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THE DESIGN AND REALIZATION OF SHUNT ACTIVE

POWER FILTER BASED ON DSP

ABSTRACT

The rapid development of power electronics technology, on one
hand, made power energy transformation and application conveniently,
and on the other hand, led to the serious power quality problems in the
power system, such as harmonic currents pollution, reactive power issue,
voltage fluctuation or unbalance. APF(Active Power Filter) has been a
key project in power effective method to solve harmonic and
electronics application technology, as the most reactive power currents
pollution, and the power quality. But APF has not reached the mature
stage in the domestic applications, and has many problems to more study
and improve. Compared with passive filter, APF still stays in less
Important position in actual application. For this purpose, in this thesis,
the detecting, control and realization technologies are studied deeply, the
research on which is of great importance to the early industrialization

application of APF.



Thorough research has been carried out for 50kVA parallel APF's
main circuit and its peripheral circuit. The Choice of main circuit
switching components, and the design of snubber circuit and drive
protection circuit are discussed detailedly; the selecting method of DC
bus voltage value, DC bus capacitance and AC side filtering inductance
value are given, using the method of integration of theoretical analysis
with simulated experiment. And, the detailed design parameters of
concrete main circuit components and peripheral components for 50kVA
parallel APF are calculated according to above-mentioned analysis
method.

In this thesis, the design of the control system of the APF is also
discussed. The realization scheme of full digital control system based on
DSP(digital signal processor)+ARM(Advanced RISC Machine) has
been discussed ,and the hardware circuit and software design of control
system have been studied.

Finally the experiment system is set up and representative
experiments have been carried out on 50kVA parallel APF model machine,
and the experiment data and waves have verified the research work in this

thesis.

Keywords: harmonic, active power filter, DSP-ARM, sliding-window

iterative algorithm, cycle discrete control
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24 R O R R A U T AR DA SR B, R R GEA RE IR AR, AT
RUAF IR S BE ), (H BN N 8 RN . T~ N AP o kg BAT 3 2% ) AT
L IE IR RE S, DRI AT TR e 42 I FE A . FH 21 JC Th RO i A niAill b F A
TCANZE 26 B 545 T AR e 1 [ S M POV BEARAH S S, SR T A T
AN TG LT Y1 I FL A 7 v o (R BTV K A5 B AR BLOF A,
I ISR R GE T .

6. TR 9 2 oG o

P27 2 WG P2 2 I B 7 2R 46 v T I FH A e A T T Jse 1 — o AL A
REFS I TFBe N TMZ ML DL E = DhRe ke, M EERAT A3 H T2 i 2%
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R 2R, AMEREG 7325 @42 it I R 2805, HAT T 2 M itk . nTHT
AMEFAT A =B AP AR 2 58 APF R, HATRU R (D
A DUE R B B SEIL, P LA 5 IR B 5 (s (2) %ot f o AT B IER
(RIRs its (3) 2T TR A BB I SIS s (4) %073k AT LA [ I A
W oI RPN L

1.3.3 APF By RITHI X

X TAME R BRI 5, APF A — N2 12 IR AR, DRt g 425 1)
AR ES R 5 4 FRIURAR R M FL IR 2 TR APF MR BRIV — AN 2L 7 1l

APF (1] FL ALt I 10 AL S T PR A 5K

(1) EARTE AT N, A IR R AR #0222 (AR BRER) »

(2) 1REFIBHASTERE;

(3) A7 BR A A & 1K FICA A LAORI D 3T G 341

(4) e () B BESE H R R 26

ST Sl R U S o P e & 2 N I N 1< Y L E i TNl IS
RIS Oz R SRR BRI, R
AIREAT TR ZE A2

1. PR L 42 020

TR B 225 (Hysteresis Current Control, HCC)J& H B FH &) 32 11—k
L8 PR ER LR 1 vk, R P A LU ARS8 T Jl— A BASE 58 FRLIAL A 0 IR BE X B
HEER, TR S LI A 0 PR IR R L AR R 2 R T AR B 1K R OGS o IR
FLRAZS S PR S B R A A N R T B i N, S8 T kI ER 4R B ¥ g
PERS B e, I HANTEEANE B S48, 3 w] i By 1130 A o 1 At i R4 2
IR o AEGR I AT TFOIRANNEE R FIRAR AR R S it
IS A 42 T 5 AN A B R A Ao ALAEOR, AT S LR FRL A o 1
kb, WmREAN. AT IE TR 2T, RIS T —E k.

2. AR PRI s e>oo

AR AR R R I L AR AT AR R IR R R s, e SRR
APF it L 5 1 2 IR0 ZE (T PR, ARG FRE — A A T 1 il
PWM FFSGHE MG 5o = MR a7 kA0 S T O ] g, HE RGN
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M [ 52 3] Js2 W5t PR A I SR VT B A, T S st B PR B PRI g T S B S i A
A, DRI B AR AR A T 4t AT i s D 1

3. AS[A) SRR i A ) 0972

7% ) 45 B i 1l (Space Vector Modulation, SVM) A& FHAEAS Vit HL L 38 42 HE 1)
R B ) R AR AR T K, 1% R PR A W, & S BT T B e
¥ “ARFEARAAE N — MR 18, W 356 5 5% R R (0 AN TF R R
A BTN R], AN R YT A O S0 ok At 0P B ROR 5 2 2% R A
A5 o LA AR A Ok f 2 1) AT BRI 1 O 26 45 BSOS B 08 ) 2 ) g
O, A RIS R S A S R SR AR R R K P ], R
TR IRt AT R BRI DI R /N AU S P I PR sl T OB M A s {52 — P
T RIS BRE ) T, 1A ol 7 V240 A S I RE 5 A B B T L (PWM)
B UR L MBEATHT 2, NH] DSP w50 RS0 ) nl e = PERE I 240
W7 1) K o

4. Tz

T 224145 4 (Dead-Beat Control, DBC)J5 ik s& —Fh & B A sl R, &
AR 7% ) 25 S B G, R R GRS 7 R A i PR S5 AR R — R S 3
RIF oGl e 20 B A A HH R N LI H Yo 207 TR RE PR RS L AL A
ARk, REIE N TR R AR (R, TR R, B RSN K
TRPERCR, AR ) SRR — N R 2 AR B R G, PTG s A R
FEL T B st v N A D

5. WPARAR S s> o)

TR (Sliding Mode Control, SMC), XRRAEZERIIE R, e feft t il Rk
SEHAE 20 tEZ0 50 AL, IFRBIAWT IR R B RO BT R E L A
HATRHSE LA 32 RN S SN AN A S e Vs A s 4 il vk, FE s
H IR AN S, WA FE e 4 i il PR R 8 BIA TR FEAE T vt 1T 3
[T

EHIOESAREIAE : R I R GO R BR R 22 . X RS AL LA
SN PAT AL AU, A5 S R o AR SRS B AN iy, TR
PRI AR SETF ORI A 5 5 D R ERE) , IX PP S o] ek R4 T AE AR 1) e A

>
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ARk, R REATE .

6. HLJE T

FLJE 2 Hl(One-Cycle Control, OCC)YEA—Fiir M ARLe My i, FEAAL
FEAEAFA P R YT P BB S O AR RIS 5 P 1) 22 A A s LG A8 DT Bk
PSSR Z

BRI R R R, ATHFESEE S, e NN HERES. b
AWZE, I REAT AR IR RS B30 5 5240 S A s, B A s
TSRO FEAR/NIINGOU T, W T4 25 S BRI F R I 2 A R AR AR A, T 32
M HL % 1) I 1A T

7. T T

it il (Predictive Control, PC)J2—FhAk TR UL PSR I S0E, e Rk
A 2R 25 (0 2208, B FH SRR R SRUAS AK IR) f 22 48, 408 LR 5
SE X4 HI R S D0 N RO o LI 428 A A RE AR S AT DA = AN SR (BRSO L ¥R 5
DAL SBIEE) AR B HE R, 3K = AN S 3R PO 2 X ) T e A 5 vk 1
FEAIE .

AU SR IR TOG Ae A H T) SEARL, R R B AT BRI BRI — AN AR 1)
SR, SEREE N SRR, A SR A S FT TR S B TRNAE TV
e SR FH IR BRI R TR D0 A S Sk SR AP RO 1 1) 5, 42 ) R T I vt —

RE k.

14 FAXMHTIEREX

APF 2 22\ Ay 16 BRI S e Tl G« s LR I B T B (H
APF 7E [ P (10 3 FH 340 328 08 31 B3 B, I 1T 1R 22 1) JLAT 5 18— 20 ORI 7 RN 58
o P, b T SEIL APE AEE N IR H % & SN, R APF IR 5 ] A S
IR AREATIIE R AT FOR IS S

AL EERIF 2SR -

(1) X 50KVA JFIRI = AH =2k APF 1) 3= ik S LA F FL B 0EAT T HIEE, i
W T TP E AN BRI S H0k . TR . BARTHE T 2 T S8 F 1)
HEPE. EUh L BRI ON S B BT, T LU RELR L R IR R R g
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I (R B DL R AT i e b BB R IR BTV S dE, ARIE IR RS T
50KVA JFIRIY AT U5t i ) DI A% 1) - v B HAAR AR R 3 20 A A B B K PR A T2
$.

(2) Jr4 7 50KVA JEIEAL APF (1) RS i, W44 28 8 (R A F g RN A0 AT
REWHAT TS, IR T T DSP+ARM A4 f b 0 R e (M S B 7
2o REAF LK R R IR IR S AE DX P, I RS485 kA s thilfs 513 R4
e PR AT SRR R v, RIS SR T — i T3 o IR AR BV (1 S I S AR
AP T A ARSI, R FE I 2 T 1 AR, Lh IR IR SRR R 2 S A A AT, i
$5¢ 28 (R 5000 DU AR A, DT e 1 SRA S50 10 B 8, £ v 17 A U
REIREHE SRR Sy, K3 T RS D 3R 4 1) SN P

(3) 1E 50kVA JFIEEAL APF FENL EREAT TS5, JRenth T B sl S 5
WE, L g RIE T IR TAEM IERTE.
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BB AEE AR E T R

APF L HLE A AR S B AR 2] APF [RAME R AT AT FEI8 AT
APF ({2 — A I RE I R ARTR , H R A 2 R s Y
APF. AFExfHIEM APF [ i 2 AN E R BEA TR AR . 12818 T &
HUBR T OGN AL, . Z2oh e R ONEh Ry R (R Vvt A9 T BRI
FLUERF 2 F A AN A YR I At HUBE B i dmda, MR R VRST T
50kVA JHIAL APF 1) L e HL AR a1 2L S A1 L FL B K PR AN BT B 5

21 FHEBRFTFRF[HLESINE BIEAIEE

2.1.1 FHEINERFLF[EERE

FESERR N A, S5 RS T iR W DRI a1, il APF REEREREN 2
PEREFRARER, MREFARBENT A o ThA TR AL FRAK I = ZA W51 - (1)
MR APF 2 R /N SRS AF I H S /AR A s ()RR I AN R PR AT I T

PUARHL ) LT R ) RT3 Sy XS A JiA 7 ) & e« H AT, APF 3=
HL I T SR R 4 R W g R T g A 2 Ol T AR T S8 T A ) (Gate Turn-Off
Thyristor, GTO) R4 2k [ ] A SUHK i A48 (Insulated  Gate  Bipolar Transistor,
IGBT). A LA I R8T 28 vt g H 7 28 41— — B e I T B 8t s 1) 7 (Intergrated
Gate Commutated Thyristor, IGCT), A M T APF ) EH#.

KRR E SR GTO 2 K DIAR I a1, AR TR SR 15
ARH)IGBT fE#UE R s B i PERE, (H) 2 N T IFRTE GTO IXshHAR itk
JANIE ST BT IR R W 7, 75 2 v A () du/dit AT dliv/die W SC Ha i AR T 4
IR BTT, PRI AT SRR TR, R, AR TR R HAT GTO £
K[ i5 6000V/3000A, JT M Bl 200-500Hz, 2 W I 200kVA LL_E
(KRR RAR B P, IGBT 2 N JiE s A P L) E & ek, Hef

#5016 TL



L% MOSFET HUBURPEZ AT IO0 R HERIKS) . AR PO, %
ATAEX TE MR PBAG. IR HRK. AN RARR &S, IGBT &
J8A N 5 )2 (SR IF SR8 . BT, IGBT f K2 1A 6500V/600A, FF5k
PR ATIA 2kHZP,

IGCT J2&—Fl T E AL )y o 1 e o v (0 B W g 2 SR 3844, K GTO
5 5 RO AR RO I K ) L S B AE — D, P 5 LTI SR Bl A A B LU
LT SOERE, 455 T A IR AR e G IT R 0 A it ) Il SRR A R, 723
TP B R P S T (PR RE, OCIRTRY B S IR AR IR . IGCT R iR,
JEwr TPoRMliRe . AlEErk R . RS BURIR s o, A RAF I A 5
HAT, IGCT i KA1 ik 6500V/4200A, JT I nlik 1kHz,

X T RAEH(A00KVA L)AL 9, —ARIEH GTO AR H 3= fi gk I
A, AR ARSI, B YR I MO S 22, — IR £ ELAk
AR AT I . X Frp . /NZE it (400KVA KL LLR) 1 I5 i 7 9k
Weds — MR IGBT 1E R L R B TP OCHe Ak, B T ORI, T AR
BB AME AR, (S AR o TARSRIE LT, HEFER oK,
A D B BRI B 2 K. IGCT MRS fE A, Fh T By i B —
SE AR, AT R T R 1A R e E H AT e R AR A R 1 LA PG
iR

M R T, ASSCRTT ) 50KVA FEBRIEAT 5 HE ) Sk 4k £% 1IGBT 1
FHEETT R, BB B AR U RGBT IR AR I B . SRR
JE R E T APF ELBFEE HUE Uge, — MK IGBT it IR LABEZR Fi R Uge 1)
2 FE 2 AT R AT LG A BEK o ERAEI FRE T APF S KAME FLUE lemaxs 5 1€
—E I AAE, TR I IGBT AU IR A lomax 10 2 54040 o HSAF (0 AR AT
H S22 G R L (A2 SR SR

A SCHY 50KVA = AH = 2B A U L ) g e o 1) B REZE HL S Uge 2 800V,
Has K A AN R (BB 4 150A.

RYs FIRICT IGBT ML M HL LG I 3 M, AU 22 =38 A ml A 1)
M IGBT R AEAR R PM150CLAL20 H e AT A FLI A 300A, G £ AL 5 11 IGBT
FSEERIUE B it A2 A SCHh BOKVA FF AT 5 B ) B 3R 1 v Bk, R A AR BT

BT



LAY
2.1.2 ZEIMERE

TR AR T T SORAS, Jroed B i s . R AR RIRK, Kok
B s IR, JERE R TIT OCHRE . G2 pl HL R AL TT IS S 2 s AT I R 2430 Y
A E AT B NI S e IT O R b AR Bl i s o 1 R, DR T SR A 22
GRFEIEAT, PTG R BV R TSR T o 92 b R A KA
QEEELLTNSE

(1D A aed 9 o o v S 0 P L R FRLRE R T S Bl A U8 BR A 7 22 42 T A
[X (Safe Operating Area : SOA);

(2) JR/NIFRISFRNE Sy, BRAHI AR 2 duldt, HLRiA LA difdt, Bk
AR L IR T A

(3D HITF SR 1 1m) L s FRLR A TR, AUl N A ER P 2R IR T SR 0 FE

SR S5 IR 2, RGN 18 R I e f i . B AR ZE P
B A1 RCD bz 2o e %0, DU HUGE & T APF 3= FLER T G281 (M v Lt

(1) LR LR el i

WA 2-1() sk A ik . ST N, A SO R %
A ORI, FR I A e L, AR SIS ETE, HT DA A A4 8 du/dt
FIORUE R . R DR,  SCWTIS X du/dt FNJ U H I () R ek 4y, (0508
IS 7 A B LA I N5 A Bl ™ . BT AFEIX AT FL s L, LAY Cs YA i 22
LRI EER /N

O R AL TR R L AN, BEAT RIS WA v o (LB Th A 00 1) 15
A e 2 [ RE A OB A OB I 2%, A R

(2)  RCD A7 82 i it

g 2-1(b)Fr~h RCD A2z b Lk . 5 RCD 2% i HL s AN [] 1) A2 T8 FL PR
FH Rs. ANty A4 Ds. JFIC, Mg —imdZ B Wi . Joieas At TSk
DI R RWOIRAS, A Cs LA I B2 o FEYS L s o 2 #s h 3 AR 0 ST I
A L8 LR E BT RS S, HU B AR HOR P A RE A TT 46 1)
Cs 7saff, (U T, A, % Cs il Rs (o) HLJETBCE, f#
ERBRIRA Cs _LIReE KAk YR, ) — & HAEEEE Rs Eo i)
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ELUR BRI BEANK, PreLRIMEAE s i 20 &y Rs EIFEMI DR BZA
PNIE

IXPPLE I LR N T2 0 — Rl IGBT St Hi ik, X TS FiAS Rl P o 1) 171 28
AT R UG BOR, 1 L BEFERD, B A A

= [
} 4@3 Dy | ] Rs

| 3 12

B 1_‘[ ﬁla‘ﬁ )

() B HL A rp B (b)) ROCDE 7 8 o

—_——p

g

L1
™

B2-1 %A IGBT 44 @ik
Fig.2-1 Common IGBT snubbers
AR, BATAR A DR B I e, A2 Ik ORI Lk, i b =4
BN RIEALROIF G 2 4 TARIKGT R, e AN EIAR RS AR IS Einge
PR, TCZE M L R AR M
X FASCH S0KVA JFIRBAT JUE N s I A 0N 5, KSR (] L AR
PP G LI 0 R LA A 2 A IE AT ISR, TG TR H A AT H SR D SR TR I
PPt ra g, A 1.5uF/1200v,

2.1.3 IRZNEEEE

IGBT UK 55 CRAP FELIE 2 L BT o (R RO OC B, R R 2 () X 30 L
A AGRAIE IGBT AR LR BIARI I RS, AiBLTF OGS R], /NP OGHRE, %)
P EAT AR AR et R . WS B K S LK 2 IGBT
EH TAEM EEARE, IGBT XFUKE) HL kAT a0 N LA Sk .

(L ZhAIWhEe w8, Gtk IGBT M AL EAT BE W FT 5 W K SRSl ks

(2) JFl I el IGBT H -Gk 1) 1F ) M i Hs, ST I AT DAGE fH 2 6% 1) S
1) TR 5

(3) W2 AL ) Nt LR T RE T o 2 X 5l v R [

(4) BN AR S AR AR IR /]

(5) HIRELEE . MU, BRI RS 55, fhE il RGO T A
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N T I RIE NGBT KIS, 76 \GBT FIFEA A bbbl b hl Fe i . ek
00 P B AR WG R P ) P g PP AR ERORR A 8 RE T 2R B s ARV T =35
Al [ IPM B PM150CLAL20. iZ%aK IPM 2 JEH 2 265 FLAR A IPM 7= i,
KHAGIER L2, NEDAS MK SR GG s, 1G4 T 0 ik
20kHz (Wit &, W UP S, ARSRas s, ™ b AT .

(D SEREMThAA I ik, Bk,

(2) P EHIMRER ) L

(3) Ry AR EAERL R R R Y. A B R BER IR R BKE)
GNP TAR

SR B0 — 1 AP N 3

(D FHERA—FE, X552 m B G, R IT I

(2) Bk - N O, SR [R50 T 2.5us, SEFRAE A A R B 2.5us
D3RAT P eI B ELIE, LIRS - EIX IR 1) 15 5 A Buss

(3) IPM i 4 PRE 2 15V FFOCHE b, B8 A R i e 3
Hear EAVE 34N IGBT EIRah i, 1 Br4y THVE 3 4~ IGBT Kz it i ;

DSP 9353 1PM JEH2 it FH RS 06 200 iy e, T HL 40 2% i Db 20
F- 1000V, Wil A LL%ER HCPL4504, HCPL4505, TLP559, TLP759 4,
FRRAE] IPM F b EE 2 R, AR R T IPM L R OK Sl R
HCPL4504;

5 IPM A iy, ety Hh B il 10 mAL B8 1.8 ms [ fikph
FT, TEIE IR S A 2R AR S, A5 DU PR HH R £ 5 28 S A 1PM
RREPA BT T 0 W i O R B — DRy B, AR AT R I B T ks

i1 DC/DC R 2 rEC o IPM B (I 15V I &I Up+, Up-
PRI (R M 5 2o YR S B4 IPM SRR, Ugy S IPM B4 HH 1) it
5 5 SR G IR I A PEHIR . ARVt s st #2231 7 DSP ¥ PWM ikféin
g — I ORY NS, 75 A R 3P T it

IR L s P 2-2 BT :
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VCC L1 1 Ul ; 14 C_T._UP v -
AR 1 Vint Vout+ 1 o
‘ 1 10uH I . C17 6K9
C1 C1 T(C)iﬂ-* 10uF LED3
. 1
g 1OUF- z Vin- Vout- % & 6
GND FXXXXS-1W GNDUP
U4
F-
e )
OPTOISOL P
< o VCCUP
UP+ RS s
* 7 iy |+C‘)0
) o VE AN , | 2
| 3 vo =S 20K j_ UinP TgillF 10uF
7 5 L
GD +—=
HCPLA4 504 GNDUP
AH2-2  IPM K3 & 3%

2.2

Fig.2-2 Drive circuit of IPM

B BLRANEI

221 BRB&%BE[ERIER

A7 U5 FL ) IR Al R R R Y T R T LU R P P AT 0 PR PR s
(RO ZEAELAE T PR B AR 0, ELRRER F AR KRR B B RE T A 5 ) DD

IR A AERES T, I IHRE A LR ER B ) A1 5 73 B LI B e Hi s P BBCAREL il AL

g RGP, I BT AU SR IT R &1, AR IFIRAL APF 25

¥, W& 2-3 fros.

H2-3  JfEk

5. &5 8

o
iy L
- ’ . T AN
Sy

M e m—
AT i
t — "

7 APF ZF{H &%

Fig.2-3 Equivalence circuit of APF
, e ARG, T IR LIRS

fBE ELALON A 2 L s D fRE AE Ue,

0
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0 AZ% i, M 2-3 vh = A FL I N {EL T A 0
U, =Ri_, +Ldi,/dt+e,
U, =Riy, +Ldi,/dt+e,
U, =Ri,+Ldi /dt+e,
GINTFRREEL Sas S, Se i SN 1 R EHFE &
MR, R S

:{é(k =a,b,c)

WUJAH Y () APF i Hi HeL s
Ua =UaN +UN0 = SaUdc +UN0
U, =Up +Uy =SU +Uy,
Uc :UCN +UN0 = ScUdc +UN0
IS RG = HIRRR, ATEE &, WA
{ea+eb+ec =0

I, +1, +i, =0

HG(2-1). 20 (2-3)F1=(2-4) n] 153

UNo :_U;C (Sa+sb+sc)

B (2-5)a A (2-3) WIFF 3] APF %y HiAH L
U, =(2S,-S,-S)U, /3
Ub = (ZSb _Sc - Sa)Udc /3
U,=(2S,-S,-S,)U, /3
Koy M i, K-S s
Ldi_, /dt=U, —(Ri_, +e,)
Ldi,, /dt=U, —(Ri, +&,)
Ldi, /dt=U_—(Ri_ +e,)
F 2R @2-TRAT(2-6), T2 APF A2 it ] H BH 1) 5
Ldi, /d, =(2S, S, —S,)U,. /3—¢,
Ldi, /d, =(2S, -S, - S,)U,. /3—¢,
Ldi/d, =(2S,-S,-S,)U,. /3—¢,

APF T HUER T OES AT (KA W, 2 dRFE I ZI AL K452

$22

(2-1)

i, NHREOCHT 0 KR

(2-2)

(2-3)

(2-4)

(2-5)

(2-6)

(2-7)

Wi, 47

(2-8)

AL, LS AL



i, 222 Al IAREYE . L oa AH 1, 29 Ai, >0, B a #HISERR#ME RGN T
FRAHN, T a H EMEN S8, THENCHE; k2, 4Ai, <0, Ha
AR SEFRAME R T IR U, E L a A1 LBV O, SHHE N S8 .
A SE Br M LI -5 $8 4 HLR ) R R ZE 0y, 18 B A FE R ER B e 2 TR AR AL
1 H 1

F2-1  JFRBES APF i HLER

Sabe Ua Up Ue Vie CHAZ: Uge)
000 0 0 0 Vo
100 2/3 -1/3 -1/3 Vi
110 1/3 1/3 -2/3 V,
010 -1/3 2/3 -1/3 V3
011 -2/3 1/3 1/3 V4
001 -1/3 -1/3 2/3 Vs
101 1/3 -2/3 1/3 Vs
111 0 0 0 V7

AR (2-1) TR PRI AR AT 8 B OO, AR R AR % LA
Vo HEAT 70 HT 0 BER Sape =110, XI A, >0+ Aiy, >0 F1 Ai, <0, ML FHZHEK a
T b ARG AT ¢ AHFLIAL, OB OCIRAZ a AT b APl AfFE ST,

c A EMFE . FHIE S8 . 4 Sae=110 AR (2-8)

Ldi, /dt=U, /3—¢,
Ldi,/dt=U, /3—¢, (2-9)
Ldi, /dt=-2U, /3¢,

h TSRS, R, i BRI i 8N, BRI R A2

Ldi,, /dt >0
Ldi,, /dt >0 (2-10)
Ldi,, /dt <0

H 20 (2-9) A1 (2-10)F
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U, >3e,
U, >3e, (2-11)
U, >-3e./2
T PR AS B A ], AR IT IR ST rh e 23 AL 2K (2-12) 1 B 1
A, &R )™ AR OUA
U, >3E, (2-12)

SR E, AU HL A B AR, TR TSI LR AR A R4

LU F S A 25K T AZ U 0 PR ST H T V(L 1) 3 4%, 5 DS A A A R RAN
PERIESRAR G DL X FIVE I RA GO0, I3 2IH R (145 ie .

It UL LSRRG HU I (IR 23T E 5 1S, BEEEA R i A e )1, X
AR FECLIRAACKIEIZL . WNATREERE, i s AE 800V-900V ilH
IR, RORERS, BARERESRG B s, EERB A AR i,
A FEOKHI IGO0 IT I (i s ZE R A AR

222 BHinBE&BEREMIEE

AT ORAEA U B e A LE 3 AT, LU RR e L s 1 0 v S TR0 A 2 1) LU
LA IR ORFFAEE o (BAT Y AL DR AR AE S PR Is AT IN AR AERE T2 LB ELIRR R HY
PR R e, FL R s B A2 L PR AT AR 2% AR S A2 A o
A2, AESCVFINZE € Vo Bl N Ish EUR BER L I I sl 2K B 1 APF M i
(RIS oy i AL A3 ) FE R 3 « TR IRARE LU B S UAE 10 iy 1 PR Jeefeh RE 5 2 1)
Skl , Ferp U3 DOC Ty A i it s ) ekl B g DES (V) L3RR i I 3 sh ol W

EZO

N TN BB IS RSN, BB R i e AR R EOR. M
BT e N, HUAAE A, TR BEER B IS SO, 5 Mo T 5 L T D8 i
e IAMERIOR s AR, W E B2 i IS sl (B AR RRAE A #
SN DA, T EEEE A G R IR A BR, AE B RRE H B e sl A 2R N AT
HL AR VA I

BEEWBFE HUE Uge (MR SCVFEB HUE O A Udemax> 28 L BEED %04

924 T



A= AU dcmax (2-13)

Udc

YU LA BRI S KB AT e /IME A
Uim = A+ AU,
U emin = @—A)U 4

X ARNE TR, AR BN D T A (B N DR AN %, H— A
AR I A 22 o 2 5 R T DB A X 1 BN TG Dy B LA T AMEE I, UL )
DR A AR WA e AT He, 7 EE IR A PR SR P e A . W 2R R
AT LTI s RGUAFAE IRFE, 1X G 50 HUE Y E ROSORURE T fE =2
ANty ZEARPRGEMERE R 10 BRI JE D AL A B AMEE I, YA i S e (AT T
LR, RIBR LB AR M RE R, 1A A EAS e . AU D UE B . R
LA 2 B F e AT B B 2-4 B

(2-14)

H IhiR i

Ly e il
> > LJ)JIlt_‘IH ”f_-'L{"l
@ T) HE T
EERT. iy
8 ~ s s gt
__L j-:l‘n
e ﬁ}_jhw
A7 ils i i ol

BW2-4 AREAEKE. BIRE G ERE IR
Fig.2-4  Energy exchange of power system
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Fig.5-5 Current waveform of APF
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