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CONTROL STRATEGY STUDY OF HYBRID
REACTIVE POWER AND HARMONIC
COMPENSATOR

ABSTRACT

This paper analyzes the advantages and disadvantages of
reactive power compensator and active power filter. A novel
design of Hybrid Reactive Power and Harmonic
Compensator{HRPHC) based on two DSPs is suggested, and the
algorithm of Active Power Filter is discussed especially.

The principle and structure of the HRPHC is discussed,
focusing on the correlated problems of reactive power and
harmonic compensation. The Real Time Fourier Analysis is
presented to generate the reference current of APF. The
topology of the 3-phase 3-wire voltage-type active power
filter is analyzed, and a novel control strategy is developed,
which can realize correlative control of the switches and
minimize the composite error of source current at the same
time.

The simulation about APF algorithm and main circuit is
done with SABER. Based on the doubie DSP controller, the
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APF algorithm program is finished in assembly language,
and the experiment system verifies the feasibility of APF

reference current.

Key words: harmonic corrent, active power filter,

reactive power compensator, DSP, SABER
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RH=. A, LRBESR, BREFFDIR. BRFFEDHEE
BRAFAR. KRR AT 08 5 S i 1 4 ik 4y
B, RERRAMERBEHTRBESIERERS, SREHEH
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.

27 _
a,== [{ 1) cos(nan,t)ae (3-1)
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=i )+, ()

Wiz R T BRI R A

iy, (8) = 1, cos{g, ~¢ycos{of ~g) =1, cos(wyt - 9,)
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2.1
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(3-4)
i, @® T cosat
i, ()| [cos(wyt +1207) ids
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B KRB sing, ME, ZREREHRE, HO/Fe, .
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= j: i )] lcos(wt -120")|ar

i ()| |cos(et +1207)
17 . o :
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+ I, cos(wt +120° — @ ywcos(ewt +120°) + I,_ cos(wyt +120° — g, ) * cos(w ¢ +120°)]ds
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T, (1) 1,, cos(wt =120° - ,,)
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11_ COS(a)lt - ‘pl-)
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ANRTE, REHRMAEERERE (LRSS, hTFRER
HE A, HEMHKEEL), SINTHETR,

E=v,./3

k,=22§ -8, -8,
k, =2%5,-S, -5,
k. =2x§ -, -5,

mW(3-11) X5 H

vy =k, *E

v, =k, +E (3-12)

Ve =k *E

CASah I AR TR ZAHBRRE, Whko ko k55 Suc 2 [ 1Y
K RWME3-1HR,

e R Sabe ks ks k.

s
0 000 0 0 0
1 001 -1 -1 2
2 016 -1 2 -1
3 011 -2 1 1
4 100 2 -1 -1
5 101 1 -2 1
6 110 1 1 -2
7 111 0 0 0

A1 FXAK

Table 3-1 Switch Table
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JERE R EM LA P

hEEKEETRE, oIR8

di

pa
T - L
e (0, V)
di
== Cn V)L
di
i R - I2s
1, )

(3-13)

A (3-12) M (3-13) FAHBR T H RS L85 H Bk
RIS, B —H, AXRBREVWEMHRT, S8
TR LA BEEE R RRBNAH B ERe, SHEHNSE
ER: B, BRBEHEOEEEER=MRERREERRE,
EE—MTE RSB TR AR EE AR UEE. B, EHE
FIR BB A IE B AR Y, BREEFI A & MRS AT L BB X R,
A FE R = A 2 RSB
3.4.2 ‘BRI X2 e

HIRIE R RAMIBHHE, THEAERSBREMMER
T, MAEHRRBHEHRE, FHRFCRMERERS AR
t, FEEFXRAE—EMHRTHBMERER/D, & FBRERE
— BRI RTEFRAERRE, R E—EHEHF fE ERBE R
ESFRAENGER/ITRN.

THBIMZHBHEEERAETPWM k-
MRARBRERITESE, FETSHUT=F

— SANEENE
AR LUEF (triangle-wave linear co CEREAN
— b 7 v o 1 I 4 e B B Y A8 B B B S B MEZ R

RESBMZABB AL, 5118 3 095 7 Rkrk BB FX
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JERFEA P

FTHRBRES, ATIEZERSWIRKBIJ/OBE . ETEN
REREWNLF, FRTEEE, KABBEA, R
R ERESZAREARALNRARE SR, FREEEK, &
RoENA+ 22 R,

= I B

BB 4] (hysteresis control) R IMEBMASXH 5T
RBLEFERMEEZENAB AT HFEHAL RS, Bt
A% B 0 L R 225 B FF 36 B FF B, AT A% 28 48 4 o8 o S 4 5 e PR B AN
ZHREEE. SZARKBEEGEL, BXLEEHAENS
MR A R R RGP ISR MR R R R
BLZWAFERMN. TREEN, FRERLHIELRRBLT
A, ATTSIEBRMS) BRI F XS,

=, RERER

T ZHAZH] (deadbeat control) £ —FE BTN F LR EHE
Mt ERRERNESEFURHEAR, THRER—MRAEHFTE.
BHEMA NN ER RS L ERLRE, RN T2
BV 2 B B W SOR A T 2R U 28 AR U B 0, R R LR
EBNIFRBRAEDT - 20 F RRE. EHFENR SRR
RER N ERARAEL, HHSSREESEH. REARTER
K, MAMRESREBERE K.

EERPHAE TS FERI. HPETFHRURHERN=
ABPRNEEHERW A LRSS EREE S P SRR
AMAE, TESLEAHR. BENFERFEREEERTRE
BHEKGHRE, REHLERANE. TS, ET2RFUEHEAR
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I FEEA RSB

MEZREHEERFREESPRNHER D, EHEH B EH
REAWRRURKFFSAER (DSP) EEEENALERR,
LEMBHERRERERCBHIERETRERBTHRE—
FRINH .
3.4.3 FCHE AT K EH R

EXRFAREMLERLARSHFLEHNRGESH, BEXAEL
EmEHTE EEBEERERGAWHRES, MUREERE
— B () B BT T R AR EER RN T =M
RagarEZRPNENTE. RFETIMRA:

® HMRMAMRSENENOTR, BLIALHZREX

BRiEH, ETHAFREE, BRREITXNENKE,;

o ETXMEMERERIEROMRE SR,

o BHAM—E, MARMERE, BWAKBRRNAFRRES,
—. RGRYEH B

BRERHA (G=abc) MKFERRAMELSEBRLNNLL,, i,
“ENEH e, EXARERR, B

e, =iy =iy, (3-14)

WALLANE A, RBRABAT,,, Bt 1,+7,, 5
to + 20, A ETHIE Heg e, Mle,r €M =maxfe,,|le,bl.,)
N T RARHNANRE (BRRI-D, MELMEE, BHT
KRDEAIM,,, HTEHRRBFRELS, .

ERLENFSEXN, WRE,NREHEFEBE=MEREIR
EBRKMEME L, + 2T, W ZIBPRIF RS, e, + T, HRIEZR
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ERFEAFWL LRI

HHME, RTURIEE, + 2T, N RMAHBRNE. Bk, ALK
MERZMHBERMEERE, RENEHERTRR A ELERR
MEERERA.

EZHZRAAT, FHEUTXE

€ +8y; +e, =0

BTSN

M = (e, ] +le] +leco) /2

FE D mle,| +leys| +]e..| » IR SR 42H HARFT LU — SRR R 3%
BEMBMRERE, FDRERE.
Z. BRRESTRBASZEMXER

2 LE3- 38 E, X (3-14) B

€, miy =iy miy 40, —i,, J=d,b,c

BT, R, AR M +T, KBHN, BjHNELE
Wi, MAHBRN, HMELERL, o

i @) iy +ky ot » tE[DT,]

() =ig kot 5 €[0T, ]
oy d o Wi DR, i 21, WA &, Ak, S BIRR,,
i, B RY, T, -T, B, TR REERE.

Wi, Fi, SRR, Wi, T, -1, HERE, 0

by = Gy =iy )/ T,

ky = Gyo ~ By )/ T,

B3 (3-13) ATLASK 4128 5 8% 540 A S A AL IR

v, -V
i (£) =gy +— 3 2., tefor,]
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ERZERER LR

i, ki, e R E.

FEULERARRX (3-12), #
-k
ej(t)-(i;jn—isrjo)+(klj+v” LJ E-krj)'t ! TE[O,T:M]

R, iy mige +iye i, FE L FRIRE,
ERMH AR, B HANE —NER LR A =1, W H
e, Ble,: Mtmtg+T, B, HERAKMe,

v~k E

€n= (i:jO -i':rjﬂ) + (ky + "krj)'Tm

A, WRMBrar,+ 20, HIREA e, N

o vy =k{s)E
€= (’m - ‘:41) + (kyl + JL—'LL'— -kq'l) Ton

v —k.(s)-E
~e, +(ky +—"L‘—f“—" -k T,

ERF &y =) T
Ky, = Gy = fyo ) Toon
s U ST B R i, R TE £y + T, W RIBME, B, —2F
BT &t R E R E
HAEENERFAEy, ABEEAKy, (=a b, o) #

Vo, ~k, s} E
e, me, +(k, +-i’]-’—-—j-(-—)——-k,ﬂ)~’1"m (3-15)

K RERBREN B, We, 1 RERBREMEL, B
R fs% A AR, + 2T, AR EH SR AR EW . B
B, D, SsZIEM¥ERNA

D,, = m710n le.a ()] +lesa (s + ecas)] (3-16)
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R RFF BN

+ ROHME SRR

RBREMEH E IR, £, MZIAHRLRARK S ERLE
., HEBHMEFEEBREREFREMLRE, EREX
GIDORHEEZHFRRET, ZHARRRBNREE + 27, 1
M, FERERK G160 ZRE=ZHBRERRANESRERDN
FRBEAAE R 1, + T, IR IFRRE . X8, Ee+T,, HH, B
e, + 21, HAMEHRER N 2, SHHUEHKEH,
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AFE A ER L Pt

FOHE ET saber A FRRKBENEENHE

WICFIE SABER BB T HEH DS BOHEE, T iHEE
R0 E BB B M RS RIS T TH B K.
4.1 Saber BE&E®E

SABER "**"' B3 E Analogy (BL7EZ Synopsys ) 4 T 7F & (9 4 18
SR SHTESME. BT SABER FIRFMBAH AR S ERALHE
ReJ, EAWERHRENREFRN QEEFAERESBEE, R,
AEEHET., BESME. SABER B0 BB R R 25T,
BAE 240000 FNARKEE, HPAETURETERYEHORENE.
SABER B T{EF5i4 Windows NT T 43, 7€ Windows2000. Windows
Xp F4B NTFS I RZ# T R4 SABER.
4.1, 1 SABER ¥x#Fa99%m

B RESRANH
SABER AMUAT LA SR & REMT IR, A U F.

WP HLl ik, MU, 6. BIE. B3iRHERREBMN RGN
B — MRS REEITHH. RMBIAESEED LA SABER ME
PN A

" FETELRSIREANESHRET — —MAST

FEFERMBEGHRAES. A MAST S5 LM BT (AR
M. BHEARXBNSEGEHEED, TIBESE.
B HRRSRRE

B HFRRER P
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b e T e

SABER HI#8HEER TGN, FIFATLAERY T MAST S5 &#VHE
SRR, HF SaberSketch AR BWHEBKS, LERHERS
AFRRITRE. AU LABERBEESH—IMTE E2ERY
FRE, HHRTFRERT—IEBFS, EAHAREH.

mERL, SRARKRIT
SABER FA THIHL. BTAT. BRANBHEE, RIFRGH

DRSS E R, NHERATUESEFT MRS HTRE,
EFRENTUEET BN TREA, KREHE. BMNEMHXREGR
HHSTEERRT AE, FRRSET &R, BET RN
S E
4.1.2 SABER SR¥FFR R &M A AT 8E

SABER {4t TSR RES T ThEE. @it H T RSN FH X R4
HITEH:

B HifiZrtt (DCAnalysis), FFitENARENER T/EMN;

B A (Transient Analysis), ZMHTH5E 7R 45 04 A S i B
A EFTP I BT MR BT, BRIk 4, BH TR

B g4 (Small-Signal Frequency Analysis), 27 RGREHE
ZEAL. i1 me) PRt
W {H3rr (Fourier) FUREMIHATHAET (FFT), BHIEHER
e B AT
B RARFEIIHAERMT GFFT), 5 R S B e .
SABER &7 LA TR 47 (Stress Analysis) R0t TS
¥EZ 2T (Mote Carlo Analysis)-
SABER & F —MEHLTRAK AN - —SHEBES T
(Parametric Sensitivity Analysis), FIFXFhoH4TThAR, Wit T Uil
—AR/IANEEE-BHEEAZL, ARG RESEOEE, A
T 3% BT B Al B (K



T EAERL F IR

4.2 EEREBRENHN

4.2.1 BEREBNO IR
HESRNIEQFHNS: Bl Rl FSRNER. §

BRI, W BT RE. TENEHS AN B,

—. HJE (Voltage Source)
RIFERRE T HEREERALERTENBE. B EREERX
R T SABER AR, FEZEIRT, Xt Bl TR SEGH T
E, REEFIEFEE. SUNARSY, KEXNHHEE, Wi
AfRRREEY . AFREFLE, REANHABE=MAE, ME
BB ERERHT, FREBESMIFRIMEIERE. REHESE

RUNE 4-1 Fir,
pa a
Qe
pb b
—t]
pc c
—t ]

B 4-1 Rsuims

Figure 4-1 Simulation model of source

= JRERMELAE
AR SRR T SABER fRELATHEMIRIRE. 5 ERERIA,
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IR AW LA

LA SR ERRBEHLRNER AR,

=, SRR (Sensors)
HIE. BRESHBNGEEME 4-2 Fix, K, BE, BREL
JH SABER HJERHIE 5 MAST 47’5 ROMUR 2 R T,

8l

ics

B 42 SAEARFEEY
Figure 4-2 Simulation model of signal detection

M. FHIEEKEIEH R (APFC)

EHERREMIERGNRL. ERAM MAST REESHREN
BRAEF. RMARY. ARMH,,0, . HEER i, . SEEE
VaVy » HIMBEHEY, . HHEY: ANTRENFLRE
51:52:83:54:55,8s o MIBEZHEHIRSRA RISHIMREHEE, ARA
40C i PWM 41#54 .

F. FET[/EBIR (IGBT 400)
BRI EBRNEHNE 4-3 Fim. £, BETERETRY
BUUSR, A ThERBEET SBAEL, BHELUL AL,
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Figure 4-3 Three-phase Inverior block

7~ FRAZRIERK

GEl LTS, MR T HRERSNOERE, WE 44 7.
H, ZRBETNEE. BB SABER REMEM. HTREEY
s, fEM0, REBTRRSERE. SHYRR, HAESRRISRAT
FEARZKRN. ENWRAGENHCEE LEET HA, €844
7+ HI AR R 7 AR

a5 a | i ial va
rLAPFC
hSh p i i bt w W >
gnd bnd ias g5 ias v ¥ a
by ibs ibs APFC jar __lar o
Sensors | b YO veb b o o
[ vbe jor _ier >
.
icl
—'5"%5_ ) 1 b2 B3 5
-5
e 3 et

fofe

ef bt s s !
al "
1 fal "
isx] »
L IGBT 4Qc

B 44 FREARBBFIARER

Figure 4-4 Active Power Filter simulation principle figure
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ALFEEAFM L EALE X

4.2.2 (TRSBRER

—. FRSH
(1) ¥EEs:
HERMZEEE: C=4.533mF
2% it ] e R L =2mH
(2) HXRIACEEHFRET, BWEEF—ENRE: HLAER
EBREEBRO=MEE, ENNE4sE0T:

v,y = ~{380VZ sin(ax ~120°) + 194 Z sin(5et +105°) + 10v2 sin(7ax ~120%))
v, = ~{380vZ sin(et +120°) + 19vZ sin(Sax ~135%) + 10+ sin(Twr +120%))
v,y = ~[380v2 sin ar +19v2 sin(Sex ~15%) + 105 sin Tax)

BEEAEN: r=01Q

(3) LW ANAELEEN, B, 2ERELZRTEKERT
KRR, BEESKEBHEE, XEETENZHANE, K88
BinF:

i,y = 502 sin(er +15°) + 542 sin(3et ~30°) + 2.5sin Sex + V2 sin(7at ~15%)
i, = =[50VZ sin(ox +15%) + 5v2 sin(3ar —30°) + 2.5v sin Sat + 42 sin(Tex - 157))
i, =0

(O HEEFSEEREESH.
KB N=256,
BEiffigEaE: vV, =700

= ARER
(1) BE=MHEREKR
B4-5 RAGHREMN=MHEEEEE. GFRGAERGSE .
F-ERMEMHAREE.
(2) R BEFBEE
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4-6 BB BWMER, B 47 £ o HARBHRNTE S T4
R. 5FAMBRREANN, HETUEY, AZEARSET AR
3. 6. TWRlE, FE=MmEANK.
(3) HEE S BRREE

B 4-8 RAERKSHRERE. HERTUEDH, HIEHESHERA
ZHXRRA . AEKERE BN,
(4) 77 U5 ¥R U 2% B0 o I B B

B 4-9 ZHIRIEE A WA EZBRETE
(5) b J& B ea Y5 0% B B

B 4-10 RS A4 RN BRBRER. B 4-11 B3R
R a HEMBERPFEIH. APTLES, 2L FREEENH
R, BEHRATRETEESR, REREHBRATERXNED,
BRI RBERMO LT 5 & E#ET T 4.

[LRIC]
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Ry
b vix
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Figure 4-5 System line voltage waveforms
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Figure 4-7 FFT analysis of a-phase load current
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Figure 4-8 Source reference current waveforms
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BX —E 4y AT PR AUE .

5.1 VC33 MHF &

VCBBERSBBHS: ERFAIN2FHFEEF. TRFHR
FEEVIHRL. RAEFFFE0HEL. PHISHTFFERNGELETE.
ERFRERNES-1#7. NRYHTFEFREABFRREIERE
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Figure 5-1 Flowchart of main program
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Figure 5-2 Flowchart of INT2 interrupt subroutine
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Figure 5-4 Source reference current waveforms
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