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The Design and Applications of LCC Resonant Converter

Suk-Ho Ahn1, Sung-Roc ]ang1, and Hong-Je RyooT

Abstract

This study introduces an LCC resonant converter operating on a continuous conduction mode. The LCC
resonant converter has the advantage of improving system efficiency, especially under the rated load condition,
because it can reduce conduction loss by improving the resonance current shape and switching loss by
increasing the lossless snubber capacitance. The proposed LCC resonant converter is applied to various
applications, including a 60 kW EV fast charger, a 24 kJ/s high-voltage capacitor charger, and a 20 kV, 20 kW
high-precision DC power supply. Experimental results prove that the proposed LCC resonant converter topology
can be effectively used as a converter topology for these applications.
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Fig. 1. Scheme of proposed LCC resonant converter.
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Fig. 2. Resonant current(i;;) and voltage(V¢,) waveforms

of proposed LCC resonant converter.
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Fig. 3. Operation modes of proposed LCC resonant
converter.
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Fig. 4. Voltage conversion ratio vs switching and
quality factor.
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TABLE 1
SPECIFICATION OF DEVELOPED POWER SUPPLIES
EV Rapid 24kJ{s 20KV, 20kW
Spec. Charger Capacitor DC Power
g Charger Supply
Max. Volt. 500V 12kV 20kV
Max. Curr. 150A 4A 1A
Max. Power 60kW 48kW 20kW
Max. Efficiency| 97% 96% 98%
Power Density | 855W/ ¢ S547TW/ ¢ 420W/ ¢
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Fig. 5. 60kW EV fast charger efficiency measurement
test result.
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(a) Measured charging voltage vs. time

Charging Voltage (100V/div.)

Resonant Current (20A/div.)

(b) Experimental waveforms of 60kW fast
charger (Time : 20us/div.)

Fig. 6. Experimental results for charging 320V 60Ah
LiFePO2 battery.



570 The Transactions of the Korean Institute of Power Electronics, Vol. 20, No. 6, December 2015

TABLE 0
SPECIFICATION OF DEVELOPED CAPACITOR
CHARGER
Spec. Value
Input Voltage 380Vac = 10%
Max. Charging Volt. 12kV
Max. Charging Curr. 4A
Max. Instant Power 48KW
Fig. 7. Picture of developed 20kW EV fast charger block Average Continuous Power 2%Kk]/s
consisted of two 10kW converter modules.
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TABLE I
SPECIFICATION OF DEVELOPED
HIGH-VOLTAGE DC POWER SUPPLY

Spec. Value
Input Voltage 380Vac = 10%
Output Voltage 1~20kV
Output Current ~1A
Max. Power 20kW
Output Voltage Ripple < 01%
Arc Energy < 5J
Max. Efficiency > %%

3.3 20kV, 20kw & ef D
dlojd, 49 71571 53
A% fF 2 Alo] AEE FHx
4 .

Z

of\
ul
o 2o

o,

T QAT mIYEE, Ao]RE

RF tube&

U ofARFYH FatE HEs]

Feb, oA WAIA] HAF

HARE 9 dy AAH
2 Agya o]z <l

2o BA A2 99
]

ﬁ

r!

b
Y
=0
T 2
T
b=
It m

s

ot o]

%
1z
_O|L
N
[
_
)
&
30

o] olgHm AT A|zwel
2791 ®e] vk E3% 2
v

547
AL, vhe oA UAE T ALAFH Y 2TA

_% -

°

A @A £ dy W owge] e
of AR Aol Gl Be BEE B4 Fsit

% ANS B4 G WA e 294 Foew
Fatete] 2)Fe] AL @RS th £02 Fe AA
3 A4e GedelN: WE AR 2937 Ao @
% n%s 2904 A4S Fa Ae GG B
Aol 2 AYES 94T & At 39 132 )
whel 20kV, 206W 2ASH DC AREA e HjE s
Aol A% R e A% A5 A% 484
Ar) 58¢ 19 1404 mel e} 2o] 98%2) Ay

B e AAFA S AT 571

T ‘ Gate Drive T
= || Cire ||
i i
Dead Time ||

i 1
st T T s~ Fi 610
ea | Dead Time
— T [ D4 ca Tgs D5 Cs T ge D6 C6

Fig. 12. Scheme of asymmetric 3-phase LCC resonant
converter switching leg.

Wan |12 K [10us/dv |

Resonant|Current (50A/div.

cRN T
X N N A
‘ Output Voltage (5kV/div.)

GND|

Fig. 13. 3-phase resonant current and output voltage
waveforms of 20kV, 20kW high-voltage DC power supply
(Time : 10us/div.).
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Fig. 15. Measured control characteristic of developed 20kV,
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Fig. 16. Picture of developed 20kV, 20kW high-voltage DC
power supply.
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