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Automatic calibrator« described provide noons of correlating resistance-change "-n- 
bratlon of a «train gage and the dafleotlon obtained on a preaoure-tljaa or thruaV-tiiia 
fil« record of rocket firing.    Calibrators oon«l«t eoeentlnlly of a «erlea of relay« which, 
by their action, display at terminal« of unit a sequence of accurately known ;-es "-stances 
which produce deflection step« on ftOa record.    By measuring trace width and knowing ro- 
•latance producing step, ratio between trace width per unit resistance change ia a sinnle 
calculation. 
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Pro face 

The rapid expansion of atatle firing facilities at the 
Allegany Balliatiea Laboratory early in Vthk  created a nor« 
pressinc need than avar for suitable equipment to apply cali- 
brations automatically en every record taten with the strain- 
gage oquipment of rockst test firing. Some preliminary work 
had been dona on dsvlcas of this type at the Jet Propulsion 
Research Laboratory, Indian Head, Maryland, operated under the 
Joint auspices of the Uursau of Ordnance, United States Nary, 
and the National Defense Research Committee. A two-channel 
calibrating unit designed by C. N. Hiekaan and built by the 
Ball Telephone Laboratories had been tried and was found very 
satisfactory. This work is pertinent to the project designated 
by the Navy Department asNO-31 «ad by the War Department esOD-li*. 

The work of constructing the calibrators was performed by 
the Bell Telephone Laboratories under Contract QEUar-256 with 
the Western Electric Company. The testing and installation of 
the calibrators is listed In the Allegany Ballistics Laboratory 
files as Project j-10.6. This latter work was done by the 
Allegany Ballistics Laboratory, Pinto, West Virginia. Expenses 
Incident to testing and installation ware borne under Contract 
OSMsi—273 with The Oeorge Washington University. 
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STANDARD AUTOMATIC CALIBRATOR 

FOR A-C T-RTTJQB AMD AMPLIFIERS 

Abstract 

Tha automatic calibrators for the i-e bridge strain-gaga 
recording equipment consist essentially of a series of relays 
•iilch, by their action, display at th    terminals of the unit a 
sequence of accurately known resistances.   When connected in 
series with a wire strain gage and to the recording equipment, 
this sequence of resistances produces deflection steps on the 
film record.   By measuring the width of the trace at each step 
and knowing the value of resistance producing that- step, the 
ratio of width of trace per unit resistance change is a simple 
calculation.   When the strain-gage faotor for pressure 
[(lb/in))/ohm] or for thrust (lb/ohm) is known, the calibration 
in terms 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 automatic 
calibrators, therefore, provide the means of correlating the 
resistance-change calibration of a strain gage and the deflection 
obtained on a pressure-tlms or thrust-time film record of rocket 
firing. 

1.    Introduction 

In setting up static firing-range facilities important to the 
research and development of military rockets?   it was desirable to have 
on each record of firing an over-all calibration of the a-c bridges, 
oscilloscope amplifier, and camera-/    With a calibration on each film 
(see Fig.   •) showing the relationship between resistance change in the 
gage circuit 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 calculation* 

1/    See Static range operational, and flra-control equipment, by 
C. U. Lathrop an 1 N.  Alaxanlar, Final AIL Report J-1   IOSRD-5Ö55). 

2/    These instruments are described in A-c bridge and ore-amplifier 
for strain-iinio measurement of iir-jjauru anl thrust, by N. Alexander. 
Final A!L Report J-1 .3 tOSR3-5«57). and The two-channel ballistics 
camera, by N. Alexander, Final  AHL Report J-1.5 lüBRD-5d5ÖJ. 

j/   For further details of gage calibration, reference is made to 
Calibration equipment for pressure ana thrust wire strain gages, by 
C. V. Lathrop ani N. Alexander, Final ABL Report J-1.B  (OSRD-5062). 
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A memorandum dated Movenber 17, 19lt3,by C. N. Hlckman on the sub- 

ject "Amplifier calibrators'" led to construction by ths Bell Telephone 

laboratories of the first automatic calibrator unit. This unit «as 

designed to calibrate two channels of a-c bridge recordinc equipment 

and is illustrated in Fig. 1. This unit «i tried on the a-c bridge 

equipment at Indian Head, Maryland, and «as later moved to Range C at 

the Allegany ballistics Laboratory, Pinto, West "ir&inia. The perform- 

ance of this unit «as quite satisfactory ani the results of these tests 

«ere of particular Interest to the Research Division of the Rocket 

Branch at Aberdeen, Maryland. Cn request from Aberdeen, a calibrator 

unit Incorporating some modifications was supplied by the Bell Telephone 

Laboratories. After trial, the unit was found satisfactory and six 

more were immediately ordered. When additional static firing ranges at 

the Allegany ballistics Laboratory were equipped with a-c bridce record- 

ing equipment, additional calibrating units «are needed. Minor changes 

of design «are made. Of particular importance was a provision made to 

supply two rangss of resistance steps, and a separate unit was provided 

for each channel. This design has been called the standard calibrator 

unit (see Fig. 2). Twelve units have been supplied by the Hell Tele- 

phone Laboratories and their performance has been excellent. 

2. Description of standard calibrator unit 

The circuit diagram of the standard calibrator unit is shown in 

Fig. it  the wiring diagram In Fig. It. It will be noted that the devioe 

consists of five multicontact telephone-type time-delay relays and four 

pairs of fixed resistors. The sllvar switch DJ_ providaa for the selec- 

tion of one of two ranges of resistance steps that appear across 

terminals A and B as the calibrator goes through the cycle of operation. 

The first four relays carry k  "break" contacts and 2 "make" con- 
tacts. The "make" contacts energize the next relay. The "break" con» 

tacts remove resistors from the circuit A-B. Relay S| has 6 "make" 

contacts, It of these place a short across A-B and 2 complete the firing 

circuit through the terminals marked F. The resistors used are of the 

nonlnductive precision wire-wound type, with a very low temperature 

h/   See Bibliography, 
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coefficient of resistance. The snitch ü1_ is a silver knife switch hav- 

ing a very snail contact resistance. 

To minimise the effects of change in contact resistance at the re- 

lay contacts, a number of contacts are connected in parallel. Each 

contact spring of this type relay has double contacts« There are, 

actually, k contacts in parallel for each resistor. This feature has 

been found to be adequate protection against variation in contact re- 

sistance. When first received, the automatic calibrators displayed 

some chance in capacitance across Affl because of the Inclusion of addi- 

tional relay contact springs in the circuit as the unit want through 

its cycle. This capacitance change was eliminated by Installing the 

additional wirtn- shown as dashed lines on the wiring diagram, Fig. It. 

This arrangement keeps all switching contacts in the circuit throughout 

the cycle of operation, and results in no appreciable champ in bridge 

talance with all relays open, or all relays closed. Capacitance 

effects are, of course, minimised by having the calibrator connected in 

the ground side of the bridge. 

The action of the calibrator involves three circuits. In the gage 

circuit, terminal A is connected to the ground side of the a-c bridge 

equipment, and terminal E is connected to one side of the wire strain 

gage, thp circuit being completed through the hleh side of the br'dge 

directly to the gage. Tha control circuit, connected to the two C 

terminals, energises the relays. By changing the control-circuit vdt- 

age the stepping rate of the relays may be varied. The two F terminals 

are connected in series with the firing circuit. 

With the opening of the camera shutter on the recording equipment, 

relay dl_ is energised through a suitable circuit, removing the short 

across. A and B and inserting the resistors in parallel, also energising 

relay S2. When relay S2 operates, the 1-ohn resistors are removed from 

the parallel combination and §3_ is energised. When §3. acts, the 3-ohm 

resistors are removed from the combination and Sl^ acts. When this 

occurs, the 6-ohn resistors are removed from the circuit and s£ is 

energised. When S5 acts, a short is again placed across the gage cir- 

cuit A-B 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 gags recording the event anl a record of this change Is 

Confidential I 
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(A) COMPLETE   UNIT 

{ijf UNIT   WITH   COVER  REMOVED 

(C^RELAy   OF UNIT, COVER   REMOVED 

FIG I. THE FRST AUTOMATIC CALIBRATOR UNIT 

cWFETrriÄT (DCUBLL CALIBRATOR UNIT). 



-5- C. NFOENTIAL 

(A) COMPLETE   UNiT 

(ß) FRONT   VIEW  OF UNIT   WITH  COVF P  REMOVED 

(c) REAP   VIEW  OF UNIT  WITH  COVER REMOVED 

FIG. P.   STANDARD  CALIBRATOR   UNIT 



CONFIDENTIAL 

Q 

Q      O 

NAA-O- 

c 
<«1 

3 

c! 

•6- 

<-> Ä O     U.    u. 

Q     *     Q OO 

^ 

9 9 

Ä 

:3 9 9 

4£ 

:3 Q O——     <o 

^ 

6^ n i 
w I   _ 

Ä 

ij UJ Ul UJ 
o u u y 

££££ 
I/) lQ UJ (/) 
ui ul u0 ul 
UJ Ui Ul UJ 
cc oca or 
in OD (T N 
?5 <*) <T} i<> 

t t t t rTTT 
D OOO 

—"rvi n \j- 
cc a: ac a. 

X 
u 
t 

s I 
i * 

u, 
Ö Ul 
UJ t 
UJ      fc 

ti -I 

i h Q- Q Otft| 
Q.h      ro 

UjQtfui a     z 5 

i mOO 
O — U. 

OO >° 
oft :.• 

•t 

CONFIDENTIAL 
ul 

< 
cr 
o 
< 

t 5 o 
o 

s 
•< rr 
S 

-j 
•t o 
I   ! 
ir 
•l 
Q 2 
< 
h- 
(.' 

ro 
O 



7- caNfQgNTIÄC 

rr 
u 
o z 
rr 

Z 
rr 

I < 

rr 
O 

-J 

2 

3 H 
T o < 
O      tr 

0 
1- 
-> S 

^ ^ J or _l 

rr 
o 
er 3 3 

S
IL

V
E

 

FU
S

E
 i- 

5 
UJ 

< 
tr 
< 

5"   ! J 
m" 

i 
•4. 

z 
< 
h 

4 
to m tr 

?525 £ 
O 

o55o   d 
— ro <o rvj    or 

—"rvj ro •>* 
rr tr rr rr 

öl 
i/i 

C0MriDr.NTiÄü 



naSBOEHIBI 

o 
tr o u 
LJ 
rr 
UJ 
2 

o 
u 

loNl-mFKJTiAi 



Confidential 

traced out on the film isee Fig. 5). ..hin the switch D1_ ia open, the 

resistance steps appearinc across terminals A and B are i, 1, 1jt« and 

2 ohms. With the switch dosed, the resistors are connected in parallel, 

reducing their total resistance by one-half,and the steps, therefore, 

become 1/ii, 1/2, 3/ii, and 1 ohm. These are the nominal values of the 

resistance steps. The actual values ware determined bv a more precise 

method* 

The exact resistance value of each calibrator step was measured 

using the same bridge and galvanometer used for gage calibration*  The 

cover was removed from 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 several hours. A 3-volt battery 

(sufficient to close the relays without overheating) waa connected in 

series with a switch to the control circuit terminals C-C. A small 

wooden wedge was used to block the sequence of the relays so that re- 

sistance measurement of each step could be made. The resistance waa 

msasured with all relays open, that Is, terminals A and B shorted by 

the contacts of relay SI., which represented the resistance of the strain 

gage and connecting wiring. The stop wedge was then Inserted in relay 

S2 and the control circuit energised,causing the first relay to close. 

The resistance was again measured, and represented the resistance of 

the strain gage plus the resistance of the first step. In a like manner, 

measurements ware taken of steps two, three, and four. Then the re- 

sistance was msasured with all relays closed with the contacts of Si» 

shorting terminals A and B. The measurement with all relays open and 

all relay* closed provided a check on temperature changes, relay contact 

resistance! or other factors that might affect the zero resistance. 

This set of measurements constituted one observation. Five observations 

ware made for each calibrator with the switch DJ_ open and with switch 

D1 closed. 

In calculating the value of resistance for each step, the zero re- 

sistance was taken as the average of the value obtained with all relays 

open and all relays closed. This value was subtracted from each value 

obtained for the four steps. An average waa then taken of the resistance 

of each step obtained from th» five observations. This avsrage repre- 

sented vary accurately the actual value of the resistance step. Table I 

Confidential 



ConfidantCT 10 - 

•     •     •     •     • 

r- t— t^- c— r— i*- f- 
<o on co i*\oo (*><o 

•   •••••• 

ID CM CM J 

O i-xKV 

*£*c38£8 
i*-i>- e— r— r-t— oo 
CO QD OO «^CO «*^CO 

•    •••••• 

M) O O Ö -O o >o 

CM CM CM CO 

<3\ w» as K 
•   •   •   •   • 

CM CM CM CO 

«1:0 0 i*\ct> f^oo •   •••••• 
v •© NB NS M5 NO ND 

$3SS 
3 ">   3 a. O 

mt> o 'O cQ co co 

-  '-     .   r* 

•O O <*\ Ö -O -O   " 

co co co fo eg co co 
>Ö CO   *"* i*V»'  f*l • > > •   •••*•• 
*0 sD M* NO NB NO ^O 

o o o o 
O  O  0  O 

S.S. -I'M» 
O  O  p        •- CM «»S 

if 
El 

u a .1 

U 

II 
II 

• 

• S 

«I 

si 

O   « 

I 
Conftdantial 



11 Confidential 

show« resistance data obtained for standard calibrator No. 5, viiich 

illustrates thi method and precision of tha device, variations are 

within the limit of error of tha resistance-measuring equipment. 

3. Conclusion 

The Bell Telephone Laboratories provided 8 standard calibrator 

unite on the first order and U more on a subsequent order» These units 

«ere constructed in accordance with tha ell Telephone Laboratories 

Drawing No. BO-105910 (the circuit diagram shown in Fig. 3) and the 

:-ell Telephone Laboratories Drawing Mo. 30-105911 (the wiring diagram 

shown In Fig. It). These calibrators have given excellent service with 

a minimum of maintenance. The only maintenance required was burnishing 

of th" relay contacts before measuring the resistance steps or placing 

in service. After about six months' service, one pair of units showed 

some erratic action. The contacts on these units wsre reburnlshed and 

the resistance of the steps remsasured. The resistance of the steps 

had not changed appreciably in this time. 

Confidential 
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