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Strain Gages (Fourth Draft – S2006)
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MET231 Laboratory

Introduction to Strain Gages

What is a Strain Gauge?

Lord Kelvin in 1856 reported that when a metal wire is stretched its electrical resistance increases.
  This physical change in wire dimensions is illustrated in Figure 1.
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Figure 1: 
Initially a segment of metal wire with a cross-sectional area, Ao, and length, lo, is illustrated.  In the shaded area of the drawing, the wire is stretched elastically.  Ai, the instantaneous cross-sectional area decreases and the instantaneous length, li increases.

____________

As the wire increases in length elastically the instantaneous electrical resistance changes by the equation:
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 where
( = electrical resistively,

li = instantaneous length of wire,

Ai = instantaneous cross-sectional area, and

Ri = instantaneous electrical resistance of the wire.

In 1938 Edward Simmons invented the strain gage
 by using resistance wire such as constantan.
  These gages were constructed by creating a zig zag pattern of wire on paper or wrapped around paper.  These assemblies were then bounded to a part for strain and vibration analysis.  Early in the 1950’s foil gages (Figure 2) evolved as a by product of the photolithography technology use to create printed circuit boards.2
A strain gage’s sensitivity to measuring strain, also called the K factor or the Gage Factor (GF) is: 
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 where
K = sensitivity factor also call the Gauge Factor (GF),

(R = change in strain gage resistance,

Ro = initial strain gage resistance
(l = change in strain gage wire length, and

lo = initial strain gauge wire length.

The relationship for engineering strain is: 
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Figure 2:  
Geometry of a strain gauge:  The alloys used to construct strain gauges have a low thermal coefficient of electrical conductivity.  In other words the resistance is nearly constant as temperature changes.  Alloys with these properties are constantan and karma.  The gauge factor, K, referred to in the laboratory instruction above is defined as 
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, where (R is the change of resistance; Ro is the initial resistance and ( is the strain in the part being analyzed.
  

What is Measured?
The Gage Factor (K) and Ro are provided by the foil strain gage manufacturer.  The unknowns are (R and (.  The value of (R is measured using a Wheatstone Bridge circuit and a digital voltmeter.

About the Wheatstone Bridge
 

A schematic of a Wheatstone Bridge is illustrated in Figure 3.
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Figure 3:  Wheatstone Bridge Circuit (after efunda5).
Using Figure 3 as a guide note the Wheatstone Bridge is constructed using four resistors (R1, R2, R3, and R4).  All four resisters can be active strain gauges.  One of the four resisters must be variable, which is required to zero the bridge output.  The following development using Ohm’s law defines the potential across the Wheatstone Bridge.  The variable Vin is the applied voltage.  The variables VABC and VADC are the voltages measured across the bridge circuit diagramed in Figure 3.
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The Wheatstone Bridge output voltage, Vg, for a balanced bridge is expressed as:
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In the above equation, all four strain gauges can be active, and thus change resistance when a load is applied to the part (in this laboratory experiment the part is a uniaxial tensile specimen).  
The concept of a balanced bridge, that is Vg=0, requires the following equation must be TRUE.


[image: image11.wmf]4

2

3

1

R

R

R

R

=

Þ


To make R1R3 = R2R4 TRUE, and thus achieve the condition that Vg = 0, one of the four resistors must be made variable (usually R4). 
An important initial condition of the strain gauge measurement, for this laboratory experiment, is that r = 1 in the following equation.
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r equals unity implies at the start of the measurement, the four strain gauges; R1, R2, R3​ and R4 have the same resistance.  R1, R2, R3​ and R4 having the same resistance is the normal configuration for engineering measurements
Continuing the walk through the algebra of strain gauge technology, let’s allow all four resistors to be active strain gauges.  Using your imagination lets elastically deform the body on which the Wheatstone Bridge gauge assembly is mounted.  When the part is elastically deformed the initially balanced Wheatstone Bridge will go out of balance by an amount (Vg.  This is expressed by the following equation.
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The above equation, illustrating the change of resistance of each strain gauge, (Ri, is the general solution and is exact.  If the bridge was balanced before the elastic deformation, that is Vg was zero, the current voltage output is Vg + (Vg.  This equation can be simplified and a factor ( defined which can be eliminated if the change in any gauge resistance, (R is less than 5%.  A bit of algebra is required giving,
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therefore
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dropping ( gives,
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and setting R1=R2=R3​=R4 gives,
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Consider the following list of possible active strain gauges:
1. If a single gauge, (R1), is active (R2=(R3​=(R4=0.

2. If two gauges are active and in tension or compression (R1 & R3 for example), (R2=(R4=0.

3. Three or four gauges can be active if this suits the design of the experiment.
Laboratory Objectives
The objective of this laboratory experiment is the introduction of strain gages as a tool to measure elastic strains on the surface of engineered structures.   In this laboratory exercise, these elastics strain measurements in turn will be used to measure Poisson’s ratio and the modulus of elasticity. See Appendix A for pertinent equations.  For additional information on strain gauges and instrumentation see ASTM E 251.
Spring 2006 Class Assignment

Because test samples are not as yet available the following decision has been made regarding the requested memorandum report.  

1. Each student is to prepare a memorandum report and submit the report to the digital archive on or before May 5th.

2. Use K=2.04 and R=350 Ohms.
3. For Steel let E=27,900 ksi and Poisson ration, (=0.2.9
4. For Aluminum let E=10,600 ksi and Poisson ration, (=0.33.
5. For uniformity of class computations please use 10,000 psi as the tensile stress when computing the longitudinal and transverse elastic strains.
Provide the expected measurement of, (Vg for the measured strains needed to compute the properties in 3 & 4 above.  In otherworld do a backward computation.  Properties to strain gauge output, rather than strain gauge output to properties.

More about Poisson ratio:  When a material is loaded axially, the material’s thickness decreases with increasing load.  This occurs during elastic deformation and should not be confused with plastic deformation.  For instance, as you blow up a balloon the walls become transparent as they become thinner but the material returns to its initial thickness when the air is let out.  This effect is called the Poisson’s effect after the French mathematician Simeon Poisson who in 1811 recognized this phenomenon.
  If there is no change in volume of the materials as it is stretched, Poisson’s ratio equals 0.5.  Some elastomers have a Poisson’s ratio equal to 0.5, but most engineering materials are less than 0.5.  
Appendix A:  Continuum Mechanics of a Uniaxial Loading Environment
The material is considered isotropic, homogeneous, and elastic.

Elastic Constants of Isotropic Material


Elastic Modulus:  
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Shear Modulus:  
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Relationships between Elastic and Shear modulus:  
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Poisson’s Ratio:   
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Uniaxial State of Stress

[image: image22.png]C;

z

)—‘Y

X

Stress| x-axis
o, -(vo,)/[E

Z-axis
-6 {E




Appendix B:  Uniaxial Loading as a Function of Selected Plane
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� Encyclopedia Britannica online


� The Wikipedia-The Free Encyclopedia:  � HYPERLINK "http://en.wikipedia.org/wiki/Strain_gage" ��http://en.wikipedia.org/wiki/Strain_gage� 


� Look up the chemistry and other properties of constantan at � HYPERLINK "http://www.matweb.com" ��http://www.matweb.com� 


� The Pressure and Strain and Force Handbook, Vol. 29, Omega Engineering, Inc., One Omega Drive, P.O. Box 4047, Stamford, CT 06907-0047.





� � HYPERLINK "http://www.efunda.com/designstandards/sensors/methods/wheatstone_bridge.cfm" ��http://www.efunda.com/designstandards/sensors/methods/wheatstone_bridge.cfm� 


� Foundations of Materials Science and Engineering, second edition, by William Smith, McGraw-Hill Book Company, 1993, p.199.
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