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. wire, or foil, is usually formed in 2 ‘grid pattern.
~". usually paper, plastic or ceramic, For use,

& Wire gaugas caﬂ be dm‘lded mta twa ’Lypss ﬂat wound
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. A va:riable 1‘531&1311(3#" st:ram gauga is 8 device W}lﬂsﬁ ml@ﬂ {rical resistdnce changes. 1_11_
proportion to the strain to. whick it is subjected. Tn. the case of bonded resistanoce-type strain
-gange, theresistive clement consists of'a-length of line metal wire, 2 metal foil, or & whisker of

‘serai-conductive material. To resdune the length of the EAURE while its gensitivity is retained, the
The mﬂmmve element i8 fixed 0. smtahl_e base,

the gauge is bonded 1o the point at which strain to be
giid- the rasxstwa “element placed dnactly il A

ta bé measuxed
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I.r:x ﬂ,at woumi gauges, ihe hlament :
“wire 1s zigzragged batween two pwa..es |
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F&gure 4, Wrap amund straln gamg‘-‘-

: '. Wn:h wrap armmd gauges tne wire is
Wrappad aroynd & paper auppﬂrta The
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dasaﬁvantage ig - that . they do e
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Foﬂ gaugea are madﬂ fmm very thin
. metal strips (2-10 micrometers thwk),‘ |
- and have very fine gfids: They are.
| es&ﬁnnally - pnntadx cireuit, - and
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. Straln gauga Was in'st dmmvered b Lord Kelviﬁ in 1856 that the: elevtrical resistance of
metals 16 sensitive to strain. Originally, ade of wite and, in fact, wire stram -
gages are still'm use under special’ mraumstances chever, today. foil strain gages Hre most !
- widely vsed. The straif-sensing region of the strain. gage 1is ralled the *gage gnd” ., The grid 18
' etched from a thin metallic foil, The orientation of the grid defines the strain-sensing axis of the.
- gtrain g age. Electrical ¢ bnnmtioﬁs‘ are madeby goldering 1 ead wires 1o thesfrain gage “solder - -
tabs”. The entire strgin gage is bonded to a thin polymem backing whlch helpﬂ protest and
.supportthedehmatametalfml . R R SRial: e
. Foil strain gages are avmlable in liferally hundreds of shapes and sizes. The s&@igage shown
. is called a‘“uniaxial strain gage’ * Other cotmon stréin gage ccnﬁguratinnﬂ oA G

- Biaxial strain gages, which congist of two individual strain ‘gage elamenis :mentad premaely
90 apart, allcmmg strain Measurements in two orthogonal ditections. ' R T

Rectangular, three elememt strain gage rosettes which consist of three ing wdual strain gage -

" elements orientéd preeisely 45° apart, allowing the resolution of principal strains and prmmpal
directions regardless of the orientation of the msette or the applwd stress/strain. . |

. Delta, three-clement Strain ‘gage rosettes -which. consist of three individual sﬁ:aiq gage
 glenients oriented precisely 60° apart, allowing the res ofution of principal strains and 'pnpmpal: )

dxrwtmns regardléss af the cmen ﬁon of the rosette or the apphed stregs/stram.
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The use of strain gaugea 1s based on the faci: that thc reaa.stance c::;f a ccmductar shanges when
-~ the mndmtm* is subjected to strain. - s

| Flgure qhﬂws resistances ware 111 it's amglnal state, and af’ter sub3 eatad 1:0 a4 stram. The
gtr etched wire has lu ghar resistance, as it m 1cmger and th.lIlIlBi - -

Figure 7 : Resmtance ere
The electric aI resistanc 80 f a wnductor is gwem by

Whara B = Resmtance
p = Resistivity,
L =Length, .
A = Cross sectmnal EiIE'-&

The resistivity also changes as a regult of the stressas within tfhe matarlal czaf the wire, but LhBSﬁ
variations are only slight in nosmal conductors and so the vast majority of the change resulis from
the deformation, Tn semi-conductive mateﬂais ttus gituation is reversad such that the change in

resistivity pr ﬂvml

~> The relatmnshlp between strain gnd resistance v.matmn 18 alma st hnear, a:ﬂd ‘Lhe cﬂn&tam of
prop Drtmnahty 18 k_ﬁGWIl as the sensmwty faﬁmr or the F factm : whar& _

| AR/R AR/R . . M/R Pt b
. AL/L 2 s g o R

Where ,.F Sensmwty Factm (Gauge Famm),
. R=Initial Rema‘tama ' i e
. AR = Change in Resmtanca, e
I, = Initial Lengih Eagry 3
AL = Change 1 length
-2 = Normal ot Axial strain.

 For a strain gauga, this constant is known as, the st:ram sen mtmty‘ of t.he gauge or the gauge
factor!, and 18 given the symbol F', | ' . , .

4 P . St |
% - Thatis the gaug,a factor is 8 measure of the change in resistance pér vnit of ongmal resistance
{ ~  that will ogeur per unit of strain applied. The gauge factor of a strain gage is an index of'the strain
sensitivity of the gauge. The higher &Wr the MIOTe sensitive the gauge and tha greater
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the electric al output for mdmat:mn or recordmg rposes.
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ot gl - R it mm,t be cnmm:ad to an

| o atram gagﬂ 1
In arder to meaame stram Wﬂh y hgnded remstan pninute Ghaﬂgﬁﬂ i realsta:m:e (ME/ R3

civeus the
-~ elecine it hat is capable of measuring Seompeitime stram sage dloments

ducers us
cotrrespondin t sirain. |Strain .gage {rags
'{;facml:: ally eimwted to form a Whea:tamne brggmcmult (Figure 8).

ihe measurement of si:atie o1 ﬁynaﬂﬁc

A dmded hndge circuit used for ot el
| lmﬁﬂﬁfmﬁc 2%‘11%: :::Sutput voltage of the Wheatstone bridge is ezxpr:?asg ;1; rf;g;\;z t;z ; t’%‘)h :
;er volt input. The Wheat stone cireuit ig also well suifed for temper

fances,
: o contains a resistance (i.e, rcsis
Wheatsone bridge cit cuit consists of four “arms”, Each arm

= A
. 2't0 10 voltg) is applied across junction |
5 d excitation volta ge Ve (typically . tage AF '
%1;:;12 ?aizﬁe?;ﬁ ed to measure the re:sultmg putentml acToss ] mctzons B-D(voi ag' 4

g L e
Kﬁz s (Rx‘:‘R )(&+R4) 5 R e 1

. be zero.
From this equatio; it is apparent thet when Ry/R; = mﬁ, ﬂl}fafl&tf;i@r 2;1::;:; iﬁm"";gy g
Under these conditions, the bridge 1 said to be halamcd Y e g t 3
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NSRS j Flgure B W];lemson Bridge
Therefore, if we raplace R, in Figure 8 with an annva strain gauge i.e.. Ri=R ), and the ether

Ro=Rs=Ra). if
to the nominal resistance of Rg (L8, B2
es are precision resistors equal 6 1O e bridge 1o
J‘hi s rﬁiﬁge 5 fi es g strain, the strain gauge resistance ahms, ceusing th

becorhe unbalanced (I*lg 9.5.). The ?:esultlng valtage, A AE is gwen by |
E(? Bad 7T et VIETBRT HOHOn B SLIUC RAC
e Conbllie B 8 0 7 VIR 10 U0 shiaisanat g wo

3’& g AR o o e A
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sirain im ihe strain gage, is ralateﬂ 0 ) the
result, It shuws that the ctly, mstaad s

Bguation B is an important
quant?ties, F ﬁE and Vﬂx. Genemlly ﬂmugh, Eq. 8 is nﬂt applicd dﬂ‘e
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amphﬁei‘s, whmh hav& befsn calzbmt@d accardmg to: Eq 3, are us::d to pmv:tdﬁ a-direct readout or
strain, - . | . | -

The sensmwty of the bridge 0 aﬂ'am con be @ggglgc}m 'tgy__mgxahm haﬂh gauge-ﬁ active in a hatf-
hndga canhgm‘a‘clcm ﬁhmm irt Kig. 9.b. |

w

 We can further increase the semmvﬁy of the cmmt by making all four of the arms of the
| ,bndga active stram‘ ga' uges m' a full-bridge cenﬁguraimn Tba fu]l-bndge cxrcmt is shown in Fig,
198, . | | ~ *

Fig‘m'e 5. a) Quari‘arnBﬂdga Circuh: b} Ha.lf«-ﬂrldgﬁ Cir mu‘t t::} Eull-— Bridge Ciroult

4 I\MASUREMENT OF BENDING S"I’RAII“'I

Consider measunng the bandmg strain in a vmtzlever

Figure 10 lustrates a bendmg beam. apphcatmn with one brxdge mounted in tension (Ra +

AR) and the other mounted in compression (Rg - AR} This half-bridge configuration, whose
#eireutt dzagram is also illustrated in Figure 10, we cm double the sensiiivity to Lbﬁndmg stralh and

elzmmate s&nﬁmwty to tsm;::erai'ure:

Gau ge in tanamn, T

2 M“m_#*ﬂww;u,;m N LR Sy it
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Figure 10 Meaﬁmmem of 8 bBridmg stmm. |
We em dmamtrata ﬂmt the crutput is gwen bY A ¥ A
N ‘ . . e o ‘ iy
T = e s sl .' g 0y r | ' Y 9
J _Z[R], o D S
(18 ihe output is double that ﬁ*onl a quartﬁr bridge ciroui t)

Further you can dﬁmonﬁtrata that if the resistance of both gaugaﬂ incireases. (due by tﬁmpemme '
- or axial strain) then the output wli@e remams maffecte:d {try it b}r puttmg the resi stame of gauge

- Cas R+AR)
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