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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE NO. 887 

A PORTABLE CALIBRATOR FOR DYNAMIC STRAIN GAGES 

By Albert E. McPherson 

SUMMARY 

A portable device for calibrating dyna mic strain 
gages is described. The device contains a -motor-driven 
cam. which a pp lies alternating tensile ~oads to a metal 
s t rip 5/ 8 inc h wid e B'n d _ 6-} inc h e s 1 0 n g ,- The cam i s d e­
si gned to produce a nearly sinusoidal variation of strain 
with time. Dynamic gtrain gages with gage lengths up to 
5 inches may be caliorated by mount:i.,ng -.t ·hem on the strip 
and by changing -the frequency and the a mp litude of the 
tensile load. The frequency may be varied from 15 to 30 
cycles p er second and the strain amplitude from 0 to 
10XlO- 4 - in steps of 2XlO- 4

• 

INTRODUCTION 

Dynamic ' strain gages are su:bjected S>9 .-severe cOl1di­
t ion s 0 flo a d ii! g and 0 f e xp 0 sur e w hen use d . tom e a sur e 
strains on airplanes in flight. It is desirable to cali­
brate them frequently after use in order to. check_ that 
the measur ements were made with the gages in working 
order. The portable dynamic calibrator described in this 
re po rt wa s developed at the National Bureau of Standards. 
at t he request of the National Advisory Committee for 
Aeronautics. in order to facilitate the calibration of 
dynamic strain gages at locations where the larger labo­
ratory type of calibrators are not available. 

CONSTRUCTION AND OPERATIO N OF THE CALIBRATOR 

Principles of Operation 

The portable calibrator is a device for calibrating 
dynamic strain gages by mounting them on a strip of sheet 
metal , which is then subjected to known alternating strain. 
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Ca lib r ation c on sists in a comp ari s on of the out p ut.of the 
strain gage with th e known a p Dl i ed strain . 

Th e p ri nc i ples of op er ation of the ' 6alibrator may be 
und e rs tood by r e f e r e nce to figur e s .1 and 2 . Th e strip of 
metal on which the strain gage is mounted is designated B. 
Th is strip is s u bjected to an alternating stra i n of k no wn 
fr eq uency and a mplit u de as follows: The ri gh t end of t h e 
strip is clamp ed in the fixed cl amp Ci the left end, in 
t h e movable c lamp D. The movable clamp is free to rock 
a b ou t t h e bearing E. A rocking motion of the clamp is 
p rodu ced by the cam F, which is driven by the electric 
moto r shown in figure 2. Th e r o c k ing mo tion is of suffi­
ciently small amplitude t h at the displa cement of clamp D 
relative to clamp C is p ract ically '~~i~l . . Thi s rel at ive 
disp lace ment p ro duces an al te r nat i ng ' tensile ·st·rain :i n the 
s trip . Th e amplitude of t he strain may be varied by c hang­
ing the eccentricity of cam F; the f re quency . by c hang­
i~g the s peed of the motor driving the cam. The str ip is 
assemb~ed und er sufficient initial tens ion that it will 
not buckle during the c omp ressi on str ok e of the alternat­
ing mot ion of D. A dam~ er A is provi ded to p reve n t 
latera~ whipping of the strip. 

Desi g n 

Material s used in the cons~~~c~Ion of the va ri ous 
parts of the p ortable calibrator are given in table I. 
Details of construction of the calibrator a re shown in 
fi ~-cJ. ~es · 3 to' 9: Th ese' deta'ils' "diffe'i' from- t'he' detail s of 
t ne exper i mental ca librator s howh in fi ~h re 2 · . , in _ thre~ . 

re sp e ct s: 

1. The double ca m F in fi g u re 2 p ~oved cumberso~e 

for ad jus t men tan di s rep 1 a ce d by the c a IOD 0 sit e ca m s ho w n· 
in detail i n fi gure 7. Thi s co mDos i te cam was d es i g ned 
fro m informatio n g ained fro m t h e use of the double cam 
and the two ca ms are si milar in essential detail s. The 
comp os i te cam has llO't been co nst' r uct 'ed since. ·there is no 
rea son for su~p o s i ng t h at it wi ll fu~ction diffe r ently 
fro m the doub le ca m and since the g reate r co n venience of 
adj u s tment is ob~~o~~ . 

2 . The motor base in fi Bure 2 wa s ass emb led f r om ma ­
terial that happ ened to b e i mm ediately available . A s im­
ple and mo r e r ugged design of base is given in figure 8. 
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., 3 . The stroboscop ic sleeve 
rep laced by the marked coupling , 
10, in order to save space. 

G, s h own in figure 2, is 
shown in fi gures 9 and 

. 
T ~e total wei g ht of the calibrator (fi g . 2) was 

about 57" pounds. 

Asse mbly 

Th e calibrator ma y be assembled b y following the 
drawi ng s in fi gures 3 to 9 except for the cam sleeve, 
p iece 13, in figure 7 and the m~tor shi ms in fi g ure 10. 
Th e di mensio n s for these pieces are deter mined after the 
calibrator has been asse mbled . 

Th e eccentri c ity of t h e cam is exp eri mentally deter­
mined in order to obtain strain incre ments close to 2XIO- 4 

Th e followin g p rocedure is used: Mount a strip, piece 22 
(fig. 11), ti gh tl y in t h e jaws using a sta n dard bar, piece 
24 (fi g . 11). to deter mine the free l e n g th of strip be­
tw een the jaws. Put the damper. piece 27 (fi g 9). on the 
back of the strip with ~ubber ban ds about 1/2 inch from 
each end. Place- t h e jack , piec'e 25 (fig . 11). in the 
s h aft h ole and adJ u st the screw in stic h a way ' t h at t h e 
b ell crank is near t h e camshaft e n d of "its s wi n g . (See. 
de tail of jack asse~bl y . fi g .' 11.) Place a strain g a g e 
a{ t he ~en te~ oi th e st~ip and a~p i y ~ - ~train of ,about 
2><10- 4 by ti ghte n ing t he nu t, p iece 2 6 (fi g . 3). ', Locate 
a d i al g a g e on t h e fra~e to me asu re t 'h e 'rise of t he l ev er 
a~ ' t he jack . (See ' d e t~il oi j a c k a~s embly , fi g : Ii.) 
Incr ea s e t h e 4str,a ,i n in ,tl1e strip: b y' seve r a l ' s t e,? s up to 
a bou t 22XIO - by r a ising t he l e v e r 'a :t t h;e j .":i c k , an d me a s­
u r e the ris e Rnd , th e st'rain a ,t ea ch ' st ep,. 

Plot t h e str~in a g ainst t he r i s e as gh own i ~ f i g ure 
12 . F a ir a li n S 't h rough t h e ~ di nt s a n d fr om t h e li n e 
d etermine t b e ~ise c o rres~ o n di ng tO ' a ~ t ~ a in of 10 XIO- 4

• 

I n f i 5 u r e 12" t h is r i se w ~,' seq u a 1 ta O . 20 4 ~ Y1C h . 

Th e ecce n tr i cit y e o f t h e cO ID,?o site cam, p iece 1 3 
( f i g . 7), cor,resp o ndi ng, .to an a mp litud e o f rise e qual to 
0 . 204 i n c h is e qual to o n e- h alf t h e rise, or 0.102 i n c h . 
Th e cam can n ow be machine d in accorda nce with fi gu re 7 
by" u se of the exp erimentally deter mi,ned value of e. 

The shims under the m ~tor (fi g . 10) ~re d h osen aft e r 
asse mbly in order to obtain accurate aline ment ~e tw een t h e 
cam an d t h e m o t o~. This aline m e~t is ' n~ce s sary becau s e 
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the ar ma ture of the motor is ri ~ i dly connected to the c am 
in order to u tilize it as a flyw h eel on the camshaft . 

The electric circuits in fi gure 11 a re fo i the moto r · 
used on the experi mental model in figure.2 .~ . The circuit s 
may have to be modif ied in any g ive l c a s~ to s~it ava i l­
able eqUipment . 

Op eration and Calibration 

The first ope ration to b!3 performed on the co mp let e d 
calibrator is to det erm ine accurately the strain amplitude 
caused by each s etting of the c am . 

For this purpo se the c al ibrator may be p laced over 
t h e edg e of a table as s hown in fi g ure 10. A stri~ , p iece 
2£) · (f. i g . 11), i scI a mp e din the j a VI s, wit h the s ta n d a r d 
bar used to determine t h e fre e l eng th; and the dampe r, 
piece 27·· (fi g . 9) , is attached to t h e strip with r ';' bber 
bands ,a .t : eac h end a s sho wn i n fi gure 2 . I n order to s et 
t h e cam ·to a nominal amplitude,the indexing p in, piece 15 
(fi g . 7), is re mo ved fro m the camj the outer ring of t h e 
c am is rot ated until t h e nUl1b ers indicating nominal amuli ­
tude coi ncide ; and the indexi ng p in is replaced a n d ti ght­
ened in the oute r ring h ole marke d wit h the no minal a mu li­
t ud e . The tension nut, p iece 26 (fig . 3), is ti g htened 
to ' b ri ng the bell-cra nk shoe against the c am . A calibrated 
strain gage is plac ed on the strip nea r its center to ad­
just the i nitial tension; (that is, the tension i 1 t h e 
strip when the bell cra nk is in its lowes t po sition r ela­
tive- to t h e camsha ft). The lowest positio~ can be found 
by observi ng eit he r t h e str a in or the motion of the bell 
crank as the cam is turned by hand . With the bell crank 
in the lowest uo sition, t h e strai n is fi rs t rele a sed by 
looseni ng the tension nut and is t h en rea pp lied SO that 
it has a value of a b out 2XIO- 4 when t h e te n sion nut is 
loc k ed with the lock nut. Th e calibra t or s hou ld be op er ­
ated for a few cycles and t h e g a ge reading at the mini mum 
should be c hecked to i n s u r e that t h e strip has not sli ped 
in the jaws . A decrease in t he r eadi ng ind icat e s th a t the 
jaws have s lipped . The jaws shou ld t he n be readjust ed and 
the setting sh ou ld be r ep eated. The strain amplitude for 
the no minal s e ttin g c h osen is measu r e d by t he strain g a ge 
when the machine is operating at JO cycles pe r second. 
This procedure is repeated to determ i n e the strain ampl i­
tude for the remaining cam settings. 

The angu lar speed of the ca m may be adjuste d to 15 
a n d 30 cycles p er second by moving the rheostats until 
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either the 15- or the 30-cycle ma r king o n t h e strobo scopic 
sleeve appears sta t io na r y when the neon light is connec ted 
to a 60 -cy cle alternating-current l i n e. Int er mediate fre­
qu e ncies can be measured wit h a suitable tac h ome te r. 

During operation the bearing s s hou l d be l ubricated 
with SAE 10 motor oil. The cam face sho u ld b e li g h tl y but 
frequent l y lubricated with SAE 90 hypoid g ear oil or with 
va s eline . 

PERFORMANCE TESTS 

The strain gag e used i n most of t h e t e sts described 
in this repo r t was a 2-i n ch Tu c ke r man op tical strai n gag e 
with O. 2-i nch lozeng e and wit h a re gu la r flat s p ecimen 
knife edge. A p reli mi na r y r un with a li gh twe i ght Tuc k erman 
g ag e had shown that the err o r due to elastic deformation of 
the strain g age b y the vibration i n the strip was too s mall 
to be measured even at the h i g hest c am s etti ng a n d t he ma x­
i mum speed (~O cycles pe r sec) . The ga g e was r ead with a 
Tuckerman auto co l limato r equipped wit h a r e ticu l e for vi­
b rator y strain s. Thi s ~ roc edur e pe r witt e d obs e rvat io n of 
the strain a t the ext r eme p osition s t o within +O.05XIQ-4 

Wav e Form 

Th e v a riation of strai n i n the calibrating s t rip B 
(fig. 1) with ti me s h ou ld b e app roxi matel y · ~inusoida l; a 
ma rked deviation fro m a si nu soi dal wa ve fo r m i n the ou t put 
of the strain p ic kup ma y t h erefore be u se d to i ndi cate 
distortion. 

Th e wave fo r m of the strain in the str ip was observed 
by mounting a Baldwin Southwa r k SR-4 Wi re s t rai n gag e on 
the cente r of the strip and recording its output wit h a 
cathode-ray oscilloscope. Fi gu re 13 s how s th e wave form 
on t h e screen of t h e oscilloscop e for t h e max i mu m cam set­
ting and at a freque n c y of 30 c ycles pe r second. The hori ­
zontal line i s th e i nd icatio n for zero d ynam ic strai n out­
put of the SR-4 g a g e. The wa ve f or m is see n to be a clos e 
a p proximation to a si ne c u rve. A si nusoidal variation wa s 
also o b s erved at ot he r frequenci e s and at oth e r cam setti n g s. 
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, , 

Effect of Repl,a 'c,ement of Strip and of Chang e in ':Fre~uency 

The strain amp litude ' for a given cam setti ng s h ould 
be t h e ' same after rep l ,acement of the st,rip by a new strip 
of the sa me material and t h e s 'ame, dimens'ions . The' strain 
am~ lit u de should be the same over th e rang e of recomm~nd~d 
operating speeds . 

The effect on strain a mD litude, of rep lacement o f t h e 
strip was tested by successively setting up five str ip s 
i n t h e calibrator and usin g an initial tensile strain o f 
2XIO-~ . : The strain excursion for the maximum cam setting 
wa s deter mined , for 15 and for 30 cycles p er s~cond in 
o rder to determine t h e effect of c h ang e in frequency on 
t h e s t r a ina mp 1 i t u de. ,T he res u Its are g i v e n i n tab 1 e I 1. 
Th e straL~ a mD litude for t h e maximu m cam setting fOr the 
five different strip s was . equal within ±l p ercent ' to the 

, ave.ra g e value of 10. 6XIO- '* . , The chang e in s 'train amp li­
t u de d u e to incr~asin g the frequenc y f~dm 15 tti 30 cycles 
per seco n d was too s mall to be measu red . 

Effect of Initial Tension 

The strai n a mp lit ud e for a g iven cam setting shou ld 
be t h e same for variations in the initial tension of t h e 
calibrating strip that mi gh t occur in clamp ing the strip . 

A chan g e in initial te n sile strain in the strip from 
2XIO- 4 tp 4XI O- 4 did not c h ang e the strai n a mp litude f or 
the maxi mu m setting by a measu rable a mount. It is ina dvis­
a b le to carry the initial strain above 4XIO- 4 inas mu ch as 
f a ti g ue failure may , result after a short period of u se. 

Unifor mit y of Strai n Distri butio n in Strip 

The strai n i n the calibrati ng stri p should be unifor m 
in or d er t h at t h e strain i m~ ressed on the p ick u p will b e 
the sa me for a g iven cam setti ng , regardless of the g a g e 
length of t h e p ick u p . 

The variati on of strai in the strip was measure d as 
follows : Th e strip was s e t up for an i n ter mediate v alu e 
of amplitu d e a n d the c a librator was op erated at 30 cycles 
p er seco n d. Th e strai n amp lit ud e at several p ositio n s 
~long the strip was me a s u red wit h a 2-inch Tu ck erman g a g e. 
~he results a re g iven i n fi gur e 14. The strain amplit u de 
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is seen to be constant within the orde r of accuracy of 
ob se rvation over the c ent e r 5 inches of the strip. 

Effe ct of Mas s of Gag e for Give n Cam Setti ng 

7 

The strain a ~pli t ud e i n the c al i b r at i ng s t rip sh oul d 
not be affected b y the i ne r ti a e ffect s int r oduced ~y the ' 
ma ss of the s t rai n p ickup . The cali b r ator was tested fo r 
this ef fe ct as follows : An SR-4 wir e strai n gage wa s at­
tached to t h e strip to me a sur e the s trai n amp litu(l e: " 'A 
dummy gag e, having a le ng t h of 2 i n c he s and weighing 5 . 8 
ou n ces, wa s moun t ed on t he spe ci me n wi th its p oints span­
ning the SR- 4 gage . The ca lib r ato r wa s operated at maxi­
mum strain amp1it,ude ( 10.6 X1 0- 4

) at 1 5 and at 30 c y cl es 
per second and the strain was measured a t e a c h fr e que n c y 
with and wit h out the dummy gag e attac h ed . rh e effect of 
the 5.8 -ou nc ~ gag e on the strain amp lit ud e wa s less than 
the obser vational error in the strain measu r ement. 

CONCLUSIONS 

The d y na r ic calibrat o r appears suitable for the c al ­
ibration Of d r nam ic s t rai n gage s at strai n anplitudes 
varying in five steus f r om 2XIO - 4 to l OXIO- 4 and at fre­
quenci~s ~rom 1 5 to - 30 c y cles p er ' seco nd~ ,' The error in 
the app l ied strain a mp litude s hould ' no't ,'_6xce'ed 1 "Oe rcent 
of i t s max i mum v alu e of lOXIO- 4

, p rovi ~iathat the gage 
ha s a gag e le gth n ot excee d ing 5 ' i n che s ' and a weight not 
exceeding 6 oun c e s. 

Nationa l Eu r eau o f sta n dard s , 
Wa s h 'ing ton , D. C. , Novemoe r 9 , 1 942 . 
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TABLE I 

MATER IALS USED IN CO NSTRUCTION OF PORTABLE CAL IBRATOR 

Piece 
----- -----,--- - - --------..... - --:--- Number 
Designation 
on figure 

1 2} :3 
4 
5 
o 
7 

~} 
10 
11 
12 
13 
14 
15 
1 6 
17 
18 
1 9 
20 
21 
22 
23 
24 
25 
2 6 
27 

Na me 

.Frame 

Sp acer 

Lever 
Trunn ion 
Cla mp 

Cl amp i ng ba r 

Bearing collar 
Cam follower shoe 
Cam surf a ce 
Cam sleeve 
Cams h a ft 
I nde xi n g .p i n 

,Ni o to r base 

of p iec e s 
requ ir ed 

2 
1 
1 

·1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 

Material 

Cold- rolled st ee l 
Do . 
Do. 
Do. 

17S- T alum inum alloy 
Annealed cold- rolled steel 

Do . 
Do. 
Do. 
Do. 

Beari ng met al 
Annea led cold-rolled steel 

Do. 
Co ld- rolled steel 
Drill rod (SAE 1095 ) 
Annealed cold- roll ed st e e l 

Bea ri ng , t r u:nnion 2 Bear ing me tal 
MOtOT sub-ba se · 1 Oak 
~ea r . i ng , shaft . 2 'Bearing met a l 
Coupling L Cold-roll e d steel 
Trunnio n, s p acer 2 Do . 
Strip 24 S-~ alum inum alloy 
La mp brack et 1 Brass 
Ba r 1 Col d-rol led st eel 
Jack 1 , Do . 

_~::::~:_:~~ ______ ~ ___ ! _____ l~~~~~::~:~~:: _____________ _ 
Assembly screws. 1/4 in. b y 28 by 3/4 in . recess head caps crews 
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TAB LE I I 

STRA IN AMP LI TUDE FOR MAX I MU M CAM SETTI NG 

----------------------l---~~~:~:-::~~~~:~:----
."'- - - ------------------ 4- ---------- -T-- ------- -

______ F r equ en cy I 
~/seC )1 15 30 

-----~~~~------------ - --- --- ---- - -----------
1 10 . 65 X10-

4 
10 . 65 X1 0 - 4 

3 10 . 50 10 . 50 

4 10 . 65 1 10 . 65 

5 10 . 55 1 10 . 55 

________ ~ ___________ J_~~~~~ ______ 1~~~~~ ____ _ 
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Figure 13.- Wave form from 
calibrator for 

maximum cam setting. Strain 
amplitude, 10 x 10-4 ; fre­
quency, 30 cycles per second. 

Figs. 2,13 

Figure 2.- Experimental 
portable 

dynamic calibrator for 
strain gages. 
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