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SUMMARY
....

Resultsof teststo determinethe combinedeffectsof rigidity
and thicknessof wire straingageson indicatedbendingstrdns in thin
sheetmetal are presentedfor 15 typesof sin@-eMment multis&and wire
straingages. In most cases the indicatedextreme-fiberbendingstrain
was greaterthan the actualstrain. It was concludedthat the positive
errorcausedby the finitethicknessof the gagepredominatedover the
negativeerrorcausedby the rigidityof the gage. The combinedeffect ‘.
of thicknessand rigiditywas such as to increasethe indicatedstrains
of the differentgagesfrom ~ to 40 percentfor a sheetthicknessof 0.026
inch. Errorsin indicatedstrainrangedfrcnnO to 9 percentfor a sheet
thicknessof 0.125inch.

INTRODUCTION

This reportdescribesone of a seriesof performancetestson wire
straingagesof typesused in largenumbersta measurestressesin alr-
cr&t structures.The purposeof
tion on the properties,accuracy,
single-elementgages.

The performancetestprogrem
the resultsof which are reported
the progrsmhavebeen.reportedin
reportson the fifthphase,error
strainin thin sheetmetal due ‘to

,-

the testsis to make availableinforma-
snd limitationsof variousmultistrand,

has been dividedinto several phases,
individually.The firstfour phasesof
references1 to 4. The jmesent paper
in indicated extre~fiber bending
tiicknessma rigidityof gage.

This izrrestigation,conductedat the NationalBureauof Standaxds,
was sponsoredby and conductedwith we financialassistancecf the
NationalAdviso& Comittee for Aeronautics.

The authorsdesireto
tionsparticipatingin the

acknowledgethe cooperationof the organiza-
program. Wire straingagesfor thesetests



were contributedby the IJACAAmes A&onauticalLaboratory,the Baldwin
LocomotiveWorks,the BoeingAircraftCO@any,.the ChryslerCorporation,
the ConsolidatedVultee AircreftCorporation,the
Company,the LockheedAircraftCorpora%lon,North
and NorthropAircr&t, Inc.
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SYMBOLS‘

gage resistance,ohms

chengein gageresistance,,ohms

DouglasAircraft
AuterlcanAviatim,

extreme-fiberbendingstrain

changein extreme-fiberbendingstr@z3.

calibrationfactorof gage ux@eraxial.tension

averagecaliiiatibnfactor K for 8 g~es of a“~ven type
titlow tensilestrains (Computedfrom tible2 of reference

B%,

I as the averageof 16 f&ot&s, 8 for strairiincreasingand
8 for straindecreasing,)

..

clifferenoebetweenextreme-fiberbendingstrainindicatedby
wire 8traingagesand the actualstrainas determinedwith
Tuckermanstraingages,percent

subscriptsindicatingmeasurementswith Tuckermszistrain&ge
azldwire straingage,respectively..

.
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DESCRIPTION(IFSTRAIN&IGm

Six aircraftccmrpanies,the IU$A Ames Aeronautic&lLaboratory,the ,.
BaldwinLocomotiveWorks,and the ChryQer Corporation,contributedtest
gqjesof fifteenclifferenttypes (A throughG, H-1, I through 0) which h
all but one casesm identicalwith the gage typesreportedin reference
1. TabIeI of reference1 gives.a.descriptionof:all test gagesexcept
gageH-1 whichwas substitutedfor gageIL Data on gage type =1 are “
giv~nin appendix.1 of reference2. Figures1 apd 2 of’reference1 show
the gagesattachedto sta’ipsused in the calibrqtio~.at low tensile
stra3.ns.! . ... .1-
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TEST’S

—

., .. :. . : ____.. .,. ~,

The comMned e“rror’-caused ,by“&e .t.lcks~ ‘~ r@l%y of the wire
strain:-qagewas deteimfnedby co?rparlng’the e%@eni#iber bending“stid”iis
indicatedby the wire str&iqgages with those‘mea&&d wi~ .JiUck6~.. ..
strdingages. The bendingstrainswere prdduced‘inseven24&T al~
alloycantilever.besms of l-inchwidth hq,vingthicknesses?x!@ing‘f&cm,
o.oa6.tO 0.125inch (seefig. 1). Strainsin each’of the seven%eamsw&e
measux%dwith both typesof s~airigages~lth the gage cenl@redat a ~

‘point 1* inchesfrom the ftied end. The,~aimrementswere-made at sev=
eral loads>all of them o= the linearportion of the toad+~ain Curve..~.
me extreme-fiberbendingstrkin ~ti indlcat%dby the wire 8%M \,,
gageswere computed from .>, ,...

,.,. ,.

TQe chsngeiriextreme-fiberbendingstrain Aat wh%chwou7@
. havebeen.observedat the gage lineWithoutthewire straingage,for &

given loaa increment,’was taken’trom a.c*O of e%tre~ .-f$~ers*ra”~-
~ainst load’detemined for eachbeamwith the Tuckeq gage. The perJ

a ,centage*or e in strainindicatedby the wire stra$ngagewas then
computedfrcm ,-. . . ,. -

.,
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The averageeqop e ‘for& g&< ‘e&e&&$iber ‘&&&& ~o~~;~- me “-
thicknessof beam)was obtainedby.dveragfngvaluesC@ e ‘forsevbkal~;
load incrementson eachb=. -

,. ,,..- . .-
! ,“ .,. ..’ : . . . .
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. .The testswere s&,rtedby detei=mi~ load-straincurvest& the

beamswith Tuckerrnanstraingagesat thepointwhere thewire gsgeswere
*O be attached. TWO Tuckermang@,& we,reattac~edto the beams,ons to
the uppersurfaceend one to the lowersurface. The extreme-fiberbend-
ing strainwas then obtainedby takingone-halft the nuq,ical sum of the
strai~ obsemed+witithe ~o gages,,ij@M el.lml~$-$~erro~sdue tC
curvature@f the‘%edtbe~.: TWQ,p~}iti~~io~&h’, @de on,qachbe~” “
with interveti@~qjva, @. $he..-b8@from ‘@e clamp6in orderto chec~
that the st?%lriyas,not affqq$ed;,b~the-ch+es, in the c.lqnp~ condition.
It was’frond‘WM stra~8 o~se~ed Ln,tie~o calibratio~,If eredby ‘
less t~~,lp$rc~nt~i~- ~ ..” “’-. . ,“ ,. c ,. . . .: r,..,t, ~, .
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Measurementson the beams““withTuckermaagagesover the area to be
occupiedby thewire ga@ showedthat the strainvariedlinearlywith
the distancefrom the fixed end. The wire straingageswere attached
to the tensileextremefiberof the beamsjfollowingthemanufacturers?
instruot$ons.The besmswere then clampedand loadedas in ‘Qure 1.
Unit changein gageresistanceA R/R for each loadwas measuredwith
a Wennerratioset (reference1) in a direct-currentWheats’tonebridge.
The valuesof AR/R were thenconvertedto indicatedstrainincrements
usingequation(1). The percentagediffer&ce betweentheeestrain
increnwntsand the trueextreme-fiberstrainincrementwas computed
usingequation(2). The values-af e for a givensheetthicknesswere
thenaveragedfor the variousloadsto obtainthe averageerrordue to
the combinedeffectof rigidityand gage thickness.

RESULTSAND DISCUSSION

The averageerror e h the extreme-fiberstrainindicatedby the
wire gagesis.plottedagafnstsheetthicknessIn figures2 to 6.
Exemlnationof thesecurvesshowsthatfor most g~es the errorincreases
rapidly,a~ the sheetthicknessdecreases.” The bendingstrainsIndicated
by thewire gagesfor the thinnest sheet (0.026in.)exceededthe &ctual
strainsby 5 to 40 percent.

Sincethe indicatedstrainswere inmost caseshigherthan the

stkainsto be measuredit may be concludedthatthe errorin Indicated
straincausedby the finitethicknessof tie gagepredominatedover that
causedby the rigidityof the gage;the firsteffecttendsto Increase
the extreme-fiberdistance~while.thejsecon~tenddto decreasethe indi-
catedstrainsbecauseof-areductiondf’’.thbstrainunderthe gage.

b. :.

. The data infiguree2 to 6 are of comparativevtiue omY, since
theygivenumericalerrorswhich are dependenton the flexuralrigidities
and dimensionsof the specimento which the gages were attached.

CONCLUSIONS

Resultsof teststo determinetie combinedeffectsof rigidity
and thickne&sof wire straingageson indicatedbendingstrains ~
In thinsheetmetal show thateach of the Is typesof wire strain
gagesused indicateMrger extreme-fiberstrainsthan thoseobserved
with Tuckermanstraingages. Errorsin indlcatedbend~ strainon
cantileverstripsin bendingaveraged14 percentfor the thtnnest
sheet (0,026 in.} and 3 percentfor the thickest(0.125ins). me
errorsfor individualtypesof gageson the 0.02&inch stripsranged

.

.

.
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from 5 to 40 percentin the followingsequenceof increasing error; type
Jj A, E, C, O, K, H-1, 1, B, G, M, F, D, L, end N.

In general,the teeteshowedthatwire straingagesindicatebending
strafison thin sectionswith considerablyleeeaccuracythen thatnormally
realizedin the measurementof axial.strains. For givenappl.icationeit “
may be poseibleto make correctionsfor the errorin indicatedstrain.
The correctionswouldhave to be determinedunderthe particularcondi-
tionsof the test.

-. .-

NationalBureauof Standards, — --
Washington,D. C., June 20, 1946.
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