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Research on an improved hybrid cascade multilevel active power filter

GAO Dong-hui, DU Shao-wul, ZHANG Chang-zheng

(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to reduce the active power loss and improve the compensation performance of high-voltage active power filter, an
improved hybrid cascade multi-level topology is proposed, which is equivalent to series between voltage source and current source.
The voltage source is constituted by hybrid cascade 27-level converter. The fundamental component of the output voltage offsets the
high voltage power grid’s voltage, thus provides a low voltage situation for the current source. The current source is constituted by
PWM converter, which has small rated power and high IGBT switching frequency, which makes the active power filter have excellent
compensation performance. The main power of the APF is output by the square wave converter which has 50/60 Hz switching
frequency, thus making the APF have small total loss. Theoretical analysis and simulation results show the effectiveness of the new
topology.
This work is supported by National Natural Science Foundation of China (No. 51177037).
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Fig. 1 Topology of the improved hybrid cascade multilevel

active power filter
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Table 1 Composition of 27 levels in the hybrid cascade

multilevel converter
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-7 -1 1 -1 7 1 -1 1
-6 0 1 -1 8 -1 0 1
-5 1 1 -1 9 0 0 1
-4 -1 -1 0 10 1 0 1
-3 0 -1 0 11 -1 1 1
-2 1 -1 0 12 0 1 1
-1 -1 0 0 13 1 1 1
0 0 0 0

A ALK 27 AP, AT DR A 402
AR e S T IE 5L R ISR T D) 5)
BV RIS AREAS H A B S T, Wilsl 2 Pos. R
PaREA H Wi R K B IS B, n LS BRI
PEORB K IRE BN o

»

13kU,.

KUy [

kU,

2 mEIRMHIR AR & H AT R

Fig. 2 Output waveforms of voltage source and H-bridges
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Fig. 3 Voltage waveform of the AC side for the current source
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Fig. 4 Equivalent circuit of the system
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Fig. 5 Schematic of the detecting harmonic currents in

single-phase circuit
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Fig. 6 System control block diagram

HL3 Y B PWM Il 5 2R FH 2 B AR 2 ) %
s E PWM AEIT7 2, RS RIS BT AR 2R 1
B e H TR I AR I LR R RS E
3.2.1 HIEE S

ot LA, (G A A 7%, W
AR AR S W (7) TR

_U,(0)+U, () -
2U,
oy d(O)B RS/ & D AU

RBOE N PEBAT HIRA S 2

7 7% FE

2
OV do(n), T

7]
TR 15
dy(t)= G, (t)ir (0)= i, (¢) ®)
WHEER ). SR(7) A(S), TR PR
SHUHE P 7 %

Ua()*Ut)

AS

Ua)Ui)

7 BIRAIMEHIER
Fig. 7 Control block diagram of the inner current loop
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Fig. 8 Control block diagram of the outer voltage loop
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Fig. 9 Load structure diagram
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Fig. 10 AC side waveforms of voltage source
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Table 2 Harmonic content of AC side’s output voltages for 4

H-bridges
\Y

IR EL H, #F Ha i H; i Hy i
L 66.55 257.03 13122 65314
3 55.93 233.03 917.33 1206.3
5 58.50 180.81 59.04 180.28
7 51.30 90.71 859.25 717.24
9 4421 2627 749.14 767.08
11 33.36 126.33 426.26 519.23
13 23.01 124.61 253.56 151.96
15 6.44 13.24 156.36 176.03
17 4.48 157.62 510.77 357.63
19 17.14 56.06 319.54 358.46
21 20.50 190.47 3.70 214.67

23 18.60 16.86 44.02 8.59
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Fig. 11 Steady state compensation characteristics
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Table 3 Harmonic percentages of grid current

%

b b

Vi Vi

B3 100 100 13 0.83 0.04
3 202 0.20 15 0.64 0.03
5 7.27 0.32 17 0.54 0.05
7 2.69 0.13 19 0.40 0.07
9 1.81 0.13 21 0.32 0.05
11 1.33 0.10 23 0.29 0.03
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Fig. 12 Transient compensation characteristics
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