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Loss Analysis of Power Conversion Equipment for Efficiency Improvement

Min-Kook Kim', Dong-Gyun Woo', Byoung-Kuk Lee', Nam-Jun Kimz, and Jong—Soo KimT

Abstract - This paper suggests loss analysis and calculation methods for efficiency improvement of power

conversion equipment in detail. The detailed loss analysis and calculation has been conducted for 3.3kW
On-board Battery Charger considering temperature condition. The validity of the analysis and calculation

method 1s verified by simulation model.
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=aoA B8 2 OBCY 9§ R 3|2 (Power

factor correction, PFC)+= Tkt 8H4 &5 EMI ZE 9]
Ha AAZ 7hsskal, ddiA R v AE HARE Ut
AH, H2e] BEoR FHel Ve @ CCM H&
E AWEE 4E359th OBCx EV £+ PHEVY &
4% DC-DC 7AWH ] F#5ia 7|5 Fol7] 9t
293 FIeE S7RIACE . ol Qs wAe=

294 &4 ARS dste JdHdd 29H (Zero
Voltage Switching, ZVS)¢] 7}s3 338 AWE 7} 1
HE ™, o]F ZVS FHe} Ao} golslal A9
o= FAo] 7hsd Hat A" FHE DC-DC W E
g Adsan,



F_u

B A g8 NS A S8 BA AT 81

Table 1 On-board battery charger system parameters

Parameter | Value \ Unit Parameter | Value \ Unit
Boost PFC Converter Series-Loaded DC-DC Converter
Vin,tms 220 V] N 380 [V]
Vinpeak 311 [V] Vout 400 V]
Ve 380 V] Lin 8.68 [A]
Linavg 13.5 [A] Tout 8.25 [A]
Linrms 15 [A] Pout 3.3 [kW]
Lout 8.68 [A] fow 87.8 [kHz]
Lprc 280 [uH] Ry 48.48 [Q]
Cin 7.8 [LF] Riac 21.01 Q]
Caclink 1410 [uF]
fow 40 [kHz] Resonant Tank
Transformer L, 75 [uH]
Turns Ratio | 19:26 \ C, 66 [nF]
Boost PFC converter Series-loaded resonant converter
£A%n o <y
D Ei swlol
Cin sw:,_ i E’\ Clclink I
Ei SWaoj

Fig. 1 3.3kW On-board battery charger system schematic
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Fig. 2 Loss distribution of On-Board Battery Charger
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Fig. 3 Vi Vyy values according to TL],[F[Q]
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Fig. 4 Reverse recovery characteristics of diode™
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3.2 MOSFET
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Fig. 5 Ry, curves according to 7, j[b
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3.3 Inductors
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3.4 Capacitors
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Fig. 8 Capacitor equivalent circuit
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Table 2 Comparison of theoretical loss and simulation result

89

Component Part Type of loss Theoretical loss [W] | Simulation result [W]
st e Conduction 25.09 28.07
1" stage rectifier
Reverse Recovery 0 0
Conducti 10.56 13.31
Diode Boost converter diode oncuction
Reverse Recovery 0.93 0
2™ tave rectifier Conduction 24.36 22.14
5 Reverse Recovery 24.58 X
Conduction 5.35 6.14
Switching 28.34 27.09
Boost ter MOSFET
00st converter Anti-parallel diode 0 0
Coss 9.25e-15 0
MOSEET Conduction 21.10 24,90
nd . Switching 9.47 9.59
27 stage FB-inverter 7y arallel diode 243 0.62
Coss 8.52e-14 0
. Core 4.72
Boost converter inductor
Copper 1.87
Inductor
. Core 2.97
Resonant tank inductor
Copper 3.69
C i DC Link capacitor 0.04
apactior Resonant tank capacitor 432
Transformer Core >.08
Copper (Wire) 5.88
dolil gol Aom wHA o= £42 Asls  HAsAn PRCY teles AR sme] e
aE &4 o] A UAES FelEith wEld E Semi-Bridgeless type PFC WAS ARgE 9§ oF
RO ANG 7 AP wed 294 a45d fF 3% & AL 70 5 A9 wd DC-DC 2
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