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Optimum Design of A Torsion-Beam Suspension
Mechanism Using ADAMS and Visual DOC

Jin—-Kyu Ok

School of Mechanical Engineering, Graduate School,
Pukyong National University, Busan, Korea

Abstract

In this paper, an optimum design technology is developed to find an
optimal position using ADAMS and VisualDOC. A vehicle with a
torsion-beam rear suspension is modeled by using ADAMS. The optimum
design technology is applied for two different purposes. The first one is to
determine the design parameters satisfying the required rear axle K&C
(Kinematic and Compliance) characteristics. A roll mode simulation is
carried out for this purpose. Second is to find the design variables for the
optimal position of the suspension damper, considering the hard points of
the chassis structure. Design constraints are specified through the
sensitivity analysis using a bump-crossing simulation. The objective
function is defined as the joint reaction forces of the damper connection
joints of the chassis structure. Sequential Quadratic Programming(SQP) and
Genetic Algorithms(GA) are used for this study. According to this research,

GA of VisualDOC program better results than SQP of ADAMS program



for this design purposec.
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Fig.

e

3.1 Front suspension model

Table 3.1 Front suspension's parts and mass

Parts Mass (kg)
A Rod 0.4136
B Strut 3.0063
C Knuckle 2.1792
D Hub 0.1028
E Tie rod 0.1179
F Lower control arm 11.1576

11




g stk Ede] MA] Abg g Table 3.2 F2lshRar, Alqt

A%} 4 AfE wulolo

Table 3.2 Degrees of freedom of front suspension model

Number of coordinates 138

Number of bodies ;;__
Number of constraints —134

Cylindrical joint 3 x (=4) = —12
Revolute joint 4 x (=5) = =20
Spherical joint 1 x (=3) = —12
Convel joint 2 x (—4) = -8
Fixed joint 12 x (=6) = =72
Hook joint 2 x (—-4) = =8
Inplane joint 1 x (=1) = -1
Driver constraint -1
DOF 138 — 134 = 4

12
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Tire kinemat ic Forces at the
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P M
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R M,
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K : longitudinal slip a : side slip 7 : camber angle
P tire deflection P : deflection velocity
F, : longitudinal force £, : lateral force  £. : normal force

M, : rolling resistance moment M. : self aligning moment

Fig. 3.3 Inputs and output of the UA—Tire model
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Fig. 3.4 Torsion—heam FEM Model
Table 3.3 Element type and property
Element type Element number Node number
Quad 4 1619 1726
Elastic modulus (E) 203.7 (GGPa)
Poisson's ratio (v) 0.3
P orty . )
roperty Density (p) 7.8¢=9 (N - s/mm)
Thickness (t) 4.5 (mm)
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Fig. 3.6 Normal mode of torsion—beam with free—free condition
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Table 3.4 Natural frequency of torsion—beam

Mode Frequency (Hz) Remarks
1st mode 100.24 Torsional
2nd mode 145.19 Lateral bending
3rd mode 283.2 2nd lateral bending
4th mode 370.31 Vertical bending
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(a) lst mode (b) 2nd mode

(¢) 3rd mode (d) 4th mode

Fig. 3.7 Normal mode of torsion—beam with constrained condition with
ADAMS
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Table 3.5 Rear suspension's parts and mass

--------- Parts Mass (kg)

A ) Rod 0.2164

B Strut 0.3027

: C - Torsion—beam 8.0260
D Trailing arm 2.5724

E Spring seat 1.3881

F Spindle 1.3840

G Hub 1.1028

T& A7PEAE 2109 BA e aE AREsElan, 23709 ZQIE, 2

=
Lo
[>
1K
ol
i

HH, 2709 FA8E, FH 5 FEH9 EHolojg E st
2dy ey 2o A AfEs Table 3.6 H2jd upol go] 8
e Rdoltt. EAYSY] @daRE A% AFEs Aol A efst

At Efolo] R UA Bholojg AMgsted Rad shach.
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Table 3.6 Degrees of freedom of rear suspension model

Number of coordinates o 126
Number of I)oﬂdii;sr - 7;1 :
Number of constraints —-118
Cylindrical joint 3 x (—4) = —12
M.Revolute ;c;l—nt 2 x (=5) = ~10
Fixed joint 13 x (=6) = =78
Hook joint 4 x (—4) = —16
Inplane joint 1 < (-1) = -1
Driver constraint -1
DOF 126 — 118 = 8

g &5 EAQS FAHFEA o] Axale N AxEe A}
2319t B Ao 3E #AsAX o) Axy A= 38N/mm, A
Zo] 313mm, A&Zo] 219mmES HEsle AxyL wdy FHh

Fig. 395 38 @713Xel4 A48 @uel dol dF $5 542 U
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Table 4.1 Characteristic of genetic algorithm
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Table 4.2 Value, range of design variables — K&C analysis

(unit : mm)

Design Variable

Lower Bound

Initial Value

Upper Bound
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Fig. 4.11 Torsion—bcam location after optimum design
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Table 5.1 Value, range ol design variables — Damper location

(Unit @ mm)
Design Variable LLower Bound Initial Value Upper Bound
€T _-:'-1200.51 4400‘.—51 4450.51 N
Ty —3577.35 —567.35 —557.35
1 74.21 84.21 104.21
B T 4364.01 1384.01 4404.01 |
Ty —322.28 —312.28 —302.28
T 110.0 430.0 450.0
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Table 5.3 Optimal values of design variables — Damper location

(unit : mm)

Design Lower Optimal Value Upper

Variable Bound SQP GA Bound
;Ijlﬁ 4350.51 1350.51 4350.51 4450.51
Ty —9577.35 —557.35 —568.15 —557.35
T 74.21 104.21 89.19 104.21
£y 4364.01 4404.01 4399.92 4404.01
&, —-322.28 —322.28 —311.48 —-302.28
g 410.0 445.32 140.55 450.0
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