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Experimental verification of the brake performance analysis
for the high speed train

Young-Guk Kim’, Seog-Won Kim, Chan-Kyeong Park, Sung-Ho Lee, and Tae-Won Park*

Abstract

In general, the braking system of a high speed train has an important role for the safety of the train. To stop safely
the train at its pre-decided position, it is necessary to properly combine the various brakes. The train has adopted a
combined electrical and mechanical (friction) braking systems. In order to design a good brake system, it is essential for
designers to predict the brake performance. In this paper, the braking performance analysis program has been developed
and verified by comparing the simulation results with the brake test results of HSR-350x; both results match very well.
Also, the brake performances of high speed trains can be predicted by using this program under various conditions.

Key Words : resistance, traction, brakes, gradient resistance, Korean high speed train (HSR-350x), braking distance,

friction coefficient, service brake, emergency brake
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Fig. 2. Braking force curve: (a) service brake, (b) emergency

brake.
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Fig. 1. Configuration of Korean high speed train(HSR 350x).
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Table 1. Braking apparatuses per each bogie
No. of bogie BM1 BM2 BM3 BT4 BT5 BT6 BT7 BMS8 BM9 BMIO Total
Mechanical Tread 4 4 4 4 16
echanica .
brake Wheel disc 2 2 4
Disc 6 6 6 6 24
Eddy current brake 1 1 1 l 4
Electric brake
(regenerative/rheostatic) 2 2 2 2 2 2 12
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Fig. 4. Analysis program of braking performance.
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Fig. 5. Measuring system installed in the Korean high
speed train.
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FNVA S
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Electrical, disk 100
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Fig. 12. Measuring data of braking test for case 4.

©
=)

3.2.3 XMzMs iAo st dEA HE

S EgAte] el 2 F (KP22)~Al gk
(KP145) -7-7holl A 2180 % 29} 22 4714 73—“%"
AEAE Adat Bdat 27N Aed e sie

1‘5?%1“4 A4 T i dat Agd st ?a}

B AE #2189k Case 13 Case 23= 714

S A}g8le 7 $olal Case 34% Case 4= A7)
1 AAE] T ) AHgshe Aol

28 12% Case 3ol thgt *Iféﬁﬂ% A4E e

Ao os At 2z tlAT A5 S gHAS

e AFAEUE 4, AE PWM 2 2tfe] HE7]
V\i w3l sle HAA7ASES JepM, g 1)
T AEAE B A oM £ wEkE verd
Zlojet. ek Zo] 300 kmhe] £Eoll 4] 100 %
2] AEo] Ql7tESoH, of of *F%% *ﬂg?‘*il-”* A
NNAEAA o v 2a A gADS
AFER = A0t AT JEE %‘”ﬂ ?53 stee 7
ol E-3L7] ¢ste] AEHE ()9 4 veEhix
Ak,

2% 13& AT d N ARe A9 23E vE
A Aolth. 719 13(a)ye Case 190t AlgAE]|e} &
&R aEola] B uks) 7ho] A Fael AlY
A7} 2 A B Qlon, oje Az ule] P3|

~T3 -

10000 350

e ppgASUrING data ; "
) " braking distance
-« - - simufation data
8000 AN b

8000 3 -4

250

Braking distance. m

4000 ™ 4

Train speed, km/h

200
2000 & -
train speed

5 r L : i s L 150
2 20 40 80 80 100 120 140

Time, sec

(&)

10000
—— measiuring data Casel

2000 - - - - - gimulation data

8000
0 Case3

Braking distance, m

4000
Case2
2000

Cased

0 I L . L X —
o Py LY 0 &0 100 120 140
Time, sec

(b)

7773 error of train speed, km/h
D ervor of braking distance, %

Errors

case4

% 13 AT A ARA T YL (a) Case L, (b)
471X Al dig AlEA, (o) 4714 Alelel
03 &Y AFAD 24t
Fig. 13. Comparison between analysis and test results for
braking performance: (a) Case 1 (b) braking
distances for 4 cases, (b) errors of train speed and
braking distance for 4 cases.

1. Sensors Sec., Vol. 16, No. 1, 2007



u]-gﬂz;sl;}_ a9
Akl E AlE AR E AY 2

R )

AA

o I¥ 13(c)E 471

13(b)ye= 4714 A
o} sy A4S
Al sk o o3l

AgARs ARE o] ek AF Ao} 14 Al

©A4E e Zlolth. 7 9ol
= A9 ARl el 2

| ek a4 2} A
7oA 9] Eafdo]

ti3ke] #HA 2.2 km/h(Casel)N A #H 3L 4.4 kin/h(Case

3)9) Aol & UEh T Utk w3 AEALE 774
6000
_ == - 3MBfault
5000 [ -7 2 MB fault
L7 e m I MB fault
£ PR no fault
& 4000 | 7.5
o i
% 3000 - /
=]
£
x
S 2000 |
[
1000 |
Il L Il L i 1 1
0 20 40 60 80 100 120 140
Time,sec
(a)
- 6000
5000 e 2 disk fault
e e o 4 disk fault
£ PSgas no fault
g 4000 - sz
£ 7
] &
7]
T 3000 b
o
£
-
S 2000
o
1000
[} 1 1 i 1 i 1
0 20 40 60 80 100 120 140
Time,sec
(b)
T8 14, 3732 AEAR B (a) B71AF, (b) 71AAE

Fig. 14. Comparison of braking distance in the case of

uref

AzAH e W3] 8m, 45m, 67 m, 13 me] X2
QK= Case 494 @31, oF 1.9 %ol B3haict.
wEbd, Az 2 EE 59 ARRAE v sl

AERE HNE & F e T2age] gl dF

Hrky e, o] & ojg-3le thgs Feje] wsk

A% 2 1Z3= 7o) 7kssit.

324 DT HESYE 6lE

Aoz AFH AT N Z2IHE o %
ato] theFst Alsz el e st Al

&8 = ot

a9 14 A AEEx
o] WA= 7ol th3l AlE ol &% ZAjoltt.
28 14)e A7) AFAA7E 2420 A2 Al A
22 A7) A5 4 Zpo) 1, 2, 347} Holl w}
2 AsAY 7 AAAQA A9 HlE 73 %, 15.5 %,
274 %% F7k8aL 9o, 29 14(bye WA Als
AR 7F 249N AR 37 el 27H7} gol| wat
AsAE 7 71A AEAR 7 B4R Al v 8.1
%, 16.1 % S7HHE & 5 ATt

29 15 & 33 22 ERrEke] fAdY

AEANE A5 Adelrt. 2

=0
0=

ke AlE

/\‘—‘0

AA} 9%

FU

e

&
A

Tl 1,
7F A8 A4

o e

5000

4000

3000

2000

Braking distance, m

1000

0 ¢ ) L 1
20 40 60 80

Time, sec

3% 15. B e AFAE v
Fig. 15. Comparison of braking distance according to

L
100 120

faults: (a) electrical brake, (b) mechanical brake. train-sets.
£ 3. 244 dole
Table 3 Data of train-sets
Train-sets No. O.f power No. O.f trailer Mass, ton No. of Motion resistance, daN
bogies, ea bogies, ea wheel-sets, ea
2P6T 4 7 364.8 22 Ry=218.1+2.918 ¥+0.0420 1
2P8T 4 9 431.1 26 Rig=257.8+3.449 V+0.0485 V'*
2P10T 4 11 4974 30 R;,=297.5+3.980 V+0.0550 ¥
2P14T 4 15 630.1 38 Ris=376.8+5.040 V+0.0680 V?
A 832 16 A 1E, 2007 74—



3} zak =} 14&) HAIx}EFe] |
PP p—— x} 2, AL 6%) WA ol ) shel
A7} 8% Z/VHENE BTekT AFALE oF 45
Wk Z7kskE ), ol A% Sake) Stk @ 4%
oA el Fbe) mE Y AF YR Y ol
F7¥eb7] Wil Aoz ek,

4.8 B

o1ge] A7
21,

i

Fof olels} e ARg Ag 4

() ZHAE AT TS 23] Ja A5
sl Z2ade Rsle] @38 nddRel A5
S AgAgel S| Ate) v BHE BH AFE
FYSR T, 4FE AFAS AN ZRagown 16

o) ABAES ol 2204 oS s,

() =8 7&G3)9) ABAS A8z
AL AN 77 98 S8 Zra"e] 9
ME ko] FejR e A2 wA AA g o)
3 YAz, F3 A, NAATAAY] v
A9l Azde] BeAns Fo Axo) Aoz
Sl etsit.

(3) AlE i 2T Az ARE 47FR] S0
i3] i 2ol A FAAT) & AR E T A=A
Z2ae] Bhdgdol Y E AT A,

e
fl
o
oo _;T
to tm %
ot ofy BN

ﬁg
> M2

X,
o 4

-
il

2,

@) UFE AFYS S 2L ol 8ol
Y D&Lol el AFYAE AN 24 A9
%4

[1] o197, AT, <54 malo] o5 udHe] A
2 Al g a0, Ao} 4 E S A2 B oA

A8H, A 1E, pp. 46-53, 2002.

[2] S. Yasunobu, S. Miyamoto, and H. Ihara, “Fuzzy
control for automatic train operation system”, JFAC
Control in Transportation System, pp. 23-39, 1983,

[3] Internation Standard IEC 1133, TEC, 1992.

(4] ZEREA LG 7] AL, @57 d T4, 1998,

[5] G7 24438 7]&7P8AY Control System Speci-
fication, (5=)Z%), 2001.

[6] AT = s, A7 AR AxpE
A, AR AR5, 1996-2001.

[7] 7]47]0:1 /d/k]—g 714 Al o]\:ﬂX @/R—IOJ “‘7_:‘:; x;,jg:
g 24 vHEAE 7H‘ﬂ"’ Srdes] FA8

3] =F3, pp. 315-321, 2004.

(8] A4, A=, def e, =y asdEe) vaa
Asd 24 el #Agk A, AlM T, A 13
A, xﬂ 3%, pp. 214-251, 2004.

[9] Korea TGV consortium, “Prediction technology for
trip time and energy”, Technical report K640-0-
Z73260-GL+T-046, pp. 10, 1996.

[10] UIC Leaflet 541-3, Brakes-Disc brakes and their

application-General conditions for the approval of

brake pads, 5th edition 2004.

497, AN, A, e, AFY 25D

o FAAY %7}”, @Eéﬂ&i@#&%ﬁ, A8, Al

5%, pp. 332-338, 2005.

[12] A4, A9, i, 478

ALRNE 2 B FYNSE A skl

of”, F=d=gts] FA a4, pp. 168-

173, 2002.

A=, B4, 1M, o) 3t 1)

1 ARe B 438 ARl 17 W)

FAlol AR A, A EE]A], Al 144, A3, pp.

144-149, 2005.

, B9A, “aSAE

R, 1718, e, )

 TAMSEEIA] A 139 AsE, p. 377 BE
<A AREETIEATY DAL AT ATy

~75-

u

o

C TR A3 AR po2s] RE
CEA FFAES|EATY DEEI NG Ae)ei 7

1. Sensors Soc., Vol. 16, No. 1, 2007



76 AT - AN - g -

s
o,
fol
=z
=
e

o &

« TAXE3IR) #1349 A3E, p. 251 3=
< @A FHATINEATY 2HAEESANIE Fld7d

o Ef @

o TAXMEEIR) #1398 A3Ey p. 251 A=

- @A oMFUEE 7 2 AYFSE 2

AAE3A] 4168 A1Z, 2007 76—

o004 s

+2003 29 Folfsla st 1A

B3t ¢

A AN g A7l

s} Ay Ak

< FA AAENEATY BEERTE
Maarelet A

« FEA Rk AEA S, AZA0]

i



