MODELING AND SIMULATION OF PASSIVE AND SEMI-
ACTIVE SUSPENSION SYSTEMS FOR RIDE COMFORT
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1. Research objective
2. Suspension design theory
3. Passive & Semi-active suspension design

4. Simulation & Comparison
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Introduction

Modeling & Simulation

Estimating ride comfort



Design objective

@® Two typical passive suspension design
- Macpherson strut, Double wishbone

2 Semi-active suspension design
- Sky-hook ( On-off / Continuous )

- Balance control ( On-off / Continuous )

3 Time-domain / Frequency domain comparison

- Vertical acceleration for ride comfort

@ Comparison
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Suspension design
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Macpherson strut

=5, j=6, w=6, XI_, f; =15
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Double wishbone

|=5, j=6, w=6, X)_, f; =16
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Design Freedom

Double wishbone > Macpherson
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Free Geometry design

Easy to control

Gruebler’s formula

M : mobility

, | :the number of link
M=wl—j-D+X_, f j :thenumberofjoint
fi : degree of freedom of ‘I’ th joint
w : Mobility number (space :6)




Semi-active control

- Sky-hook control il
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Semi-active control

- Balance control To reduce the magnitude of X

F, = kix- x;)

F,= c(i- %,)

@ (x=x,)(x-x%,)>0

Force

= IA- 7] —p |Fgl = |Fl

Time

— damping force ( £, ); -~ spring force ( F, ), E=eémmm: merfial force (m



Vehicle modeling

Tire: Front Suspension

Pia |

Body Frame

Rear Suspension




Macpherson Design

Spring & damper
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Double wishbone Design
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Controller Design

Skyhook Control Balance control
| Input 2 (Spring velocity x — xg)

Input 2 (Spring velocity x — xg)

Input 1 (Spriqgrdis[plac{a[nent X — Xp)
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Example

Driving Condition Parameter Description Value
Front Macpherson / M Sprung mass 1500 kg
Double wishbone
m Unsprung mass 40 kg
Rear Semi-trailing arm K¢ Front spring stiffness 35000 N/m
Tire Fiala tire K, Rear spring stiffness 31400 N/m

Velocity | 10 m/s Cpassive Passive damping coefficient 2000 N*s/m

5 180 10 Crmax Maximum damping coefficient | 3000 N*s/m
P -’ﬁcmm o Cimin Minimum damping coefficient | 300 N*s/m
T K; Tire stiffness 180000 N/m

Lot : C, Tire damping coefficient 500 N*s/m

Mohamed M. EIMadany. (2011)
Control and Evaluation of Slow-Active Suspensions with Preview for a Full Car , 10



t=3.0097322

@ Driving Condition

. Passing Bump

® @

@ Macpherson strut ® Double wishbone

t=30097322

t=3.0097322 /
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Evaluation criterion
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Simulation Result (Time)

1 Passive
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Simulation Result (Time)

@

|

[ =
| 8

Acceleratrion

Skyhook On-Off

Body fccelerariom

=== MNacpherson

Accelerati

Skyhook Continuous

Body Accelerariom

4.86
65
, 3.05 RMS
[y 2.29
| 101
ﬂ Ik 0.77
i

i\jls 57
} [

|
Ve
k | -3.44
\/

-5.24

=== [oUDble wishbone

17



Simulation Result (Time)

3 Balance On-Off Balance Continuous
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Simulation Result (Time)
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Simulation Result (Time)

Double wishbone type
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Simulation Result (Frequency)

@ Passive
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2 Skyhook On-Off

Simulation Result (Frequency)

Skyhook Continuous
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3) Balance On-Off
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Simulation Result (Frequency)
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Comparison

-  Maximum acceleration (Time domain)

Passive vs On-off Passive vs Continuous
6 6
5 5
4 4
3 3
2 2
1 1
0 0
Macpherson Double wishbone Macpherson Double wishbone
m Passive ®mSkyhook mBalance m Passive ®m Skyhook m Balance

26



1.4

1.2

[EnY

0.8

0.

()]

0.

~

0.

N

o

Comparison

RMS value of acceleration (Time domain)
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Peak value near 2Hz (Frequency domain)
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Conclusion

* Ride comfort comparison using body acceleration

(Time domain) Low maximum acceleration & low RMS mean that it has good
ride comfort

(Frequency domain) Near 2Hz, low peak value means it has good ride comfort

Ride comfort

Macpherson < Double wishbone

Passive < Sky-hook control < Balance control

Near fundamental frequency of car (2Hz) : Passive << Semi - active
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« Changing Parameter

— Spring stiffness, damping coefficient , mass
« Changing Driving condition

— Bump size, velocity, random road input

e Optimization

— Tuning for optimal damping coefficient

30
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Comparison

-  Comparative study ( Time domain )

Maximum RMS
Macpherson Double Macpherson Double
Input Controller P wishbone P Wishbone
Acc. Diff. Acc. Diff. Acc. Diff. Acc. Diff.
[Mm/s”2] | (%) | [m/s”2] | (%) | [m/s"2] | (%) | [m/s"2] (%)
Passive 5.88 0 4.67 0 1.21 0 1.07 0
On-Off 5.48 -6.80 4.35 -6.85| 0.93 |-23.14 0.74 -30.84
Sky-hook
Bump Continuous 5.25 |-10.71| 3.77 [-19.27] 1.01 |-16.53 0.77 -28.03
On-Off 448 |-23.81| 4.25 -8.99( 0.83 |-31.41 0.73 -31.77
Balance
Continuous 4.39 |-25.34| 3.73 |-20.12| 0.78 |[-35.53 0.67 -37.38

33



Comparison

-  Comparative study (Frequency domain)

Peak value ( Freq : 2Hz )
Input Controller Macpherson Double wishbone
Acc. Diff. Acc. Diff.
Magnitude (%) Magnitude (%)
Passive 0.568 0 0.483 0
On-Off 0.349 -38.55 0.270 -44.09
Sky-hook
Bump Continuous 0.509 -10.38 0.331 -31.47
On-Off 0.347 -38.9 0.258 -46.58
Balance
Continuous 0.397 -30.1 0.256 -46.99
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