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A DESCRIPTION OF A ROBUST DIGITAL
RECORDING SYSTEM

Ll
pRECIs :

i A description is given of a robust and accurate sensor pack and recording
system developed for torpedo water entry trials. The recording medium is &
computer controlled solid state memory.
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RODUCTION

ort describes a sensor and data logger pack developed by EBAC

St Sperry Bracknell to an AUWE :pvPLchation. The pack monitors
at i speeds and linear accelerations of a body launched ir ne
e2 at nigh speed so that its trajectory can be computed.
5 The complete system was designed to work through levels of shock up to
for 5 msec and to monitor 16 channels of data with dynamic ranges of
500031,
THE DATA ACQUISITION SYSTEM 1
4. The data acquisition system consists of two major comaonents. One is the

sensor pack which measures the information and the other is the computer that
digitises and stores tl

he information.

(u

ume of the storage mﬁdium means that a careful study must
of the items to be sensed, such as bandwidth, accurs
enneral simple i;gital storage systems are limited by *
omputer and its memory management ie 32K for a 712 bit
a 16 bit machine. The system described here uses a 12
f memory.
6o The system designed is simple to use. The operator has only to d th
iesired data gathering program into the computer, gather the data, and then

a
switch the computer to output the data (data dump). During data dump the

J tpu the contents of the storage area onto paper tape in a compac
ormat Figure 1. Under normal trials conditions the computer will retzai
a gathering program and can alternate between gathering and dumping.

SENSOR PACK

T. This is a self contained battery powered pack with
orthogonally, and 3 accelerometers mounted orthogonally

ate gyros. 'he outputs from the sensors are processed
g h channel. The signals are all fll‘

once per 2 msec. For lower sampl

! ith sub sampling. Because t:~

entity production was a 12 bit machine,

to accommodate the large dynamic range o

{8 As the shaoK resistance of the instruments is of the order of
sensors are mounted on a sub frame within the pack. The sub frame is isolated
the pack by rubber shock mounts, these attenuate the 250g 5 msec shock to
less than 100z. The deflection of the shock mounts with load is known; together
witn the frequency response of the system so that if required these errors can
be computed out when the data is being analysed.
Do The rest of the pa ck has been designed to meet the 250g shock requirement.
A detailed specification of the sensor pack is given in Appendix A.

COMPUTER |
e ——
equipment was the Sperry 14124 which is a

1
v used in the EXOCET system and in some AUWE
trials vehicles. The computer has a good history of working in rough

CONGA LVAVIID »
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412Acomputer with 8K of battery supported semi- 1
3 et 12 bit analogue to digital converter. The system
i L detailed in Appendix B.
. Communication with the computer is via a standard ASR teletype.

5« The computer has three modes of operation.

hw Program loading.

ann be used to develop data gathering programs before,
thus giving a great degree of flexibility to the

PROGRAM LOADING

. >S€cause Tae computer nas a daittery supporied semiconductor memory, the data
onice 1 will stay resident until the batteries are

e To initiate the system after a long period of storage the systems batteries
oe recharged and tnea the program loaded via the teletype. The program
> i e as the 1412A has a ROM bootstrap loader which is

d
quite simp

1
when the power is switched onto the computer.

: ring programs are of necessity short, otherwise {hey occupy
mucn valuable storage space, and therefore take only a few minutes to load. : ?

DATA GATHERING

77. How this is done will depend solely on the users program, however the
> s = = b |
aximum sampling rate is about 500 per sec per channel.
DATA DUMP
switched to the data dump mode outputs the contents of 4
paper tape in a compact 6 bit format. The format chosen

IS Byte as the first 6 bits, and the LS Byte as the
i lustrated in Pigure 1. The start of i
then follows 6 12 bit words of data.
byt

k is ended with 3 bytes of data that represent
The sequence then repeats; there is no end of tape

'J. The compact format was chosen so as to keep the length of paper tape to =
ini i nence reduce the dump time as much as possible. When using a
cletype it takes approximately 25 minutes to dump 8K of memory.

perience it nas not been found that the compact non standard tape
formatv has been a handicap as the input medium for later analysis programns on
e

w
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. standard data format. The teletype was chosen oy AUWE
dlute minimum of equipment to be taken on trials.

AUWE DATA GATHERING PROGRAI

o data gathering is completely software controlled and is constrazined
ly by th L/D Vpdve"ter, total storage area, the speed of the computer, and
accuracy required

a computer with proven software togeth
hering programs can be altered, and res
trials site. This is very convenient if the initial resu
nas made the wrong choice as to the sampling rate on the

1"ed bv AUWE is as follows and is intended
to monitor the behaviour

Arown violentliy 1nto the sea.

charmels together
storage area by
before LAUNCH n

This is detected by the Pomphueﬂ when the voltage level on

zero. After LAUNCH is detected the sampling inte:

msec, and the data stored in sequential locations following the

;torage area. The outputs of the accelerometers are monitored
impact with the sea surface can be detected.

27. After IMPACT the sampling interval is reduced to 2 msec for % second,
ie 3000 samples and then reverts to 10 msec until the storage area is full

::. The varying sample rates were chosen to match the expected dynamic
haviour of the instrumented body at different periods of its flight.

CONCLUSIONS

system nas been used as the only record
nent has been reliable and has been :“b'
occasion the equipment was shocxeu beyond the AUWE
the AT”E launching equipment failed to p
stem faithfully recorded the disaster.

30. During use the volatile nature of the storage medium has not caused any
problems as the vehicle has been recovered within a few days.

31. Owilng to the limited capacity of the recording system it is necessary
to consider care”ullJ what to record and how often. This has had ODVlL“’

;avantages in the subsequent analysis.
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APPENDIX A: SENSOR PACK SPECIFICATION |

ty varta cells, type RS 1. Maximum current drawn at peak torguing

to 10K ohm. Signal to be maintained to hold system in the
during 1 minute runs.

the zero volts line in a. and b., and

peae
2]

mS not to damage the complete system. ?

o will depend on the input direction and will be + 5V DC at i

_*ﬂltea to + 5.7V DC with inputs above full scale. One side

1 be connected to the system zero voltage line. Full scale |
nt the following inputs. The exact values of scale factors ‘
Pine Scale 90 to 110 deg/seo
se Scale 380 to 440 deg/sec |
ter Fine Scale 445 to 55 g !
ter Coarse Scale 19 to 22 g
5.0 mV max i
1.5 mV max
3 mV typical
10 mV max
Accelerometer O to 3OOC, add 3 mV max.
6. Linearity

Gyro fine scale 0.25% of reading or 0.03 deg/sec whichever is greater.

Gyro cozrse scale 0.25% of reading or 0.12 ded/sec whichever is gre;fwi.
The brief periods allowed at rates over 100 /sec, limited by torquer dissipation,

may degrade rading accuracy. This clause is not mandatory.

Accelerometer Fine Scale ) 10 2 5o L .
o ug/g or 10 mg whichever is greater
Coarse Scale ) ° &/e RS =k

Sample instruments checked. Not possible to check unit.

UNCLASSIFIED/UNLIMITED




eleroneter 500

minimum (manufact.rers data, not mandatory)

Sensitivity of Gyros

0
temperature 0 to +30 C.

zimospnere.

-10%¢ to +65°C.

when stored in a sealed container at approximately

2 hours each axis, 14 to 30 Hz sine wave 3g,

eak, duration 5m sec. In any direction.
ing shock.

N

O
3
"9

a vacuum of 0.1 mm when not operating.
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APPENDIX B: COMPUTER SYSTEM SPECIFICATION

e system will multiplex the following inputs.

a. Number of inputs 16 off.

b. Sampling rate - program controlled.

Gls Analogue signal level - + 5V for full scale.

. Meximum signal level - + 10V will not cause damage.

e. Input impedance > 1MQ

f. Single ended inputs with common OV as pseudo differential input.

£ Radio Spares 32 way connector 466-703 is used for data and commands.

Command Connections

r
)
O
=
(6]
i
f
2

an

S + 5V @ 12A maximum.

b. Connections to charge store support battery.

Co Connections to change program start address.

d. Teletype connections.

e. Radio Spares connector type 466.624 is used for power connections.

S o =
Se running 1'ilmes

2. Program loading <10 minutes.
e Maximum delay before trial without loss of program < 5 days.
Cle Data retrieval within 10 days of trial.

4. CMOS Memory Support

Memory to be supported by battery for a minimum of 10 days after being
fully charged. The bvattery is permanently connected across the memory and can
be completely discharged and stored without damage.

.

Environmental

un
.

Be Operating temperature 0° to + 70°C.
Do Will withstand a vacuum.
Cs Vibration 14 - 30 Hz + 38,

ds Shock 250g for 5 msec.
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