 
equal at the 95% confidence level. 



COMPARISON OF IMPLEMENTS 

Implement I was designed as a low-cost, low-labor 

requirement machine to lay and retrieve above-ground drip 

lines. These design criteria were not absolute and conse

quently the machine had to be compared against cost and 

labor requirements of other implements to determine its 

overall acceptability. 

Assumptions and Limitations 

Capital investment costs of the implements were not 

included in this comparison. This was because Implement I, 

plus some other implements, were not commercially available. 

It is significant, however, to note that two implements were 

needed to do the laying and retrieving operation in the 

field studies in contrast to only one when using Implement 

I. Since two implements would probably cost more than one, 

this would suggest that capital outlay for Implement I would 

be less than any of the others studies. 

To allow comparison of labor costs and performance 

of the various machines, the following assumptions were 

made: 

1. The values tabulated in the comparison tables are 

on a per reel basis. 
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2. Only labor cost was included and is based on a rate 

of $3.50 per hour. 

3. Spacing between rows was assumed to be 1.88 m for 

all implements. 

4. Only the actual laying and retrieving operations 

were considered. 

Results and Discussion 

The results of the comparison among implements are 

shown in Tables 14 and 15. Examination of these results 

shows that Implement I performed better than laying Imple

ments A and B and retrieving Implement E in terms of capac

ity and labor cost. Implement D exhibited the best perfor

mance in terms of capacity and labor cost. The results 

show that Implement I is highly competitive with existing 

laying and retrieving implements. It should be noted, how

ever, that this comparison was made under limited conditions. 

To make a proper comparison, the field length should have 

been equal. Because all of the existing implements were 

studied in fields longer than 170 m, the length of field 

used for Implement I was essentially equal to or less than 

the others. The effect of this would be to increase the 

performance of the other implements in relation to Imple

ment I. 



Table 14. Comparison of performance and labor cost for 
laying implements* 

Implement 

A B I 

Length of Run (m) 426.7 256.0 183. 0  

Actual Field Capacity (ha/h) 0.68a 0.60b 0 .  89c 

Labor Cost ($/ha) 6.86 11.67 3. 93 

Efficiency (%) 58.0 25.0 42. 3 

*Numbers with different superscripts are 
different at the 95% confidence level. 

statistically 

Table 15. Comparison 
retrieving 

of performance and 
implements* 

labor cost for 

Implement 

D E I 

Length of Run (m) 170.7 246. 9 183. 0  

Actual Field Capacity (ha/h) 1.14a o
 

• -
J

 
C

O
 tr
 

0 .  85C 

Labor Cost ($/ha) 4.09 5.98 4. 12 

Efficiency (%) 72.9 53.2 36. 0  

*Numbers with different superscripts are statistically 
different at the 95% confidence level. 



CONCLUSIONS 

This study was initiated to investigate the complex 

system of above-ground drip line handling. Investigation 

of some laying and retrieving implements that were being 

used led to the following observations: 

1. Most existing implements required a labor crew of 

four or more. 

2. Two implements were required to perform the tasks 

that could be done by one. 

These two observations resulted in a conceptual de

sign of one implement that was constructed and subsequently 

field tested. The observations and studies made with this 

implement led to the following conclusions: 

1. The designed implement could be operated with a 

labor crew of one. 

2. It could do both the laying and retrieving of above-

ground drip lines with relative simplicity. 

3. There were no significant operational or theoretical 

problems with any of the components. 

4. The designed implement does not require accessory 

machines like forklifts and/or big trucks. 

5. The operation of the implement was simple and 

required no special training. 
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Throughout the testing, the implement performed in 

a satisfactory manner. The results of these tests, however, 

are somewhat limited since the data were collected in simu

lated field conditions. Slight variations in performance 

could be expected according to changing conditions. 



RECOMMENDATIONS 

The following modifications are suggested to improve 

the implement's performance: 

1. Reshaping the perimeter of the reel, and consequent

ly the rail, from a hexagon to a circle. The hexa

gon shape was utilized because of its simplicity in 

construction. However, this shape had pointed edges 

at the corners which were potentially damaging to 

plastic tubing. A circular shape would eliminate 

the sharp edges and solve this problem. 

2. Precision fitting and sheathing of the outside of 

the rollers with an insulating material. The mate

rials used in the construction of the feeding roll

ers were iron axles and aluminum rollers. The fit

ting of these two components was not precise. When 

the rollers turned, they rubbed against the axles 

and produced heat. This recommendation could 

decrease the heat transferred to the tubing and 

probably eliminate this potential problem. 

3. Replacing the brake pad frame assembly. The brake 

pad could be mounted on a single vertical rod with 

one spring that could provide enough pressure. This 



would make the brake device simpler and easier to 

construct. 

Lengthening the control lever on the hydraulic con

trol valve. The lever was moved by hand and its 

short length increased the sensitivity of the valve 

to the hand movement. As a consequence of this sen

sitivity, the start and stopping of flow were jerky 

and quite instantaneous. This could be damaging to 

the coupling between the hydraulic motor and the 

reel axle. The increased length of the lever arm 

would decrease this sensitivity and permit smoother 

transition between stages. 

Use of better shop skills in all reconstruction. 

The task of designing and constructing Implement I 

was undertaken with limited shop skills and resources, 

so the finished model should be looked at as a pro

totype. The overall performance and appearance of 

the implement could be improved by better welding, 

grinding, and precision fitting of the parts. 

Field testing of the implement in actual farming con

ditions. To further verify the results obtained in 

the simulated testing. 

Use of a simple device that could oscillate the tub

ing as it is being retrieved. This would eliminate 

the direct use of the hand, which could be hazardous. 



APPENDIX A 

RAW FIELD TIME DATA FOR 
EXISTING IMPLEMENTS 
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Table A-l. Field data time sheet, Implement A, laying 
operation, John Anderson Farm, Salome, 
Arizona 

Date: 8-19-83 
Weather: Sunny and warm 
Number of Operators: 3 
Length of Run: 1,203.0 m 
Width of Run: 5.6 m 
Number of Runs: 4 per reel 

Trial 

1 2 3 4 5 

Time of Staking and 
Cutting of Tubing 
and Turning (min) 1 .40 1. 80 2 .00 2. 35 

Time of Laying 
Tubing (min) 28 .15 16. 10 14 .50 14.50 11. 75 

Time to Load 
Reels (min) 8 .60 8. 30 — - - — -

Time to Unload 
Reels (min) 2 .50 2. 75 5 .60 — -
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Table A-2. Field data time sheet, Implement A, laying 
operation, Paloma Ranch, Gila Bend, Arizona 

Date: 11-18-83 
Weather: Overcast and cool 
Number of Operators: 4 
Length of Run: 42 6.0 m 
Width of Run: 4.3 m 
Number of Runs: 15 per reel 

Trial 

12 3 4 

Time of Staking and Cutting 
of Tubing and Turning 
(min) 7. 78 4. 50 4.95 3.97 

Time of Laying Tubing (min) 5. 30 2. 23 2.75 3.22 

Time to Load Rolls (min) 14. 20 11. 90 

Time to Unload Reels 2. 00 1. 90 
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Table A-3. Field data time sheet, Implement A, laying 
operation, Paloma Ranch, Gila Bend, Arizona 

Date: 3-2-84 
Weather: Sunny, windy, and warm 
Number of Operators; 4 
Length of Run: 426.0 m 
Width of Run: 5.6 m 
Number of Runs: 19 per reel 

Trial 

12 3 4 

Time to Stake Tubing (min) 1.32 0.50 1. 50 0.63 

Time to 
Turn 

Cut Tubing and 
(min) 0.75 1.30 0.92 1.36 

Time to Lay Tubing (min) 3.90 6.03 4.27 2.23 

Time to Load Reels (min) 12.0 19.67 

Time to Unload Reels (min) 2.40 3.30 

Table A--3.—Continued 

Trial 

5 6 7 

Time to Stake Tubing (min) 1.40 2.04 

Time to Cut Tubing and Turn (min) 1.03 1.11 

Time to Lay Tubing (min) 5.7 3.00 3.43 

Time to Load Reels (min) 

Time to Unload Reels (min) 



Table A-4. Field data time sheet, Implement B, laying oper
ation, Red River Farms, Stanfield, Arizona 

Date: 3-16-84 
Weather: Hazy and warm 
Number of Operators: 6 
Length of Run: 256.0 m 
Width of Run: 7.6 m 

Trial 

12 3 4 

Time to Stake Tubing (min) 1.10 0. 20 0.23 1. 32 

Time to Cut Tubing and 
Turn (min) 1.00 1.40 1.45 3. 00 

Time to Lay Tubing (min) 1.50 1 - 5 7  1.58 1. 58 

Problem Stopping Time (min) — -

Time to Load Rolls (min) 1.30 2.8.0 2.35 1. 65 

Table A-4.—Continued 

Trial 

5 6 7 £ i 

Time to Stake Tubing (min) 1.00 2.60 0.32 1. ,30 

Time to Cut Tubing and 
Turn (min) 2.45 2.75 0.90 0. . 80 

Time to Lay Tubing (min) 1.37 1.35 1.50 1. ,67 

Problem Stopping Time (min) — 

Time to Load Rolls (min) 2.40 1.60 1.50 2. .00 



68 

Table A-4.—Continued 

Trial 

10 11 12 

Time to Stake Tubing (min) 2.00 1.75 1.75 0.30 

Time to Cut Tubing and 
Turn (min) 1.92 3.45 3.01 2.72 

Time to Lay Tubing (min) 1.60 1. 45 1. 20 1. 56 

Problem Stopping Time (min) 0.90 

Time to Load Rolls (min) 2.00 1.60 1.30 1.45 

Table A-4.—Continued 

Trial 

13 14 15 

Time to Stake Tubing (min) 2. 60 2. 00 1. 28 

Time to 
Turn 

Cut Tubing and 
(min) 1. 45 1. 00 1. 35 

Time to Lay Tubing (min) 1. 82 2. 00 1. 80 

Problem Stopping Time (min) — — — — — — 

Time to Load Rolls (min) 1. 50 1. 20 1. 90 
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Table A-5. Field data time sheet, Implement D, retrieving 
operations, Paloma Ranch, Gila Bend, Arizona 

Date: 10-18-83 
Weather: Sunny and hot 
Number of Operators: 4 
Length of Run: 170.7 m 
Width of Run: 5.8 m 
Number of Runs: 27 per reel 

Trial 

Time to Reset Implement 
(min) ' 0.10 0.11 0.11 0.12 

Time to Hook Tubing (min) 0.22 0.14 0.15 0.09 

Time to Retrieve Tubing 
(min) 1.20 1.42 1.55 1.43 

Problem Stopping Time (min) —- 2.60 0.55 

Reel Loading Time (min) 

Reel Unloading Time (min) 

Table A-5.—Continued 

Trial 

Time to Reset Implement 
(min) 0.20 0.10 0.10 0.10 

Time to Hook Tubing (min) 0.09 0.09 0.42 0.10 

Time to Retrieve Tubing 
(min) 1.21 1.05 1.05 1.17 

Problem Stopping Time (min) 0.55 0.55 1.00 

Reel Loading time (min) 

Reel Unloading Time (min) 



Table A-5.—Continued 

Trial 

10 11 12 

Time to Reset Implement 
(min) 0.11 0.12 0.12 0.10 

Time to Hook Tubing (min) 0.15 0.09 0.09 0.15 

Time to Retrieve Tubing 
(min) 1.50 1.25 1.10 1.25 

Problem Stopping Time (min) • 1.92 1.25 

Reel Loading Time (min) 4.00 2.60 3.20 3.17 

Reel Unloading Time (min) 2.25 3.45 2.00 3.00 

Table A-5.—Continued 

13 

Trial 

14 15 16 

Time to Reset Implement 
(min) 

Time to Hook Tubing (min) 

Time to Retrieve Tubing 
(min) 

Problem Stopping Time (min) 

Reel Loading Time (min) 

Reel Unloading Time (min) 

0 . 1 0  

0.12 

1.80 

0.10 

0.09 

2.05 

0.10 

0.09 

1.65 

3.65 

0.10 

0 . 1 2  

1.50 



Table A-5. Field data time sheet, Implement D, retrieving 
operations, Paloma Ranch, Gila Bend, Arizona.— 
Continued 

Trial 

17 18 19 20 

Time to Reset Implement 
(min) 0.11 0.11 0.10 0.09 

Time to Hook Tubing (min) 0.12 0.09 0.10 0.16 

Time to Retrieve Tubing 
(min) 1.00 1.50 1.25 1.14 

Problem Stopping Time (min) 4.20 0.55 

Reel Loading Time (min) 

Reel Unloading Time (min) . 

Table A-5.—Continued 

Trial 

21 22 23 24 25 

Time to Reset 
Implement (min) 0.09 0.15 0.11 0.09 0.11 

Time to Hook 
Tubing (rain) 0.12 0.25 0.16 0.23 0.10 

Time to Retrieve 
Tubing (min) 1.00 1.14 0.95 0. 80 1.90 

Problem Stopping 
Time (min) 0.40 

Reel Loading 
Time (min) 

Reel Unloading 
Time (min) 
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Table A-6. Field data time sheet, Implement E, retrieving 
operation, Red River Farms, Stanfield, Arizona 

Date: 10-24-83 
Weather: Cool and breezy 
Number of Operators: 4 
Length of Run: 15 2.4 m 
Width of Run: 5.9 m 

Trial 

Time to Reset Implement 
(min) 

Time to Hook Tubing (min) 

Time to Retrieve Tubing 
(min) 

Problem Stopping Time (min) 

Time to Tie and Unload 
Rolls (min) 

0.30 0.17 

0.70 0.67 

0.91 0.66 

3.58 

0.20 0.23 

0.66 0.95 

0.75 0.75 

0 . 8 0  

2.32 

Table A-6.—Continued 

Trial 

Time to Reset Implement 
(min) 0.28 

Time to Hook Tubing (min) 0.70 

Time to Retrieve Tubing 
(min) 0.95 

Problem Stopping Time (min) 

Time to Tie and Unload 
Rolls (min) 2.45 

0.15 0.15 0.16 

0.50 0.93 1.00 

0.82 0.90 1.00 

1.85 

2 . 0 0  
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Table A-6.—Continued 

Trial 

9 10 11 12 

Time to 
(min) 

Reset Implement 
0.15 0.20 0.17 0.18 

Time to Hook Tubing (min) 0.90 0.85 0.86 0.90 

Time to 
(min) 

Retrieve Tubing 
0.70 0.89 0.90 0. 95 

Problem Stopping Time (min) 0.92 1.03 

Time to 
Rolls 

Tie and Unload 
(min) 2.32 2.45 

Table A--6.—Continued 

Trial 

13 14 15 16 

Time to 
(min) 

Reset Implement 
0.20 0.18 ,0.20 0.23 

Time to Hook Tubing (min) 0.73 0.65 0.89 0.90 

Time to 
(min) 

Retrieve Tubing 
0.80 0.72 0.66 0.76 

Problem Stopping Time (min) 

Time to 
Rol Is 

Tie and Unload 
(min) 2.45 ,,, IUI 2.30 _ ̂  _ 
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Table A-6. Field data time sheet, Implement E, retrieving 
operation, Red River Farms, Stanfield, Arizona. 
—Continued 

Trial 

17 18 . 19 20 

Time to Reset Implement 
(min) 0.17 0.15 0.20 0.15 

Time to Hook Tubing (min) 0.92 0.66 0.66 0.73 

Time to Retrieve Tubing 
(min) 1.00 1.10 0.67 0.92 

Problem Stopping Time (min) 0.95 

Time to Tie and Unload 
Rolls (min) 2.75 2.85 

Table A-6.—Continued 

Trial 

21 22 @# 

Time to Reset Implement (min) 0. 15 0. 15 0. 15 

Time to Hook Tubing (min) 0. 85 1. 20 1. 00 

Time to Retrieve Tubing (min) 0. 75 0. 72 1. 08 

Problem Stopping Time (min) 2. 00 — — — — 

Time to Tie and Unload Rolls (min) 1. 95 — - 2. 45 
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Table A-7. Field data time sheet, Implement E, retrieving 
operation, Vern Cook Farm, Stanfield, Arizona 

Date: 11-10-83 
Weather: Overcast, warm 
Number of Operators: 4 
Length of Run: 246.9 m 
Width of Run: 6.0 m 

Trial 

Time to Reset Implement 
(min) 0.20 0.17 0.20 0.17 

Time to Hook Tubing (min) 0.25 0.17 0.22 0.24 

Time to Retrieve Tubing 
(min) 1.03 1.45 1.50 1.40 

Problem Stopping Time (min) 0.75 0.33 

Time to Tie and Unload 
Rolls (min) 1.19 1.60 1.30 1.40 

Table A-7.—Continued 

Trial 

5 

Time to Reset Implement 
(min) 0.19 0.17 0.25 0.33 

Time to Hook Tubing (min) 0.25 0.19 0.20 0.18 

Time to Retrieve Tubing 
(min) 1.20 1.23 1.20 1.42 

Problem Stopping Time (min) 5.50 

Time to Tie and Unload 
Rolls (min) 1.80 1.33 1.56 1.40 
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Table A-7.—Continued 

Trial 

10 11 12 

Time to Reset Implement 
(min) 0.20 0.17 0.25 0.24 

Time to Hook Tubing (min) 0.25 0.24 0.24 0.60 

Time to Retrieve Tubing 
(min) 1.56 1.18 1.33 1.50 

Problem Stopping Time (min) 0.33 0.48 

Time to Tie and Unload 
Rolls (min) 1.18 1.24 1.40 1.00 

Table A-7.—Continued 

Trial 

13 14 15 16 

Time to Reset Implement 
(min) 0.32 0.49 0.25 0.24 

Time to Hook Tubing (min) 0.20 0.12 0.17 0.17 

Time to Retrieve Tubing 
(min) 1.25 1.30 1.00 1.25 

Problem Stopping Time (min) 2.85 0.75 

Time to Tie and Unload 
Rolls (min) 1.10 1.09 1.30 1.20 



Table A-7. Field data time sheet, Implement E, retrieving 
operation, Vern Cook Farm, Stanfield, Arizona. 
—Continued 

Trial 

17 18 19 

Time to Reset Implement (min) 0. 25 0. 19 0. 25 

Time to Hook Tubing (min) 0. 20 0. 10 0. 27 

Time to Retrieve Tubing (min) 1. 33 .1. 30 1. 33 

Problem Stopping Time (min) — — 1. 40 1. 50 

Time to Tie and Unload Rolls (min) 1. 00 1. 30 1. 50 

Table A-7.—Continued 

Trial 

20 21 22 

Time to Reset Implement (min) 0. 19 0. 32 0. 42 

Time to Hook Tubing (min) 0. 35 0. 20 0. 25 

Time to Retrieve Tubing (min) 1. 58 1. 25 1. 20 

Problem Stopping Time (min) — — 1. 5 — — 

Time to Tie and Unload Rolls (min) 1. 30 1. 24 1. 20 



APPENDIX B 

TESTING TIME DATA FOR THE 
DESIGN IMPLEMENT 

Note: All testing was done at: Campus Agricultural Center 
The University of Arizona 
Tucson, Arizona 
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Table B-l. Testing data time sheet, laying operation, for 
various lengths of tubing 

Date: 4-11-84 
Weather: Sunny and warm 
Number of Operators: 1 
Width of Run: 1.8 8 m 

Trial 

Length of Tubing: 61.0 m 

Time to Load Rolls 
(min) 0.62 0.60 0.50 0.54 0.55 

Time to Stake 
Tubing (min) 0.20 0.15 0.15 0.22 0.18 

Time to Lay Tubing 
(min) 0.50 0.50 0.45 0.40 0.45 

Time to Reset 
Implement (min) 0.52 0.52 0.56 0.48 0.48 

Length of Tubing: 122.0 m 

Time to Load Rolls 
(min) 0.58 0.65 0.42 0.58 0.70 

Time to Stake 
Tubing (min) 0.18 0.25 0.15 0.19 0.21 

Time to Lay Tubing 
(min) " 0.90 0.72 0.83 0.78 0.75 

Time to Reset 
Implement (min) 0.45 0.42 0.35 0.35 0.33 
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Table B-l.— Continued 

Trial 

Length of Tubing: 152 m 

Time to Load Rolls 
(min) 0.60 0.55 0.56 0.75 0.54 

Time to Stake 
Tubing (min) 0.18 0.23 0.20 0.16 0.18 

Time to Lay Tubing 
(min) 1.10 1.12 1.00 1.00 0.95 

Time to Reset 
Implement (min) 0.40 0.35 0.35 0.36 0.39 

Length of Tubing: 183 m 

Time to Load Rolls 
(min) 0.42 0.55 0.49 0.50 0.54 

Time to Stake 
Tubing (min) 0.31 0.40 0.40 0.32 0.34 

Time to Lay Tubing 
(min) 1.00 0.97 0.90 0.87 1.00 

Time to Reset 
Implement (min) 0.42 0.40 0.35 0.41 0.37 
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Table B-2. Testing data time sheet, retrieving operation, 
for various lengths of tubing 

Date: 4-20-84 
Weather: Sunny, breezy, and warm 
number of Operators: 1 
Width of Run: 1.88 m 

Length of Tubing: 61.0 m 

Time to Cut and Insert 
Tape on Reel (min) 0.42 0.48 0.39 0.38 0.47 

Time to Hook Tubing (min) 0.30 0.30 0.25 0.20 0.33 

Time to Retrieve Tubing 
(min) 0.45 0.40 0.39 0.38 0.47 

Time to Tie Roll (min) 0.75 0.60 0.60 0.53 

Time to Unload Roll (min) 0.14 0.14 0.18 0.20 0.19 

Time to Reset Implement 
(min) 0.25 0.25 0.30 0.30 0.30 

Length of Tubing: 122.0 m 

Time to Cut and Insert 
Tape on Reel (min) 0. 48 0. 42 0. 38 0. 38 0. 42 

Time to Hook Tubing (min) 0. 30 0. 25 0. 33 0. 32 0. 28 

Time to 
(min) 

Retrieve Tubing 
0. 75 0. 70 0. 60 0. 62 0. 66 

Time to Tie Roll (min) 0. 50 0. 55 0. 45 0. 45 0. 45 

Time to Unload Roll (min) 0. 25 0. 20 0. 33 0. 30 0. 25 

Time to 
(min) 

Reset Implement 
0. 25 0. 30 0. 24 0. 28 0. 33 
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Table B-2.—Continued 

Trial 

1 2 3 4 5 

Length of Tubing; 152.0 m 

Time to 
Tape ( 

Cut and Insert 
Dn Reel (min) 

0. 42 0 .45 0. 50 0. 40 0. 40 

Time to Hook Tubing (min) 0. 20 0 .25 0. 25 0. 24 0. 20 

Time to 
(min) 

Retrieve Tubing 
1. 00 0 .80 0. 80 0. 75 0. 75 

Time to Tie Roll (min) 0. 66 0 .55 0. 45 0. 40 0. 45 

Time to Unload Roll (min) 0. 10 0 .10 0. 15 0. 15 0. 12 

Time to 
(min) 

Reset Implement 
0. 20 0 .20 0. 25 0. 20 0. 20 

Lenght of Tubing: 183 . 0 m 

Time to Cut and Insert 
Tape on Reel (min) 0. 55 0 .50 0. 50 0. 40 0. 57 

Time to Hook tubing (min) 0. 10 0 .12 0. 15 0. 15 0. 12 

Time to 
(min) 

Retrieve Tubing 
0. 85 0 .80 0. 790 0. 70 0. 72 

Time to Tie Roll (min) 0. 90 0 .60 0. 65 0. 75 0. 88 

Time to Unload Roll (min) 0. 15 0 .15 0. 20 0. 15 0. 14 

Time to 
(min) 

Reset Implement 
0. 30 0 .28 0. 20 0. 20 0. 28 
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Table B-3. Testing data time sheet, laying operation, for 
operator machinery background 

Date: 4-11-84 
Weather: Sunny and warm 
Number of Operators: 1 
Length of Run: 152.0 m 
Width of Run: 1.88 m 

Trial 

Operator: No Experience in Machinery Operation 

Time to Load 
Roll (min) 0.66 0.60 0.59 0.58 0.60 

Time to Stake 
Tubing (min) 0.25 0.30 0.30 0.26 0.30 

Time to Lay 
Tubing (min) 1.15 1.00 1.10 0.95 1.05 

Time to Turn and 
Reset Implement 
(min) 0.50 0.55 0.45 0.45 0.50 

Operator: Had Experience in Operating Farm 
Machinery but Not Implement I 

Time to Load 
Roll (min) 0.55 0.58 0.65 0.66 0.55 

Time to Stake 
Tubing (min) 0.15 0.25 0.25 0.20 0.12 

Time to Lay 
Tubing (min) 0.95 1.00 1.10 1.00 0.96 

Time to Turn and 
Reset Implement 
(min) 0.40 0.40 0.35 0.36 0.35 
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Table B-3.—Continued 

Trial 

Operator: Had Experience in Operating Implement I 

Time to Load 
Roll (min) 0.55 0.50 0.45 0.48 0.60 

Time to Stake 
Tubing (min) 0.15 0.15 0.20 0.18 0.18 

Time to Lay 
Tubing (min) 0.95 0.90 0.95 0.87 0.95 

Time to Turn and 
Reset Implement 
(min) 0.30 0.30 0.27 0.28 0.30 
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Table B-4. Testing data time sheet, retrieving operation, 
for operator machinery background 

Date: 4-24-84 
Weather: Sunny, windy and warm 
Number of Operators: 1 
Length of Run: 15 2.0 m 
Width of Run: 1.88 m 

Trial 

1 2 3 4 5 

Operator: No Experience in Machinery Operation 

Time to Cut and 
Insert Tape on 
Reel (min) 0.40 0.35 0.33 0.35 0.35 

Time to Hook 
Tubing (min) 0.12 0.14 0.15 0.10 0.15 

Time to Retrieve 
Tubing (min) 0.85 0.88 0.90 0.82 0.82 

Time to Tie Roll 
(min) 0.55 0.52 0.55 0.53 0.55 

Time to Unload 
Roll (min) 0.15 0.15 0.20 0.14 0.14 

Time to Reset 
Implement (min) 0.24 0.25 0.25 0.25 0.25 

Operator: Had Experience in Operating Farm Machinery 
but Not Implement I 

Time to Cut and 
Insert Tape on 
Reel (min) 0.50 0.40 0.48 0.40 0.38 

Time to Hook 
Tubing (min) 0.25 0.20 0.25 0.20 0.25 

Time to Retrieve 
Tubing (min) 0.80 0.80 0.85 0.85 0.80 
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Table B-4.—Continued 

Trial 

Operator: Had Experience in Operating Farm Machinery 
but Not Implement I (Continued) 

Time to Tie Roll 
(min) 0.52 0.50 0.52 0.48 0.50 

Time to Unload 
Roll (min) 0.14 0.12 0.12 0.12 0.12 

Time to Reset 
Implement (min) 0.20 0.20 0.20 0.20 0.25 

Operator; Had Experience in Operating Implement. I 

Time to Cut and 
Insert Tape on 
Reel (min) 0.35 0.40 0.35 0.32 0.32 

Time to Hook 
Tubing (min) 0.09 0.10 0.12 0.10 0.10 

Time to Retrieve 
Tubing (min) 0.75 0.75 0.85 0.76 0.80 

Time to Tie Roll 
(min) 0.45 0.46 0.50 0.42 0.40 

Time to Unload 
Roll (min) 0.12 0.10 0.08 0.10 0.09 

Time to Reset 
Implement (min) 0.21 0.25 0.30 0.22 0.28 
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Table B-5. Testing data time sheet, laying operation, 
for operator experience 

Date: 4-17-84 
Weather : Hazy and warm 
Number of Operators: 1 
Length of Run: 18 3.0 m 
Width of Run: 1.8 8 m 

Trial 

Operator: Inexperienced in Operating Implement I 

Time to Load 
Roll (min) 0.67 0.67 0.60 0.50 0.60 

Time to Stake 
Tubing (min) 0.30 0.35 0.25 0.25 0.24 

Time to Lay 
Tubing (min) 1.10 1.05 1.10 1.00 1.00 

Time to Reset 
Implement (min) 0.50 0.42 0.52 0.60 0.42 

Operator: Experienced in Operating Implement I 

Time to Load 
Roll (min) 0.67 0.67 0.60 0.60 0.65 

Time to Stake 
T"bing (min) 0.25 0.25 0.45 0.25 0.33 

Time to Lay 
Tubing (min) 0.82 0.85 1.00 0.90 0.90 

Time to Reset 
Implement (min) 0.55 0.50 0.40 0.52 0.45 
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Table B-6. Testing data time sheet, retrieving operation, 
for operator experience 

Date: 5-3-84 
Weather: Sunny and warm 
Number of Operators: 1 
Length of Run: 183.0 m 
Width of Run: 1.88 m 

Trial 

Operator: Inexperienced in Operating Implement I 

Time to Cut and 
Insert Tape on 
Reel (min) 0.40 0.45 0.32 0.32 0.32 

Time to Hook 
Tubing (min) 0.15 0.10 0.15 0.10 0.14 

Time to Retrieve 
Tubing (min) 0.95 0.95 0.85 0.88 0.92 

Time to Tie Roll 
(min) 0.59 0.60 0.50 0.48 0.55 

Time to Unload 
Roll (min) 0.20 0.15 0.20 0.12 0.12 

Time to Reset 
Implement (min) 0.25 0.25 0.30 0.22 0.24 

Operator: Experience in Operating Implement I 

Time to Cut and 
Insert Tape on 
Reel (min) 0.37 0.33 0.33 0.40 0.35 

Time to Hook 
Tubing (min) 0.10 0.10 0.15 0.15 0.10 

Time to Retrieve 
Tubing (min) 0.90 0.80 0.80 0.95 0.92 

Time to Tie Roll 
(min) 0.40 0.53 0.42 0.40 0.45 

Time to Unload 
Roll (min) 0.15 0.15 0.20 0.15 0.15 

Time to Reset 
Implement (min) 0.25 0.25 0.25 0.25 0.25 
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Table B-7. Testing data time sheet, laying operation, 
for number of operators 

Date: 5-6-84 
Weather: Overcast, breezy, and warm 
Length of Run: 152.0 m 
Width of Run: 1.88 m 

Trial 

Time to Load 
Rolls (min) 

Time to Stake 
Tubing (min) 

Time to Lay 
Tubing (min) 

Time to Reset 
Implement (min) 

Number of Operators: 1 

0.53 0.55 0.75 

0.24 0.20 0.15 

1.10 1.00 1.00 

0.35 0.40 0.40 

0.55 

0.16 

0.95 

0.32 

0 . 6 0  

0 . 2 2  

1.02 

0.40 

Time to Load 
Rolls (min) 

Time to Stake 
Tubing (min) 

Time to Lay 
Tubing (min) 

Time to Reset 
Implement (min) 

Number of Operators: 2 

0.50 0.55 0.58 0.70 0.50 

0.20 0.20 0.18 0.16 0.25 

1.05 0.90 1.00 1.00 0.98 

0.20 0.20 0.20 0.20 0.20 
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Table B-8. Testing data time sheet, retrieving operation, 
for number of operators 

Date: 4-28-84 
Weather: Sunny and warm 
Length of Run: 152.0 m 
Width of Run: 1.88 m 

Trial 

1 2 3 4 5 

Number of Operators: 1 

Time to Cut and 
Insert Tape on 
Reel (min) 0.50 0.48 0.40 0.35 0.40 

Time to Hook 
Tubing (min) 0.20 0.25 0.25 0.21 0.24 

Time to Retrieve 
Tubing (min) 0.80 0.85 0.85 0.80 0.80 

Time to Tie Roll 
(min) 0.50 0.54 0.45 0.50 0.50 

Time to Unload 
Roll (min) 0.12 0.12 0.10 0.12 0.12 

Time to Reset 
Implement (min) 0.20 0.20 0.20 0.20 0.25 

Number of Operators: 2 

Time to Cut and 
Insert Tape on 
Reel (min) 0.48 0.30 0.45 0.45 0.38 

Time to hook 
Tubing (min) 0.10 0.10 0.10 0.10 0.15 

Time to Retrieve 
Tubing (min) 0.90 0.92 0.80 0.80 0.89 

Time to tie Roll 
(min) 0.45 0.50 0.50 0.40 0.42 

Time to Unload 
Roll (min) 0.10 0.10 0.15 0.14 0.10 

Time to Reset 
Implement (min) 0.06 0.10 0.08 0.08 0.06 



91 

Table B-9. Testing data time sheet, laying operation, for 
type of tubing 

Date: 5-7-84 
Weather: Hazy and warm 
Number of Operators: 1 
Length of Run: 183.0 m 
Width of Run: 1.88 m 

Trial 

Type of Tubing: Netafim 

Time to Load 
Rolls (min) 0.70 0.66 0.66 0.70 0.65 

Time to Stake 
Tubing (min) 0.25 0.30 0.20 0.30 0.30 

Time to Lay 
Tubing (min) 1.10 1.05 1.00 0.98 1.05 

Time to Reset 
Implement (min) 0.50 0.50 0.40 0.40 0.44 

Time to Load 
Rolls (min) 

Time to Stake 
Tubing (min) 

Time to Lay 
Tubing (min) 

Time to Reset 
Implement (min) 

Type of Tubing: Drip In 

0.70 0.66 0.50 

0.45 0.25 0.25 

1.05 1.00 0.95 

0.50 0.40 0.42 

0. 70 

0.30 

0.45 

0 . 2 8  

1.05 1.15 

0.48 0.46 
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Table B-10. Testing data time sheet, retrieving operation, 
for type of tubing 

Date: 5-8-84 
Weather: Sunny and warm 
Number of Operators: 1 
Length of Run: 183.0 m 
Width of Run: 1.88 m 

Trial 

Type of Tubing: Netafim 

Time to Cut and 
Insert Tape on 
Reel (min) 0.43 0.50 0.50 0.40 0.40 

Time to Hook 
Tubing (min) 0.20 0.25 0.10 0.10 0.10 

Time to Retrieve 
Tubing (min) 0.90 0.93 0.80 0.85 0.86 

Time to Tie Roll 
(min) 0.60 0.65 0.60 0.70 0.61 

Time to Unload 
Roll (min) 0.15 0.20 0.25 0.15 0.22 

Time to Reset 
Implement (min) 0.25 0.25 0.25 0.25 0.30 

Type of Tubing: Drip In 

Time to Cut and 
Insert Tape on 
Reel (min) 0.35 0.50 0.30 0.30 0.35 

Time to Hook 
Tubing (min) 0.10 0.11 0.10 0.10 0.10 

Time to Retrieve 
Tubing (min) 0.98 0.98 0.90 0.90 0.98 

Time to Tie Roll 
(min) 0.60 0.60 0.70 0.60 0.60 

Time to Unload 
Roll (min) 0.15 0.15 0.10 0.08 0.13 

Time to Reset 
Implement (min) 0.25 0.30 0.25 0.45 0.25 



APPENDIX C 

LIST OF MATERIALS USED IN 
CONSTRUCTION OF IMPLEMENT I 

1 Char-Lynn: RE 25-291 hydraulic motor 

hydraulic flow valve 

17' of 1" hydraulic hose 

2 1" flange mount bearings 

18" of 1" axle 

Taper-lock bushings bolted to a 6^" disc 

40' of h" cold roll steel rods 

3 1" x V rings 

9' of 1" x V flat iron 

4.5' of 1" x 1/8" flat iron 

1 steel plate of 1" x 5%" 

1 pipe of 1" x 6" 

1 pipe of 3/4" x 26" 

5" of 1" direct coupling 

3" of 1" direct coupling 

5/16" x 12" x 5V' steel plate 

5/16" x 10V x 4" steel plate 

1.5' of 1/8" x IV 
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- 7.75' of h" x 2" flat iron 

- 5' of 6/16" x 1" flat iron 

- 6" of 3/4" spring 

- 8" of 1" spring 

- 16V of h" x 1" flat iron 

- 8.5" of h" x 1" flat iron 

- 3' of 3/4" electric insulation pipe 

- 4.5' of IV x 4" channel iron 

- 4" of 2h" pipe 

- 21 of 1/16" x IV flat sheet metal 

- 2 razor blades. 



APPENDIX D 

STATISTICAL ANALYSIS METHOD USED IN THE 
EVALUATION AND COMPARISON OF IMPLEMENTS 

The test statistic used was a two-tailed t test at 

the 95% confidence level because the true standard devia

tions of the samples were not known (Walpole and Myers, 

1980, p. 252), so the populations were assumed to be normal 

and the following equation was used. 

T = lXl"X2 

where 

/(S^/n^ + (S 2  /  n  
2 )  

T was the tested value, 

X and were the means of the two-tailed samples, 

S1 and S2 were the standard deviations of the two 

samples, 

n^ and n2 were the numbers of the points in the 

samples, and 

v = * S2/n2)2/ Sj/n,)2 • <s|/n2)2' 

n l  1  n 2 _ 1  
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where v is the degrees of freedom of such a test. 

Then T was compared to the interval 

{_ta/2' fca/2} 

where a = 0.05 

and the values of -t and t were taken from the table 
a/2 a/2 

of critical values of t distribution (Walpole and Myers, 

1980, p. 514). 

Example: 

Given: 

X1 = 0.75, Sx = 0.02 

X2 - 0.75, S2 = 0.03 

nl = n2 5" 

Are X and X^ statistically equal at the 95% 

confidence level? 

Solution: 

v = (0.0004/5 + 0.0009/5)2/ 
(0.0004/5)2 + (0.0009/5)2 

5-1 5-1 

= 6.97 

Therefore the degrees of freedom are 7. 
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T = 0.75-0.74 

/(0.0004/5) + (0.0009/5) 

=  0 . 6 2  

t , _ = 2.365 and -t /0 = -2.365. 
a/2 a/2 

Therefore, -t ,„ < T < t 
a/2 a/2 

Hence, there is no statistically detectable difference 

between X^ and X^* 

If T had fallen outside the interval 

{ _ t a / 2 '  t a / 2 }  '  

then there would have been a statistically detectable dif

ference between X^ and X^-
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