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Abstract– In this era of modern technologies the use of light weight and high performance based machines is rampant. In 
this regard we have made an attempt to study the material characteristics of aluminium as it is a light weighted material and 
comparison study with mild steel. A specimen of mild steel shaft and aluminium shaft is fabricated on which two set of 
rosettes are mounted and the mechanical parameters are found by using experimental setup “Delta Strain Gauge Rosette”. In 
the experimental setup of “delta strain gauge rosette”, as the name indicates, the strain gauges are positioned in delta 
arrangement. This arrangement requires three strain gauges which are relatively positioned at an angle of 0o, 60o and 120o 
respectively. The main intention behind this setup is to study the principal stress, principal strain, maximum shear stress and 
maximum shear strain of aluminium shaft as well as mild steel shaft and comparison is done. 
 
keywords– mild steel, aluminium, rosettes, strain gauge, principal stress, principal strain, maximum principal stress and 
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I. INTRODUCTION 
 
The study of material properties of any metal prior to 
its use is important in order to design effective 
machine components out of that metal. In this regard 
a comparison study of material properties of 
aluminium with mild steel is done. As aluminium is 
the lighter weighed metal, the main focus is laid on 
aluminium-6061 and their mechanical properties. The 
mathematical analysis of stresses in complex 
components may not, in some cases, be practical or 
either not available or cumbersome and 
uneconomical. It would be essential to have the 
backing of reliable experimental investigations for 
confirmation of analytical formulations. Experimental 
stress analysis or strain measurement technique have 
served an increasingly importance role in aiding 
designers to produce not only efficient but 
economical designs. The accurate measurement of 
stresses, strains and loads in components under 
working conditions is an essential requirement of 
successful engineering design. In particular location 
of peak stress values and stress concentration, and 
subsequently their reduction or removal by suitable 
design, has applications in every field of engineering. 
The purpose of this study is to measure the strains 
along three different axes surrounding a point on a 
cantilever beam, calculate the mechanical properties 
such as principal strains, principal stresses, maximum 
shear stress and maximum shear strain from these 
strains. In a general biaxial stress or strain field, three 
strains along different axes at the same point must be 
measured to determine the principal strains and 
stresses with strain gauges. While the stress field on 
the surface of a symmetrically loaded cantilever beam 
is uniaxial, the stress at any point  
 
nevertheless varies with angle around that point. The 
strain field varies similarly. 

II. DETAILS EXPERIMENTAL 
 
The study done on the different experimental setups 
and techniques involved for study of various 
mechanical characters of different metals.  
2.1. Experimental setup  
The procurement of materials required to carry out 
our study was done: materials include cast iron plate, 
stainless steel shaft, aluminium-6061 shaft, strain 
gauge of 150 ohms, 5 grade cord, 5 pin male and 
female pins, 3 way switches.  

 
Fig.1. Fabricated model or prototype of the mild steel and 

aluminium shaft 
 
2.2. Mounting of delta strain gauge  
Then a model or prototype of the mild steel shaft and 
aluminium shaft are setup by means of delta strain 
gauge rosette. 

 
Fig.2. Mounting of strain gauge rosette with mild steel and 

aluminium shaft. 
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2.3. Calculation of principal stress and principal 
strain 
Then further principal stress, principal strain, 
maximum shear stress and maximum shear strain 
were determined for both mild steel setup and 
aluminium setup at different load conditions 
simultaneously. The values which were obtained 
under load conditions for mild steel setup and 
aluminium setup were noted down and principal 
strain, principal stress, maximum shear strain and 
maximum shear stress are calculated by using the 
bellow mentioned relations and comparison is made. 

 
Fig.2. Principal stress and principal strain measurement 

Principal Strains:      
ε1 = ½(εA+ εB) + ½[(εA - εC)2 + (2* εB - εA - εC)]1/2  
ε2 = ½( εA+ εB) - ½[(εA - εC)2 + (2* εB - εA - εC)]1/2  
Principal Stress:     
 σ1 = [E/(1 – µ2)] * (ε1 + μ* ε2)  
 σ2 = [E/(1 – µ2)] * (ε2 + μ* ε1)                  
Maximum Shear Strain:     
 γ max = 2εB - εA - εC  
Maximum Shear Stress:     
 τmax = γ max * G 
 
III. RESULTS AND DISCUSSION 
 
The readings obtained from the experimental setup 
for both mild steel and aluminium are as follows: 

 
Table 1: Strain readings for Mild Steel. 

 
 

Table 2: Strain readings for Aluminium. 

 

Table 3: Principal strain, principal stress, maximum shear 
strain and maximum stress strain obtained by calculation for 

mild steel. 

 
 

Table 4: Principal strain, principal stress, maximum shear 
strain and maximum stress strain obtained by calculation for 

aluminium. 

 
 
CONCLUSION 
 
In the comparative study of Principal stress, principal 
strain, maximum shear stress, maximum shear strain 
of mild steel and aluminium by using delta strain 
gauge rosettes and  the above tables shows the  
readings for both the metals which are effectively 
obtained by calculations. Thereby we get better result 
in case of aluminium shaft when compared with mild 
steel shaft by using delta strain gauge rosettes. 
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