






18ME52 - Design of Machine Elements- 1 Feb 2022  
Answer key  

Module 1 
1a. The choice of materials depends upon the following factors 
 a. Availability of the materials. 
 b. Suitability of materials for the working conditions in service 
 c. The cost of materials. 

1b. Codes and standards: 
 Codes are a set of specifications for the analysis, design, manufacture and construction of something. 
The main purpose of code is to achieve a specified degree of safety, efficiency and quality. 
 Standard is the set of specifications for parts, materials or processes intended to achieve uniformity 
and specified quality. 
Some organisations for codes and standards include American Gear Manufacturers Association (AGMA), 
American Society for Mechanical Engineers (ASME),  Society of Automotive Engineers (SAE) and 
American society of Metals (ASM). 
 
1c.  



 

2a.  

Brittle materials can be classified  into two classes: even and uneven brittle materials. Even brittle materials 
generally have compressive strengths equal to their tensile strengths. (Most ductile materials, which we’ve 
discussed earlier, are also even materials.) This can happen with wrought materials, like some tool steels, or 
other metals which have undergone hardening. (Many ductile metals can be worked to increase their 
hardness - this frequently leads to them becoming less ductile and more brittle.) Even brittle materials can be 
evaluated for failure by comparing their maximum normal stress to their tensile strengths. 
Uneven materials have compressive strengths greater than their tensile strengths. This is typical of many 
materials which are cast. These materials normally contain microscopic voids due to the casting process. 
When they’re subjected to tension, these voids can produce stress concentrations and lead to rapid fracture. 
However, when they’re subjected to compression, the flaws of the casting are pushed together and their faces 
can support each other, allowing the material to survive much more force before failing.  
The Mohr’s circle on the left hand side shows the stresses seen in tension and compression tests for an even 
material. The one on the right shows the same two tests for an uneven material. The important takeaway 
from this is that, for uneven materials, their normal and shear strengths are interdependent. 

2b.  
1. Maximum Principal Stress Theory (Rankine’s Theory) 
 According to this theory failure of a component takes place if the maximum principal stress 
at any point exceeds the ultimate or yield point stress.  

 If the principal stresses acting in the three directions are ,  and  and if , 
then the design equation is: 
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2. Maximum shear stress theory 

Condition for failure, 
Maximum shear stress induced at a critical  > Yield strength in shear under tensile 
point under triaxial combined stress       test 

   or   

Since  = ,  =  = Equivalent or Allowable stress. 

This theory is mostly used for ductile materials. 
3. Maximum distortion Energy or Hencky and Mises Theory 
 According to this theory the cause of failure is not total strain energy. Part of the strain 
causes uniform extension and the remaining part causes shearing action, known as shear energy or 
energy distortion. 
 Thus this theory states that failure occurs when the strain energy of distortion per unit 
volume at any point in the machine element becomes equal to the strain energy per unit volume in a 
standard tension test specimen, when yielding start. 
 In tension test,  
    ; . 
 (a) For Bi-axial Stress state: 

   

 (b) For Tri-axial Stress, 
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2c.  
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9c. Bolted Joint 
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10b. Applications of Knuckle joint 
1. The joint between the tie rod joint of a roof truss. 
2. The joint Tension link in bridge structure. 
3. Tie rod joint of the jib crane. 
4. Link of roller chain, bicycle chain, and Chain straps of watches. 
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