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A Study on 120Hz Output Voltage Ripple Reduction of LLC Converter using
Resonant Controller

Byong-Chul 801, Sang-Ri Lee1, Hag—-Wone KimT, Kwan-Yuhl Cho1,
Soon-Sang Hwangz, and Eun-Seok Choi®

Abstract — This paper proposes a new method to reduce 120Hz output voltage ripple of LLC converter using
resonant voltage controller. This method can reduce the 120Hz output voltage ripple with very high gain at this
frequency by the resonant controller with previous PI voltage controller. The reason why the voltage ripple can
be reduced is explained by the Bode diagram comparing with the previous PI controller. The simulation with
Matlab/Simulink is carried out for this resonant controller and the simulation results show that resonant
controller can reduce the 120Hz output voltage ripple. Experiments with DSP controller also carried out and the
experimental results also show that the usefulness of the proposed voltage controller.

Keywords: resonant controller, LLC converter, 120Hz voltage ripple

.M B

W4 220V 60Hz) W A9
A= ARee BN AR @2 Agte] 120Hze)
A MES v 120Hz A% WEo] WAHE o] f

pa. - ]
= 2% "3 AMHAE(Capacitor)d] 355+ A1A
2 ke Qe wel thEr] wFed A

2
Ak 120029 A% WEel g AR

20V 60Hz w#FE5 Yoz 3k+= DC/DC 7H

HE 49 120Hz A Wles =ol= 7 I

10 =2

Paper number: TKPE-2012-17-4-9 ISSN: 1229-2214

T Corresponding author: khw@ut.ac.kr, Dept. of Control &
Instrumentation Eng., Korea University of Transportation
Tel: +82-43-841-5322 Fax: +82-43-841-5320

1Dept. of Control & Instrumentation Eng., Korea University

_of Transportation

*R&D Center Dongah Elecomm

3Dept. of Electrical Engineering, KAIST, Korea
Manuscript received Apr. 23, 2012; accepted Jun. 11, 2012

AAsted & A AdsEs 2 shs el A
ool e AWEe] Fuh AAa, et S
HE 93 7 gk AWE A% 299 A
120Hz A5k #&g A7 sh= dubl W2 DC/DC
AuE e &S A AAste]l 120HzH Aol A o] 5
& A WEE Folm el Al dey o)
e AuEe] 24ls B o]5o] 2 g, Ak
QL mlEl-AR A7) = 120Hz9] o155 Eoli= Aol &
AZE ek the e DC 93 dske WEs
SAske] At Alol7lelA Heh HEs W A sk
THE AzelE Qe of WHe LLC dWE7}
A ANNE Zhs Aol @ste] A8o] Thssid, &
& A5 9 Age] MEs dAter 4 3=
b aste] AR Aeshs ¢ /L

2

1oy -
3<4=(Fundamental Frequency) W99 S5 54| =

S

=
w5 a9t g AolzlE A8d A7Eel Bu
b gt 3 Aozl A FogelA 2 ol
5% e ok AolZleA, W el Fe)
60HzS) 74, of F3kee] o5& 2 A ue =



T3 A71E o]&ek LLC ZIWE]e] Z¢ Y 120Hz HE A 3tell &gk A

346

¥, (5) v(s)

GCII:U - G-:Ifnfl')
Fig. 1 Block diagram of voltage controller
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Fig. 2 Experimental setup for small signal model of LLC

resonant converter
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Fig. 3 Experimental frequency response of LLC
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Fig. 4 Matlab emulation of the loop gain by the
experiment
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Fig. 5 Block diagram of controller considering DC
voltage ripple
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(b) Closed loop disturbance response

Fig. 6 Closed loop response of PI controller by the voltage

command and DC link voltage disturbance
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