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MAGNETIC TAPE SYNCHRONIZER/CONTROLLER

K. O. SCHOECK
Space and Missile Test Center (SAMTEC)

Vandenberg AFB, California

S. W. MARTIN
DATATAPE®

Pasadena, California

Summary.  A method has been developed to time synchronize multiple wideband
magnetic tape recorder/reproducers to allow realtime data merging of tapes from various
tracking stations. The system operates using either IRIG A and/or IRIG B time codes, and
maintains synchronization within 10 microseconds using IRIG A and 50 microseconds
using IRIG B.

Introduction.  During missile launch operations, telemetry links are usually recorded at a
number of tracking stations to obtain high quality data over the desired intervals along the
missile flight path. The use of multiple antennas, receivers and recording systems provide
optimum look angles, as well as minimizing the loss of data due to system failures.

It is desirable to merge the recordings from these multiple data sources into one serial data
stream of optimum quality. SAMTEC has been accomplishing this merging function by
manually selecting the best signal sources from observation of the data streams on an
oscilloscope or strip chart recorder. The data is then computer formatted, requiring many
tape passes and several hours of processing time.

To eliminate the need for manual intervention in selecting the best telemetry signal and to
reduce the long computer processing times, SAMTEC is implementing a Data Source
Selector (DSS) to accomplish the merging function. The system takes up to four data
sources and reconstructs a “best data stream” based on frame synchronization and input
signal-to-noise ratios. However, multiple tape inputs could not be used unless a method
was found to synchronize the tape transports to within the 6 millisecond maximum time
differential that could be handled by the DSS.

Problem Analysis.  Since the data tapes come to SAMTEC from a variety of facilities
with various recording capabilities, the system had to synchronize up to four tapes using
any combination of IRIG A and IRIG B time codes recorded at either 120 ips or 60 ips.



Synchronization could not be limited to tapes having the same time code and recording
speed. The system was specified to maintain synchronization within 10 microseconds
using IRIG A and 50 microseconds using IRIG B.

Transmission delays at the various tracking stations cause differences in the time the data
is received and recorded. To compensate for this, buffering electronics had to provide a
variable offset delay up to 12 milliseconds between the transport and master reference
time.

Normal tape recorder performance parameters such as flutter could not be significantly
degraded.

System Development.  The objectives of the development were three-fold: generate a
facsimile or reference code, compare it with the reproduced prerecorded time code, and
control the reproducer tape speed using the resultant difference. (Reference Figures 1 and
2 for the configuration in block diagram form.) In addition, it was desired to keep the cost
and time to a minimum, and make the modifications to existing VR 3700B tape systems as
simple as practical.

Bell & Howell surveyed what was available in current “off-the-shelf” hardware and as a
result took the following approach:

a.   Generation of Facsimile or Reference Code. For the reference time generator a
standard Datum Inc Model 9100 Digital Clock was selected. The Model 9100 Digital
Clock displays seconds, minutes, and hours on a front panel LED display. Each digit of
seconds, minutes, and hours can be preset into the unit to allow time of day or elapsed
time operation using six thumbwheel switches and an associated pushbutton switch. The
basic clock accumulates time on a 24 hour basis and is accurately updated each second.
The time reference is derived from a 1.0 MHz crystal oscillator with a stability of 1 to 10-6.
There are four identical outputs each consisting of time in 36 bit parallel BCD format
(tenths of milliseconds through hours).

b.  Comparison with the Reproduced Prerecorded Time Code. Equipment was
required to perform the comparison of the reproduced time code to the reference time and,
as a result, generate the error signals required for the input to the modified VR 3700B
capstan servo system. In addition, the device was required to maintain speed and mode
control of its associated tape system, and contain the logic required to perform the desired
operational sequences.

Bell & Howell defined the requirements for this equipment, termed the Tape Synchronizer,
and awarded the task of hardware development to Datum Inc. This was considered the



most desirable approach since a majority of the required functional subassemblies were
existing designs within the standard Datum Inc product line.

The Tape Synchronizer accepts the reproduced time code from the reproducer system and
the parallel BCD reference time from the digital clock. (Ref Fig 3.) The reference time is
applied to an adder which can add up to 99.9 milliseconds to the reference time in
0.1 millisecond steps. This offset time is selected by front panel thumbwheel switches.

The reproduced time code is amplified and decoded. The decoder will decode IRIG A or
IRIG B depending upon the selection made with the front panel code select switch. The
decoded time is then applied to a front panel display, an initialize comparator, and a
reference comparator. The front panel LED display shows the reproduced time in hours,
minutes, and seconds.

The initialize comparator compares the reproduced time to the start time as selected by
front panel thumbwheel switches. When the reproduced time is greater than or equal to the
selected start time, a transport stop is initiated. This is for the purpose of pre-positioning of
tapes to the desired start times.

The reference comparator compares the sum of reference time plus offset time to the
reproduced (translated) code. An adder/subtracter is used to convert to an output which
corresponds to the absolute difference between the two compared times. The absolute time
difference is applied to three comparators. They determine if the difference is less than or
equal to 128 milliseconds, 2.0 milliseconds or 1.0 millisecond.

Two separate error signals are generated to input into the tape reproducer system (Ref Fig
4). They are termed the coarse and fine control signals. The coarse control signal is the
output of an 8 bit binary DAC. Plus and minus 128 milliseconds of absolute time error
corresponds to zero and full scale of the DAC output. Each step of the DAC output
corresponds to 1.0 millisecond of error. This signal causes the reference VCO in the tape
reproducer (and, therefore, the tape capstan velocity) to change in a direction to reduce the
absolute time difference toward zero. When the absolute time difference is less than or
equal to 2.0 milliseconds, either plus or minus, the DAC output remains at center scale
(4 bits suppressed).

When the absolute time difference is less than or equal to 1.0 millisecond, the fine control
becomes active. The fine control signal is generated by phase comparing two 500 Hz
signals. One is derived from the reference time and the other from the reproduced
(translated) time.



To summarize, the output of the DAC (coarse control) causes the system to correct the
absolute time error towards zero. When the error is within 2.0 milliseconds of zero the
DAC output remains constant. When the error becomes less than 1.0 millisecond the two
500 Hz signals are phase compared and the resultant signal (fine control) is used to
maintain synchronization accuracy.

In the auto start mode, an auto start comparator is used to start the tape reproducer when
the reference time equals the start time indicated by the front panel thumbwheel switches
which were selected during the pre-positioning of the tape to be reproduced.

c.  Control of Reproducer Tape Speed. Since the VR 3700B recorder/ reproducer
capstan drive uses a phase lock capstan servo system with standard IRIG reference
frequencies, the simplest method of control was to phase lock to a variable frequency
reference instead of the normal internally generated crystal controlled reference frequency.
By suitable control of the variable reference frequency, the velocity control of the tape
servo could thus be achieved. The final implementation required two minor wiring changes
to the VR 3700B control electronics and the addition, in a spare card slot, of one printed
circuit assembly which contained a VCO to generate the control reference frequency,
servo loop compensation elements, and the amplifiers for conditioning and scaling of the
input error signals.

The normal 0 dB crossover of the VR 3700B capstan servo is approximately 50 Hz at the
two required tape speeds of 60 and 120 inches, per second. The secondary synchronizer
servo loop input was limited to less than 1.0 Hz to eliminate the possibility of generating
flutter components due to zero crossing detection timing variations caused by time code
serial bit content variation and signal degradation due to damaged tape. The VCO
frequency range was clamped at ±10% since this was the maximum required to achieve the
specified start times. Maintaining the slew rates to a minimum was considered desirable
since, if tape dropouts occurred, the system was limited in terms of the position error
which could accumulate through the period of signal loss.

System Operation.  The operational system as installed in the Data Center at Vandenberg
AFB is as shown in Figure 5. The reference time generator is the top unit in Bay 334 and
the Tape Synchronizers are the four units directly below it. The system was installed in
March 1976. It can be used with any four of eight VR 3700B recorders. An “out of sync”
condition is indicated by an audio alarm (top unit in Bay 335, Figure 5) and/or a display on
a strip chart recorder.

To operate the system, the technician loads the tapes containing the prerecorded timing
signals and data on each tape recorder/reproducer system and switches each unit to
remote. This gives control of each tape system to its respective tape synchronizer unit. In



order to pre-position the tapes, the start time is selected on each tape synchronizer by use
of thumbwheel switches, and the “initialize” pushbutton is depressed (See Figure 6). This
causes each tape system to run forward to the selected pre-position and stop. The “auto
start” pushbutton is then depressed on each tape synchronizer, which arms each unit for
automatic start when the reference or facsimile time equals the time corresponding to the
pre-positioned tape location.

The reference generator is now set to the time desired for the operational sequence, and
the “run” pushbutton is depressed. When the reference time equals each of the pre-
selected times, the respective tape system automatically starts and synchronizes to the
reference code.

Design specifications were met or exceeded in all areas. The system typically maintains
synchronization within 7 microseconds using IRIG A and 10 microseconds using IRIG B,
with time to synchronization requiring less than 10 seconds. This gives an overall worst
case synchronization accuracy, including 100 microseconds delay compensation offset and
tape reproducer dynamic skew effects, of less than 150 microseconds. Tape recorder
performance is not degraded noticeably when in the synchronization mode.

To date, few operational problems have been experienced. The effects of tape dropouts are
minimized by keeping the tapes as free of contaminants as possible and recording 1 or 2
dB above IRIG normal record level. At SAMTEC facilities, tape cleaners are used prior to
recording. When instantaneous dropouts do cause loss of synchronization, recovery is
normally less than 1 second.

Conclusions.  It has been demonstrated that multiple tape reproducers can be
synchronized to a reference time code by using prerecorded IRIG time codes and,
therefore, can be synchronized to one another. This has been accomplished with no
discernable degradation in normal tape recorder performance.

Although the current system is configured for simultaneous synchronization of four tape
reproducers, there is theoretically no limit to the number of reproducers that can be
synchronized. The system could be used for any application needing accurate
synchronization of multiple tapes such as parallel PCM recording requiring numerous
tracks. It would even simplify data evaluation of multiple source using strip charts.
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Figure 1  Tape Synchronizer/Controller System

Figure 2  System Block Diagram
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Figure 3  Synchronizer Block Diagram

Figure 4  Error Signals vs Timing Errors
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Figure 5  Synchronizer System Installation

Figure 6  Synchronizer and Reference Generator




