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Automatic calibrators described provide means of correlating resistance~change ocali-
bntimofnltrdnmolndthodcfhcumobmmdmnpmunorthrulb-um
film record of rocket firing, Calibrators omuntcmthuyofuurlnornlq'midx,
by their action, display at terminals of unit a sequence of accurately lmown resistances
which produce deflection steps on f#lm reecord, By measuring trace width and knowing re-

sistance producing step, ratio between trace width per unit resistance change is a simple
calculation,
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Prefacs

The rapid expansion of static firing faoilities at the
Allsgany Ballistics Laboratory early in 154l created a mare
pressing need than ever for suitable equipment to apply cali=-
brations automatically on every record taken with the strain-
gage equipment of rockst teet firing., Soms preliminary work
had been done on davices of this type at the Jet Propulsion
Ressarch laboratory, Indian Head, ldaryland, operated under the
Joint auspices of the Lureau of Ordnance, United States Navy,
and the National Defenes Research Committes., A two-channel
calibrating unit deeigned by C. N. Hiclman and built by the
Bsll Telephone laboratories had bsen tried and was found very
satisfactory. This work is pertinent to the projsot designated
ty the Nevy Departmsnt asNO=-33 end by the Wer Department as -1k,

The work of constructing the oalibrators was performed by
the Bell Telephone Laboratoriss under Contract CEMer-256 with
the Western Electric Company., The testing and installation of
the calibrators is listed in the Allegany Ballistics Laboratory

files as Projeot J-10,6. This latter work was done by the
Allegany Ballistics Laboratory, Pinto, West Virginia. Expenses
incident to testing and inetallation were borne under Contract
OEMer=273 with The George Washington University.
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STANDARD AUTQMATIC CALIBRATOR
FOR A=C PRIDOE AND AMPLIFIERS

Abstract

The automatic oalibrators for the a—0 bridge strain-gage
recording equipment consist essentially of a seriss of relays
which, by their action, display at thz terminals of the unit a
soquenco of accurately known rasistanoas. When connected in
series with a wire strain gage and to the recording equipment,
this sequence of resistances produces deflection steps on the
f£ilm record., By measuring the width of the trace at each step
and knowing ths value of resistance producing that step, the
ratio of width of trace per unit resistance change is a simple
cllculstion. When the strain-page faotor for pressure

(].b/in!)/oh-l or for thrust (1b/ohm) is lcnown, the calibration
in terns of pounds per square inch par unit width of trace (or
pounds force per unit width of trace) appearing on a film record
of rocket firing may be readily determined. The automatio
calibrators, therefore, provide the means of correlating the
resistance-chanpge calibration of a strain gape and the deflection
obtained on a pressure~time or thrust=time film record of rocket
firing.

1. Introduction

In setting up static firinp-range facilities important to ths
research and development of military rocketrl/ it was desirable to have
on each record of firing an over-all canbrat_ion of the a=c bridges,
oscilloscope amplifier, and camer 2 With a calibration on each film
(see Fig. 5) showing thes relationship betwsen resistance change in the
gage oircuit and the resulting width of trace on the film record, the
pressure acting on a wire strain gage calibrated in terms of resistance
change with applied pressure becomes a simple calculati

1/ See Static range operational and fire-control equipment, by
C. M. Lathrop and N. naxan-jer, Final ALL feport J=1 (@%FEG;;,.

2/ These instruments are dascribed in A=¢ br:lgs and Era-%lu'hr
for strain-gage measurement of pressure and exander,
Final ASL Report J=1.3 (@E%E” and The two-channel ball:l-tic-
camsra, by N, Alexander, Final asL’ Repo .

For further details of gage calibration, refsrence is mado to
Calibrnt.ion equipment for pressure and t.hrust. wire strain gages
T, V. Lathrop ani N, Alexander, Final ASL Report J-1.B (&H;B
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. A memorandum dated Movember 17, 19u3,by C. N. Hickman on ths sub=-
Jsot "Amplifier calibrators led to construction by ths Eell Telsphons
Laboratoriss of the first automatic calibrator unit. This unit was
dssignsd to calibrate two channels of a=c bridgs recording equipment
and ie illustrated in Fig. 1. Thie unit was tried on the a-o bridgs
equipment at Indian Head, Laryland, and was later moved to Range C at
ths Allegany ballistics Laboratory, Pinto, West Virginia. Ths perform=
ancs of thie unit wae quite satisfactory ani tha receults of thess tests
wers of partioular interest to the Research Division of the Rocket
Branch at Absrdecn, Maryland. On request from Aberdsen, a calibrator
unit incorporating eome modifications was supplied by the Bell Telephons
Laboratories. After trial, the unit was found eatisfactory and six
more were immediately ordered. When additional etatio firing ranges at
the Allegany Hallistics Laboratory wers squipped with a-¢ bridgs record-
ing equipment, ‘additional calibrating units wore needed, Minor changse
of deeign were made., Of particular importance was a provision mads to
supply two ranges of resistanos steps, and a separate unit wae providsd
for sach channel, This deeipgn has beesn called the staniard calibrator
unit (see Fig. 2). Twelve units havs been supplied by ths Fell Tsle-
phons Laboratories and their performance hae been excellent.

2, Description of standard calibrator unit

The oircuit diagram of the standard calibrator unit is showm in
Fig. 33 the wiring diagram in Fig. 4. It will be notad that the devics
consiets of five milticontaot telephone-type time-delay relays and four
pairs of fixed reeistors. The silvar switch D1 providee for the selec~
tion of one of two rangee of resietance etepe that appear across
terminals A and B as the calibrator goes through the cyole of operation.

Ths firet four relays carry L "break" contaots and 2 "make" oon=
taots, The "maks" contacts snergizs the next relay. The "break" con=
tacts remove reeietore from the oirouit A=B, Relay S5 has 6 "make"
contaots, 4 of these place a short aoroee A-B and 2 complete ths firing
circuit through the terminale marked F. The reeistors used are of the
noninductive preoision wire=wound type, with a very low temperature

ly See Bibliography.
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oosfficient of resistance., The switch D1 is a silver knife switch have
ing a very small contact resistance.

To minimigze the effects of ohange in contact resistance at the re-
lay contaots, a number of contacts are conneoted in parallel. Each
contaot spring of this type relay has double contacts. There are,
actually, 4 contacts in parallel for each resistor. This feature has
been found to be adequate protection against variation in contaot re=
sistance, When first received, the automatic calibrators displayed
some change in capacitance aoross A=B because of the inclusion of addi-
tional relay contact springs in the circuit as the unit went through
its cycle. This capacitance change was eliminated by installing the
additional wiring shown as dashed lines on the wiring diagram, Fig. L.
This arrangement keeps all switching contacts in the oircuit throughout
the cycle of operaticn, and results in no appreciable change in bridge

balance with all relays open, or all relays closed, Capacitance
effects are, of course, minimiged by having the calibrator connected in

the ground side of the bridge. B

The action of the calibrator involves three circuits, In the gage
circuit, terminal A is oonnected to tha ground side of tho a=-c bridpe
equipment, and terminal E is conneoted to one side of the wire strain
gage, the circuit being conpletzd through the hipgh side of the bridge
diractly to the gage. The control circuit, connected to the two C
terminals, enargises the relays. By changing the control-circuit volt=
age the stepping rate of tho relays may be varied. The two F terminals
are connected in series with the firing circuit,

With the opening of the camsra shutter on the recording equipment,
relay S1 is energized through a suitable circuit, removing the short
across. A and B and inserting the resistors in parallel, also energlzing
relay S2. When relay S2 operates, the 1-chm resistors are removed from
the parallel combination and S3 is energized. ¥hen S3 acts, the 3~ohm
resistors are removed from the combination and Sk acts. When this
occurs, the é=ohnm resistors are removed from ths circuit and S5 is
energized. When S5 acts, a short is again placed across the gage cir-
cuit A=3 and the firing circuit is completed. The pressure or thrust
developed bv the rocket motor then causes a change in resistance of the
wire strain gage recording the event and a record of this changs is

Confidential
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(A) COMPLETE UNIT

(&Y #FLAY OF UN'T, COVER REMOVET

FIGL THE FRST AUTOMATIC CALBRATOR UNIT
TR (DOUBLE CALBRATOR UNIT)
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traced out on the film (sss Fig. 5). whan the switch D1 is open, the
resistance steps appearing across terminals A and B are &, 1, 13, and

2 ohms, With the switch closed, the resistors are connected in parallsl,
reducing their total resistancs by one=half, and the steps, therefores,
become 1/L, 1/2, 3/u, and 1 ohm, Thess are ths noainal values of the
resistance steps, The actual values were dstermined by a more preciss
method, 5

Ths sxaot resistance value of sach calibrator step was measured °
using ths sams bridge and galvanomster ussd for gage calibrat The
cover was removed fronm the calibrator and the calibrating bridge was
connected in series with terminals A=B and a strain gage that had been
conditioned at room temperature for ssveral hours. A 3=volt battery
(sufficisnt to closs ths relays without overheating) was connected in
ssriss with a switch to ths control circuit terminals C=C. A small
wooden wadge was used to block the sequsncs of the relays so that re-
sistancs mesasuremsnt of sach step oould bs mads, The resistancs was
moasured with all relays open, that is, terminals A and B shorted by
the contacts of éelgy 81, vhich represented ths resistancs of ths strain
gage and connocting wiring, Ths stop wedgs was then inserted in rslay
S2 and ths control circuit snergised,causing ths first relay to closs.
The resistancs was again measured, and repressnted ths resistanos of

ths strain gage plus the resistancs of the first step. In a liks manner,
measurements were taksn of steps two, thres, and four, Than the re-
sistance was measured with all relays clossd with the oontacts of S5
shorting terminals A and B, Ths measurement with all relays open and
all relays clossd provided a check on terperature changss, relay contact
resistance, or other factors that might affect the zsro resistancs,

This sst of measuremsnts constituted ons cbssrvation. Five obssrvations
were mads for sach calibrator with the switch Dl open and with switch
D1 clossd,

In calculating the value of resistancs for sach step, the 2sro re-
sistance was taken as ths averags of ths value obtained with all relays
open and all relays closed. This value was subtracted from sach valus
obtained for the four steps. An average was thsn taksn of ths resistancs
of sach step obtained from the five obssrvations. This avsrage rspre-
ssnted vsry accurately tha actual value of the resistancs step. Tadbls I
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showe resistance data ohtained fer standard calibrator Ne, 5, which
11lustrates the method and precieion cf the device; variatione are
within the limit of srror of the resistance-measuring equipment.

3. Concluesion

The Bell Telephons Laboratoriee provided 8 standard calibrator
units on the first order and 4 more on a subeequent order, Thess units
were construoted in accordance with the Dell Telephone Laboratoriss
Drawing Nec, BO=105910 (the circuit diagram shown in Fig. 3) and the
Fell Telephone Laborateries Drawing No, B0=-105911 (the wiring diagram
ehom in Fig, 4). Theee calibrators have given excellent eervice with
a minimum of maintenance, The only maintenance required was burnieshing
of the relay contacts befcre measuring the resietance eteps cr placing
in service, After about eix monthe'! service, one pair of units ehowed
some erratic action. The ccntacts cn thees unite were reburniehed and
ths resistance of the eteps remsasured, The resistance of the steps
had not changed appreciably in this time,
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ABSTRACT

Automatic calibrators described provide means of correlating resistance-change cali-
pration of a strain gage and the deflection obtained on a pressure-time or thrust-time
film record of rocket firing, Calibrators consist essentially of a series of relays which,
by their action, display at terminals of unit a sequence of accurately known resistances
which produce deflection steps on film record. By measuring trace width and knowing re-
sistance producing step, ratio between trace width per unit resistance change is a simple

calculation.
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