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Grid Voltage Estimation Method for Modular Plug-in Active Power
Decoupling Circuits

Dong-Hee Kim!, Jeong-Tae Kim!, Sung-Min ParkT, and Gyo-Bum Chung'

Abstract

A grid voltage estimation method for modular plug-in active power decoupling (APD) circuits is proposed in
this study as direct replacements of electrolytic capacitors. Since modular plug-in APD circuits cannot have
additional grid voltage sensors and should be operated independently without information exchange with the
front-end converter, it is impossible to obtain the phase information of the grid directly. Therefore, the proposed
method uses the second-order harmonic component of the DC-link voltage to estimate the grid voltage
necessary to control the APD circuit. By employing the proposed method, the concept of modular plug-in APD
circuits can be realized and implemented without direct detection of the grid voltage. The experimental results
based on hardware-in-the-loop simulation (HILS) validate the effectiveness of the proposed control method.
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Fig. 2. Frond-end ac-dc converter with modular plug-in
capacitor-split type APD circuit.
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Fig. 3. Current path according to operation modes.
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" Proposed method : TABLE III
vdL'Z a
B o Py e T s PARAMETERS OF SIMULATION
g +!0 Tty Parameters Values
) f ++rf\9 Output Power (kW) 3
,- ) PN S . de-link Voltage (V) 330
7 S et T v, 'E':‘l,%,',ge [ e Capacitor-split-type capacitor C;, Co (uF) 250
G Commll;/: _:Q; : Capacitor-split-type inductor (mH) 12
Inductor resistance (£2) 0.0142
Fig. 4. Proposed control block diagram. Switching frequency (kiz) 30

TABLE 1
® VALUE ACCORDING TO DC-LINK LOAD R
RL (Q) ¢ (rad) RL (Q) ¢ (rad)
10 0.7558 250 1.5284
30 1.2308 300 1534
50 1.3617 350 1.5405
100 1.4651 400 1.5443
150 1.5002 450 1.5472
200 1.5178 500 1.549%
Eu
S
07 200 RO w00 S0

Fig. 5. ¢ value according to dc-link load RL.

TABLE II
U VALUE ACCORDING TO GIRD CURRENT /g
I, (A) v (rad) I, (A) v (rad)
1 2.3556 25 2.3410
5 2.3532 30 2.3380
10 2.3501 35 2.3350
15 2.3471 40 2.3320
20 2.3441 45 2.3290
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Fig. 6. Experimental results.
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