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The Study of Tilting Control System for Conventional Rail Speed-Up

Su-Git Lee, Seong-Ho Han, Yong Soo Song, Young-Jae Han
Korea Railroad Research Institute

Abstract - Tilting trains are now an established oot B4 FAAYLR 134FAAM EHARS

feature of raillway operations throughout the world. %1%‘}& o "Wy sleel Asy AN dFH 2

For intercity traffic, tilt provides operators with AH gHsto] utgt 5‘%2}"*4 Ao o F4£3) g4t

increasing speeds, and therefore enhanced i 9t}

competitiveness, on existing routes where insufficient

traffic or a lack of funds precludes the construction of 2. ElelAlAH Y2y

a dedicated new high-speed railway. Appling the

tilting train, we can expect 30% of speed up on gele ZHAR ZHA AHB Fig. 19A 9 2ol A

existing lines, but the stability of the electric current o otmog s gold B JISEA LHEE FYPo

would be low because of tilting the train. Also, the

spark between the catenary and pantagraph cause 2R LRI ‘?_ﬁ?}%i(gceﬂzv IRyl ahyg A

environmental problems such as noise, radic wave ﬂ & gt s(g)el g2

malfunction. Therefore, the tilting on pantagraph for Bl coslat e getes@e YU HE

the power suppling device is very essential for stable (g sinla+7)e® ZAANA ZAHon $Ho] =7

electric power supply. e A7ExE APATIE 7ol A o9 g

wel 7% B %i}%}“] At opvel FA 5

LA 2 EREEE FANY ¢ UA Hug Pt vEy

B omgo 7)EN nssHE 9F gsfwg wghely) o, ZAE A 7 7”\ WEx Fojgo 12 wF

e oEee JIEA REaE He BeAvs wedel) 9 qux A¥E &9 5 94 Ak g29e Fayo

e BHoR @k €ye HA8 FYA AAE = A ooF 30%A NS EuAAS swsA sE dury

del AZo g 71 golA fs}\:. NEEA SARE FYY o8 TMYY £ RS AR} FF ¥

SEM TARE dAEEE FTEHMSRY UG A o Aspchs el z{s}a WA s sl FAA

PR #HMA dAaxag %‘7—‘301 L7E ANEEE olm Holrp, & TN FA 0] w7 HiEE

AgAE lgeln gl olsh e WY AEE A gy giae A9 0088 2N BEE A

Fotd e FARG opv FHR BALLE F o)A 7ol

AAE A SoRA SAIZe] SFHY, FAR

EAe vb g4 WEx Folgol 2 HEe oA &

HE 2¢ F dA ARY APl €Y AFeith €¥
AFg Hgan NEdeAd g 2 0% A
YL oy, dAFH *”*OW“ ?}”0 7147
e Aoz HaEAL TIT 5w oyl wo

4% + Qo 1duz 44% 99Acs Fod 3

HERE w2 GHEA SHseiol drh B =gl

A A% A4 ANRRE HolHg Yade A

99e 443 FYGEE Aojst: FAH V@ A7 F

st R HopAAC wAE dge AA

BHEFE g Fugn gk Y 228 59 4

F2 Foluyw 4588 #FEA R de] FFE S5 1 "dEA%e H/EE Wz 3

2 ARl golAn i dAen ¥ ArE o9

ol Y 4508 LRUERoRE BEANY F sioh ge wwel dad weh gEAwe mid ¥
sithe #udel dng B9 £49) 2dE Fran HB7h @45% 1 A4S Zo) wHet: Wy, 2EA
Aok Adel AP g T go] BRI @ F A o] FARst Ad g wAoAdE T FE4°)
of ZlEd ngsk: A4S AdeA 9@ sEde A wol A7 YHABL FUFE dvAPRn ke
2, AME, A34uE Hog B8ed, I Hao v Srz Fgsta od met dydol o AFol ¥
gz Agel aRg A% & Aol AA 42 V% £ datel Z7be o] o Aol o APEt FHe
dAge) B 58& ¥ e otk 4, £Y F 2 molzich £ €% el webd A FAED)
AA Aden e AEA n&s PEe e o olsf FAFMel FHR Fow oFHy| wEd
sla FAu AW FARE ndoE FPT 5 aut Aol wls AR AP Y vdsEs oK
Qi ALY el olg} WY ANTRE NP 2 Aswzln e, des g8 el A Agel

- 991 -



o] AEA giP dAEE WA PESojor g
AFAEL FH BAAY 949 R IAF AE&ES
S9oA ¥ 2 vpgd 9@ Yol A% Fgd o
2 RAENTG £ A% 2AsA dd. A8 S 1A
t B4Y 2YUEE Ay FAFA] AEFTAA gy
Fog AT nE WA Z2Eug AFFHe
Wk Hrlge As/ddn 3, 13 2 23 A543
o gurer Wl dA 2 AAY E(rol)F, AN €Y
of o A9 B gaolth FMERA Negde HH)
g e 89U AHdd g8 2o

1) A4 (steady-state) 23 g o} 24 d¥ 2dE
2) 33 g EGol) AES 9% 4 1& pue
3) F¢o o8 HE udEe

FUdAE &3 go] gMER FYPos HEd
W AHE F4E Adsn Jdod, 45387 e
dEolv B Fol oY 9% Mg ¥Hae W
e HE3n Yk

¥4 E (km/h)

R R Y g

BN Ry FAZY ¥l (mm)
P FAYAE (m)

A AE/AY HEET HY (mm)

: WEE (mm)

o

com™Imu<g

2

tan{a— @) =
(1)
tan(a—f) =
(2)

o

tang—tan g

I+tana- tang 2@~ tand

o7l A tane - tan =0 = 7t
(DF e 2RE
b=H- (tana— tan §)
3)
3 tanat Y4E FHe wlo|i, tan B
Zolnz

N

(ﬁ
im

- F___V:
tana= - =157k
(4)

=.C
tanfd= ¢
®)

AE AF JHESE p=G/244 H¥el NAGgn2
oldfe] tdgo] 1, b=0 o] YA &o] wolnE JHE
b

& bst G/2el W&ol
s G2
b )
A4©9 3 @, ©HE Fasy
G
& =
. v:_ _C
2H (g =76
9
AES HUEE 27 AL W FHEH SEE 7
£ 42 A2y
v={121 R5—G5+-$)
&

U ARAd Ay AFed aF ¢HEE 4D
gate] Rt 4 (@)% o] FHAYL rldlA FA
Wiy d AYESE 3L H LA, YEE 4A F
MAEFS Agsded, F5/4Y AFHT A= G
£ 1500 mm, 4% FAFHEelE FAFH] 8E 2
ZFE 7IELR g9 oF 2,000 mmE A &3UArt.

28 2 245 4483 F49
THEA

3. deAolyx VAT

delAoy] s=gdel HA 2 FFVe S W3
& FUY NEHY Age] FYPLE FAoE AYATNS
G&etel 2o gl Ay IZUAA gHel o]
Agolct. o 29 Aojrle g FAFIn FiAE
FE37 A8 €RA7 sudodE A 2 AFEA
HA g Hgate 2 B S g @ ¥
HAoZlx e AdAe Fgeried 4, IS E, £5
2 HAE AHAHY Adgow FxxF 99 37 %
Gt nxd 24EH ool $5 T dFxHA
lEZ|7 A oy Roky ZEAQ sigeld. A A
9o 5¢E Aol Aadd dF aF7 Fopste X
A FRA A0l =il BRF AEEE FHANTE
gy kel olgol] e Be HE dA ¥y
28 332 ¢ 52 JFH FY FzdME FL& 53
& FASAA AGAIE SFA 7= vhgo] Sl
ol FEE A Ao vgol gedd o 43
Hold # gk, 7IEHZoMe n43e FHAHRAAN
o xdygol B3 LFHER Wty £ o
NE BEFE FY3) gL B8 €Y Ao Azd
AN €9 AlFHA 9y $x7 sAgd 8% o
g& e} obds} 2L BAN L) aFAY
- FAAZ A9 2 78 A A 14xE F

dHA #A7e
- ZAAS £xo Azl gt FAHEHE LY kS

o AEFHH e dedzdx 44

#sldy FY&cd g dYds £ 8 24
- AgE "gdFgo] JAHoE gAY HYEAE #

gdtn F3se oA 24

FEAS A 4EE nAY FEA =hely A
A 292L ARG FIANGAS) A4 2 &
=4 InterfaceTAE 7o xnestdel @ =H
4 Aage A4S WF4e ned Aage olF
3 2 gt 34 g uEE BEY ALY AdAYy v
%9 87 €,

- 992 .



AL3 B B3 ZHE JE HoM FYs&w S A
T o088 2 AYdde 2o £30] Hau Z8F 2
A7 F Aoz dadd fEe AEHY £43 2
7HE AR F% Aol Frsla HFALGEL ngA ¢4
g5 e AVivl € Reg gt BE 9" A&
oz ek g€d) Alzda 4] 7144 g9 Alag
o2 yoAed FAe Hria £33 2 ;U ow
Wl A= Aol Yomz E dAfoads msjeo g
dE nestd A7l A 28 Alage] ol g8 )
¢ o Nage g 9 e g2 AA Aoe
7Hd gAY wE A B ddd d oFo, &
AE 942 AP A ARG 78 PHos 2¥S
%EUG. =2 A"yl ZAEQ g") Aage
CAN(Control Area Network) TA41% ol & #A e
ZRE M3ES YolEd 9ak 299 ANy A 25
gy dyy 2d 9y M3ES gy 9y Asse
gat 24 Aagoez YW UYA dch
g3 B2 =92 60 dxte 74 S HoAFT

193 H4EA 93 BAE

29 4 AFEAa" Ao

d# Aol Al2"(Train control System: T.C.S)& #
d X dA A AA Y AMARAY 45 F&ste
CAN B¢ ZF3td @4 43dg F+ FAFHod, A
&3 wpxluk 2 Alelel A €W AAAEL 24 A
GolA dapb 24 ANags ddsoldn. zte x9
A "¥ Ao #A (Carbody Tilting Electronic)®
RS422 BAE A fdtd g Aol dE=Ho Aol B
e H7 ZIARY 29 Azde Fu QlHdolAE
Aelsta ok o Ayl AAAY €9 Aage CAN
E0& olg 94 24 ANagouRey 4oy Wy
AEEF A 2A27] §F 93 €8 HNALHZHE
Be 88 HY H3E PoEAY. g FASE w
= Y 2% EEE 48 g4 29 A%y o
A ZHodol FFE o AZE dX €W AHEgx
Well A Hejsdoldn A5dgoleld g €99 9y AE
2A Ag o] Ad. e dFgolHE f7HR
A= olFsn AF AHAFAGNE 44 42 JE
oleE A3 E Byt EASAY H3HA g9 X

- 993 -

ol RE 237 &M FHTHLE FHPH Ik

Az 27 &2 A A% g8 NYFAE A 4
dlolell, 2bA o2 2en ARIHE AF o
el f1x A7 HRE FAgd 2% Fol B
FEV 2dvle Ade A9 AA gES g4 22
ZEsA Ao AFdoly ey A" A4 gee va
ot ZAE fate RApHd HhE A €4

4. 2B 2 BFATAY
2omRdAE Aolzsuns 4 FERANE 0§
|

e dye 2ty A8 e gAs ol
o A gw Aol At A Zzte iR FEH
ozt TCS( Ao zuya 2a) €y Aojgal A}
olg] QlEl#lel 2 CAN BAS F &t 4ozt
R2E MAdolg(Rolzazax @ ASEHA, A=
A 5) ARy AolgA g gHF o o] FHol 3
AeT Jd4stn gdeAol g Zaaded o5 2
gywdg fagct oy 1d FodE B =F9 4
Bg ol gate = 2& AEA dyAoFAd @A s
o o ARE 3% dFolth

ngd

[1] $HFER3E), "Axia4209A4 R2M)”, G7T 2

A MEALG dFRIAM, 1999, 10

(21 2= 9 “dx A2 AL, de/]sEAd B

LA, 2002, 3

[3] Gosting, R.]J and Hobbs, AEW. " The Interaction
of WEIHE and Overhead Equipment: Practical
Application of a New Theoretical Technique ”,
Proc.1.Mech.Vol 197 No.13,, 1983

{4] V. K. Grag and R. V. Dukkipati, Dynamics of
Railway Vehicle Systems, Academic Press, 1984.



