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Stress and Strain
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Resistance Strain Gages

Fig. 1. Etched-foil bonded electrical resistance
strain gagc,
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Gauge Factor
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Circwits
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Electrical Circuits;
Wheatstone Bridge ¥

Strain gauge circuit subject to uniaxial tension.

—/T I%E_ﬁ—. — | For a“ Quarter Bridge”’ |
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@ dE° [e}GF e,GF, - e,GF, +e,GF,] forfull bridge

Note :

5 d& 0 for fixed n™resistor,thene, =GF, =0
GF =—= P eGF =9 [Eq.11.25, p.504 in Text]
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Bridge Constant
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Problem 11.7

€] E1x

PROBLEM 11.7 _
KNOWN: A strain gauge with Ry = 120, GF = Z in an equal arm Whealsione |
bridgeRy =Rz =Rg =120 .. . Maximum gaugs current is 0.05 A
e —
e
SOLUTION: From 2 basic circpit analysis, assuming infinite meter resistance

© MCMXCVII* Prof. M. Kostic

Problem 11.10

PROBLEM 11.10
KNOWN: A steel member ( \4, = 0.3) subject to simple axial tension.

Strain gauges are mounted on top center, and bottom center.

FIND: Bridge constant, for gauge locam

SOLUTION:

The configuration is

Since for any 4 gauges ;ﬂ]
' cT E _ GF
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and for a single gauge, sensing maximum strain

Ik - GF
= o (& na)

In the present case both gauges sense the maximum strain, and the outputs

are additive [g = Z o c>

SEo=10mVandEj= 10V R = 120 IL and ,GF =2

For the %auge sensing maximum strain

SE. _ [_,____émGF ]
E, 4+ 28, 6F

The actual output is then
B
K3E,

Solving for & pay  yields

=1 [€] =1

may. = o.col
Therefore
Eaxia[ = Emax = 0001
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Problem t+t9 (new 11.26)

PROBLEM 449 (new 11.26
KNOWN: It is desired to design a strain gauge based scale, using a cantilever beam. The
beam is 21 ¢m long, 0.4 cm thick, and 2 cm wide. The loads are up to 200 g, applied 20 cm
from the fixed end of the be. The required uncertainty level is 4%.
FIND: Design measurement system, including strain gauge placement, bridge characteriSiTs—
and signal conditioning. I,
SOLUTION: Because this design problem has a wide variety of solutions, a general approach
and some representative equations and results will be provided.

.1 [E] ETx

The beam is made of 2024-T4 Aluminum having a modulus of 71 GPa. For a cantilever beam,

the deﬂecuon at the free end is
WI3
= 3EI
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The beam is made of 2024-T4 Aluminum, having a modulus of 71 GPa. For a cantilever beam,
the deflection at the free end is
= b b|
wi 12 —

h

where f is the deflection, W is the load, 1 is the distance from the fixed end to the load, I is the
moment of inertia, and E is the modulus. _A representative design may be examined by assuming

a bridge having a single active gauge sensing the maximum axial strain. This would correspond
to a location on the surface of the beam at the location where the load 1s applied. In this case
the deflection f is

_we_ (1960)(0.2)° _ 3
f =351 = 3T % 109@67T X 109 - 2Tem 1=82 - w =267 x 107
_ WI(R/2) _ (1960)(0.2)(0.01) _ ,
%= T TaeTx 10 1.47 x 10°Pa
o _ 0, _ 147 % 10° _ SR _ = =
Then with E=71GPa |e = F = 75700 = 00207) | & eGF = 0.0207 x 2 = 0.0414

12 bit %, _ SRR _ 0tid ﬁ:—’\‘ (dR/R)/e=GF

From these relationships, utput for a bridge excitation of 5 V is about 50 mV, which would
create an uncertainty from the A/D resolution of about 2.4%. The bridge can be designed in a
reasonable manner to meet the uncertainty constraint.
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