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Development of a bipolar repetitive high voltage power supply

Feng Chuanjun, Wu Youcheng, He Yang, Dai Wenfeng, FulJiabin, Liu Hongwei
(Key Laboratory of Pulsed Power, Institute of Fluid Physics, CAEP, Mianyang 621900, China)

Abstract: In view of the demand for repetitive charging of compact high-power pulse drive source, the constant
current charging technology based on LC full bridge series resonant principle is studied, and the key parameters of the
power supply are designed according to the working mode of compact Marx pulse power source. A compact high-
voltage power supply with positive and negative bipolar charging is developed, charging the equivalent load
capacitance of 0.15 uF to +45 kV within 20 ms, and the average charging power is greater than 15.5 kW. The power
supply uses a single high-frequency high-voltage transformer to achieve positive and negative bipolar high voltage
synchronous output; the integrated insulation packaging design of transformer, rectifier circuit, isolation protection
circuit and voltage detection circuit is adopted, which not only reduces the volume of the device but also reduces the
risk of high-voltage insulation; through the design of isolation protection and electromagnetic shielding, the
interference and damage of the instantaneous high-voltage signal to the power control system during the discharge of
the Marx generator are effectively solved.
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Fig. 1 Circuit diagram of positive and negative charging Marx generator
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Fig. 2 Principle diagram of full bridge series resonant Inverters
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Fig.3 Structure diagram of power supply system
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Fig. 4 Structure diagram of transformer core and winding
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Fig. 6 Experimental waveform of power supply voltage and resonant current
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Pl 7 20 Hz/10 Jik frfiy 4 58 HL P P B TR L 0 55 36 e T

5 & i

AR SCEF X E A Marx Jbk i 20 3 8 0 XUB A 78 L oK, SR IS T4 LC H IR R S L B 9 XU M 55 s FE HL H
PR 8, XHUE UL HL A | AR AT IR S A AR R T R AR PR A DA DR R B AR T R T PR AN e, AR T —
£ RO 50 o R 7S LU AE ML . iR TR L B A BRI AR, FE A T 60 kg, STHEL T 20 ms X 4L
0.15 pF Jik v v 25 s 17 48000 0 S8 L R AR B 45 KV, P I3 K T 15.5 kW, JFS03IE 1 20 Hz B9 B AR TAERE ST . e
FL U B I T SR 3 A Marx Jik o Dy SR R k] o, A S FA L SR R AR SR SO B, I8 AT AR T R

2% 3k

(1] wiErp. SEHBKThSEART S M), FE%: BRFERMERAR AL, 2003. (Zeng Zhengzhong. Introduction to practical pulse power technology [M]. Xi’an:
Shaanxi Science and Technology Press, 2003 )

035001-6



AR 4 I SRR 1 HE AT A0 R 7S W R YR A )

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

LA, AT, B0, 45 R SR T R Marx Ik w3k S (] 3065 K0T, 2017, 29: 055003. (Wu Youcheng, He Yang, Dai Wenfeng, et al. High
power compact repetitive fast Marx pulsed power source[J]. High Power Laser and Particle Beams, 2017, 29: 055003)
XUSNAR, I REE, A240E, 5. SOEIRAG M m kol el 2528 78 i AL (3] B8 BOE S5 K72, 2019, 31: 040021. (Liu Jindong, He Dayong, Yang Xingwang, et al.
High voltage pulse capacitor charging power supply based on double resonant topology [J]. High Power Laser and Particle Beams, 2019, 31: 040021)
RN PEPGEIRFTH BRI (D], KiE: K#EH T K, 2014. (Zhu Xinmiao. The design of series resonant charging power supply[D]. Dalian: Dalian
University of Technology, 2014)
AR, TRSLAR, AMEZR, S SRIGRIREOT G B R FE R IR B S 3t U], BB R SE, 2008(3): 54-58. (Li Zhenchao, Zhang Lilin, Song Yaodong, et al.
Simulation and design of series resonant soft switching high voltage charging power supply [J]. Electronic and Electro-Optical Systems, 2008(3): 54-58)
WS ARAIE, Sk [, 2. R IR FE i JRAIFR D] S0 50T, 2015, 27: 095006. (Yang Shi, Ren Shuging, Lai Dingguo, et al. High power high
voltage constant current capacitor charging power supply [J]. High Power Laser and Particle Beams, 2015, 27: 095006 )
/NI, U, PMVESES, A%, 35kV/0. 7A R EASSIE I TR R LR (T, mHL EFIR, 2006, 32(5): 54-56,76. (Yang Xiaowei, Yan Ping, Sun Yaohong, et al. 35 kV/
0.7 A high voltage variable frequency constant current capacitor charging power supply [J]. High Voltage Engineering, 2006, 32(5): 54-56,76)
HHER, A8, 257K, 25, B3R SR ko 78 i B R 5 523 BFSE (1], SR I0E SR T- 9, 2018, 30: 065003. (Gan Yanging, Song Falun, Li Fei, et al.
Design and experimental research of high power repetitive pulse charging power supply [J]. High Power Laser and Particle Beams, 2018, 30: 065003)
ZRY, BB, ZRHEE, . IE SRR M I R R FS H RIS (0] 5RO SR AR, 2022, 34: 095016. (Li Bo, Zhao Juan, Li Hongtao, et al. Design of bipolarity
DC high voltage charging power supply [J]. High Power Laser and Particle Beams, 2022, 34: 095016)
whAE, AR, TRUUHT. Dkab o SEARIERS [M]. JLaT: WK AL, 2010. (Han Min, Zou Xiaobing, Zhang Guixin. Basis of pulse power technology [M].
Beijing: Tsinghua University Press, 2010)
T2, FhGE, BUITZ, 2. PkopDh 2Rl S HE AR M), JbaT: JERtiias ik K2 th ikt 2010. (Wang Ying, Buo Yuanzhang, Ruan Jiangjun, et al. Science
and technology on pulse power[M]. Beijing: Beihang University Press, 2010)
BRI, TR, A8 B, S, BT O T G HL IR SRy i RS (0], R R, 2005, 31(1): 20-22,37. (Zhong Heqing, Xu Zhixin, Zou Yunping, et al.
Research of the design method for the high voltage soft switching power supply [J]. High Voltage Engineering, 2005, 31(1): 20-22,37)
BEVIHE, MR, 14 H, 45 S0KV/4 AR H i HEAE i H IR (0], 5SRO 5RF3R, 2000, 12(1): 111-114. (Zeng Jiangtao, Sun Fengju, Xu Ri, et al. 50kV/4A high
voltage constant current supply [J]. High Power Laser and Particle Beams, 2000, 12(1): 111-114)
Vo, ki, FT AP BERE S AR TR AR G O 1 HE S G E (D] FR B R R, 2011, 14(11): 9-13. (Sha Zhanyou, Ma Hongtao. Derivation and
validation of formula to select the high-frequency transformer magnetic core based on AP method[J]. Power Supply Technologies and Applications, 2011,
14(11): 9-13)
It tr, FAIR, TR, 56, RIBGEIRTTH B IE T 2k it 0], S0E 5 RT3, 2004, 16(12): 1611-1614. (Su Jiancang, Wang Limin, Ding Yongzhong,
et al. Analysis and design of series resonant charging power supply [J]. High Power Laser and Particle Beams, 2004, 16(12): 1611-1614)

035001-7


https://doi.org/10.11884/HPLPB201729.170040
https://doi.org/10.11884/HPLPB201729.170040
https://doi.org/10.11884/HPLPB201931.180314
https://doi.org/10.11884/HPLPB201931.180314
https://doi.org/10.11884/HPLPB201527.095006
https://doi.org/10.11884/HPLPB201527.095006
https://doi.org/10.3969/j.issn.1003-6520.2006.05.016
https://doi.org/10.3969/j.issn.1003-6520.2006.05.016
https://doi.org/10.11884/HPLPB201830.170335
https://doi.org/10.11884/HPLPB201830.170335
https://doi.org/10.11884/HPLPB202234.210490
https://doi.org/10.11884/HPLPB202234.210490
https://doi.org/10.3969/j.issn.1003-6520.2005.01.008
https://doi.org/10.3969/j.issn.1003-6520.2005.01.008

	1 充电电源设计需求
	2 全桥串联谐振电路原理及工作特性分析
	3 正负双极性电源电路设计
	3.1 功率器件设计
	3.2 高频高压变压器设计
	3.3 谐振元件参数设计
	3.4 抗电磁干扰设计
	3.5 保护电路设计

	4 电源研制及实验结果
	4.1 电源单次充放电实验
	4.2 电源重频充电实验

	5 结　论
	参考文献

