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Experimental Study on Electro-impulse De-icing of Maglev Contact Rail

OUYANG Hong!, JIANG Xingliang?, TU Zhenhua', CHEN Yu?, YANG Fan!, HU Qin?

(1. Hunan Maglev Transportation Development Co., Ltd., Changsha 410041, China; 2. State Key Laboratory of Power Transmission

Equipment & System Security and New Technology, Chongqing University, Chongqing 400044, China)

Abstract: Icing on the contact rail of magnetic levitation line in Changsha city often occurs in winter, causing the line to
be out of service. So far, the technical measures and experiences for de-icing of the contact rail of magnetic levitation line
are lacking at home and abroad. By analyzing electro-impulse de-icing techniques and according to the characteristics of
the maglev contact rail, we put forward two electro-impulse de-icing schemes of the maglev contact rail. At the same time,
we developed a power supply device for electro-impulse de-icing and designed a plane impulse coil for de-icing of mag-
lev contact rail. The impact pendulum test shows that the measures, such as increasing the size of the coil, increasing the
impulse voltage, reducing the gap between the coil and the target, improving the electrical conductivity of the target, and
increasing the eddy current, can increase the impulse force effectively and improve the de-icing efficiency. Moreover, the
technical parameters of the deicing device were optimized. Then the simulation test of the artificial climate chamber was

carried out. The results show that the electro-impulse technology can remove 15 mm glaze ice in the target area of the

contact rail effectively.
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Fig.3 Current waveform generated by EIDI system
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Fig.6 Schematic diagram of embedded coil deicing scheme
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Fig.8 Schematic diagram of embedded coil deicing scheme

<
i
=)

D=132 mm

@
W
wn

D=110.m

e
[
=

o
N
N
¥
‘=]
£

@
)
=3

BAL PP E/(N-s-102TY

/ D=84 mm

iD=63 mm

=
—
N

=4
—
(=]

30 40 60 70

50
2 ) i %
KO 2Bl RS Ay o (R

Fig.9 Influence of coil size on unit impulse

400
200

0 20 40 60 80 100 120 140 160 180 200 220
L/pH

B 10 R (A i P IR AR 1

Fig.10 Change of current peak value with inductance value



RRBHUL, SR, WRIRME, 5. BRIFEAbL Bkl Brok il ia ot /e 1557

HWMEIRR, A5 KAWL, BRIKHEEIR KM
kit 77, A BEEE Rk i 2 Bl S A 2R P [T 3, R
FLEE B AR AR SN, X T RGP B U BR UK
AR Zde . s B T EE R B, 0
Pl ok i 2 B R 1L 1o

3) HAEHEMFM

TEHBKIPBRUK RV, R A R TF B A N A
KR BBRUKTT Z, R F 2 Bl = R kb B ok 7 =X,
MAALT E K 2R BBl P 75 e, RO e LA 3
FIFR RIS, RARMRE S RN BAER KRN

W=%CU2 (1)

K. CONHERAER, F; UNRHEHEE, Vi W
NIRRT

FH bk v 7 o i L 2 i e PR IR SR v, A
100 J 1 fik v 7 i HL 25 B fith B PRI 388 K T BRAEG, T s o
R UK 75 B ) BE B2 A U 78 DK B ) 388 o v 38K

B 11 bkt F IR 5 F S F e OC R I BB
11 %0, Jkef BRI 5 i R B2 OC R, 2k
FFRUKIE L, D A I, H A R R
152 AR 22 DR 25 A R 1), 451 G 76 U B I 3 KV IRFBR 9K
HARELE B BARSN, R ok I URRS, [F
RGBS . HRFIfE RE -

4) ] BB B 5

B UK 22 ] 5 B i 2 10 (19 1) BiR () A2 w45 61 1
(AR 2 B e AR e o R B/, {Eszbr b
MECMS A BIR /N, e Bl o 1T A 11, AT P h
TEUKFR A IE T HE (1), SRS 45 Pl RN 4 B 3 B
GG 7. B bk a4 R I 2 e 4
AL, A S ER A TR R R] B R K= AR Yk
LRI/, BRI AR Rk i R )N, n
Bl 12 Frose BRI Ab 2 B 0K 4 BBl B R Sl # A 2

HH TR A 0K, 25 K F 4 B Rk
T, RENGE KT 2 4h, IR RE T
A VK AR KIAIBR, vk 20 mm i, )RR KT
20 mm, FLkib 1B 85%.. XX Mk £ B AN h
HR BT R A R BRI (R, ASCHRH
KA C BUFEfbE ] 3R 1 -5 kv e Bl I 5 1) 7 =X

5) MEHR 2

ANFEAEH S B E WA —E X ], AR
FHL R0 L T AR AE — e 52 8] 13 b o 2R
FEE T e R g s ma R IR 2 R, L IR BR UK RE
FE 9192 J(U=800 V, C=600 pF), ZME4MEH 36 mm,

11 kol e AL (E 5 A LR A G R
Fig.11 Relationship between impulse current peak and

capacitor voltage

K12 ke SRR R
Fig.12 Relationship between gap and pulse force

B3 RPRE ke 7 52

Fig.13  Effect of materials on pulse force

A 40, 28BS HARPIRIEFRN 2.5 mm. B4R
TR B SR B 100%, ] 6061-T6 451 H
FEHH 43%, 5052 FRHEIFHEN 30%, FEAEME
kb e S SR EHRR SEMEENE
BRI AT A 25082 e e = R F 36



1558 i LR AR

2022, 48(4)

ST R ERIK IO BRE 2R R, A AL
WIPERBCK RS 1 258 F kP 2R e RS 2R Rl vl
PRS- TBCR R RS ANRE R (AR 2 AR VK
FAR ARG R SRR A 3R, nE I A 14 Fomii
RER BT FE A Bk BR UK 7 SR R AR S 5L

B, WIBARRUKA S, SRR vk
BUKIFERE . BRUKICRE;  HRAE BR VKON SR B P 5 (14 K
TR R R UK i A A B AR, s £
gt HAhasEmE. BRELgn. LENT.
2 fl Sz S bl 1 [ v O SR AL I
B HRIAI AT, BT IR ERIK RS RS
HF 78 BT KRR B K58 I BRVK R Gt
ATBRUK S, MBI LIRS R RAE s R
B DR . AR BARSHL, KT RRUK
wieja, HEIRET R, SIS EG &5
Jrgueito

3 FERRABNER RO RR KRS

SENIIEUK O NS B TRAEW. M. 5,
For S5 I A TR VKRG B F7 8K, R RN A7 VK A
MR 2s o WA SCHE N TS5 200 77 TR AR AR RN A
FEBCIAT T MM VKRS, HEBRUK SN TA
=K 1~2 he ZHEPrRMHE SO 12494—2017
(178 VKELR I, N AR = & R G 0 i 8i E
N—6 C~0 C, WHA 4~6 m/s, FUKKMFIE0]
X 6N 7.5~100 pm, {EiZBIKEAET, A1 3R,
B %50 K ) RIS A7 UK o Bk X P 9L g B PR 3 UL
2 10°C o 5053 B K F T 5 2 22 8 A 75 T B 2 4%
Bl (AP 6 FiTas). a6 i il s V5 B fp A B
800 V, J7 LA IE R 25 I, [ ALAME N 36 mm;
Befh Uk LR B A 45 M, HERAMEN 80 mm,
AL EAE NN 0.7 mm,

T I HE VR R ST 3 S0 A5 7 UK ) A R R
B, BEaHERER LR EKEE N 0.84
g/em?, AL P UK A FE N 0.81 g/em?, i
A SCHIRIG B UK AT o

TEFE 3 Bk IR R, AR AR BT 32 ik 0
2141950 N, BT 200 mm=200 mm 77 JEES i e
HAEN 35 mm ILZRREITE <1/30 s ARR IR 20
mm (R IREVK(LE 15), BB RO S,
FROKTH AR 2493 B Bk 26 el B 5 AR ) 40 £, B
VAT ok s AN bR AR, [ 4k B ) R K T AR
15100 5 UL b BRIk, H KR BR UK I DG AR Bk

VK B ARG B B K v AR

HE 16 Bfims B bR okl gl Kala: 7E ik
PHRAE 800 A, PUEE{E IS [A] 143 ps AOAKMTHLUL T,
%i 100 mm. K 300 mm FAEFLRTHT 15 mm AL
B UKIEE — Bk ] e A B, R AR 2
Jik i S 208 3 200 No FH T HeAmEIR I, BN 7~

A 1 B K X 5

T2 BR UK fig B
AR UK ik I
1'7

EESETET

[ #itmmsn |

[ tzmssn |

SEALEIDLY R it
Bl 14 KT BRIK T R iR E
Fig.14 Flow chart of EIDI scheme design

(@) r=0s (b) =1/30's

(c)=2/30 s

(d)£=3/30's (e) =4/30's H=ls

KIS b ke R vkt

Fig.15 EIDI experiment of aluminum plate

ke

(@) r=0s (b) =1/30 s (¢)=7/30's
d)=11/3s (e)=17/30's He=1s

16 Fefib B e ik b R vk k5
Fig.16 EIDI test of contact rail



RRBHUL, SR, WRIRME, 5. BRIFEAbL Bkl Brok il ia ot /e

1559

A KR 77 51 AR A PR T S AL 52 2R, Bk
AR N AE, BRUKKEZ R 300 mm, AL
W B LR REFR UK R VKT AR DON B SR 6 1.

XA AT 9B AL, AE KIS Bkt T A
MR, B2 o Rh N /17 1.74 MPa, /NS
RE M F N IURL5EE 235 MPa, HRHE SCHR[20]
S A OKAEN],  ASCRR DKL 8 Hh 32 255 FR R oK v
RE I 21 ) fie KN AN UK -5 F2 Pl 2 8] B3 1) 1
71, BB Ay o AR OKIX IS, 36 2 () B AT K
LI, SR NERIER /14) 0.4 MPa,
BV 2 BRUKEE K

21 @

s o FERVKIN fe R A N 7 (7T BL d R A2
2 77), MPa; ou RS B UKIE LN 7T, MPa.

BARANRIE AL, ALk 58 FE AN B bk i g
(BT B A b A R UK TS RN RRCR - EORe ik ik
Wl 2o AR R L 2 e 2 18], JERES 83l T
SEHLFZ o i ik b A B A R UK

4 g

WEFE AP BRI 2 2B B8, E A Ah H TR
AR KB TR BROKRL UK I 2256 . A SCHF LRI -

1) SRR i A5 K A A B 5 30, AR
T2 R ER UK % SRR AREERRUKTT R, B
PR L K R DKCRE BRI A A5 3
ity PR A RVOT R, HIFE C IR HAb AR
TS 2 A ik ik £ e

2) AICAATGE Tk £ e, 38
I, kA B A 2 B RT3 KR, ]
I o 9 B K 1)

3) @RI R AR
NERPE S HARIREE L B H AR A, W]
A7 R kb VAL, B R R KT B AT BR UK RAR

4) I N A = e R B iR 45 R R
1, LA e AR FL DK B R o AR AR 2 A L AT
ARV, UEBT UK R K2 — M) T R
BRUKTs %, MRt e N T ARSI 5, B
A RUFHIIT R AL 5

Z£2 3k References

[1] MR, sk&zh, &1 2, & HREREMKERENRESE
F(1). EHRERAR, 2018, 44(2): 463-469.

(2]

(31

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

(12]

(13]

JIANG Xingliang, ZHANG Zhijin, HU Qin, et al. Thinkings on the re-
strike of ice and snow disaster to the power grid[J]. High Voltage
Engineering, 2018, 44(2): 463-469.

W B, K R TR i R R UK T BT L[] R
A, 2006, 32(4): 25-27.

SHAN Xia, SHU Naiqiu. Discussion on methods of de-icing for over-
head transmission lines[J]. High Voltage Engineering, 2006, 32(4):
25-27.

AR, B R, WOF, S KUK R InEE R Rk
HUH O HOT AP E AL LA A4, 2018, 38(24): 7149-7155.
SHU Lichun, YANG Chen, HU Qin, et al. The numerical study of
electrothermal de-icing cycle controlled method for wind turbine
blades[J]. Proceedings of the CSEE, 2018, 38(24): 7149-7155.
WK, B, e, 5. FT AR Bk IR ™ i Al
[0]. mEERAR, 2020, 46(4): 1450-1457.

HUA Shenbing, FENG Shuanglei, JIN Shuanglong, et al. Evaluation
of transmission line icing prediction products based on fraction skill
score[J]. High Voltage Engineering, 2020, 46(4): 1450-1457.

k. BRI BEE R R K U7 BT FE[D]. JAT: P RIS
2%, 2017.

WANG Yongliang. The simulation of microwave deicing in electrified
railway tunnels[D]. Chengdu, China: Southwest Jiaotong University,
2017.

NR, 5 W B EEEKRBR M. Jbat: P E R
i, 2002.

JIANG Xingliang, YI Hui. Icing and protection of transmission
line[M]. Beijing, China: China Electric Power Press, 2001.

MRz, A S LIRS B KLEEHT (D). B R R,
2001.

LIU Heyun. Icing and deicing mechanism of overhead transmission
line[D]. Wuhan, China: Huazhong University of Science and Tech-
nology, 2001.

% RIKBRIK ARG HTAL[D]. B MR SRR,
2009.

DU Qian. Design and research on electro-impulse de-icing system[D].
Nanjing, China: Nanjing Aeronautics and Astronautics University,
2009.

e, B, BT, 4 2010 LR ERESUBRT LR, =
HERAR, 2019, 45(4): 1171-1181.

XIONG Qi, TANG Hongtao, WANG Muxue, et al. Research progress
of electromagnetic forming technique since 2011[J]. High Voltage En-
gineering, 2019, 45(4): 1171-1181.

TR, A, BROFE A BT R BB BRI R Rk
i 2 % B W ) S S AR WE AL, R R, 2020, 46(8):
2941-2950.

LI Chengxiang, DU Jian, CHEN Dan, et al. Development and experi-
mental study of cable joint pressure connecting device based on the
electromagnetic pulse forming technology[J]. High Voltage Engineer-
ing, 2020, 46(8): 2941-2950.

ZEYE. B ERIK RGN A HAR ST AL D], MR R A
MR KRS, 2012.

LI Qingying. Research on the experiments, theories, and design of the
electro-impulse de-icing system[D]. Nanjing, China: Nanjing Aero-
nautics and Astronautics University, 2012.

ZUMWALT G W. Icing tunnel tests of electro-impulse de-icing of an
engine inlet and high-speed wings[J]. AIAA Journal, 1985.
NELEPOVITZ D, ROSENTHAL H, ROCKHOLT H. Test and analy-
sis of electro-impulse de-icing systems in turbine engine inlets[C]//
26th Aerospace Sciences Meeting. Reno, NV, USA: AIAA, 2013:



1560 e B R 2022, 48(4)
11-14. [22] foy ¥, B, BB, WUBDAAE T A E A BR UK HOAR R H
[14] EGBERT R I, SCHRAG R L, BERNHART W D, et al. An investiga- BEFE[I]. HhE AL TS24k, 2014, 34(18): 2997-3003.
tion of power line de-icing by electro-impulse methods[J]. IEEE HE Qing, LU Xifeng, ZHAO Xiaotong. Research on application of
Transactions on Power Delivery, 1989, 3(4): 1855-1861. de-icing technology on high voltage transmission line under the condi-
[15] Innovative Dynamics Inc. Electro-magnetic expulsion de-icing system: tion of incentive[J]. Proceedings of the CSEE, 2014, 34(18):
US6102333A[P]. 2000-08-15. 2997-3003.
[16] B, sRoER. I RIKRESEIN SR D). e [23] ISO. Atmospheric icing of structures: ISO 12494—2017[S]. Geneva,
KRR, 1993, 25(2): 211-218. Switzerland: 1SO, 2017.
QIU Xiegang, GUO Xianmin. Parameter selection of electro-impulse
de-icing systems[J]. Journal of Nanjing Aeronautical Institute, 1993, ERBAKT
25(2): 211-218. 1973—, B, EgAim
(171 R/, ¥ 32, sk, 55 TWHLAERKSFER UK RGEREIES 5 5 WHFET7 oL R4 i8 s 5464
[J]. RGTHE A, 2010, 22(4): 1064-1066, 1078. E-mail: 228827617@qq.com
WU Xiaohua, YANG Di, ZHANG Xiaobin, et al. Modeling and simu-
lation of aircraft electro-impulse de-icing system[J]. Journal of System
Simulation, 2010, 22(4): 1064-1066, 1078.
[18] ENDRES M, SOMMERWERK H, MENDING C, et al. Experimental OUYANG Hong
study of two electro-mechanical de-icing systems applied on a wing BB GEEES)
section tested in an icing wind tunnel[J]. CEAS Aeronautical Journal, 1961—, B, i+, #f2, me
2017, 8(3): 429-439. FE N AR A O CE R T
[19] ZHANG Z Q, SHEN X B, LIN G P, et al. Dynamic response analysis E-mail: xljiang@cqu.edu.cn
of the multi-excitation structure of electro-impulse deicing system[C]
//2016 1EEE International Conference on Aircraft Utility Systems
(AUS). Beijing, China: IEEE, 2016: 955-960.
[20] JIANG X L, WANG Y Y. Studies on the electro-impulse de-icing JIANG Xingliang
system of aircraft[J]. Aerospace, 2019, 6(6): 67. Ph.D., Professor
[21] WANG Y Y, JIANG X L. Design research and experimental verifica-

tion of the electro-impulse de-icing system for wind turbine blades in
the Xuefeng Mountain natural icing station[J]. IEEE Access, 2020, 8:
28915-28924.

Corresponding author

WhiH# 2021-01-13 ERIEE 2021-06-28 i DZEH



