


DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Presented at : NATIONAL TE LEMETERING CONFERENCE 
Baltimore, Maryland, June 1958 

U G A L  NOTICE 

This report was prepared a s  an account of Government sponsored 
work. Netther the United States, nor the Cammission, nor any person 
acting on behalf of the Camnissian: 

A. Makes any warranty or representation, expreosrd or implied, 
with respect t o  the accuracy, campleteness, or usefulness of the in- 
formation contained i n  t h i s  report, or that  the use of any informa- 
t ion, apparatus, method, or process disclosed i n  t h i s  report may not 
infringe privately awned r ights ;  or 

B. hsumes any l i a b i l i t i e s  with respect t o  the use of, or for  
damages resulting from the use of any information, apparatus, method, 
or procaas discloeed i n  t h i s  report.  

Aa used i n  the abwe, "person acting on behalf of the CaornPissianil 
includes any employee or contractor of the Comnission, or employee of 
such contractor, t o  the extent that  such employee or contractor of the 
Carmission, or employee of such contractor prepares, disseminates, or 
prwides access to,  any infomation pursuant t o  h i s  employment or con- 
t r ac t  with the Camuiesion, or h i s  emplay~~ent with such contractor. 

Printed in USA. Pr ice  $0. 75. Availaose rrom the Office of 
Technical Services, Department of Commerce 

Washington 25, D. C. 



SCR-128 . 

TID-4500 (15th Ed. ) 
INSTRUMENTS 

SANDIA CORPORATION RE.PRINT 

x .  

A TRANSISTORIZED SIX -CHANNE L AIRBORNE ' ST RAIN 
GAGE CALIBRATOR AND EXCITATION UNIT 

R. H. Gablehouse 

and 

C. E.  Er ickson .  

November 1959 ' 



ACKNOWLEDGMENT 

Acknowledgment i s  hereby made for the contribution of 
Mr. Glen W. Holmes to  the design and testing of this  unit a.nd 
for the packaging of the unit by the Product Engineering Section 
of Division 5224. 



I .  . , 

A TRANSISTORIZED SIX-CHANNEL AIRBORNE STRAIN GAGE CALIBRATOR 
AND EXCITATION UNIT 

' .  
2 .  

. . , .. 
1nt reduction. 

' . .  

This device consists of two subassemblies;  namely, the Excitation Unit ,and the Cali-  

brator  Unit. The Excitation Unit provides s ix  independent sources  .of regulated DC power from 

a single source of 28 volts UC. 'l'he capacity of each sourbe is nominally 1 watt  providing' 

e i ther  10.5 o r  20.5 volts excitation for  bonded o r  unbonded s t r a in  gages. The Excitation Unit, 

described in P a r t  I of this paper, comprises  a t r ans i s to r ' s e r i e s  voltage regulator which con- 

t ro l s  the input to a t rans is tor  magnetic flip-flop power supply. 

The 'Cal ibrator  Unit, described in Part.11, i s  actuated upon.command. It consists of a 

Ledex switch which connects strain-simulating res i s tors  ac ros s  the appropriate a r m s  of the 

s t ra in  gage bridge. The values of these res i s tors  a r e  calculated to  simulate precise  values of 

strain: o r .  acceleration and provide an .accurate scale  factor on the final telemetered record.' 

. . . 3 . . - 
The ~ e d e k  ro t a ry  switch has three double decks for calibrating s ix  channels of s t ra in  

and one deck for  voltage increments from zero  to plus three volts for calibration of voltage 

controlled subcar r ie r  oscillators.  4 The block diagram of Figure 1 indicates the two sub- 

assemblies  to he discussed. 

P a r t  I - Excitation Unit 

Iritroduction 

The requirement that the s t ra in  gage bridge excitation sources be independent'of one 

another, i.'e., have no coupling; .necessitated the-use  of a trans'former with multiple second- 

a r ies ,  and the development of the t rans is tor  cur ren t  controlled strain-gage oscillator1' 

dictated a DC supply for the bridges. -Both of these requirements were satisfied by using the 

well-known t rans is tor  switched, saturable-core flip-flop, employing rectification on each out- 

put winding. Figure 2 shows the circuit  used. The number of independent DC sources pe r  

unit was chosen to  be six; 'A power capability of one watt was necessary  from each,output, o r  

a.total of s ix  watts if a l l  outputs were used at maximum power. The use of bridges of different 

resis tances requiring different excitation voltages i s  provided for  by two taps on each of the 

secondaries at  nominally 10 and 20 volts. Fixed se r i e s  dropping r e s i s to r s  may then be used 

to  obtain the precise  maximum voltage for the particular gage to be used. 



Each output is supplied through a 100-ma fuse to prevent overloading the power supply 

should a short occur. 
. . . . 

Power Supply 

The magnetic flip -flop uses Minneapolis -Honeywell H6 power transistors  and a 

Deltamax No. 4168-D2 core. Frequency of operation is related to input voltage and primary 

turns according to  the equation: , 
. . 

gin = 4 f Np B, A x  10" (1) 

where: 

f = Frequency of switching, cps  

N = Ni~mher of prima.ry turns 
P 

B, = Saturation flux density, gauss/cm2 
. . . 

A = Cross-sectional a r e a  of the core, cm2 

To make the filter for each output a s  compact a s  possible, the frequency' should be high, 

but to prevent the transistors  from overheating because of their finite switching tirrie Lhe Pre- 

quency should be relatively low. A frequency of 4000 cps was chosen since it meets both 

requirements. 

To calculate the number of turns required on the primary of the Deitamax core to obtain 

this frequency proceed a s  follows: 

Select the applied voltage, which is the output of the regulator, to  ensure that the rated 
collector voltage of the transistors  is  not exceeded dur'ing switching. The transistor  
must withstand twice the supply voltage during this interval. F o r  H6 transistors  a safe 
voltage is 18 volts. d 

The saturation flux density BS for  the Deltamax No. 41G8-D2 core is 15,000 .gauss per  
s q  cm. The cross-sectional a r e a  is  0.086 sq  cm. Substituting into Equation 1: 

- in 
x 10" = 87 tur'ns 

N~ - 4 f B s A  
. . 

To sustain.oscillation, the feedback winding comprises 56 turns, center tapped, to . 

supply through a 220 ohm resistor  approximately 10 ma  of base drive for the conducting 

transistor.  . A  condenser of .07 microfarad is in shunt with this resistor  to decrease the .. . 

switching time. The resistor  .connecting the negative side of the voltage source to the base 
0 

circuit provides a base bias to ensure starting. at temperatures to -30 F: . . . 



Since a l l  s ix outputs must be well regulated and independent of one another, the logical 

location for the-regulating circuit is on the primary side of the transformer. . One problem- 

. then encountered is  the transformer leakage inductance which tends to degrade regulation for 

load changes. By distributing the primary winding, the regulator feedback winding, and each 

output winding around the full periphery of the.core, and.winding a s  tightly a s  possible, the 

effect of leakage inductance is reduced considerably. Special multifilar winding techniques 

could probably reduce its effect further, but this has not been done here. 

Regulator 

The voltage regulator is a se r i e s  "loss" type employing three stages of amplification of 

feedback e r r o r  signals which a r e  derived from two distinct controlling sources. These am-  

plified signals control the effective resistance of the ser ies  transistor.  One controlling signal 

is derived from an auxiliary power supply output winding a s  seen in Figure 2. The other is 

derived from a divider network across  the unregulated input, Figure 4. Considering the two . - , '  

sources individually, the auxiliary.winding source may be represented by the basic circuit a s  
., .: 

shown in Figure 3, where diode D ,provides the emitter reference voltage. 

The loop equations for this circuit a r e  extremely unwieldy, yielding only approximate 

results for nonuniform devices and no attempt at solution is presented here. The operation 

of the circuit can be visualized, however, by tracing the effect of a slight increase in input 

voltage through the circuit of Figure 3. The change increases the feedback voltage, which 

increases the collector current of Q, and allows the base of Q, to become l e s s  negative, there-  

by decreasing the emitter current of. Q,. Since this current is also the base current of Q,, the 

emitter current of Qi decreases also, causing the base voltage of Q,. to r i se  toward i ts  emitter 

voltage, decreasing the base cur.rent. This base current change increases the effective se r i e s  

resistance of Q, and the original increase in input voltage appears across the ser ies  t rans is -  

tor,  returning the regulator output voltage very nearly to i ts  original value. 

The effect of temperature on the regulator can be minimized by shunting a-thermistor 

network across the base bias divider of Q, a s  indicated within the broken line rectangle of 

Figure 3. Without this compensation, the effect of a temperature r i se  is to increase I of 
CO 

Q,, which ra ises  the base voltage of Qz and decreases its base current. This decrease is 

amplified by (a3 resulting in a decrease of base current to Q,, which increases i ts  effective 

resistance and lowers the voltage available to the load. By shunting a thermistor network 
2 

across the Q, base bias divider, this effect can be counteracted. 



With the; thermis tor  network connected, consider the circuit  action a s  temperature r i ses ,  

neglecting for  the moment the I, increase of the t ransis tor .  . As a resul t  of the decreasing 

resis tance of the thermistors ,  the effective feedback voltage applied to  the base of Q, de- 
' 

c reases ,  decreasing collector current  of Q1 and increasing base. current  of (4,. Emit te r  

cur ren t  of Q2 thereby increases ,  increasing emi t te r  current  of Q, .and'decreasing the base 

cur ren t  of Q,. Since th i s : i s  a.change opposite to that caused by the.effect'.of t empera t i~ re  on 

I,,, of the t rans is tors ,  a proper  selection of the thermis tor  network can largely compensate. 

f o r  over-al l  temperature effects. 

, . 

Because the pr imary  source voltage supplies other equipmenl, a lurlliei- step wnc' talcen 

to  regulate the excitation outputs against input changes. A sedond fs'cdbrick voltage is derived 

from 'a resis t ive divider ac ros s  the unregulated input and i s  applied'& the base of Ql providing 

an additional signal in paral le l  with the auxiliary.winding voltage for  'c bAt~o1 of the s e r i e s  ' t ran-  

s i s tor ;  Rf i s  the control for the addltioilal fee.dback sig~iil.1, l?igurc"4.' Emi t te r  rcf+re&e '' 

voltage for Q1, is obtained from a ~ e n e r  dio'de whose durrent  i s  subplied from the regulator 

output voltage. Figure 4 shows'a  10-ohm input res i s tor  added to  the circLit to lower the.vb1t- 

age ac ros s  Q4, and decrease 'its dissipation. ' A 15-mf capacitor has also been added .in'the . 

input c ircui t  of Q2 to suppress  any tendency. to  oscillate. . . . . 

Typical regulation and temperature character is t ics  of the ~ x c i ~ ~ t i o n  Unit aye shown' in 

F igures  5 and 6. 
. . , .  

Regulation for input voltage changes is less  than 1 per  cent. F o r  load changes from . 
0 0 

6 watts to 1 watt, it is a maximum of 1 pe r  c'ent. ' Over the temperature r.auge.of 3.0 to  146. Fj 

for  constant load and input voltage the change' in output voltage is l e s s  than 3 per  cent. . . 

. . 

The construction of the Excitation Unit is shown in Figure 'I. The tkansl'ul.lner is en 
. . 

capsulated in epoxy, and the .entire excitation section is a subunit of,the complete Strain Gage 

Calibrator and Excitation Unit .  

P a r t  11' - Calibrator 
. . . . ,  . I 

. : .  
Theory 

. .  . . .  

F o r  general te lemetry purposes, there a r e  few transducers  which lend themselves to  
. . 

calibration a s  conveniently a s  do resistive bridge t ransducers .  Used for  s t ra in  o r  acce lera-  { 

tion measurements ,  it is possible to simulate the magnitude of the applied stimulus by shunting 

predetermined r e s i s to r s  a c r o s s  the a r m s  of.the bridge. Simulating the actual stimulus is the 



. .. . . .  

ideal way tocal ibrate a telemetry system.  heref fore, i f  the calibration can take place during 

o r  just prior  to  the inflight condition the scale facior, stimulus/unit deflection, introduced upon 

the telemetered record provides the ultimate in accuracy. 

For  full bridge transducers a simple calculation will determine the value of the shunting 

resistor  for a given strain. 

The incremental change in resistance of one bridge element which determines the bridge 

unbalance and output is. related to the strain ,by the gage factor, Gf. 

,To arr ive at a value for the shunting calibrate resistor  in t e rms  of AR, consider one element 

of a bridge with initial resistance R paralleled with a calibrate resistor  Rc. The incrementi l-  

change in resistance is: 

which,' when expanded and simplified, is: 

Substituting: 

Then : 

for  one active a r m  of a full bridge; and: 



f o r  n active a rms .  

Where: Rc . = The calibrate res i s tor  desired, ohms 

R = Gage resistance, ohms 

Gf = Gage factor,  

RL/L = Strain to be .simulated - microinches per  inch 

n = Number of active a r m s  

The minus one may be neglected. 

The formula for the calculation of calibrate r e s i s to r s  for  accelcrometers  of the Statham 

variety is supplied with the instrument calibra.tion certificate. 

Operation 

The r a l i h r a . t ~ r  consists of three ro ta ry  switch wafers  driven by a Ledex solenoid. Each  

wafer  is double sided and has provisions for shunting three  calibrate '  res i s tors ,  f i r s t  ac ros s  

one a r m  of the bridge for  one polarity of stimulus and then ac ros s  another a r m  providing for 

the opposite polarity. There  a r e  s ix  calibration s teps for  each revolution of the switch. 

The accuracy of these scale  factors  with respect to  authentic representation of the s t ra in  

is not automatic and consideration must be given to the accuracy of the calculation itself and to 

the change in line r e ~ i s t a n c e . ~  In addition, the sensitivity of the gage itself may be a function 

of temperatiire,  any change in which would cause an e r r o r  in the representation of the strain.  

The calibration i s  a relative indication in that it takes place in conjunction with any 

residual  stimulus which is applied during the calibration. The magnitude of the information 

for  data reduction purposes is considered wilh respec1 lo the sensitivity and ~131.0 iinmediatcly 

af ter  calibration. The accuracy of the measurement is then s t r ic l ly  a fu[lcli~li  ol' the authcn 

ticity of the s t ra in  simulating res i s tors .  Of course,  the record reading resolution will be 

determined by the quality of the transmission, reception arld recording. 

Figure 8 i s  a diagram indicating the calibr.ale switching action and the resulting dis-  

cr iminated record. The calibrate r e s i s to r s  a r e  irlstalled on printed circui t  ca rds  in prepara-  

tion for  a tes t  and if possible, actual s t r e s s  is applied to  lhe t ransducers  to  authcnticate their  

represenlative values. 

Figure 9 is the actuating c i rcu i t ry  f o r l h e  Ledex switch. The stepping speed, which is 

s e t  fo r  approximately 50 rpm in the Mod 3A6, may be varied by changing the value of 



capacitor'C3. ~ e m ~ e r a t u r e  has a very  moderate effect on switching speed, and a life tes t  

indicated that 20 hours .  continuous run i s  a conservative rating. 

$2 
.L. 

Figure 10 is a phdtograph'of the cal ibrator  without the ~ x c i t a t i o n  Power Supply. 

Figure 11 is a photograph of the assembled unit, and Figure 12 is a photograph of the a s sem-  

bled unit with the associated six -channel s t ra in  gage subcar r ie r  osci l la tor  package. 

..I 

Environmental Tes t  R e s u l t s  

At this  writing W o  units selected from the pilot production run have been subjected to  

the below listed environmental t e s t s  with the indicated results.  The vibration testing 'will be 
/ 

completed by conference t ime ancl the resul ts  wil l  be presented then. 

1. Temperature 

F o r  the Regulation and Output character is t ics  of the Excitation Unit, s e e  Figures  5 
and 6 .  

The rotational spzed of the Ledex switch does not change by more  than 25 per  cent 
f rom -20' to +I45 F. 

2. Shock 

The Excitation Unit is uneffected by 200 g, 3 millisecond duration shocks applied in 
both directions of the three major  axes. 

The Calibrator Unit is uneffected by 200-g shocks applied in both directions of two 
major  axes. In the axis paral le l  to the major  axis of the. Ledex, the Calibrator is 
prematurely actuated for one calibrate sequence by shocks g rea t e r  than 50 g and 
7 milliseconds duration in one direction. 

3. Acceleration 

The Excitation Unit is uneffected by 100-g acceleration of 20 seconds duration applied 
in both directions of the three major  axes. 

The Calibrator i s  uneffected by 100.-g acceleration applied in both directions of two 
major  axes. In the axis parallel  to  the major  axis of the Ledex, the stepping action 
of the Ledex becomes e r r a t i c  when acceleration grea te r  than 30 g is applied in ei ther  
direction. 

4. Humidity 

1 The ent i re  unit is uneffected by temperature-humidity variations which produce 
moderate condensation. 

5. Altitude 

No effect t d  200,000 feet. 

6. Vibration 

(No data to  date. ) 

Target  specifications a r e  15 g from 60 to  2000 cps. 



REFERENCES 

. 1. Cecil E. Land, " ~ r a n s i s t o r  Current-Controlled Oscillator for DC Excited 
Strain Gage ~pp l i ca t ions ,  I t  National 'l'elemetering Conference Record, 1958 

2. G. William Harrison, "calibration of w i r e  Strain Transducer Systems, " 
Alleghany Instrument Company, Inc., Cumberland, Maryland. 



. . .. . 

. . Power Voltage ~ 

28 V 
~ e ~ u l a t o r  supply 

. . 

Strain 
b 

Gages 

+28 V 

Calibrator 

Start Calibrate 

Strain 

Gages 

5 

6 

VCO ' .' 

. . . . . , . , . . . 3 ... . . . Figure 1 



+ 

5 more outputs 

Figure 2 

+ 

Voltage 
-- - 

Q4 

Figure. 3 



+ ,,,,& 
10 

== 15 + -- -- 
t 

- 
\ 

Q1 

5 more outputs 
. . a s  above 

C Q ~  

- 
t 
\ 

Figure 4 



10.2  
Output 

Voltage. 
a c r o s s  

one 
Strain Gage 

1 0 . 0  

Output 
Volts  

- - -  

- - - -  

I I 
I i 

- - -  - 1- total = 6 watts I 
- I- 

I I 

I I 

I 
I 
I 

I I I - 

2 4 2 6 2 8 3 0 32  
Input Volts 

Figure 5 

6 watts load 

,,,, 1 . 8  watts load 

I I I I 
26 2 8 30 32 . 

Inpuk Volts 

Figure 6 





0 0 0 0 0 0  

Excitation 

4 100 Milli-seconds 

Calibration SwitcJhg Action and Resulting Scale Factors 

Figure 8 



Ledex Stepping Circuitry 

r--------------- 
/ C 

7 

0' 
0 

0 
/ 0 ' 

~e d/ex 
N. C. 

+ 28V 

Calibrate c I I 
I I 

Command I 

Figure 9 

N. 0. 

c 
3 

- 

== Hi-G 
Relay 

a - 

- 







Figure 12 




