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Fig. 1. Pantograph-catenary system (PCS) and pantograph arc of high-speed train: (a) PCS for high-speed trains; (b) hazard of

pantograph arc; (c) characteristics of pantograph arc and other arcs.
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Fig. 2. Physical parameters of pantograph arcl!!: (a) Mass density; (b) specific enthalpy; (c) electronic specific heat; (d) heavy

particle specific heat; (e) electrical conductivity; (f) thermal conductivity; (g) viscosity coefficient.

235202-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 23 (2025) 235202

GG Ia AT EEBURI, 5 W R IR A A T
OIAHS 2 S THREB BE. 1A 5 R LI AR R o
B B | I A) AT A s 2L F T4, o R 5
WFEIZ O 5 WK, Xie 55 W FE AL T 5 R Hy
RS- 5, 41K 3(a) Bz, 1% 6 i 859 Ak
Xof RET 12 2y AU [F) TR 5 100, e Al
b, ARG AREREE T TR S R IR, X 55 1
PEEE T AMINER R AR AR 1 5 I i ST 15,
AR AR BERS AU e AR SRR & L WV R
JE | WA R TE R . B Y A is AT U 4
Tr, 55 PRSI A SR B4 k3 0 S 8 A 14 4 i 2
Th, AR A S TR S KB LI, sl TR, 5
PO L TG 2 i 95 AT PR3 5 L BT HL IS [
SR PR BICAC FEL Ko A3 P A0 ) R, 28 D PR 4 AR
R AR 5 AR A P 2 X g 91 A 4DL 5 1) e sl
FAXTiz3l, WA 3(b) s, JFGE 2 B g i
FEFP R HLIIOICRIR | fERE JEaR k. 5 R4
32 HEL g f A [ £ <2 1 fih B SR L, <o
AR 153 42 M 28 -5 Bl Al S B < 4 fd " 5
ANRESE ARSI PR AL 7 5445 10 it T 2k
fih 2y g 2 5 R 5, An1AL 3(c) Bras, Wang
A WOL AR O HER Rl 1 PR R 5, WHHEAR

(a) WP e AL

Jis | R AR 48 KPR %o =5 I 2 fioh LA % Fi A R )
AR e 2 o DO S PN W I U AR 2
1) 5 SRR S, Qian 55 U731 T 5 AR
IS5, WA 3(d) FrzR, il S = 4 fi
RESHKIHEEE IR, BAUG S T O F 32 5 AR
AIRRE.

2.3 FEMRFE
2.3.1 FHREIRBSHEA
PR e P IR A0 50 5 1 38 R RS MR AR AL SR AR 4D
FTTIAS [ 55 44 (9 B IURR I B9 L Cassie A5 7
e Mayr 570 A 4% 2 1 — 25 28 & Hh IR 78 A AT
W B %, 2 R AT i A TR e K T
R Pl SETRERSFIEE T TR
dQ _
dt
(7) X dQ/dt Ay MR SR AK A7 e B A fL R,
X oA —25 SR IT

) (&) v

€ — Ploss- (7)

B3 SRR TANERE () THHES BIRGA 5, (b) -850 5 MR RIR R 4 1, (o) 8D FIKE & b, (d) 5

o H I 3 5 B4

Fig. 3. Development of pantograph arc test platform: (a) Static arc test platform!®?l; (b) pantograph-catenary current-carrying fric-

tion test platform); (c) high-speed pantograph-catenary test platform!®l; (d) pantograph arc test platform!*7.
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Fig. 4. Traction power supply network model coupled with arc black-box modell*3.
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Fig. 5. MHD arc model and arc chain model: (a) Arc temperature distribution based on MHD model'¥; (b) pantograph arc chain

model*),
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Table 1.  Pantograph arc simulation model.
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Fig. 6. Influence of contact force and current on panto-
graph arc ratel®: (a) Influence of contact force on arc rate;

(b) influence of current on arc rate.
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Fig. 7. Influence of contact force on arc morphological characteristics®: (a) Influence of contact force fluctuation amplitude on arc;

(b) influence of contact force fluctuation frequency on arc.
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Fig. 9. Influence of high-speed train operating conditions on
pantograph arc characteristics: (a) Influence of train speed
on arc characteristics/'; (b) influence of current character-

istics on arc energy!"!; (c) influence of speed on arc power
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Fig. 10. Influence of high-speed train operating conditions
on arc electromagnetic interference: (a) Effect of contact
force on arc electromagnetic interference%; (b) effect of
vehicle speed on arc electromagnetic interference®l; (c) effect

of traction current on arc electromagnetic interferencel6?.
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Fig. 11. Influence of high-speed train operating conditions
on arc ablation behavior: (a) Effect of contact force fluctu-
ation on arcing incidencel'”; (b) effect of arc rate on erosion*7);

(c) effect of vehicle speed on arc ablation areal®.
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Fig. 12. Influence of ice on PCS contact condition: (a) Influ-
ence of ice on contact forcel™; (b) effect of icing on surface

heating of the contact line caused by arcing!™!.

BR T X vk S LI BT, 2 iE
1 5 W Bl 1A PR RE K Sz i B ok 1A B VICIR 2 X
5 RGN Yao 55 PUAENFFTE UK TOL 5 ™
Z B8l 177 (9 [ N S B DR SR A X 5 10 32 3 It o
ARSI, 25 R s BE VGBS 55 (0 32 i i i i 22, 1)
PR LUK RO L, X T AR B S
W2l 3 2 (1 0 (7 Pk 2% R O fk ) 28 e A6 1
FIUIE SRR, Li 55 B 2% R . KU
RS 8 BN HR (L AR A2 fd IO 5 D A AR
TR 7 DK PRBR 2D B A W, B A1 CNN-
LSTM 122 [ 2% S B T 1, H A vk i | 42
RIS LS SR ] A 5 W Bl A, S vk
THCHIIUR A= AR AR BRI . A FE X UK T
W R IR T T B SR T ARy R UK T
5 W R B A 38 e e M A ) v LI St T
ORI

3.2.2 ARAENF W EINGF

SR T R IR AL 3 A PR R X 51
BTG, BRIESAE 1T HR5E T AN 4
HVAERRS S LSRRI, BT T e AR
DIy AR A 3 R U TR R AL A LT A
IR, BRI XA 55 I ST O S B O R 2%,
He 2 1) ) P B AR IR BT 5T 1 TR 5 00 T A

235202-12


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 23 (2025)

235202

[ RS 5 RS2 MR, TA R T L T HL R
AR GIRK, HRE S HE 2% R H ).
Yang 45 2 37 55 W LU SIRE A AR 3l g e A6 A | AL
HE X 5 I F SISl 2R A2, R XX H 5
I R AR AT 500, Ho2x s DR g i Tt
i, ETARE R T 5 PRI XGE T AT
AR, RIS S | IR B H s Hh BRI PEAIR
5. RS T ZS | R Ak B RO Jo i)
SO UL 311715 B w55 8 A A e T X Y A
o, ARAUE SR (RS B R 5 M RS
Wi 52 BT, Xu 2 09 55 R8O = AR
F5, I & BURUE T 5 R IUE SR,
ARV AR F T HL SISO e K i Bl g 2 oI
HERRKEAA 13(a), (b) Frn; RAUET 5 Mg
I ri PR Kz e AR 2R 5 [ Bs Al pO #4223
il B3I 12 B B AT 2548 AR B TR | S s LB
J75 R BURAUE N BRI (RS | SIARE iz,
FLATARBRIER S 5%, 33k 2 S B0 ™ 3 A4 it SIUBE ol
5 MR SE ;AR S 2 AR W s AR AU TR A
A S i 0 25 R Ty ol 2 R TR S R BR A SR, B
B S-S SR B R AR RS R anlE 13(c),
(d) Frzs. R TAESEMRGE TR 5 RS
5 RHIER | S RER A #5718 T HLR
HALHLH]. HEAh, R AP 2 T 205 R 5T

N N 90
291 (a) PR FIR AUE: 60 kPa
» Ik -
£ £
1@ 27 160 Q
- ¥
“}ﬂ s
= 25 130 i
£ L =

1.0 2‘0 3.0
W/ (m-s—1)

4
@ HEfb TR
n A
E 3[4 60 kPa
o~
=
&
5‘
H_
1 1 1 1
10 20 30
FEXGHEEE / (m-s—1)
& 13 IR L BIN A 5 g (18]

(d) X L3I Bl 38 A 52

RiF2H 73 PP EOC R A S T b. Dong 45 B0 )
WFFEHE e B AR O HUSIGE ARV | 2 FRAR
HLICAE AL 2 B % 55 8 PR T N 14 Pl 280 T
I 5 A, AR ARG T, SN 55 19 H S il £
FH8ES, BRI B O BRI S T, I el
R TP B is 2R, Hoh A TR LUk
Lo G RBE I SRS AT ISR A TR AR
TF T AT ORS8O B S B 2 i
T, D95 Wi g i b7 R R e S A,

3.2.3 HIRMERIREA F W W IR Bh

ERRTRAL R T E IR UK, FrP
RGBTk TIEZAFE N R, SRR
5 M ARG L R is AT, FERIREE T B T RN 4%
PF T 5 MR AL R, A AR 2 S 20 I L
AR | AU A3 SRR AN 14(a) Br
71, LSRR R Jo 4 B e e SE S, i 14(h)
Jis, P e IS R B v AR e AR R R R
FRAEAE PR PRI AR TE, O AT 2 7RI
K F K R 2H 73 W0 A T ORI A K
A ETAIURAT FR . RS IR, P TE
PR ARAT R, 5 ML IAE B T AR IR T o |
BB RN TR S AR R AR S E R
7 T, 255 A PO RIRSE T R HE AR A X 5 I A

65
45 H(b) i 30 m/s PR EHIR | 60

. HIEE =
3 140
B i
= 151 120 E
= g

0 . . : 0
60 80 101
S /kPa
5 —

| (@) A 30m/s Fiefh2k bR

i 9k

® 4t

£

o

R

2

H_

) ] ! ]
60 80 101

SJE /kPa

(a) AR DI IR B9 52 11 (b) AR I DIV (9 52 015 () <00 X i 932 20 1% 1) 52 i

Fig. 13. Influence of atmospheric environment on arcing!'®: (a) Effect of airflow on arc column and root; (b) effect of air pressure on

arc column and root; (c) effect of airflow on arc velocity; (d) effect of air pressure on arc velocity.
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Fig. 14. Influence of humid and rainy environment conditions on arcing: (a) Effect of rainfall on arc voltagel™; (b) effect of rainfall

on arc morphology™; (c) effect of humidity on arc characteristics?; (d) effect of rainwater acidity on arc discharge frequency!™l.

54 8 H A I L A R A S R A ] 14(c) T, & B
FEEBE N 55%RH A WA A4 L5 7% o/ B 2% 1
B/, HLE R IR T B I B B K, Huang
S 118 S AR 20%—40%RH T B2 0 Py, Fifi 5 10
(BE R, TG ) F IR A R S R i SR AR A A
NI SESIRER R S AN (R i Y& Ao
TR AT 28 SRR AR 22 R A AR 5 0
R T ) JEL A . Shen 45 B0 gE— B AIF5E T IRIE
AR AR S T 1 5 RS2 A 7o e LRt R
e U 23 B R, T R S R UL AR R BT
T2 TAE LS 3 o Y PR 05 T P oI P 7 s T A
T A58 T 5 0 U, B HELRS Y) 3 J 5
$ETF. Wang %5 19 25 JEAR st R W IR BE X 5 W R 452
e, B 14(d) R TS IR B K BRI X
S AR s, A5 IA AR R R 2 T R 7K R
()52 T R 0% B0 A0 B B L L 6 Rl i AR 2R 1T T B AR 9
2, e R LT K RS T S s K B N F T
TR hE ) SR E H R .

ST IE N PR RIS 5 M R SE, Wang
S5 ST T VR K X A R 4 e R A R
K BK IS Hp B BIAR SO R | B T A S B A, L
FER I TO0T, HLIEH 2R RE /K & S5 1,
AR, KA E— R RERE T A8 o W W
il FL AU, (H Y 5K i s i, 7K B 2 B A =5 Y

SE SR ECE T A AL BRI D R A%
TF T BB 5 M R GLis AT | AL it T B
VAR, AR TR 3 26 1 390 PR 352 R SIS e AL
W A B a0 PEIE L RE ) BB L A2 L S5 A e

4 5 H eIl E

ETAHASEARAENSNWEINEE

Tk
FE A 2R G800 SR B A A s R B2 L S 4
TR P AR AL, B U R I AR S
IR, SZHL 5 45 AN 15(a) Pras, il s Pl e 3
Sl F-BOR L AZ L IR, W LABE T 55 A
EVE, B S P E I 4 . Pisano fil Usail®? #2 H
T T i g e Y AROUL I £ 1) 5 42 i
Tk B RE R O SR, WA S Ak 0 B 2.
Collina &5 22 7£ 5 W gl Jy A B vh 2 8 T 91 42785 |
AL SIS R PR, IR 7T PTG 25
TG Tk, A I 346 /N 50%. Sanchez-
Rebollo 5 B3 $2 i 7 —Fp LT PI 2  A o (4 76 35
=5 I B AR s T SR, E— D fe R Ak DX i 2l
i/ 70%. BEE N T AL H AR SR Refuib Ak
MY, Taran 55 23 45 T TR TIN5
o 22 fih 07 PR A o O s, FES R B A 40 m/s

4.1

235202-14


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 23 (2025) 235202

BF, 5 A I BhREAEAE 0.3 s Bk HI#E 5 N
PAPY. Nie &5 4 i T 36 B AR s 19 = 1942
fil 7 RS R O, R 2 s i /T 55 mm,
W5 K IRHE 1 5 D42 ik 03 T AT 5988 A1 P I P
T A 45 B R Bl ) 2E R S RUET R TT k,
S5 B T S S ) SR, X b AR PR UL A AN T
T 65 B, 5 D4 fll e ) B R ZE M 150 N 4 /)N
B 11 N, AN S Z 5 T00, JE Tz 4 63 42 3
PREFFRT S 3k I 7E 70—80 N YL L IF1E 24427t
J& S EESTR T LA R K. BR T 5 Rl )
sl o8 AT LA I A 5 R GE Ak F R P AR
IR A3, Calvo 45 89 $ T —Fh 2 5 £ Wil P 22
fid DR 1% B AS I B e 2k T DA
4 250 km /h IR fih T REAR 9%, IFRRAREE
i FabRiE2E 2R 50%. Zhou %5 M HF5E T fi
2R 215 Tt 2t 55 o i TR P A 5 i, % B34
KFPLAAR /N TR I 2R 0] i AR 28
AEdEe il Zhang %5 B0 BF oY T PR R B UK AR
Tk 2 Aa e 55 o F I A R e B e
fik o 5 18 T 9K A B TR IR A2 3R $ ik
M ZEFaNE 15(b) fias, K% MiLER &K
N VAN PR aPSE RO 8

T =

S KR

o %
b T e
) BRI ||

K15 SRS (a) ZHESE; (b) BN E5H
Fig. 15. Structure of PCS: (a) Pantograph structure; (b) ca-

tenary structure.
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Table 2. Material parameters of pantograph slider.
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SPECIAL TOPIC—Non-equilibrium transport and active control strategy in
low-temperature plasmas

Research progress of high-speed railway pantograph arc:
Influencing factors and prevention methods”

WU Guangning# QIAN Pengyu# LIU Wenji GAO Guoqgiang' LI Hongyan

(School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, China)
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Abstract

The pantograph-catenary system (PCS) serves as the exclusive means of power supply for high-speed
trains. As train speeds increase, traction power rises, and operations take place in complex and variable
environments, pantograph arcing has become more frequent. This phenomenon is accompanied by changes in
physical properties and increased hazards, which seriously threaten the safety of high-speed railways. This paper
systematically reviews the recent researches on pantograph arc, and outlines physical characteristics,
experimental techniques, and simulation methods. The study focuses on analyzing the effects and mechanisms of
operating parameters and environmental conditions on pantograph arc, summarizes prevention strategies, and
explores applications such as arc energy utilization. Existing research has sufficiently examined how operational
parameters affect arc hazards, yet studies on arc physical properties and evolution mechanisms remain limited,
particularly regarding special conditions such as icing. Current protection methods also require adaptation to
complex environments to meet the growing demands for arc management. Two future research priorities are
proposed: first, clarifying the physical properties of an arc under special environments and establishing the
correlation among “environmental conditions, an arc’s physical properties, and its behavior” to enable accurate
prediction; second, developing an efficient arc prevention system through the approach of “source suppression,
interface protection, and process intervention”. This review aims to provide theoretical and practical guidance
for realizing reliable current collection and effective arc control in high-speed railway PCS in China.

Keywords: pantograph arc, electrical erosion, pantograph-catenary system, high-speed trains
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