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Multi-factor influence analysis on temperature rise of tulip contacts in

handcart circuit breakers

Deng Honglei, Chen Yu, Han Feiyang, Gao Ziheng
(Guangdong Key Laboratory of Clean Energy Technology, South China University of Technology, Guangzhou 510640, China)

Abstract: Tulip contacts are widely used in power systems due to their high reliability. However, with the increase of
operation years and the cyclic variation of boundary loads, their contact parts are prone to degradation, leading to
overheating faults. Temperature rise, as a key parameter characterizing the evolution of thermal faults, is commonly
used to monitor the contact state of switchgear. The GC5-630 tulip contact is taken as the research object. A three-
dimensional electro-thermal-mechanical multiphysics coupling model is established based on the finite element analysis
method to analyze the influence laws of different factors on the temperature rise of the contact parts, and a total of 180
sets of relationship data between contact temperature rise and multiple factors are obtained. Based on the simulation
data, an empirical formula for predicting the contact temperature rise is fitted, and the effectiveness of the formula is
verified through experiments. The research results indicate that the temperature rise has a power function relationship
with current, roughness, and contact pressure, and the exponents are 1.97, 0.315, and —0.46, respectively; when the
docking angle is 2°, contact failure occurs in the contact, and the temperature rise of contact fingers increases
significantly under poor contact conditions. This research provides a theoretical basis for the condition monitoring and
fault early warning of tulip contacts.
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Figure 1 Overall structure of switchgear
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Figure 2 Contact spots
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Figure 3 Initial contact model
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Figure 4 Equivalent contact model of single asperity
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Figure 5 Equivalent contact model of asperity
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Table 1 Magnitude of contact pressure under different

wire diameters
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Figure 6 Equivalent model of contact offset
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Figure 7 Schematic diagram of tulip contact structure
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Figure 8 Equivalent contact model of tulip contact
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Figure 9 Flowchart of coupled calculation
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Figure 10 Variation curve of temperature rise under

different currents
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Figure 11 Variation curve of temperature rise under

different pressures
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Figure 12 Variation curve of temperature rise under

different roughness levels
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Figure 18 Experimental test data and numerical simulation

results of temperature rise characteristics of tulip contact

H1 P I8 TR, 4 B4 0 5 S 0 M a2 B R4
(i — SvE AL, B R ORI T 25 A 1 K
LN o IS5 SR IE T A SCHT A 7 47 EORE AL A 2 4
B HAT A B TS 45 2R AR 68 A S e S PR T
OU, R IIESE T i SR AU BRI A R o

B X il Sk A7 AE 15710 I B8 B9 R BR O, BF
TR o3 A 3R B M 0 AR 8 2 I R B A% N TR T
Bt IR BRI R E E G A o R T
2 B IRk ] 9 728 AR A ] 19 J o



B A1 EH 3

BT, 2 - T A% o i e A A i Sk 3L T ) 22 DR 3R o 4 H7 341

L TH 22 {H /K
(=}

10 2‘0 3‘0 40 50 60
IR 5] /min
B 19 GBI E KA 09 AL
Figure 19 Variation of temperature rise range with time

H1 P19 AT, A AR Mk Sk K A D #1100 25 AF
T R RO T 25 2O B R AR M
fiE, B AR R B N e K5 /N By . TSR
B Bt (2 << 30 min) , % fill 1 5] 64 I TH B 22 52 A8 3
LA 5 )R] 258 30 min DA BB, &R 405 0 EA
PP Hr RS k3 ) IR T B 25 BE 2 TS, e
T € T 3.5 KRR Ko L i & vh B ic =% iy i
KA TR 22 (B 9 K

B Z R B Y X a ik F
L5 S 45 55 fk Sk 1 F) 42 fgke JTs g 20 A5 AN 2, 0 2 fh
T8 8 B VAL R BT 3 S Al R LAY kAR R R
P A R By BT A A R T A 2 T S v ) S
YK Bl E I ] A, 5 R R TE A Y
FAAL A AR Aol 28 49 D 0 A o ORI 0 A, o B 250
78 5 e i i ol T 25 L AP e . T el T A
RGBT R EEASEET A BT
T e, I HEFF 7R AR X ]

4 4iE

A SCX AL il Sk E AT T Z W B B R T
H L MR JBE 90 5K T M S X 4 AR B R HL IR
Fri sz A5 DL T 4598 .

1) ¥ T 55 4 i s it 118 45 0 R 3 T REL RS B 325
FEBUNT 0.5 1Y sRECILAE | T 5 R A D0 308 908 - 4 504 %
T 2 PR s XoF L =3 e S W F S T T Y 5
) o 9 A AR R T RELRE B R R

2) K 45 A B 00 B R 25 3 BN AE fik Sk R R 25
1B PR AL ST W 8T AR K o SR, e KR )
PRI 4 fi DR 2 000 S0 A T S R . 2 6 4 AR R SR B
1.65°/F, fie RIETHE # i 40 K, 2 WX % /0 B 2 2
M) A A4 i Sk PR B AR B PR — S OCBREI ER

5% 30 -
(1] PN, BRI, T, 45 . o R T S AU A i Sk 42 f i e

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

TR THRRERT ST I]. m R AR, 2023, 59(5): 130-138.
Sun Tao, Zhao Lihua, Long Chen, et al. Study on
temperature rise characteristics of contact failure of tulip
contacts of medium-voltage switchgear[J]. High Voltage
Apparatus, 2023, 59(5): 130-138.

Holm R. Electric contacts: theory and application[M].
4th ed. New York: Springer-Verlag, 1967: 92-95.
Greenwood J A, Williamson J B P. Contact of nominally
flat surfaces[J]. Proceedings of the Royal Society of
London Series A Mathematical and Physical Sciences,
1966, 295(1442): 300-319.

Mandelbrot B B. The fractal geometry of nature[M]. San
Francisco: W H Freeman and Co, 1982: 15-16.

B, A H MRS 3 4 il o T A R Y R 5 R R (D).
224 4R, 1996, 16(4): 375-384.

He Lin, Zhu Jun. Fractal model for contact of rough
surfaces[J]. Tribology, 1996, 16(4): 375-384.

B, AR By, 0, A OHDRE 3R T A5 B Y F 9
JRE[T]. 9 ¥ 5 £, 2009, 34(7): 112-117.

Wei Long, Gu Bogqin, Feng Fei, et al. Progress of study
on contact models of rough surfaces[J]. Lubrication
Engineering, 2009, 34(7): 112-117.

JEE, B PR, TR, AR T Ak 4y T 4 fioh F BEL AR R
1Y R R 2 T 22 W B3 R S 0 AT D). 0 TR R 2 i
2015, 30(14): 226-232.

Zhou Li, Lu Tiecheng, Zhang Bo, et al. Multi-physics
coupling analysis of rough surfaces using 3D fractal model
[J]. Transactions of China Electrotechnical Society, 2015,
30(14): 226-232.

HEH . 3 THLRE B2 R (o) % 5 24 5 450 1 AE Y 52 i BT 52
[J]. PAPL S T4, 2018(22): 82-84.

Cai Yan. Study on the influence of surface roughness rmr
(c) on wear performance of parts[J]. Internal Combustion
Engine & Parts, 2018(22): 82-84.

FEROR, A5 MRS X P A2 S LR RE I SZ U], R
i 5 R5 i, 2018, 40(12): 16-18.

Jiao Chengdong, Li Bin. Influence of roughness on the
conductivity of silver coating[J]. Plating & Finishing,
2018, 40(12): 16-18.

FEIRIR, 20, DGR ARG 4 Bb) 3R M0 HIAS B2 X B2
SRR D). BB 5 IR, 2018, 37(23): 1090-1093.
Jiao Chengdong, Li Bin, Tian Xingqiang. Effect of
surface roughness of aluminum alloy substrate on
conductivity of silver coating electroplated thereon[J].
Electroplating & Finishing, 2018, 37(23): 1090-1093.
PINDLE, R I, T R . RS 2 T 42 il g 2 )R
FAHrI]. 715 2# 4], 2018, 50(1): 68-77.

Sun Jianjun, Ji Zhengbo, Ma Chenbo. Reanalysis of the
contact mechanics for rough surfaces[J]. Chinese Journal
of Theoretical and Applied Mechanics, 2018, 50(1): 68-77.
XKD, A BT 4 5 = A fih Sk A28 1m0 42 foh JE g 7 55
DT[] HER S REACE B H R, 2020(12): 51-54+73.

Liu Yongqing, Wang Caixia. Analysis and calculation of



342 v B 2 5 kR 2 2026 4F 5
spring band' s radial deformation and radial force[J]. [22] A, o 3E, k92 T 7R W I R AL fl Sk A &
Low Voltage Apparatus, 2020(12): 51-54+73. U 53R [I]. B HR, 2021, 50(3): 182-183.

[13] Aez% . AR 2% 4 T i35 07 g a7 AF 5 [D]. R Ma Jianpeng, Sang Jiaqi, Zhang Guoliang. Causes and
REHEK 2, 2021: 18-19. countermeasures of heating at plum blossom contact of
Nong Xin. Study on stress relaxation of springs under handcart circuit breaker[J]. Electronic Technology, 2021,
different temperature conditions[D]. Tianjin: Tianjin 50(3): 182-183.

University, 2021: 18-19. [23] B, JEIE, A7, 5 . ROEEAH G B 40 HURES 2% a5 0 P

[14] e, MR A, SRETIL, 45 . 10125 4 PS8 70 W7 1 25 0 46 finh fiih 1 ZEASERI[T]. PEAL Tolk 242412, 2016, 34(3): 485-492.
Sk R R IR I B SR [T]. LA, 2017, 53(10): 24-28. Cheng Yu, Yuan Yuan, Gan Li, et al. The elastic-plastic
Xiong Lei, Chen Tianxiang, Zhang Zhecheng, et al. contact mechanics model related scale of rough surface
Experiment research for application of memory alloy [J]. Journal of Northwestern Polytechnical University,
spring on circuit breaker clubs contactor[J]. High 2016, 34(3): 485-492.

Voltage Apparatus, 2017, 53(10): 24-28. [24] XiR%, A8, HEE, 55 . 45 A i 2 fl A5 75 i 5% 0F J2 (7).

[15] 5K, sk, WEmeks, 45 . 5T HE AR A AL fih 3k 15 52 HLE P, 2025, 42(4): 1-9.

BUEAT BT[], B L EE AR, 2020, 14(11): 74-80. Luo Zhijun, Wu Kai, Tian Gui, et al. Review of research
Zhang Shuang, Zhang Lu, Pan Xiaomin, et al. Thermal on contact model of joint surface[J]. Journal of Machine
field simulation and analysis of tulip contact based on Design, 2025, 42(4): 1-9.

virtual material method[J]. Southern Power System [251 PF5Rili, S AE, B = MG . 2T ANSYS ) = 4 dE £k 1k
Technology, 2020, 14(11): 74-80. R T BT T Ml )7 I A AT D], W VLSS HR B R

[16] ZEVTH, PN SC, AR5 R ML IR TT G AR A AL il Sk PR 3T BRI, 2024, 25(3): 8-12.
fAEERTSE[)]. L2, 2020, 56(11): 124-129+138. Xu Guiman, Han Haiya, Wei Yunpeng. Analysis of three-
Li Jiangtao, Sun Yi, Li Qingyu. Research on thermal dimensional nonlinear finite element contact simulation
defect assessment algorithms for tulip contacts of high of spiral springs based on ANSYS[J]. Journal of Zhejiang
current switchgear[J]. High Voltage Apparatus, 2020, 56 Institute of Communications, 2024, 25(3): 8-12.

(11): 124-129+138. [26] AU, AESE, T, 5 250 R 2T HF AT AR AL i

[17] WA 20, bRk, 4 T A7 BRI /Y R & T ¢ S 9 L B RE MBI (J]. 5 TR L AR, 2022, 58(10): 67-74.
P GE M B BT[], AR AR, 2011(1): 9-12. Qi Haiyang, Zhu Zhihao, Wang Haiyan, et al. Electrical
Liang Huimin, Li Bo, You Jiaxin, et al. Thermal stability contact performance analysis on tulip contact of
simulation analysis of disconnect switch based on finite switchgear cabinet under multiple influence factors[J].
element method[J]. Low Voltage Apparatus, 2011(1): 9-12. High Voltage Apparatus, 2022, 58(10): 67-74.

(18] Tt 4w o BT o R DG AL A Sk PRSI 43 A K T B o 4 [27] R SE. GIL % £ fith 3k H H2 ful AR T4 2 BF 58 [D]. 15
WP AR [T, T TR HL A%, 2012, 48(8): 114-117+122. M E L R A, 2022,

Ding Jian. Heating mechanism analysis on metal- Zhu Siyao. Study of electrical contact and temperature
enclosed high voltage switchgear contact with measures rise characteristics for GIL connection contact[D]. Xuzhou:
to prevent overheating[J]. High Voltage Apparatus, 2012, China University of Mining and Technology, 2022.

48(8): 114-117+122. [28] 2=k, WAL, A F Uk, 55 . 4 Jm B o T AR T Al Skl

[19] @26k, FMS, X0 M8, 45 . 5 7 T 8 /Y h R T ¢ BEG T AT R SIS IEFE[T]. i FRHLAR, 2015, 51(8): 74-79.
FE IR FH 45 R (7], &0 #2020, 56(10): 93-97. Li Jing, Man Jiajian, Zhou Dianbo, et al. Simulation analysis
Wu Xingtan, Zhou Peng, Liu Shaopeng, et al. Discussion and experimental research on temperature distribution of
on temperature rise control of medium-voltage metal-enclosed high voltage switchgear handcart contactor
switchgear based on temperature rise test[J]. High [J]. High Voltage Apparatus, 2015, 51(8): 74-79.

Voltage Apparatus, 2020, 56(10): 93-97. [29] FEFB AR, &R, 55 . & T A 5 fil & Bl B

[20] Z=3E, B0, JFLL, 55 . GIS P fi 3k b 4 0 JC 2R I 1 3R BT R[], B R ALER, 2013, 49(12): 42-48.
GEAFI[T]. = HE HL A, 2024, 60(5): 31-38+45. Wang Bingzheng, Jiang Jianwu, Zhao Ling, et al.
Li Shuang, Lu Xuchen, Tang Hong, et al. Development Temperature field simulation of contact heating in high
of wireless sensing system on the contacts overheating in voltage switchgear[J]. High Voltage Apparatus, 2013,
GIS[J]. High Voltage Apparatus, 2024, 60(5): 31-38+45. 49(12): 42-48.

[21] W, B, Fhi G, 5 . SF M a5 il sk 25tk ik 2 5 [30] EENIT, MR . W0 3K T 42 fih Sk 2o Rk i s AL 20 43

I¥R) 0 ol 2 R P AF 5 (0], R TR L AR, 2024, 60(4): 113-122.
Ma Feiyue, Li Wei, Sun Shangpeng, et al. Study on
closing pre-breakdown characteristics of SF, circuit
breaker during contacts deterioration[J]. High Voltage
Apparatus, 2024, 60(4): 113-122.

B K 5 11 #5 it [J]. 5 FE FL %%, 2019, 55(1): 237-242.
Chen

mechanism analysis on circuit breaker handcart contact

Huang Mengzhe, Li'an. Overheating fault
with measure to prevent[J]. High Voltage Apparatus,

2019, 55(1): 237-242



