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25 using a bonding agent that disintegrates at high tem- 

3,005,332 10/1961 McClintock . ate data acquisition system and data collected through- 
temperature excursion. Once the 

data is obtained, the test block 25 is heated until the 3,448,607 6/1969 Russell 73/766 
3,451,030 6/1969 Garfiiel . 
3,934,452 1/1976 Prevorsek et al. . bonding agent disintegrates, freeing the gages 10 from 
3,956,919 5/1976 Vranas .................................. 73/1 B the test block 25- The gages are then disconnected from 
4,115,174 9/1978 Bauer et al. . the data acquisition system and cleaned, thereby ready 

for use on transducers. 

the National Aeronautia and Space 
represented by the Administrator of 

Administration, Washington, D.C. 

.............................................. .......................................... 
[58] Field of Search ......................... 73/1 B, 765, 766; 

~561 References Cited 
U.S. PATENT DOCUMENTS 

2,357,643 9/1944 F%yd .................................... 73/1 B peratures. The gages 10 me then wired to appropri- 
3,447,462 6/1969 Pien ....................................... 73/766 out a 

.................................. 

FOREIGN PATENT DOCUMENTS 
2658324 6/1978 Fed. Rep. of Germany ............ 73/1 3 Claims, 7 Drawing Fijpres 







'4 

FIG. 5 



I 
I 

.I 0 

0 EO,mV 

-.IO 

- .50 

50 



P 

‘ V  

4,426,874 s *  

; i  ’ : 1  , .  
accuracy for cryogenic transducers is greatly improved 
and less apparent strain correction wire is required. 

SUMMARY OF THE INVENTION 

STRAIN GAGE CALIBRATION 

ORIGIN OF THE INVENTION 
n e  invention described herein was made by an em- 5 The foregoing and other objects of the invelltiOn are 

manufactured and used by o the Government for ducer tYPe Strain gages. The technique Utilizes a tempo- 
governmental purposes without the payment of any w bonding system for accurately predetermining the 
royalties thereon or therefor. individual apparent strain curve characteristics of the 

10 strain gages and subsequently employs a computer to 
BACKGROUND OF THE INYENTION match the apparent strain curves of the individual strain 

This invention relates to a method for calibrating gages to determine which gages should be used to- 
transducer type swain gages and more particularly to a gether on transducers. 
method for accurately predetermining the individual The temporary bonding system for matching strain 
apparent strain curve characteristics of strain gages l5 gages requires a test block on which the gages are tem- 
prior to actual use. porarily bonded, a number of strain gages, several ther- 

A strain gage is a device which uses the change of mocouples for monitoring temperature and a data ac- 
electrical resistance Of a wire under strain to measure quisition system for recording apparent strain data. 
stress. Because resistance changes with both strain and Initially, a group of strain gages are attached to the test 
temperature, however, the apparent strain due to tem- 2o block using a bonding agent that disintegrates at high 
PeratUre Change must be COmPemat&d for if accurate temperatures. The gages are then wired to an appropri- 
data is to be collected. ate data acquisition system and data collected through- 

Inherent differences exist in the apparent strain out a predetermined temperature excursion. Once the 
curves of all resistance type strain gages. Because the dab is obtained, the test block is heated until the bond- 

at cryogenic temperatures, a 25 ing agent disintegrates, freeing the gages from the test 
block. The strain gages are then disconnected from the 

chosen strain gages are wired in a four-active-arm data acquisition system, cleaned, and thereby made 
Wheatstone bridge circuit. Pieviously, corrections for ready for use on transducers. 

wire placed internally in the Wheatstone bridge circuit. 30 will be more readily apparent when the specification is 
The correction wire has inherent problems, however, in taken in conjunction with the attached drawings to that long lengths are often required and physical space which it on most transducers is limited. In addition, long pieces 
of this apparent strain correction wire are difficult to BRIEF DESCRIPTION OF THE DRAWINGS 
place in intimate contact with the strain-gaged surface 35 FIG. 1 is a schematic view of the Wheatstone bridge and can cause erroneous bop data. 
ne wide operating temperature range of the Na- circuitry which is used in conjunction with the strain 

tional Transonic Facility at Langley Research Center gages =‘Ording to the present invention; 
makes it necessary to a force balance which has FIG. 2 is a graphic illustration of the apparent strain 
a minimized temperature induced output Over the entire 4o exhibited by typical strain gage cricuits due to tempera- 
temperature range and which is capable of providing 
aerodynamic load .data under cryogenic temperature FIG. 3 is a graphic illustration of typical strain gage 

ature in the cryogenic temperature range are inaccurate 
due to their typically Rodinear, temperature induced 45 
response. It is preferable, therefore, in developing trans- 
ducers with four-arm strain-gage bridges, to use strain 
gages wherein the individual apparent strain curves are 
accurately predetermined and matched. By matching 
strain gages prior to installation on transducers, the 50 employed in the Present invention; 
inaccuracies accompanying unmatched strain gages are 
aeatly reduced, and the need to compensate for tern- 
perature induced strain gage output is virtually elimi- 
nated. 

vide a novel method for accurately predetermining the 
individual apparent strain curve characteristics of strain 
gages prior to actual use. 

Another object of this invention is to provide a 
method of matching strain gages through data compari- 60 
son of apparent strain response. 

Still another object of the invention is to provide a 
method of matching strain gages whereby the gages are 
matched at points throughout the temperature excur- 

ploy* of the United states ernment and may be achieved by providing a method for calibrating trans- 

‘ 

are 
apparent strain arises when four arbiklY 

apparent swain were made using a temperature sensitive Other and &jects ofthe present invention 

ture change; 

conditions. Previous methods of correcting for temper- ‘loop’ error normally aSSOCi ith transient tempera- 
tures; 

f typical strain gage 
‘nonlinearity’ error normally asdociated with transient 
temperatures; 

FIG. 5 is a schematic Plan view of the gage matching 
test block connected to a data acquisition system as 

FIG. 6 is a graphic illustration of typical apparent 
strain curves for several strain gages obtained according 
to the Present invention; and 

FIG. 7 is a graphic illustration of the apparent strain 
Accordingly, it is an object of this invention to pro- 55 curve for a circuit of matched gages obtained by the 

FIG. 4 is a graphic illus 

ptesent invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1, there is shown a Wheatstone 
bridge resistor network employing a strain gage 10 in 
each of its four arms. When the Wheatstone bridge 
network is used with strain gages, it comprises a resistor 
network which is balanced such that the output of the 

end point, thereby resulting in a 65 network will be zero, E,=O, when an input voltage, Ei, 
response and apparent strain. is applied. When subsequent unbalance takes place in 
of the invention is to provide a the resistances of the network, the output of the circuit 

method of matching strain gages whereby the initial changes. The principle of operation depends upon the 
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deflection of the strain gages creating a change in resis- 
tance, thereby unbalancing the bridge circuit. As a re- 
sult, for a given input, the output voltage varies propor- 

voltage change can be read on appro- 

directly from the output data of the 

duce this loop effect 

rumentation. ' Therefore, mechanical strain 5 

Wheatstone bridge circuit. 
To ensure that the circuit is properly balanc 

free from extrinsic error, strain gages 10 must be 
such that in the absence of changes in strain, the output- 10 
voltage Eo remains constant at zero upon application of 
an input voltage, Ej. The general rule is that the Wheat- 
stone bridge will be unbalanced only in proportion to 
the algebric difference of resistance changes in any two 
adjacent arms or in propo,.tion to the algebric sum of 15 the individual gages 10. There are inherent differences 
the resistance changes in any two opposite in the apparent strain curves of all resistance type strain 

gages 10. Because these differences are magnified at terms of voltage this implies that 
extreme temperatures, a resulting apparent strain is 
observed when four of these strain gages 10 are arbitrar- 

20 ily chosen and wired in the bridge circuit. Therefore, it 
is beneficial to utilize strain gages 10 whose apparent 
strain curve characteristics are accurately predeter- 
mined and matched. By matching strain gages 10 prior 
to installation on transducers, the inaccuracies accom- 

25 panying unmatched gages 10 previously discussed are 
significantly reduced, and the need to compensate for 

The present invention accomplishes the matching of 

(1) Eo=(& +&)-@b+ED) 

where, 
&=output voltage 
EA =voltage across strain gage A 
&=voltage across strain gage B 
Ec=voltage across strain gage C 
&=voltage across strain gage D 

When Eo=(), the circuit is balanced. However, when temperature is viflwlb 

without a concomitant change in strain, the circuit is apparent strain Curves by means of a temporary bonding 
forced out of balance, resulting in an erroneously in- 30 system and computer data comparison Of apparent 

the voltage the individual strain gages changes 

strain curve characteristics. FIG. 5 presents a schematic duced output, i.e., an apparent strain. 
In order to obtain accarate data from strain g a ~ e  plan view of the gage matching test block 25 utilized in 

this process. Prior to installing the temporarily bonded bridges during transient temperatures, several types of gases 10, one reference strain gage 20 of the same type 
35 as the temporarily bonded gages 10 is permanently error associated with resistance strain gages must be 

overcome. FIG. 2 presents a graphic illustration of bonded eo the test block ES.  This gage serves as a 
stone bridge circuit. The vertical axis represents the fies that the apparent 
bridge output voltage,'Eo and the h0rimt.d axis repre- gages are tracEng wia respwt to each 
sents temperature. Starting at point A, the circuit is &her, but with respect a bonded gage 
subjected in incrementally decreasing temperature. Be- instalbtion, 
cause voltage is a function of resistance and resistance are then positioned and bonded io the 

will precipitate a change in the voltage across the strain ent physicd property character&tic of ~kintegatbg or 

inducing an erroneous circuit output. Thus, output volt- temperatures approachg exceeding 1700 F. for a 
age Eo is a function of temperature. Curve AB repre- period of time. In the specific example described herein, 
sents the temperature induced output of the bridge cir- a methyl-2-cy~~acr~rIate adhesive was employed using 
cuit as the temperature is i~Crement.dly decreased from the manufacturer's standard bandbg prowdures. This 
ambient to - 170" C. arid returned to ambient. Although 50 &hesive is available under the trdemme &&Bond 
the output deviates from Eo=O throughout the temper- 26w) Q, from the germahad hteme;lond Corporation, 
ature excursion, the'end point error, equal to 0.068 m v  480 &uth D~ Street, EnglewWd, N.J. T & ~ ~ c o ~ -  
is the largest. This apparent strain must be compensated ples 15 are placed st various locatiom on thc test block 
for if accurate data is to be collected. 25 to monitor temperature, and the gzgc terminals 30 

FIG. 3 represents a graphic illustration of the 'loop' 55 are individually comeckd & a suitable data acquisition 
error associated with transient temperatures. Loop system 40. In the specific embodiment of the present 
error can be characterized as the difference (lag) be- application described herein, a Tektronix 4051 basic 
tween the output of a bridge circuit during decreasing language computer is utilized. The optimum number of 
temperature and the output at the same temperature gages 10 to be matched at one time with the available 
during increasing temperature. Curve I illustrates the 60 computer system is sixteen. 
circuit output as a function of temperature as the tem- Test block 25 is then plwed in a test chamber and 
perature is decreased from ambient to - 185" C. Curve subjected to a predetermined temperature excursion. 
I1 illustrates the circuit response to increasing tempera- The data acquisition system samples the output of the 
tures. The resulting loop error is 0.028 mV. This loop gages 10 at selwteQ temperature intervals throughout 
error, primarily the result of transient temperatures 65 the excursion. FIG. 6 illustrates typical apparent strain 
&iring the temperature excursion, is generally caused curves for several individual strain gages 10. These 
by the phenomenon that one or more legs of the bridge curves represent the voltage across the strain gage 10 at 
senses the changing temperature in advance of the 0th- ' tall points throughout a temperature excursion between 

apparent strain'due to temperature change in a Wheat- reference for the temporarily bond& gages 10 and veri- 
c I p f v ~  of the 

The gages 
may be altered by temperature, changes in temperature t a t  block 25 with a a&&le adhesive fi-&g the inher- 

gages 10, thereby unbalancing the bridge circuit and 45 becoming ineffective when heat& and m&xtained at 
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ambient and - 180" C. Thus, curve I represents the Although the invention has been described relative to 
voltage across strain gage # 1 as a function of tempera- a specific application thereof, it is not so limited and 
ture, curve I1 is for strain gage #2, etc. numerous variations and modifications will be readily 

apparent to those skilled in the art in light of the abovd 
groups of four strain gage outputs by mathematically 5 teachings. It is therefore to be understood that within 
adding and subtracting the individual outputs to simu- the SCOW of the appended Claims, the h ~ n t i o n  mY be 
late the resultant output as if they were in a single Practiced otherwise than as SPeCificallY described. 
bridge (see equation (1)). The computer is, in essence, as new and desired to be secured by 
making all possible combinations of the apparent strain Letters patent Of the united states is: 
curves of the gages 10 to identify groups of four which lo strain gages for transducer 
should be used together. Thus, the computer matches 

calibrated to the test block; falls wit&% the tolerances for loop, nonlinearity and 
temperature induced apparent strain error established 

block for monitoring temperature; by the test operator. Typical values for these tolerances 

important to reiterate that although the present disclo- gages to a data acquisition system; 

effectuated by any conventional procedure or by man- 20 predetermined temperature excursion; 
ual comparison of the data. collecting strain gage response data throughout the 

FIG. 7 presents a graphic illustration of the apparent temperature excursion; 
strain curve for a circuit of matched strain gages subject matching the strain gages through data comparison of 
to a temperature excursion from ambient to - 195" C. the strain gage response data; 
and back to ambient. The loop, nonlinearity and tem- 25 removing the plurality of adhesively attached strain 
perature induced errors associated with transient tem- gages from the test block; and 
peratures are well within the established tolerance limits decoupling and cleaning the strain gages to prepare 
and, indeed, have been virtually eliminated. By identify- them for permanent installation on transducers. 
ing appropriate groups of four gages 10, the inaccura- 2. The method of claim 1 wherein the step of cleaning 
cies accompanying unmatched gages are greatly re- 30 the strain gages idudes flushing each gage with tri- 
duced and the need to compensate for temperature is chloroethane, Pumicing the underside Of each gage With 
virtually eliminated. Although the present invention is a grit Powder, flushing each gage With an ammoniabase 
applicable for comparing any strain gages, the gages 10 
utilized in the specific example described herein are gages with pure grain 
series SK-l 1-050AH-350, manufactured by Micro- 35 

applications comprising: Measurements, P.O. Box 27777, Raleigh, N.C. 
Once the data is obtained, the test block 25 is heated 

to approximately 170" C. and maintained at this temper- 

the bonding agent to disintegrate adequately to release 

nected by remelting the solder joints, and the strain 
gages 10 cleaned to remove any residual materials- This subjecting the test block and attached apparatus t~ B 

trichloroethane and pumicing the underside of each collecting strain gage response data throughout the 
with a grit powder. The power used in the present 
disclosure is a #3 aluminum oxide powder abrasive matching the strain gages through data comparison of 
(50p particle size). Each gage 10 is then flushed with a 
water soluble, 5% ammonia solution, and washed with 50 wherein the temporary bonding agent is a methyl-2- 
hot water. The final step involves flushing the gages 10 cyanoacrylate adhesive that disintegrates ade- 
with pure grain alcohol. After the cleaning process, the quately at approximately 170" C. to release the 
gages 10 are ready for use on transducers in the groups bonded strain gages. 
of four chosen by the computer. 

Once the data is collected, the computer 

What is 

'. A method Of 

securing a reference strain gage to a test block; groups Of four gages lo bridge Output adhesively attaching a of gages to & 

at least one themocouple to the test 

are mV, 0*01 mv and mV respectively. It is coupling the reference gage and a plur&ty of strain 

sure utilizes a computer, the matching process may be subjecting the test block and attached apparatus to a 

and then with hot water* 

3. A method of calibrating strain gages for transducer 

securing a reference strain gage to a test 
attaching a plurality of strain gages to be calibratecj to 

the test block with a temporary bonding agent; 

block for monitoring temperature; 

gages to a data acquisition system; 

ature for aPProximtelY two hours, permitting connecting at least one thermocouple to the tq t  

c o u p ~ ~ g  the reference gage and a plurality of strdn the bonded strain gages 10. The wiring is then discon- 
, 

cleaning process involves flushing each gage 10 with 45 predetermined temperature excursion; 

temperature excursion; 

the strain gage response data; and 

* * * * *  
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