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1​ Project Description 
 
The goal of this assignment was to analyze a simple torque wrench design using both hand calculations 
and a finite element model on ANSYS.  
 
2​ Matlab Hand Calculations Script:  
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3​ Results 
 

1.​ Results from hand calculation: 
 
 
 

 

a.​ Maximum normal stress at gauge: σ_max = 12.80 ksi 
b.​ Strain at the gauge location:  ε_g = 375 microstrain 
c.​ Maximum deflection at tip: δ = 0.091 in 

 
2.​ Results from Finite Element Model (ANSYS) calculation of base design: 

 
a.​ Maximum normal stress:  
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Location of Maximum and Minimum Normal Stresses: 
Overall Figure 

Maximum Stress: 19.35 ksi Minimum Stress: -19.42 ksi 
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b.​ Strain at the strain gauge:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

c.​ Maximum deflection at tip:  
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Normal Stress at Gauge: 12.1 ksi 

 

Maximum Normal Strain at Gauge 

Normal X-axis strain at gauge: 375 microstrain 



MAE 3270​ ​ ​ ​ ​ ​  

 
 
 

 
 
 
 
 
 
 
 

4​ Reflections 
 

1.​ Based on the finite element model on Ansys, beam theory is reasonably accurate as the deformed 
mesh lines maintain their linear geometry. The cross section at the end of the handle shows the 
deformed mesh. When exaggerating the deformation, the mesh where peak deformation occurs is 
still shows perfect squares. Had there been noticeable bending or deformations, beam theory 
would not be accurate; however, in the example beam theory holds and is further supported by the 
proximity of the hand calculations to the FEM deflection values.  

 
2.​ The FEM and hand calculated values for normal stress at the gauge location only differ by 5.5%, 

with the hand calculation (12.8 ksi) being higher. However, the overall maximum normal stress 
calculated through FEM is 19.35 ksi, significantly higher than the 12.1 ksi gauge strain predicted 
by the hand calculations. This largely comes from stress concentrations and can be visualized on 
the normal stress contour which clearly shows several areas with higher than predicted stress. 
These locations are the result of sharp corners and poorly designed filets, something that needs to 
be iterated for future designs.  

 
3.​ The hand calculated displacement is 0.091 in while the FEM value is 0.11 in. This difference, 

with the FEM value being 21% higher, is not an alarming discrepancy. The difference may stem 
from the FEM model accounting for both deflection due to sheer and bending while the hand 
calculations only show deflection due to a bending moment applied at the edge of the handle. The 
sheer forces would cause the material to deflect more than what is predicted due to pure bending.  

 
5​ Our Portfolios  
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Maximum Tip Deflection: 0.11 in  

Jason Kirkland https://cornell-mae-ug.github.io/Jason
-Kirkland-Portfolio/ 

Justin Tsemekhin  https://cornell-mae-ug.github.io/fa25-
portfolio-Justin-Tsemekhin/ 
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