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ABSTRACT 

 

Even flat, smooth roads cause vibrations that are transferred to the car body and, ultimately, the passengers. These 

transferred vibrations are required to be minimized by the suspension system of the car. The present study aimed 

to calculate the loads exerted on the front and rear axles of a Peugeot 504. The results showed that the front and 

rear axles experience a load of 4.5 kN in the first scenario, 4..0 and 6..6 kN in the second scenario, and 5..6 

and 6.55 in the third scenario, respectively. 
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.. INTRODUCTION 

When in contact with the road roughness, the car wheels experience vertical, longitudinal, and lateral forces. 

Direct transmission of these loads without any suspension systems causes wear and tear in the car body as well as 

the discomfort of the passengers. Hence, a suspension system is required to dampen these forces (Sharif et al. 

.0.6). The suspension system connects the wheels to the body, reducing the degree of freedom (DoF) from 6 to 

3 in the steering wheels, and to . in the non-steering wheels. This system is responsible for three important, 

fundamental tasks, namely stability, handling, and riding. Therefore, it can be stated that the suspension system 

in cars plays a major role in the comfort of the passengers and, additionally, directly affects the stability of the car 

as one of the effective factors in controlling and steering the car (Amrollahi Biouki and Mahmoudi Kaleybar, 

.0.0) ( Niajalili et al. .0.0). 

 

2.        Calculation of the loads exerted on the front and rear axles 

In this section, the loads exerted on the front and rear axles are calculated by plotting the free diagram of the car 

forces, as shown in Fig 1, and using the Newton's second law. 
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Figure1. The free diagram of the car forces 

Table 1 shows the specifications for Peugeot 504 as the studied car model. 

 

Table1. The specifications Peugeot 504 

W = 1115 KN 

C = 111 m 

b = 111 m 

L = 612 m 

h = 010 m 

ax = 6 m/s6 

g = 819 

Ɵ = 0102 

The loads exerted on the front and rear axles of the car are calculated for the following scenarios. 

First scenario: The car is stationary on a road with no slope. In this case: 

If Ɵ = 0  sin Ɵ = 0 , cos Ɵ = 1  

If V = 0  DA = 0    
The loads exerted on the front and rear axles of the car are then calculated.   

 Wfs = W . 
C

L
  ..15 × 

1/9

2/6
  Wfs = 415 KN 

Wrs = W . 
b

L
  ..15 × 

1/9

2/6
  Wrs = 415 KN   

 
 

Second scenario: The stationary car on a road with no slope and starts to move. In this scenario, given the low 

velocity, the aerodynamic forces can be neglected, in which case the loads exerted on the front and rear axles are 

calculated as follows: 

Wf = W (
C

L
 - 

ax

g
 . 

h

L
) = Wfs – W . 

ax

g
 . 

h

L
  7/5 – 11/1 × 

2
9/8

 × 
0/5
2/6

  Wf = 7/10 KN 

Wr = W (
b

L
 + 

𝐚𝐱

g
 . 

h

L
) = Wrs + W . 

𝐚𝐱

g
 . 

h

L
  7/5 + 11/1 × 

2
9/8

 × 
0/5
2/6

  Wr = 6/29 KN 

Therefore, a load proportional to the force caused by acceleration is lifted from the front axle and transferred to 

the rear axle. 

Third scenario: The car starts to move on a sloped surface. In this case, given that the sub-arterial and arterial 

roads are generally constructed with a slope of 101 to 121, the cos of the angle can be approximated as 1, and its 

sin equal to the angle. Hence, the loads exerted on the front and rear axles on a sloped road are calculated as 

follows: 

Wf = 
W (C cos θ−h × 

ax

g
−h sin θ)

L
  Wf = 

11.1 × (1.3 cos 3.13−0.5 × 
2

9.8
−0.5 sin 3.13)

2.6
  Wf = 1/86 KN 
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Wr = 
W (b cos θ+h × 

ax

g
+h sin θ)

L
  Wr = 

11.1 × (1.3 cos 3.13+0.5 × 
2

9.8
+0.5 sin 3.13)

2.6
  Wr = 6/11 KN 

Note: A slope (Ɵ ) of 0006 is equal to 3/13 °: Arc tan (0006) = 3013 

Therefore, a positive slope causes part of the load to be transferred from the front axle to the rear axle. 

 
 

 

3.        Nomenclature 

 

W: vehicle weight                                        c: center of gravity of the car with respect to the rear wheel   

b: center of gravity of the car with respect to the front wheel       L: distance between the front and rear wheels                      

H: height                        ax: acceleration                       g: gravitational acceleration 

Ɵ: slope                      wf: load exerted on the front axle                         wr: load exerted on the rear axle 

 
 

 

4.        Conclusion 

This study aimed to calculate the loads exerted on the front and rear axles of a Peugeot 504 by plotting the free 

diagram of the car and using Newton’s second law. Car specifications are given in Table .. Based on the results, 

the front and rear axles experience a loads of 4.5 kN in the first scenario, 4..0 and 6..6 kN in the second scenario, 

and 5..6 and 6.55 in the third scenario subject to a slope, respectively. 
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