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1.  INTRODUCTION

Application of instrumentation recorders for data acquisition in hostile environments has
for years been accomplished by means of longitudinal recorders specially designed for that
application. DATATAPE Incorporated has been the leader in providing such recorders
beginning with its MARS series. Two recent trends have impacted the applicability of
these machines: the need for record times longer than can be provided by the longitudinal
machines and the trend in the instrumentation industry to utilize digital recording
techniques.

2.  PROBLEM

The need for increased record time has been addressed in longitudinal machines by
increasing the number of tracks used for recording, and by increasing the density of the
recorded data. The high data rates needed for both tactical and reconnaissance missions
has severely strained the capacity of longitudinal systems, however.

In addition to the operational requirements, a recorder must be able to operate with high
reliability and high data integrity in the hostile environment. Our previous experience in the
design of both analog and digital rotary recorders used for instrumentation applications
convinced us that a digital system should be developed due to the lower cost of ownership
and the volumetric bit capacity possible with a rotary system. The following operational
and performance goals were established for the system:

DATA RATES - Up to 200 megabits per second

BIT ERROR RATE - Less then one error in 10E9 bits

RECORD TIME - At least five hours at 100 megabits per second



SIZE - Less than 1.5 cubic feet for total record capability

VIBRATION - Per MIL-E-5400, class 1, 10 G curve

TEMPERATURE - -55 C to +55 C operating

SHOCK - 15 G’s for 11 msec, 30 G’s crash safety

EMI - Meet MIL-STD-461 & 462

WEIGHT - Less than 75 pounds including tape

Operation under the above conditions requires that special attention be given to the
mechanical design of the transport, particularly since a rotary format is used. Rotary
systems achieve higher areal densities than do longitudinal systems through the use of
shorter in-track wavelengths and higher track densities. Both of these are possible due to
the much higher head-to-tape speeds possible on a rotary system. At the same time, the
mechanical design becomes much more important to insure that adequate tracking
tolerances are achieved under the environmental conditions specified.

The major mechanical elements of the transport must be mounted to a rigid frame for
operation in the shock and vibration environment expected. Of particular importance is the
design of the scanner and the precision plate to which the other elements are mounted.
Also, the packaging of the transport to allow operation in the temperature and humidity
environment must be considered.

The nucleus of any successful rotary recorder design is the scanner. A typical scanner
assembly is shown in Figure 1. It consists of three subassemblies: an upper cylinder or
drum, and a carrier which holds these two drums together in proper alignment. The lower
drum contains a motor, shaft, and a headwheel, which as the read and write heads mounted
on its periphery. As the headwheel rotates, the the transducers contact the tape for
recording and reproduction. The heads are electrically connected to head drivers and
preamplifiers by means of rotary transformers. Entrance and exit guide rollers, mounted on
the carrier, guide the tape across the scanner so as to insure that the proper helix angle is
maintained.

In the past, DATATAPE has used modified scanners of the SMPTE B format for
instrumentation applications, both analog and digital. Such scanners were not designed for
a hostile environment. A review of these designs identified a number of elements which
would have to be modified, improved, or eliminated:



Typical Scanners Assembly
Figure 1

a) Commercial headwheels/optical tachometers do not allow for convenient adjustment
of the coplanar relationships of the heads, which is necessary to insure adequate
tracking on the narrow tracks used.

b) The glass headwheel material is inappropriate for the environment.

c) Internal springs must be eliminated.

d) The mechanism for precisely locating the rotating assembly must be made more rigid.

e) Existing guide rollers are unbalanced and would misguide the tape during vibration.

f) Bearings on existing scanners (as well as bearing retention) are inadequate, causing
large tracking errors.

g) Existing bearing lubrication is inappropriate for the temperature, speed and storage
requirements of the rotary machine.

3.  APPROACH

In order to insure a stable platform for the transport, an iterative design approach was
used. The initial design was based upon the same precision plate used on our MARS
recorders; longitudinal machines which have operated in this same environment
successfully for many years. This design was computer-modeled using Finite Element



Analysis techniques. Actual vibration tests were then performed and the results used to
modify the model. This process continued until the design was able to meet the vibration
and resonance requirements. The design was complicated by the desire to minimize the
weight of the system, while maintaining the structural rigidity required. A photograph of
the final design is shown in Figure 2.

Final Transport Design
Figure 2

Various elements of the scanner were redesigned and modified. The glass tachometer was
replaced with an all metal reflective tachometer. The headwheel was designed to be of one
piece construction. The original design goals for the system required that the system be
easily expanded to handle a data rate of 200 MBPS. Thus, the headwheel was designed to
accommodate twice as many transducers for simple expansion. Initial co-planar accuracy
was assured by first grinding the spindle with the scanner motor running to minimize
runout. In addition, a screw adjustment was provided to allow the heads to be adjusted
after the headwheel is mounted on the shaft. Figure 3 shows the scanner with a close-up
view of the co-planar head adjustment.

To insure proper alignment of the upper and lower drums and the carrier during vibration
and temperature excursions, a special stainless steel was selected as the material of choice.
The upper and lower drums were fastened together and rotated on a central shaft for
grinding during fabrication.

The shaft and bearing mounting were also crucial to proper operation. Special bearings
were selected to minimize axial variation of headwheel motion and headwheel wobble.
Again, stainless steel was selected for the shaft and housing to preclude temperature shock
effects.



Headwheel Assembly
Figure 3

By means of edge guiding, the entrance and exit rollers determine the location of the track
on the tape. Of most importance here is that translatory forces due to vibration will not
cause the roller to wobble.

Finally, the effects of temperature, humidity, and altitude were considered. To operate in
the environmental range desired, the tape transport must be contained within an enclosure.
The enclosure not only controls the conditions of the air around the transport, but also
provides a convenient location for the mounting of shock and vibration isolators.

Rapid descent from high altitude (cold/dry conditions) to sea level (warm/humid air) leads
to moisture condensation at the tape/transport interfaces such as rollers, guides and heads.
To prevent this, several measures have been taken. First, heater blankets, incorporated into
the interior surface of the enclosure are automatically activated when the temperature in
the enclosure is less than 5 degrees C. Variations in atmospheric pressure are limited by
seals on the cover and by pressure relief valves located in the cover. A dessicant is also
included in the case to remove excessive moisture. The dessicant acts on the incoming air,
since it is necessary that the humidity be limited to less than 60%. Further, to insure that
thermal problems are not encountered, high dissipation components are used and packaged
to provide good thermal conductivity to the enclosure.



4.  RESULTS

The DDR-100 Rotary Digital Airborne Recorder was developed to meet the need for long
record times at high data rates and low bit error rates without tape certification. This
recorder is now undergoing qualification testing. A photograph of the DDR-100 is shown
in Figure 4, functional Block Diagram in Figure 5. Table 1 shows the features of the
DDR-100.

DDR-100 Airborne Recorder
Figure 4

! 12.5 to 100 MBPS
! BER better than 1 in 109

! Three aux tracks, analog or digital
! Up to 15" dia. NAB reels
! 5.7 hours @ 100 MBPS, 45.6 hours @ 12.5 MBPS per reel
! 28 VDC, MIL-STD-704, 85 watts
! Vibration per MIL-E-5400
! Less than 1.5 cubic feet

DDR-100 Features
Table 1



Functional Block Diagram
Figure 5

The system accommodates a single 100 MBPS data channel or two 50 MBPS channels,
and nearly 6 hours of record time at those rates.

To simplify tape handling, a unique locking hub design has been incorporate into the
DDR-100 system. Thus, when tape changes are made, the only loose hardware is the reel
of tape itself.

Transport operations and system status are controlled via a serial RS-422 data bus. A
control panel allows selection of one of eight operating modes, namely:

POWER OFF RECORD
STOP FORWARD (REPRODUCE)
FAST FORWARD LOAD
FAST REVERSE POWER ON

The DDR-100 incorporates Built-In-Test Equipment (BITE), status monitoring, and
confidence monitoring. The BITE tests the DDR-100 by recording and then reproducing a
pseudo-random signal in an end-to-end fashion, and through determination of the BER,
determines whether operation is meeting specification, and, if not, identifying those system
elements contributing to the out-of-spec condition. Status monitoring, which detects a
portion of the recorded signal on each scan, is used to alert the user when recording is not



being achieved. It determines that all of the scanner heads are recording, that the tape and
scanner are running at the proper speed, and that the control track is being recorded. A
slant track monitor reads the preamble recorded at the beginning of each helical scan. A
display shows the user that data is being recorded and at what rate, providing the user with
95% confidence that recorder operation is satisfactory.

5.  Data Rates

The DDR-100 has been designed to operate over an 8-1 data rate range. The current
design handles record and reproduction between 12.5 and 100 MBPS on a single channel
without operator intervention. Alternatively, dual channel operation at rates between 6.25
and 50 MBPS can be used. The DDR-100 has been designed to allow expansion to a 200
MBPS data rate through the incorporation of additional heads on the scanner assembly and
electronics to support these additional channels.

6.  Bit Error Rate

The DDR-100 has been designed to provide a bit error rate (BER) of better than 1 in 109

without the need for tape certification even when recording data in a MIL-E-5400
environment. This is achieved through the use of a Reed-Solomon Error Correction Code.
As compared to conventional Error Detection and Correction schemes, which normally
utilize parity checks to detect errors, Reed Solomon utilizes code words to not only detect
errors but to identify their location. Randomization is also used to physically place the data
on tape so as to minimize the impact of burst errors upon the data stream.

Data acquired to date confirms that the RS-3 scheme used in the DDR-100 provides at
least four orders of magnitude improvement in BER over the raw error rate, giving user
results as good as ten times better than our specification without preconditioning or
certification of the media used.

7.  Auxiliary Tracks

The DDR-100 provides three auxiliary longitudinal tracks to the user. Each of these can be
used for the recording of analog or digital information, with a bandwidth of up to 64 KHz
analog or a comparable digital data rate.

8.  Record Time

As indicated in Table 1, the DDR-100 provides almost 6 hours of record time at the
maximum data rate of 100 MBPS. Longer record times are possible if data rates are less
than the maximum, since the DDR-100 has been designed to provide a constant packing



density on tape. This is done automatically as the data rate changes, providing a record
time inversely proportional to the data rate. For example, at a single channel data rate of
50 MBPS, the record time will be doubled, providing over eleven hours with the present
configuration, with no operator intervention required.

9.  Environmental Considerations

The DDR-100 is designed to meet its performance specifications while being subjected to
the rigorous environment of MIL-E-5400, Class 1.

10.  Weight

Without tape, the DDR-100 weighs only 60 pounds. The inclusion of a fifteen inch reel of
tape increases the weight to 75 pounds.

11.  Reproduction

At the present time, a Digital Reproduce Monitor Unit (DRMU) is available for ground
playback. The DRMU is designed to accept the output of the DDR-100 and provide the
digital data stream to the user. It includes all the necessary decode electronics, as well as a
built-in BER Tester to provide calibration capability prior to a mission. A photograph of
the DRMU is shown in Figure 6.

Under development, as Project HERON, is a miniaturized recorder/reproducer for ground
applications. A conceptual configuration of the system is shown in Figure 7. Utilizing the
results of the VLSI miniaturization program, the HERON will be packaged into an
USH-32 size enclosure.

12.  SUMMARY

The DDR-100 recorder is the only system available today which provides high digital data
rate capability in a relatively small, lightweight package, and which is capable of operating
in hostile environments. It provides by far the longest record times at these data rates of
any other system, either airborne or ground based. Product improvements planned will
extend its capabilities even further. DATATAPE Incorporated has manufactured and
delivered to customers more rotary digital instrumentation recording systems than any
other manufacturer in the world. The experience gained in delivering these systems has
allowed us to develop the DDR-100 and to offer its users confidence that it can be used to
meet their data acquisition needs.



Digital Reproduce Monitor Unit (DRMU)
Figure 6

 Conceptual Drawing “HERON”
Figure 7


