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Ride Comfort Investigation of 1/4 MR Damper Vehicle under Different Tire
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ABSTRACT

7] ?ﬂ]’), Tire Stiﬁ'ness(E}O] o] 7}A] ), MR Damper(MR %Jfﬂ), Vibration Control(%_]% A

This paper presents ride comfort characteristics of a quarter-vehicle magneto-rheological (MR) suspension system
with respect to different tire pressure. As a first step, controllable MR damper is designed and modeled based on
both the optimized damping force levels and mechanical dimensions required for a commercial full-size passenger
vehicle. Then, a quarter-vehicle suspension system consisting of sprung mass, spring, tire and the MR damper is
constructed. After deriving the equations of the motion for the proposed quarter-vehicle MR suspension system,
vertical tire stiffness with respect to different tire pressure is experimentally identified. The skyhook controller is
then implemented for the realization of the quarter-vehicle MR suspension system. Finally, the ride comfort analysis
with respect to different tire pressure is undertaken in time domain. In addition, a comparative result between
controlled and uncontrolled is provided by presenting vertical RMS displacement.
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Fig. 1 Schematic configuration of the proposed MR damper
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Fig. 2 Field-dependent damping forces of the MR damper

Table 1 Design parameters of the MR damper

Parameter Value
Piston head length (L) 87.2mm
Piston area (A) 1661.90 mm?
Piston rod area (A,) 380.13 mm?
Inner core circumference (b) 117.81 mm
Magnetic pole length (L,) 11.74 mm
Maximum stroke 164 mm
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Fig. 6 Sky-hook controller for the MR suspension system

Vertical Disp. of SM (m)

Time (s)
(a) Uncontrolled

5
N

— 5 (psi)
-- 38 (psi)
45 (psi)

Vertical Disp. of SM (m)
o o =3
S 8 8

g

o
=
T

=4
=}
®

Time (s)
(b) Controlled
Fig. 7 Bump road responses of the quarter-vehicle MR
suspension system with respect to different tire

Pressure
. 20F , —— Spsi )
< ' - - - 38psi
= '
& 15F !
t 1
=] ]
o '
5 10F 1
= 1
< 1
8 |
0.5}
IR A(\
1
0oLt A
1 5

T|me (s)

Fig. 8 Control current with respect to different tire pressure

1000
800
600
400
2001

—— 5psi
- - - 38psi

-200
-4001
-6001
-800[

-1000
1

Damping Force (N)
o

(a) Uncontrolled

e 347



1500

1200} — 5psi
900f - - - 38psi
600}
300}

-300
-600+
-900 1
-12001
-1500
1

Damping Force (N)

2 3 4 5 s
Time (s)
(b) Controlled
Fig. 9 Damping Force with respect to different tire pressure

0.361 —— Uncontrolled
—O— Controlled

Vertical RMS Disp. (m)
o
PN

0 10 20 30 ) 50
Tire Pressure (psi)
Fig. 10 Ride comfort comparison of vertical displacement
RMS of the MR suspension on different tire pressure

S PEes wAel 2 Aol Al Asheln, Eholo]

o gelel #Aglel MR Wofe] 3 Aol F

stol $A% FIE AL 5+ Aee % 5 Ak
5.2 &

2 Ao Bololo] 371¢ el me 43
@ 44 B9 Fsel MR @RS 4H49
14 A AR B 015 Astel F
d 5872 Krol 30| 7k e MR w47
st olo WgE S AEdolde Fal w4
sgich Ea, volol 3719 ME F34S A
& Fao] mESAG, 1A% MR @713t
B4l we eolo} S 4% el ol o
& way 9 AP BSsc /1 A
A A% R A FIE SAste] 2ol
Aol71& A om, Eolo] B4 mhe 7%
Ao 54 WAL ABdeluds, golo]
shelo] Wojgol e FAbgol WA A
AL 89 & 5 YT el HIE MR A<
W9 Alg Fale] e Eolo] FesolAE

348 o

S B S ¢ Yo FAsdn o
uy A AzAe Folo deEwsel o
MR ©3 AlolE st ol% Faie] $an

ATE AAAAR-e g AErEATe] A
2F V)48 Aty or Fd @ A4y ¢
=3

o E8

(1) Carlson, J. D., Cantanzarite, D. M. and St.Clair, K.
A., 1995, “Commercial Magnto-rheological Fluid
Devices,” Proceedings of the 5th International
Conference on ER Fluids, MR suspensions and
Associated Technology, pp. 20~28.

(2) Spencer Jr., B. F., Dyke, S. J., Sain, M. K. and
Carlson, J. D., 1997, “Phenomenolog

ical Model for a Magnetorheological Damper,”
Journal of Engineering Mechanics, ASCE, Vol. 123,
No. 3, pp. 230~238.

(3) Kamath, G. M., Wereley, N.M. and Jolly, M.R.,
1998, “Characterization of Semi-active Magneto-
rheological Fluid Lag Mode Damper,” Proceedings of
The SPIE Conference on Smart Structures and Integra-
ted Systems, SPIE Paper 3329~3337, SanDiego, CA.
(4) Lee, H. S. and Choi, S. B., 2000, “Control and
Response Characteristics of a Magnetorheological
Fluid Damper for Passenger Vehicles,” Journal of
Intelligent Material Systems and Structures, Vol. 11,
pp-80~87.

(5) Sung, K. G. and Choi, S. B., 2008, “Optimal
Design of Magnetorheological Shock Absorbers for
Passenger Vehicle via Finite Element Method,”
Transactions of the Korean Society for Noise and Vib-
ration Engineering, Vol. 18, No. 2, pp. 169~176.

(6) Karnopp, D. C., Corsby, M. J. and Harwood, R.
A., 1974, “Vibration Control Using Semi-active Force
Generators,” ASME Journal of Engineering for Indu-
stry, Vol. 96, No. 2, pp. 619~626.



