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Preface

This book deals with both the practical and theoretical aspects of state-of-the-art

magnetic tape recording technology. Topics covered include the following:

(1) Tape and head wear

(2) Wear testing

(3) Magnetic tape certification

(4) Care, handling, and management of magnetic tape

(5) Cleaning, packing, and winding of magnetic tape

(6) Tape reels, bands, and packaging

(7) Coding techniques for high-density digital recording
(8) Tradeoffs of coding techniques

The chapters in this book are devoted to detailed discussions and/or analyses of
these topics, especially as they might affect the serious business, technical, or scientific

user of magnetic tape. The contributors are the foremost experts in this country.

Users and would-be users of magnetic tape recording will find this book helpful,

and, in many cases, essential. This includes individuals as well as organizations--

students, technicians, engineers, scientists, educators, libraries, colleges and univer-

sities, laboratories, Government, military, and industry.

This book was prepared as an activity of the Tape Head Interface Committee

(THIC), a professional "society" that cohosts its meetings with the American National

Standards Institute (ANSI) and the Inter-Range Instrumentation Group (IRIG).

Ford Kalil

NASA Goddard Space Flight Center

iii



Acknowledgments

As editor, I wish to acknowledge the assistance of the entire Tape Head Interface

Committee and the Steering Committee for their many helpful comments and

suggestions. In particular, I wish to thank A. Buschman who served as assistant editor

and chapter chairman of chapter 4; each of the chapter chairmen, who authored their

chapters in large part from papers presented at THIC meetings; Don Wright who has

been President of THIC for the past three terms and who has provided much useful

information and assistance; Linda Fredericks, Don Wright's secretary, who has done
so very much in the way of typing and mailings; Greg Purdom, past Secretary of THIC

for two terms, who helped me gather and catalog the materials and papers presented at

THIC meetings; William Poland of NASA, President of ANSI, for his generous

assistance; Donald Tinari of the Goddard Space Flight Center Data Evaluation

Laboratory, J. L. Perry of NASA, and Taylor Pilkin and J. T. Smith of Bendix, who

all assisted in obtaining photographs for some of the figures; and various people

behind the scenes at the contributing organizations without whose help this book

could not have been published.

Ford Kalil

NASA Goddard SpaceFlight Center



Contents

Chapter

1

4

10

Page

1INTRODUCTION ........................................
Ford Kalil

TAPE AND HEAD WEAR ............................... 7

James J. Kelly

WEAR TESTING ........................................ 23
A vner Levy

MAGNETIC TAPE CERTIFICATION .................... 35
A 1Buschman

CARE, HANDLING, AND MANAGEMENT OF MAGNETIC
TAPE .................................................... 45
J. B. Waites

CLEANING, PACKING AND WINDING OF MAGNETIC
TAPE .................................................... 6 l
R. Davis

TAPE REELS, BANDS, AND PACKAGING ............. 77
Ken Townsend

HIGH-DENSITY RECORDING ........................... 85

Finn Jorgensen

TRADEOFFS OF RECORDING TECHNIQUES .......... 99
M. A. Perry

INTRODUCTION TO HIGH-DENSITY DIGITAL RECORD-
ING SYSTEMS ........................................... 107

M. A. Perry

Appendix A--THE EVOLUTION OF HIGH-DENSITY DIG-
ITAL TAPE .............................................. 123
Garry Snyder

Appendix B--A CARE AND HANDLING MANUAL FOR
MAGNETIC TAPE RECORDING ......................... 127

Care and Handling Committeeof THIC (Chairman.. Frank Heard)

Appendix C--GLOSSARY ................................. 149

Herbert M. Schwartz, Joe Pomian, and Sanford Platter

INDEX .................................................. 163

v





CHAPTER 1

Introduction

Ford Kalil

NASA Goddard Space Flight Center

Much has been written that touches on the history and

development of magnetic tape recording (refs. 1-1 to 1-

15). Hence, very little will be said about that here. Only

some of the more salient points of magnetic tape recording

technology will be discussed here, in particular as they

may relate to subsequent chapters in this book, to provide
the reader with a proper perspective.

Magnetic recording is a blend of many disciplines,

including but not limited to the sciences of mechanics,

sound, video, telemetry, plastics, lubricants, ceramics,
magnetics, and electronics. The state of the art in these

disciplines as pertains to magnetic recording has been

continually advancing to keep pace with increasing re-

quirements and applications. It is expected that this will
continue to be the case.

The magnetic tape recorder/player (reproducer) is a

complex electromechanical system. It involves, basically,

a magnetic tape on reels or cassettes; tape drives; mag-

netic heads for erasing, recording, and reproducing; and

associated electronics. These subsystems must be pre-

cise, durable, and maintainable. The tape drive must be
precise to maintain the proper tension in the magnetic tape

to minimize tape flutter and other mechanical distortions

of the tape, which distort the recording and/or damage the
tape. The magnetic recording and playback heads must be

precise and accurately aligned to permit recording on one

machine and undistorted playback on another.

Magnetic tape recording technology has evolved over

the years from the recording of relatively low fidelity

audio to the recording of high fidelity audio, video, analog
signals (at relatively low frequencies at first and then to

frequencies in the range of a few megahertz), and digital

data on multitrack machines at bit rates approaching 1
Gb/s.

The technology has advanced from recording digital

signals at low bit rate (serial bit streams of a few kilobits

per second) on one track to multitrack recording of bit

streams at 1 Gb/s. To accomplish this, a serial bit stream

is electronically converted to a parallel bit stream in the

recording process and then converted back to the original

serial bit stream during playback, with each of the bits in

its proper place in the bit sequence. Thus, even though the

original bit stream may have been coded, formatted, and

fitted with overhead bits to identify the source of data, time
at which the data were acquired, and/or destination of the

data, the recorder must also code the data in its serial-to-

parallel bit conversion process. Furthermore, because of

the high data rates, the frequency response of the record-

ing/playback system dictates that direct recording with

unique code(s) to minimize the de content be used in lieu

of frequency modulation (FM) recording to take advan-

tage of the entire passband/bandwidth of the system. In

FM recording, the data are first frequency modulated onto

a cartier the frequency of which is at the center of the

recording system bandpass. Thus, only half of the band-
pass is used. FM recording was originally developed and

used to overcome the poor system response to the lower
frequencies (0 to about 400 Hz), which was experienced

during direct recording. Hence, to return to direct record-

ing of digital data to take advantage of the full passband,

techniques had to be developed to overcome the poor

response at the lower frequencies. The poor response is

eliminated by coding the bit stream to decrease the

amount of energy at the lower frequencies; i.e., to

minimize the occurrence of bit sequences of only "1" or

only "0" values. Such sequences correspond to a dc signal
for the duration of the sequence, which increases the

energy at the lower frequency end of the power spectrum.

The objective is to minimize such long sequences by
essentially randomizing the occurrences of "1" and "0"

values by a coding technique during the recording process

and still retain the capability to efficiently derandomize

the data in the playback mode. These randomizing codes,

which are inserted by the recording system, should not be
confused with other codes that may be inherent in the

incoming bit stream.

In the art of high-density digital recording, several

codes may be involved. First, in the process of digitizing

the analog signal at the data source, the analog signal is

sampled at regular and frequent intervals. Typically, in

the analog to digital (A/D) conversion process, the analog

signal is sampled at a sampling rate slightly higher than
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twice the maximum frequency present in the signal. Then

each sample is coded with a binary code of "1" and "0"
values called bits. This code, usually called a word, tells

the amplitude of the sample. The general technique of

coding is called pulse code modulation (PCM).
There are other code words inserted into the data

stream of bits (called a bit stream) to block out a frame of

words analogous to a page of words in a book. These code

words, called frame synchronization (or just frame sync)

words, tell the page number, so to speak, and enable one to

detect the beginning of the sequence of coded bits and to

decipher the code in a subsequent digital to analog (D/A)

conversion process. That is, the frame sync words are

needed in the deciphering process to tell which bit is the

beginning of a word and which word is the beginning of a

frame or page.

In addition, there may be other code words inserted at

the beginning of each frame to identify the source and
destination of the data. Still other codes may be used to

assist a decipherer in correcting bit errors caused by (or

due to) the transmission process. Consider the case of a

satellite carrying a number of experiments, and transmit-

ting via radio waves the experimental data to one of a
number of ground stations in a worldwide network of

ground stations. The ground station in turn transmits the

received data via ground communications, such as tele-

phone lines and/or microwave links, to a central network
operations control center. The control center may be

receiving data from several ground stations simultane-

ously. The telecommunications center then routes the
data to the proper satellite control center. Eventually, the

data must be sorted out and identified according to

experiment, time, and the spacecraft location and orienta-
tion at the time the data were taken. Hence, one can see

that several codes or code words may be added to the data.
Words or codes that are added to the data are sometimes

referred to as overhead. In this example, code words may

be inserted by the spacecraft to identify the spacecraft, the

experiment, and perhaps spacecraft orientation and/or the

time when the measurement (experimental data) was

taken. The ground station(s) could also insert code words

to identify the station and the time at which the data were
received and the destination of the data.

In addition, magnetic tape recorders are generally used

at several points and/or interfaces of the telecommunica-

tion process, such as in the spacecraft to record data for

subsequent transmission to a ground station, at the ground
station, at the network control center, at the spacecraft

operations control center, at the data processing center, by

the experimenter(s), and by the archiving center.
In the spacecraft, data may be recorded for subsequent

transmission to a ground station because the spacecraft

may not be in view of a ground station at the time the data
are obtained. In this case, the data may be recorded at a

slow speed and played back to the ground station at a

higher speed, because of the relatively short contact time
with the ground station. The ground station may record

the data at predetection and postdetection points to insure
that data are not lost.

In some cases where the data are received in analog

form, the ground station may digitize and code the data, as
in the case of the SEASAT mission.

In other cases, as in the Apollo mission, several

measurements were received in digital and coded form.

The different types of data, such as astronaut heartbeat,

blood pressure, cabin temperature, and pressure, were

separately recorded on different Inter-Range Instrumenta-
tion Group (IRIG) subcarriers and then onto different

tracks of a multitrack recorder. The ground station was

required to extract essential data, such as astronaut

heartbeat and blood pressure, for immediate real-time

transmission to the control center because at that time the

ground transmission links did not have enough bandwidth
to accommodate all the data. Subsequently, all the data

could be played back at a rate lower than the recording

rate to match the ground transmission link capacity and
transmitted to the control center.

More than one IRIG subcarrier modulated with data

may be recorded onto one track of a multitrack recorder,

provided one stays within the recorder bandwidth. There

are 16 standard IRIG subcarriers, so a total of 16R

different types of data could be recorded on one magnetic

tape recorder, where R is the number of tracks. During the
days of the Apollo manned space program, 7- and 14-
track recorders were common, so that as many as

16 )< 14 or 224 different data streams could be recorded

simultaneously on one recorder. In fact, recently all the
recorder tracks and IRIG subcarriers were used to record

a large variety of data during test firings to measure the

effects of the Space Shuttle solid rocket booster plume on

the Space Shuttle telecommunications links (refs. 1-16

and 1-17).

At the data processing center, data are received from a
number of recorders, at different spacecraft ground stations,

and a variety of space experiments. The data for each

space experiment are then extracted according to magnetic

tape time sequence and merged and recorded along with
the time, the spacecraft altitude, and location that cor-

respond to the measured data. Generally, the recorded
data are archived and copies are sent to the scientist/ex-

perimenter for analysis, evaluation, and reporting. In this
process, the scientist may play back the data many times,

at slower and/or faster speeds. The magnetic tape recorder

permits the experimenter to do this without damaging the
recorded data.

Furthermore, the reels of the magnetic tape that have

served their purpose in this complex structure of data

retrieval may then be demagnetized, rehabilitated, and/or

recertified for repeated use.

In any event, it is clear that the magnetic tape recorder is
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a complex, very accurate, yet a versatile and veritable

workhorse. J. Pelant (ref. 1-18) has referred to the mag-

netic tape recorder as an unsung hero.

The complex hierarchy of coding and decoding can

challenge the ingenuity of the most skilled professionals.

The repeated use of the magnetic tape and also the

recording/reproducing magnetic head with the resulting
wear and tear require a durability that taxes the manufac-

turing state of the art.
The close packing of bits, the ability to crossplay

between recorders (record on one and reproduce/play-

back on another), the required record/reproduce head

alignment, and the required tape-to-head alignment im-
pose stringent mechanical tolerances that test the mettle of
even the most skilled machinists.

The record and reproduce heads are milled to an

accuracy on the order of millionths of an inch, and are

designed to maintain these tolerances over a range of
environments from laboratory use to instrumental aircraft

and spacecraft. Yet the magnetic tape recorders are the

most cost-effective general data storage and retrieval

medium available today.

Furthermore, the high data rates approaching 1 Gb/s,

the information explosion (data retrieval, storage, and

archiving), and the required bit packing densities (33
kb/in, and perhaps 66 kb/in, per track) will require, in

most instances, nearly perfect magnetic tape. Otherwise

the microscopic holes and bumps in the magnetic material

of the tape could cause intolerable dropouts of signal and

an accompanying loss of bits of information.
At first glance it would appear that a magnetic tape is

somewhat shrouded in mystery. For instance, oxide

particles, the magnetic material that stores data on the

tape, are by nature an abrasive substance. To efficiently

transfer data from and to recorder/reproducer heads, the

tape must make physical contact. Abrasive contact with

any material, including dirt and dust as well as the

magnetic oxide particles on the tape, tends to destroy the
effectiveness of the head. Even with normal use, the tape

heads must be replaced periodically. The technical in-

genuity of the tape manufacturers with their secret formulas
of elasticizers, lubricants, polishing agents, and manufac-

turing techniques has constantly extended useful life ,from
hundreds of hours in the 1950's to thousands of hours in

nonspacecraft use (i.e., open environment) and many
thousands of hours in spacecraft use (closed environment).

One well-known tape manufacturer advertises that a

phase of its tape construction requires the use of special

pebbles found only on the beaches of Normandy (ref. I-

18). Another manufacturer used a brush containing jaguar
bristles mounted on the transport to clean the tape surface

during use (ref. 1-18).

Although this discussion has emphasized the use of
instrumentation magnetic recording, it is important to

keep in proper perspective the extensive role of magnetic

tape recording in the fields of audio and video/television,

and the applications of digital recording in these fields as

well as in instrumentation data recording. For instance,

for the audio perfectionists there is now the exciting

prospect of digital recording. Digital recording removes

all mechanical flutter and brings the background noise
level as close to zero as desired. Perfect copies can be

made generation after generation, and the original record-

ing is so robust that aging, magnetic loss, or print-through
have no deleterious effect.

To record digitally, the analog input signal (audio or

otherwise) is sampled at a rate exceeding twice its highest

frequency and the samples are translated into binary code
numbers representing amplitudes at the instant of sampling.

Numbers of 11 to 16 digits may be used, giving accuracies

(or signal-to-noise ratios) of about 2 I1 (66 dB) to 216 (96
dB). The code numbers are recorded in sequence on tape.

When played back, the code numbers become amplitudes;

irregularities in timing (tape flutters) are corrected by a

buffer memory; and the sample rate is reproduced in

perfect crystal-clock sequence, thus reconstituting a signal

the perfection of which is limited only by the binary code.

The cost of perfection is the bandwidth needed for a high

digital data rate and the sophisticated A/D converters

required for encoding and decoding the recorded signal.

Digital audio recording is comparable to video record-

ing in both complexity and expense. Nevertheless, where

expense is no object, the recording process is no longer a
factor that limits quality. The British Broadcasting Corp.

is already using digital recordings within its network, and

digital master tapes will be common in the future.

Although a large part of the advances in the art of tape

recording are mechanical and electronic, a good portion of
the progress has resulted from better quality tape. Im-

proved oxide formulations and backing materials have
resulted from concentrated industrial research.

Early experiments in magnetic recording used steel
ribbon with its excessive expense and handling difficul-

ties. Later, wire recorders solved some of the handling

problems but offered only minimal improvements in signal

quality. It was not until the early forties that all the right

ingredients came together.
Short-wave radio listeners (ref. 1-12) eavesdropping

on German broadcasts during World War II were among

the first to realize that audio recording technology had

entered a new era. Somehow "live" orchestra performances

were emanating from occupied Europe on a time schedule

unrelated to the musicians' logistics problems or sleeping

habits. When hostilities ended,the secret was revealed--a

new electronic marvel called the Magnetophon that

recorded almost flawlessly on reels of iron-oxide-impreg-

nated tape. Gone were the hiss, crackle, and miserable

frequency response long associated with disk, sound on

film, and wire recording techniques.

Recording studios, broadcasters, and consumer elec-
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tronics manufacturers worldwide soon adopted the Mag-

netophon principle in several specialized tape formats.

Users are presently offered cassette, eight-track cartridges,
and open-reel products, while studio, computer, and

instrumentation engineers have stayed strictly with reel-

to-reel machines. Improved magnetic oxides and special

noise-reduction circuits have made narrow-width, low-

speed cassette formats acceptable for casual music listen-

ing while simultaneously transforming professional studio

and scientific operations with wide multitrack recording
tapes.

When magnetic properties of a tape are specified

(ref. 1-12), it is customary to give its intrinsic coercivity,

H¢i (normally 225 to 400 Oe) and its retentivity after

saturation, Brs (usually 800 to 1500 G). High coercivity is

desirable for good high-frequency response (short record-

ing wavelength), but a coercivity of 400 Oe or more should

only involve extra-thin tape coatings and supersmooth

recording surfaces. Otherwise, the high-frequency ad-
vantages are not realized, and the tape will be difficult to
bias and erase.

High retentivity is associated with high signal output.

However, it is not really a direct measure because the

output is also proportional to the magnetic-oxide thick-
ness and the width of the recorded track. A better index of

tape output is the remanance q_R, which is the magnetic

flux retained by a specified width of tape. A typical value

ofqSR for general-purpose tapes is about 0.65 Mx per ¼ in.
of tape width. High-output and studio master tapes may

range from 0.90 to 1.25 Mx per ¼ in. of tape width. These

represent maximum saturated values; practical recording

allows 15 dB of headroom so that "0 dB" on the recording
volume-level meter represents a magnetized flux level of

about 0.12 Mx on general-purpose ¼-in. tape (0.12 Mx

per ¼ in. equals 185 nWb/m). Playback head voltage E is

directly proportional to remanance in nanowebers per
meter and may be calculated from the equation

Standard iron-oxide tape has evolved over the last three

decades to a high state of perfection. It is smooth, uniform,

and stable (magnetically and chemically) and features

high output, low noise, and minimum head wear. The

active material is a gamma magnetic oxide, Fe203, in the

form of acicular (needlelike) crystals about 0.5/xm long

and about 0.05 /.tm in diameter. These crystals are
suspended in a liquid binder and are coated on one surface

of a plastic backing material such as cellulose acetate or

polyester film. While still liquid, the coating is run through

a magnetic field that orients the oxide particles so that they

point in the proper direction for recording. The dried

magnetic coating is about 5 to 12 _m thick. Typical
magnetic properties include a coercivity of 300 to 350 Oe

and a retentivity of 1000 to 1400 G. To improve

smoothness, the tape surface may be polished, burnished,

or calendered. Lubricants such as silicones are incorpo-

rated to reduce friction and improve head life.

Most tape research has been devoted to developing a

coating that gives more output, less noise, and better high-

frequency response. Many "super" tapes now on the

market still use the tried-and-true acicular gamma iron
oxide, but with smaller particles to reduce noise. Greater

particle density within the binder gives more output, and a

mirrorlike oxide surface gives increased high-frequency
response.

Some new tapes are made with a gamma iron oxide that

has been modified by substituting a small percentage of

cobalt atoms in the spinel crystal lattice. The process has

been called "cobalt doping"; however, the amount of

cobalt required for an appreciable effect is many orders of

magnitude higher than the doping levels associated with

semiconductors. Oxide-coating coercivity can be adjusted

anywhere between 250 and 1000 Oe (or even higher) by
increasing the cobalt content. The high-frequency re-

sponse of tape improves in proportion to its coercive force,

but to use such capability the recorder may have to supply

more biasing, erasing, and signal voltage. An undesirable

side effect of cobalt doping is thermal instability (the

magnetic properties of tape decrease as temperature is

raised,, with some deterioration occurring even at high
room temperatures).

To cope with these problems, two grades of cobalt-

doped tapes are marketed. For professional use, where

machines can be adjusted, the doping is high enough to

give a marked increase in magnetic properties. For con-

sumer recorders, which are not adjustable, less cobalt is

used, and cobalt-doped tapes remain interchang¢able with

ordinary kinds. Tape performance (and associated side

effects) is between that of the standard iron-oxide grade

and the highly doped professional grade.
An improved material--chromium dioxide--is now

available in cassette tapes. The active ingredient is an

acicular oxide of chromium (CrO2), which is surprising

because chromium and its compounds are generally
nonmagnetic. An electron micrograph of the oxide shows

it to be more elongated and somewhat smaller than

gamma iron oxide. Magnetic properties can be controlled

during manufacture to give a product with any desired

coercivity (up to 1000 Oe or more). A coercivity of 450 to

550 Oe has been chosen for commercial tapes--high

enough to require adjustment of the recorder for optimum
bias and recording level.

Another unusual property of chromium dioxide is its

relatively low Curie temperature of 140 ° C, above which

it becomes nonmagnetic. (Iron oxide has a Curie tempera-

ture of 620 ° C.) Fortunately, the magnetic properties of

chromium dioxide are quite stable even at the highest

temperatures ordinarily encountered. The unique com-
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bination of low Curie point and high coercivity make

chromium dioxide useful for magnetic contact printing, in
both master and copy tapes.

Early U.S. tapes (1946 to 1955) were coated on a

cellulose-acetate, or even paper, base. A base thickness of

1.5 mils (38.1 btm) was needed for adequate strength.

When polyester films such as Mylar became available,

the thin gages were stronger than 1.5-mil acetate and were

far more stable with respect to temperature, humidity, and

aging. Cellulose acetate does have one appealing charac-

teristic-it breaks clean with negligible stretch for easy

mending. Polyester usually elongates before it breaks, so

any recording on a permanently stretched section would
be lost. However, breakage is so rare that this is a minor

consideration. The choice then is polyester for best

performance or cellulose acetate for economy. In
Germany, vinyl chloride has been a popular base material
because it is more flexible than cellulose acetate and less

expensive than polyester.

For any recording tape the plastic backing determines

breaking strength, surface smoothness, head conformity,

and dimensional stability. Its thickness determines the

length of tape in a given package. A standard of compari-

son is the common 7-in.-diameter plastic reel filled with

0.25-in. tape. Depending on tape thickness, a 7-in. reel

may contain 1200 ft (standard play), 1800 ft (extended

play), 2400 ft (double play), 3600 fi (triple play), or even
4800 ft (quadruple play). The best compromise is the

1800-it reel in which the tape is 1 mil thick. Thinner tape

may stretch or snarl in some recorders, and is more prone

to print through between adjacent layers; thicker 1.5-rail
tape is stronger than necessary and does not conform to

record/reproduce heads as well as the thinner tapes.
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CHAPTER 2

Tape and Head Wear

James Kelly
Ampex Corp.

Signal-to-noise ratio (and, therefore, dynamic range) in
the tape recording process is a function of head-to-tape
separation as defined in the equation

54.6d
loss = -- dB

where

d = length of separation, in.
= wavelength of signal on tape, in.

This equation indicates that when reproducing short
wavelength signals, extremely intimate head-to-tape con-
tact must be maintained. Consequently, there will be
friction and erosion of both the head and the tape. The
situation is compounded by the need to incorporate very
shallow gap depths in the reproduce head. This is dictated
by the need to maximize flux concentration in the gap.
Consequently, heads on wideband recorders will wear out

and fail in typically 2000 to 3000 h of use. The replace-
ment of these heads, which are relatively costly, is a
significant operating expense in magnetic recording appli-
cations. It follows, also, that abrasion and wear of the

coating on the magnetic tape will also take place. How-
ever, an application in which the same piece of tape will be
used repeatedly to the point where wearing of the tape
becomes noticeable is rare. Consequently, the emphasis is
on head wear.

Magnetic heads available in the late 1970's fail from

head wear in typically 2000 to 3000 h. Replacement cost
of these heads is many thousands of dollars. With the
trend toward the use of 28-channel heads, this replace-
ment cost is almost doubled. As a consequence, a
wideband tape recorder will require between $2 and $I0
per hour of operation for consumables. The consumable
product being the wearing of the heads. Obviously then,
all parties in the tape recorder community must address
themselves to minimizing this operating expense. The
manufacturer of heads must look to head design and
material that is least vulnerable to abrasion. The manufac-

turer of tape must look to minimizing the abrasiveness of

the tape surface, and the user of the equipment must strive
for an optimum operating environment. This chapter
presents a detailed discussion of these various considera-
tions.

ABRASMTY

Abrasiveness is the characteristic of the tape that
erodes material from the surface of the heads. All tape is
not alike in its abrasive quality. Therefore, users must
consider this quality of the tape they use. Abrasiveness is
controlled by the manufacturer of the recording tape and is
a major consideration in head wear. However, as is the
case in many technical problems, there are conflicting
demands that require compromise. A highly polished tape
surface that offers minimal abrasivity will have a tendency
to stick to the head surface and create brown stain (dis-
cussed later in this chapter) with its associated loss in band
edge response. This is especially true if the tape is kept
under tension in the head area for long periods of time
when the tape drive is in a stop mode or shut down. Another
conflicting demand is that soft binder and oxide systems,
which quickly polish to a smooth surface with minimum
abrasivity, may show a tendency to shed. Severe shedding
will necessitate frequent service and cleaning of the tape
drive.

Federal Specification WT-001553 specifies the abra-
sivity of instrumentation recording tapes procured by the
Federal Supply Service for use by the U.S. Government.
Samples of all tape procured by the Federal Supply
Service are tested to this specification. Chapter 3 outlines
in detail the various techniques that may be employed to
measure abrasivity of tape.

The brass shim test is one of many techniques used by
the industry to measure the relative abrasivity of tape. Bell
& Howell, in its 1975 comparison, used actual head
stacks and measured the wear on the head face with a
profilometer at 25-h intervals. In 1976 the National

Security Agency published a working paper on magnetic
tape abrasivity using a radicon test (ref. 2-1). This was
followed by a report from Spin Physics that described still
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another technique. It measured dimensional changes of an
indentation on a test core. Still later, the Fulmer Research

Laboratories in the United Kingdom developed a tech-
nique in which change in resistance of a vacuum-deposited

alloy on a test mandrel was measured. This later technique

is probably the fastest, with cost nearly as low as that for

the brass shim test, the least expensive. (See ch. 3 for

additional information on these tests.)

CONTAMINATION WITH DEBRIS

Airborne abrasive particles that impinge on the tape

obviously will aggravate the problem of tape abrasivity.

Any effort that will reduce the dirt in the atmosphere

where recording equipment is used will result in a cost

saving due to decreased head wear. In a similar manner,
the design of heads must take into consideration head

material, which may tend to shed particles that by their

very nature may be very hard. These particles riding on

the tape will aggravate the abrasive head wear of down-
stream heads.

HUMIDITY

Empirical results have shown that head wear is a

function of the relative humidity (RH) of the environment
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Figure 2-1 .--Head wear of Ampex 787 recording tape meas-
ured at the National Security Agency using the Radicon
technique.

in which the head operates. When RH is greater than 40

percent, head wear dramatically increases. It is unre-

solved as to whether increasing RH causes the abrasive-
ness of the tape to increase, or increases in RH accelerate

breakdown in the molecular structure of the head and tape

surface. Nevertheless, it is obvious that the user of tape

recording equipment should endeavor to optimize the

environment in which the tape recorder operates.

To illustrate this phenomenon, the results of three

different test procedures are shown in figures 2-1 to 2-3.

Figure 2-1 illustrates the results of testing done by an end

user of tape recording equipment, the National Security

Agency. These results were obtained in a test in which the

cover door of the tape recorder was modified so that there

was effectively a hood over the tape drive system that was
connected by hoses to an environmental chamber. In this

manner the humidity of the environment of the tape-to-
head interface was controllable. Head wear was measured

using the Radicon technique.

Figure 2-2 displays the test results obtained by a
manufacturer of tape heads, Spin Physics, Inc. These

results were obtained on a special transport specifically

designed for he_d wear measurements. Wear rate was
determined using a Vickers hardness indentation tech-

nique on a sample core surface.
Figure 2-3 displays the results obtained by a manufac-

turer of recording tape, Ampex Corp. These data were

obtained by using a profilometer to physically measure the

contour of an actual recording head that had been

subjected to head wear under various controlled condi-
tions.
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Figure 2-2.--Head wear measured using a Vickers hardness in-
dentation technique at Spin Physics, Inc. (Tape speed = 60
in./s, number of passes = 10; tape tension = 3.5 oz: core
pressure = 6.1 lb/in.2; core material = Spinalloy (Spin Phy-
sics Corp.).



TAPE AND HEAD WEAR 9

350 --

300 --

250 --

150 --

100 -

50 -

, I I
0 10 20

.=_
=L

2oo

/
i

i
J

F
I

I
I

I
!

I
I

!

I I I I I I
30 40 50 60 70 80

RH, pement

Key

Ampex 787 .... Ampex 797 .... 3M890

Figure 2-3.--Measurement of head wear by profilometer at

AmpexCorp.

Fulmer Laboratories also performed tests showing the
effect of humidity on abrasivity. They measured the
change in abrasivity caused by a person's breath.

It has been reported that the abrasive wear of recording
heads by tape increases with RH, which is gradual or
almost negligible up to about 40 to 45 percent RH, and
that above this level, abrasive wear becomes significant,
increasing in some cases by many orders of magnitude
with further increases in RH. A generalized representa-
tion of this behavior is plotted in figure 2--4. Typically, the

¢0

E

>_

I I I I I • I I I
10 20 30 40 50 60 70 80

RH, percent

Figure 2-4.--Head wear as a function of RH.

cause of this behavior has been assigned to the tape,
suggestingthat the tape haslow abrasivitybelow 40 to 45
percent RH, and very high abrasivity above 40 to 45
percent RH.

One objective of this study was to detect some basic
change in the hygroscopic property of the magnetic
coating at around 40 to 45 percent RH that could be
correlated with the reported abrasive wear pattern; how-
ever, no dramatic events occurred at around that RH
level, but rather the dependence of the water content of the

magnetic coating on RH proceeded smoothly and linearly
through 40 to 45 percent RH. This is not to imply that the
hygroscopic property is or is not involved in the abrasive
process, but only to observe that no change occurred in the
property in parallel with the usually reported abrasive
wear pattern.

It is possible that there is some as yet unrecognized
characteristic of tape that varies with RH to yield the
pattern of figure 2-4, but it is the intent of this section to
suggest that this pattern may not be tape related and to
advance an alternative hypothesis. Simply stated, it is

suggested that this wear pattern with RH is a property
associated with the materials used in recording heads, that
their tendency to wear by abrasion is humidity dependent,
and that they undergo significant increase in susceptibility
to abrasive wear at about 40 to 45 percent RH. The

pattern is a property of the recording head materials, not
the tape, although the tape would be involved in dictating
the magnitude of abrasive wear.

This alternative hypothesis is suggested from a com-
parison of the experimental results reported in two articles
dealing with the RH dependence of abrasive wear.
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Carroll and Gotham (ref. 2-2) measured the RH

dependence of head wear by tape under experimental

conditions in which they could independently regulate the

localized RH at the head/tape interface and the humidity

conditioning of the tape and its surface. They observed

that the pattern of figure 2-4 was generated only as a
function of the localized RH and was independent of the

humidity conditioning of the tape and its surface. That is,

neither the tape nor its surface underwent the humidity-

dependent changes in abrasiveness in parallel with the

pattern of figure 2-4. They did observe, however, under
conditions of constant RH that there were differences in

the abrasiveness of various brands of tapes that affected

the magnitude of head wear.
Larsen-Basse (ref. 2-3) made a general study of the RH

dependence of abrasive wear using silicon carbide and
aluminum oxide as abrasives, and a backing wheel to

provide rotary nlotion for the abrasion process. He found

that a wide variety of materials such as aluminum, copper,

glass, ceramics, nickel, and low-carbon steels undergo a

rapid increase in abrasive wear at RH values above 40 to

45 percent. Thus his studies reveal that the humidity

dependence is a more general property of the abrasion
process and is not exclusive to head wear by tape.

Larsen-Basse advanced an explanation for his results,

namely, "moisture-assisted-fracturing" of the abrasive

grains to yield finer particles. These finer particles were

credited with increasing the abrasive wear. He published
data that indeed demonstrated that there were reductions

in the particle sizes of the abrasive grains, but the resultant

distributions of the particle sizes were essentially identical

for any humidity above or below 40 to 45 percent RH.
An explanation relegating the humidity effect of figure

2-4 to the abrasives is contrary to the reported observa-
tions of Carroll and Gotham who used tape as the abrasive

medium. It is suggested that the breakdown of the abrasive

grains resulted from purely mechanical action. Thus it is

being speculated from the common experimental results
of Larsen-Basse and Carroll and Gotham that the humid-

ity effect is a general property of materials undergoing

abrasive wear. Perhaps, in addition, "moisture-assisted-

fracturing" of material surfaces occurs at higher RH
values.

However, even if it is true that materials undergoing

abrasion are susceptible to the humidity effect, there may

be some properties of the abrasive materials that reduce

their abrasiveness to a level that the humidity effect is

minimized, or does not occur. For one wheel backing
material with lower hardness and surface friction than his

other test materials, Larsen-Basse found that the humidity
effect was not observed--abrasive wear decreased

smoothly and gradually with increases in RH. His studies,

however, are still in progress; the individual significance
of hardness and friction have not been assessed. Never-

theless, his findings demonstrate that there are material

parameters associated with abrasives that can dramat-

ically alter the process of abrasive wear.

In a sense, the RH dependence of head wear by tape, or

alternately, the deposition of tape binder materials onto

heads, appears capable of some compact description.

Tapes formulated to have magnetic coatings that are

either hard or high in surface friction probably tend to
wear recording heads, and the dependency with RH would

be that of figure 2-4. On the other hand, magnetic coatings

formulated to be softer, or with reduced surface friction,

are probably less abrasive, and therefore head wear and

the humidity effect would tend to be minimized or
nonoccurring. In turn, it is possible that heads would now

wear the surfaces of these latter classes of tapes, and the

wear products from tape could either be powdery or

gummy, depending on RH and the hygroscopic property

of the magnetic coating. Increasing the water content
would increase the tendency for tape wear products to be

gummy. Thus the hygroscopic properties of magnetic

coatings formulated to be either softer, or reduced in
surface friction, may be an important parameter dictating

whether tape wear products will be powdery and nonad-

hering or gummy and promote tape sticktion to recording
heads.

In conclusion, some remarks should be made about the

popular technique to measure tape abrasivity using radio-
active Kovar. In this test, tape is passed over the Kovar,

and as abrasive wear progresses, traces of the Kovar

material are transferred to the tape, where a subsequent

radioactive count of the tape determines its relative
abrasiveness based on an established correlation curve. If

the hypotheses of this discussion are valid, then perhaps
Kovar also is dependent on RH for its susceptibility to

abrasive wear. If true, then past data rating tape by that

technique may be suspect, especially if no effort was made
to control humidity. In fact, discrepancies in data reported
for Kovar measurements taken at different installations

may be related to variations in humidity. In the future, the

humidity at the time of test and the prior humidity

conditioning of the tape pack should be controlled.

BROWN STAIN

The converse of the humidity consideration--that is,

the lower the humidity, the more optimum the operating
environment--does not hold true either. In conditions of

very low humidity, the phenomenon known as brown stain

occurs. (With some head material the stain appears to be
more of a blue color, but the problem remains the same.)

Operating a wide-band tape recorder under conditions of
very low humidity for a period of time results in a
discoloration of the head surface that is associated with a

loss of upper-band-edge signal performance. This staining

results in the appearance of material on the head surface
that causes head-to-tape separation and, therefore, loss of






































































































































































































































































































































