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In general, lateral ride comfort of railway vehicle is mainly influenced by a secondary suspension
placed between the bogie and carbody. Higher operating speeds of train results in increased
vibration of carbody, which has a negative impact related to the ride comfort. To solve this
problem, researches to replace the conventional passive suspension with (semi)active technology
in the secondary suspension of a railway vehicle have been carried out. The semi-active
suspension using the magneto-rheological damper is relatively simpler system and has
advantage in maintenance compared to the hydraulic type semi-active damper. This study was
performed to reduce lateral vibration acceleration of carbody related to ride comfort of railway
vehicles with a semi-active suspension system. The numerical analysis was conducted by
replacing passive lateral damper with semi-active MR damper, and robust control with the MR
damper was applied to the 1/5 scaled railway vehicle model.
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[SR=g

ks, = Secondary lateral stiffness
ks, = Secondary vertical stiffness

m,; = Mass of wheelset (i=1~2)

Ii = Inertia of wheelset (i=1~2)

m;, = Mass of bogie

I, = Inertia of bogie

m, = Mass of carbody

I, = Inertia of carbody

W, = Load per wheelset

ro = Wheel rolling radius

kpx = Primary longitudinal stiffness
kpy = Primary lateral stiffness

kp,, = Primary vertical stiffness

ks = Secondary longitudinal stiffness

Cpx = Primary longitudinal damping

Cpy = Primary lateral damping

Cp, = Primary vertical damping

csx = Secondary longitudinal damping

csy = Secondary lateral damping

¢s, = Secondary vertical damping

a = Half of wheelset contact distance

V = Velocity

Fy, Fy, Fg,= Creep force and moment

f11, f12, 20, f33 = Kalker’s creep coefficient
& &y, & = Creepage of contact patch on wheel/rail
C;; = Kalker’s creepage and spin coefficients
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L., = Half of bogie wheelbase
L, = Half of distance between bogie centers
Ly, = Half of lateral distance between primary suspen-
sions
Ly, = Half of lateral distance between secondary suspen-
sions
Fur = Force of MR damper
h; = Vertical distance between bogie frame center of
gravity and axle center of gravity
h, = Vertical distance between bogie frame center of
gravity and secondary suspension center of gravity
h; = Vertical distance between carbody frame center of
gravity and secondary suspension center of gravity
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Fig. 1 The half carbody vehicle model

Table 1 Degree of freedom of railway vehicle
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Fig. 2 Transfer function of 1/5 scaled model (in:
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Fig. 4 Frequency response characteristic of disturbance
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Plant P(s)

Controller K(s)

Fig. 7 Generalized H infinity control system

ox
off
o

ot

g1k vk At I He AE
Aw ez el stEie] Auiw
Fopusron, 4AH A%E 2ol A3
 W3hulth estimationdlo]  2(5)9F E
o2 Yepd & ohb

fu

N PN 2 ol
oxb Y M L o

,.\
JZ Y

F, =148.2-296.4/(1+ (exp(vel)/3.3046))

*116.845* ©)
(i, /142.2482)
3.2 Ho H07]

He #Alo}7]& Fig. 73 7o) Myﬂ Al Aloldt o)
A mdlo] AfFw Fob Jheshert £33 g
B AoR EasA) WEd AT £ B
SFE A7l A 9% FTrkel dd o
A i 2RAe] ek, ks, EEkel of
g 3= mdoly diate] AW ESs ¥
o] AABME A97b giy-Rolth. e ol e
e Aapeke] BEly Qa7h Bl AA AR
FANA R Ao71g AAsH e AA 2=
o K

A Ad B =EoA AA
b 34Hz TR 2
FAE A8t AloE 5,‘—336}-]_7(]— grot

Fig. 82 He Al0}7]17} 2 &%
Aol &55 vekdit. Al
free] AGgs FolA o
9.82m/sd o] A5 A e st 1017]% A7
sk Q# AA Ae H7

=
=
MAHe wo /\]ﬁgﬂ—og =35 4

-

4= Ak
Fig. 9~Fig. 102 7l=849 218 I =4

o] F FF(case 1, case 2)9] He A|0]7] =,
TEHAA 489 HFZ AG3gE o
2 3]

-
_,__5
1:]'CaSCl\__ ;]: E}\o}\]———-}\\:]" 7 2= U E T

Slrsi'ﬁh

wheetsz 4. Signalt

To orspace

Fase gidem

. Toviakpace2
~J

Fig. 8 Simulink block diagram for H infinity control
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Appendix 1

Equations of motions for Railway Vehicle Dynamics

1. Wheelset dynamic equations

. 2f . 2 (4.
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3 2aAf; 3 2(22f33 2f22
Y2 7
7 14

0
H=2f, +alW)y,, - 2k,,YL) W =)
2c1>\L“1(l//u7 )

2. Bogie dynamic equations (trailer bogie)

myyy =2k, (Y + Yo =23, = 2hé,)
- sty(yb + L.\'ZU/L' - h2¢b - h3¢‘;)
- C:)-(J'}b + sz‘/'/c - h:&b - h3¢c)

Ly, = ka) L (Y + Y —2Lw,)
+2k L)l(l//ul TWr — 2l//[7)

- 2ks.\'Ly2 (l//h - c)

L, =2k, — 2k L (4, - 4.)
+ 2k (3, = oy, — Loy, — )
+ 20k, (V1 + Yo =20, + )
-2¢,.Ly¢, —2¢. L3y (4, - 4.)
+hoey (3, = Moy = Lo, = hid,)
+ 21, (D + Fy2 = 200, + 1))

3. Carbody dynamic equations

1. =2k Loy (—LoWe + 3, =~ hoy)
+ 2k, L‘z( V. +y,)
+ey Lo, (=Loye + 3, — hy)
+2c¢, L‘z( W, +y,)

1.6, =2k L (4, —$.)+ 2k I (v, — g, — 1)
+ ch:Lf-z (¢b - c) + c:)'h'j O - hs¢c - h2¢b)
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