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Chapter 2. Vehicle Model

2.5 Center of gravity

The measurement of the center of gravity is essential to correctly define the
vehicle dynamics. The overall mass is known by the data sheet, the height of the
center of gravity and the load on each axle needs to be measured.

Figure (2.2) shows the resultant vertical force in the stationary condition for
the front and rear axle. In order to calculate the position of the center of gravity, it
is necessary to weight the load acting on the front and rear axle.
The useful data for the calculation of the center of gravity position are listed in
table (2.3).

Table 2.3: Vehicle mass and wheelbase

Mass m [Kg] 690
Wheelbase l [m] 1,65

Figure 2.2: Vehicle center of gravity

The measured load on the front and rear axle is listed in table (2.4). The load

Table 2.4: Measured axle load

Rear axle load FzR [N] 4512,4
Front axle load FzF [N] 2256,4

acting on each wheel is half of the axle load, b is obtained by writing the equilibrium
of moments about the rear axle,

 FZF
· l +m · g · b = 0 (2.1)

b =
FZF

· l

m · g
= 0, 550 m (2.2)
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a is obtained by writing the equilibrium of moments about the front axle,

FZR
· l m · g · a = 0 (2.3)

a =
FZR

· l

m · g
= 1, 1 m (2.4)

To calculate the height of the center of gravity the loads acting on the front and
rear axle is measured on an inclined plane, Figure (2.3). The measured load at the

Figure 2.3: Axes loads on a slope

front and at the rear axle is listed in table (2.5).

Table 2.5: Measured axle loads and slope properties

Rear axle load RR [N] 4242,3
Front axle load RF [N] 2526,6
Step height h [m] 0,3
Wheelbase l [m] 1,65
Wheel radius r [m] 0,235

Measuring the load acting on the front and rear axle the hg is derived. The
angle # is defined as:

# = asin

✓

h

l

◆

= 0, 128 rad = 7, 3339 (2.5)

The height h of the center of gravity is obtained with the following formula [21]:

h =



b l

✓

RF

m · g

◆

⇤ cot#+ r = 0, 5 m (2.6)
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The center of mass position is calculated and resumed in the table (2.6)

Table 2.6: Center of mass position.

front axle distance a [m] 1,1
rear axle distance b [m] 0,55
heigth h [m] 0,3

2.6 Suspension geometry

In this section, a study of the geometric properties of the front and rear suspen-
sion is done, calculating the roll center and the vehicle roll axis, starting from the
data obtained during the 3D modelling.

2.6.1 Front suspension

The front suspension is not characterized by a common geometry that can
be found in the literature. The structure is formed by an independent superior
trapezoidal linkage guided by a leaf spring at the bottom.

Figure 2.4: Front suspension

The roll center is defined as the point about which the vehicle rolls while corner-
ing. Its location is found using the principles of the instant center of rotation [7].

Extending the lines of the upper linkage and the leaf spring, they intersect in a
certain instantaneous center (ICR).

Another line is extended from the ICR to a point in which the tire is in contact
with the ground. The point at which this line intersects the vehicle center is called
roll center.
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