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THE CLEANING AND TESTING OF MAGNETIC TAPES

Lester H. Lee
President, Recortec, Inc.

ABSTRACT

Description of various off-line magnetic tape cleaning techniques and testing process to
measure defects of tape before using it for tape recording applications. Discussions are
made on the type of cleaning methods and also the ways and means to achieve better
evaluation results.

INTRODUCTION

Ever since the beginning of the magnetic recording industry there has been a constant
awareness of the need for taking proper care of magnetic tapes by the users. The
operating personnel in most tape recording installations realize that lack of proper care to
the tapes could result in inconveniences and significant amount of unnecessary
expenditure. Tape manufacturers spend a great deal of effort to insure that tapes are made
error-free. They also try to make all tapes durable enough to permit reuse and storage
over a long period of time.

Despite all the efforts devoted to the proper care and attention to tapes in use, there is
really no absolute guarantee that playback problems will not occur especially if the tapes
have been used over and over again. Magnetic tapes are made of minute pigment particles
adhered to a polyester substrate by means of a binding material. Due to the constant
stretching and distortion of tapes under use plus aging during storage, the oxide particles,
especially those located at the edges have a tendency to break loose. These loose
particles plus any accumulation of atmospheric dust, provide the rubbing compound
which further generates more loose oxide particles. If these particles are permitted to
adhere to the tape surface, a slight tape to head separation will occur during playback.
This separation will result in degraded playback signal causing dropouts. On the other
hand, if these loose particles are removed from the tape surfaces, not only dropouts are
reduced, the tape will last much longer because there will be less rubbing agent to cause
further surface degradation.

In addition to dropouts caused by surface defects, magnetic tapes are also susceptible to
edge damages which cause greater amplitude fluctuations at the edge tracks. These edge



damages can easily be generated if the tape recorder is not properly aligned or tape is
allowed to rub against guide edges during rapid shuttling of tapes in high speed winding
modes.

A third common tape problem is in achieving a solid uniform tape pack free from cinching
and scattered winds. A poorly packed reel of tape is extremely prone to tape cinching and
edge crushing especially when the flanges are squeezed during handling and storage.

MAGNETIC TAPE CLEANER/WINDERS

To meet the demand for a device to keep tapes clean and properly packed, Recortec has,
for the past seventeen years, been making its tape handling products for major tape users
in the recording industry. These tape cleaners are built around a proprietary “capstanless”
tape handler which shuttles tape from one reel to another under constant tension and at
constant speed. While the tape is in motion, a vacuum cleaning station wipes off loose
particles from both sides of the tape. The constant tension feature also produces a tape
wind which is both cinch resistant and also is free of scattered layers.

MAGNETIC TAPE EVALUATORS

Although tape cleaners provide an adequate means for removing loose particles from tape
surfaces, they are not able to tell the user whether the tapes can be reused or not. There is
no way to quarentee that the tapes just coming off a cleaner are suitable for use without
encountering signal problems. On the other hand, premature tape cleaning is not only
wasteful in operator’s time, excessive amount of cleaning may even increase the
possibility of tape damage due to overhandling. Therefore, it becomes obvious that a tape
evaluator is needed to count the number of errors on a tape after it is cleaned to insure
that the tape is still reusable.

TECHNICAL DESCRIPTION

In general, a tape evaluator is composed of the following four major subassemblies:

(a)  Tape Transport
(b)  Cleaning Staions
(c)  Signal Electronics
(d)  Operational Controls and Output Displays



TAPE TRANSPORT

Perhaps the most important element in the design of a tape evaluator is the transport
mechanism. A good stable tape drive can help to simplify the design of the signal
electronics. It also makes the unit more functional and reliable.

The Recortec “Capstanless” tape drive reflects the simplist for in transport design. The
transport employs a reel-to reel tape drive using vacuum chamber as mechanical buffer.
The use of a vacuum chamber insures gentle tape handling and provides constant tape
tention irrespective of tape speed fluctuations and variations in reel pack radii.

When the evaluator is operated in the test mode, tape speed is normally set at 120 inches
per second which is held constant from one end of the tape to the other. Although it is
possible to test tapes at a higher tape speed, the effect of head-to-tape separation due to
entrapped air will degrade accuracy of dropout measurement. The result is poor
repeatability to test results from one test run to another.

Normally, rewind and fast forward speed are set at 300 ips. This speed is also accurately
regulated in the transport. An adjustment potentiometer in the circuit is provided to alter
this speed over a wide range. In the highest setting, which corresponds to open throttle,
the transport will reach speeds more than 400 inches per second. Although the basic
design permits the transport to run at even higher tape speeds, most tape packs will begin
to deteriorate due to entrapped air between tape layers. Therefore, Recortec has not
recommended rewind speed higher than 300 ips, or sometimes even keep it as low as
240 ips if tape wind becomes a major concern.

CLEANING MECHANISMS

There are in general two requirements in the cleaning process. The first is to scrape off
loose nodules from the tape surfaces, and the second is to remove this debris once it
becomes dislodged. The conventional technique employed by tape cleaners used in the
computer industry is to use a blade or sharp-edged surface. This is followed by a tissue
station located downstream to wipe off the loose debris. Although the blade is very
effective in tape cleaning, it will exhibit nicked surfaces after a few tape passes and must
be replaced often to prevent damage to the tape. The tissue wiper is also a potential
problem area because the dirt particles collected on its surface, if not removed
immediately, may contaminate the tape downstream causing longitudinal scratches.

Recortec has decided to employ a cleaning surface which is self-sharpening and does not
have to be replaced for a period of one year or longer. This is accomplished by using a
stainless steel blade with a grid of small (1/15" diameter) holes on its surface. Each hole is



made by an etching process such that it has a tapered opening with a larger diameter at the
bottom than on the top surface. When the blade is bent with a radius the top edges of
each hole are protruded out forming a number of sharp-edged surfaces over the entire
tape area to act as cleaning edges. At the same time, due to the tapered construction, any
wear of the surface will cause sharpening of each protruded edge to maintain cleaning
efficiency. The loose particles scraped off from the tape surface are removed from the
tape area by a vacuum produced airflow. Therefore, the cleaning method used in the
Recortec Tape Evaluator may be described as a gentle vacuum cleaner, which moves all
dirt particles away from the tape surfaces. With another grid cleaner on the back side of
tape surface, the cleaning efficiency of vacuum grids is very high for tapes with normal
atmospheric dust and loose oxide particles. However, the efficiency is not as good if the
nodules are deeply embedded into the oxide surface. This latter condition is quite
common in tapes coming off the manufacturing process, but is not a situation
encountered in users environments if the tapes have been properly cleaned periodically.

To offer equipment which can provide both types of cleaning, the cleaning stations on the
Recortec Tape Evaluator are constructed in interchangeable modules to permit the
customer to switch to razor blade cleaning if the vacuum grid does not reduce the
dropouts below a certain desired level. In most evaluators, both the razor blade and grid
cleaning are provided. For customers favoring tissue wipe for additional cleaning, this can
also be added in the tape path. However, one must be careful in specifying tape wrap
angle on each tissue wipe because friction from the wipe station will cause rise in tape
tension which may become excessive if there are multiple number of cleaning stations.

SINGNAL ELECTRONICS

The evaluator is designed to check tape for conditions that cause signal dropouts and
edge damages. This measurement is made by first recording constant frequency signals
longitudinally on the tape and then using a separate playback head to read each “cycle”
just recorded. Typically, there are nine or more playback heads in each evaluator to detect
recorded test signal. Since each track is only 40 mils wide there are areas on the tape
surface which are not covered by these tracks. However, these tracks are located evenly
across the width of the tape to gather information on surface condition without the need
of a large number of individual tracks to cover the entire tape width. It is quite obvious to
most tape users that the area close to the edge of the tape is most likely to contain surface
defects. If errors are detected on some tape areas, the defect usually span enough area so
it would be detected by any of the playback heads regardless of its true track location on
the recorder.

The test frequency is as high as 1.5 mhz. At the 120 ips tape speed, the bit density is
25,000 flux reversals per inch, or a bit spacing of only 40 microinches, which is the



resolution in the longitudinal direction. The tapes are first recorded, and then immediately
played back and erased, all in the forward mode of the test cycle. Therefore, the tape is
fully degaussed in the forward mode of the test cycle. The rewind is at 300 ips. In this
mode all heads are turned off to avoid accidental recording.

Any time the output in each of the playback channels drops below a preset amplitude,
which is the threshold or sensitivity setting, the counter is actuated to register a dropout.
The preset thresshold level for measuring each dropout is a dc voltage level usually preset
at 20% for low and 35% for high sensitivity.

In addition to the counters, the outputs from the tape evaluator are also available in
printouts giving the exact locations of all defects measured. The dropout printer has a
RS-232 input which can be linked to an external computer for data gathering purpose.

OPERATIONAL CONTROLS

Since the Tape Evaluator is designed to be used in the recording room or in the tape
library, ease of operation is one of the major objectives in the design of this equipment.
Generally speaking, the fewer number of control switches, the easier it is to train a new
operator. Therefore, there are only five control buttons employed in the unit; namely
“Power”, “Left”, “Right”, “Test”, and “Operate”.

There is another switch located away from these optional controls. This is the threshold
level selection located at the bottom part of the cabinet.

PERFORMANCE EVALUATION

The performance of a tape evaluator is usually measured in terms of its ability to provide
the following three functions:

(a)  Efficient Cleaning
(b)  Precision Winding
(c)  Dropout Detection

All Recortec Tape Evaluators are designed to provide efficient cleaning, smooth winding,
and indication of tape defects. These objectives can be accomplished in a single forward
run from supply to take-up reel, or the tape can be rewound back at high speed to the
supply reel to preserve reel identification.



CLEANING EFFECTIVENESS

The cleaning action of the vacuum grid is pretty much like the vacuum cleaners used for
household cleaning, the slower the tape speed, the more effective is the cleaning process.
Although the evaluator has only one cleaning station as compared with two in a strict
cleaner/winder, the difference in cleaning effectiveness is made up by the slower tape
speed employed in the evaluator hence accomplishing roughly the same cleaning
efficiency between these two machines.

The vacuum grid type of cleaning has been extensively used in computer industry and is
very effective in removing loose debris and atmospheric dust from the surface of the
tapes. It is a very gentle cleaning action with no possibility of damaging or scratching the
tape.

In case more severe cleaning or burnishing of tape surface is needed, a single edged razor
blade may be employed ahead of the grid cleaning station to scrap off loose debris and
embedded nodules. This disposable type of blade exhibits the highest cleaning efficiency
over the sapphire, tungstun, or any other sharp edged cleaning devices. The only
drawback of razor blade is the need to replace after each run to avoid nicking of tape
edges when the next reel of tape is mounted. (Replacement of blade for each run is not
always a requirement, but a desirable procedure.)

TAPE WIND

In addition to tape stretching and scattered wound caused by improperly aligned or
operated recorder, one of the contributing factors causing tape damage is due to careless
handling and poor storage conditions. If the tape is not properly wound on the hub, it is
susceptible to cinching and edge crushes. If tape is not wound tight, any physical
movement from one layer against another is also prone to create surface scratches and
loose particles.

By using a vacuum chamber to maintain a constant tension level and to provide equalized
tension across the width of each tape, the tape evaluator is capable of providing a
compact tape wound which is cinch-free even when the tape is subject to the most
adverse conditions. Furthermore, by packing tape against the bottom flange of each reel,
the chance of scattered wind is greatly reduced. if the tape is not excessively stretched or
damaged (such as a new tape), the evaluator will provide a tape pack with no protruding
layer. Packing the tape toward the bottom flange also minimizes chances of edge damage
since tapes are usually handled using the bottom flange as the supporting surface.



In general, if one encounters a reel of tape which shows scattered layers in the pack, it is
most likely that this reel of tape would reveal edge damages at the layer profusion. A
packer wheel option may be called for to achieve better wound if needed. However, even
if the evaluator is able to achieve a smooth wound by means of a packer wheel, this does
not assure the tape from exhibiting scattered pack when used on recorders without a
packer wheel.

CORRELATION OF DROPOUT MEASUREMENTS

Defects measured by tape evaluator should be close to the dropouts measured on actual
recorders. The correlation has been extremely favorable. Its ability to identify bad tapes
and keep them out of circulation is the most important application for major tape users.
After all, a tape showing defects regardless of how it is tested is certainly not good
enough for quality recording. Therefore, this piece of equipment is very useful to sort out
bad tapes in the library and is also useful to locate reusable tapes at a cost not available by
using other techniques.

An evluation run was made on six reels of tape with dropout measured on tape recorder
before testing on the Recortec evaluator. The result of our test provides the following
correlation:

Dropouts as observed Evaluator Evaluator
Tape Sample Actual Tape Recorder at 20% level at 35% level

1 Heavy dropouts 10 29
2 Heavy dropouts 4 10
3 Medium dropouts 2 15
4 Medium dropouts 1 8
5 New Tape 0 0
6 New Tape 0 0

As can be seen from the above table, the tapes exhibiting higher dropouts are measured
with higher error count on the Recortec evaluator. For new tapes the count is zero even at
the higher sensitivity. The use of higher sensitivity produces higher error count for tapes
showing dropouts.

It is important to note that the error count is always lower at lower sensitivity. The same is
true that it is much easier to base decisions on the error count at lower sensitivity. For
instance an error count of 4 is better than another tape with an error count of 8, but at
high sensitivity, error count of 40 may not be as good as another tape measuring at 80



because the noise level in the tape playback system will cause higher dispersity when
trying to test at more critical levels.

Therefore, it can be safely concluded that evaluator is most useful in identifying bad
tapes. One can always depend on the evaluator to discard bad tapes but there is less
correlation if one tries to use the evaluator to select a better tape. In this regard, use of
evaluator to grade out tapes at high sensitivity would be less successful than trying to use
evaluator to sort out bad ones at low sensitivity.

CONCLUSIONS

The availability of high speed tape evaluators has given the recording industry a
convenient tool to achieve new levels of tape economy and improved operational
efficiency. Not only tape life can be extended by proper cleaning and winding, the
elimination of dirty tapes from circulation also contributes to extended head life. Tape
evaluation at high speed makes it possible to look over a large number of reels thus
maintaining the quality of all tapes in the library.


