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Modeling And Simulation of Passive And Semi-Active Suspension Systems
for Ride Comfort

Unghee Shin

Department of Automotive Engineering, Hanyang University, Seoul 133-791, Korea,

Abstract : This paper describes the modeling and simulation of passive suspension, skyhook and other semi active
suspension control strategies. The objective of this paper is to compare passive systems with semi-active systems in
terms of vertical body acceleration for ride comfort. Two typical front suspension which are macpherson strut and
double wishbone suspension are developed in order to simulate the vertical motion of the car when the vehicle passes
over a speed bump. The comparative performance of passive suspension along with two semi-active suspension control
logics, skyhook and balance has been demonstrated through simulations. The ride comfort is evaluated in terms of
maximum acceleration and rms acceleration in vertical direction(Z).

Key words : Semi active suspension(8ts% @&7}3x]), Passive suspension(+% @714=x]), Modeling And
Simulation(2 @ @ A} & °]4), Ride Comfort(x}-7)
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Figure 2.2. Macpherson strut suspension design using
MapleSim

Fig. 2.3 Double wishbone suspension model
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Fig. 2. 4 Double wishbone suspension suspension design
using MapleSim
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Fig. 3.1 Skyhook system
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Table 1 Parameter

Parameter | Description Value

M Sprung mass 1500kg

kg Front spring stiffness 40kg31400N/m
k, Rear spring stiffness 35000N/m
Cpassive | Passive damping coefficient 2000N*s/m
Crax Passive damping coefficient 2000N*s/m
Cmin Passive damping coefficient 300N*s/m

k, Tire stiffness 180000N/m

¢ Tire damping coefficient 500N*s/m

Table 2 Conditions of bump test
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Front Suspension |Macpherson strut / Double wishbone

Rear Suspension |Semi-trailing arm

Tire Fiala Tire
Velocity 10m/s
Bump 1.8m/0.1m
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Fig. 4.1 Test results of vertical acceleration of
car body with macpherson suspension

Transactions of the Korean Society of Automotive Engineers, Vol. , No.

Body Accelerariom

Passive
SKyhook|

(E]
§

Heceleration

EBody accelerariom

Passive
Skyhook

(@
ﬂz,

feleia }

Fig. 4.2 Test results of vertical acceleration of
car body with double wishbone suspension

Maximum RMS
Double Double
Input Cortrater Mecpherson | e | MecRimmon |1 e
Ace. |Diff | Ace. | Dt | Acc | DL | Aec. Diff.
[mig*2] | (%) | [ms*2] | (%) |[m's*2] | (%) | [mis"2] | (%)
Passive 588 0 467 1] 1.21 ] 107 0
| onon | s |s0| 435 |68s| 088 |2314| 07
Sky-hook T T T
Bump l Continuous
i OnOf | 448 |2381 426 [.899| 083 [341] 073 |77
Balance | [ I [ I I |
Confinuous | 439 |-25.340 373 |2012) 078 |-3553| 087 |-37.38
Table 3 Test results of vertical
acceleration
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Fig. 4.3 Test results of vertical acceleration of
car body with macpherson type suspension

Fig. 4.4 Test results of vertical acceleration of
car body with double wishbone suspension

Table 4 Test results of vertical



FFT
06
Passive
0.5 — Skyhook -
= | 0.483 (Freq: 2Hz) - - Balance
= |
o 0.4
g7l
= 0.331
E 03
8
g 0.2
8
=<
0.1 ’J\
. - J(\\SJ"JM_ _J
(1] 10 20 30 40 50 60 70 80 90 100
Frequency (Hz)
acceleration
i Peak value ( Freq : 2Hz )
input | Contraller Macpherson Double mshbone
Ace. Diff. Ace. Diff.
| Magnitude (%) | Magnitude (%)
Passive 0.568 0 0483 | ]
On-Off 0.349 -38.55 0.270 4408
Sky-hook T
Bump Continuous 0508 -10.28 0331
On-Off 0.347 389 0.258 -46.58
Balance t T t
Continuous 0.397 -30.1 0.256 45,58
|
5 84 &

B Aol A= gaige] AP £5 AsFA
o} ks oL A2 x*%/«m Apegol o] A
glo]d At EHoH H] Ttk AlEEe
A v 22 A2
1L Al £AE e A
S AP 9] A A Al
I g}4 4= 9k
2131 A ]o]\:l]—/d <X ;G‘g_tﬂ— 7:1 UHT‘ <& E]—C{j
B B A} O & S5
Atk

]

O

2
>
k)
sg

o

Aniayety

].z
TS A7PEA FxoA FE R ATt
|17}, 27Fol 5

2 ARSIk

4, 2| 0] 7 BEFT42] 2Hy, FHA 71E 5
A7PgA el vlsl Rbss A7kl 7F 238 A
7} 2Hte] o etk

E\I
i.wﬂllo—ﬂ.m
N

Ao nt WA~ Ao} 7}

Oi'N e

5
o
<

z 7

Fol7 203 WSS Fal ol 2AR P8
ARk AR Holdl 4 AT A, 7
SEu WMol 34, steblE 5 thekebA v
H7be] o e 9ol tiel ek, w2
Apghel ) AR 38 Sebul el 2 e 5 ek,
3 U FUH AL ol Tol W 5 g o]
o), o]el§t FRES AFol A2 dAF T,

W A7E Ba AR e Ae mehn

A EACIAE S 1A 2n9) @A A
% ol 9ol A

Mot &2
°
o
o
:‘_1‘

flo Ji M
o 4
Fu
-z
)
e
2
=
N
1>

References

[1] K. H. Lee, C. T. Lee and H. S. Jeong, “A
Study on the Field Test Characteristics of
Semi—Active Suspension System with

Continuous Damping Control Damper,”

Transactions of KSFC, Vol.7, No.4,

pp.32—38, 2010.

[2] Y. Liu, Semi—active damping control for
vibration isolation of base disturbances, Ph.
D. Dissertation, University of Southampton,
Southampton, 2004.

[3] A. Agharkakli, G. S. Sabet, A. Barouz,
“Simulation and Analysis of Passive and
Active Suspension System Using Quarter
Car Model for Different Road Profile,”
International journal of Engineering Trends
and Technology, Vol.31, No.5, pp.636—645,
2013.

[4] T. R. M. Rao, G. V. Rao, K. S. Rao and A.
Purushottam “Analysis of Passive and Semi
active Controlled Suspension Systems for
Ride Comfort in an Omnibus Passing over a
Speed Bump,” IJRRAS, Vol.5, No.l,
pp.7—11, 2010.

[5] M. Sentil Kumar, S. Vijayarangan “Design

of LQR controller for active suspension

system,” International journal of

Engineering and Materials Sciences, Vol.13,

No.3, pp.173—179, 2006.

[6] W. F. Milliken and D. L. Milliken, Chassis
Deign Principles and Analysis, 1st Edn.,
Society of Automotive Engineers,

Warrendale, 2002.

[7] S. M. Savaresi , Semi—Active Suspension



Modeling And Simulation of Passive And Semi-Active Suspension Systems for Ride Comfort

Control Design for Vehicles, 1st Edn.,
Elsevier , Burlington, 2010.

Transactions of the Korean Society of Automotive Engineers, Vol. , No.



