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Vibration Control of Railway Vehicle Steering Mechanism
Using Magnetorheological Damper
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ABSTRACT

This paper presents yaw vibration control performances of railway vehicle featuring controllable magnetorheological
damper. A cylindrical type of MR damper is devised and its damping force is evaluated by considering fluid resistance and MR
effect. Design parameters are determined to achieve desired damping force level. The MR damper model is then incorporated
with the governing equations of motion of the railway vehicle which includes vehicle body, bogie and wheel-set.
Subsequently, computer simulation of vibration control via proportional-integral-derivative (PID) controller is performed using
Matlab. Various control performances are demonstrated under external excitation by creep force between wheel and rail.
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h Wave length of wheel-set
snake motion

Fig. 1 Snake motion of wheel-set
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A A=Y, he UHF Adye oF Ady Ab Table 1 Motion of railway vehicle
ol9] 7+AL ustt) T3 43 Y E Yo #A Element Lateral Yaw Roll
Aol ofs EAE e A S e s, s 1st Wheel-Set o 0,
He vy Po| mEF} 2nd Wheel-Set O3 N
p=10 1{/=p§ 3) 3rd Wheel-Set S 5
4714, pt MR FAS WEolT, 4 & 29 b 4th Wheel-Set il il
Eo) whaidolth. elu A7|F epA MR fA _ lsBogiefrme | % S
o] A Frtell wE qFAEE thE 2ol 2nd Bogie-Frame o1 o3 A4
w39 2 9o Car Body dis Oi6 S17
PMR:ZL"’ ry(H)=2iaHﬁ ) . = S
h, , Table 1 ¥ Z& F 17 ARFES 2 +58E242
ANA, L,k & Z}7F AR}l sypaa ool ® RHT £ 9lom Fig 3 2 E Aol At
W AT arolnt webd 4 @@ wee  F 2R DA ST A aRe A A
MR = 9] ‘ﬂ‘ﬁ@% fr=shd ohaa 2tk & x-y, z-yBHeR 7E e g 190
Fy =4, ALV, +RV,)+ (A= 4Py (5 O EAE MR S Sl e e
L et ge How mas
2o $He 747 48 gEW ] fAdFe] o . .
AR, G4 AR A 44 9, F=GCuen ) ©
AN QA7 ““Ji = MR FA gEsge]  OVIA, ¢, MR fAlSl #4H B A H 9
oI Golr}o, @ 8 At MRAAY B o ol
teow &59 $EYAoR 50 P,
4 G Ao SEub Al iiﬁ% ZHA I g om vk e 8 e Auf
$d 2oz vepyolict

Ist %9 35442

m, 0, +2k (8, =55 —b3e) +2F, + F(6,) =0

1,0, + 2k, d} (8, = 6,)+2C., d; (8, = 6) + 2Fy p + 2aF,, =0
2nd g;__,] OEHI-Z-I}J

m, By + 2k, (8y =55 +bSg) +2F,, + Fr(5,) =0

1,04+ 2k, d (8, = 80) +2C 7 (5, — 36 ) + 2Fy g +2aF,, =0
3rd 59 25HA:

m, O + 2k, (8 — 83 —bS3) + 2F 3 + Fy(55) =0

1,8y + 2k, di (8 = 33) +2C .} Oy — 813) + 2F g + 2aF 5 =0
4th 559 +FLAA:

mw50+2k (810 =012 +813) +2F 4 + F(69) =0

1,0, +2 xdl (61—93)+2C xdlz(d.l_éiS)+2FMR+2aEc4:0

Bogie frame

A, 1,2 &= R .
of HFel oa 2= AHHE, £, v AL
=lA HFel ot WA® HFH, 4= 1 A

3t
AbA Aelel W, b= HE7bY osurs A
9

Fig. 3 Railway vehicle model g o] Jholw g 11
aew 2 Y oA 727 9%, 2% U
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+2k,, (85 =85 — 1S,y —18,6) +2¢,, (35 — 8,5 — 16, —16,5) =0

1,8, —b{2k,, (5, — 85 — b3y )} +bi2k,, (S, — &5 +bS;) -

2k, d} (S, —55) — 2k, d; (8, — 55) —2¢,,d} (S, — ;)

-2¢,,d} (8, —6,)—4d,Fyp =0

1,8, —h {2k, (8, -85 —bSs)} — h{2k, (5; — 55 +bS)}

—hy {2k, (85— 8y5 — s, —18,5) =0

+2¢,,(85 = 015 —hs6,, —18,4)} +2¢,.d;5 (8, = 5,,)

+2k.d; (5, —6,,)+4k,.d} (5, -5,)=0

2nd thz}e] FHA 2

m, 8, 2k, (8 — 8, —b8,)~ 2k, (8, — 8, +b3,3)

+2k, (8}, = 65— 1y8,, —18,6) +2¢,,(3,, — 8,5 —hsB,, —16,) =0

1,6, =b{2k, (8, =6, =b8,)} +b(2k, (5, =6, +b5,)}

2k, (8, =85) =2k, d} (8, = 815) ~2¢,,d; (8, = 6,)

=20, d}(8,=6,;)~4d\F =0

13814 =hy (2K, (85 =81y =b813)} {2k, (810 =6, +b6,)}

=y {2k, (8, =615 — 0y _1516)+2Csy(512 —6i5—hs0,,—16,6)}

+26,.d5 (64 = 0y7) + 2k 5 (8 = 617) + 4k .7 (84~ 67) =0
(®)

X

AZNM, m, = WAk A, k= 1 A A7PEA
o FAYYE B, k= 2 A @AY A
B, e, 2 A APRAY] AWE A, [
ko] e@s BARUE, 1, o] E¢E @
AERE, by AT Folold d,= 2 A
gl

Ao 2 A A= HAEE, 8fF W BT
ZHA AL Qlom A A S o

ZHA 9] 2T A

M85 +2k (8,5 — 05 + ISy, + ,68,) + 2, (8,5 = 85 + by, + 1, 0;)

+2k,, (8,5 = 01y + 1Sy +1y8,) +2¢, ()5 = 8y, + S, + 1y8,,) =0

1,8, +20k, (8,5 — 85 + 18, + 1ySy) +2le, (8,5 = 85 + 1y, +,S,)

=21k, (815 =8y + s, + 1) =206, (85 =8y + 1Sy +1,5,) =0

1,007+ 25k (85 =65 iy +1u6)) #2065 =65 + IS +1,6))

+ 2k (85— I8+ )+ 2e (85 =8, + b, + 16, =0
)

A7A, m = AN AR, 1, = AA 28%

of 9% AYEWME, [ = AA ELF] st

372

2 ATFolA ARbE REoA AgFS AR T}
Ao, AE AAe AEE AF) FRA
A Fow P Ak ek Awdt E
Ax et Hde HFel g8 dAEHE @ OF &
Fig. 4 9 o] Uehd & glow ol% Fedow
EAY b} 2o

ko (6, — @), @(J;
Fr(6)) = 0 (10)

ko(0; + @), 0;(-9

—p<5, <o (i=1358,10)
ATNM, k= dLe Aol o= ALY Eo
b=rolt, S, akge] dYH HFo gsho] W
AE= 3992 Johnson and Vermeule 2] % =0] &
of o3 v o] ARG,

Fx1,2,3,4 = (fx /(D)FR /§R (11)

Fy1,2,3,4=(§y/l{’)FR/§R
A7IM F.= wH9EE 419, F = 34T 4
g, F, v TAYE A9y, £ & FEYYE 29
FHolA, &, AWE AHFCIA, & = 4
AR OIA, @, ¥ = Johnson Aol Fp & L&,
& Al T o] R H)

u—1/3u*+1/27u>, u<3
F, = uN ’
R H {1, u>3
u=(Grab, | uN)Sp (12)
)
gy = 280 é‘2,4,9,11
£ = A8 35810 . a 52,4,9,11
7, V
§x 2 éy 2
= _ J,- —_—
SR (cD) (\P)
AZIM, ve AFEY £&, ¢ & ADAF, a,,b,,
B oASEaRe] WAE, 2 A ST

/—40 p .

Fig. 4 Contact theory between wheel and rail




5. s Aol 45 ¥t

& MR ®¥E o] gste] WA
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Jol A "ot} AT ez
o AE AAE] JleEE AlA
o] 93} S Ao AT ZLoja] dAE T
29t SZ9 A @S A AE 93} Fholgt
9tk w3 MR ©H 9 AolE FaaEty] 9
PID Ao71E AHEsHom @atel gt Alo] §]
g o) e eI 2 Ao® Uitk
de(t)
dt

— o
& o
{0
Mo s

u(t) = K,,e(t)+—je(t)dt+1< T, (13)

oI7IM, K, HlEels, T,= 4

i

oM e(r)= wiAet &2 Aoh arielolth

B Aol Araere] EUW A5sh A
DR EEER

H
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Table 2. Parameters of railway vehicle

Z7]-0]-_1_ St} ]—X]U]— MR Eﬂ,qe SN

Parameters Unit Value
1/2 Bogie distance / m 13.8
JfA];;rlzcgig:f:eaﬁ, m 0706, 1.05
1/2 Suspension distance d1,d2 m 0.985,1.125
Shear Modulus G MNm™ 808
Rolling Radius of Wheel ro m 0.43
Car i?(éyér:?:rg;eivirtagfﬂxgeel- m 1.585, 0.64, 0.397
Johnson Formula @,¥ Constant 0.54219, 0.60252
Semiaxis of Contact Ellipse ae, be mm 6.578,3.934
Weight of Car Body mc Mg 254
Inertia i\fyorll:f?yta‘jfrgsr Body Mgm? 767.5, 58.4
Weight of Bogie Frame mf Mg 3.88
Inertia Moment of Bogie Frame Mem’ 3.3,1.57
Ity, Ifr (yaw, roll)
Weight of Wheel-Set mw Mg 1.61
Inertia Moment of Wheel-set Iw Mgm? 0.83
1* Suspension Stiffness kp MN/m 9.84(x),6.96(y),2.18(z)
2" Suspension Stiffness ks MN/m 0.14(x),0.14(y),0.39(2)
ond Suspension Coefficient Cs, Cz MNs/m 0.094,0.01
Lateral Track Stiffness ko MN/m 14.6
Rail-flange Clearance ? m 0.009

- 71
= 9] Tr/‘]'f?} 3 ol S HolFE 9)
o} O]ETH s F3 Al 1R} AR L] A A
9 715 MR #3737

s
oz Zﬂﬂo} /,l%% EL —’F ATt Fig. 6 & “éEi}
30m/!

A o] Ao Aol 5

m/s ©] H] 'H *JQV—*,E.E @% FolAwt 1 2F ??iﬂ%‘
e}

2 Aoz Qe QuWEo] Z715% L MR 9
A2 AlfE s o} gl Ao 3
& ofal Qv o]2HE AjkE A= &
T B &adAel As & F o

L3, Aol YHEOoRRE &5 443 A
ol& flalM = °F 12000N o] ®gHo] o4HS &
T 3tk o= 1 2 AgelA AlgkE dE AR
& A 2FEAA A AFE AgS 77 9
g MR 939 éﬂﬂl%ﬂﬁ% A@~6)22H Y =
e 4 9o 1 A} Table 3 3 AT

Railway Vehicle
/ PID MR F Car Body ©)]

o Contller (<4 Dampr T BosieFame )

f

Contact Force
of Flange (10)
Creep Force (11)

r(t) = 56,6,13,13 _52,4,9‘11

Fig. 5 Configuration of control system
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Yaw Displacement (rad)

Damping Force (N)

-10000 -

0.010 |
0.005 | X
0.000 |
-0.005

-0.010

-0.015

—— MR Damper+1/10 Stiffness
- - -Full Stiffness
----- 1/10 Stiffness

Time (sec)

(a) yaw displacement

——50m/s

10000

5000

-5000 -

2 4 6
Time (sec)

(b) control input

Fig. 6 Simulation results (v=50m/s)



—— MR Damper+1/10 Stiffness
- — -Full Stiffness
0.006
T 0.004
= 0002 ]
o H
& 0.000
s
g -0.002
S -0.004
@
> -0.006 -
_0008 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9
Time (sec)
(a) yaw displacement
— v=30m/s }
6000 |
= 4000t
8 2000t
&
(2] or
£
g -2000f
a
-4000 -
-6000 |-
0 2 4 6 8 10
Time (sec)
(b) control input
Fig. 6 Simulation results (v=30m/s)
Table 3 Parameter of MR damper
Parameters Unit Range
Length of Magnetic Pole Lm mm 70~90
Gap between Magnetic Poles
mm 1
hm
Inside Diameter of Out Cylinder
Dp (4, =D2xr) mm 80.1~100.1
External Diameter of Inner
. mm 80~100
Cylinder Dr(4, =D?xx)
Bingham Parameter o, Constant | 83.46, 1.246
6. & &

o A7 e A 2F de= T A7V
el A 1A A7PEAE EQdEkaL o2 <l
) wASHE AES AR 918 WEE MR 9
HE o] &3 &F9 AEAdE FHsAT o=

S8l A v, gHow AR AE A 17
AHE BUZRE 34 A0 BH AP ©
F351903 PID Ao} 7S EYste] 2T Aol
o BINRE FasdTh AFA]Y Awmy
B A% AA2Ee mele] hE exEe &
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ZHEE MR 9iHE <l guow oxEe g

S7b ik w@, Al AP A sde] A
23PAE A g3 9% MR B3 A
ghe wEsov §5 AANMSE A

B A Adtstel MR We] Aol
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