




























































































Illust. 18. Navy airborne recorder model AR-102.

Illust. 19. Airborne instrumentation recording system.
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to develop standard production and quality-control procedures.
More than that, it committed and limited the machine to certain
performance capabilities; and rendered it difficult to adapt to
different recording methods, different tape speeds, system expan-
sion, etc., as the particular application expanded or changed.

As a result of the vast accumulation of experience in building
recorders of various types for a wide variety of applications, it is
now possible to produce a general-purpose laboratory recorder
having a high degree of inherent versatility. Into such a recorder
can be designed the capacity for readily accommodating a host
of possible recording applications (using different types of record-
ing methods and tape speeds) and permitting later system expan-
sion. The advantages to a user are obvious, since he is provided
with an investment which will not become obsolete as his record-
ing problems change—and where one recorder can be purchased
to do the job of several specialized recorders. The advantages to
the manufacturer are equally obvious, wherein orderly production
methods and testing techniques can be employed. These advan-
tages result in further benefits to the user in the form of economies,
quality and uniformity.

Ilust. 20A and 20B show such a general-purpose instrumentation
recorder, featuring such operating conveniences as the following:
1. Six tape speeds (covering a range of 32 to 1) any of which
can be selected simply.

2. Plug-in record and reproduce amplifiers available in either
Direct, FM, PDM or Digital form. Any one recording method, or
any combination of recording methods, is possible by plugging in
the appropriate amplifiers.

3. Plug-in power supplies (mounted in the rear) all interchange-
able and each capable of powering 4 record amplifiers or 2 repro-
duce amplifiers.

4. Plug-in precision head assemblies, quickly replaceable, requir-
ing no adjustment.

5. Hinge-mounted tape transport for ready accessibility to the
mechanism.

6. Constant tape tension, controlled by a mechanical servo system
acting on the brakes.

7. Closed-loop tape drive, resulting in extremely low values of
flutter (less than 0.1% peak-to-peak cumulative up to 500 cps).
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Illust. 20. General-purpose instrumentation recorder.

8. Efficient cooling system permitting compact design of electronic
assemblies.

9. Built to MIL-specifications and employing MIL-approved com-
ponents.

Available accessories include servo speed control, meter panels
and attenuator panels.

The availability of standard equipment of this type has broadened
the frontiers of the tape-recording art. It has served to accelerate
the introduction and acceptance: of recorders in many new and
significant applications. Some of these will now be described.

SOME INTERESTING APPLICATIONS

OF MAGNETIC TAPE RECORDERS

The unique properties of the magnetic recording technique have
opened the door to a number of unusual and interesting applica-
tions of magnetic recording.

Time-Base Changes

One of the properties we have mentioned is the ability to alter the
time base. Thus, a signal or an event can be recorded at one tape
speed and played back at a different speed. In this way, an event
can be recreated on a compressed or expanded time scale. There
are many ways this technique can be used to advantage.
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Fig. 33. Time-base alteration of a 480 CPS sine wave.

65



Fig. 34. 1:8 time-base expansion.

(1) Graphic recording of fast transients or high-frequency
signals. Often it is desired to obtain a pen-and-ink or other
graphic recording of a fast transient or high-frequency signal
which occurs or varies at too fast a rate for the graphic recorder
to follow. This is accomplished by tape recording at a high tape
speed and playing back at a low speed. Slowdowns of 1000
times or more can be obtained by successive re-recordings.

Fig. 35. 16:1 time-base contraction.

(2) Spectrum analysis of very-low-frequency signals. In some
applications, as in under-water sound, it is desired to obtain
spectrum analysis of extremely-low-frequency signals. There
are no commercially available signal analyzers that will function
at frequencies as low as a fraction of a cycle per second. By
recording at a slow tape speed and playing back fast, it is pos-
sible to compress the time-base and multiply all frequencies by
a constant factor which will put them in the range of commercial
and practical spectrum-analyzing equipment.

(3) Input devices for electronic computers. There are occa-
sions when it is desired to use an analog computer for an event
occurring too rapidly for the speed of the computer. Using a
recorder with time-base expansion can slow the event down to
the computer’s capabilities. In other cases, it is desired to make
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most effective utilization of a high-speed digital computer for
relatively slow events. Here the signal can be recorded in
advance, and the time-base can be compressed for programming
it into the computer.

Tape Loop Applications
In Ilust. 10 we show the picture of an endless loop of tape. Such

a

device serves as a useful tool in such applications as the

following: -

{

(1) Spectrum analysis of a transient signal. A transient signal
is difficult to spectrum analyze because the time response of a
narrow-band filter is too short to give any significant output
from a short-duration transient. By recording the transient on
an endless loop of tape and playing it back repetitively, spec-
trum analysis can be accomplished.

(2) Time delay of an incoming signal. Let us assume we wish
to record a signal which may occur instantaneously, but at
completely random and unpredictable intervals. Examples of
such signals could be lightning flashes, electric power-line faults,
or radar-return pulses. If we kept a conventional reel-to-reel
recorder running continuously so that such a signal could be
recorded when received, we would use large quantities of tape
medium, having long blank periods of no signal information.
On the other hand, if we use a relay which would turn the
recorder on when a signal was received, we would miss an
important part of the signal while the recorder was coming up
to speed. A tape loop can be used to provide a solution, as
sketched in Figure 36.

All incoming signals are recorded on the loop which is running
continuously. The signal remains on the loop until it completes
one cycle through the machine, at which point it is reproduced
and fed into a reel-to-reel recorder. When a signal is first re-
ceived, a relay is actuated which starts the reel-to-reel recorder.
The application of the signal to the recorder is delayed by an
amount of time equal to one cycle of tape-travel around the
loop. This gives the recorder ample time to come up to speed.
A time-delay circuit keeps the recorder running for a predeter-
mined interval following the end of the incoming signal. At that
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Fig. 36. Tape loop as a time-delay device.

time, it comes to a stop, awaiting the arrival of the next signal.
In this way, all significant signal information is recorded on the
reel-to-reel machine, and the tape is fully utilized.

Recreation of Phenomena

There are certain types of tests, events or phenomena of a special
nature, from which much valuable data can be collected, but
cannot all be assimilated or fully utilized at the time. Examples
would be — large-scale or expensive tests, such as an atomic bomb
explosion or the destructive test of an engine. The information
content of the measurements taken during such events cannot be
completely extracted with any reasonable amount of test and
measuring equipment at the time and place the test is performed.
By recording the measurements on tape, it is possible to recreate
the event in the laboratory as often as it is desired — using various
analysis equipment and analysis techniques until all of the desired
useful information is derived from the measurements.

Programmang
Tape recorders provide an excellent means of programming an
event, instructions or series of operations for subsequent use in
simulation or contrcl. Examples are the following:
(1) Simulation. The testing of military components to deter-
mine their ability to withstand vibrations expected to be en-
countered in service have generally been performed on “shake
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Illust. 21. Magnetic-tape programming a shake table.

tables” which vibrate sinusoidally. It has been found that such
tests do not adequately prove out a design, since equipment
designed to pass the shake-table tests often fail under actual use.
It has been established that the vibrations in military vehicles
are generally not of a sinusoidal nature and the usual laboratory
recorders have been used to record the actual vibrations encoun-
tered in the equipment when mounted on the service vehicle.
This recording is then used as the input signal controlling the
motion of the shake table—and thereby truly simulating the
actual service conditions.

(2) Machine Tool Control. Much has been written recently on
the use to which magnetic tape has been put in automatically
controlling the operation of machine tools. The signal on the

. tape can be derived from the output of a machine under the

control of a skilled operator who is actually making the part.
On playback, the recording will then be able to recreate the
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original movements of the machine tool and turn out a duplicate
of the original part.

A more advanced approach is the use of a computer to prepare
the tape without the need of a machinist performing the original
operation. Starting with a blueprint, it is possible to extract
sufficient information defining the surfaces of the contours to be
generated. This information can be fed into a computer. The
computer can translate this information into the correct elec-
trical signals which will then control the various motions of the
machine tool and generate the part. It is this output-signal
information which can be recorded on a multi-track magnetic
tape and reused as many times as desired to turn out quantities
of the part. The tape can be duplicated and used with many
machines in different places. Consider the impact this new
concept has on the logistics of replacement parts, the adapt-
ability to rapid mobilization and the assurance of uniformity in
production. These are but a few of the many exciting advan-
tages of magnetic-tape control over machine-tool operations.

Illust. 22. A machine-tool control facility.

(3) Process Control. Electrical signals from magnetic tape can
operate valves, thermostats, pressure controls, motors, speed

70

controls, or any other desired mechanical or electrical responses.
In this way, tape signals in a process sequence can repeat any
pattern of temperatures, pressures, agitations, timed feeding
of ingredients, etc., that has previously achieved a successful
result. Thus, in chemical, metallurgical, manufacturing and
similar fields, it is possible to provide precise control over timing
and perfect synchronization of all variables.

Magnetic tape can also be used to make a continuous correction
in flowing or cycling processes. It can pick up a measurement
at one point—be timed exactly with the steady process flow or
cycle—then apply a correction at another point some definite
time interval later in the process. The tape is used in loop form
and is erased and reused each time around.

Illust. 23. Brain-wave recording.

Medical Research

The tape recorder has become an important research tool in the
field of medicine. Tape recordings can be made of heart sounds,
brain waves, nerve potentials, muscle impulses, and blood flow.
The recorded signals can then be analyzed in a number of ways—
spectrum analysis, time-base change, graphic plots, auto and cross
correlation, and/or by further processing by computers. Extensive
libraries of recorded data have already been gathered on normal
and abnormal patients, giving much new insight on diseases of the
heart, the mind, and the body. From this work, important diag-
nostic methods are evolving for detecting and identifying these
diseases; and it may be expected that new or improved methods
of treatment and cure will result.

v/



Automatic Data Processing

In my introductory remarks, I referred to the great need which
exists in various test and development programs for making large
quantities of measurements and for reducing these measurements
rapidly and efficiently. The examples I used were those of the
flight test and engine test activities, both of which form so
important a part of our present defense program.
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Fig. 37. Data handling systems.

An outstanding example of an activity which has designed and
installed a large-scale data-acquisition and automatic data-process-
ing system is the Air Force Flight Test Center at the Edwards Air
Force Base in California. Figure 37 illustrates the scope of the
data handling system which makes up Project DATUM. It will
be noted that magnetic tape is used as the “common denominator,”
the medium on which all of the primary data is recorded. Some
data is tape recorded directly in flight, using airborne recording
equipment of the type shown in Illust. 19. Some data is tele-
metered to the ground where it is tape recorded. The high-speed
test track is an example of a test facility using telemetry. Other
data, such as that gathered at the Rocket Test Station is recorded
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directly on the ground.

The Central Data Processing System reduces all of the recorded
data from the many sources indicated above. Figure 38 shows this
central system in block-diagram form. There are two sections to
this system. One, called the “Quick-Look™ section can reduce the
data in the form of pen-and-ink, or oscillographic plots for visual
inspection and editing. This data is not calibrated or corrected,
but can serve to identify those sections of data which have signifi-
cant information and warrant further refinement.
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Fig. 38. Project DATUM central data processing system.

A time code, which is recorded on all tapes, shows up on the visual
record. Thus, the data to be processed further can be identified
by its start and stop times. This information is then set into the
search and control equipment which can automatically locate a
given section of tape (from its start time); play the desired por-
tion; and stop itself at the end (determined by the pre-set stop
time). These selected portions of the tape are reproduced on the
digital section of the Data Processing System. Here, the data is
digitized and the following corrections are applied to the data:

(1) Zero, full-scale and sensitivity calibration.

(2) Tape wow and flutter compensation.

"(3) System non-linearity correction, including linearization of
transducer response.
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(4) Scale-factor conversion to produce output in terms of
actual physical values (i:e., pounds per square foot, feet,
miles, degrees, etc.).

The output of the Central Data Processing System is available in
four general forms:

(1) Tabulated data in form for direct use in reports or other

analysis without need for further editing or transcribing.
(2) Point-plot graphs of the corrected data.
3) Magnetic tape in form acceptable by a high-speed digital
computer.

(4) Punched cards for further statistical and sorting operations
or for entry to a card-programmed digital computer.

The use of automatic data processing systems of this type, built
around magnetic-tape recorders, is resulting in tremendous savings
in time and manpower, with additional advantages of increased
accuracy and less possibility of human errors. It will materially
shorten the time cycle in the development of an airframe or jet
engine. One airframe manufacturer made the following statement
recently. His data system automatically translates into engineering
form in about 12 to 24 hours the average one-and-one-half-million
data points which are taken during a single B-52 representative
test flight. He quotes manpower savings of $200,000 per year with
this system, as well as a 50% reduction in computer workload
brought about by the use of magnetic tape.

CONCLUSION

I hope this discussion has given you some understanding and
appreciation of the magnetic tape recording process; a realiza-
tion of its advantages as well as its limitations; and an awareness
of how tape has been and is being used successfully as a tool for
research, design, measurement and control.

I hope I have suggested ways for you to apply this tool to your
own projects or programs. It is my further hope that I have
excited and stimulated your imagination on the future possibilities
of the recording process, as the present limitations are progres-
sively overcome, the frontiers of the art are rolled back and the
horizons are broadened.
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