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The Study of Main Circuit System Design for TTX(Tilting Train eXpress) EMU

Su-Gil Lee, Seong—Ho Han, Yong Soo Song, Young-Jae Han, oEun—Kyu Lee
Korea Railroad Research Institute, “Woo-Jin Co. Ltd

Abstract -Tilting train has been developed to increase
the operational speed of the trains on conventional lines
which have many curves. This train are tilted at

curves to compensate for wunbalanced carbody
centrifugal acceleration to a greater extent than
compensation produced by the track cant, so that

passengers do not feel centrifugal acceleration and thus
trains can run at higher speed at curves. This paper
show that results of normal capacity calculations of the
electrical equipments such as Main transformer, PWM
converter, VVVF inverter, traction motor in TTX(tilting
train express) with maximum operation speed 180 km/h

AZ|1AEE £4T5EEY, dUAo|&ade] Fu,
7he) A7, #7433 A, e FRAH Fo BS
RS BEUR §9 A=AAFRAN Zgx 59 9¥
58 FHoz u43l AZ3, dyHEet & HEIAER
st A7t AAH R FHD Y.

B dye A7y a438 Wetog s|EHZA
o) ZYEEP] 2o BAYOE YRgn e T
AR £5A35 A2 F UAv 180kmhy EBA7A
2(TTX: Titing Train Express) 71'Zel] &3t AHeolrh €
Hd371&e 97 34428 FIFE o 3 spge
2 A7e YAES FA k2o AAE Ve Fo=
N g AES Z/AA dAEE AT AiE
ojt}, ZEHo2 dxte] gxdol FAMESAEY
Bol 3 Hoz 7|gojAE @S MAste] dudAR
o 24(20-30% £EIg4)or Held dadys # +
AEZE k= ZHrt ok

o

1114

PRERR KRS ]
P P SO S i e e D i ey

PR

SHY NP EOIELM,]

B3 JREER R ERE)

a9 1L TTX A% 8474 %

A 71EA e di(TTX Tilting Train
eXpress EMU for Conventional Railroad)®] AlA]#HAL
4M 2T, 6F 22 19 13 Zo] F4&%rh Mep &2
A X M5 Aol RERIEZ fLHH Ao
W M AFE FHA W T Az AAolct, dAFIA
T2 HuPL£E 180kmvhel F3o] shsslotstn, Hu
SPEEAA 0.07m/s201 48 ARItEEE gRFof st
o, 7%°lde 28 Fulg FPE Ao ol
1) 9434 % - Hne¢PBEE 180 kmh

- AAdE&E 200 km/h

e
asE

2) WA -
- AN ABAA6F) : Mcp+rM+T1+T2+M+Mcp
- S AHOH) ¢
Mcp+M+T1+M+M+T1+T2+M+Mcp
o714 Mcp : Aol FEAFRF (Motorized Control Car
with Tilting Pantograph))
M : +% 4 (Motorized Car)
T1, T2 : ¥5=Z(Trailer)
3) GAFHW2) : 7| 2R 3U4E o3}
9% #olHAY 516 € 0]
4) Z2ARS  ALHAT £E A 007% ool ARt
EE THAAY T8 Th o4 g FRE ¢ doloF
g}
5 &4 . Az
6) T3P &

FYA e 2Esr] Aty AnH A5 A FYPAY
A AFA) A AxYoly 7 x2AFE T3] 98ty
g3 ol AEY AFAAE ALt
R(Kg) = A+BxV+CxV2

=2.540.0186xV +{(0.0269+0.0079(n-1))xV2}/W
o714 A : 25, B=0.018xV, C =
{(0.0269+0.0079(n-1))xV2}/W,
W : W2(normal load, Kg),
V3£ 5KmMh), n= AF 5

FPAGgAe ALseE 7|EHN nd dEARtY FA
2 AE Alxgle d7E H5to AgEtd AT E s
I TTX A3 ANAAE AFsted AA ANPE F3)
o 2L FPAFG2 o] Hgg Aojrh

860mm A5 A4t 820 mm(ytelR)

2.8 g

21 €9AF F3=2 NEIE

F3 2 "Mooz RE 25kV 60Hze ALE EA
g wako 7 MFEal, Mcpah (o= 28A FHAH
Mcpah el #E18t=(Pan), F3 2 Ad7(VCB)E AA
HALGHY Mcepale) FHY7I(MTr) 1k Add FFH
o FRFX 9 AAAE A8 12 BAVNHVDISY N[
(PCT)7 12k A3 FFS &A@ 2ty Fug7] 2
2 AMoA Ztd e FEA FYUE Mcep, MAH

- 1316 -



39 2. TTX 2% FI2 2" TAH=E

FHgr] 23 AAY BHFAYL FARRAS 2z
PWM ZHEHCONV1, CONV2)l 93] FAY¢oz Wy
Hia, Afd FHFALLS A9 VVVE ABE(INVI,
INV2)el 388ch A9 2 F9 izl € 209 A
AHAFE7/NTM)IE VVVF dHEHA o) Aodnt. A=
VVVE Qe — 2t AAAdF7] o)) watd z4 7%
o] FUEAZAE 7 229 PWM ZWE S VVVF Ay
H2 740 g9, 5 Agae IGBTE AH&3dd 219
2& TTXAE F3 2 Al2d74& vebd Zoch

HE B35S ZEE S
- 3 AAE $49 F7] BRAKES Blending #¢]7]
FOAAGE 7lee e ReF Fhl

2) FRLIEA

FHYrIE PPz RE AC PkVe Euny AHS
grol o) ZAE AP Mo 2 WEAA 24F4 4 MAIN
Converter/Inverter& %38t FH%E], 33&%L SIVE £
st BRI E7|7] ML FFIoh FRIY/E 29F
Z 2 YZeEr)e] Afdonys B2AY A9 AYL
ARS-g) o9 33 Y 4o FHShr] £FA4E A
ZeZdEUWSS Jehyich Fig Ajado] 28 134
(2P1S) W4ejx, M1 - M2x7} 17} RYUER 7] 9§
of F®ighylE 270 fUES AvEA AL FFIA)
FHY7IE 2aZFcl= PWM W29 Anjel7l FH&do)
PWM ZAWEE F=FME Hgar A8, 2ag/FYE
2 JAAE FojAx Ad) wekd Fustrg 23 A
AL 2AA/FUER 9t PWM WwEle} 23 A 4
33E 7Hgol Hojof & "t vk
AFIHA AF Ao FHUYVIE AFH z2oE dF
o2 7HE&% Aol " o|E W& zHse WS
< A3 Fx2 AAsoler g AdfE FdAdg A
g 2YS AH839 A9 3L wAEL Qo &
FulgAle] 4WYZr & AMESte A Fe g Hatn 9t
s238l%, A2 23 Unit Cutout?] 849 24& A9
Fda FRE7 2V FHYIY 2% AN HF &
FE& FHE W & o wyes Addwo

22 38 AW LPr|eHdE Catenary Main Trandormer PWM Cormerter DC Link dreut
1) FA A 61 kA DA 2 p— ’
- - =4718kW = ‘
A 983 Ae F A2 Aol WAL IMIC e e
W, 2MIC %4, 4MIC WA 5 thdsiy TTXolAE -sx8EW sore|®
ZMIC #H2A18 AAS}FY g8 H 1S FHAFEA 9 ABRW 0 RVA 2 614kw 8 .
F8 Mg soke Aotk - e -ea
- 1 -
E 1 2}‘%}.}“01101'7-‘] ‘71:'_9_/\]-‘:’0k Volag 2500V Sxondayvdg Cupundag:
T 5 ZQ ARCE Aege  19A add 1300V VOC 1800V
LN i ~ T
7P A ¢ JAC 25kV, 60Hz(20.0kV ~27.5kV) Goerng 28 P Qg | | ke
AA A |AC 1040V, 60Hz W 2312 Bkng 1814 (Madimun) M) (heag) 31IA
= ’ (owang 6384 i)
3759 [1000kW/ Mcar(250kWHll 4 T/M) By 50 G n | | Coawd 394
EEE 200km h (L334 180km h) @kng 3414
A 1.8km h s (7} 25KVell A 80km h
= o) a9 3 ARMLZYE PWMAME 719 §347
dac |BEEEE - 180Knh FEAA 140001 BEE
i Azt 32EE - 3.6kmh s DCLinkcirait WAFlmerter Tractionnotor Trein perfornmce
=gz |PM CONVERTER ~VVVF INVERTER for 2T M 5K 8 e | [
T CONTROL x 2718 ¢ =S - o ¢ | ety
CONVERTER ERRET] WM R T, mwe
A7} ICONVERTER(Dual Converter A}€) pros p— P
INVERTERY- 347193l PWM INVERTER « - — e~
CONVERTERE-  IGBT 3300V 1200A (2¥1€, 4 U T P s
= = arms, 2 groups) 7 pos (Efidary o Cearund)
Fo2 4 - -
INVERTERY-  IGBT 3300V 1200A (6 arms,2 e B o Tl
groups) - VFVIC Ve el [T —
JZF9FA] |CONVERTERS INVERTERS <197 %4 b R i
22401319 77152 e 2ok R e B
- et FAol, TREFARRA L Jerk AN/ |Pow A | | | | e
2u gt FARFE AW Ao AE Aold o LFE WD || miresim
& nd $gAe Aol Y 4 PWMZAHEAA AAAF7I7nA 9 &FAA
- 2A} HAF FYAF BHY. AoAY AstEol 3E

- 1317 -



3) RERAYLX

71&0 SFAAL duA He 45 ¢indd F2
AgHel e SAgEd AHEHU] wEd 170 ~
200KVAE 9 £%& v RxAIRA7} FHE olF2
Ack. T 529 AAE AT FA ol FAE AvH
ote g2 Ad55He &3 HAFH L = Aol &
olgt ¥ & Utk FnEHWUL IRAFLS B AEA
o 35 At HAG dort vk dHAFY AlA
Aol 4% SIVY HY TFFE WA ARHE {8
Fg Adste Agsto TTXeS M ¥Fshae H29 2
o

E 2. TTX A3 A F 3%

1= =~ o)

T;;:] Mp| M |TL|T2| M |Mp| #
=4 -

7%;] 32.5(29.5| 36,5 | 36.5| 20.5 [32.5] 197

daFel Rz 3AY AEFL 260 (KVAOIY
ofwl, A ¢8ol WL Hu Av AAFLS 19712
VAT Hehd nzx A9 ¥38 SIVE dae) wz
A 2b] W] FRE olfe e HNEE FE A
4 g3oz 4458S B ¥ + Yok

4) AJHF7)

U F1d MFy dHyE x=doAMe FREEE
60[km/h] ~65{km/h]E 9 FHYFE FFAE + UE
AQAF7I7 a7 el o] AT & 4 s vt
opzre]l AAEH 210kW] o149 ZAAAF7|7F ey
A& Tl 2 AFe 5§ aedtd 250Kw o2
e @A A4F FAA L6 ALLHE AEr]Y ¥4
< A7l wEt ARAF7)} AFAFVE WEdn
e, A HHAHA J|&o B ILS VVVF Uy
B AojAlxwle HEgow ritg Aojygd R AP &
F& ANAFA 2 IAPAHE DS YA E
AZRE 4 = ZEREV 22 AH2H3 Qo 2EA
515N E 34 58 f=dEr= AFAF ] HEko
AFAS BV} 98 IETFZREAN FA - RFEHAN
2 ZAAE 7MY, AF A5 AAHe 2% - 4D
3 1EE 2 ARA - 2F 870 T REgHeE A A
5219 FAA G da] AEEHT ) AFLHFLS A
28 87HE ALRASE AZALYS W FFAA
of & zPoz FYPA4IS F39 H4A4L 4 gtk

[CONTINUOUS RATING T WHEEL OIA. 820mm
L L GEAR RATIO 4.438
it SEAR EFFIGIENCY e7.emcons. ||
00 JHIR! . ] 5 i
= R I
o A, )
o i il
Z i
g i i
2 é ! i
N i L
B8 [Ny S 1
! | il
i ]
1M | | HH
iA grauin
1_‘_Fn :N i I ty E#,“F 4?’1
| EHHIHN ik
bk * |
i | {
HIHHI ] EIY
L] s - 3 -2 -3 - -8 -e

FYALLE AFE dEH % AAAFI Y AeEAH o
EFo] 875HE AFdT] HPAR JE § =AU
AT A E%E A% e M LT 2484 =49
Zeo], AR, Fuliel FAEe] A¥E FEHeE R
gt YT 2uAY g FP2RANTFTY 218 HE
st dAsH S FuE Y 99 =AdME
HH&EE 60km/h]l~65km/hlY H 8 FBQ5 & FFA
2 F U ARAF)7 a7 o4 AFdN @
T AT HhEe] FAEY 210(kW] olde AAHF 77}

g3 oAfgn Fu] 2 2 P& 1YY
50Kw Fo8 He5c}
3 AJAEY FaAF
7 ¥ F8 A%
4 34 8457, dagsbga
3F 4=
g | A0 53
. 250kW, 1350V, 130A, 2955 rpm, 100Hz
BAEH 1.4% £9
Aded | HF o
A4 | 5400V
H& e 5627rpm (200km h with 780mm wheel)
ZHEZAY | 6755 rpm
] 860mm(new),  820mm(at A5 AAFA)
252 % ..
780mm(at fully worn condition)
] x}H) 91/22 (4.136)

3.2 &

AEwye] 4ERds A% ALLASE 180kmhF
gedie A2d/N2Y F Fa AFED FAW,
FagdA, AAWEs), REAVRA) AFEEES A
£34A JSAES SdaAT YA AT @,
A 9 AR AAZIE At} Axw A5g o
welr 9@ JEAEI, o)F Jwoz NA AFANE
e AAAAG BEE 5 A ARAQ HolHE 44
7] sigolt. ¥, Fu Fu& WA A8 ¥ ¥
3 29 AN 889 Aolv Fns Ar|Ae F24
S 2 RzAAANE ARHoE 28 + Uk AxY

71€E Gusted onzt goa & 5 IR

AnEd
L 2349= A2495¢ 2 $3 a4, Axr|edTd,
2003
2. 2204 % FAAFA AL7IEME B, £,
2003

3 29A s B A R 1R AY, #5ERY)
a4, 2001

4. 71EQ nE&ER AR AFA2Y 2TAN, FFHRI
49749, WBS No : 2100-D001 Rev.A

- 1318 -



