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Abstract— In modern era, steer ability and handling 

characteristics of the vehicle have become major aspects. 

Providing comfort. To the driver by reducing steering effort 

without any compromise in steer ability and handling of the 

vehicle with ride comfort is a major Concern for 

automakers. Evaluating handling and steering characteristics 

of a vehicle in a virtual environment with the help of multi-

body system packages saves product development time and 

cost. The main intention is to improve the steer ability and 

handling of the vehicle by avoiding the steering pull and 

wheel wandering problems for high speed cornering and 

straight-line stability. This paper discusses the dynamic 

effect of caster angle on the steering and suspension system. 

Automatic dynamics of mechanical system (MSC ADAMS) 

has become an important feature of roadside hardware 

design and analysis in recent year.so the analysis is carried 

out using the existing model in MSC ADAMS\CAR and 

editing the parameters as per standard car data. Using this 

model, maneuvers over standard track with initial speed of 

100kmph for different values of caster angle at front wheel 

keeping the rear caster angle zero parameters, were 

simulated. The steering effort, steering wheel return ability 

and the lateral forces produced by the tires were obtained in 

order to predict the Behavior of the vehicle for different 

wheel geometry parameters. It can be seen from the results 

that positive caster angles improve the steering wheel return 

ability but increase the steering effort. Higher steering axle 

inclination (Sai) angles help in improving the steering wheel 

return ability and decreasing the steering effort as well. 

Negative camber angles help in producing higher lateral 

forces to improve the corner ability of the vehicle. Toe-in 

angles help in improving the straight-line stability whereas 

toe-out angles help in improving the cornering. 
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Centrifugal Caster, Straight line stability, Steer ability 

I. INTRODUCTION  

The turning ability of the vehicle is vital in improving the 

overall driving stability of the vehicle. By improving the 

cornering ability of the vehicle, the overall driving stability 

will also improve thus giving the driver a safer driving 

experience and swifter control of the steering. The unequal 

and non-parallel double wishbone suspension system is a 

favorite choice by car manufacturers for conventional 

vehicle due to the characteristic of the double wishbone 

suspension system that allow the engineer to manipulate 

various parameters such as the camber angle, caster angle, 

toe pattern, scrub radius and many more to achieve a higher 

cornering limit and better cornering performance of the 

vehicle. However, when a cornering force is applied to the 

tire during a cornering motion, conventional double 

wishbone suspension system will tilt the tire to the opposite 

side of the turning direction, thus increases the cornering 

resistance that will affect the overall cornering performance. 

Our aim of this research is to improve the cornering 

performance and the cornering performance of a vehicle by 

providing a suitable caster angle for suspension system. 

II. CONCEPT 

The caster angle can be defined as the side view inclination 

of the steering axis. Generally, the range of caster angle is 0 

to 6 degrees. This introduces a mechanical trial called caster 

trial which in conjunction with pneumatic trial is very 

important in giving a steering a suitable feel and also has a 

significant effect on directional stability because of steering 

compliance. The steering feel is adjusted to obtain desired 

relationship between lateral force and aligning torque. 

Adding caster trial moves the point of maximum steering 

torque closer to the point of maximum lateral force, or even 

beyond it- that is steering goes lighter. During cornering the 

steering must also support the centrifugal compensation 

forces on the steering mechanism. This is called centrifugal 

caster.  

 
Fig. 1: Caster 

III. WORKING 

Using the Adams/Car software a standard model is imported 

and with the view to study the effect of caster angle, all the 

components of suspension system such as mounting point, 

track width, wheelbase, mass were modified and 

incorporated into new model to meet the requirements. 

 
Fig. 2: Imported car model 
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Fig. 3: Modified car model setup 

 
Fig. 4: Top view of track for analysis 

A. Car Suspension Data For Existing Model 

Wheel base 2500mm 

Drive Rear wheel drive 

Braking ratio (Front: 

Rear) 
50:50 

Center of gravity 

height 
350mm 

Tire loaded radius 660mm 

Ground Clearance 200mm 

Gross weight 1000kg 

Track width front 1520mm 

Track width rear 1600mm 

Suspension type 
Unequal Non-Parallel Strut 

Type 

Spring free length 300mm 

Spring material Steel 

Damper free length 500mm 

Static camber 0 deg 

Static toe 0 deg 

Table 1: 

IV. ANALYSIS 

The analysis is carried out on the modified model for 

different caster angles of 2, 3, and 6 degree by modifying 

the hard points and keeping the overall parameters same. 

The following superimposed graphs show the 

effect of caster angle on parameters of front wheel assembly 

as is does not affect rear wheel assembly much. 

The following color shows the caster angle representation in 

graph 

Caster angle of 2 degrees 

Caster angle of 4 degrees 

Caster angle of 6 degrees 

A. Camber Angle Change 

 
Fig. 5: Front Left Wheel Camber 

 
Fig. 6: Front Right Wheel Camber 

B. Toe Angle Change 

 
Fig. 7: Front Left Wheel Toe 

 
Fig. 8: Front Right Wheel Toe 

C. Pitch and Roll Angle 

 
Fig. 9: Pitch Angle 
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Fig. 10: Roll Angle 

D. Aligning Torque 

 
Fig. 11: Torque at Front Left Wheel 

 
Fig. 12: Torque at Front Right Wheel 

E. Overturning Moment 

 
Fig. 13: Moment At Front Left Wheel 

 
Fig. 14: Moment At Front Right Wheel 

F. Wheel Contact Lateral Forces 

 
Fig. 15: Front Left Lateral Forces X Comp 

 
Fig. 16: Front Left Lateral Forces Y Comp 

 
Fig. 17: Front Right Lateral Forces X Comp 

 
Fig. 18: Front Right Lateral Forces Y Comp 

G. Wheel Lateral Slip Angle 

 
Fig. 19: Front Left Wheel Lateral Slip Angle 
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Fig. 20: Front Right Wheel Lateral Slip Angle 

H. Spring Ride Data 

 
Fig. 21: Left Spring Force Variation 

 
Fig. 22: Right Spring Force Variation 

I. Damper Ride Data 

 
Fig. 23: Left Damper Displacement 

 
Fig. 24: Right Damper Displacement 

V. RESULT TABLE 

Front wheel 

parameters 

Caster angle variation 

2 deg 4 deg 6 deg 

Left camber(deg) 
0.5 to -

2.25 
0.75 to -2 

0.75 to -

1.75 

Right camber(deg) 
0.5 to -

2.5 
0.6 to -2.3 0.6 to -2.1 

Pitch angle (deg) 
1.2 to -

1.3 
1.2 to -1.4 

1.2 to -

1.45 

Roll angle(deg) 
1.9 to -

1.8 
1.9 to -1.8 1.9 to -1.8 

Aligning torque left 

(N-mm) 

1.25e5 to 

-3e4 

1.25e5 to 

-2.5e4 

1.25e5 to 

-2.4e4 

Aligning torque left 

(N-mm 

3.4e4 to -

6e4 

3.5e4 to -

6.1e4 

3.5e4 to -

6.1e4 

Lateral forces left 

(N) 

1600 to -

3000 

1950 to 

3250 

1900 to -

3100 

Lateral forces right 

(N) 

2900 to -

2100 

2700 to -

1900 

2650 to -

1900 

Slip angle left(deg) 
2.1 to -

2.4 
2 to -2.1 1.8 to -2.4 

Slip angle right(deg) 
3.3 to -

2.4 
3 to –2.4 2.8 to -2.1 

Spring force left(N) 
3500 to 

8400 

3500 to 

8400 

3500 to 

8400 

Spring force right(N) 
3900 to 

7800 

3700 to 

7800 

3600 to 

7800 

Damper 

displacement left 

(mm) 

487 to 

525 
487 to 525 487 to 525 

Damper 

displacement 

right(mm) 

492 to 

526 
492 to 526 492 to 526 

Table 2: Result 

VI. CONCLUSION 

The above result table shows the variation of wheel 

parameters with respect to change in caster angle. Even if 

some parameter shows same value they have different 

variation in frequency. Hence the above analysis shows that 

the caster angle between two to four degrees is feasible 

solution for the prepared car model. 

ACKNOWLEDGMENT 

We would like to thank Dr K. B. Waghulde, Head of 

Mechanical Department, Padmabhooshan Vasantdada 

Institute of Technology, Pune for their motivation and 

constant encouragement throughout this research work. 

REFERENCES 

[1] John C. Dixon, Suspension Geometry and Computation 

Octember 2009 

[2] Reid, J.D., Marzougui, D.E., An Improved Car Model 

for Roadside Safety Simulation, Part I- Structural 

Modeling, Transportations Research Record 1797, 

TRB, National Research Council, Washington , D.C., 

November 2002.  

[3] Tiso, P., Plaxico, C., Ray, M., M Marzougui, D., An 

Improved Car Model for Roadside Safety Simulation, 

Part II- Structural Modeling, Transportations Research 



Studying the Effect of Caster Angle on Wheel Parameters by Dynamic Analysis Using ADAMS CAR Software 

 (IJSRD/Vol. 5/Issue 04/2017/130) 

 

 All rights reserved by www.ijsrd.com 535 

Record 1797, TRB, National Research Council, 

Washington, D.C., November 2002.  

[4] Paulsen, T.J., Improvements to the Suspension and 

Modularization of the car Finite Element Model, Thesis, 

University of Nebraska- Lincoln, April 2003.  

[5] Boesch, D., Front Suspension and Tire Modelling- For 

Use in Culvert Grate Impact Simulation, Thesis, 

University of Nebraska – Lincoln, April 2004.  

[6] ROSS, H.E. Jr., Sicking, D. L., Zimmer, R.A., and 

Michie, J. D, Recommended Procedures for the Safety 

Performance Evaluation of Highway Features, Report 

350, National Cooperative Highway Research Program, 

Transportation Research Board, Washington, D.C., 

1993.  

[7] TISO, P., “An Improved Suspension Model for the 

Reduced Model of the Chevrolet C2500 Pickup Truck,” 

Master’s Thesis, Worcester Polytechnic Institute, 

Worcester, MA, 2001.  

[8] ZAOUK, A., Bedewi N.E., Kan C.D., and Marzougui 

D., “Validation of a Non-Linear Finite Element Vehicle 

Model Using Multiple Impact Data,” Proceedings of the 

1996 ASME International Mechanical Engineering 

Congress and Exposition, Atlanta, GA, November 

1996, pp. 91-106  
[9] ZAOUK, A., Bedewi N.E., Kan C.D., and Marzougui 

D., “Development and Evaluation of a C-1500 Pickup 

Truck Model for Roadside Hardware Impact 

Simulation,” Proceedings of the FHWA Vehicle Crash 

Analysis Crash Confeerence, Mclean, VA, July 1996, 

pp. 1-31.  
ZAOUK, A., Bedewi N.E., Kan C.D., and Schinke H., 

“Evaluatiom of a Multi-Purpose Pickup Truck Model 

Using Full Scale Crash Data with Application to 

Highway Barrier, Impacts,” Proceedings of the 29th 

International Symposium on Automotive Technology 

and Automation, Florence, Italy, June 1996, pp. 39-46.  
[10] PLAXICO C., Ray M., Keeney T., “Modeling the tire 

rotation and steering in the C2500 pickup truck,” 

Quarterly Report, FHWA Center of Excellence in 

LSDYNA Modeling, The University of Iowa, 7 July 

1998.  

[11] DIXON J.C., “The shock absorber handbook”, SAE 

International, 1999.   
[12] Communications with Dr. Jerry Wekezer and Rafal 

Wuttrich, Florida State University, Department of Civil 

and Environmental Engineering, 2001.   
[13] GARRET,Riley, “Light Vehicle Inertial Parameter 

Database,” National Highway Traffic Safety 

Administration, Washington, D.C., 1998.   
[14] RAY, M.H. et al, C.A., “Recommended Guidelines for 

Curbs and Curb-Barrier Combinations,” Project 22-17, 

Interim Report, National Cooperative Highway 

Research Program, Transportation Research Board, 

Washington, D.C., 2001.   
[15] Adams Manual and Software Package. 


