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STUDY ON THE IMPROVED METHOD
OF SPACE VOLTAGE VECTOR IN
ACTIVE POWER FILTER

ABSTRACT

In the power system, the ideal power system supply voltage which is under a single constant
frequency and voltage amplitude. But in fact, the rapid development of power electronic
technology makes a large number of power electronic devices applied to the modern industries,
enterprises, transport sector and household appliances. That makes the system of voltage
waveform become more and more serious. And the harmonic pollution is also growing.
Therefore, the inhibition of harmonic pollution, and compensation of reactive power has
constantly exposed to professional attention. A variety of conventional compensation of reactive
power and harmonic suppression measures has been difficult to meet the needs of modern power
systems. Active Power Filter is a new type of harmonic suppression applied to dynamic power
electronic device that can compensate the harmonics and reactive power whose size and
frequency also change. Because our study of the APF is not very perfect, while the power quality
control work is still continuing. The use of active power filter for power quality improvement
will have a huge market potential for application.

This article focuses on the three-phase shunt active power filter. The Shunt Active Power
Filter is divided into two parts, one is to detect harmonic currents, and the other is to control the
compensation current. The harmonic current detection method has an important effect on the
filtering performance. Accurate, real-time detection of transient changes in network harmonic
current is the key filter for accurate compensation. Paper analyzes the commonly used harmonic
current detection method, based on instantaneous reactive power theory of harmonic detection
method is the most commonly method. Paper analyzes a variety of detection methods which
based on instantaneous reactive power theory. That includes the p-q detection, ip-iq test method
as well as the d-q assay. The paper discusses the scope of application of these methods. And find
the optimal harmonic current detection method. The simulations show that the detection method
not only has fast dynamic response speed, but also has very good accuracy.

When the filter main circuit is established, the control methods become he key to determine
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its output performance and efficiency. The control methods of active power filter include
triangular wave control, hysteresis control and space vector control. The paper describes the basic
principles of the triangular wave control, hysteresis current control, space voltage vector PWM
control and then carry out the simulation. The results show that the technique based on space
voltage vector PWM current control method of compensation to the compensation is the best
method. To further enhance the compensation effect of space vector control strategy, improve the
tippy issue which generates after compensation. Then introduce Pl controller based on the
closed-loop control, reduce the compensation current tracking error and reduce the supply side of
the compensated current distortion rate.

Finally, the result of simulation tests is obtained from the MATLAB7.0/SIMULNIK makes
a brief analysis for the tests. A lot of data and experience which come from simulation will
provide reference and basis for the actual development. There is important guiding significance.

KEY WORDS: shunt active power filter, instantaneous reactive power theory, triangle wave
control, space vector control, simulation
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FLE MR ARG, WA
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3 k=a,b,c
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Fig.2.9 Shunt active power filter schematic
& 2.9 IR YR ) BB A RGN SRR, B REEA AR R A $5-2 RIS SR 1 SR
W R, AR TP TR oD R DA S SR LR R R R, B

I =+ + (2.10)
(2100, i ACRIGEFHEIEBOLG; i ACRMBAEE AL i, AR MBI i AARR
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I =1, +I, =ij (2.12)
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FRAR XA JEEE, AF y EH S PWM ARy 8%, fEr= A2 iy, B2 TAEEARIRAS; e M
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AR i T b A B IR A 1 IR B, R SCRI K TR th - e 7 D8t AU MATLAB )
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Fig.2.10 APF system simulation diagram
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Fig.2.11 Simulation model of three-phase rectifier circuit
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Fig.2.12 A-phase load current waveform
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Fig.2.13 The load current waveform and its spectrum analysis
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Fig.2.14 The compensated current waveform and its spectrum analysis
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A7 Y5 HL T U A R PR ARSI v AT i T A
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Fig.3.1 a - coordinate system of the voltage and current vector
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Fig.3.2 p-q detection schematic diagram
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Fig.3.3 i,-i, calculation schematic diagram
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Fig.3.4 d-q Transform calculation of harmonic schematic
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Fig.4.1 The schematic diagram of triangular wave comparator operation
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Fig.4.2 The schematic diagram of hysteresis current control
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Fig.4.3 Equivalent circuit of shunt APF

B ETEN L3 LB S (U € W RGEFLIS, FFAT LIS ARSI O 8%, WL
4.3 1 = A HL BB 7 B
U,, = Ri, +Ldi, /dt+e,

U, =Ri, +Ldi, /dt+e, (4.1
U, =Ri,+Ldi_/dt+e,

MABINTFHEIS, « S, S, » FFHBME X UF L

1 BFE, FER
S = k=a, b, (4.2)
k % LR, FEE

k4.1 S, JHE L
Table 4.1 The function description of S,

Sy M SR Uin
1 i Kt Uge
o ESLT S ] 0

o L3 A1 WA Uy =S Uy, - 11 43 BT Uy =Uy iy . 5440 APF i AT LR 28 g

25



A7 V5 A LA 7 ) O R I 7 R R 9

Ldi,, /dt + Ri, =e, —(s U, +Uy,)
Ldi,, /dt+Ri, =e, — (s Uy, + Uy, (4.3)
Ldi. /dt+Ri, =€, — (s, +Uy,)
FIBB ARG AFR, FHEATAN, WA
e,+e,+¢6, =0
i i, +i, =0 o
2w LA 2

_ udc Z S, (4.5)

U,,=(2S,-S,-S,) ”;c

U, =(2S,-S, -SC)% (4.6)

udc

U.=(25.5,8,)~

K 4.3 A g AT 8 RTS8 MO R Gif AN (4.6) v, HIFFRIHMINK) APF %
HAH L AR A

V, = %Udcej e 713(k=1,2...6) @.7)

Y k=0 78 V, =0, FAHEML T 4.2 Fir RIELU, HH:

A 42 8AIF X469 APF AR & R ML
Table 4.2 Combination of eight kinds of switching voltage of APF output

Vk Sa Sb Sc Uca Ucb Ucc
A% ) 0 0 0 0 0 0
Vi 1 0 0 -2/3 -1/3 -1/3
v2 1 1 0 173 173 -2/3
V3 0 1 0 -1/3 2/3 -1/3
v4 0 1 1 -2/3 173 173
Vs ()} 0 1 -1/3 13 2/3
V6 1 0 1 173 -2/3 173
v7 1 1 1 0 0 0
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Wi (4-1) wre3 APF %yt o i < 07 T X

U =Ldi_/dt+Ri_ +e (4.8)
M B R R A R T I, dia (4-8) WG

U’ =Ldi",/dt+Ri’, +e (4.9)
i (4-9) Hh USRIR4 R & i, SN APF i 2 2% i K e,
& AR MR 1, 5 PR AME R R i, I ZE(E N R ZE R A AL, T

Ai=i" —i (4.10)

850 (4-9) 5 (4-8) Mk, Jf HZ2Wg 5 APF AZ Ml re BHBH AR, W4y

LdAi/dt=U"-U (4.11)

X 41D i), SR 5 APFS R4 L % fui) i s i 22 Y LT it 22 5 A AR

TRP, X P S R R R, T LOEFSIE APFI LR RV, (k=0,...,7), SR AL
PRZER R AL AR dAT dt , JE Tk BRI AR 2 SR A IR H

4-2-2 Z[RIH SR EREE
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Table 4.3 The sector position decision of the reference voltage

U,>0 U, <0
I
Hie Uq_\/_|ud| U, >3
S AF Uq>\/§|Ud| U <0 U.>0 Uq<—\/§\
U,>0 U, <0 =Y Ve
N 0 2 1 3 5 4

BT 2% W REU, TR R R EX . Rt sl U U, AU, ISR ERRER

N, TRA
T=T+T,+T,
T, T (4.14)
U ref = %Ux + ?ZUHGO
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{2 213 RRZR R AR B 1/3, T HUE A 1/3 BIMEER sl os 7k 2/3, DRIt k, PIME R 419, ks 2

=ﬁ (4.19)
U D B A BE BB E H A B K AR R, w2 2
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Fig.4.5 Principle diagram of indicated current calculation with DC voltage control
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