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Influence of typical under-body structure

on car crosswind stability and the mechanism
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Abstract: There are two typical design solutions in the car body design and layout: concave-convex under-
body and smooth under-body. However, the effects of the under-body structure on the crosswind stability

of the car is not clear, and clarifying the effects not only provides reference data for the design and layout of
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the bottom structure, but also is a key technical problem for the crosswind stability evaluation of car.
Firstly, the numerical calculation model of typical bottom structure cars was established, and the influence
laws of different side wind speeds on the aerodynamic force and aerodynamic moment of the cars were
analyzed. Secondly, based on the coupling method of automobile aerodynamics and automobile system
dynamics, the crosswind stability analysis and evaluation model of typical bottom structure cars was
established, and the influence laws and mechanism of the under-body structure on the lateral motion,
yawing motion and side-slip motion of the car were studied. The study shows that the concave-convex
bottom structure causes an increase in aerodynamic lift force, pitch moment, drag, and side force, which
not only intensifies the lateral motion and yaw motion of the cars under crosswind, but also increases the
risk of cars skidding. The lower the tire-road friction coefficient, the greater the effect of the concave and
convex bottom structure on the lateral motion and yaw motion, and the smaller the effect on the limit wind
speed of lateral slipping.

Keywords: under-body structure; crosswind stability; dynamics coupling; lateral motion; yawing motion;

limit of lateral slipping
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Fig. 1 Geometric model
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Fig. 2 Computational domain model under crosswind
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Fig. 3 Computational domain mesh under crosswind
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Fig. 4 Wind tunnel test of car model
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Fig. 5 Comparison of wind tunnel test and numerical simulation
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Fig. 6 The isosurface cloud with zero total pressure of upper-body under different crosswind speed
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Fig. 7 The isosurface cloud with zero total pressure of under-body under different crosswind speed
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Fig. 8 The pressure distribution of under-body under different crosswind speed
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Fig. 9 Aerodynamic force and aerodynamic moment coefficients under different crosswind speed conditions
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Fig. 10 Crosswind stability simulation method

®1 HEEBENITEMRESH

Table 1 Parameters of car dynamics model

SR TR Bl ZHAK Bl
0 B FT R 0 BE B/ mm 1400 JBT . ) by T A9 05/ mm 530
J5 L B Y BE S/ mm 1554 Hi##E /mm 1 600
Je§eHE / mm 1600 30 XU T A/ m*® 2.3
it 3] b T 1 B2/ mm 320 Ji il %) T80 5 B/ mm 325
AN E/(N-m™) 35 204 HEME/(N-s-m™") 2 803
JE AN E/(N-m™) 32 857 JEEME/(N-sem™") 2 494
BRI R/ (kg m?) 928 AR AR 2/ (kg m®) 2 789
TR E/ (kg-m®) 3232 5 b T kg 1650

DB R P B AR 120 ko /h A B ELARA TR 5 ECRL IS KO 14 so SR L 25 B B3 Y 47 T 18] 48
T T I LU 1.4 s o SR 9 R 9 IXURE BROASEADLIN XU 410, O XUFE TR O 3 s 47 40 v o A B0 00 8 o XL
PRS0 1) 57 A% s JROH 5 BB 4 S AR &0 22 T 375 A 000 fi =0 530 00 1) 3k 8 ek DA S BBOA I 00 ¥ L 3 U 2 2R
A A 3 AR e R U S R AR T, SO A F A BT 2 P R S 45 R 114 A A AR A 9 0 v A R B v )
i Al 3z 2l A5 4222 Bl A K M 3z 30



% 34 K ERE,F IR R L M) 3T E ) RAE T M 6 % e B AR R LR 65

4.2 MBIEEIH

N 32 By B4 32 ZE DR 48 A R 0] 1 57 A% 000 i) o 3o B85 L 2 e RS S 45 4 B 5 2R AE 3 R IET A% 0F T A4 4R 32 3
M 1o 0 P 11 ST 7 o T S 0 R B S S 4 % A 3 T I T A R T A0 ) A A Ak e A — S0, A o
B AFAE— 8 25 5 . AT TR) 36 T 45 PR T o U002 S 6 2 g ) 1 o7 % 0 (1 D 8 v DY 0 IS 4% 42 L I v B R
BOBAR , 22 2B B S . 0 XUAE P % ), 3 7 % T A% R T TV o S S R 4 10 0 i o R DAL X R 0,147 A2 A Ok
T U 2 000 1] o B A X AE 0,132 2o AT, WREL B 200 B AR — 3, 0 XUV O 2R B 1T 2% 0 M S
B 2 B ] ) o R WA AR 43 K 0.154,g ,0.175g 5 0.225g , 6 1 IS 74 9 245 14 0 1] o Sk 8 06 {43 3310 R 0.140g
0.153g 50.189g » 1 5 T 761 30 2428 145 1A 17%) 06 1 IoF 220) 5 AR — 80, (FUBRU/K BB TR WS RO o T JEC B 42 7 3 it
T 25 AT 10 1] 57 B W AT 43 ) kg 1.247,1.419,1.896 m, 11 06 3% IS S0 45 45 7E 3 Tl 46 10 4% 12 1 19 M 1] 47 % 08 1
JrHIoh 1.224,1.347,1.641 m,

WA 1%
K

!
o
=

o
=
P BE g

—O— MR
o eMEEMEAE 0.1
—O— T A

- - 0 s
-1.4 1 1 ! 1 -0.2
0 2 4 6 8 10 12 14
Fif ) /s
(a) THEEET
03 4 0.2 0.4 0.3

il i3 B fm
S & o
[=)} w (=}
/o/lel
=

ey 2 B /g

o IR

o SNSRI |01 /=0 U\ SRR il LB

/7 O NMIEFMIAALE o q

(=3 (=3
o -
W g
Al 15137 % /m
S & o
oo S (=3
47/} EI
3 A EI

-12F T O e -1.6} 1 A
<N SO 1 e -0 - TR0
-1.5 1 L L L -0.2 _20 1 1 L 1 —-0.
2 6 8§ 10 12 14 0 2 6 8§ 10 12 14
B i /s i i /s
(b) N RET () BUK T

11 HiEE 3 M E S 4T BN IE 30 im R

Fig. 11 Lateral motion response of vehicle under three kinds road conditions
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Fig. 12 Yawing motion response of vehicle under three kinds road conditions
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Fig. 15 Lateral force curve and lateral attachment limit curve for smooth under-body structure
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Fig. 16 Lateral force curve and lateral attachment limit curve for concave and convex under-body structure
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