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Optimum Design of SUV Suspension Parameters Considering Rollover Stability
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‘ Abstract }

In recent years, the rollover accident of large class of vehicles has become important safety issue. Even though the
rollover form a small percentage of all traffic accidents, they have a fatal effect upon the driver and passenger. Among
the traffic accidents occurred in driving, the rollover is the major cause of traffic fatalities. Therefore, it is required
to develop the analytical and experimental techniques for predicting rollover propensity of vehicles and also to improve
the vehicle suspension design in the viewpoint of rollover resistance. In this study, the parameter sensitivities for the
roll angle of SUV suspension are analyzed, and then the determined design parameters are optimized by using the
regression model function of the response surface methods. The analysis results show that the roll angle of the optimized
vehicle is decreased as compared with the initial vehicle and also the rollover possibility is decreased when the roll
rate of the front suspension is larger than the roll rate of the rear suspension.

Key Words : DOE(design of experiments; A3 A Z]%H), Optimum design(Z] 24 4), Rollover(Z1&), Sensitivity analysis( 717 =
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Fig. 1 Fishhook 1b maneuver description
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Table 1 Position and weight of test equipment

Equipment Position Weight
Dat isiti

ata acqUISON | pront passenger seat | 258.0 N

system
Steering machine Steering wheel 1379 N
Steering machine Second row foot well,
clectronics box typically behind front | 173.5 N
passenger seat
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Fig. 2 Typical position of water dummies
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Fig. 3 Simulation results of roll angle for Fishhook 1b
test

2.2 Fishhook 1b AlE#|0|M

7o) A| NHTSA Fishhook 1b Al&&o] S
SUV 2de A-Zp5At3| A0 B-2bgs thd o2 A8t
©on NHTSAS] DOT HS 809 7052] FA = t}ol &3}
35 2719] Fishhook 1b A& F&3}7] $1al 32k A
O] zgkol| dlolg] 4R, 2871A, 2F71A FAVEA,
e o), g AR, okxEA 59 RS ndstelth 4
A A, B BYRAE, 53] I BHE, 9 34
ZHE 5§ élxﬂ A LAk mEEgh & SIS(slow
increasing steer) 22A| AL a0 AL zeFzto 23 A
Zret 6.55 #3kal 720deg/sec?] £38F 7|&7|= 27} 56,
64, 72, 76, 80km/h®] %2 Fishhook 1b A|Edo]H<
23519t} Fig. 32 Fishhook 1b A|Ed|o]d ATtE U}
iz Qlck

et

Ofr
SR ot

412

S A : Front Damper
4 B : Front Spring

PN SEUT TR SR

SRS

Fig. 4 MacPherson strut type front suspension
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Fig. 5 Double wishbone type rear suspension
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Fig. 7 Roll angle of initial model and target model
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Table 2 Sensitivity analysis result of suspension para-

meters

No. Design variable name Sensitivity value
1 | Front damper damping scale factor 3.69E-3
2 | Front spring stiffness scale factor -1.54E-3
3 | Rear damper damping scale factor 1.27E-3
4 | Rear spring stiffness scale factor 4.28E-3
5 Anti-roll bar : x-disp. 2.75E-3
6 Anti-roll bar : y-disp. 1.25E-3
7 Anti-roll bar : z-disp. -8.40E-4
8 | Anti-roll bar bushing : radial-disp. 3.62E-5
9 | Anti-roll bar bushing : axial-disp. 2.90E-3
10 | Anti-roll bar bushing : conical-disp. -6.12E-5
11 | Anti-roll bar bushing : torsion-disp. -2.00E-4
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Table 4 ANOVA table of roll angle function

Factor K o) 1% Fy | F(0.01)
Regression
gr. . 0.545 14 | 0.0389 | 131 | 1.28
varlation
Residual
. 0.00388 | 13 [0.000298
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—0.005.X, X, +0.0016.X, X; +0.0009X, X,
+0.0004.X, X, -+0.0046.X, X, — 0.001 X, X,
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-1<x <1
-1<x,<1
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-1<X, <1
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Fig. 8 Comparison of roll angles for initial vehicle
model and optimized vehicle model
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Fig. 9 Comparison of lateral accelerations for initial
vehicle model and optimized vehicle model
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