F56B H311:0176-0181 E BéE Vol.56,N0.3:0176-0181
20204F3 A 16 H High Voltage Apparatus Mar. 16, 2020

DOI:10.13296/j.1001-1609.hva.2020.03.026

BB R T S MR AR 5T

MRt ERC,  REMNC, B R2
(1AL TR AR A A G TRR2EBE, 10T S/ 125105; 2. EM VG B A AHKIAHERA A,
7S KA 0460005 3. ERILLPGE4E B A dHIA T B XL A /], (hvh B/ 046100)

HE. AR PEEME 28 3 RIFHEMBLI £ 24 TRBITHMNREME, ™3 NegERES AL
T 0 R A, B U 0l T R AT RN R, P RS AR R, TR R TR
Nk Fh@E RN IEHIRFE BERER BHRE)EM TS MBS BB AAR., SrRAA AR T
AR B ey AR ik R3S K AT, 3 W 18] 69 7R B AR ) FAZ W DN R N Ok B v B Ae T B ik 3G K RE, 1A 64 AR
HAEZ 3G KR K IRE 5 W B A G ratto s, AR &R0 AR B ik sk A R R Ak
NG AR B REE AN S MRABHERA B A A AR PR A L @ S awm
VAT i SR KB BT A E AR R T 69 5 W R A R S B e AR A 69 A R

KR EARFBAT, BARER, WAL, SR, F W EE ) EE

Study on Frictional Model of Bow Net under Fluctuation Load and Current
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Abstract: The good contact between the catenary and the pantograph in the electrified railway is the precondition for
the safe and reliable operation of the train. The contact of the pantograph is the frictional contact under the current-
carrying conditions. Therefore, it is necessary to conduct in-depth research on the frictional contact. In this paper,
sliding electric contact testing machine is used to study the sliding electric contact friction force of bow nets under dif-
ferent working conditions (pressure fluctuation amplitude, pressure fluctuation frequency, contact current, sliding
speed ). The results show that the sliding friction between the pantographs decreases with the increase of the contact
current on the slide; When the pressure fluctuation amplitude and sliding velocity increase, the friction between the
pantographs also increases. The pressure fluctuation frequency has little effect on the pantograph friction force. By us-
ing the basic idea of curve estimation, a single factor mathematical model that best expresses the influence of pres-
sure fluctuation amplitude, contact current, and sliding speed on the sliding friction between pantographs is present-
ed; On this basis, the multi-regression method is used to establish the model of the bow-net friction under the action
of pressure fluctuation load and current and verify the validity of the model.
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Fig.2 Curve of the variation of pantograph friction force

with pressure fluctuation amplitude
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Fig. 3 Characteristic curve of the frictional force of the

pantograph with contact current
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Table 4 Statistical comparison of experimental and model
values for the effects of different pressure fluctuation

amplitudes on pantograph friction
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Table 5 The statistics of experimental and model values
for the effects of different contact currents on the friction

of the bow net

Fzfih S BB EAHCHRE WEE
FLYI/A fE/N ETA R F
100 5.721 5.779
150 5.623 5.674 0.9525 242.876
200 5.431 5.485
250 4976 4612

M FAEIGIE R T 9.117, 7] LA B 44 [ 28 5 %) A
AR AR HR 2 IE B R R AT R

4 Hig

i T B A SR AL, B S R T AT
FIRHTTE, A AR Y25

1) 5 0 JEE-45% 3 Wt s 3 904 5 s 2 R 30 T B 11
O 48 A 5 o 2 f oL SAE 940 484 00 5 FE T ik 3 R
X5 BRI RN

2)3 B s 3 10 S0 i FEE 2 fk b 7 128 2 4%
ANTRIZNS 5 19 B 455 13 52 W) 1) R P o 2 R 50 P
i 2SI A BEAS AR, A5 10 T g e Bl R Lk R
L3 Bl A% F X 5 0 EE 45 T 52 MR B Y, AR
T R 2R R

3) 4545 s 1 I BN L | 2 e FEL 3 R 98 2l 3 8
5 W EE 52 3 5 0 B R R 2 LR A B 2 T
SRS ST TR ) U S A3 AR R A R B 5 g 2R
VR JRIE] TR A RO . N R S R
By R e ) BRI B S

Sk

(1] P74 A BT Ak ) i 52 0t S A R =2 ) 1) DGR, 8k
FE %L, 2010(4): 117-120.

SUN Lijin. Resolving the correlation between high - speed
current flow dynamic characteristics of contact networks|J].
Railway Investigation and Surveying,2010(4): 117-120.

(2] WO, BRbAe, SRR L I T S R A AR T )

Zomi[)]. H T 4R 2=, 2014,29(01):23-30.
SHI Guang, CHEN Zhonghua, GUO Fengyi. Optimal
normal load of sliding electrical contacts under high current
[J]. Transactions of China Electrotechnical Society, 2014,
29(1):23-30.

(3] BRibAe, T O, 55 5 M2 RIS Sl i T i
P12 LT HAR =], 2015,30(17):154-160.
CHEN Zhonghua, TANG Bo, SHI Guang, et al. Optimal
pressure load under multi-objective sliding electric contact
in the pantograph - catenary systemd[J]. Transactions of
China Electrotechnical Society,2015,30(17):154-160.

[4] E&EF, 530 #8, IRINEE. QGA-SVM 7 & W 3f Hi 42 i
TR AT, = LAY, 2015, 51(4):133-138.
REN Zhiling, GUO Chao, XU Lixia. Application of qga -
svm to load optimization for pantograph - catenary system
sliding electrical contact[J]. High Voltage Apparatus, 2015,
51(4): 133-138.

(5] SBRAL, X U, 8 555 0 2R 83 sl v e fuh B 2 UL 2
G5 HATTE[T). T HLRERTHOAR , 2017, 36(3):29-34.
GUO Fengyi, LIU Shuai, WANG Zhiyong. Research on
transient temperature field of electrical sliding contact in
pantograph and catenary system|J]. Advanced Technology
of Electrical Engineering and Energy,2017,36(03):29-34.

[6] SKEME, PNIVE, EHRFE , 55 = 2 HR X R T D Al 2
Yl 55, Fe 2R3, 2017, 38(9):1692-1698.
ZHANG Yuyan, SUN Shasha, WANG Zhenchun, et al.
Simulation and measurement of surface transient tempera-
ture field of high-speed current-carrying armature[J]. Acta
Armamentarii, 2017(9):1692-1698.

(71 %= N, mE R, B, 5 R FR e Bl R AR
[J]. B A, 2015,41(11):3635-3641.

WU Jie, GAO Guogiang, WEI Wenfu, et al. Characteriza-
tion of sliding electrical contact of pantograph-catenary sys-
tem[]J]. High Voltage Engineering,2015,41(11):3635-3641.

(8] IR, bR 2%, 45 5L TR0 2 8 004 fh el BEL
BT mHUREOR ,2017,43(3):940-945.

WANG Gang, TAN Shengwu, LIN Shengjun, et al. Model-
ing method of contact resistance based on fuzzy system[J].
High Voltage Engineering,2017,43(3):940-945.

(9] SRR, EFEA], ER 5,555 e DIV ) i 370 e S

ST T AR 224, 2015, 30(14):220-225.
GUO Fengyi, WANG Xili, WANG Zhiyong, et al. Research
on radiated electric field noise of pantograph arc[]].
Transactions of China Electrotechnical Society, 2015, 30
(14):220-225.

[10] WANG Lipeng, ZHANG Tao, ZHANG Lei, et al. Thermo-
stability, mechanical and tribological behaviors of poly-
imide matrix composites interpenetrated with foamed copper
[J]. Transactions of Nonferrous Metals Society of China,
2016,26(9):2336-2346.

(1] 77 B ZR4R50, T &, 25 i ECH A i W-25Cu fili k4
Y 2 VR RE D], R A (R Ak, 2017, 27(3):



BRI

BRibAe, Pl , sk | 25, Bah BT AR SRR A = RORE S I

181

[12]

[14]

[15]

[16]

[17]

[18]

[19]

504-513.

WAN Cheng, LI Jiwen, WANG Zhan, et al. Performances
of high-density fine-grain W-25Cu electrical contact mate-
rials[J]. China Journal of nonferrous metals, 2017, 27(3):
504-513.

R, w8 i A5 SCHT, %5 PR S X ik T
S 5 1 R s ) A BRI 9 ). R HE AR, 2017, 46(6):
21-26.

WU Yunlong, HUANG Hai, FU Wenming, et al. Experi-
mental study on pantograph-catenary current-carrying effi-
ciency and its influence on wear resistance of carbon strip
[J]. Surface Technology,2017,46(6):21-26.

TP, RO A L. 5 fih 1T X 0k 8 /0 4 fh £
B UL FEE B R BE BRI (D). VAT S, 2012, 37(9):
41-45.

ZHANG Saidan, CHEN Guangxiong, YANG Hongjuan. Ef-
fect of contact pressure on friction and wear behavior of car-
bon strip/copper contact wire under AC passage[J]. Lubri-
cation Engineering, 2012,37(9):41-45.

B ETIAN, B U, AR AR i 2 A S
RELN]. st iz i T R4, 2016, 16(2):56-63.

HU Yan, DONG Bingjie, HUANG Hai, et al. Friction and
wear behavior of carbon strip/contact wire[]].
Transportation Engineering, 2016, 16(2):56-63.
BRI, LR, 5t 5 S S EE R R ]
e 548103 ,2015(15):108-110.

ZHANG Zhiyuan, Al Fujun, HE Guinan. Factors affecting
sliding friction[J]. Technology and Innovation, 2015(15):
108-110.

JIANG Xiaosong, WANG Naijuan, ZHU Degui. Friction

and wear properties of in-situ synthesized Al ,0s reinforced

Journal of

aluminum composites|J]. Transactions of Nonferrous Met-
als Society of China, 2014,24(7):2352-2358.
Mrenin, £ R SR BT T BN Z 24
S0 T R OB A T (D). BE 48~ 27 4, 2017, 37(5):
594-601.

CHEN Jingjing, WANG Chenxin, LIN Qiang. Mechanism
analysis for the breakdown of superlubricity with multilayer
graphene based on molecular dynamics method[J]. Tribolo-
gy,2017, 37(5):594-601.

INETE, R B B S R SRS TR U R
BRI S]], B bR T, 2018, 62(2):48-52

SUN Anyuan, WU Yaping, CHEN Kun, et al. Experimental
research on wheel/rail friction coefficient under transient
sliding condition[J]. Railway Standard Design,2018, 62(2):
48-52.

VLA, X O ARHERE , 5 AR SO 2 TR SE S BT it
BB R BRI ()], HLARLE 5 HOR, 2013, 32(2):
225-230.

NAN Jianghong, LIU Geng, DONG Ruiting, et al. The
effects of nanoscale texture surface’s parameters on sliding

friction process[J]. Mechanical Science and Technology,

2013,32(2):225-230.

(20]

[21]

[22

—_—

(23]

[24]

[25]

[26]

FEWE, BV ORI URDRE R O 3R 15 01 1
THERFFE)]. B3, 2013, 62(10):341-346.

WANG Yazhen, HUANG Ping. Study on micro sliding
friction of randomly nanorough surface[]]. Acta Physica
Sinica,2013,62(10):341-346.

SYGUT P. Theoretical analysis of unit friction force work-
ing on the metal contact surface with the roll change during
feedstock with non-uniform temperature distribution rolling
process|J|. Archives of Metallurgy and Materials, 2016, 61
(2):927-932.

HEL K M, SRR A IR R G
5 R R IE I (D). VY %585 R4, 2018, 52(1):
107-114.

DONG Guozhong,ZHANG Hui, LI Yue, et al. A mixed elas-
to - hydrodynamic lubrication model for studying tribogical
properties of rough surfaces[J]. Journal of Xi’ an Jiaotong
University, 2018, 52(1):107-114.

Ml &, FMR R BT, . D sh 8 %) C/C A REL
B PR 4 ) AL R A M RE B R IR (], YR T S
£,2011,36(11):37-40.

TIAN Lei,SUN Lemin,ZHAO Yanxia, et al. Effects of fluc-
tuating load on friction and wear property of C/C composite/
QCr0.5 under electrical current|[J]. Iubrication and Seal,
2011,36 (11):37-40.

FREL,R)TT L A 5 A A SRR P S
IR IR, 55 FLA , 2009, 45(3):104-108.

GAO Zongbao, WU Guangning, LYU Wei, et al. Research
review of arc phenomenon between pantograph and catena-
ry in high-speed electrified railway[J]. High Voltage Appa-
ratus, 2009, 45(3):104-108.

LT, IR, B, % RS R 4 R e bt
o UL B 5 PR A M R Y S [, BE 457244, 2009, 29
(1):36-42.

HU Daochun, SUN Lemin, SHANGGUAN Bao, et al. Effect
of arc discharge on friction and wear properties of metal -
impregnated carbon strip sliding against Cu trolley under
electric current[J]. Journal of Tribology, 2009,29(1):36-42.
FITR L )T R, A R U I LR R S
[J]. BRiE~#4R , 2012, 34(4):22-27.

WANG Wangang, WU Guangning, GAO Guoqiang. et al.
The pantograph - catenary arc test system for high - speed
railways[J]. Journal of the China Railway Society, 2012, 34
(4):22-27.

MR &4 (1965—), 5 , A+, #38, AR 7w A e b

ENL Y L iRy Sy

1 i%R(1990—), B, AF 5 &, BF 5 77 ) A b 4 fik 52

oA B R GRAAEE).

KM (1994—), B, M LB 50 A, BF 50 7 v A ¥ 4 fik 22

WA R R

B R(1981—), B, 4, HHIF AR O e A s Ak 2R

B 5 AR RS



