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Power Loss Analysis of EV Fast Charger with Wide Charging Voltage Range for
High Efficiency Operation

Aol w '
(Dae Joong Kim - Jin-Hyuk Park - Kyo-Beum Lee)

Abstract - Power losses of a 1-stage DC-DC converter and 2-stage DC-DC converter are compared in this paper. A
phase-shift full-bridge DC-DC converter is considered as 1-stage topology. This topology has disadvantages in the
stress of rectifier diodes because of the resonance between the leakage inductor of the transformer and the junction
capacitor of the rectifier diode. 2-stage topology is composed of an LLC resonant full-bridge DC-DC converter and buck
converter. The LLC resonant full-bridge DC-DC converter does not need an RC snubber circuit of the rectifier diode.
However, there is the drawback that the switching loss of the buck converter is large due to the hard switching
operation. To reduce the switching loss of the buck converter, SiC MOSFET is used. This paper analyzes and compares
power losses of two topologies considering temperature condition. The validity of the power loss analysis and calculation
is verified by a PSIM simulation model.

Key Words : EV fast charger, High efficiency, Loss analysis, Loss calculation
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Table 1 Phase-shift full-bridge DC-DC converter system

parameter
Phase-shift full-bridge DC-DC converter
Rated power 50 kW
Vye 650 V
v, 450 V
I 110 A
L 150 pH
C 15 nF
R 55 Q
I, 15 kHz
N, 12
N. 10
Transformer 2
L, 6 uH
L, 5 mH
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Table 2 Phase-shift full-bridge DC-DC converter power
loss calculation

Phase-shift full-bridge DC-DC converter
power loss calculation
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converter schematic
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Table 3 LLC resonant full-bridge DC-DC converter and

buck converter system parameters

LLC resonant full-bridge DC-DC converter
and buck converter
Rated power 50 kW
Vpe 650 V
Ve 536 V
|28 450 V
A 110 A
L 150 uH
G 6 uF
I, 15 kHz
f. 16.3 kHz
N, 15
N, 12
Transformer A 8 Il
L, 350 uH
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Table 4 2-stage DC-DC converter power loss calculation

LLC resonant full-bridge DC-DC converter
and buck converter power loss calculation

LLC converter Buck converter

Equation Result Equation Result
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(23) || Prionr 481 W (37) Prpr 20541 W
(24) Prown 06 W (38) Py, 9.81 W
(25) D enk 16257 A || (40) Pin 256 W
(26) VA 11495 A | (41) P, 247 W
(27) P.. 256.6 W || (42) Py 230 W
(28) P 4541 W
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Fig. 5 Phase-shift full-bridge DC-DC converter PSIM schematic
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Fig. 6 LLC resonant full-bridge DC/DC converter and buck converter PSIM schematic
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Table 5 Phase-shift full-bridge DC-DC converter power loss comparison with simulation

Phase-shift full-bridge DC-DC converter power loss calculation
Calculation result Simulation result
Primary side IGBT Conduction loss 49.34 W 4831 W
transistor (Leg A) Switching loss 0w 327 W
Primary side IGBT Conduction loss 46 W 355 W
freewheeling diode (Leg A) Switching loss 0w 0w
Primary side IGBT Conduction loss 5357 W 51.62 W
transistor (Leg B) Switching loss 0w 6.03 W
Primary side IGBT Conduction loss 1.22 W 06 W
freewheeling diode (Leg B) Switching loss 0w 0w
. . Conduction loss 306.67 W 29576 W
Rectifier Diodes ——
Switching loss 0w (VY
RC snubbers loss 264.063 W 2784 W
Total loss 78819 W 800.89 W
k- 6 LLC =Zld EE3X| DC-DC 7#HEH & ¥ ZAHEH &4 Hlu

Table 6 LLC resonant full-bridge DC/DC converter and buck converter power loss comparison with simulation

LLC resonant full-bridge DC/DC converter and
buck converter power loss calculation
Calculation result Simulation result
Primary side IGBT Conduction loss 484 W 50.09 W
transistor Switching loss 0w 045 W
Llflcil rss%nant Primary side IGBT Conduction loss 093 W 035 W
ull-bridge . .
DC-DC converter freewheeling diode Switching loss 0w 0w
» . Conduction loss 256.6 W 259.08 W
Rectifier Diodes —
Switching loss 0w 0w
. Conduction loss 12591 W 125.02 W
SiC MOSFET ——
Switching loss 795 W 7812 W
Buck converter -
) Conduction loss 196 W 2465 W
Diode —
Switching loss 511 W 217 W
Total loss 684 W 692.6 W
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