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Theoretical and Simulation Analysis of a Vehicle Model in Bounce, Pitch and Roll Motions
By Peter Rogbinyin / supervised by Dr. Mehrdaad Ghorashi
Solutions 1. Bounce Motion only with Base Excitation

Abstract

Results and Discussion

SolidWorks Modeling solution

Mathematical Modeling for Bounce-only with Base Excitation [1]

Vibration of a car can be modeled by lumping its mass in the form of sprung and
unsprung masses by using spring and dampers as basic elements of the suspension
system. In this project, several car models are generated by SolidWorks and analyzed.
The first model has bounce-only. The second model has both bouncing and pitching
motions simultaneously. Finally, the bounce, pitch, and roll model is generated. The
first two have also been analyzed theoretically. The results of the two methods of
solution have been compared as a means of verification.

 The SolidWorks simulation results from the bounce-only case
as shown in Figure 4 clearly match the manual calculation
results. In this way, a harmonic 0.01m bump on the road
transmits a maximum of 0.032m amplitude of vibrations to
the car body. Of course, the same effect is transmitted to
the occupants of the car as they move along the road.
Therefore, in this case, the suspension system has amplified
the road waviness and makes the ride not very enjoyable.

Figure 3. SolidWorks Modeling for Bounce Only. -1007KG, 40000 N/m

Introduction
The dynamic analysis of automobiles requires theoretical and mathematical modeling
of the cars’ frames, the suspensions, the tires, and the excitation generated by the
road surface in order to minimize unwanted vibrations and have a smooth ride.
Car vibration, in general, is not a desirable feeling. It creates unpleasant motions,
noise, dynamic stresses that may result in fatigue failure of the car frame, energy
dissipation and efficiency reduction. Vibration is one of the major considerations
during designs of automobiles and vibration analysis is always performed as a
precautionary measure to prevent its damaging effects on cars’ frames and riders’
health and comfort.

 For the bounce and pitch motion analysis, the manual
calculations for cases 1 and 2 as shown in Table 1 and Table
2, and the frequencies responses result from SolidWorks
simulation as shown in the Table 3 and Table 4 are relatively
close.

Solution 2. Bounce and Pitch motion

Figure 4. Displacement Amplitude vs. Frequency

 Interestingly, the results from rolling simulations for both
cases verified the frequencies responses from bounce
and pitch simulations. As shown in Table 5. and Table 6.
The first three modes of vibration indicate the rigid body
modes, modes 4 to 6 correspond to the bounce, pitch
and rolling motions, and higher modes are elastic modes.

Mathematical Modeling for Bounce and Pitch Motion

Objective
The objective of this project is to analyze the vibrations of a car body model in bounce,
pitch and roll motions using SolidWorks and verify the results theoretically in cases of
bounce-only and bounce and pitch motions.

Conclusions
In this project, I was able to establish that a theoretical solution
of an automobile vibration frequency response can be modeled
in SolidWorks under base excitation conditions. The results from
both methods (theoretical and SolidWorks) agreed with each
other when compared for all the cases considered in this
project.

Problem statement
Case 1

1. For the bounce-only motion

Table 1.

Case 2
Table 2.

For the bounce-only case, the effect of car speed on the amplitude of vibrations of the car
body will be analyzed. It is assumed that the suspension system provides an equivalent
stiffness of 4x104 N/m and damping of 20x10² N.s/m.
SolidWorks Modeling for Bounce and pitch Motion
Figure 1.

(source from D.J Inman text)
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Figure 2.
Table 4

2. Bounce and Pitch Motion
The following cases are modeled:
Case 1 : A car has the following parameters:
W = 4000kg, L1 = 0.9m, L2 = 1.4m, K1 = 20000 N/m, K2 = 20000 N/m, I = 2560kg.m²
Case 2 : A car has the following parameters:
W = 3500lb, L1 = 4.4ft, L2 = 5.6ft, K1 = 2000 lbs. /ft., K2 = 2400 lbs. /ft., I = 1739slug.ft²
Both cases are modeled in SolidWorks and solved theoretically to determine natural frequencies
and mode shapes.
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Figure 5. SolidWorks Modeling
Case 1 – 4000KG
Case 2 – 3500lb

Combined Bounce-Pitch and Roll Problem and Verification.
Figure 6. SolidWorks Modeling
Case 1 – 4000KG
Case 2 – 3500lb

Table 6

Table 5
Frequency
Number

Rad/sec

Hertz

Seconds

Frequency
Number

Rad/sec

Hertz

Seconds

1

0.017866

0.0028435

351.68

1

0.016403

0.0026106

383.06

2

3.0319

0.48254

2.0723

2

6.0322

0.96006

1.0416

3

5.7493

0.91503

1.0929

3

11.195

1.7818

0.56124

4

1,994.5

317.43

0.0031503

4

1,704.8

271.33

0.0036856

5

2,386.2

379.78

0.0026331

5

3,066.6

488.07

0.0020489

6

3,005.5

478.33

0.0020906

6

4,704.7

748.78

0.0013355

7

4,214.3

670.73

0.0014909

7

5,539.3

881.61

0.0011343

8

4,699.5

747.95

0.001337

8

5,604

891.91

0.0011212

9

6,486.2

1,032.3

0.0009687

9

6,110.2

972.46

0.0010283

10

6,639.6

1,056.7

0.00094631

10

7,183.2

1,143.2

0.00087471
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