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~ Abstract ~ 
Contained in this report is a detailed explanation for new design specifications for a 

competitive bicycle crank arm assembly where data, calculations, theoretical analysis, and 
processes were used to derive this new design. The main parameters that were examined in this 
report are the radial distance of the bolts “d” and the chain bolt option given to us in the table 1. 
Furthermore, by using a safety factor of 3 established for us and known equations, the group 
was able to determine that at least two combinations of the radial distance and chain ring bolt 
option where feasible. 

Additionally, knowing that the allowable shear stress must be less than the maximum 
shearing stress and that we must conform to the established factor of safety of 3, an inequality 
for examining the cross-sectional area was established. Subsequently, knowing that the total 
moment of the system equals five times the moment at one bolt, we were able to find an 
equation for force “P” that could be used in the earlier established inequality, which can then be 
used to find appropriate design parameters for each option.  

Moreover, the group also determined the bearing stress in the chain ring arm and the 
factor of safety with respect to bearing failure. Through known equations, and knowing that the 
bearing stress multiplied by the factor of safety equals the allowable shearing stress, factors of 
safety were determined for each option. Employing the help of free-body analysis and 
mathematical investigation, the following report details the process the group utilized to redesign 
the design parameter and therefore determine the bearing stress and factor of safety for each 
option.  

 
Table [1] 

Option Diameter (in) Effective Area (in2) 

1 0.2 0.052 

2 0.2 0.037 

3 0.2 0.028 

Chain Ring Bolts Options 
 

~ Introduction ~ 
This design project requires the dimensions of a chain ring bolt on a bicycle to be 

determined. Both the The chain ring bolts are part of a system designed to transmit the power 
generated from the bicyclist to the wheels. This system starts with the bicyclist pushing down 
on the pedal with 300 lbs of force, which generates a net moment on the crank arm which can 
be seen below. This moment is translated to the chain ring arms. The chain ring arms then 
transmit this moment to the chain ring through the five chain ring bolts. The chain ring then 
transmits the force to the chain, which rotates the wheel. 

 
 



 
Figure [1] 

 
Detailed Part Assembly and Free-Body Diagrams  

 
 

Figure [2] 

 
Visual Representation of the Part Being Analyzed  

 
Hence, given three different effective areas with a 0.2” bolt diameter, the parameter “d” 

must be redesigned, which is the distance to the axis from the bottom bracket, so that it can 
withstand a shear stress of 35,000 psi while maintaining the established factor of safety. Once 
these distances are established, the bearing stresses in the chain ring arms of the crank are 
found along with the estimated factor of safety with respect to the bearing failure.  

 
Overall, we hypothesized that the larger the effective area of the bolt, the closer the bolt 

will have to be to the axis of the bottom bracket.  
 
~ Analysis & Design ~ 

Variable Declarations: 
d = Radial distance of the chain ring bolts 
D = Diameter of the chain ring bolts 
Fpedal = Load on pedal (300 lbs) 
L = Length of crank arm (8in) 
A = Effective area of the bolt 
t = Thickness of chain ring arms 
τ = Shearing stress 
Ϭb = Bearing stress 
F.S. = Factor of safety 
P = Stress on chain ring bolts 

Known Variables: 

 



Calculations: 
 
Design Objective 1: 
 
The elementary equation we used for shearing stress is: 

 

 
Equation 1 

where P is the shearing force applied over the cross-sectional area A of the bolts. To avoid 
failure of this system, the allowable shearing stress across the bolts must be less than or equal 
to the maximum shear stress that will be applied to the system: 

 
 Equation 2 

Using this equality we use substitution and establish: 

 

 
Equation 3 

In order to ensure a specific level of safety the factor of safety of 3 is integrated into the 
analysis 
 

 
Equation 4 

 

 
Equation 5 

We will keep equation 3 in mind as we continue throughout the analysis but we now must find 
the force in terms of distance from the center of the gear. The clear way to do this is to use the 
moments.  
 
However, we must first establish the moment about the center of A due to the force the cyclist 
applies which is: 

 
Furthermore, we know that this system is at equilibrium: 
 

 Equation 6 

so we can conclude that this moment is offset by the moment of each of the arms of the bottom 
bracket. Additionally, we are able to substitute P in here because it is the force we are 
attempting to find and also the bolt that is in single shear and can assume:  



 

 Equation 7 

Rearranging for P in terms of d we obtain: 
 

 
Equation 8 

Knowing that we were able to replace P with the value in previous equations and knowing that 
the max allowable pressure per square inch is 35,000 we get: 
 
 

 
Equation 9 

 

 
Equation 10 

 

 
Equation 11 

 

 
Equation 12 

In continuation, by using the effective area information provided, we can solve for d for each 
option of the ring bolt seen below in the table: 

 

Option Effective Option in2 dd = 0.041143in
3 / A in2 dd  (in) 

1 0.052 0.041143/0.052 0.791211538 

2 0.037 0.041143/0.037 1.111972973 

3 0.028 0.041142/0.028 1.469392857 

 
 
 
 
 
 
 



After applying the constraint that dd  must fall between the values of 0.8” and 1.5”, it is clear that 
only options 2 and 3 satisfy this constraint. 
 

Option Effective Option in2 dd = 0.041143in
3 / A in2 dd  (in) 

2 0.037 0.041143/0.037 1.111972973 

3 0.028 0.041142/0.028 1.469392857 

 
 
Design Objective 2: 
 
Now we must find the bearing stress in the chain ring arm of the crank. To do this we will use 
the following equation: 
 

 
Equation 13 

Where P is dependent on d as shown in equation 8, but now the area in equation 13 is the cross 
section bearing the stress, which is described by equation 14. 
 

 
Equation 14 

Where D is the diameter of the chain ring bolt and t is the thickness of the chain ring arm which 
were both previously established. By combining several previous equations we obtain: 
 

 
Equation 15  

Using the newly established equation, we can now find the bearing stress of each arm to be: 
 

Option Diameter 
(in) 

dd  (in) Arm Thickness 
(in) 

σbearing = 2400 (lb in) / 5ddDt σbearing (psi) 

2 0.2 1.11197297
3 

0.4 2400 (lb in) 
5*(1.11197 in)*(0.2 in)*(0.4 in) 

5395.83 

3 0.2 1.46939285
7 

0.4 2400 (lb in) 
 5*(1.46939in)*(0.2 in)*(0.4 in) 

4083.33 

 
 
 
 



Finally, by recalling equation 3 and combining it with 13, we derive:  
 

 Equation 16 

In this case, the allowable shearing stress is given as 5,000 psi for the alloy used to make the 
crank arm so we can estimate the factor of safety with respect to bearing failure: 
 

Option σbearing (psi) 

 

Factor of Safety 

2 5395.83 
 

0.926641 

3 4083.33 
 

1.22449 

 
~ Discussion ~ 

Overall, our goal was to determine an appropriate distance “d” from the bolt to the axis of 
the bottom bracket from the effective area of the bolts and other given values. We then had to 
find the factor of safety to ultimately make the choice of which distance and chain bolt was the 
best option for the bicycle crank arm. 

We knew in order to find the effective area yielded a distance between 0.8” and 1.5”, we 
first obtained the area in terms of force, stress, and safety factor all of which were 
pre-established. Furthermore, we knew that the moment about the axis of the bottom bracket 
could be found from the force exerted by the bicyclist and length of the crank arm. Moreover, 
knowing that the summation of moments about the axis of the bottom bracket must equal zero, 
the sum of the moments in each bolt must equal the moment produced by the bicyclist. This 
means that the amount from the bicyclist equal five times the moment in each bolt due to fact 
that there are five bolts. Solving for the force in each bolt, we could plug this back into our 
effective area equation #12. Proceeding forward, by plugging the allowable stress in the bolts, 
we were able to solve chain ring bolt option 1, 2, and 3 for the radial distance from the axis of 
the bottom bracket by then plugging each bolt option’s respective effective area. Comparing the 
calculated distances to the allowable range, we discovered that options 2 and 3 were acceptable 
and meet the radial distance constraint. 

Next, using options 2 and 3, we then found the factor of safety with respect to bearing 
failure for each bolt. We did this by realizing that bearing stress is equal to force divided by area. 
We also know that the area for the bearing is equal to the diameter times the thickness. By 
substituting back into the equation and plugging in our known variables, we were able to solve 
for the bearing stress for each suitable option. By combining equations #3 and #13, we could 
solve for the factor of safety for bolts 2 and 3. Option 2 failed this test with a factor of safety 
less than one.  This only leaves option 3 as a viable choice.  



Overall, we believe that our results are accurate and precise because by using unit 
analysis in equation A = 0.041143 in3 /dd in, we obtain units of inches squared which is correct in 
this analysis and our values for the distances yield reasonable results.  
 
 
~ Conclusion ~ 

Through our analysis of the chain ring bolt, we were able to mathematically provide a 
suitable option for the size of the chain ring bolt that would function properly in this application. 
By decreasing the area of each bolt, the distance of the axis of the bottom bracket increased. 
We hypothesized that the larger of the area of the bolt, the closer the bolt would have to be to 
the axis of the bottom bracket. Therefore, option 3 is the most viable choice since it has the 
highest factor of safety within the range of 0.8 to 1.5 inches in distance. 


