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Abstract: The development of a technique for the real-time sensing of a curve section is very important for active
rolling-stocks in order to improve the curving performance. However, conventional methods using expensive track
inspection equipment or various complex sensors are not practicable to be applied to commercial vehicles. Therefore,
we have proposed a new method to estimate the curve radius of a curve section. This method uses the relative
displacements occurring between the body and the bogie when the rolling-stock is running on a curve. To verify the
validity of this method, we conducted a vehicle dynamics simulation and test using a real vehicle on a test line. The
results confirmed the validity of the proposed method. We expect that this method will be effectively applied in
studies of active rolling-stocks to increase the curving performance using active control technology.

- 7|54y - L izt SA3E A2 o] BHm)
v A F3 FAZe] F3HE (mm) R = ENE (m)
4 A} AR WA TG FoEg ¥ AA e AF2E A 5] 2 (rad)
(mm)
5 S H 2} 7F Z=8Fsk Al ¢
A, A o F5 g2kt SEF g 1 M =
(mm)
0., 6, : AR A TR A7 ) ZH(rad) Are o wEsui 2 A8 dY 9=
< Ay, A, RS 9% g HE A4 FPat= A EAOR &= wEFdolt) ¥
g ixEA 7o) A (mm) o] Age ARt ARt g
e A FAA T dRAA A2 A
§ ol =2 2012 tE7|AEE] Fst Bl Aol o] & Aol WIE & = FHoR
FABEY3)2012. 4. 11.-13., AFKALT ) whz=5-9l ) - N . -
¥ Corresponding Author, hmhur@krri.re.kr el At wdd Hasks FA Al
© 2012 The Korean Society of Mechanical Engineers Tt o]l arHT REAE, I FERPESR




1480 CEE R

TAE FATRIAM Y A FES dAagoR of 7lsteb el dARYH FEWMGR)S FECF
Aste] ke FYHES A7 drt T Wyel gt 22 AR FARFE 915
o gAHoR st AEZTAAIE AL AE FHE A5k A=HdSAk Agsta 9l
HESHA Ho Ag fFstel Srksta oz Q1d = el FENE e SAAE] tiake Azt
gyt dde] kR 5, 2 g 2y S Aele] WKL) versine @3] #AlNAN FEE
TAE ZHsE @b A dA el A T A
A A dde dAE =1 HATEe A A=HdSarge] Tl dde] A
AH1EE g A 2] Abd-s(hunting) S versines Z7A3F7] flske]l dolAAlA et H] Al
T don IR E TSR g Me &8t AREET. SAAIA"o]l Azt
B o, aEla Abg, dd fARash B A=HSAet 22 54 54 Agelrt 485
g Ves & v ATt
ol¢} ydste] A Rl FH YT TS
A% AP xFdAs 2L 55Y A=A v = R B LY
Fol @ @7k s AYsw Yok 53
SEAES Aestel Al FUFYYTL P VI
FAA77) A E FATY FEWEL A 2v
tow AXEhe Aol g e JEe) 8 )
W 948 ARAS BEARE o] 4 ==
Aug =7, BAshs W, Gps, REYAS) A4
AL, APl ZAA, MR, B 5 ol§3)
of g Ak WY Sol TgHo Pt 22 BEUY FHYY Aot
g AEAE ASAFe 1k AAST AEE FEUA FAYES FATIE 3} A
Hlsh BAHZL gREe] Aut ARl 44 Akl AAS oA ] WA AUMAE
7)ol dgHolq Ttk wiel gtk GPS o] gatr}.
& ol&shz Aol HEd g2 597t Fig. 2(a)oF o] AAd7s F3E F5ol=
o] % Bi )30 ofgo <ldle] FEA 0 A ek ARzl i Zho,, )01 Aolid &
Astahs dgdel Ak E3 RFEA AR o] LA, a,)7F BAEA stk 2y Fig
& AAug el Atk wide] vk LI ppsh go] TATRE FAT Aol A
Bl oes &8s dake] Wixb= FA Azl Fgstaat 435

3 3 A2y Aozt A wo)

aguk? wey A 9 Aztoz &
T T AAY FEWMES FET T U Ve .
shiel Baxel A7]sa gt A
WA BT NE AF Fd F FHAED TN RSYE
FEHES AAteR AT F e WHE :
Abasieh. el Bd AES Slsel BA
MY AdE FIANFES T3 5 A5 o i
78 FRsn
WY
— By
) BBYH FHu
2.1 71&=2] ay °
7|E A3 FEWMES M Ags] &= Fig. 1 Curvature measuring method by measuring
st WO R Fig. 13 o] versine vE 5783} versine parameter



e A /A7 FAAE ol &

1 [

(a) Tangent track

O A a8

vakd
T+

o]
(b) Curve section

Fig. 2 Relative displacement and angle between body

and bogie

Awage] B4 54 meb AY, FRoF
o WS Aviziolvt ATt FAs B
WEAE et g OAt FAFdem
pAow SAeY clgdomt WY, FH
Aozt Adwels st "o 3477
S Al WA AL oY d xel dvkar
AR ofeleh 2o 2AA AarEE w7

HET
21718 OPASE AH7t Aabs FHsoln 4H7HE0PB
9} A7 BefE FEolnE th o] AyHr)
A, > L
91: ?, 92: ?, A:A1+A2, Y= E
2 = 0, + 6,
A A, A+ A,
:—+ _—
X X X
_4_z2L
xR

ro

FAT FE0A 29 Wy 1481

e AL =pring
— Pinlink o Buszh

we Linear spring = Friction
4 Bumpstop
= Damper

e Shear =pring 8 Conskraink

Fig. 3 Rolling-stock model

A 2= T Foll ApAlY A, FHEOIAE S
g g el Ay FH4std AAtew I
Aol 35N FAHo] 7hesitt
3. SEUE FY sy

Alokst &N FHU o] o]24 el A
EE 9ol A FAHAE F3 AlE AL
sk 598 S s

A 98 dAS fete A AE o)
24 B9 4] Lz gel o3 DELTA Rail

(*h9]  VAMPIRE(Vehicle dynAmics Modelling
Package In a Railway Environment)E A}-&3}1t}
m2aglel ANl AR afAES 2 o
e, Foenalal, Ande o4, %J
AolHe FAEY A4 ol sH, 9
TSP A S
nﬂo]]ﬂ geﬂ Eo] 143_5]1—4_
AgpEe A% FEAA 19
Sk AFEEe dAgAr A bl
6.9m °|m ”"Htﬂﬁ =4S #Ig WAk A5 Al
GO ;q] %]mjo] S ER A PAREEY

sheirh FEWA 200mol A FEUY
_TL/‘\j 7

=
=335t} Fig. 32 VAMPIRE =5

98 R9g Ve
Fig 4= 7} ko] @7l nhe A%, 5o
AR gs}—z AeAgIel A, 4,00 Bl )

e orie o
9 o2
o & o

2T
2
_>|1_,
S
Mo
off
BN
Y
=
R
i)
it
(i,
ith)
B
fu

i
4
%0
au)



1482

o)

33

I
T .

Table 1 Curvature estimation results from curving

analysis

curve radius curvature(1/km) error
(m) target | estimated (%)
200 5.00 4.94 1.20
300 3.33 3.28 1.51
400 2.50 2.46 1.80
500 2.00 1.96 2.10
600 1.67 1.63 2.38
700 1.43 1.39 2.63
800 1.25 1.21 2.96
900 1.11 1.07 3.16
1000 1.00 0.96 3.53
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Fig. 5 Estimated curvature from curving analysis
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Table 2 Cases for curvature estimation
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Table 3 Error of the curvature estimation(%)

curve number
radius(m) |of curve casel case2 case3
400 2 6.4 9.7 6.0
500 18 8.3 7.7 4.9
600 31 12.3 10.4 7.1
700 5 16.6 26.2 14.2
800 5 10.8 14.0 11.9
900 5 24.9 17.3 20.0
average 12.2 11.6 8.4
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Fig. 14 Error of the curvature estimation
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