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Ride Analysis of A Quarter Car with A
Magneto-Rheological Damper

Tae-Ho Kang

Department of Mechanical Design,
The Graduate School.

Pukyong National University

Abstract

This study presents vibration control performance of a quarter car model
featuring a magneto-rheological (MR) suspension damper. A mono type
MR damper was designed and manufactured utilizing commercially
available MR fluids. After verifying the damping characteristic of the MR
damper controlled by the intensity of magnetic field(or input current), it
was applied to a quarter car model. A skyhook controller was then used to
effectively suppress unwanted vibration of the vehicle system. The ride
performance was experimentally evaluated via quarter car simulator. The
experimental results showed ride improvements compared with the passive

suspension system
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1.1.1 Holal §I A|lAG9 Wil
1960d gl @7 Aladed QoA FARFH F AP FO7HA
2mo g Jehti= AA Ao EAE A7 st Hxze ATt
AzE gt Q-3 FydN A43E AT dFE 1980d ) A=A 7
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ot Ao AA A2L AdHE ATYL oL 4 6|3 AN
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A T DEF7 ABsta Ao Wt AW Aol Ffol HlF of
F Z7] o W Aojel Wig B 77t ojFAT UAH
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Fig. 2.1 MR fluid
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A Fig. 2.4°) Jepuiic,

Fig. 22 MRF 132ADY #% $3zs dveuidt 35 32
714 Azl AF gEAAA o, A7F A77t ADFE #qFE
S8go]l x3late RS ¢ 4 Sl Fig. 232 AdHA & digd A
g3 Holr} Ar]|FUY) 1A FE W EHog HAo] Arde
FHHez #98 4 gt MR AT B%RAE p 7F @AFA A
g 7] EAL JEY, 4 FARY 2 @e gE2A% Wi FY¥
< Jebdt). Fig. 249 MRF 132AD9] B-HZ A4S vehggict <17t
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UAESY 23 ¥AEH oz s A/ 27 Fo] AR wet HA
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Fig. 2.2 Yield stress vs. Magnetic ficld intensity of MRF-132AD
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Fig. 2.3 Shear stress as a function of shear rate with no magnetic field
applied at 40T
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Fig. 2.4 Typical magnetic properties of MRF-132AD
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Ty Bu dyE sy AFAL A3 eH, dHe g - Al
Aol whE Ade] A Wae shadeA wBedA @k spa4d
(gas chamber)ol= 27 ~ 30 [barls) T AAWN)7F FHH e,
b9t MR FAE EA7EA, 92E PP 4 g8 HAAS 3§
7] $1g =g J2E (free piston)o] Aok 4 A5& =Hde= I
E WH (piston valve)?} F2E Z=(piston rod) AEHo] o,
MR A7} Aojurte RAE wAsy J2E 229 F4EE FAAM
717] 918 2= 7lo]l=(rod guide)7} At HAH WEE= MRFHZ A
AR o, AFE T Y2E Z=E FIM P&E HH4 59
o dAHe] WAL 395 [mmlelw, A A 1605 [mm] ol

Q) HFZHSMI0C) L2 o] Fo]A =7} 3 Zoes FYo] 4003 HAYL
o, Aol 4 [mm] AF 270% 06 [mmlg F2 AL 7R agn
A 7o) 385 [mm] WAE #=e XFso] glow MRS A7 &
H7F G A7 FY ¥ &48 vr] Y3 A7 H2Ze - o
o A A7 dYEe o, A7) I2E FHN HAE =R v
ANAZ FAAYG. AFE $F rodg T zZdd 824 Hw
HAE =8 FHstE MRFAY 48 G55 nad /7271 A
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Fig. 2.5 Mono tube MR damper

Fig. 2.6 MR damper

_10_



23 MREH9 H45AH

AzdE MR 289 7|2 #4438 ANg, 294 A1F 28l vpbEg A
dE Td87] At MTSAH] 9 7471 (Fig. 2718 AHEsHE o

5 7ER71e) FAE MRAESHC LA Hee T AREY
i, F 7RI AAE dAA A "ANTE wol FRAEA
FaE BASAT. FE A7 AR 3 XA fHe = RE
Ag Fate] Ao At £k Wile wE& MR ¥ 9 gL &
A&t

F 7HE719) FF Aot MAMEeAM e dHolyg 5L Fig. 289
MTSAS} Control box2t ol EE5AXE AH8-33ct,

71z 738 A|gL& Table 19 AAAGE 2H2E Q17 ¥ Table 29
A FH4E HAE ZAAHcosine wave)® MR EL Al HE §)
STt Table 29) £+ Z Az Hd$ko|n

A EF U wWEge T3] Asty, MREAHL I &£58 &
o] Ao AHHL v gon WY MEFgow &2 2L T w9
wolel g < greg yehydch

Table 1 Levels of Volt

Volt [V]
los |10 15]20]25][30][35]40]45]50

Table 2 Damper test conditions

Displacement [mm] Frequency [CPM] Velocity [m/s]
50 10 0.0524
50 25 0.1309
50 50 0.2618
50 75 0.3927
50 100 0.5236
50 200 1.0472

_11_



Fig. 2.7 Experimental configuration of the MR damper testing

ko

Fig. 2.8 Control box and data acquisition equipment
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(a) Input frequency is 10 [CPM] (Maximum velocity is 0.0524 [m/s])
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(f) Input frequency is 200 [CPM] (Maximum velocity is 1.0472 [m/s])

Fig. 2.9 Force-Time characteristics of an MR damper
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(g) Input volt is 3.0 [V]
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Fig. 2.10 Force-Displacement characteristics of an MR damper
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Table 3 Vehicle Parameter

ms {Sprung mass) 351 [kg]
m, (unsprung mass) 53.6 [kg]
¢s (damping coefficient) 1820.7 [Ns/m]
ks (spring stiffness) 28000 [N/m]
k; (tire stiffness) 199920 [N/m]

9 1/4 A% 71 A2 2de 2709 F23% 1§ AFS(natural
frequency)& ZTH|, ©] Al 22X PR AFI AT R
Aeko] v 7H4] 31F F%E<(undamped natural frequency)E& F3}H
=R g

22 #7F A=Y 5 WAL 4 31D Fia 54
WA A (characteristic equation)2

M|, R = (35)

2 gol Iu, WA 4 (36 T + A
ot = (g Atk oy kb g 36)
4 @OeRRE ~xgan Ag) N nf AT % A 3L

34 (body resonant frequency)t

1 ( kskt
fs z T ms( k5+ kt) (37)

2 2AA o £8 & glon, B AA”dAE oF 1.33[Hz]7F Ao
22X dFo ¥ 1/ AEeF F vF AT T
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0
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Fig. 3.2 1/4 car model of a semi-active suspension system
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Fig. 3.6 Concept of the ground-hock control

(a)

(b)

Fig. 3.7 Damping force direction of the ground-hook control
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Fig. 5.2 1/4 car simulator with MR damper
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Fig. 5.3 Accelerometer of sprung mass

Fig. 5.4 Accelerometer of unsprung mass
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Fig. 5.6 Linear potentiometer of sprung mass
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A3 El We] 10%& F<te] HolHE 5

Table 4 Experimental conditions

Displacement [mm]

Frequency [Hz]

38 0.5
21 1
12 2
6.85 3
38 4
2.75 5
2 6
1.5 7

1 8
0.8 9
0.7 10
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