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Abstract — This paper presents a novel application of LCC resonant converter for 60kW EV fast
charger and describes development of the high efficiency 60kW EV fast charger. The proposed
converter has the advantage of improving the system efficiency especially at the rated load condition
because it can reduce the conduction loss by improving the resonance current shape as well as the
switching loss by increasing lossless snubber capacitance. Additionally, the simple gate driver circuit
suitable for proposed topology is designed. Distinctive features of the proposed converter were
analyzed depending on the operation modes and detail design procedure of the 10kW EV fast charger
converter module using proposed converter topology were described. The proposed converter and the
gate driver were identified through PSpice simulation. The 60kW EV fast charger which generates
output voltage ranges from 50V to 500V and maximum 150A of output currents using six parallel
operated 10kW converter modules were designed and implemented. Using 60kW fast charger, the
charging experiments for three types of high-capacity batteries were performed which have a different
charging voltage and current. From the simulation and experimental results, it is verified that the
proposed converter topology can be effectively used as main converter topology for EV fast charger.

Keywords: Electrical engineering, Battery chargers, Converters, Resonant power conversion, DC-

DC power conversion

1. Introduction

There has been great attention to eco-friendly electric
vehicles due to concerns about environment and the
regulation on emissions. Since middle 1990s, the advanced
technology of Li-ion battery has accelerated the development
of pure electric vehicles for commercialization by major
automobile companies [1]. To promote the utilization of
pure Electric Vehicles, however, there should be further
enhancement in expanding distance of automobile running
as well as in building infrastructure that provides the fast
charging system, which enables a battery to be recharged
up to 80% to 90% of the initial capacity [2-4]. The
requirements of DC-DC converter adjustable to the fast
charging system for Pure Electric Vehicles are as follows:

- The high capacity of charging current which does not
affect the life-cycle of a battery.

- The high efficiency in the rated operating condition.

- The high quality of constant current regulation, which
allow a battery to be charged safely and rapidly.

- The wide range of output voltage for charging batteries
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with diverse capacity.

Especially, compared to an on-board charger, a fast
charging converter is operated under rated load since an
off-board fast charging system requires the maximum
charging current of a battery to be constant. Therefore, the
use of the fast charging converter under the light load area
is limited, and it is important to increase the efficiency at
rated current. According to the aforementioned requirements,
SRC(series loaded resonant converter) could be applied for
the fast charging converter, which can operate as a current
source and make it possible to achieve the high efficiency
by reducing switching loss. But below resonance operating
DCM(Discontinuous Conduction Mode) SRC has the
disadvantages of audible noises depending on load
conditions and high conduction loss as a high crest factor
while it enables both turn on and turn off to soft switch [5-
6]. Furthermore, above resonance operating CCM
(Continuous Conduction Mode) SRC has disadvantages
that light load loss increases, as switching frequency
increases during light load and the turn off loss is existed.
In order to overcome this weakness, lossless snubber
capacitor, for reducing a turn off loss, can be employed
although it is limited to increase of capacitance. On the
other hand, it has a relatively lower conduction loss and a
high efficiency at rated current [7-9]. It can be the most
effective alternative in the field that mostly operated in
rated load range, restricted to using it in a light load range
like the fast charger. In addition, among resonant converters,
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the LLC Resonant Converter, such as the power supply for
LCD TV or Plasma Display Panel, is characterized by high
efficiency operating under constant load. Despite the wide
use of this resonant converter, it has drawbacks such as
difficulty in designing a transformer and the limited
capacity due to magnetizing current that generates heat.
For designing it as a universal charger with wide range of
output voltage, the LLC resonant converter with big
voltage gains should be applied. For this reason, a
transformer with a low magnetizing inductance value
should be used for configuring the system, and that leads to
the increase conduction loss and current stress by
increasing transformer's magnetizing current. Besides,
there is a limit in changing it into a large capacity of kW
class due to the difficulty in designing the transformer and
heat generation of transformer [10-11].

In this paper, LCC-SRC, which has been developed as
the DC-DC Converter for electric vehicle fast chargers, as
well as the new gate driver circuit adapting to the proposed
converter will be proposed. The LCC-SRC, which is a
switching converter operating with above resonant
frequency, consists of lossless snubber capacitor with
relatively high capacitance and the combination of
secondary winding and supplementary capacitor. Because
of the supplementary capacitor, it can reduce the rising
time of the resonant current, improves a resonant current
waveform to reduce conduction loss. The converter makes
it possible effectively increasing the lossless snubber
capacitance. Therefore, compared to the CCM SRC, the
proposed converter can maximize the efficiency under
rated current by decreasing turn off loss and conduction
loss. The converter maintains SRC converter's current
source operating characteristics by adding a low value of
the supplementary capacitor, which in turn facilitates the
converter’s parallel operation, easily expands the capacity
of the electric vehicle fast charger, and stabilizes the design
of the system with redundancy. In addition, the gate driver
circuit for the converter is aimed at having appropriate
variable dead time and accurate zero voltage detection is
embodied in the converter. In order to verify the validity,
this paper deals with the basic operation and features of the
proposed converter with a new gate driver circuit. The
optimized design for the 60kW fast charger, composed of
six 10kW converter modules is described. The advantages
of the converter are proved through various simulation and
actual load experiments as well.

2. Analysis of Proposed Resonant Converter
Topology

The LCC-SRC for the EV fast charger, as the Fig. 1.
illustrates, consists of the full bridge inverter for high
frequency switching, the snubber capacitor (C,~C,) for
reducing turn off loss, the resonant tank (C,, L,) in series
with the load, the parallel resonant capacitor (C,) for
reducing the loss of the switching device, the rectifier
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Fig. 1. Scheme of enhanced series loaded resonant converter

i- of Conventional CCM SRC

ir of Proposed Converter

Fig. 2. Comparison of resonant waveform between con-
ventional CCM SRC and proposed converter under
the same RMS output

(Ds~Dg), and the output filter capacitor (C;). While the
proposed converter has the same formation as the
conventional LCC type resonant converter, which has a
lossless snubber, the parallel resonant capacitor of the
transformer secondary winding, compared to the series
resonant capacitor of the transformer primary winding, has
relatively very low value in order to gain fast rising time of
the current through the resonant tank circuit.

The advantages of LCC-SRC include reduction of
switching loss and conducting loss, the possibility of mass
capacity with a form of module combination, and increase
of power density. Therefore, if the proposed converter is
applied to an EV fast charger, it can be possible to achieve
high efficiency under rated load. If the proposed converter
is operated under the higher switching frequency than
resonance frequency the turn on loss will be reduced due to
possibility of ZVZCS (Zero Voltage Zero Current
Switching). Furthermore, although the very small amount
of the parallel resonant capacitor cannot make modification
in the current source attributes of the conventional SRC, it
can transform the waveform of resonant current from the
existing sinusoidal waveform to the trapezoidal formation
as shown in Fig. 2. If the resonant current of the
trapezoidal formation is rectified, the ripple of load current
will be significantly reduced compared to the conventional
CCM SRC, and the conducting loss will be decreased by
enhancing the crest factors. Also, by increasing the energy
accumulated in the resonant inductor, the rapidly rising
resonant current can discharge the energy accumulated in
the snubber capacitor. This enables the relatively large
amount of the lossless snubber capacitor to be applied to
the converter, effectively reducing the turn off loss.

To analyze the steady state and the mode of the suggested
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Fig. 3. Operation mode diagrams of proposed converter
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Fig. 4. Operation waveforms of proposed converter

converter, there are assumptions as follows

- The forward voltage drop and the on state resistance of
the switching element used in the converter are ignored.

- The parasitic elements of the capacitor and the inductor
are ignored.

- The input voltage (Vd) is assumed to be DC voltage,
which has no ripple elements.

- The value of the output capacitor (Cf) is very large, and
the output voltage from each mode is DC voltage.

Under the Steady state, the proposed converter can be
divided into 8 modes within each operating cycle. And the
operation circuit diagram and the operation waveform
based upon each mode are shown as the Figs. 3 and the Fig.
4. respectively, and the analysis of each steady state and
principle of operation are discussed as follows.

MODE 1 (M1, 0 <t <t,): Before the beginning of this
mode (t=0), the parallel resonant capacitor (C;) is charged
with -V, and the switch S; and S, is under the condition of
the ZVZC turn on. MODE 1 begins when the input voltage
(Vy) is exposed to the resonance tank by changing the
direction of the resonant inductor current (i;,). Under this
mode, the resonant current (i;,) through the resonance tank
charges the parallel resonant capacitor (C,). This mode
ends when the charged voltage (V) increases to the output
voltage (V,). At this point, regardless of load, the rising
resonant current (I;,) can be shown as the following Eq. 1.

V,=V.o—V.o)sinv 2w, t
d crQ cs0 0

2z,

i, ()=1,,cos2w, 1+ (1)
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Where, iLr (0) = ILO 5 Vcr (O) = VcrO > Vcs (0) = chO = _NVO 5

, 1 2
L g crwCC N
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2 r :—7 a
r 2”VLrCr' Cr +a2Cs
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In this mode, the voltages across the series and the
parallel resonant capacitor are shown in the time domain as
the followings.

b= L] Voo Vo) =0 oo Fop)oos V2t
T2 |22, 1y sin2a't |
1 Vg 4V Vi) =V =V Vo) 05\ 201t
Ves )=~ , , (3)
2 _+\/§ZO I sinx/Ea)O t |

MODE 2 (M2, t, <t < t;): In this range, the parallel
capacitor voltage (V) is clamped to the DC output
voltages (V. =V,), and does not contribute to the
converter’s resonance phenomena. At this point, resonance
current is delivered to load, and is gradually reduced by the
output voltage as shown in the following Eq. 4.

Va =V, /a=V,)sin oyt

V22,

i, (t)=1;,coswyt+

“4)

L
Where’ iLr(tO):ILla Vcr(tO):I/crla ZU: Fra

r

1

27,/L,.C,

In this process, the voltage of the series resonant
capacitor voltage can be gained as follows.

C()O =

V.

crl

Ve O =g =V, la)=(Vy =V, /a~

+Zyl;, sin wyt

)cos wyt

)

MODE 3 (M3, t; <t <t,): By the control signal, the
switch S; and S, is turned off, and then resonance current
by the energy accumulated in the resonance tank charges
C, and C,, discharging C; and C, with freewheeling.

This time, the voltage across the switches gradually
increases as shown in the following Eq. 6.

t2

. 1 ILr
Ver :__[101~4dt = Ty lms (6)
1-4 % 1~4
Where, iC1~4 :£2r

In this mode, unless the lossless snubber capacitor is
completely discharged, the turn on loss occurs in the
subsequent switching period. Thus, MODE 3 should be
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maintained in order for the lossless snubber capacitor to be
completely discharged, The time period is calculated by
using the following Eq. 7.

2V -Ciy

. )

I3 = Ipr(min) =
.

If the lossless snubber capacitor has quite a large value,
the voltage across the switch in the turn off period
approaches to zero, and the turn off loss of the switch is
reduced.

In this mode, resonance current as shown in the Eq. 8. is
delivered to load, gradually reducing. After this, the series
resonant capacitor voltage is calculated by the following
Eq. 9.

(€2 +1)BI,,,

i (1) === ™ o ®)
2B _CrCI,Z (67 ! _1)(Vcr2 +Vd _V() /a)
C(CVon+ GV =Gol, /a)
! ; . ,
V., (t)=————| ~C.C,y(V,y +V, —V, /a)cosh At | (9
® C.(C G ) ;%( 2+ ) ©
—1;,Bsinh At
(CIZ_Cr)
Where, 4 :

\/CI,Z (Cr - C11,2 )CrLr ’
B=Cu(C =Cr)CL,, ip,(4)=11, Ve(t) =V

MODE 4 (M4, t, <t < t3): Once the lossless snubber
capacitor C; and C, are fully charged, resonance current
flows through body diode D; and D,. The voltage and the
current across the switch S; and S, are almost zero,
possible for S; and S, to ZVZC turn on. The resonance
current and the series resonant capacitor voltage are the
following Eq. 10. and 11.

Vo /la+V,,)sinwyt
Z
V,.t)==V, la+WV,,5+V,/a)coswyt+Zyl,,5sinwyt (11)

iLr (t) = [Lr3 cos th - (10)

_M
N

There is the same analysis for MODE 5 to MODE 8, the
equation can be elicited by the aforementioned procedure.

Wheres iLr (tz) = ILr3 5 Vcr (t2) = Vcr3 , a

3. Design of the Proposed Converter
for EV Fast Charger

To examine whether the proposed converter appropriate
for EV fast charger, designing EV fast charger with the
high efficiency of 60kW rating is encouraged. The intended
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EV fast charger enables charging voltage to change from
50V to 500V so that a variety of batteries aimed at full
speed EV and NEV (Neighborhood Electric Vehicle) can
be charged up to SOC (State of Charge) 80% within 30
minutes. In this section, the considerations for designing
the proposed converter with the highly effective EV fast
charger, and the proposal of PSpice model for the validity
of designing the proposed converter will be discussed. Fig.
5. illustrates the whole structure of 60kW EV fast charger,
comprised of circuit breaker, the soft start part to prevent
inrush current, rectifying section, the PFC part for power
factor correction and reducing the ripple of DC voltage, the
converter module part which connects the six proposed
10kW converter in parallel, and the control part for stable
output and converter protection

The design rules for proposed converter can be
summarized as follows.

1) The EV Fast Charger is mostly operated at rated
charging current to reduce the charging time.
Therefore, the efficiency at rated operation is the
most important thumb of design rules for designing
the proposed converter.

2) For the battery charging, both of charging current
control and charging voltage control should be
considered. The converter topology such as series-
parallel resonant converter which has both voltage
and current source characteristics is suitable for the
EV Fast Charger.

3) The EV Fast Charger should be operated for charging
various types of batteries which were installed at
various EV with different charging voltage. From the
above reason, it is needed for converter design to
consider the wide range of output voltage for various
kinds of EV battery charging.

3.1 Design of 10kW LCC-SRC

The procedures for designing the parameter of the 10kW

]
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Fig. 5. Overall structure of 60kW EV fast charger
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proposed converter are as follows. First, depending on
frequency tolerance of switching elements, switching
frequency is determined, and then resonance frequency is
decided. After that, based on the energy accumulated in the
resonant inductor, the value of parallel resonant capacitor is
chosen and the value of series resonant capacitor and
resonant inductor is calculated. Finally, through the
parameter that is determined in the previous procedure, the
value of lossless snubber capacitor is decided. The
following is under consideration of designing.

Switching Frequency and Resonant Frequency: To avoid
audible noise, the minimum of switching frequency should
be beyond the range of audio frequency, and the maximum
of switching frequency should not exceed the maximum
frequency tolerance of switching device as well as the
frequency of the converter’s minimum operating point.
Since the proposed converter operates in the range of CCM,
resonance frequency should be decided below the range of
switching frequency, and the range of switching frequency
should be designed to operate within the linear interval of
character impedance so that the control of output voltage
can be facilitated.

Parallel Resonant Capacitor: To reduce conduction loss
with enhanced Crest factors, parallel resonant capacitor
should be designed with the value as small as possible.
However, due to decreasing parallel resonant capacitor,
flowing current of resonant inductor decreases, and in turn
energy stored in the inductor is decreased. In this way,
since it is impossible to discharge lossless snubber
capacitor, the conditions of ZVZCS cannot be met.
Therefore, the value of parallel resonant capacitor should
be minimized within the ZVZCS range.

To determine the optimal value of parallel resonance
capacitor, Fig. 6(a). is the waveform of resonance current
simulation that analyzes a variety of values by changing
the value of parallel capacitor for the proposed converter
based on the criteria of the conventional CCM SRC. Each
comparative converter is designed to equalize the output
condition (500V 20A) and turn-off loss to each other. Fig.
6(b). is the waveform that compares each converter’s
conduction loss, showing that conduction loss is decreased
as the value of parallel resonant capacitor decreases.

From the simulated IGBT loss comparison depicted in
Fig.6.(b), it is clear that the proposed converter has less
loss compared to the conventional resonant converter. Also,
the efficiency of the proposed converter was measured as
98.5%. Compare to 96.5% of the conventional CCM SRC
which was designed to have maximum efficiency at rated
operation, the advantage of the proposed converter was
verified and the strength of the proposed converter as the
EV Fast Charger was confirmed. However, it should be
noted that the proposed converter has less efficiency at
light load condition due to the relative circulating energy.

Series Resonant tank: Once parallel resonant capacitor is
determined, series resonant capacitor should be designed
not to change the characteristics of SRC current source.
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Fig. 6. Comparison of waveform based on the parallel
resonant capacitor changes

The value of series resonant capacitor should be designed
10 to 15 times more than the value of parallel resonant
capacitor. After deciding the value of resonance frequency,
character impedance, and series and parallel resonance
capacitor, the value of resonant inductor can be calculated.
At this point, the value of character impedance is
calculated based on the capacity of the converter and the
maximum value of load current.

Lossless snubber capacitor: The value of lossless
snubber capacitor should be designed as the maximum
value that allows lossless snubber capacitor to be fully
discharged within the freewheeling time of resonant
current after switch is turned off. Fig. 7. compares
switching loss by changing the value of lossless snubber
capacitor from the maximum value for the conventional
CCM SRC with the same output condition to the maximum
value for the proposed converter. In Fig. 7, turn off loss can
be decreased to almost zero.

2.0kW

+— C1-+=3nf

1.5kW

1.0kW

Ciu=f11nf

Ci-=22nf

0.5kW

=33nf

=

0ms 1.2800ms 1.2840ms 1.2880ms 1.2920ms 1.2960ms 1.3000ms
"

Fig. 7. Comparison of switch loss based on the lossless
snubber capacitor changes (Time : lus/div. Switch
loss, 0.1W/div.)
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3.2 Design of the gate driver circuit for proposed
converter

The conventional gate driver that has fixed dead time is
difficult to apply to the proposed converter because the
proposed converter operates with soft switching within
wide load range. This paper proposes the gate driver that
has variable dead time and simple structures by detecting
the voltage across switching devices and determining when
to turn on. The proposed gate driver does not need two
opposite control signal with dead time, while it uses a
single control signal with half duty that only has operating
frequency. As the control signal is simplified, it facilitates
the use of a transformer for isolation and photoelectric
elements, having a competitive advantage in digitalization.
To analyze the operating principle of the proposed gate
driver, four different modes will be explained as shown in
Fig. 8. In case of the gate driver circuit which has variable
dead time for detecting zero voltage, there is a problem in
which the main switch fails to turn on since the voltage
across main switches does not meet the condition of zero
voltage under light loading or at soft start. To solve this
problem, the normal operation of the converter should be
guaranteed by setting the maximum dead time and
forcefully turning on, even if this could not fulfill the
requirement for zero voltage on time. In the Dead Time
Mode, when turn on control signal is applied in the input of
the gate driver circuit, capacitor C, starts to be charged
while the main switch does not turn on because current
flows through C,, R;, and R, (more resistance compared to
R2) of the secondary transformer. If the electric potential of
the main switch IGBT Collector-Emitter approaches zero
before C, voltage being charged to Vg (turn on threshold
Voltage of P-Channel MOSFET), current flows through C,,
R;, R, (less resistance compared to R,), and the voltage of
capacitor C1 is rapidly charged up to Vg, turning on the
main switch as Zero Voltage Detection Mode in Fig. 9.
Finally, if the zero voltage condition is met before the
determined maximum dead time ends, the main switch
turns on in operation. During C, is being charged in Dead
Time Mode, although zero voltage is not detected, the
charging voltage of C, becomes V. At this time, the
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Fig. 8. Mode analysis of proposed gate driver circuit



Suk-Ho Ahn, Ji-Woong Gong, Sung-Roc Jang, Hong-Je Ryoo and Duk-Heon Kim

current of the gate driver circuit turns on IGBT, the
element of the main switch, through MOSFET and R;.
Capacitor C, can set the time of being charged to Vy, as the
maximum dead time of the main switch (IGBT),
determining the value of the gate driver circuit R, Ry, and
C, to meet the following equation.

Wy Crs  RRG g Vi
I, R +R, v

in

) (12)

Ip7(min) =
.

Where, Vj;,: Gate-source turn on voltage of MOSFET,
V., : Gate-driver input voltage

In the Turn Off Mode, the turn off control signal is
applied in the gate driver input in order to turn off the main
switch. In turn, current flows through R4 of the secondary
transformer and the body diode of MOSFET, and the main
switch turns off. Also, the current flowing through Rs and
D2 discharges C,, resetting the Dead Time Mode operation
for the next period.

3.3 Simulation of proposed converter

To identify the operation of the proposed converter and
the wvalidity of designing the proposed converter, the
simulation for 10kW enhanced CCM SRC using PSpice
was performed. The converter used for the simulation was
designed by the procedures mentioned before, and the
parameter of the designed converter is shown as Tab.1. The
utilized PSpice model was simulated under consideration
of the forward voltage drop and on-state resistance of the
switch and the diode device, saturation and loss of the
transformer for the converter circuit including the proposed
gate drive as shown in Fig. 9. Fig. 10(a). is the waveform
of output voltage, output current, resonant current and
switching signal under 10kW maximum output with 400V,
25A condition, which the validity of the designed converter
parameter can be analyzed. In this figure, the waveform of
resonant current in rated current, as discussed earlier, has a
trapezoidal form, which significantly reduces conduction
loss. Fig. 10(Db). is the waveform showing switching device

current and voltage, and meeting turn on ZVZCS condition.

Table 1. Summary of Design Parameters for the 10kW

Converter Module
Design Parameters
DC Link Voltage, V4 513Vde£10%
Output Voltage, V, 0~500V
Output Current, I, 0~25A
Output Power, P, 10kW
Resonant Inductance, L, 115uH

Resonant Capacitance, C, 3uF

Also, turn off loss becomes almost zero influenced by the
lossless snubber capacitor. Fig. 11. shows the change of
output current depending on switching frequency in order
to analyze the converter’s control performance under
different loading conditions. As shown in Fig. 11., where
the relation between output current and switching
frequency is linear, controlling the output of the converter
is facilitated.

Fig. 9. PSpice model of proposed 10kW converter module
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(b) Loss analysis of IGBT device (Time : 2us/div. Loss :
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Second Resonant Capacitance, C 0.204uF
Transformer Turn Ratio, N 17:14
Switching Frequency, fs 24kHz-77kHz
Snubber Capacitance, C;~C,4 33nF

Fig. 10. Simulation results of 10kW proposed converter
module
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Fig. 12. Picture of 20kW converter block consisted of two
10kW modules

(b) Test setup for battery charging simulator

Fig. 13. Experiment setup for 60kW fast charger

Table 2. Specification of 20kW Converter Block

Size(mm) (W,H,D) 480x180%270 (23.4 0)
Output 10kW (400V-25A, 500V-20A)
Maximum Efficiency 98.5%
Power Density 1.17 t/kW
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4. Experimental Results

Applying the converter design parameter examined
through the simulation, 60kW EV Fast Charger was
implemented with six 10kW converter modules. Tab. 2.
and Fig. 12. are the specification and the actual outer shape
of 20kW block comprised of two 10kW converter modules.
Fig. 13(a). is the experiment scene in which 320V 20kWh
LiFePo4 battery is charged with 60kW EV Fast Charger
that was implemented with three 20kW converter blocks in
parallel. Fig. 13(b). is the experimental setup with variable
resistive load for simulating the battery of 400V and 500V
condition. To test the operation character and performance,
experiments for maximum output, output variation, actual
loading, and efficiency measure were performed with
regard to 10kW converter module and 60kW fast charger
by utilizing simulated test resistive load and a various
kinds of batteries. Fig. 14. is the experiment waveform that
shows output voltage, output current, resonant current, and
switching signal when 10kW converter modules operate in
the maximum rated output. The efficiency was measured as
98.5%, and as shown in Fig. 15. The high efficiency was
maintained under various output conditions. To prove that
it is possible to install the massive capacity EV fast charger
in the form of parallel combination of the converter module

Qating Slgnal Resonant Current

GND; , | R } ,‘; N 1 -
J

\
: Output Voltage

Output Current

GND_L

Fig. 14. Experimental results of 10kW converter module

(Time scale: 10us/div. Gating Signal, 10V/div.
Resonant Current, 20A/div. Output Voltage, 100V/
div. Output Current, 20A/div.)
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Fig. 15. Efficiency measurement depending on the load
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Fig. 16. Experimental results of 60kW EV fast charger
(Time Scale: Sus/div. Resonant Current, 20A/div.
Output Current, 50A/div. Output Voltage, 100V/div)
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Fig. 17. Experiment result of output current vs. switching
frequency for load change for different load

six converter modules connected in parallel with 60kW fast
charger were experimented. Fig. 16 is the experiment
waveform that confirms steady state operation under 60kW
maximum output when it comes to output voltage, output
current, and resonant current. At that time, measured
maximum efficiency was 97% under the condition of 454V,
139A. The experiment result of charging current depending
on the variation of switching frequency under various

151

383
s 377 /
. o~
B
En 371
B o
o
& ./
/
365 — T T T T T T T T T T T T
Time (Minute)
(a) Voltage plot for charging time measurement
H 1
é !
PR AT AR A AN v .'.W'}SQ‘\\M‘M‘.ZV» .’.\Nw‘,‘.xq‘
Charging Voltage Charging Current |
i |
| Resonant Current i
« r"\ /-"\\ }
\ '-‘ ‘\ |
| F \ ( ‘._. / \‘ i
1 / \ f \ v |
|/ {
GNDm  f \ / \ / }
5 :
|
|
|

AN

(b) Detail waveforms of 60kW fast charger (Time : 10us/
div. Resonant Current, 20A/div. Charging Voltage, S0V/
div. Charging Current, 20A/div.)

Fig. 18. Experimental results for 320V 60Ah LiFePO2
charging test

kinds of load condition in order to verity its performance
with real battery charging condition is shown as Fig. 17.
When it operates with 48V, 3.8kWh Lead-Acid, 96V
12kWh LiFePO4 battery, 320V 19.2kWh LiFePO4 battery,
and variable resistive load for simulating higher voltage
battery charging condition of 400V and 500V, the
experiment was performed to test the common use of fast
chargers varying from output charging voltage of 50V to
500V. Currently used for the full speed EV, 320V and
19.2kWh LiFePO4 batteries were experimented to measure
charging time and charging function. Fig. 18(a). shows
charging voltage based on charging time. As Fig. 18(a).
shows, the charging time from SOC 10% to 90% was about
17 minutes, valid for the EV fast charger. The waveform of
the resonant current, the charging voltage, and the charging
current are shown in Fig. 18(b).

5. Conclusion

In this paper, the enhanced converter topology based on
series loaded resonant converter was proposed for EV fast
charger. Adding small parallel resonant capacitor at output
rectifier circuits and increasing the lossless snubber
capacitance, the proposed converter has the advantage of
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enhancing the system efficiency especially at the rated load
condition because it can reduce the conduction loss by
improving the resonance current shape and minimize turn
off losses. The design and implementation of the proposed
converter have been described and distinctive features of
the proposed converter were analyzed. Also, the simple
gate drive circuit which can minimize the turn on loss by
active detecting zero voltage condition of the IGBT was
developed for the proposed converter. The 60kW EV fast
charger having an output voltage range of 50V~500V was
developed using proposed converter topology and various
kinds of test were performed to verify that the proposed
resonant converter is suitable for EV Fast charger. The
basic tests of the developed EV fast charger were
performed using resistive load bank which can simulate the
various types of battery with different charging conditions.
And real battery charging tests also performed by using
three kinds different type of high capacity batteries. From
the experiments, maximum efficiency was measured as
98.5% for 10kW DC-DC module, and 97% for a 60kw AC
to DC EV fast charger including rectifying circuits. For the
fast charging of 320V, 19.2kWh LiFePO4 battery, the
charging time from 10% to 90% SOC was measured as 17
minutes. It was verified from various kinds of tests that
proposed converter is suitable for the high efficiency EV
fast charger which is usually operated at maximum rated
charging current condition.

The developed EV fast charger was installed at Korean
EV test infrastructure and practical charging test with
various kinds of EVs has been now performing.
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