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Abstract Taking the E-type multi-link rear suspension system of a domestic SUV as the research object, its topological
structure and kinematic relationship were analyzed. The rigid-flexible coupling rear suspension system motion model was
established by using Adams/Car and Hypermesh software. Taking the change of wheel camber and camber toe-in as the
optimization objective, the coordinate values of the inner and outer points of the upper control arm and toe tie rod were set as
design variables. Then, the design was optimized in Adams/Insight. Through the comparison of simulation curves before and
after optimization, it is shown that the change of wheel camber and toe is reduced, and the kinematics characteristics are
improved to some extent. At the same time, the accuracy of the simulation results is further verified in the actual vehicle
suspension ride test.
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Fig. 1  Simplified kinematic model of E-type multi-link rear suspension
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Tab.1 Coordinate of hard point of E-type multi-link

rear suspension system mm

4Bk Name x y z

PSP R

Upper control arm inner point

PSS

2741. 150 -389.942 119.672

. 2 744.017 -693.862 84.140
Upper control arm outer point
s | ) 5
L 2956.460 122.062 -56.986

Lower control arm inner point

T M A

Lower control arm outer point

R SRCREAT AL

Front tie rod inner point

T ACREFTAMIULAE

Front tie rod outer point

T I 2 R

2 869.757 -702.409 -118.199

2712.272 -410.222 -57.278

2720.268 -702.505 -114.646

. . 2665.000 -499.150 27.840
Rear subframe front connection point
= w4 e e
Em]+7&lﬁl&?§m? . 3101.000 -492.150 53.840
Rear subframe rear connection point
WA B i
Conneciton point of 2309.870 -609.481 -4.012

longitudinal arm to vehicle body

V1817 1

Longitudinal arm connection

2 651.915 -605.419 -53.956
knuckle point 1
PE G )19 5 2

Longitudianl arm connection

2 658.844 —-599.929 -140.392
knuckle point 2

REPOH

Hub center point
IR A 1 42 B

Shock absorber connection

2799.681 -764.736 —6.265

2742.361 -556.836 457.629
vehicle body point
VRIS JE G ) 1
Shock absorber connection 2 877.688 —625.434 -33.681
knuckle point
SRFGE B

Srping connection 2903.900 -489.150 77.433

vehicle body point
PREGE TS A
Spring connection lower

2899.493 -492.024 -133.236

control arm point
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Tab.2 Mass and quantity of main components of rear suspension system

K Kokt [

Name Quantity Mass/kg
[ ¥ 8 Upper control arm 2 2.0
T Lower control arm 2 5.5
R HHLFT Front tie rod 2 1.5
J5i Bl %28 Rear subframe 1 25.0
VB Longitudinal arm 2 3.8
% Hub 2 0.5
#1075 Knuckle 2 25.0
JEIERS Shock absorber 2 4.5
IEE L Coil spring 2 3.1
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EDS ERBIR AT, AR B2 RGN S5, 2 5l
ERAS Ja@l G4 g U BRI
D ey R EER R AR T R b | o
T R, 12 A4 EEE RN 3 R,

MR R

N=6n- > K (1)

X, n PR ARRHE SRR Y K MRS
AR 2T R 2 WA, N= (6% 12) -
[(5x6) +(1x5)+(7Tx4)+(3x3)] =0, WHHEFR
SR EH BN 0, RN AL BRI 2R R 58, Htk, 78
DT EAE YT 2L B B AR Z 7 i i) B PR,
BN Fe A PN Z [AEAE Z Bhor e By R Bksh, Skl
RS P R VR B TR T
2 EBZEHEZRERS s FEBEIE

EERRKREEE R E T
T SRS M T L3 A, FEAL RS RRUE AT &R
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Fig. 2 Kinematic model of E-type multi-link rear suspension
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Tab.3 Motion relation between components

. S g4 B
T =21 SO
. . ) . iz gAE| Constrained
Connecting Connecting . .
Motion pair degrees of
member 1 member 2
freedom
A J 4 5R 7 T 5 4
Upper control arm  Rear subframe  Universal joint pair
ettt K Ay R 3
Upper control arm Knuckle Spherical joint
_ Ay
et SRl il
Universal 4
Lower control arm Rear subframe . .
joint pair
T UidURE SRt 3
Lower control arm Knuckle Spherical joint
EVSEINN =) izl
e AT majgy DT ,
Front tie rod Rear subframe L
joint pair
i 4 sk X
Front tie rod Knuckle Spherical joint
ERIREE 5 [é] 7€ il 6
Rear subframe Body Fixed pair
R A L K paaRel:] 4
Shock absorber upper Body Universal joint pair
AR T LAY 3 1w 75 4
Shock absorber lower Knuckle Universal joint pair
P |3 e [f 2 p
Srping upper Body Fixed pair
PR S R [éi 7€ il 6
Srping lower Lower control arm Fixed pair
9 1 et R .
Longitudinal arm 1 Knuckle Fixed pair
P 2 5 B )3 [éi 7€ il 6
Longitudinal arm 2 Knuckle Fixed pair
A A
N 1 i
L Universal 4
Longitudinal arm Body . .
joint pair
oSl il AR AS T A -
. (B A: )
Shock absorber Shock absorber Lo . 4
Cylindrical pair
upper lower
]y Litts4 ek &l 5
Knuckle Hub Revolute pair
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Tab.4 Main parameters of vehicle type (servicing status)

240 L¥y; BE
Parameter Unit Value
e
Wheelbase mm 2693.0
B
Curb mass ke 1195.0
D
 BLRE mm 590.0
Height of mass center
IR E )
Front axle load/rear axle load 684/511
' R (R ) % 100
Drive rate (front wheel)
HEIESQ: R )
. % 74
Braking rate (front wheel)
[J =,
RIS — 175/70 R14
Tire type
63 ELpES
IR TR N/mm 210
Tire vertical stiffness
AT o s
Wheel camber angle ’
AR A ) 0.5
Wheel toe angle
50
~ 4.0 — fiE&R Simulation result
& RIS R Test result
s 30f
FE)
5 20f
=2
@F 10F
'H“‘ 31
B 00t
=
Z_ 10k _ﬂ,_/

7%-500.0*40.0*30.0*20.0*10.0 0.0 10.0 20.0 30.0 40.0 50.0
AR Wheel angle/(%)
Ca) PIERVRR M BE 50 %% AR 1 th 2R

(a) Curve of wheel camber angle changing with wheel angle in simulation and test

55.0
45.0 — i A8 Simulation result
35.0 RIGEEH Test result

25.0
150 /

5.0
5.0 —
5.0
5.0
5.0
5.0

50.0*40‘.0*30‘.0*2(‘).0*16.0 010 IOI.O 20‘.0 30‘.0 46.0 50‘.0
AR EEA Wheel angle/(°)
(o) (iR AR A ER AN L

(b) Curve of wheel toe angle changing with wheel angle in simulation and test

K3 Py E AR IEE o LA

Fig.3 Comparative analysis of simulation data and test data
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HEH Adams/Car W AYFE4T4 Bk Parallel Travel i
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(a) Jump up transient motion of rear suspension system

(b) ERRAL THE3IBRS

(b) Jump down transient motion of rear suspension system
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Fig. 4 Rear suspension system runout transient simulation
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Tab.5 Parallel wheel jump simulation analysis parameters

R BHIA
Project Parameter value
%0 Number of steps ~ 100
A
{1 ELZEH Mode of simulation Kinematics
) characteristics
[ Bk1 72 Jump up travel 100
TBEATHE Jump down travel -100

ENJ7Z Location mode 2% %€ {7 Absolute location

3.2 BERIEHHFHESHT

JE B ARG MATEIE R GR35 HAR o bk
B EBESHE R AMEA M AR R, Jere e A PR
T NS RS ki AR Ak 2 AN S B R S
BIPLA B AR, 5 i 0 7 ECESCHE RO Ak i A B 1 45 2R
HEFFXT L, A A B I RICR

PRONRE MR AR AL NS G 40 2 5 R A 58 A MITFf
AARAE B — Bk U, B AT R AMIU A AN EA
KBk A5 4 1 in, B 25,4 mm, B 0 #7284k 0 7E
-0.4°~-0.6°, HJ5 B2 M As ik & Ry (e, S
JIT 7 R 25 A M FE 58 Bk - 100 ~ 100 mm P4 Y742
el 28, % 3K 4 R Y JE B 4, 4S5 A M A
~1.125 4°F- 15 JEF]-1. 580 2°, FEAFF GBI THE R,

TR AR A A SMI A 2 — e & FEAE R FRIE
TR B i st 220 R v =2 [ Oy AR Bk, — Bk
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Fig. 6 Wheel toe angle curve with wheels runout
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Fig. 8 Design parameters
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Tab.6 Comparison of main hard point coordinates before

and after optimization

BHRZH T R 28 RSy T R A Y
Suspension Hard point Initial Optimize
parameters parameters coordinates  coordinates
g AN hpl_upper_arm_outer. x 2 744.017 2 745.517
Outer point of upper hpl_upper_arm_outer. y ~ —-693.862  -691. 362
control arm hpl_upper_arm_outer. z 84. 140 82. 140
s N S hpl_upper_arm_inner.x 2 741.150 2 741. 650
Inner point of upper hpl_upper_arm_inner.y =~ —389. 942 —387.442
control arm hpl_upper_arm_inner. z 119. 672 117. 672
BISERIFT A 5 hpl_tierod_outer. x 2 720.268 2 720.268
Outer point of hpl_tierod_outer. y -702.505  -702.005
front tie rod hpl_tierod_outer. z -114.464  -115.646
B RIFT P A5 hpl_tierod_ inner. x 2712.212 2 712.272
Inner point of hpl_tierod_ inner. y -410.222  -408.722
front tie rod hpl_tierod_ inner. z -57.298  -58.278
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Fig. 10 Wheel camber angle curve with wheels runout
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Fig. 11  Wheel toe angle curve with wheels runout

FAM -0.122 6° ~ 1.121 8° {4k - 0.058 6° ~
1. 120 4° JRShIE WD 5. 26% ; AW, B & 11 7] LIE
WL IR R AR B8 -25. 4 ~25. 4 mm (A
BT 2 in) KETHR AR 0. 320, R THEK

P I o g B S e B 22 A Tl A 1 e B T
DABR T BB, I 53 Ay SR 5 28 | s A 4 f
T B R Bk B AR A O R AR BT S ER T L
wE 12 fiR,

150.0

— H4L AT Before optimization
---fR4bJE After optimization

_.
o
o
=)

v
b
=

A R
Height of roll center/mm

0.0 . . . . . .
-100.0 -75.0 -500 -250 0.0 250 500
L2 BhEN1T R Wheel runout travel/mm

K12 AR e bE 4R A Bk s th £

Fig. 12 Wheel roll center curve with wheels runout
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Fig. 13 Anti-head rate curve with wheels runout
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B SUV ZEBIA] IE 60% ~80% , 1o 45 4 ¢ ZE M g ik 16 £7 EERRFIMMMES iR
ﬁ#i{},ﬁ[ﬂ ti)gj ﬁﬂ% R Tab.7 Rear suspension system compliance analysis performance
R o rifiE R
% e SIA SMH Hfir
5 EE KC -ﬁtqﬁ Total project Sub-project Unit L.eft Wh? el Left wheel
. simulation test
A PO ) KC 5 &, WK 14 Frs XA R
. T Wha T B ()N 0.054 4 0.053 6
PRI KC 5, 1o sk il 30 55 (8 I F JE X Le 43 ie;;;;ge
s — (4 L °
*ﬁ , ﬁfgﬁ[‘%—é 7 FJT/j_\‘ o Hlh T2 Wheel camber angle (°)/kN 0.016 5 0.0158
— N N S S ||fj e
SRR BT SRR AR R s AR — O e
N e ) s Wheel cente N/ 263. 850 259. 430
5, EERSHAT . complisnce % e
1) MBS B B - B S 1 S, R BEE W smo a0
N Anti-head r: ? . :
e [ FsF AP A 0 T T L TR G D 1) P %) i e ;;Afjﬂ;;e
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