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Abstract : The Cabin Suspension design process for commercial vehicles based on the MBD (Multi-Body Dynamics) Model
has difficulties in the optimal design stage due to its large number of design variables. In this paper, a simplified 3DOF
(Degree of Freedom) tabular-based cabin equivalent model was developed for a more efficient commercial vehicle cabin

suspension design, and finally, the MBD(Multi-Body Dynamics)-based cabin suspension design process was proposed by
applying the developed Cabin Suspension. First, we developed a 3DOF tabular equivalent model that can simulate the
bounce, roll, and pitch motion of the MBD model. To verify the accuracy and consistency of the simplified 3DOF model,

Bounce, Roll, and Pitch Mode tests were conducted at the subsystem level. The verification showed that the output error of

both models was within 2 % for all the tests. This proved that the accuracy of the equivalent model is as high as that of the
MBD model. Next, we developed a cabin suspension design methodology and a performance index for evaluating vehicle
performance. Finally, as an example of the application of the previously developed design methodology, the optimal design

of the cabin suspension was carried out. Through this, the efficiency of the design process was shown by applying the

three-degrees of freedom tabular-based cabin suspension proposed in this paper.
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Fig. 4 Cabin susp. static test result graph

Table 2 Cabin susp. static test result analysis

Table 3 Cabin susp. dynamic test maneuver

Test maneuver
Force [N] / Torque [Nm] -4000 ~4000

Dynamic test

Frequency [Hz] 1~10

Spring stiffness [N/m], [Nm/deg]
Bounce mode | Roll mode Pitch mode
MBD 137693 1064.39 2579
3DOF equivalent 138288 1061.15 2583
Error 0.43 % 0.31 % 0.15%
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Fig. 5 Cabin susp. dynamic test result graph

Table 4 Cabin susp. dynamic test result analysis

RMS of acceleration [m/s?], [deg/s’]
Bounce mode | Roll mode Pitch mode
MBD 0.0586 0.6138 0.4675
3DOF equivalent 0.0582 0.6253 0.4734
Error 0.68 % 1.87 % 1.24 %
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Development of a Commercial Vehicle Ride Comfort Performance Optimization Design Process Using the 3-DOF Equivalent Cabin Suspension Model
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Table 5 Selected vehicle level design variables & range

Lo U
Design variables . w.er Base p pfer
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Bounce spring stiffness
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Bounce damper
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Fig. 9 Selected vehicle level design variables description of
spring & damper characteristics
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Table 6 Selected cabin susp. level design variables & range

. . Lower Upper
Design variables . . | Base| . .
limit limit

Front - Rear air
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Center |Front - Rear air

- +
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Front + Rear air
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- 0, - + o,
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Fig. 16 Comparison of cabin susp. force element characteristics
between base model & optimal model
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