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ABSTRACT

THE DEVELOPIENT OF A TELELEZTRY
SHOCK MZASURING SYSTEL

by Stephen Russcll Pierce

A self-contained telemetry shock measuring systen
has been developed for use in the measurement of package
environment, A description of the operation and con-
ponents of the system is presented, The system is capable
of measuring shocks of 10 to 250 g's with durations of

0.24 millisecond to 250 milliseconds,






THE DEVELOFPIENT OF A TELEMEIRY
SHOCK MEASURING SYSTEM

By

Stephen Russell Pierce

A THESIS

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE
School of Packaging

1968









ACKNOWLEDGHENT

The author expresses his sincere thanks to
Dr, J. W, Goff for his helpful suggestions, without
which this study would not have been possible, The
author would also like to thank Mr, Hallard N, Brooks

for his advice and encouragement,

e
e



TABLE OF CONTENTS

ACKNOWLEDGMENT: « « « o o o o o o o o o
TABLE OF CONTENTS « ¢ o o o o o o o o
LIST OF TABLES. ¢ « o « o = o o o o o @
LIST OF ILLUSTRATIONS

L[]
[ ]
[ ]
[ ]
]
[ ]
[ )
L]
.

INTRODUC’.PIOI]‘.O.....O....Q

DEVELOPMENT OF THE TELEMETRY
SHOCK MEASURING SYSTEM_ e e o o o o

COMCLUSIONS 4 & o o ¢ o o s o o o o o o
APPENDIX Te o o o o o o o o o o « o o «
APPENDIX IT o 4 o o o « o « o o o o o o
BIBLIOGRAPHY. « « o v o o o o o o o o .

e
e
e

Page

22
24
38
39



LIST OF TABLLS

Page

Table 1 Recorded shocks and durations
for the vibra-check pad,. ¢ « o o o o « « « 28

Table 2 Recorded shocks and durations for
the no, 1265 pure gum rubber pad « « ¢« o « 29

Table 3 Recorded shocks and durations
for the lead pellets , v ¢ ¢ ¢« o o ¢ « « o« 30

Table 4 Recorded voltage outputs of subcarrier
discrininators for different frequency
i-rlptl‘t S o L] [ ] [ ) [ ] L] o L d o L ] L] L] L ] [ J L 4 o L] L] 3 3
Table 5 Channel 1 total system calibration , . . « 35
Table 6 Channel 2 total system calibration . . . . 36

Table 7 Channel 3 total system calibration , . « « 37

iv



Figure
Figure
Figure

Figure
Figufe

Figure

LIST OF ILLUSTRATION

System outputS. . o« o o o &
Telemetry package. « « o o -«

Block diagram of an FM/FM
telemetry system . ¢« ¢ o o o

Assembled shock measuring
telemetry package. o« o' o .

Subcarrier discriminator (top

and receiver (bottom) ¢ ¢ ¢ o o o o o o o

Telenetry package calibration

MOUNtINZ. 2 o ¢ o o« o o o o o o o o o o o

)

Page

13
20
21

25



INTRODUCTION

With the increased demand for sophisticated packaging,
the need has arisen to measure the environuent through
which a package travels on its way to the ultimate consuner,
This environmentkincludes both the handling and the in-
troncic environwents, This paper is concerned with the
developmert of instrumentation capable of measuring the
mechanical shocl: coponents of these environments, fhe
intransit environment is defined as those shocks occurring
while the package is being moved by eny transport vehicle
other than a handling vehicle such as a lift truck. Those
shocks occurring during loading, unloading, and physical
movement into and out of storage are defined as the handling
environment. Once the packaging cesigner knows the shocks
encountered in these environments, he will be better pre-
pared to develop a package that will provide protection
for the product.

The development of instrumentation for measuring the
shock components of the environment was undertaken with
the understanding that such instrumentation should be
self-contained, of minimm size, and capable of measuring
the shocks encountered in the package environment, After
studying the instruments available for measuring shock,
1t was decided that accelerometers having a frequency
response from 2 to 5,000 cycles per second were adequate

for measuring shocks in the package environment, Other



types of instrumentation were discounted duc to their
inadequate frequency response, Although an accecleromneter
had adequate frequency response for measuring the shock
environment, it lacked the requirement of being self-
contained, The accelérometer is not capable of record-
ing within itself. This brought about the problem of
finding a way to record the output from the acceler-
ometer, which is the measurement of the shock, and an
adequate way to get the signal from the accelerometer to

equipnent capable of recording the shocks,

The Shock And Vibration Handbook defines telemctry

"as the indication, measurecment, or integration of a
quantity at a distance by electfical translating mcans," 1
It goes on to say that "this definition implies a complete
system: transducers to convert the measurand to an
electrical equivalent, encoding and transmitting equipment,
end receiving and decoding equipment capable of providing
an indication or record of events as they occur at the
remote lccation." 2
There are two types of telemetering systems available.
They are designated as the FM/FM system and the PDM/FM

system, The FM/FM system is a frequency division systenm,

A PDM/TM systen is a time division system.

1Cyri]. I, Harris and Charles E. Crede, Shock And
Vibration Handbook (New York: MeGraw-Hill, Inc,, 1961),
p. 19-76 P

"-9. L4 . ,
“ibid, p, 19-78,



A PDM/TM system is a pulse duration modulation on a
frequency moduvlated carrier, 3 Data channels are sequentially
sampled by conrutation, This type of system was nct used
because of its low frequency response, The marimum
frequency response of a PDM/IM system is from L1 to 3 cycles
pér second, which is much lower than the required frequency
response,

An F/IMM systen is a frequency division of frequency
nnodulated subcarriers trensmitted by a frequency modulated
radio-frequency carrier, 4 A1l this mezns is that one
modulated frequency is used to modulate another frequency.
This system of telemetry was chosen because of its frequency
response capabilities. FM/FM telemetry offers frequency
response capabilities frem 0 to 2,100 cycles per second,

14/FM telemetry can be uséd in either a single channel
system or a multiplex system. A multiplexing FIY/FM telemetry
syctem utilizes two or more different subcarrier frequencies
to modulate one transmitter, Each channel in the system
has a different subcarrier frequency that is linearly
mixed with the other subcarriers ¢ the system by a mixing
amplificr. " The mixing emplifier, wihich 13 sometimes called
en adder network, performs an arithmetic addition of the
voltages of the subcerrier frequencies, The output from

the adder network goes into a single transmitter whose

31bid, p., 19-77.

4E11iot L. Gruenberg, Handbook Of Teiemetry And Remcte
Control (Mew Yovk: McGraw-llill, Inc., 1967), p. 6-3.




carrier frequency transmits all the subcarrier frequencies,
With multiplexing, only one receiver is needed because there
is only one radio-frequency carrier involved, The output
of the receiver is fed in parellel to subcarrier dis-
criminators which select the subcarrier for which they

are set and translate it back into analog input. Using all
the IRIG (sce Appendix 2) FM/Fl telemetry subcarrier
oscillator bands available, 18 different subcarrier oscill-
ators could be used to simultancously fiequency modulate
one radio-frequency transmitter, %With each channel of
telemetry in a multiplexing system having a different
subcarrier center frequency, the freduency response of
‘each channel will be different, The IRIG FM/FM telemetry
subcarrier oscillator bands are arranged so that there is
no overlap from one band to anothecr,

When using multiplexing telemetry, one cannot utilize
the maximun frequency response available with single
channel telemetry. The frequency response of a given band
of telemetry is based on the maximum deviation of the
subcarricr frequency from its center frequency and a modu-
latioﬁ index of five.5 Therefore, with a lower subcarrier
center frequency, one has a lower frequeacy response,

- Single channel telemetry was decided upcn because of
its high frequency response capabjlities, Single channel

telemetry has one radio-frequency carrier for each sub-

SHarris and Crede, p. 19-79.



carrier frequency and one recciver for each radio-frequency
carrier, This system enables one to use the subcarrier
oscillator with the highest center frequency and frequency

-

response for each chanrcl in the system,



’

DEVELOPMENT OF THE TELVMETRY SHOCK MEIASURXIG SYSTERM

Description of system operation

The operation of one complete channel of the telemetry
shock system will be described by the output from each
conponent in the system. All chenuels operate in the
same manner, therefore, the description of one channel of
the telemetry shock system will be adequate for the whole
system, Showvn in figure 1 is a diagram of the outputs
from each component in the systemn,

The first component in the system is an accelerometer.

The accelerometer measures shock and has an output voltage

proportionate to the magnitude of the shock, Assume that
some external fecrce applies a2 sinuscdial shock of 250 g's
for 10 milliseconds to the base of the accelerometier,
Any shock applied to the base of the accelerocieter is
defined as a positive shock and a shock applied to the
top of the accelerometer is definzd as a negative shock,
An 18 volt batfery is used to supply power to the acceler-
ometer, The 18 volts from the battery flow through a coupler
before entering the accelerometer. The coupler consisés
of a 10,000 ohm source rezistor and e cavmacitor. The re-
sistor provides a ourrent limiting devicz For the acceler-
oneter and the capacitor prevents d-c¢ feecback into the
accelerometer from other components in the system. The
sensitivity cf the accelercometer in this system is 10

millivolts per g. ‘Therefore, with a positive shock of

6
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250 g's, the output of the accelercmeter will be a plus
2,5 volts, The output of the accelercmeter increases
from 0 volts to 2,5 volts in 5 milliseconds and tuen
decreases to O volts again in another 5 nilliseconds when
fhe 250 g-10 milliseccnd sheck is anplied, This is shown
in figure 1,

The voltage output from the accelerometer is too
large to be compatible with the input sensitivity éf the
voltage controlled subcarrier oscillator., Therefore, the
voltage is reduced by a ratio of 50 tc 1 by running it
through an attenuator, The attenuator consists of two
resistances in series to ground that simply reduce the
voltaze input by some factor depending on the resistances.
The output voltage from the attenuator is a plus 50 milli-
volts for the 250 g shock under consideration,

This plus 50 millivolts then goes into a voltage
controiled subcarrier oscillator (VCO), The function of
the VCO is to convert the input voltage to a subcarrier
frequency, An~8.4 volt battery supplies power to the
VCO and a traﬁsmitter. With a 0 volt input the subcarrier
oscillator ha§ an output of 70,000 cycles per second,

?his is called its center frequency. The input sensi-
tivity of the VCO is a ? 50 millivolts. The ¥ 50 milli-
volt input will vary the center frequency by ¥ 15 per

cent, Hence, the plus 50 millivolts input into the

VCO will give an output signal from the VCO of 80,500
cycles per secord. (15% of 7C,000 eps = 10,500; 70,000 cps



10,500 cps = 80,500 cps)., The changz in frequency output
from the VCO is presented in figure laby showing one cycle
of each frequency and the period of the frequencies., The
first cycle of output represents 0 volts input iﬁfo the
VCO and the second cycle shows 50 millivolts input. The
intermediate frequencies between the 70,000 cycles per
second center fréquency and the 80,500 cycles per second
modulated frequency are not shown in the diagram., However,
the frequency is increased proportionately from the ccnter
frequency as the voltage increases until the maximum
80,500 cycles per second frequency is reéched. Then the
frequency is decreased to the center frequency as the
voltage drops back to O volts, It takes 5 milliseconds
for the frequency to reach its maximum and 5 miiliseconds
for the frequency to decrease to the original subcarrier
oscillator center frequency. This maintains the duration
factor of the shock recorded for later reduction. All of
the above mentioned frequencies are called subcarrier
frequencies beéause they will be used to modulate another
carrier freqﬁency. The carrier frequency modulated will
be that of the transmitter,

The trarsmitter in this system has a carrier frequency
or center frequency of 245 megacycles per second., This
carrier is é radio-frequency carrier which means it is
capable of sending signals without a connecting wire,

The radio-frequency carrier is modulated ¥ 75 kilocycles

per second with a2 £ 15 per cent modulation of the sub-
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carrier frequency., Therefore, wiith the subcarrier fre-
quéncy output of 80,500 cycles per sedond, the radio-
frequency carrier will be modulated to 245,020,500 cycles
per second, This change in frequency output is shovm in
figure 1 in the same monner it was shown for the output

of the VCO, The radio-frequency carriar is incrcased to
its maximum frequency by an incrcasc input from the sub-
carrier frequency and then is decreased to its center
frequency as the subcarrier frequancy decreases to its
center frequency. A shield was built into the transmitter
to reduce proximity effects on the carrier frequency. This
same shield is arranged to act as the radiating element
eliminating the need for an external antenna. The signal
radiated from the shield is sent through the air to a
receiver located rzmotely from the transmitter,

From this point in the systen, it is the function of
the components to reduce the transmitted frequency to the
original voltage output of the acceleroneter, The receiver's
function is to select the carrier frequercy of the trans-
mitter, to reject all cther frequencies rececived by the
-antenna ~And to reduce the carrier {requency to the original
subcarricr frequency. The output c¢f the receiver is shcwn
in figure 1, This output is the same as the 6utput from
the voltage controlled subcarrier osciilator. The receiver
simply reverses the process of the transmitter, Output

from the receiver is then fed into a subcarrier discrininator.

“he funeticn of the subecarrier diseriminator is to
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reduce the subcarrier frequenéy to a voltage. This
corponent functions in reverse of the VCO, Therefore,
the output of the subcarrier discriminator will be the
+ 2,5 volt signal outpﬁt fro1 the accelerometer,

In summary, *the voltage output signal of the acceler-
ometer, which is a weasure of the shock, is converted to
frequencies and then changed back from the frequencies to
the original voltage output of tﬁe accelerometer, This
system performs the function of accurately measuring shozk

from a remote locaiion without the aid of wires,

Component deseription

The development of a telewetering shock measuring
system was undertaken to provide a systen cancble of
measuring shocks occurring inside the package as well as
shocks tranémitted to the package as & whole, A package
was needed that could house and protect the internal
components of the system., A mahogany wood block was
selected for the package because of its shock properties
(see Appendix 1), The wood blocl was cut to the desired
size and shaﬁed to accomodate the components of the system,
The block is shown in figure 2,

A block diagram of the overall system is shown in
figure 3, The first components in the system are three
Kistler Model 818 Fiezotron accelerometers which are used
to measure the shock, The accelerometers are mounted |

triaxially in the mahogany blocl: which permits the system
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Figure 2

Telemetry Package
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to measure a shock in any direction,

A Kistler Model 818 Piezctron acceleroneter is a
low impedance piezoeclectric accelerometer which utilizes
the advantages of exceptionally high open-circuilt voltage
sensitivity and the stability cf quartz crystal elements.,
Wheﬁ'power is supplied to the accelerometer, the quartz
crystal inside is saturated with electrons, UWhen an
externally epplied force deforms the quartz crystal,
electrons flow to a capacitor, Depending on the quantity
of electrens released and the size of the capacitor, a
voltage of sorc magnitude is produced, ALl Piezotrons
have a standardized voltage sensitivity of 10 millivolts
per g which simplifies the multichannrel operation of the
systen,

The second components in the system are couplers,
A coupler consisting ¢f a 10,000 ol source resistor and
a coupling capacitor is required for each accelerometer,
The 10,000 ohm resistor is used for reference sensitivity
and the coupling capacitor is used in series with the out-
put lead to block the bias voltage from the direct coupled
(d-¢) equipment used in the rest of the system.' An 18
volt power supply is connccted to the couplers which supply
the Piezotrons with 1,8 milliamps, The output from this
accelerometer coupler éystem is ¥ 2,5 volts., The input

sensitivity of the voltage controlled subearrier oscillato:



(VCO) into which the signals are to be fed is % 50 milli-
vélts. Therefore, the output voltage of the acceleromecter
signal had to be attenuated to be acceptable for the VCO,

Attenuafors cemprise the third series of components,

An attenuator consists of two resistances in series with

one of the resistances grounded, These attenuators réduce
the wvoltage output of the acceclerometers by a ratio of

50 to 1. In this system, the voltage flows from the acceler-
ometer system into a 27,400 ohm resistor, This resistor

is in series with a 547 ohm resistor which is in parallel
with the output voltage lead to the VCO, The lead to the
VCO takes the voltage output from the 27,400 ohm resistor
which is 1/50 of the input voltage to that resistor,

The fourth components shown in the block diagram are
voltage controlled subcarrier oscillators (VCO), The VCO
units used in this system are Model 1125-E's, manufactured
by Signatron, Inc, of Gardena, California. Voltage controlled
oscillators are used to convert analog voltages to FM
subcarrier frequencies., Any IRIG band is available for use
with a VCO, The frequency response required dictates
which.IRIG band is needed., IRIG band E was selecterdl for
this system because of its high frequency response, 0 to
2,100 cycles per second, IRIG band E has a center frequency
of 70,000 cycles per second and a £ 15 per ceni deviation
of the center frequency for ¥ 50 millivolts input, The
subcarrier frequency is dependent on the voltage input to

the V0O, With a 0 volt input, the subcarrier frequency
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will be 70,000 cycles per sccond and with a + 50 millivolts
input the subcarrier frequency will be 80,500 cycles per
second (15% of 70,000 cps = 10,500 cps; 70,000 cps +

10,500 cps = 80,500 cps). The output of the voltage
controlled oscillator, the subcarrier frequency, is fed
into nmixing amplifiers or what is sometimes called adder
netﬁorks.

When Fi nmultiplexing telemeﬁry is used, the adder
network linecarly mixes the frequency modulated output:
voltage from all the subcarrier oscillators in the systemn,
This linear mixing is just an addition of the voltages,

In this system, only single channels are used for each
transmitter, Therefore, the adder network does nét
function as a linear miwer, The only function it serves
in single channel systémé is the prevention of feedback
into the VCO,

Model 201 low povered transmitters manufactured by
Signatron, Inc, comprise the fifth series of components,
The purpose of.the transmitter is to provide a modulated
radio-frequency signal of sufficient power to reach a
remote receiver, For typical environments, the usable
distance is 50 feet, For more ideal environments, distances
up to 300 feet can be obtained, These transmitters are
evailable in the f:aquency range of 215 to 260 megacycles
per seccond and are frequency modulated by the subcarrier
frequency fron the VCO, Plus or minus 100 per cent modulation

of the subcarrier frequency will modulute the transmitter . ::.



frequency ¥ 75 kilocycles per second, This modulated
frequency is sent through the air waves to be picked up
by a receiver,

The last three series of components in the systen,
the receiver, the discriminators, and the recording equib-
meﬁt, are external to the mahogany block and require
external power,

The receivers in this system are Model 4200 manu-
factured by Signatron, Inc., They provide reception of
signals in the 215 to 260 megacycle Fil band which makes
‘them conpatible with the transmitters used, 7The receivars
perform three functions, One, they sclect *the desired
radio-frequency £rom the other signals that are received
by the antenna, Second, they amplify the selected radio-
frequency cerrier to a-usable level, Third, they de-
modulate the radio-frequency to retrieve the subcarrier
frequency that was the output of the voltage controlled
subcarrier oscillators, 6

The first function 5f a telemetry receiver is performad
with two components, The first component is a tuning
condenser similar to the tuning condenser in a home radio,
This compcnent allows one to tune in the carrier frequency.,
The second component is a radio-frequency amplifier filter
which amplifies the signal and filters oﬁt frequencies

other than the carrier frequency, The signal then goes

6Gruenberq

o

p. 6-28,
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through two intermediate frequency enplifiers that further
anplify the signal and narrow thza frequency band, The
three amplifier-iilter coponents serve the second function.
Finally, the signal enters a demodulator which reduces

the signal to the transmitted base band waveform,

The subcarrier frequency output from the receivers
goes into the ne::it series of components in the block
diagram, the subcarrier discriminators., The subcarrier
discriminators in this system are Model 3100-E manufactured
by Signatron, Inc, They have an output of ¥ 2,5 volts
which is the same as the output of the acceleromecters,

A subcarrier discriminator consists of four main components:
a band pass input filter, limiter, demodulator, and a
iow-pass output filter.7 The band pass input filter acts
gsomewhat like the funing condenser of the receiver in that
it selects the desired frequency band and rejects all

other frequencies, The signal then goes into the limiter/
discriminator which demodulates the FM subcarrier frequency.
After demodulation, the output goes through the low-pass
output filter which removcs undesirable noise from the
signai.‘ The signel is then amplified to a suitable

output level, |

The last block in the diagram is a magnetic tape
recorder which is used for recording and storing the

signals, The signals on the tape can be monitored at

7Gruenberg, P. 6-40,
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some later time with an oscilliscopec. Pictures of the
desired signals can be taken or the signals can be re-
corded on an oscillograph for permanent records,

The assembled shock measuring telemetry block is
shown in figure 4, This block contains all the components
in the block diagram up to the receivers, A subcarrier

discriminator and receiver are illustrated in figure 5,
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Asscmbled shock measuring telemetry package,
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"Figure 5

Stkhcarcier discrininator (top) and receiver (bottom),



CONCLUSIONS

The telemetry shock measuring system developed has

been calibrateé (see Appendix 1) and successfully used in
both dirop testing and inclined impact testing, The éystem
has a frequency response from 2 to 2,100 cycles per second
which makes it capable of measuring half sine shock pulses
with durations from 0,24 millisecond to 250 milliseconds,
The systenm is capable of measuring shocks with magnifudes
from 10 g's tec 250 g's. Suown in Tablz 4 are the results of
a frequency caiibration For thé telemetry components of the
systen, As the frequency of a constant input siznal was
increased, the output voltage of the subcarrier discrimin-
ators decreased, All channels had a flat frequency response
from 2 to 250 cycles per second. Therefore, half sine shock
pulses with durations from 2 milliseconds to 250 milliseconds
could be measured without aﬁy extra calibrations, Half
sine shock pulses with dufations from 0,24 millisecond to
2 ﬁillisecouds-can also be measured, but the magnitude of
the shocl: will have to be corrected using a calibration
factor for the frequency of the shock, Conplex shock pulses
containing no compoﬁénts representing frequencies above 20
cycles per second will be accurately presented,

In additional studies, an attemnt should be made to re-
duce the noise level of the system., If the noise level could
be reduced to less than 5 millivolts, shocks and vibrations

with magnitudes greater than 0.5 g could be measured,

22
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APPENDIX I
TELEMETRY SHOCK MEASURING SYSTE!! CALIDRATICN

In the development of the telemetry shock measuring
system, each component was individually calibrated whenever
possible and the system as a whole was calibrated, This
appendix will. present the procedure and results of these

calibrations,

Instrumentation package

The instrumentation peckage was made from Honduras
mahogany wood, The wood block was cut to the desired
s8ize and shaped to accomodate the measuring and trans-
mitting components of the system, Honduras mahogany
wood had been tested for shock transmissibility and the
results revealed that this material had little effect on

shock transmission, 8

Test procedure

The instrumented paékage was fastened to the drop
head of a L.A.B. Model 16-42-100 free £fall shock machine
as shorm in figure 6, Sides and ends of the block were
subjected to a series of shock pulses of knowvn magnitude,

duration and waveshape, A Kistler Model 808 S/N 128

8Stephen Pierce and Rotert Fiedler, "A Determination
of The Shock Transmission Characterictics of Mahogany"
(unpublished technical research paper, School of Pacl:aging,
Michigan State Uaiversity, 1967), ’

24
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Figure 6

Telemetry package calibration mounting.
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quartz accelerometer was mounted directly to the drop
head as a control accelerometer, The three Kistler
Model 818 piezotron accelerometers mounted triaxially

in the block were the test accclerometers, The signals
were monitored from the accelerometers without telemetry.

Half sine shock pulses of short duration were achieved
with a rubber Vibra-Check deceleration pad (Lowell Ind,).
Half sine pulses of long duration were acﬁieved with a
No., 1265 Pure Gum rubber pad (Queen City Rubber Co,),

Saw tooth wave shapeg vere produced using lead pellets
(molded in the School of Packaging lzboratories, Michigan
State Un?versity).

Signals from the control accelerometer were fed
through a Kistler Model 565 S/N 193 charge amplifier into
one channel of a Tektronix Model 564 storage oscillosﬁope.
Signsls from the test acceleroneters were fed through
Kistler Model 543B couplers into the other three channcls
of the samc scope, A Tektronix oscilloscope camera C-12

was used to record the shoclk pulses,

Test results

Readings from the control accelerometer and the
test accelerometers are listed in tables 1, 2, and 3,
The data is presented with reference to the side or end
of the block which was in contact with the drop head,
Referring to figure 6, the end shotm in contact with thz

drop head is defined as end 1 and the end not in contact
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with the drop head is defined as end 2, Side 1 is defined
as the face having the accclerometer opening. Side 2 is .
the right side of the block. Side 3 is the side opposite
side 1 and side 4 is opposite side 2, Side 1 could not

be tested because of the wires from the accelerometers,
The data presented indicate practically no effect on shock

trensmission by the instrumented block,






TABLE 2

RECORDED SHOCKS AND DURATIORS
FOR THE NO, 1265 PURE GUif RUB3ER PAD

Control. Acceleroneter Test Accelerometer
(Kistler £03) (Kistler 318)
Deceleration Duration Deceleration Duration
(in g's) (in ms) (in g's) (in ms)
END 1 40 11 40 11
75 9 75 9
110 8.5 110 8.5
END 2 48 12,5 48 12,5
85 9 85 9
10 8 112 8
SIDE 2 44 12 44 12
90 9.5 90 9.5
110 9 110 9
SIDE 3 40 11 40 11
69 10 70 10
120 9 118 9
SIDE 4 39 10 _ 40 10
| 65 9 65 9
98 8 g7 8

29






TABLE 3

RECORDED SHOCKS AND DURATIONS
FOR THE LEAD PELLETS

Control Accelerometer Test Accelerometer
(Kistler 808) (Kistler 818)
Deceleration Duration Deceleration Duration
(in g's) (in ms) : (in g's) (in ms)
END 1 38 6.4 40 6.4
50 6 50 6
55 6 55 6
END 2 38 6.4 40 6.4
55 6 52 6
60 6 60 6
SIDE 2 42 5.6 44 5.6
55 5.6 52 5,6
65 7 63 7
SIDE 3 42 6 42 6
| 50 6 . 50 6
65 5.6 65 5.6
SIDE 4 42 6.6 a 6.6
55 6 - 55 6
60 6 60 6
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Attenuators

The attenuators are used to feduce the voltage from
the accelerometers by a factor of 50, The exact value
of the resistors used for the attenuator was found by
using a type 1650-A impedance bridge manufactured by
General Radio Company., The results of the calibration
demonstrated that the attenuators reduced the input

voltage by a factor of 50,

Test procedure

A Hewlett Packard 3300 A function generator was
used to supply a sinusodial input to the attenuators, A
voltage from 0 to 2,5 volis was opplied to the attenuator.
The output from the attenuator was fed into one channel
of a Tekironix Model 564 storage oscilloscope, The
input to the attenuators was also monitored on another
channel of the same scope. A Tektronix oscilloscope
camera C-12 was used to record the data, The frequency
of the input was varied from 0 to 5,000 cycles per second,

The frequency had no effect on the output voltage.

VCO, transmitter, receiver, and discriminator

The VCO, transmitter, receiver, and discriminator
were tested together for calibration, They were tested
to dztermine the effect of frequency on voltage output
from the discriminator, It was found that the frequency
of the input signal had no effect of the output voltage

of the discriwminator. As the frequency was increased






TABLE 4

RECORDED VOLTAGEZ OUTPUTS

OF SUBCARRIER DISCRIMINATORS
FOR DIFFEREZNT FREQUENCY INPULS

Channel 1 Channel 2 Channel 3
Frequency | Voltage Frequency | Voltage Frequency | Voltage
Input Output Input Output Input Output
(in cps) |(in volts)|| (in cps) | (in volts)|l (in cps) | (in volts)
0 2,5 o 2,5 0 2,5
50 2,5 50 2.5 50 2.5
100 2,5 100 2,5 100 2,5
150 2,5 150 2.5 150 2,5
200 2,5 200 2,5 200 2,5
250 2,5 250 2,5 250 2,5
300 2,5 300 2,5 300 2,45
350 2,45 350 2,5 350 2,40
400 2,50 400 2,45 400 2,35
450 2,37 450 2,20 450 2,33
500 2,35 509 2,40 500 2,30
600 2,25 600 2,35 600 2,25
700 2,15 700 2,25 700 2,1
800 2,05 800 2,15 800 2,0
900 1,95 900 2,10 900 1,95
1000 1,85 1000 2,00 1000 1.80
1100 1,75 1100 1.90 1100 1,70
" 1200 1,65 1200 1,85 1200 1.65
1300 1.55 1300 1.80 1300 1,55
1400 1,45 1400 1,75 1400 1.45
1500 1.40 1500 1,65 1500 1.35
1600 1,30 1600 1.60 1600 1.30
1700 1.25 1700 1,55 1700 1,2
1800 1.20 1800 1,45 1800 1.15
19C0 1,10 1900 1,40 1900 1.1
2000 1,05 2000 1.35 2000 1.05
2100 1,00 2100 1.3 2100 1,00

33







34

Total system

In this calibration the accelerometer output wzs
the input to the VCO, The system was asscmbled as it would

be used in field testing.

Test procedure

The instrumented package was fastened to the drop
head of a L.A.,B. Model 16-42-100 free fall shock machine,
Each side and end of the block was subjected to a series
of shock pulses of known magnitude, duration and waveshape.
Sinusoidal shock pulses from 3 to 12 milliseconds duration
were used in the calibration. A Kistler Model 818 piezo-
tron accelerometer, mounted directly on the drop head,
was usced as a control acceleroneter, |

Signals from the subcarrier discriminators were
recorded on a Tektronix Model 564 storage oscilloscope

as was the signal from the control accelerometer,

Test results

Readinge from the control accelerometer and the test
accelerometer are are listed in tables 5, 6, and 7,
Channel 1, positive, has been refarred to as side 3 in
the instrumentation package calibration, Channel 2,
positive, would be end 1, Channel 2, negative, would be
end 2, Channel 3, positive, would be side 2, Channel 3,

negative, would be side 4,






TLBLE 5

CHANNEL 1
TOTAL SYSTEM CALIBRATION

Control Acceleroneter Test Accelerometer
Deceleration Deceleration
(in g's) (in g's)

Positive Direction (side 3)

30 30
40 ' 40
60 65
65 65
90 90
100 100
11.5 115
140 140
165 170
180 180
195 195
200 200
220 220
230 225

25 25
50 50
70 70
75 75
90 85
95 95
110 110
135 130
150 140
240 220
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TABLE 6

CHANIEL 2
TOTAL SYSYEM CALIBRATION

Control Accelerometer Test Acceleromzter
Deceleration Deceleration
(in g's) (in g's)
Positive Direction (end 1)
30 30
4) 40
6 67
70 70
90 92
130 135
190 190
200 200
230 230
240 240

30 30
50 50
60 60
65 70
80 85
100 100
130 130
150 150
160 160
200 195
230 225






TABLE 7

CHANIEL 3
TOTAL SYSTHI CALIBRATION

Control Accelerometer Test Acceleroneter
Deccleration Deeceleration
(in g's) (in g's)
Positive Direction (side 2)
10 8
45 43
70 70
80 80
140 136
180 180
210 210
240 240

Negative Direction (side 4)

18 16
45 43
70 66
S0 S0
110 110
140 140
160 158
190 190
210 210
230 235
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APPENDIX II
INTER-RANGE INSTRUIISNTATION GROUP

IRIG (Inter-Range Instrumentation Group) is an
organization composed of representatives from several
guided missilé ranges, There are 10 working groups
within IRIG that work in different areas, one of which
is the Telemetry Working Group (TWG). IRIG has done
extensive work in.the standardization of radio telenetry.
They have published IRIG Document 106-60 entitled
"Telemetry Standards.” IRIG Document 106-60 contains
information on instrumentation, magnetic recording,
frequency utilization parameters, as well as definitions
of terms and descriptions and uses of the different

types of telemetry sysfem.
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