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Strain Gauges

A fine wire element is bounded back and forth, which is usually cemented on
the member undergoing stress. The grid of fine wire is cemented on a carrier
which may be a thin sheet of paper, bakelite or teflon.
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A tensile stress tends to elongate on the wire and thereby increase its length
and decrease its cross-sectional area. The combined effect Is Increase In
resistance.

R = pxl
A

where p = the specific resistance of the material in Q2m

[ = the length of the conductor in m

A = the area of the conductor in m>
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As a result of strain, two physical parameters are of particular interest.

1. The change in gauge resistance.

2. The change in length.

The measurement of the sensitivity of a material to strain is called the gauge
factor (GF). It is the ratio of the change in resistance A R/R to the change in the
length Al/l

1.e. GF (K) = ARTR (13.1)

Alll

where K= gauge factor
A R = the change in the initial resistance in Q's
R = the initial resistance in £ (without strain)
A l= the change in the length in m

[ = the initial length in m (without strain)
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Since strain is defined as the change in length divided by the original length,

. Al
i.e. o= —
I
Eq. (13.1) can be written as
AR/R
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where o is the strain in the lateral direction.
The resistance of a conductor of uniform cross-section is
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where p = specific resistance of the conductor

I = length of conductor
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When the conductor is stressed, due to the strain, the length of the conductor
increases by Al and the simultaneously decreases by Ad in its diameter. Hence
the resistance of the conductor can now be written as

iy (1+4) p(l+Al)
" U nld(d-Ad) ml4(dt-2d Ad+AdY)

Since Ad is small, Ad” can be neglected

" nld(d*-2d Ad)

___pU+AD  pl(l+Al)
deﬂ}-Eﬁq :naﬂbfgﬁﬂJ
d d

Now, Poisson’s ratio / 1s defined as the ratio of strain in the lateral direction

(13.4)
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to strain in the axial direction, that is,
_ Ad/d

ALl (13.5)
Ad Al
- a BT (3.6
Substituting for Ad/d from Eq. (13.6) in Eq. (13.4), we have
R = pl (1 + AlID
T (mlIAE QA —-2uAlID)
Rationalising, we get
R = pl(1+ Al (1+2uAlll)
oAmlA)d* (L —=2uAl/ (A+2uAlND)
R = pl (1+ A/ (1+2uAlil)
T (i ydr | (A —=2uAl (14 2u Al
> - pl 1+ 2 AL+ 2A1/1 +2u Alle Al
Y (ml/4)d® 1 —4u’ (AlD?
. R - Pl | 1+2uAlI+ AL+ 2Nl
' (m/4)d* 1—au’ AP IP

Since Al is small, we can neglect higher powers of Al

pl
R = 1 + 2 u A7l + AlJ
Y (ml/ard? [ H ‘]
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pl
= 1 +2 u Alll + All
= maa LI 4
pl
= 1 2 1) AUl
*= DT (1+Qu+1) !
pl
R, = 1 1+ 2 Al
pl pl
= AllD (1 + 2
*= Wiy d® | (mla)yd g e
: l
Since from Eq. (13.3), R = C I’:)dz
R.,=R+AR (13.7)
pl
h AR=—— (Al (1 +2
where (7t/4)d‘( HDA+2uwp
. The gauge factor will now be
_AR/R _ (AU/D(1 +2u)
Alll Al7l
=1+2u
K=1+2u (13.8)



Assignment Questions

Define strain gauge. Define gauge factor.
Define the operation and construction of strain gauge.
State the limitations of strain gauge.

Explain how temperature compensation can be achieved using
strain gauge.
Explain with diagram the working of a resistance wire gauge.



Conceptual Questions

e Strain gauge is a
a) Inductive transducer
b) resistive transducer
C) capacitive transducer
d) mechanical transducer

e Strain is defined as
a) change In height per unit height
b) change in weight per unit weight
c) change in length per unit length
d) change in diameter per unit diameter

 Electrical strain gauge works on the principle of

a) variation of resistance
b) variation of capacitance
c) variation of inductance
d) variation of area
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* Bonding element in a strain gauge must have

a) zero insulation resistance
b) low insulation resistance
c) high insulation resistance
d) infinite insulation resistance

 Dynamic strain measurements use
a) brass iron alloy
b) iron aluminium alloy
c) nickel cadmium alloy
d) nickel chromium alloy

e Commonly used elements for wire strain gauges are
a) nickel and copper
b) nickel and gold
c) gold and brass
d) silver and aluminum
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