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ABSTRACT

This study aims to create a numerical analysis model which can investigate the dynamic inter-

action between pantograph and overhead contact wire used for a high-speed railway vehicle, and val-

idate the simulation results according to EN 50318 standard. Finite element analysis models of panto-

graph and overhead contact line are created using SAMCEF, a commercial FE analysis program. The

mean, standard deviation, maximum and minimum values of contact forces are obtained. The simu-

lation results are validated according to EN 50318, and the possibility of simulating the collecting

characteristic of an actual pantograph system by using the developed model is discussed.
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Table 1 Pantograph data

Mass(kg) | Stiffness(N/m)| Damping(Ns/m) Table 2 Mechanical values of wires
Contact spring - k.=50,000 - Tension(N) Mass density(kg/m)
Collector head m;=7.2 k1=4200 ci=10 Messenger wire 16,000 1.07
Articulation body| m;=7.2 k=50 =90 Contact wire 20,000 1.35
Srf'“ 10 spans (600 m) Er‘“i
Messenger wire 1 span (60 m)
A
. J r h
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* Catenary wire

* Catenary wire ? .
- Tension only spring

i
I
|
- Ground_Spring }
- Horizontal Force }
I
I
|
I
I
I

< + Contact wire

- Ground_Spring !

- Slider / Contact element (Contact wire & Sliding mass)

- Horizontal Force * Catenary wire support
- Ground_Spring

|
I
|
*Lumped_Mass_1 !
- Trans_Joint (Sliding_mass & Lumped_Mass_1) !
| * Steady arm
| - Groung_Spring
| E - Lumped_Mass
+Lumped_Mass 2 O
- Trans_Joint (Lumped_Mass_1 & Lumped_Mass_2) I
- Spring(Lumped_Mass_1 & Lumped_Mass_2)
- Vertical Force

- Spring(Lumped Mass_1 & Sliding_mass)

» Catenary wire
- Ground_Trans_Joint
- Horizontal Force

- Trans_Joint (Lumped Mass 2 & Car_body)
- Spring(Lumped_Mass_2 & Car_body)
- Ground_Trans_Joint

* Contact wire
= - Ground_Trans_Joint
S - Horizontal Force

|
|
|
|
|
* Car_body }
|
|
|
|
|
|

SHRASNSEESS| =2 8/A21 ¥ Al 5%, 201113/463



o Tl 7 A

T

300 km/he] EE= 102
Tt oju, upgho]
=k 7PAA e &
AR O R QlEl] HEH FFE W
S 9k A Ad= HzE 59 6AkololA FH gt
Ao Fuk4= 0~20 Hzol L, Wb 8] 4

g

oL

r 1o,
RN
22
or
Hi
rlo
=
Ar3
_O‘L
N

o)

o

INE AY T3 HE(low-pass filter)E ©]-&3}0] L
B ol HE5Ed gt H, euA, A
A4 XA e uplift at support)s F 871
o] A= =E3lo] Table4o] FA40] wl 2=
AZ3} Table 3014 Fy2 HEE Hgl, oE
AEHEEY AFAAL, Fuadt Funt 2472 A3
E 1 HAagh, Fuu' =Fuyt3oe 3599 5
&, FMinS:FM-:’)O"E A= BA4 A
A, Lues AAF A ol

fo g
Y
= &
Npeh

EROEF

S|
~

ol
i

3. 2% 593

3.1 X S9s M =d

AA3} 2249] EN 50318 A wef

SAMCEFE o|&3to] A3 AETef2-7Hd A =)

A mds HolFth ZAEE A9 A F-Eo
E44 9 AEe] A7)+ EN

503189 geojHl @t} FHsich o, A B3

°] 7$- EN 5031814

sof MARE, frkas e

=444,

2 278 3%

join B WHOE AFAD AT ARA 13
A= %7 A9 a9s P 5 g A
2o el Fukstel Axk #A F s7k FHEA
g 7Fegel EoRdinh wbA o] =EelAE
wER0L Fxeje] BAol 213N/mel ATHI}
Lkgdl A% A% 845 olgslo] 34 32 F+
o ZHEs FHII, 2 ARAFE AAe

=
2014 Aolgt 2714 s Folaigith. ¥4, Fig. 3
oA FEIYEZ mHo]

fol

464/ 22T SSE =28/ 214 A5

, 20119

Ead=zs FR83inh

HEIHZ Ao HES s Hl6
SAMCEFA] Al F3sl= w113 Q5 (slider element)
2 M= Q- (contact element)E ©]-83}AR, 7+ &
Zeoll tigk =7} Fig. 4ol Webd lvk ml11d
84F WYo] dojub= Hapde] HAS HEH
I7b wEp b wtes g 2dolal, A 84
Az FEOYZAL)Y HES o
3F(penalty function)'¥Z o] &3lo] HE=H S
sk 3 Aotk o] dAFelME A A
ol-gate] MEIYPZ-AAA HES st
sl e AT

3.2 7| otH3l M

o QTIAE 34l B W Q4 olasiol 2
b S A 2 R = ¢ e S
tension)> & 2 (cable element)ol| T Zg-o] 7}53
7] e, W Q4] H&ah] A8 27 FEE =
7] & (initial stress)S W3tH Ad oigh 67F
A wgake] 'S dofof stk ol gol Qlth
B, 27 8 dAdelE EREep Ayl

Axlofglal, B3] AAHL oy sje Al
A Aa"log Y REIYZZEE 120N
z7] s AY g e Addelr] wiol
B IPAA AlEle] 7] GA Sl g
& Aiks daw sta, w7t FHEA ¥ 7he
o] At} eyt 27k F AR 27] S
3517 o=vid, BEIFY T AxpArlolo A
o] AAHTE GHA wAE] witel, x7] 49
kel mgsjord Fed Qholrh kA o]
NME F7hd 2 A 27]) A ay 2

_}|{_“
2
“ o,
ofN
)
=
1o
ot
R
™
ol
A
il
F[){l
o
)
o
fetl
-

=2
>~
I
P
)
o
N
g "

rl
O
N
tlo
&
N
()
2
X
-
o
>

ol
un
N,

o

O 30 2 h plr 2y 3 &g X @ rlo i X oox §2 ol o &L g
-4

5
SRR w4 By FeE Zoldllth Fig. 5
Z7] St XS T A ARk mE A
g W3S wolFa gtk a4 A F 505 &
Aol oF 117 No& FHal Ad5S & F
=, ol 271 ¢49 120 No] HAApale] z2Hg-
= 49 20000N 2 M 2 F7=2Z4 483

73 203 N/me] 23xE Wil 4 PJFHS o] F



14 AE g FEaPIe) JPAe] HEE dFS 918 3] s 2 s
A HE Az JleAE A4 e 77 oF <l A9 ¥=300km/he] A$ AF HZ(distance
b FolE57] HH%OM. S AR AzaEoe] T4 =0~10m)olA 9] HEHH < Eﬂi}c A<l w5apA| Rk
HYS o]FE 505 o|Fo] FIAFoEHN 10 7
ZHoll A dojA) = J&_E:ﬂi-%ix}*d & Ane
2EYE FTHAATE

33 3|.|A-I 7:Ijl_|. ='A-|
(1) BEIZH =z} AAA9] HE5E
eaw 78

Fig. 6> HEZ O} HApdALole] HES w11
3 QA4E o|gsle] Fdslal, AAE 250 km/nh H
300kmhE FHEE o e oA wE
AE5E Wgts BoFrh oW, 352 MATLAB
oA Aee= 62 Butterworth filter’ S ©]-8a}o]
20Hz9| FokrR A AEPE dijolt}. Fig. 6
o 4 ulkA A XM(blue line)S £=7F 250 km/hol
739, FeA HM(red dashed line) %7} 300
km/hel ZA$-Z 9u)gitl. Fig. 6914 ¥ =250 km/h

eI

Slider element (Constraint)

(a) Sliding element

Contact element (Force)

(b) Contact element

Fig. 4 Concept diagrams of slider and contact ele-
ments between a pantograph and contact wire

Contact Force (N)
- - N
o a =)
<) S )

a
o

0 I . . I )
0 1 2 3 4 £

Time (s)

Fig. 5 Convergence of initial contact force variation
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Table 3 Simulation results verification based on EN
50318

Speed 250 km/h 300 km/h

Category|Standard| Slider |Contact|Standard Slider |Contact

Fy |110~120) 113.6 | 113 [110~120| 113.9 | 114

0 26~31 | 28.9 28.1 | 32~40 | 359 38.3

Fua® [190~210] 2003 | 197.5 [210~230 221.7 | 228.9

20~40 | 26.9 28.5 | -5~20 6.1 -0.9

Fiax |175~2100 172.3 | 189.3 [190~225 198.6 | 216.1

Fyin | 50~75 | 67.5 66.5 | 30~55 | 54.8 53.6

Lyax | 48~55| 51.5 51.9 | 55~65| 64.1 64.5

A
] H 51.5mm, 300 km/hY = HH 64.1 mm2
PN
T

24S EN 503187FAd wel ASE] fske
Table 32 ZHA &} T Table 404 standardE EN
50318 714, slider:s m11¥ 845 A3 A$

L=

contact= A& 9 AE A}83 A9 A 2

ouigity, Y 249 HEQAS AR AS
dste] ztel7h A4 ¢gar, F 7HA 7§ EF EN
5031878 Wkl SIS Sl & ik

w
N

=2
[

o] ATollAE HEAZF 7Hd Al~Hle] F54
A 93 7% Ao 98O EN 50318 1A
of wt A RdS st AdE HFFOR
Ao A AN FA A md g s 7Y
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