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Universal Single-Phase Line Compatible High Power AC/DC Converter

Byeong-Seok Kim', Kyung-Soo Kangz’, and Chung-Wook Roh™

Abstract

A conventional single-phase high-power system typically generates a large AC line input current at universal
90 VAC condition. Sometimes, this phenomenon can block the Earth Leakage Circuit Breaker (ELCB), which
causes problems. Replacing power facilities is essential to ensure smooth operations. Thus, this paper proposes
a method that can drive higher power than the limit of conventional power facilities. The proposed method can
reduce the large AC line input current by limiting the input power of Power Factor Correction (PFC). An
additional battery circuit can supplement the power deficiency. Specifically, a bidirectional converter with
charging and discharging functions was adopted for the battery circuit. Finally, the wvalidity of the proposed
system could be confirmed by modal analysis and simulation, and an experiment in 2 KW condition was

implemented with a prototype sample as well.
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Fig. 1. Conventional high power system block.
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Fig. 2. Proposed high power system block.
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Fig. 3. The proposed power factor correction circuit
block with power limit function.
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Fig. 4. Structure of the proposed power system with
power limit function.
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Fig. 5. The average current control block having an
input voltage feed forward loop.
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characteristic graph of Pav and Vcontrol (90 - 260Vac)
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Fig. 6. Characteristic graph of Pay and Veontrl,
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(a) Charge mode of proposed battery circuit
Fig. 8. Operation mode of proposed battery circuit.
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Fig. 7. Proposed bi-directional battery circuit.
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Fig. 9. Flow chart of proposed battery circuit for
operation mode control.
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Fig. 10. Hysteresis control of proposed battery
circuit by PFC output voltage.
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TABLE 1
SIMULATION AND TEST CONDITION OF PROPOSED
CIRCUIT UNDER THE 1.2kW RESISTIVE LOAD

Component PFC Battery
omponents Parameters Parameters
Input Voltage (Vi) 9OV ae 48 - 50V
Output Voltage (V,) 390V 365V
Mammuz; Ou;:put Power L2kW 00W
Output Resistor (R,) 130Q
Switching Frequency (f;) 25kHz
Feedback Clamping 15V -
VOltage (Vconlrol) (SOOW)
lelted( Ii)utg)ut Power S00W 300W
limit
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TABLE I
EXPERIMENTAL PARAMETERS OF PROPOSED CIRCUIT
UNDER THE 1.2kW RESISTIVE LOAD CONDITION

PFC Battery
Components
Parameters Parameters
Magnetic Inductor
500uH 100uH
(Lm, Lboosl.)
Core MPP 250 EER 4042S
Toroidal
Number of Turn (N) 28T 3BT
Turn Ratio n (I'n) - 25
Input Capacitor (Ci,) - 5F / 50V
Output Capacitor (C,) 1mF / 450V
Current Se(nglilg Resistor 0010 12 (1A)
Control IC UC384 TLA4%
. 5F (2.7V/
Battery Capacitor 100F20ea)
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Fig. 12. Main waveform of simulation under the operation
mode variation.
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Fig. 13. Key experimental waveform of 1.2kW resistive
load condition under the operation mode variation.
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TABLE I
TEST CONDITION OF PROPOSED CIRCUIT UNDER
THE 2kW X-RAY LOAD

Components PRC Battery
Do Parameters Parameters

Input Voltage (Vin) IOV 48 - 50V
Output Voltage (V,) 390V 365V
Maximum Output W AW

Power (Pomax)
Output Resistor (R,) 5A
SWltChlr(lf)Frequency 95KT
Feedback Clamping 345V -
Voltage (Vcomrol) (14kW)

Limited Output

Power (P 1AW 400w

TABLE IV

EXPERIMENTAL PARAMETERS OF PROPOSED
CIRCUIT UNDER THE 2kW X-RAY LOAD CONDITION

PFC Battery
Components
Parameters Parameters
Magnetic Inductor
500uH 100uH
(L, Lioost)
MPP 250
Core Toroidal EER 4042S
Number of Turn (N) 28T 3T
Turn Ratio n (1:n) - 25
Input Capacitor (Ci,) - 5F / 50V
Output Capacitor (C,) 1mF / 450V
Current Sensing
Resistor (R.) 0.02Q 032 (3.3A)
Control IC UC384 T1LA%
. 5F (2.7V/
Battery Capacitor 100F*20ca)
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Fig. 14. Key experimental waveform of PFC circuit under
the 2kW X-ray load condition.
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