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Introduction 
The project is to develop a robot which can stabilize itself in all the directions and move on the rough terrains and create a good balance over the rough terrains as well. For this purpose, the team is designing a two wheeler robot which can move around and balance in all the terrains. 
For this paper I am doing the analysis on the shaft using in between the wheels to support the whole chassis as this shaft should be strong but another important aspect is that it must be light in weight so that the overall weight of robot will have to be low. So two types of shaft we have here, one is hollow shaft and other is solid shaft. From both types the best will select according to the strength and weight ratio.
Assumptions 	
Assumption for the shaft calculations 

1. Radius of outer side of shaft is 

2. Radius of inner side of shaft is 


3. For both the hollow shaft and solid shaft the allowable shear stress is same. 
4. Formation of polar angle


Equations to use
The equations which are going to use in this analysis are

So 
· T = torque in shaft,
·  = polar form of moment of inertia 
·  = radial distance 
Equation for the ratio of weight 

So
· g = gravity
·  weight for hollow shaft
·  = outer radius
· L = length
·  weight for solid shaft 
Hollow shaft strength to weight ratio

So
· L = length
·  = outer radius
· g = gravity
· 
Solid shaft strength to weight ratio

So
· L = length
·  = outer radius
· g = gravity
· 
Physical Modeling
In order to actually perform the physical modeling, it need to use the hollow shaft and solid shaft in real to test the strength and strength to weight ratio. 
Governing Calculations
Starting with the explanation that solid shaft must be heavier than the hollow shaft so let’s calculate the equations as
Calculate the maximum shear stress [2]. 




Weight ratio calculated as


From the above equation  is hollow shaft weight and is solid shaft weight and as the ratio is less than 1 that means hollow shaft weight is less as compare to solid shaft that is the reason ratio is less than 1. Now calculate the strength to weight ratio 
Hollow shaft ratio

So the equation gives

Values inserted into the equation 


Solid shaft ratio

So the equation is 

Values inserted into the equation 


Strength to weight ratio has large value for hollow shaft, while strength to weight ratio has low value for the solid shaft, it means solid shaft has higher weight and less strength to weight ratio so it is better to use hollow shaft.  
Conclusion
The team is working on a design project of robot and they are developing a two wheeler robot which can balance itself on a rough terrain as well. In this analysis, shaft has analyzed which is using in between the wheels, so from two types of shaft hollow shaft and solid shaft the best is hollow shaft because of light weight and higher strength to weight ratio. This analysis is helpful for the team in designing the project specifically for the shaft designing so the final shaft has selected so the team will simply put that directly into the design without any brainstorming. 
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