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Reduction of the Unbalanced Three Phase Input Current
by Variable Notch Filter in Active AC Electronic Load

Do-Yun Kim', Jung-Hyo Leel, Yong-Seok Leel, Doo-Yong ]ungl,
Yong—Chae Jungz, and Chung-Yuen WonT

Abstract - In this paper, the test bed using three-phase PWM converter connected with single phase inverter
in series is set up to configure an active AC electric load. Since the two topologies, three-phase PWM
converter and single-phase inverter, can be operated bidirectionally, the system not only re-generates surplus
power to grid but also prevents power dissipation. However, the construction of system has a drawback. That
1s, ripple components two times of inverter operation frequency occur at DC-Link due to cascade connection, it
can be cause of three phase unbalance Since the operational characteristic of the active AC electric load, the
power frequency entered into the electric load can be varied, and the ripple of DC-Link is changed as well. In
this paper, the three-phase PWM converter using a variable notch filter is proposed, and the reduction of
three-phase current unbalance is presented. the validity of the proposed PWM converter using a variable notch
filter is verified by the simulation and experimental results.

Keywords : Variable Notch filter, Three phase Current Unbalance, AC-electric load, Single phase inverter
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Fig. 1 AC electronic load circuit and block diagram
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pass filter
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Table 2 Design parameter of notch filter

Notch Filter function Frequency
notch Frequency w, 80Hz 120Hz | 160Hz
band width 40Hz 40Hz 40Hz
damping depth « -40dB | -40dB | -40dB

a9 58 af A7l we 4 Helg a2z 4

Efdl Aojrh, Hgk o3-S A4 Q# % =xZH
o] M=x3o] AAE 4 (12)9 7£°] e 4 9t
Wo
BW=— (12)
)
2 (9)5 o] &3t Biquad circuity] 2xFZE ] 7] E
AaS 4 (13)7 o] Yepd 4 gth
y(s) 52+a(w0/Q)s+wg

=k 1
z(s) ! 32+(wO/Q)s+wg 13)

a9 68 4 (39 % 29 TeHES 242t o)
d EAE il edng Bajo] 4171413}

FA% BTSN,
4099 19 B A% wae A 4
F AR ggAoR Asgc 4



162 The Transactions of the Korean Institute of Power Electronics, Vol. 17, No. 2, April 2012

Bode Diagram

T -20

& -30
E 80Hz 120Hz|160Hz

-40
20

S 45 \ \ |
& a5 \ \
-90 ‘
10 107 10
Fig. 6 Bode plot of designed notch filter
1 22
= (&(T*+aT(,/Q)+1
-2+a(w,/ Q)xn—-1]+x[n-2] (14)

2+ T (a0, / Q)yln=11-)[n-2])

33 7t wx|EE ¥

H w=xFHE FAE7] eidE vk olulE e

AY Fu5 dZo] Fasith Bk AvHe AY Fu}
5 AES Bo =X BEY B4 FA5 0B A9
ok

WAL 2 (153 2
() = B+AZ' _ yln] _ {A=wCT+2}
A+Bz " zln] B=wT-2
(15)
cylnl = (Z el +ln—1) — (Zyln—1)
DC-Link®] At #&e @ e dd Fige
2ol sfdsts wlEo] H7] wiEo] & AdWEe A
9 Fago 2] AFeHe Tt =x L F
Fh5 w7t HEE WS AASE B AeEe

g <l

o Fag7h 7 sdEE =X"He F4 F35)
ol WatA o] w=AdE ] 7
. ol2)g 7be A PE e FAY) 9ste] PLLS &
sto] w4 WE e A9 Foes HES
o TH FAE wike G Aneel dd 3 2
e dggems hiea dEHE 78 ¢ Ak 1

U

U7 ¥ wRe A48 A wAREe] BEEE
et}
pLL |2 p Notch Filter

s +a(w,/ Qs+

BW = 5
s+ (w,/ O)s + w,

vD(_'f/ink

Fig. 7 Block diagram of variable notch filter

Table 3 Specifications of the AC Electronic Load

Parameter Value Unit
Voltage of DC-Link 400 Vims
Single Voltage 220 Vruts
phase Current 30 Arwms
input Frequency | 40, 60, 80 Hz
three Voltage 220 Vruis
phase Current 15 Arms
output Frequency 60 Hz
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Switching Frequency 10 kHz
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Fig. 8 Simulation results of three phase current waveforms
without and with Notch filter at 220V, 40Hz
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Fig. 9 Simulation results of three phase current waveform
without and with Notch filter at 220V, 60Hz
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