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Fig. 2 Original resonant tank, orthogonal resonant tank and rectifier stage
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Fig.3 D-Q equivalent circuit

B3 DQ¥mEH

RBEERFHERE TR RAFHRE =" /8 HEBRFZERE B FR BB R Z 8, WEHR
PR BB — 2B AL M B 4 () M 4(b) BTN »den »ine 0 HIA Dy Q B4 B0 BR B BE s BB I, En» Eo 0 5104 D, Q
AR P BB B A R, A1 5 20 e A% B SE B R SR R

Vo.=%~/E%+E6 (5)

1.2 fEEHBWAIRE
MR REREHE,JE D-QFHBBEHRETRFTROT

dip _ Vs _ Vo dig _ . Vo

% +w 1q — L' & wip L (6>
dVon ZD lFD dVoq _ i_Q — \ — iF_Q
—_dt + wVOQ C y dr C. @V op C. (N

063027-2



W% BHFBRERERSHE LCRERSHEMRL

dimy Voo _Ep  dira_Voa _Eo ®
dt kL{ kL( dt ka ka
dEy _kim_ Ep  dEq_kira_ Fa ©
dz C( C[R ’ dz C( C(R
M JWY\_@__JYWL,
kL, 7 L KL |
vy

i A
i
, L v
i Clor °°‘—r- ol

(b) Q axis equivalent circuit

(a) D axis equivalent circuit

Fig. 4 D-Q model for single-phase converter
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Table 1 Filter parameters corresponding to different cut-off angular frequency and dynamic parameters of output voltage waveform

cut-off angular frequency L, ' G rising time overshoot  setting time ripple
/(krad » s™1) /uF /pH /pus /% /s /%
40 v 250 2. 50 54. 8 13. 60 369.0 0.98

50 200 2.00 48.5 11.03 295.0 1.00

60 167 « 1.67 44,1 8.72 223.0 1. 50

70 143 1.43 40.7 6.09 169.0 1. 90

80 , 125 1.25 © 384 3.49 149.0 2.50

90 111 1.11 - 36.5 2.15 109.0 3.50

100 100 1. 00 "35.2 1.54 85,5 3.90

110 ‘ 91 L0.91 - 34.2 0.98 80. 0 4.90

120 83 0.83 33.3 0.37 77.0 5.90

130 “ 77 0.77 33.2 0.39 73.0 6. 90
0.71 33.4 0. 43 69. 5 7.40

140 71

063027-4



o OB%E. BAFBRIKRTHREE S LCBESSEML

3 5 #®

ASCRA D-Q RAF BT, W RAFRIFRE RS H LCRESSHERIAME. BEAELIHER
BUIEAZ LB, 3% T BAH I BRIB R B AR 9 D-Q SRR B, SFUER T HL AT LAE R 2 10 R I 30 4% v B R U5 Al
FBTRMEH D-Q FR Bt th LC 2HGHTRA B, X8 T4 i bkob LA B E D T 50 ps 3 /b T
5% BB/ T SHMBUBIE IR, WIE T &R 7 4

SEXH:

[1] %TPP FXTHBUODBESESHIM] Jb3. PEG R, 2006, (Zhang Weiping. The modeling and control of switching converter,
Beijing: China Electric Power Press,2006)

(2] #Ee, AR, TAE, ¥ PRERZXBRESFTERITI] BIOLSRFR, 2004, 16(12):1611-1614. (Su Jiancang, Wang Limin,
Ding Yongzhong, et al. Analysis and design of series resonant charging power supply. High Power Laser and Particle Beams, 2004, 16
(12):1611-1614)

[3] Zhang Yingqi, Sen P C. D-Q models for resonant converters[ C]//Power Electronics Specialist Conference. 2004:1749-1753.

(4] RH-—, WFEAR, PERE. EFFREREHE[/HFESFT] FER IR KEEMR, 2008, 9(2): 206-210, (Ge Tianyi, Shi Yujie, Deng
Chengzhi. Analysis and simulation of full-bridge parallel resonant dual-voltage converter. Journal of Information Engineering University ,
2008,9(2); 206-210)

[5] Wong SC, Brown A D. Analysis, modelling, and simulation of series-parallel resonant converter circuits{J]. IEEE Trans on Power Elec-
tron,1995, 10(2) . 605-614.

(6] E#HE, BRI, TEE, & HBEEREHBAGEZXERR[I]. BHOLSH FHR, 2012, 24(3):692-696. (Ren Qingyi, Liang Chuan,
Wang Guiji, et, al. Capacitor charging power supply based on full-bridge parallel-resonant inverter. High Power Laser and Particle Beams »
2012, 24(3):692-696)

[7] Eric XY, Fred C L,Milan M J. Small signal modeling of LCC resonant converter[ C]//Conference Record of IEEE PESC. 1992:941-948,

[8] Pokryvailo A, Carp C, Scapellati C A. High-power high voltage power supply for long-pulse application[ C]//Pulsed Power Conference.
2009 :795-800.

[9] Bland M, Clare ], Zanchetta P, et al. A high frequency resonant power converter for high power RF applications[C]//Power Electronics and
Applications Conference. 2005,

[10] #t%. MATLAB R2008 ##| R4z A M EIM). Jb . b3 Tk ikt , 2009. (Xie Shihong. MATLAB R2008 control system dynamic
simulation. Beijing: Publishing House of Chemicals Industry,2009)

(111 Z46, NKE, KB, 5. #@éi&ﬁ&%#ﬁﬁ#%ﬁﬁb}%m. B SR T, 2011, 23(11); 2955-2958. (Li Wei, Liu Qingxiang,

Zhang Zhengquan, et al. Simulation research on long pulse parallel resonant modulator. High Power Laser and Particle Beams, 2011,23
(11);: 2955-2958)

Output LC filter parameter optimization of single-phase parallel resonant converter

Sun Peng, Li Xianggiang, Liu Qingxiang, Zhang Zhengquan, Li Wei
(College of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; Direct-quadrature(D-Q) coordinate transformation is an effective circuit modeling method which is often used in
three-phase circuit equivalent transformation. In this paper, a method which constructs a virtual orthogonal circuit is used to deri-
vate the D-Q equivalent circuit of the single-phase parallel resonant converter in D-Q rotating coordinate. The transfer function of
the equivalent circuit is solved. And it is verified that the derived D-Q equivalent circuit can accurately represent the original con-
verter circuit by simulation. Based on this conclusion, by the transfer function of the D-Q equivalent circuit, the output LC filter
parameters of a single-phase parallel resonant converter is designed, meeting the output voltage pulse less than 50 us edge, less
than 5% overshoot, less than 100 ys settling time and less than 5% ripple. It is proved that the method used to design the parallel
resonant converter output LC filter parameters is feasible.

Key words: direct-quadrature transform; parallel resonant; filter; parameter optimization

PACS: 84.30.Bv; 84.30.Jc; 84,30.Vn
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