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Chapter 4: Fatigue Loading Conditions, Statics and Stress Analysis 
 
As mentioned in the previous chapters, that even when the car is standing still, numerous loads are 
acting on the helical coil compression spring that we are trying to analyse. Using these, an analysis of 
a pre-load condition conditions have been carried on in the previous chapter. However, when the car 
moves, various other forces act on the spring also that will be added on to the pre-load conditions. In 
this chapter, our goal is to further our understanding as higher loads act on the spring over a long 
period of time – these are called the fatigue loading conditions.  
 

Section 4.1: Fatigue Loading Conditions  
As determined in the previous chapter, a constant force of 1000lbs is constantly acting on the 
compression spring, which is identified as the ore-load force or the minimum static force. This is the 
bare minimum force that the spring will experience. There are various reasons why more force ought 
to act on the springs.  
 
The very first increase in this weight on the spring will be due to the driver and passengers weight as 
they get into the car. Their weight will collectively add on the cars. They might carry want to carry a 
luggage with them as well. As the car comes in motion, one can observe that the road is not always 
completely flat due to which the car goes in bumps. These bumping conditions add to the pre-load 
force mentioned earlier. In fact, the bigger the bump, the higher the force that acts on it. This force is 
higher, also when the speed of the car is higher. Similar additional forces also act when the car goes 
through potholes and uneven road. Some countries have far worse than some other countries, 
therefore, the demographics of where the car is being driven will also effect the loading conditions of 
the car. One of the other things that people don’t take into account is the driving style of the driver. 
It has been publicly noted through various experiments that men and women have different driving 
styles.i Similarly, various other driving habits also get included in the above list on how various other 
forces act on the spring.  
 
However, the part to notice is that the spring has an oscillating mechanism, that is, when a force acts 
on it, it will go through various cycles until it stops oscillating and this motion is known as the simple 
harmonic motion. This motion actually turns to be exactly modelled by a sin curve as shown in the 
Figure 4.1-1 below.  

 
Figure 4.1-1: Damping when a force acts on the spring 
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At the point (0,0) in the figure 4.1-1 above, a force acts on the spring, which compresses the spring 
down. The through the stored elastic energy in the spring, it pushes itself up to a high value, even 
above where it started. However, this simple harmonic motions damps itself over time as this a 
suspension spring. Also, the viscosity of the air around slows the spring over down. The above figure 
is exaggerated to some extent to show the damping motion. The spring actually comes down to the 
original length in just two or three cycles. The helical coil compression springs are designed in that 
way.  
 
As more force acts on the spring, we observe that the amplitude of the above curve increases shown 
in the Figure 4.1-2. The point to be noted is that the damping effect in not shown in this figure. 
However, similar to the Figure 4.1-1, damping effect takes place here.  
 

 
Figure 4.1-2: Cycles with different loads 

 
On top of the pre-load, we will apply more force with an increment of 200lbs. These are the 
increments shown in the figure above. However, another point to notice is that even though the spring 
oscillates with more force acting on it, the low value continues to remain remains the same. This 
translates to low shear stresses being calculated be the same no matter what forces act on the spring. 
The higher stresses change with more force acting on it. The force (W) at any point can be given by  
Equation 4.1-1.  
 

 
W = Wpre−load + 200 ∗ N 

Where N = 1, 2, … , 10  
 Equation 4.1-1 

 
To continue with our fatigue plots, we are going to work with a total of 11 forces and calculate the 
respective stresses on each of them and perform a fatigue analysis on it.  These operating points have 
been shown below in table 4.4-1.  
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Table 4.1-1: Operating points and corresponding forces 

N - Operating 
points 

Force (N) Force (lbf) 

0 - pre-load 4448 1000 

1 5338 1200 

2 6228 1400 

3 7117 1600 

4 8007 1800 

5 8896 2000 

6 9786 2200 

7 10676 2400 

8 11565 2600 

9 12455 2800 

10 13345 3000 

 
Another assumption we are going to make is that the spring goes through a total 10 cycles in 1 mile. 
As mentioned earlier, these oscillations may have been caused through various forces acting on the 
spring. From the project requirement, it has been told to us that these are the number of cycles we 
are going to work with. This is one of our assumptions that will change with as the we consider the 
car from people to people, location to location and geographical demographics to demographics, etc.  
 
We have also been told from the project requirement that a car is driven for about 10,000 miles or 
160,94 km a year. However, this is just an assumption and this number will change from car to car. 
Using the information in the previous paragraphs, we can find out the total number of cycles a car 
goes through in one year. This number is extremely important when considering the fatigue analysis 
of the spring and predicting how long the spring is going to last without failure.  
 

 Number of cycles =
10𝑐𝑦𝑐𝑙𝑒𝑠

𝑚𝑖𝑙𝑒
∗

10,000𝑚𝑖𝑙𝑒𝑠

𝑦𝑒𝑎𝑟
= 100,000

𝑐𝑦𝑐𝑙𝑒𝑠

𝑦𝑒𝑎𝑟
  Equation 4.1-2 

 
Therefore, from  Equation 4.1-2, we decipher than in one year, we expect about 100,000 cycles to 
take place in the helical coil compression spring that we are analysing.  
 

Section 4.2: Fatigue Stresses 
In this section, our aim is to produce the stresses for all the operating points that we have identified 
in the previous section. As discovered in chapter 2 and 3, we have found that there are no normal 
forces acting on the spring in the orientation of interest, therefore, all the stresses that we find are 
normal stresses. Previously in chapter 3, we derived an equation that helps us calculate the stresses 
based on the forces that we have identified in section 4.1 in table 4.1-1. In chapter 3, we calculated 
the shear stress with curvature for the pre-load condition to be 69.33ksi or 439MPa using the following 
formula 
 

 
τxy,total curvature =

2CF0

A
(

4C − 1

4C − 4
+

0.615

C
)     

 Equation 4.2-1 

Since the force acting on the equation is linearly proportional to the shear stress as shown in the 
equation 4.2-2 below.  
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 τxy,total curvature ∝ F0  Equation 4.2-2 

 

Where the linear constant of proportionality is K = 
2C

A
(

4C−1

4C−4
+

0.615

C
). The only two variables in K are C 

and A – ratio of diameters and cross-sectional area of the diameter, and these are constants. 
Therefore, if we multiply F by a certain factor, then the shear force also gets multiplied by the same 
factor. This is exactly what we are doing in equation 4.1-1, where we are multiplying force by a certain 
constant to obtain the associated stresses.  
 

 
τxy,total curvature = 69.33 + (1 + N ∗

200

1000
) ∗ 69.33 

 Equation 4.2-3 

 
If we look at equation 4.2-3 closely, it is exactly the same as equation 4.1-1. From this equation 4.2-3, 
we observe that the as the force increases, the magnitude of the shear stress acting on the spring also 
increases at a linear rate. Another way of understanding this has been explained further. When more 
force acts on the spring, the spring compresses and then oscillates. This has been shown in the Figure 
4.2-1.   

 

Figure 4.2-1: Result of addition of force on a spring 

The mechanical energy of the spring is stored as elastic energy, which is given by the following formula.  
 

 
Ek =

1

2
kx2 

 Equation 4.2-4 

 
As the delta x increases, due to more force acting, the stored elastic potential energy increases in the 
spring. This energy comes from the work done by the external object. This higher energy concept also 
explain an increase in stresses of the curve. Using the equation 4.3-2, we can derive the total shear 
stresses for all the operating points with curvature that we are interested in and relate to the different 
forces acting. These are shown in the Table 4.2-1 below. A sample calculation has been done for N = 
1 below.  

 
τxy,total curvature = 69.33 + (1 + 1 ∗

200

1000
) ∗ 69.33 = 83.19ksi  Equation 4.2-5 

 
Similarly, all the rest shear stress values have been calculated using different values of N from 1 
through 10 in table 4.2-3. The force values have been places for reference and have been taken from 
figure 4.1-1.  
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Table 4.2-1: Operating points and their respective stresses 

N - Operating 
points 

Force (N) 𝝉𝒎𝒂𝒙 (𝑴𝑷𝒂) Force (lbf) 𝝉𝒎𝒂𝒙 (𝒌𝒔𝒊) 

0 - pre-load 4448 477.98 1000 69.33 

1 5338 573.58 1200 83.19 

2 6228 669.17 1400 97.06 

3 7117 764.77 1600 110.92 

4 8007 860.36 1800 124.79 

5 8896 955.96 2000 138.65 

6 9786 1,051.56 2200 152.52 

7 10676 1,147.15 2400 166.38 

8 11565 1,242.75 2600 180.25 

9 12455 1,338.34 2800 194.11 

10 13345 1,433.94 3000 207.98 

 
 
Using the above plot values, we can easily calculated the rest of stresses to better prepare ourselves 
to carry out a fatigue analysis.  
 

Section 4.3: Fatigue Operating Point Plot 
As it has been mentioned previously in figure 4.1-2, the minimum stress of the spring continues to 
remain at 69.33ksi, as shown in the figure 4.3-3 below. The y-axis of the graph are the values taken 
from the table 4.2-3 above. These show the oscillation of the spring as different stresses act on it.  

 
Figure 4.3-1: Cycles with different loads 

 
From the figure, it is clearly observable that the lowest value of the stress is 69.33ksi and the maximum 
value is the corresponding stress values found towards the end of section 4.2. These minimum and 
maximum values of the stresses in both English and metric units have been provided in the ______ 
below.  
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Table 4.3-1: Comprehensive list of the minimum and maximum shear stresses 

N - Operating 
points 

Force (N) 𝝉𝒎𝒊𝒏(𝑴𝑷𝒂) 𝝉𝒎𝒂𝒙(𝑴𝑷𝒂) Force (lbf) 𝝉𝒎𝒊𝒏(𝒌𝒔𝒊) 𝝉𝒎𝒂𝒙(𝒌𝒔𝒊) 

0 - pre-load 4448         477.98          477.98  1000           69.33            69.33  

1 5338         477.98          573.58  1200           69.33            83.19  

2 6228         477.98          669.17  1400           69.33            97.06  

3 7117         477.98          764.77  1600           69.33          110.92  

4 8007         477.98          860.36  1800           69.33          124.79  

5 8896         477.98          955.96  2000           69.33          138.65  

6 9786         477.98       1,051.56  2200           69.33          152.52  

7 10676         477.98       1,147.15  2400           69.33          166.38  

8 11565         477.98       1,242.75  2600           69.33          180.25  

9 12455         477.98       1,338.34  2800           69.33          194.11  

10 13345         477.98       1,433.94  3000           69.33          207.98  

 
Using the different minimum and maximum points in the graph, we can plot these with minimum in 
abscissa and the maximum stress in the ordinate.  

 
Figure 4.3-2: Graph of maximum shear stress vs minimum shear stress in ksi 

The operating points are shown to the right of the points in the graph. A similar plot in metric units 
can also be drawn and is shown in below.  
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Figure 4.3-3: Graph of maximum shear stress vs minimum shear stress in MPa 

The above two plots look nice, and those are the standard used across spring community. However, 
in our classroom, we have used different kinds of graphs where we calculate the mean stress and the 
alternating stress. These have been defined using the following figure 4.3-3.ii  

 
Figure 4.3-3: Explanation of mean and alternate stress 

From the oscillation mentions in the figure 4.3-1, one of the oscillations is shown in the figure 4.3-4 
for N = 1. The mean stress is the average of the sine-periodic curve, while the deviation or the 
amplitude of the curve is known as the alternating stress. The mean stress can easily be found using 
the following formula 
 

 
τmean =

τ𝑚𝑎𝑥 + τmin

2
  Equation 4.3-1 

 
Furthermore, we can also find the alternating shear stress as:  
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 τalt =

τ𝑚𝑎𝑥 − τmin

2
  Equation 4.3-2 

 
Using the above two specified formulae, we can calculate the corresponding shear stresses of all the 
different operating points. These calculations have been tabulated in the table 4.3-2 below.  
 

Table 4.3-2: Alternate and Mean stress values along with forces in metric and English units 

N - Operating 
points 

Force (N) 𝛕𝐦𝐞𝐚𝐧(𝐌𝐏𝐚) 𝛕𝐚𝐥𝐭(𝐌𝐏𝐚) Force (lbf) 𝛕𝐦𝐞𝐚𝐧(𝐤𝐬𝐢) 𝛕𝐚𝐥𝐭(𝐤𝐬𝐢) 

0 - pre-load 4448 477.98 0.00 1000 69.33 0.00 

1 5338 525.78 47.80 1200 76.26 6.93 

2 6228 573.58 95.60 1400 83.19 13.87 

3 7117 621.37 143.39 1600 90.12 20.80 

4 8007 669.17 191.19 1800 97.06 27.73 

5 8896 716.97 238.99 2000 103.99 34.66 

6 9786 764.77 286.79 2200 110.92 41.60 

7 10676 812.57 334.59 2400 117.85 48.53 

8 11565 860.36 382.38 2600 124.79 55.46 

9 12455 908.16 430.18 2800 131.72 62.39 

10 13345 955.96 477.98 3000 138.65 69.33 

 
Similar to the previous graphs, we can also plot this table data into graphs, on which we will be able 
to carry on a fatigue analysis.  

 
Figure 4.3-4: Graph of alternating vs mean stress in ksi 

Once again, similarly, this graph can also be plotted in metric units, such as shown below. 
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Figure 4.3-5: Graph of alternating vs mean stress in MPa 

 
In this section, we have taken two approaches to plot the maximum and minimum shear stresses that 
the spring goes through in its lifetime. We approximated that 3000lbs will be the maximum force that 
will act on any given day.  
 
Another aspect that was discussed in section 4.1 was the number of cycles that that the car goes 
through 10 cycles in one mile. The very first increase in this weight on the spring will be due to the 
driver and passengers weight as they get into the car. Their weight will collectively add on the cars. 
They might carry want to carry a luggage with them as well. As the car comes in motion, one can 
observe that the road is not always completely flat due to which the car goes in bumps. These bumping 
conditions add to the pre-load force mentioned earlier. In fact, the bigger the bump, the higher the 
force that acts on it. This force is higher, also when the speed of the car is higher. Similar additional 
forces also act when the car goes through potholes and uneven road. Some countries have far worse 
than some other countries, therefore, the demographics of where the car is being driven will also 
effect the loading conditions of the car. One of the other things that people don’t take into account is 
the driving style of the driver. It has been publicly noted through various experiments that men and 
women have different driving styles.i Similarly, various other driving habits also get included in the 
above list on how various other forces act on the spring.  
 
Due to the above mentioned reasons, the car might go through a total of 100,000 cycles (just as shown 
in the figure 4.3-4) per year, which is a very big number. In each of the case or operating points 
mentioned, when we work out a fatigue analysis, we will work on all of these N=1 to 10 operating 
points. This category will be explored in various ways in the 2 chapter to follow, where in chapter 5 
we will introduce the technique and in chapter 6, we will actually include a fatigue analysis to these 
operating points and will work out the average life expectancy of the helical coil compression spring.  
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Section 4.4: Table of Data and Results 
Table 4.4-1: Force, maximum and minimum stresses 

N - Operating 
points 

Force (N) 𝝉𝒎𝒊𝒏(𝑴𝑷𝒂) 𝝉𝒎𝒂𝒙(𝑴𝑷𝒂) Force (lbf) 𝝉𝒎𝒊𝒏(𝒌𝒔𝒊) 𝝉𝒎𝒂𝒙(𝒌𝒔𝒊) 

0 - pre-load 4448         477.98          477.98  1000           69.33            69.33  

1 5338         477.98          573.58  1200           69.33            83.19  

2 6228         477.98          669.17  1400           69.33            97.06  

3 7117         477.98          764.77  1600           69.33          110.92  

4 8007         477.98          860.36  1800           69.33          124.79  

5 8896         477.98          955.96  2000           69.33          138.65  

6 9786         477.98       1,051.56  2200           69.33          152.52  

7 10676         477.98       1,147.15  2400           69.33          166.38  

8 11565         477.98       1,242.75  2600           69.33          180.25  

9 12455         477.98       1,338.34  2800           69.33          194.11  

10 13345         477.98       1,433.94  3000           69.33          207.98  

 
Table 4.4-2: Forces, mean and alternate shear stresses 

N - Operating 
points 

Force (N) 𝛕𝐦𝐞𝐚𝐧(𝐌𝐏𝐚) 𝛕𝐚𝐥𝐭(𝐌𝐏𝐚) Force (lbf) 𝛕𝐦𝐞𝐚𝐧(𝐤𝐬𝐢) 𝛕𝐚𝐥𝐭(𝐤𝐬𝐢) 

0 - pre-load 4448 477.98 0.00 1000 69.33 0.00 

1 5338 525.78 47.80 1200 76.26 6.93 

2 6228 573.58 95.60 1400 83.19 13.87 

3 7117 621.37 143.39 1600 90.12 20.80 

4 8007 669.17 191.19 1800 97.06 27.73 

5 8896 716.97 238.99 2000 103.99 34.66 

6 9786 764.77 286.79 2200 110.92 41.60 

7 10676 812.57 334.59 2400 117.85 48.53 

8 11565 860.36 382.38 2600 124.79 55.46 

9 12455 908.16 430.18 2800 131.72 62.39 

10 13345 955.96 477.98 3000 138.65 69.33 
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Section 4.6: Level of Effort  
Thank you for the assignment. I spent about 15 hours working on this report.  


