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A study to determine the Kinematic Envelope
of Tilting train
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ABSTRACT

Tilting train is the best solution to provide faster passenger service on conventional railway
lines without too costly modification of infrastructure. Kinematic envelope gauging is very
important when applying tilting trains to conventional railways with limited clearance. Due to
tilting motion, the kinematic envelope of tilting train is larger than that of non-tilting train.
This study was done to estimate the maximum dimension of tilting train being suitable for
Korean conventional lines. In this study the two worst cases of tilting train movement was
assumed and related suspension displacements, geometrical overthrow of train on curve, wear
of wheel & rail were combined to determine kinematic envelope.

1.A4 &

2RatF e AAY AAold A sA7F A flo] YNAFRY} FHEE BHE ST =2
FPY ¥ = FHe] gtk Wty RAFe FARI B V&M 7z & F&
o] PANNE AAH R GEANY F o] F9 14AFAA £99n A= AR FUd
ME ZRIEAT AT ©WE FEY dYLAA AE ZAA4Y AIE Y3 7|E=dd a9
el AT E HFFHoR AR Jov, AERPL ARIEALANALE B FU 7E2H 873
o = @Yz g FAdHT U B A3 EIEAT A9 4oz Yy
)2 589 (Kinematic Envelope)& A8 o2 Y 7|EH ANEEFH 74 glo] €3
F dE €R¥AFY 9% A4 EF A7) A FYHUY B =8 AU EYoz £3yd
R A3 HgeEy Addds o ddd g 71&dd,

2. A9 FAHTFWA A4

AZAFL HAdEF A4/ AN E, A R A2FHE, A% AY 53 oy FAUE
SAEA otol B AF HA A o} 2428 FEI LA HA/HFA 2EH 13, A
o] 99 ¥4 Aol ¥uh £3) WRAFY FF FAFANN €€ FAd o5 4w F
ZFEo A9 EFEA7E AN FFEA R ALERS Y AFE Bo WU HESAQ 2
sojol ¥t AFe A FHLFENAY AL FFLYxA F ALY F Y& o 279
neHojo} i, 2 YEL g A
- Agol FPg FAER A9 AYo] AFL FLAIIA HW, AFe AARA FAA &F
< 34 ¥

+ VAT SATY AFATRY 94T Y, AL

- 312 -



- FA AxdAMEe AxY JEEE 544 A3 A7) (overthrow)7t 24
- Axe WY, AF FHES k3 2 v, AF L Hd9 niR

aAFe] Hd $FZS R E IAH oM AN, €¥AF9) H e dES agsd F
A FY A AFe] A9 AME TN FP B4 4 FAH(steady-state) #H2FH o] AL E
o, YL PEJ o BAHA KT JPE R ZP(cant deficiency) B WE 7 3(cant
excess)o| Bt}

drH oz AFe] FFUAAL PFYYRA Xt IR HgPd, F & 99 9583
olgt & W g3 o] ZHET.

[m]_X +[ld X +[HMX=F )

FAF HAEFEY #MY SFERAL £3F FUY M3, o] PYEC 9§ 2AHA
Ge 23 g4dge] Hrua 229 o] desidn)

[RlX=[m] 6, )

Aq7IAN 6, & BE FFFLE GHAE radian ol

A xR dis (2)9 e &5 $AAL £, FIHER 239 3 AE ¥ES
< oI HN Y, 53 A ARy L E@oll) ¥Yd diF AR E A4E ¥ £ 3
ol/da o] 4E | WAL IAY F3f Al AAAH ¥Helr] WEd Az WY A {715
= T3 WYl ngHof gk o] B WME AxY AA EFHFL nEsiz 1) A
g3 Aol s, AE EH9 42 E AAEHIIIT 9K U] GG (2)9 Ao FH @
HEE ZFHA 9A T VERSF o2 d¥so A&dd.

3. NEE 2 A==

AFHAD TF A B $HHE XS ZHHI=R
M ad 144 2E vig Zo] Axpd AR zAH
ZtE Aclg AA Tl

Hagy [ANFL FFTA9 250RS(FFAA A2
2 AZ A4 HY) HLsdy. TAEE 24L YE
o & BEAHA Ran g ALY gHPow %
45 JE REFoz J¢d £ o YdutHo=m
A% X AgEEE JAWNEHA QEE A
PE FFFo] 100mm E¥E 100/1500 radian °]Wi7t
HEE AAHo v €% AF B¢ 34 Aws
E7F QA 2o oF 30% AX =A AA¥dd.

ad 1. A2E 4%

4 A%2YE 2 5 54
YYAFY WK BHoZE FPo FAY 1F JAIRY $2 ALALH, I £
7 okelel 71&sle] Sick.

- 12 @713 #F934% ZA4Kly) © 800 MN/m (}%%3)
- 12 ¥rHEA Ay A4 (Klz) ¢ 1.52 MN/m (£43)
= 22 WA F94% ZAP(K2y) ¢ 048 MN/m (A1)

- 313 -



- 2% WX 3T Y AAH(K22) ¢ 040 MN/m (37]
237 1HEY)
- 23 ¥713X 399% Bumpstop 748 : 30 mm

Bumpstop 3% Folt 3T o3 HHY WS
4 B
- e & AA & 34 : 25 MN/m/rad (RAD)

A28 - RN F% : 588 (FER =)
e )
S

. - A FAZYRE % 16 m
- 1% W3R 23Qa) © 1,956 mm

H

[

1

T EF S

:L B Is - 2% ¥7HA 23(@2b) © 1,600 mm
L_.Mw_l * - XA o] : 23030 mm

- WA A : 15900 mm

[} Q

Ago] TAE FAY A UE REFA HFeE 94

292 AAIFT AHNEL gg ey o] A=Y g8 2AYN = 23 94
Yol o8 A% 2 WHFAAME G RAHA €k AP HALE WAL SlojA
= A9 939 R Roll W7 naltide] Bk 29 33 29 4= VE REFL WHAAY
o M BAZHANY ¥ WS Roll 2 A SEHS Rojut.

30

284

101 . - 06

b
]
i

T 4 T -r Y 00 7 Y T Y T 4
© 00 190 200 2% 00 © 100 150 200 280 300
CANT DEFICIENCY [mm) CANT DEFICIENCY {mm)]

a9 3 BVERSF-§ ¥§ U= a3 4 VERFZTF-Roll & A=

5. 3Ad$E A9 AZ

Q@RAFL AN FAl g AA W) g4 A YUY VEEE AR B &
£52 T TAY 4 AER B AFolt). £ AFAM AEHE YUAFL F99) Uty
Q@RAF3 o] Ad €9 dxr) 8xolth. Hd VYA HY WM £ AN FAGL 8%
A AF WA & 2+ o 25 AEF APRdojol @k e YA Ay £ AN E9Z%
T ¢ 6x7F Hu, o]l§ NE EFFoz i3,

Cd(tilt) = 1500 x sin 6 ° = 157 mm
@Raggo] Arj9 ol JY P Fos FPFHE 2= HY WM B A BE REFL
AN F WEREHELF 100 mm o SRAZS] BERZF 157 mmE & A F7171 o
el Ad doay 2 @843 A BE ¥EZL 257 mm 7} . BN B dFAME
g 7t VERZFE 57 mmE 7M. Ad EF3E4% A9

D 3%% 98 AHFAYE +)
s Ax 22X g 2/ AL Y

-314 -



= A% Z2EY + FE/AYT 4T + JFE/ HYT R
=16 +8 + 20 = 4 mm
o JFAZ QA R 2ELA, FAFTH B/AF T A .
¢} 10 mm ¥
¢ 57t JERZF ¢ AF WIFFA Hd ¥ : 50 mm
7 DERZF 257 mm Al @7H3X 999+ 19 3225F 50 mm7t ¥
o Z Y N 104 mm
=44 + 10 + 50 = 104
2) Roll 29§ AMIF A4S +)
¢ 37t DERZG A7 A% @A g € 239 .20 °
57t DERZF 257 mm A 873X E¥99E 2¥ 425 H 20 71 €
o A €8 ojFojF AL AY & WY 1 -6 °
A Ay B 4 -8+ @A B F2°=-6"°
3) A Yaw ZHESle] o g 371
T4 2] FE JAE Ao A -39 diA A5 Ad 3¥0 A2 i ges 28 F
ew, o] w xA<9 8 Zto] Huzt @vk. o] 8 A} & JAY FIt= A G A
dojurt (& 2] JAFAL AF T4l °)

g9 Aojrt xgd 99AZ oM Aol £Fo] EAHE BE BEAY B9 €% A
o7} A# 3] ARFET o] o]FojAA e B+ F FFol
CASE 1t 33322 3 €% F&o] 1% 3+
AE F5F 257 mmE T3R50, HAd AA €94 857} o} F4A B+
CASE 2: €% Alo7} 4% 3¢
VE FZ£%F 257 mmE FY30, A4 d€Ze] 0= A FF

471 4% WAL 250 R A AN A3 £3UAE dASete) ngten, 2 A ¥ 1%
2t % 713 CASE: TVEHSE7 $Ya7) WEol § ¥AE SAsA 24, g=o] 9
@ o2 Roll Ztete] zolst LA
A7)l PUPS FEE TN NBYYE +, WESPRL -2 AT, B 4L FH Y30
2 HAHE A + IH YFo2 AARE AL -2 39 H9

¥ 1. B9AF AdTE A2

9 29 [ mm ]

CASE —— WA 3 (A% FA| L
£5% Re ) 0 g | 8% | A% W)

CASE 1 104 139 46.7 289.7 104 -126.4 -6 °

CASE 2 104 139 46.7 289.7 104 -126.4 S+ 2°

- 315 -




209.7

RES AN

g 2Aep)y

HEE 2SN - dt

SE A%eN

T 5 ST

Ml
SR

250R M Ety, M@ BE OxnsE pak=g 3

N

a4 6. 99XF HU&E AN ZFHCASE 2)

6. 48

W 250me} FHHAME YA g ARG FARANG s 2F W
(overthrow)%°] ©] 3A Wveigth webq 3F ol 98 vAe AF do] £ x4t A
t 4A Ay F€QQ 23030 mms}t 15900 mm °]FL2 FUEHE o] ojHE Aoz WY
HAx, £ 71T 94y R AF Fujgvige TRPE 2B W JEANFY A& £4E
& 3y

A4 @9 Jg FL 3000 mm=2 343, AN FFS HFE €9 G ¥9Hs § 24 ee
Ad FAA < 200 mm €2 AFE AEA4E Ao HY

& 478 T ¢339 €9A4% Ad 4F Agd Oy Jjoj=dd ¢ FEY T UG

A2EQ

1. 4%, “9934%F% $9€ A% 7€ - AAF g 47”7 3V EI|€dTF4, 2001

2. B M Eickhoff "Structure gauging -maximizing the use of clearance®, Journal of Rail and
Rapid Transit Part F, IMechE 1996

- 316 -



