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ABSTRACT: A ballistics range station identification system
has been designed and constructed that provides a unique
correlation of a series of elapsed time measurements as
recorded by a data recorder-reproducer, with their respective
sources. The final data readout is presented in a visual
manner and is also automatically printed out by a Flexowriter.
The identifying information is presented with the elapsed
time data for each measurement that was recorded.
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INTRODUC.TION
The Data Recorder-Reproducer (DRR), see reference (a),

is an elapsed time measuring system. This system accepts a
series ot vnitage pulses and records, on a magnetic drum, the
time of occurence of each of these data pulses relative to an
initial pulse wnich is used as a fiducial timing pulse. A
series cf time measurements is obtained from which the precise
elapsed time between the occurence of the data pulses and
the fiducial pulse can be determined. in the ballistics
range operations at the NAval Ordnance Laboratory, this series
of voltages is derived from the triggering of instrumented
photographic stations as a projectile progresses down the
range (see ref. (b)).

The mwans of distinguishing between'the individual
photographic stations is by assigning a decimal number to
each station. This assignment in completely arbitrary and
serves only to correlate the several types of data obtained
at each station with their source. The range station iden-
tification system provides the means of correlating the time
,?ata as recorded by the DRR with the particular station from
which it originated.

The station identificatton system is an auxiliary
system to the DRR and it makes use of six available channels
on the magnetic drum in the DRR. The auxiliary system uses
a binary codnd decimal (BCD) number system and with six
recordiaig channels available, 39 individual range stations
can be identiZied. If a greater capacity is desired,
additional channels can be incorporated or a different coding
technique can be used. The system operates ia conjunction
with the DRR as shown in figures 1 and 6 and as described
below.

DESCRIPTT(N OF THE SYSTEM

The ballistics range station identifica-6ion system
operates on the principle of converting the assigned decimal
number of the individual range stations into a binary ended
form which can then be handled by normal digital techniques.
The digitized informnaLion is amplified and recorded on a
magnetic drum in the DRR along with the appropriate time
interval data. When information readout is desired the
recorded data are playeAd back r.,, *h individual amplifier
channels, converted back to de,..... form, displayed visually
on indicator tubes, and printed vo by the Flexowritur along
with the elapsed timo data as recutded by the DRR. The

I.
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operation of the system can best be described by breaking
it down into two modes of operation, the record mode and
tle playback mode. Each mode will be discussed below.

RECORD MODE OPERATION

t.'hin a photographic station is triggered, a voltage
pulse is generated which performs two functions. First,
it is fed through a mixer circuit and is used as the data
pulse which "reads" th& counters ir the DRR. Secondly, it
triggers a thyratron in the station fired indicator circuits
(see fig. I). The pulse derived from the thyratron is fed
to a "binary coded decimal" (BCi)) code converter which
converts the assigned station number into a binary form
which then can be handled by the system. The information in
binary fmrm i.. fed to the six record amplifier channols and
is stored until an interrogation pulse is generated in the
DRR. The generated interrogation pulse is used to read the
information that is stored in the station coding record
channels. The resulting information is then fed to the
record heads and recorded on the magnetic drum along with
the count~er readings and the appropriate control signals.

Figure 2 shows the circuit diagram of the BCD code
converter using a standard diode matrix converter system (see
ref. (c)). Pulses will appear on certain jutput lines or
lines depending upon which input is energized. The first
four output lines comprise the digit in the "units" position
of the two digit decimal number. The remaining two output
1lneR enmprise the di'git in the "tens" position of the two
digit decimal njmber. with the six channels available, 39
decimal numbers can be coded in the RD) system.

Figure 3 shows a block diagram of a typical station
identification system with representative waveforms showing
the time relationship of the pulses in the channel. The
waveform represenited at B of figure 3 is the amr 1ified and
shaped input pulse that drives unit 4 which is a 20-micro-
second one-shot multivibrator. As a result of the one-shot
action, a pulse is effectively stored in the channel for a
period of 20 microseconds. This stored information is
applied to t:he "And" gate, unit 5, as one of two inputs. The
second input to the "And'gate is the interrogation pulse
generated by the DRR and is represented at D. This pulse is
delayed approximately 7 mlcrosecot'i. er the station fires,
which is the reason for the need of t.; temporary storage.
This delay is necessary because of thc mwethod of aampling
the counters in the DRR. Thus, if t h•ru is a pulse at C at

2
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the time an interrogation pulse arrives at D, the "'.nd" gate
will produce an output at E and a pulse is recorded on the
magnetic drum which corresponds to a "I" recording. If there
is no pulse at C, which corresponds to a "0" in the channel
at the time an interrogation pulse arrives, there will be no
pulse at E, and thus no pulse will be recorded which c=rre-
sponds to a '0" recording.

Unit I is a transistorized amplifier and blocking oscil-
lator circuit, see figure 4, that st~adardizes the input pulses
for driving the pulse amplifier. The unit is built up i.to a
single plug-in type module to facilitate the maintenance of
the equipment, Units 2 thrr'ugh 7 are commercial type plug-in
modules. Units 4 and 6 are basically one-megacycle flip-flops
that have been modified as shown in figure 5 to operate am
high-speed one-shot multivibrators. Unit 4 provides the
temporary storage that is necessary and unit 6 provides the
required pulse duration and amplitude for supplying the record
head for recording on the magnetic drum.

PLAYBACK MODE OPERATION

in the playback mode of operation, the information
that is recorded on the magnetik drum is amplified through
the station coding playback amplifier channels at the same time
as the data signals are played bauk through the data playback
amplifier channels in the Di&R (uee fig. 6). When the desired
reading number has been reached as dictated by the DRR, the
resulting "read" pulse reads the data channels and also reads
the station codinq playback channels. The resulting read
information is then stored into a thyratron-relay storage
system until the Flexowritor completes the printout of the
stored information, The relay contact arrangement converts
the binary coded decimal number into a decimal number which
is indicated on Indicator tube.s which provides the visual
readout. The relay arrangvment also co|ivurts thc binary
coded decimal number to the invi:rse SCD code required for
Flexowritor operation. 'T'e F].exowriter then i-ints out. the
station number in decimal form alony with the desired reading
number of the elapsed time data that was obtained from that
particular station. A typical shot data sheet ts shown in
figure 7.

Figure 8 shows a block diagre.m of a typical playbaci.
channel. All units are commerci•l' -'ug-in type modules. Units
1 through 4 are amplifier units ' . produce as one at two inputs
to unit 5 (an "And" gate), a po:ai ,! pulse of 45 to :0 volts
in amplitude, provided a "I" was rL:..arded Ln that particular
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channel. The second pulse, appliIud to unit 5 is the "read"
pulse from the DRR. Thuu, for a particular "read" pulse,
if a "I" was recorded in the channel an output would result.
If a "0" (no pulse) was reccrdeu -in that particular channel
no output vould result. Unit 6 is an amplifier unit with
external circuitry added to operate as a modified one-shot
multivibrator. The output pulse is a positive pulse of
approximately 2 milliseconds duLatLion and is used to fire
the thyratron in the thyratron-relay storage circuits shown
In figure 9.

The thyratron-relay storage system uses standard
thyratron circiiitry with a plate circuit relay asioclated
with each thyratron. The plate circuit relay contact
arrangement is a basic two and a basic four transfer-tree
arrangement with an additional set of contact for supplying
Flexowriter information. The "A" levels of each relay
provide the proper coding inputs to the Flexowriter for
printed readout, and the remaining levels provide the proper
routing of the ground connections to the indicator tubes
for visual readout. Reset of the thyratrons, and thus the
relays, is accompliched by disconnecting the plate voltage
from the plate circuits of the thyratrons. The plate voltage
is disconnected by an external xulay ucontact opening when
"end of reading" has boon rcached by the DRR. After
sufficient time has allowed the Flexowriter carriage to
return and all the circuitry to rejet to the reset condition,
then the equipment is ready to accept the next desired reading
number that has been recorded by the DMR,

COMMENTS

The station identiEication system has been installed
and checked out and is now in operation with the DR.R. A
few noise and pickup problems were encountered when first
installedl however, these problems have been satisfactorily
solved and at presen.t the system is giving reliabls L.4 .. 2ion.

Three facilities, the Aerodynamics Range No. 1, the
Pressurized Ballistics Riange No. 3, and the 1,000-ft.
Hyperb~llistics Ranqe No. 4 are presently incorporated with
the sti-t.ion identification aystem Other facilities con-
templal.ing the use of the DRR ai the chronograph system and that
require identification of the data pulsv.s can also be incorpo-
rated with the system.

The completed system heinq Inteciri,* i with the DHR will
(livo much more data per shot than any piz'-ious systom and will

4



also greatly re:,uce th. •xnount ot time previously required
for the data reduction. Tho station identification system
also lands itself to any autoinatir- data reduction system
that may be contemplated for use in the future.
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?(ANO3 P5 SHOT NOI _ DATZ 1-6-61 TM 111 5
RZADINO MULTIPLINR (NZOInoSZooND) 0.1

000 +022120 02
001 +030231
002 +0 517 01
00 40OR +o,87403 9

P +051992
09 +070451 09

009 +0 3812 11

010 +088986 12
01l +097235 13
012 +10247 14

0~ 4 16 1g
01 +12217 17
015 +16802 19
olg +1 ' 412 20

019 +19r,466 22

020 +221791 2
021 +2482U6 2
022 +274 2

Station Number

1lapsed Time Data

Readins Number

* •-'iG.7 TYPICAL 8ýAOT DATA HE :l"T
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