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A Study on the Roll Safety Performance Analysis by Using
Multi-body Vehicle Dynamics and Effect Analysis of Design
Variables
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Abstract Since vehicle rollover accidents have a higher rate of injury to passengers than other traffic
accidents, research to prevent the overturning of vehicles or minimize injury to passengers in cases of
rollover is emerging as a major concern. Vehicle rollover is a phenomenon in which a vehicle rotates
more than 90° around the axis in the traveling direction and loses its posture. Recently, in order to
prevent the overturning of a vehicle, diverse research has been conducted from various vehicle
perspectives and tire perspectives to improve roll safety performance. In this study, a multi-body vehicle
dynamic model was constructed through vehicle component characteristic tests. Also, a vehicle roll
safety performance analysis was performed according to vehicle and tire factors to analyze the maximum
roll angle, maximum roll rate, and change of the tire-wheel center. Through this analysis, the stabilizer
bar stiffness, steering gear ratio, and tire lateral friction coefficient, which have the greatest effect on
the roll rate of the vehicle, were derived as the main design variables, and an effect analysis was

performed.
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(a) front suspension model

(b) rear suspension model

(0) full vehicle model

(d) roll safety model

Fig. 1. Vehicle dynamic model
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Where, @, denotes lateral acceleration, g

denotes gravity acceleration, 6, denotes roll
angle variation due to tire deflection, 0, denotes
roll angle variation due to suspension deflection,
hy denotes height between center of gravity and

roll center.
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Table 1. Design variables

of vehicles

design variables design variables —
1 wheelbase 11 camber angle (R) B _
2 CG_x 12 toe angle (F) -
3 tread 13 toe angle (R) :_
4 sprung mass (CG_z) 14 wheel offset (F) AB _
5 spring stiffness (F) 15 wheel offset (R) F#
6 spring stiffness (R) 16 LCA bush stiffness (F) A-D #
7 | damper coefficient (F) | 17 UCA bush stiffness (R) D #
8 | damper coefficient (R) | 18| knuckle/LCA hardpoint (F) 40 20 (I) 20 20
9 | stab. bar siffness () | 19] knuckle/LCA hardpoint () Fig. 4. Sensitivity analysis of vehicle variables (40mph)
10 camber angle (F) 20 steering gear ratio
A ——
60 T T T T T T T T 11 —
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Fig. 2. Roll safety performance analysis result (50mph)

Fig. 5. Sensitivity analysis of vehicle variables (45mph)

Table 2. Selected design variables of vehicles A ———
design variables of vehicles BF _
A sprung mass (CG_z) -
B wheelbase -
C tread ﬁ
D damper damping coefficient (rear) B-ﬁ
E stabilizer bar stiffness (front) A-B _
F steering reduction gear ratio A-D _
BD m
-40 -20 0 20 40
A _ Fig. 6. Sensitivity analysis of vehicle variables (50mph)
B j—
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Fig. 3. Sensitivity analysis of vehicle variables (35mph)
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Table 3. Design variables of vehicles and tires #1
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Table 4. Design variables of vehicles and tires #2

design variables of vehicles and tires design variables of vehicles and tires
A vehicle sprung mass A vehicle damper damping coefficient (rear)
B vehicle wheelbase B vehicle stabilizer bar stiffness (front)
C vehicle tread C vehicle steering reduction gear ratio
D tire PDY1 (lateral friction p,) D tire PDY1 (lateral friction p,)
E tire PKY1 (max. stiffness Kf”/ FZW) E tire PKY1 (max. stiffness A f”/ Fz,,,,,,)
F tire vertical stiffness F tire vertical stiffness
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45 F— —
45 — —
40 — | A
20 ~A \ =B
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35 4—0 —— — ,T—,,/__. c —b
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F 25
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20
20 1 2
1 2 (a) main effect analysis
(2) main effect analysis
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(b) percent effect analysis

Fig. 7. Sensitivity analysis of vehicle/tire variables
(DOE #1, 50mph)

(b) percent effect analysis

Fig. 8. Sensitivity analysis of vehicle/tire variables
(DOE #2, 50mph)
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