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PERSONAL PRESENTATION

- Mechanical engineer by the Politechnic University of Madrid
- Master in Automotive Engineering by the UPM
- PhD student (UPM)
- Researcher of the University Institute for Automobile 

Research (INSIA) since 2001 (Safety and Vehicular 
Dynamics Unit)

- Fields of expertise:
• Vehicle dynamics and simulation

• Intelligent systems (Intelligent Speed Adaptation)
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INTRODUCTION

AIMS OF THE VEHICULAR DYNAMICS MODELS
Vehicle dynamic behavior study
Application to intelligent safety systems
Driving simulators
Accident reconstruction software
Teaching uses



Felipe Jiménez. Experimental Analysis of vehicle dynamics.

Young Researchers Seminar 2005

INTRODUCTION

STAGES OF THE VEHICULAR MODELS VALIDATION

1. Test definition
2. Interesting variables definition
3. Necessary instrumentation definition
4. Test execution
5. Data processing
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MATHEMATICAL MODEL

14 DEGREES OF FREEDOM MODEL

Sprung mass displacements               
(3 dof)
Sprung mass rotations                        
(3 dof)
Unsprung masses vertical 
displacement (4 dof)
Wheels rotation (4 dof)
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MATHEMATICAL MODEL

MAIN CHARACTERISTICS:

The complete dynamic behavior is reproduced
Low number of parameters required
Modular model
Possibility to include complex submodels
Low computational cost
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MATHEMATICAL MODEL

SUB-SYSTEMS

Sprung mass
Unsprung masses
Suspension
Tyres
Engine and transmission
Brakes
Steering system

http://images.google.com/imgres?imgurl=www.marca.es/marca_motor/tecnica/neumaticos_goodyear/1.jpg&imgrefurl=http://www.marca.es/marca_motor/tecnica/neumaticos_goodyear/neumaticos_goodyear.html&h=386&w=253&prev=/images%3Fq%3Dneumatico%26start%3D160%26svnum%3D10
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MATHEMATICAL MODEL

SUSPENSION MODEL

ANTI-ROLL BAR MODEL
Unsprung mass

Bearings of the sprung mass
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EXPERIMENTAL METHODOLOGY

Test definition Variables definition   Instrumentation definition   Test execution   Data processing

Steering maneuvers
ISO 15037-1: Vehicle dynamics test methods. General conditions for 
passenger cars.
ISO TR 8725: Transient open-loop response test method with one period of 
sinusoidal input.
ISO TR 8726: Transient open-loop response test method with pseudo-random 
steering input.
ISO 4138: Steady-state circular driving behavior. Open-loop test procedure.
ISO 9816: Power-off reactions of a vehicle in a turn. Open-loop test method.
ISO 7401: Lateral transient response test method.

Braking maneuvers
71/320/CEE-98/12 CE Directive (Braking) 
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EXPERIMENTAL METHODOLOGY

Test definition  Variables definition Instrumentation definition   Test execution   Data processing

Longitudinal acceleration Steering wheel angle

Lateral acceleration Yaw angle

Longitudinal speed Roll angle

Lateral speed Pitch angle

Other variables Tyres forces Suspension deformations

ISO Regulations
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EXPERIMENTAL METHODOLOGY

Test definition  Variables definition   Instrumentation definition Test execution  Data processing

INSTRUMENTATION

Gyroscopic platform RMS FES 33

Optical distance sensors  MEL M5L/ 200

Rotating wheel dynamometer  KISTLER RWD CT

Speedometer without contact ONO SOKKI LC-
660S

Instrumented steering wheel Sensor Developments  
01027
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EXPERIMENTAL METHODOLOGY

Test definition  Variables definition   Instrumentation definition Test execution  Data processing

INSTRUMENTATION MEASURED VARIABLES

Gyroscopic platform RMS FES 33 Lineal accelerations X, Y, Z
Angles around X, Y, Z

Optical distance sensors  MEL M5L/ 200 Suspension deformation (3 wheels)

Rotating wheel dynamometer  KISTLER RWD CT FX, FY, FZ
Wheel angle

Speedometer without contact ONO SOKKI LC-
660S

Longitudinal speed

Instrumented steering wheel Sensor Developments  
01027

Steering wheel angle
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EXPERIMENTAL METHODOLOGY

Test definition  Variables definition   Instrumentation definition   Test execution   Data processing

With the mean dynamic radius 
of the tyre and the rotation 

period, the longitudinal speed
is obtained. 

Calculation of roll and pitch 
angles from the suspension 

deformations. 

After correcting the gyroscopic 
platform data with 

the road profile, roll and pitch 
angles are obtained. 

Comparison of roll and pitch
angles obtained using 2 methods
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EXPERIMENTAL METHODOLOGY

Test definition  Variables definition   Instrumentation definition   Test execution   Data processing

Longitudinal speed (speedometer without contact and wheel rotation)
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EXPERIMENTAL METHODOLOGY

Test definition  Variables definition   Instrumentation definition   Test execution   Data processing

Roll angle using optical sensors data (lane change maneuver)
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EXPERIMENTAL METHODOLOGY

Test definition  Variables definition   Instrumentation definition   Test execution   Data processing

Roll angle in a lane change (gyroscopic platform and optical sensors)
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MODEL VALIDATION

• Test track geometry

• Longitudinal speed

• Steering wheel angle

MATHEMATICAL

MODEL

• Accelerations

• Sprung mass angles

• Tyres forces

• Suspension forces

• Suspension deformations

• Engine variables

INPUT VARIABLES

OUTPUT VARIABLES
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MODEL VALIDATION

Model vs test data of roll angle in a double lane change test at 80 km/h
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MODEL VALIDATION

Model vs test data of right front suspension deformation in a double lane 
change test at 80 km/h
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CONCLUSIONS

A novel vehicular model is proposed
A systematic methodology for the definition of tests for 
dynamic analysis in test tracks and for data processing is 
presented
This methodology is used in the validation process of the 
model.
The results were satisfactory and the comparison of data 
shows that the model fits quite well the experimental data.
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