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Fig. 7 Steering Wheel Angular Acceleration–exp.3 and 4 
 

Table. IV Experiment Table and Result 
Row DV1 DV2 DV3 DV4 DV5 Result 

1 +1 +1 +1 -1 +1 0.342 
2 -1 +1 +1 +1 -1 0.213 
3 -1 -1 +1 +1 +1 0.345 
4 +1 -1 -1 +1 +1 0.130 
5 -1 +1 -1 -1 +1 0.256 
6 +1 -1 +1 -1 -1 0.286 
7 +1 +1 -1 +1 -1 0.146 
8 -1 -1 -1 -1 -1 0.288 

 
Through the 2-level experiments, coefficients of response 
function in the form of polynomial function can be 
approximated. Equation (7) represents the response function.  
Sensitivity of bushing components is shown in Fig. 8. Change 
of the radial stiffness of the lower arm front and rear 
mounting bushing have a significant effect on the suspension 
system. 
 

1 2 3 4 50.2508 0.0247 - 0.0565 0.01558 - 0.0255 - 0.0108y x x x x x= + +
 (7) 

 

 
Fig. 8 Bush Sensitivity Analysis 

 

IV. Conclusion 
 

In this paper, using the multibody dynamic automotive 
model, the method which finds out influence of the brake 
judder is proposed in the virtual environment. The 
Mcpherson type suspension model is created and chassis 
performance is evaluated as a judder transfer path. Especially, 

a rubber bushing which plays an important role as vibration 
isolation is modeled in more detail.  Nonlinear stiffness 
according to the displacement and frequency dependent 
characteristics are modeled applied actual experimental data. 
Applying a judder to brake system in the virtual model is 
carried out using BTV from the actual dynamometer. 
Through input BTV generated by judder phenomenon, the 
rotational acceleration is calculated. In order to find out 
impact judder on the transfer mechanism, sensitivity analysis 
due to change of the bushing stiffness is conducted for a 
lower arm mounting bushing. Sensitivity due to change of the 
each directional stiffness is analyzed using Plackett-Burman 
design table through 8 times simulation. 

In order to verify results of this research, the vehicle test 
should be accompanied in the same environment. 
Furthermore, if sensitivity analysis which considers not only 
stiffness of bushings but also geometry of the suspension can 
be conducted, more useful analysis result can be obtained for 
the transfer mechanism. Finally, improvement of the vehicle 
ride quality is expected to contribute through optimization 
design for the suspension system and bushing components 
based on this result.  
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