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The basic operation principle for the high-voltage power supply is introduced at first, and the equivalent circuit of
the voltage doubling rectifier is deduced. Then, the relationship between the selection of resonant component
parameters and the realization of low-ripple is discussed, and it is pointed out that the primary-side peak current of o R

transformer and the parameter of resonant inductance are the important factors that determine the circuit
performance. Finally, the analytic expressions for realizing the low-ripple of output voltage are deduced, and a
design method for the high-voltage low-ripple power supply which has appropriate components is formulated, and
simulation and experimental results were also given. The proposed design method can accurately reflect the circuit

characteristics of the high-voltage power supply.

X i
SRR/ EEER  (EsE /B SR

Key words

high-voltage power supply / voltage doubling rectifier / low-ripple / circuit characteristics / resonant

component

3IEFX

2R, AOEE, ITEE. -70 KVEERSUEERIFRISRFES . SRR 2023, 21(2): 186-193
https://doi.org/10.13234/).is5n.2095-2805.2023.2.186

GUO Xiang, ZHANG Zhiguo, WANG Zhiyong. Analysis of Circuit Characteristics of -70 kV High-voltage Low-ripple
Power Supply. journal of Power Supply. 2023, 21(2): 186-193 https://doi.org/10.13234/].issn.2095-2805.2023 .2 186

< | TR |

SEXB

(1] eSSt R REE & —FREEREEAEEESE]] &R c5s 7+, 2018, 30(9): 1-8.

Yang Xiaoguang, Shi Ranran, Gao Sijia, et al. A resonance boosting and voltage double circuit for high voltage power
supply[]1. High Power Laser and Particle Beams, 2018, 30(9): 1-8 (in Chinese).

[2] ¥IZE, O, KiEE = BEEs/ NEREENEEEREaa EHEERTmEE])]. 8 TEASHE, 2009, 24(11): 83-88.
Liu Jun, Shi Jianjiang, Zhang Zhongchao, et al. Minimum peak current for high voltage high frequency parallel
resonant converter with capacitive output filter[J]. Transactions of China Electrotechnical Society, 2009, 24(11): 83-88
(in Chinese).

[3] Liu Jun, Sheng Licheng, 5hi Jianjiang, et al. LCC resonant converter operating under discontinuous resonant
current mode in high voltage, high power and high frequency applications[C]// 2009 Twenty-Fourth Annual IEEE
Applied Power Electronics Conference and Exposition. Washington DC, USA, 2009: 1482-1486.

[4] Evk, FEE, [FR. SEATIERSLCOERSEeSEN ST S]] e THEASHE, 2009, 24(5): 60-66.

Xia Bing, Ruan Xinbo, Chen Wu.Analysis and design of LCC resonant converter for high voltage and high power
applications[]]. Transactions of China Electrotechnical Society, 2009, 24(5): 60-66 (in Chinese). @'
[5] #0F#05E, =250, Sb=F = FEEgEREREERZaEERFERI=m])]. REELLF=FESE, 2005, 25(10): 40-44.
Zhong Heqging, Xu Zhixin, Zou Yunping, et al Effects of parasitical capacitors on charging characteristic of series
resonant CCP5[]]. Proceedings of the CSEE, 2005, 25(10): 40-44 (in Chinese).

[6] BER, 558, ki = BEOIERILDEDEERS 4= FREE DT FEEVLLEZESSE, 2007, 27(21):
38-42.

Tang Xiongmin, Meng Zhigiang, Peng Yongjin, et al A fundamental wave method of dielectric-barrier discharge type
ozonier powered by serial load resonant inverter[]]. Proceedings of the CSEE, 2007, 27(21): 38-42 (in Chinese).

[7]1 Forsyth A |, Ward G A, Mollov S V.Extended fundamental frequency analysis of the LCC Resonant converter[]].
IEEE Transactions on Power Electronics, 2003, 18(6): 1286-1291.

[8] Diaz ], Saiz P |V, Martin-Ramos | A, el al. A high-voltage AC/DC resonant converter based on PRC with single
capacitor as an output filter[]]. |IEEE Transactions on Indus-trial Applications, 2010, 46(6): 2134-2142.

(5] 255, SEFE, [FRiE EESHESHNEESREFERSEET)]. e 08sh{tiEE, 2009, 29(9): 26-31.

Wu Weilin, Zou Jiayaong, Chen Yongyan.Design of resonance parameters for high-voltage DC power supply
considering distributed capacitance[]]. Electric Power Automation Equipment, 2009, 29(9): 26-31 (in Chinese).

[10] BF= 5L 5 FESsmES e EREE MRS R 2SR BB T BEEFE, 2006, 25(4):
67-75.

Zhao Zhiying, Qin Haihong, Gong Chunying.influences and suppression method of transformer winding capacitance
in high-frequency high-voltage flyback converter([]]. Advanced Technology of Electrical Engineering and Energy, 2006,
25(4): 67-75 (in Chinese).

(1] BFE BE5E 258 SHZEEoTEENSmEZ S]] PESEVLLIESE, 2008, 28(9): 55-60.

Zhao Zhiying, Gong Chunying, Qin Haihong Effect factors on stray capacitances in high frequency transformer[]].
Proceedings of the CSEE, 2008, 28(9): 55-60 (in Chinese).

(121 HEEE, JAE, FE, £ 150 kWEEEERIREEERERGE]]. ALFEAZ=MFAEFEFE, 2014, 40(7): 1001-1005.
Du Huicong, Liu Fangjun, Zhang Wei, et al Simulation of voltage doubling rectifying circuitin 150 kV high-voltage
inverter power suppl y[J1. Journal of Beijing University of Aeronautics and Astronauties, 2014, 40(7): 1001-1005 (in
Chinese).

[13] BRI, S8 SRS eEESEEREEN T EVES]]. SEEREA, 2005, 31(10): 64-66.

Qu Zhengjing, Ma Wenjuan Working-state analysis of the multiple-voltage rectifying circuit in high voltage
electrostatic equipment[]]. High Voltage Engineering, 2005, 31(10): 64-66 (in Chinese).

[14] 3558, FTEE BFS ETEasslTrrsEERe iR mss)]. =2iF=E 2013, 1(1): 55-65.

Zhang Jinwei, Li Jianbing, Zhou Dongfang A two-stage converter with symmetrical voltage-multiplying rectifier output
based on frequency-fixed control[]]. Journal of Power Supply, 2013, 1(1): 59-65 (in Chinese).

[15] M35, Biakis, £ 5, & BEEREEEEFESEEINM=T]]. =F L5518, 2009, 30(5): 551-555.

Lin Zhigi, Lang Yonghui, Wang Yan, et al.Optimized design of voltage doubling rectifiers[]]. Journal of Changchun
University of Technology, 2009, 30(5): 551-555 (in Chinese).

) BBAMZE120104020009795  EICPE110017565-5
AR © {BIF5ER) Sigah

it : FEmhes A XKEE4A67S0E A E16E  Bf4s: 300110
FEE: 022-27686327 f£H: 022-27687886 E-mail: jops@cpss.org.cn
EAEE AlEEEEre R AR E




