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Abstract

In this paper, the performance improvement of a decentralized brake system for railway rolling stocks is
investigated. In order to verify the effectiveness of the decentralized brake system, it is compared to the truck
unit brake system which has only one control unit per a truck. The adaptive sliding mode control scheme is
used to realize a robust anti-slip brake control system. Through computer simulations, it is verified that the
decentralized brake system has better braking performance than the truck unit brake system.

7tAgen, ATES TN FFANS
. M E WA= ok Als WY 48L& 7hsstA st
F=g
AEategFo] AleA 282 371 Alsdaa 2 71Ze] SakE Aojurale ek sibe] Ao
7] AlsAl oz FAdE stolHEl= Bgola Al 717y AR o] HEzategke]| t)st AEES 7PAF
282 ARgstal vk 53], 719 Als AlEE = Al g Ao o g AHod 4 9)
= ARAbge AaAQ] FABRA AR A A2 AnAge) AF GRS uer] 9l
& GGoA ARSI, v AFGA L FA A 7 g2t shube] Aol fFUESE AAshe diabd
A S "Rt I Al WAL 9 AEwAe] Aeda Qrh. gtk A EA 2
Z7lole= 37 ARBAE AR oy, SEA Y Blo oF T tx} Zhzbe] AoV E ALLEte] A%
e A 7] ARA o w TAEAT 7] A2 Aojgtl, Wk, ditel Aolr|7 nFHL
Aga Beelae] A8 ARZAL a&set F dozs w, FH g Ao)r|7} vt
Ao 2y A3t BEAS FATIE ARE (filsafe) GFLS T £ g AHS Y He
2 AlsAl2agle] kS g 7T
- o Sl m——y g, s ATy AlE Al HAsE FA 5
f ﬁiﬁ@fﬁé@iﬂiﬁ?%QT Zwste 8 Aol o H tAel A7EE &
<ol v=2A &= dom, stEHstz <l

TEL: (051)510-3053 FAX : (051)582-9164 =
S R LA AP R Az dixbebg Ao 2ol A d 5 3l &
o Roabishal 7] A 9 A7 Ed T dEo] t27] miel iz E2 &HE A7t




1006 B R - oA - HE

eSO ae J1Ee AU ABRAS o o8 Fwael AgW W 2A2 AgHarh
ME izttt shE o] Erbesiez A W opEe AFEOA Fr ALE T 9=
Ao 7hHE diatel s 2849 Ass 248 oz g 29 9o sld A¥AFL g -
3 2= o

EQQ@W% AAs) ABA] Almel A o ot Fig 1Ol UERE e @], vhst
U AL o u A e g3 o Fo AFUA GEE gy gy
o Ee UHNYE Fugd FA) e wape LA F AT W welA GEAA A )
g meAel AES Zas 2 9o wolv At A Afelo]l Aol oEH2 2 3)F Zol
A&l AFH AEHolAS FAgt. 2U|AES LR = 2l

Sob sFe WakE BAC weld 5 U= 4R P N

g welao] W 2dl(beam model)?S o]-&3tal 3} p—T[(Ej —(xc—gj } 3)
FAN welE A AP FoH maH0d

9 Fwapere] F7)gH Al aEd g3 48td wa 7| N2 $£FEF, xE JFUe] Boziy
Ae olgatel J1Ee AFus] ABAzR o AL, 2R 13 wi 42 G shue A=
Akl AsA e Aed s HFE AEHC ez Jedd, #AY p 2 oy 2 nEE g
M-S Faste] vl FA T AlEd ool A = ~

AwAF A2 stepeel Aol AP AE
sk AFE Aolel whAAse] BeAA B A
SR AR PR I L RS E

Hes aEet =3 A A Al
dugFoRE U TEd AlaHle] EFgAA
2L ojgto] JFgom AAS Ao TS HET 5
N A-5Eetold E Ao (adaptive sliding mode
control; ASMC) 7|H& 483t}

v

o714 F,e AFE, w(A) = AT, 1= £
HE, N #4385, vE ARAFY 45, 17
IS re 727w ZEne) uhg e e
L=

A A (D el AFAA Wt u
g bsta, AAAFE 98, A9 84, 5438
T 2 27 AsEEe 4TS werh YubAo
25 &9 E0] 0.1914 03 Atolol] e W 2
Z7b AUk shAch weEbd B a8 A
5 A A EHddel date] 2 BAF
2 5 gl oy malde] dast

H =R E AxeE 2dAo=R Yamazaki®

fo B 24 B9 0<x. <1, )7

CAwx,, 0<x, <],
fo= “4)
My D, L, <x,. <1
AZIM C = FHRAS, [, = vk AL A
ole] MEWoN £ Qe AW, 2w
wt F PRASE A 59 2ol mawy.
aivl
-1,
AN e = N HZA T,

& AAsk= A, 1Yl e

Hq = Hyax — )
= o5 s

a
A (07 £

1,,:1[1— KA j (6)

3zumaxN
71X K, = FHAES HEbdy 4 (D2 £d
Ht.

Fig. 1 Simplified contact model of the rail and wheel
for rolling stocks



AL Zgloly T Ao 7]HS o
C.I?
K = 7
T (7)
A& s 2 e AA A=A st A
SHaL 2 (5), (6), (= WYstd 2 (8) o] %
ERzA=

HAAFe WEE AT AE

3 AnE vehdch Fig 20] UERd vie} o),

W oEde 27 Az o AAY AL
YA

30 km/h

RY
=03
o
5 60 km/h
=
Bo2l 100 knvh
o
g 140 knvh
7
2011
S|
<

0.0 1 1 1 1

0.0 0.2 04 0.6 0.8 1.0

Slip ratio A

Fig. 2 Adhesion coefficient for the beam model

according to the initial braking velocity

Front bogie
- - Rear bogie

Adhesion coefficient u

0.0 0.2 0.4 0.6 0.8 1.0
Slip ratio 2

Fig. 3 Adhesion coefficient for the beam model

according to the load

& AeA A AleAl 24 1007
2etzo] F7hekel wel HRAAG A7
3h O Fig. 32 2] (8)9] A5 E N W
3 WA WmaE AFH A EYolA

w2}

=
of da HHee] wsE 2@T 5 odvp E=F
Fig. 30 Wepsl wpep gho], k% tixbe] A9
o AHEe ddsy] A% Ve eHES
0.18°]3L F & thate] 9= oF 0210

o aystgion, refstE ffs) Ad 1o
gow 7HAds
Fig. 4@)= n WA AAE Yetlity o7|4 M

o AAe) A, Je A RYRAE, F &
AA e} vl Apolo] Agap kel F, & Al
e Fa AR, we A9 A A4F

FHBF, d & B Al

)

M, J ¢

K " Th a b

~
S

.
coupler

s
bogle
o o d

(a)
Motion direction
Motion direction o
(7 N
A o
— F,
F, £, * e Fy
N+1 & <
W
- d '
" A
(b)

Fig. 4 Free body diagram for the n-th train



1008 uA 3l . o)

o Azle vepdth ol @R fo} re 247 o
5 xS ofv e,
Fig. 4(b)l YEbd AFEAE25H #
el $EWAAL 2 (9),10), (1) BTk
Mjé:Fc[n]_FC[n+1]_F;/'_F;r_F:zr ©)

ki
o
)

My=-W -W, (10)

. d
J6’=(FM+F,,,4)><h+(Wf—Wr)x5 an
+(Fc[n]—FC [n+1])><h’+(z/.+tr)
o] 7] 4]
Foln]= =K. x(x, =%,1) = Cox (%, = %,.)

c

FC[n+1]:Kc><(xn —xn+])+C,><()'cn—)'cn+l),

73] Aol ok

AnbH o2 FPA gL o|EFA R A
A% 24 (12)2 5830

F,, =0.77/mM +0.008Mv+(0.0225+0.003527)»* (12)
AN me AEY F, M2 A F T, v

= APEE, G TE AR Foltk

32 |j|.$.|9_ Lodst polAl

=it @A
Fig. 52 w79 AFEATE Yepdy, & &
A2 A (13), (149 &t
M i =-F,+F, (13)
J,0=-Bo+rxF,—t-T, (14)

Fig. 5 Free body diagram for the wheel

AESPN|

W Mmoo

o714 M, J, = A7 uF e A% AR
HNE, rit o= 22 v e WA E3 745 %, B
= AsAet AGEA Abele] whEAS,
& 1, = A7 vl #Eshe ATEA
EJE YERdTh

o o
o F
SO

33 37|12 Ml AlARCel S5 2H A

Fig. 62 3714 Als Al =¥l F4EE e
o Als Aol FHERSE A" d71H A
TAHLE AT W WEE B 7)AHA AE=
HetEo] FAMB R ddHTy FAMMBY] I
2 7] Fe AX¥ ON/OFF @B FZlo] 9
g 9dEl gES FaA Asddr] W ¢l
Ay = Fxolt

As ALY st digh Ay 24 (159
2

T 2

F:Zd n,En fp = ky fp (15)

o] 714

kbzgdznbEn,
4
CoAEE, pr A% A9 ue o
As A-¥Ye] AF, n, = As AHH

= A W&, ne A &8, 283 e A

a2 AlsA Abol] wpEAGE YERHT
T Al AYy EAY mdy RdAe
2 (16)3 2t
dp
—=lkk ,su 16
dt 1"nl ( )
o] 7] A
nps 1 —
ky =—=, kn1=,/2g75—\/pL(pH—pL), P
VsV Py

Command

Fig. 6 Schematics of the pneumatic brake system



Railway
rolling stocks

Front bogie
brake system

ASMC

Rear bogie
brake system

Fig. 7 Block diagram for the truck unit brake system

Y

rr
ol
i)
N

B
i
o
&

0Q

a2
||\
He
2
jias
|\
a2
JE

Qe
z

=
n)
Mo

in

4. Mz A2

4.1 AHHFCHR| HES 2 OiRICHR ®MS Alx
A9 AlsAl~E|L she] Aojr| =
xre] AFFHE AATgozH 2o 3k
Asss DAL shswsolt HEA Tz
W7 glokal 7hgstd shuel Aoz <k, H
dztell  Ho HERES EH A7t
7hsstANE AA R b Als Al
kgl A7k A 3HA
e Hd Ol =2
H oA 474 g2 o s
Fig. 72 =49
e, ZF giabe

AH
D
2 ok

3}

2~ E O
i
=14

[}
a1
2~ 0
T

S0l 2= Hof7|2f MA

A S AlaRe) v B AdA A

0|0

ﬂl}t‘—'l

A=A A Als Al 2~E 1009
Y Railway
Slip T‘ rolling stocks
A
Oy Y e, Front bogie
> ] ASMC > brake system

<

Tl b

Rear bogie
rake system

Fig. 8 Block diagram for the
system

A&l
Qs
fleir=,
=

2

5}
=

5‘)4
2 Al g 38T
Al71E

g thest 2ol

T4 AN o M

S=0,—v+ro+pe
21 9), (137 A (D=
F,=F, +F.,

a

stk o174 ol AR m 3}
3 Ak o vt

“

o =

Ze}ol

AFA 293t oAb

A8

ﬁ%L—g,—],ﬂ 3|
XJZ]—EE_:,’_A %%}
aEshd, 4 (18) 4 (199 %

decentralized brake

A F A 225

_104
gefstrlz %

R

re



Aojd=E el AHE £AlE dHAAZE & A= Al
RS AT el A 2003 2ol A=
st

s =-Ds— Ksgn(s) (20)

o714 D ¢ K &= %o AAvgvE ol 4
19yl A B3 By &<l 1, F, a8
T, A Qs el AgaT

Komin < [ﬁﬂ)ﬂﬁﬁ“ “ol<n. @
AN Ky T sy = 350N

Adon seERE Agae 4 | @)k 2
o] 57t A& U, ok A<l Aol U, = €T

Ty =Uq +U, (22)

2 (199} EgzACRRE Srhdo] WA 2

(23)3} o] A=

J 1 r
U ="H<6,+| —+—|T, —w+ pe 23
e« d (}"M Jj m ,0} (23)
2§ A e4)st el ol & £
s=(—+l)n R L1, Ly, (24)
M J M J J
el Al g MAS] fiskel 4 (25)9 ge
& Sl
1 r 1 7
Dy|s|+Ky>|| —+—|T, +—F. ——T,|+ 25
o|| 0 [nM er Tl n (25)

o] 7] A DO:§D, K0:§K, aga g %o

AR B ot 9] PO RRE SEtolY i
= A7)l ARl A& A 26)3 #ol A
= At

U, = Ds+ K sgn(s) (26)

—STd ~Dys—K, sg:n(s)}

L‘{,L ];+LF;_LT"1
™ J M J

@7

—DO‘S‘ —KO} <—77‘s‘

AEH oz Letolgu Aojrle] Aojge 4
(28)3} o] AR
T, =U,, +U,
) (28)

=—{o"d +(—+ JT —7Ba)+pe}+Ds+ngn(s)
7

AdE 7S FHEH] %o?oi HER o A
g 2 AAgutAATY v WeS il sksl
S, M=M,+M,3 B=B,+B, 2= 35}
o} o714 ol HA n @ pe 747 FHAUA W
TS UERATE oju) HEApgre] HAE 2 HA
A e BEAAS xFete W oy &

1 By r
t//—rMme 2 0 ¢ (29)
B
4714 o7 = {ML —7} o= B”}om s}
p

B 9E g 73A

AW A ALgste] FRE oo} &
. 4 o) F4E Sy Wy 4 olga
W ZeloldEE AolyHe A (03 wol %
_/I:

ek,

TA—10‘+L+L
N R PV
+ Ds + K sgn(s)

nj o] shetwl el gk 73Al
#stke] 24 (31)3 S Lyapunov

Lo Lorg 31)
27 2k

27t 34 2 F49 sy weE e

8to %3 o}L 2 (32)0?; “ﬂlﬂﬂr
sts'+%HTt9L (32)
FA49 Beola B 4 3002 A (32)°] tdY
st A (33 dSs T A
V =-Ds —Kssgn(s)+t9T(S(p %éj (33)
21 (33)°l4 Lyapunov SHEE=E wEdls 7JAIY
A& A 349 2ol =T F At
é:ksw (34)

whebA] Lyapunov 9] PlitA & Thao] AE

o Z3
xS gt



Hg Lotoly RE Ao WL o &3 FEAY thAwe] AFA Y

V =-Ds? — Kssgn(s) < 0 (35)
(33)°ll Lashale®] o]&"S Hg3hw 4 <

Al
1 bl
AEE WEshe AgEeo|drE Ao]7)
[ei3
=

i
3
Ay
>
i
&
o
1
ol
o
38
o
>~
Rad
ofo
i
(1
o

o
o] 2 HeuEEL Table 13 vl A=X}
ANsdses AFs7] 37 Aste] 27E&%
km/hzE G|l dEAF] Alsds <l
=2 7Hskginh. Ax Ay pg 2
aystr] fete] FaA A AlE Al
T2 stzsl, dlde e wstE a1e3sl
AsAAde] Asaet Alsw Abole] &3
A e AFE 0242 AR 0N, Lfold
= Aol A4S F18t7] HAste] Alw
A2t Asae JEHFoz AT & Ue
S HFH AlE#oldd wredste] 33
o] 1.6Bsin6mxe 2l TS <l
Agel e 2edsoz v
v A HEAE] 9leke], Al
g wpEAS gho]l 0247009 o) Helr 74}
=

~ ok 2 o Dy oy

rﬂr

2,
N
=
Oft
o M
fr ot jo 8 o ot ox i N

2
o

[ell
-

i

3

O

35
ﬂ

= 5
j.—ﬁﬁ‘l B

ﬁi;m mirﬁl%
I R

N
lo
o|N
N
N
2

Mol o]Fol o& wAE 4 = A
stz o W3l= 1846}&1 Pau stzo] Al 20%

datoltt. HE Ak A

%
AFEe e 29E Aosol SraAw
o A BE SYRS WEAIA R 4

Table 1 Specifications of the rolling stock

Parameter Notation Value
Mass of half vehicle M 18810 kg
Inertia moment of
. J, 182 kgm®
wheel axis &
Radius of wheel r 043 m
Bogi ter t
ogie ce.n er to 4 13 m
center distance
Spring constant K, 35x10° N/m
Damping contant G, 20x10* Ns/m
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Fig. 9 Tracking performance of front and rear bogies

for the truck unit control system
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Fig. 10 Braking performance of front and rear bogies for
the truck unit control system
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Fig. 11 Tracking performance of front and rear bogies
for the decentralized control system
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Fig. 12 Braking performance of front and rear bogies for
the decentralized control system
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Table 2 Simulation results

Brake initial velocity
(km/h) 60 100 140

Performance
Braking Truck unit
) 15.3 40.5 68.7
time to | control system
20 km/h | Decentralized
14.3 36.8 64.2
(s) control system
P [
< 10

P

7l

1

Estimated parameters {
(=)

0 10 20 30 40
Time [s]

Fig. 13 Estimated parameters obtained by update law
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