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Motivation - SLA Suspension

Suspension

Macpherson Double wishbone

Ball Joint Locations in a Short-Long Arm (SLA) Suspension

TR
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control arm

Sweay bar

Copyright 2008 weneee 441 Car.corm Auto Diagnosis & Repair Help

Double wisebone suspension designs

Short and Long arm suspension

The unequal length double wishbone
suspension. The unequal arm length
causes a change in the camber of the
vehicle as it rolls, which helps to keep the
contact patch square on the ground,
increasing the ultimate cornering capacity
of the vehicle.
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Suspension requirement

Vehicle system
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SLA suspension \
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Quarter vehicle model
(weight, suspension type)

2

Suspension simulation model

2

Suspension component model
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Suspension

System equation
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mtlrex — k'ure ( 1 —X ) + Ctlre (Xl o XZ ) _ kspring (XZ o X3 ) + Cspring (XZ o XS)

Mear X5 = Kepring (X2 = %5 ) + Copring (X2 = %5)

.
Sprung Mass
(vehicle)

kspring % IH Cspring

Tire

sz

Suspension Parameters of Quarter Car Model

System Parameters Value
Sprung Mass 450 Kg
Upsprung Mass 45 Kg
Suspension Stiffness 22000 N/m
Passive Suspension 2300 Ns/m
Damping
Tire Stiffness 176000 N/m
Tire Damping 230 Ns/m
Coefficient
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Simscape Suspension model
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Suspension cad model

Shock absorber
Upper arm

Knuckle

Lower arm

Reference — grabcad
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Lower COntrol arm

Modified model
for topology optimization

Original cad model

Boundary Condition

T, T,

Load case 1 F, =—-100kN
Load case 2 F, =-100kN
Load case 3 F, =—-100kN

Optimum solution
zﬁ“’ Minimize Compliance

T T Subject to Volume fraction 50%

X1 'y N7
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o Modified model
Original CAD model for topology optimization

Boundary Condition
T, Ty

x?lyr 2 Optimum solution
Minimize Compliance
Subject to Volume fraction 40%

W
Load case 1 F, =—-100kN £
Load case 2 F, =-100kN

Load case 3 F, = -100kN HANYANG UNIVERSITY ©




Optimization results

Lower control arm

mmmmmm

00004000

Objective function 52% 4
Mass 50%
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Upper control arm

Objective function 28% 4
Mass 60%
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Knuckle Buckling

T,T

TZ

y ]

CDL

Buckling critical load
P =4, xP=41395%1N

=41395N >> 4900N (500kg x 9.8m/s

MODE
MUMEBER.

1

EIGEMVALLE

RADIAMNS

CYCLES

FERIOD

GEMERALIZED  GEMERALIZED ORTHOGOMALITY

MASS

4.139516e+004  2.034530e+002 | 3.235135e+001 | 3.0858197=-002 2.8568652-003

2 4.45723%9e+005 6.675255e+002
9.826840e+005 9.913042e+002
4| 2,130294e+006 | 1.461607e+003

3

3
G
7
8
9
10

3.233952e+000
4,283163e+000
4.334293e+000
4.419908e +006
4.439901=+006
4.4566%96e +006

1.798319e+003
2.069580e+003
2.081396e+003
2. 1023582 +003
2. 1071072 +003
2.11108%+003

1.06255%+002
1.577710e+002
2,326219e+002
2.802114e+002
3.293840e+002
3.313441e+002
3.346006e+002
3.353565e+002
3.359902e+002

9.411242e-003
6,338300e-003
4, 298821e-003
3.493921e-003
3.035970e-003
3.018011e-003
2,938638e-003
2,981901e-003
2,.975277e-003

6.975600e-003
1.864009e-002

STIFFNESS
1.1582604=+002
3.109637=+003
1.831732e+004

4, 287182e-002 | 9.158568 1e+004

5. 734149e-002
2,4253583e-001
4,51745%e-001
4,824325e-001

1.854396e+105
1.038831e+000
1.95799%e+100
2.132308e+006

1,353718e-001 | 5.0103752+005

3.483564e-001

1.552518e+006

LO55
0.000000e+000
4,365019e-008
3.006508e-008
5.502087e-009
2.731026e-009
4,226700e-010
9.896330e-011
1.06383%-010
7.687307=-011
1.267671e-009

ERR.OR
MEASURE

8.110991e-007
5.805730e-007
1.0085825e-006
1.093380e-008
1. 226047e-008
1.045108e-004
1.857164=-003
1.699417e-002
2.506434=-003
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Conclusion

« 2-DOF quarter car suspension simulation is applied.
But It has difficult to use analyzed data on 3d FEM model.

« Multi-objective topology optimization is used on Suspension components.

« Buckling analysis is applied on knuckle component.
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