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Abstract— Positioning of Strain Gauge is one of the limiting factor for finding the accurate output signal by using conventional sensors and other 

electronic devices. Strain gauges and electronic devices are required in some special applications e.g. measurement of deformations, stresses 
and pressures inside power generators. The optimum positioning of the strain gauge has been studied using finite element analysis and the 
findings are presented in the form of stress, strain and displacement plots with respect to centre line distance of sensor's substrate. The study 
further attempts to suggest in positioning of strain gauge for finding the accurate output signals and good sensitivity from electronic devices and 
conventional sensors.  
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1. INTRODUCTION      
                                                                 

iezoresistivity is one of the widely utilized physical 
phenomena in different kinds of sensor devices. Lord 

Kelvin referred that certain metalloid conductors subjected 
to mechanical strain exhibited a corresponding change in 
electrical resistance [1]. The basic function of the strain 
gauge is based on transforming the strain in certain 
direction as to change its electric resistance. It allows 
measuring plenty of non-electrical quantities such as 
deformation, bending, force, acceleration etc. Strain, in fact 
is a measure of deformation and is measured as a ratio of 
change in length to original length. It is found under the 
application of forces and measured by variety of 
sensors/strain gauges. The strain gauges may be metal 
strain gauge, semiconductor strain gauge, capacitive strain 
gauge, piezoelectric strain gauge, mechanical strain gauge, 
electrical strain gauge, pneumatic strain gauge etc  
depending upon their suitability for particular 
applications. Strain gauges have been always a centre of 
research for their accuracy of output signal for many 
decades. 

 
Various kinds of sensors of mechanical deformation 

have been developed. Those based on resistors implanted 
into a silicon substrate frequently have very good 
deformation sensitivity, linearity of characteristics, low 
hysteresis, etc.  Higher operational temperatures (e.g. at 

least 200°C) are important for some sensor applications 
especially in mechanical engineering, power stations, etc. 
[2] 
 

Hence for the better sensitivity and output signal, the 
present paper attempts to introduce the specific positioning  
of the strain gauge on the sensor’s substrate. It somehow 
improves the accuracy and performance of the 
sensors/strain gauges. These studies have been done with 
the help of finite element analysis. The software used for 
finite element analysis is Autodesk Inventor Professional-
2013 student edition. 

 

2. ANALYTICAL STUDY 
 
The working principle of the metal strain gage is based on 
the strain/resistance relationship of electrical conductors 
which was discovered by Wheatstone and Thomson. Any 
electrical conductor changes its resistance with mechanical 
stress, e.g. through tension or compression forces. The 
resistance change is partially due to the conductor's 
deformation and partially due to the change in the 
resistivity ρ of the conductor material as a result of micro 
structural changes. This process is described by the 
relationship 
 

                       
  

 
=  Є (1 + 2ν) +

  

 
                                     (1) 

Where, 
R = electrical resistance 
Є = strain(ΔL/L) 
ν = Poisson’s ratio 
ρ = resistivity 

 
Sensitivity in a strain gauge defines as the behavior of the 

gauge in responding to strains which are perpendicular 
and longitudinal to the primary sensing axis of the gauge. 
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Ideally, it would be preferable if strain gauges were 
completely insensitive to transverse strains. In practice, 
most gauges exhibit some degree of transverse sensitivity, 
but the effect is ordinarily quite small, and of the order of 
several percent of the axial sensitivity. 
 

The sensitivity(S) of strain gauge defined as the ratio of 

change of resistance 
  

 
 and the strain Є . i.e. 

 

                                 S=
  

 
  

 

 =  
  

 
/Є                                       (2) 

 

3. FINITE ELEMENT MODEL AND ANALYSIS 
 

The Finite Element Analysis (FEA) was developed for 
numerical solving of mechanical stresses, deformations, 
temperature gradients etc., under elastic (linear) material 
behavior. In FEA, a distributed physical system to be 
analyzed is divided into a number (often large) of discrete 
elements. The complete system may be complex and 
irregularly shaped, but the individual elements are easy to 
analyze. The examined region is covered by a discretization 
net compiled from a finite number of generally 3D 
elements. The discrete element can have any shape from 
the simplest (triangles) to the very complex (tetrahedrons). 
Generally, the elements may be 1-D, 2-D (triangular or 
quadrilateral), or 3-D (tetrahedral, hexahedral, etc.) and 
may be linear or of higher order. 

 

The software Autodesk Inventor Professional-2013 
student edition has been used for modeling and analysis of 
positioning of strain gauge. The material is of isotopic 
nature. The force is applied in transverse and longitudinal 
mode as an indication of methodology using Autodesk 
Inventor Professional-2013 software for studding Von 
Misses stress, strain & displacement pattern. After finding 
theses plotted with respect to centre line distance. The 
findings of the finite element analysis may be summarized 
in form of stress, strain and displacement of the patterns. 
The aim of the simulation was mainly optimization of 
strain gauge position on the substrate along centre line 
with respect to point of fixation. The assumption for the 
simulation was the longitudinal and transverse 
piezoresistivity coefficients are equal, it means, the 
resistance in longitudinal and transversal direction is same. 

 

4. MODEL ANALYSIS 
 
4.1 Case-I (Substrate with one end fixed & transverse 
loading) 
 

Here taking a cantilever substrate of a sensor of 
20mm*5mm*0.5mm size and a load is applied in transverse 

direction of 1N magnitude. The change in state after 
loading which is shown in the fig. 1. 

 
Fig.1: Von Mises Stress distribution along centre line of a cantilever  
           substrate for transverse loading. 

 
Graph 1: Plot for Von Mises Stress distribution along centre line of a   
                cantilever substrate for transverse loading. 

 

 
Fig. 2: Equivalent Strain distribution along centre line of a cantilever  
           substrate  for transverse loading. 
 

 
Graph 2a: Plot for Equivalent Strain distribution along centre line of a 
                   cantilever substrate for transverse loading. 
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Graph 2b: Plot for Percentage Change in the resistance along centre line of a 

                  cantilever substrate for transverse loading 

 
4.2 Case-II (Substrate with one end fixed & longitudinal 
loading) 

 
Here taking a cantilever substrate of 20mm*5mm*0.5mm 
size and a load is applied in longitudinal direction of 1N 
magnitude. The change in state after loading which is 
shown in the fig. 3. 
 

Now examine the equivalent strain and von misses 
stresses at different points using Autodesk inventor 
Professional - 2013 Student Edition 

 

 
Fig. 3: Equivalent Strain distribution along centre line of a cantilever 

                 substrate   for longitudinal loading. 

 

 
Graph 3: Plot for Equivalent Strain distribution along centre line of  

                cantilever substrate for longitudinal loading. 

 
Fig. 4: Von Mises Stress distribution along centre line of a cantilever 
                 substrate   for longitudinal loading. 

 

 
 

Graph 4a : Plot for Von Mises Stress distribution along centre line of a  

                   cantilever substrate for longitudinal loading 

 
 
Graph 4b: Plot for Percentage Change in the resistance along centre  

                    line of a cantilever substrate for longitudinal loading. 

 

4.3 Case-III (Substrate with both end fixed & transverse 
loading) 

 
Here taking a substrate with both end fixed of 
20mm*5mm*0.5mm size and a load is applied of 1N 
magnitude in transverse direction at mid of the substrate. 
The change in state after loading which is shown in the fig. 
5. 
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Now examine the equivalent strain and von misses 
stresses at different points using Autodesk inventor 
Professional - 2013 Student Edition.        

 
Fig. 5: Equivalent Strain distribution along centre line of a substrate  
             (both end fixed) for transverse loading. 

 
Graph 5: Plot for equivalent strain distribution along centre line of a  
                substrate (both end fixed) for transverse loading 

 
Fig. 6: Von mises stress distribution along length in a substrate  
                (both end fixed) for transverse loading. 

 
Graph 6a: Plot for Von Mises Stress distribution along length in a 
                   substrate(both end fixed) for transverse loading 

 
 

Graph 6b: Plot for Percentage change in resistance along centre line  
                  of a substrate (both end fixed) for transverse loading. 
 

5. RESULTS AND DISCUSSIONS 
 

Above plots expresses the von mises stress distribution, 
equivalent strain distribution & percentage change in 
resistance along the length of substrates in different 
loading conditions. Maximum straining region in substrate 
indicated by the red color and minimum straining region 
indicated by blue color. The value of maximum strain in 
substrate shown by the probe and where the maximum 
strain found, after and before plots goes downward. The 
pick point coordinates of the plots locating the optimum 
position of strain gauge. This way we get a good sensitivity 
of the sensors/strain gauges. The waviness of plots 
introduces the tensile & compressive nature of the 
substrates. 
 
6. CONCLUSIONS 
 

The finite element analysis reveals the information about 
stress/strain distribution and displacement along the 
length of patterns under the action of transverse and 
longitudinal forces. The finite element analysis has been 
used for obtaining vital information related to stress/strain 
and has been used for locating the optimum position of 
strain gauge. 
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