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RESEARCH ON LOW VOLTAGE RIDE-THROUGH
CONTROL STRATEGYFOR PHOTOVOLTAIC GRID-
CONNECTED POWER GENERATION SYSTEM

ABSTRACT

With the continuous depletion of fossil fuel reserves and increasing
pressure on the ecological environment, Photovoltaic (PV) power
generation has attracted worldwide attention due to its renewable nature
and environmental friendliness. As the installed capacity and generation
capability of grid-connected PV systems continue to grow, their
disconnection from the grid during faults can compromise voltage stability
in the power system and even trigger cascading failures. To address this
issue, the power industry both domestically and internationally has
incorporated this concern into grid connection standards, requiring that PV
systems possess Low Voltage Ride-Through (LVRT) capability.

This paper aims to enhance the LVRT capability of grid-connected PV
systems by conducting an in-depth study of LVRT control strategies under
both three-phase symmetrical and asymmetrical fault conditions. The
specific research contents are as follows:

(1) The current research status of control strategies for grid-connected
PV systems, LVRT control, and the mechanisms of harmonic generation
and suppression is introduced and analyzed. Modeling and simulation are

conducted for the PV array, Maximum Power Point Tracking (MPPT)
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methods, front-end Boost converter, grid-connected inverter, and the
Second-Order Generalized Integrator Phase-Locked Loop (SOGI-PLL),
laying a solid foundation for the subsequent development of LVRT control
strategies under both symmetrical and asymmetrical fault conditions.

(2) Under three-phase symmetrical fault conditions, an improved
virtual impedance control strategy is proposed to address several
challenges, including grid current surges caused by the dynamic instability
of the PLL during fault recovery, as well as weakened harmonic
suppression and degraded dynamic performance due to the weak grid
characteristics during faults, where even small current fluctuations are
amplified by the grid’s equivalent impedance. First, the current inner-loop
controller in the dual-loop voltage and current control of the grid-
connected inverter is enhanced by designing a Proportional Resonant (PR)
controller to improve the system’s harmonic suppression capability. Next,
the traditional virtual impedance control strategy is refined by introducing
a feedback loop based on the estimated value of the grid’s equivalent
impedance, enabling dynamic compensation for its impact on the control
system. Then, the LVRT process is investigated when the grid-side voltage
at the Point of Common Coupling (PCC) drops to 20%—85% of its rated
value. Finally, the proposed control strategy is validated through
simulation in Matlab/Simulink. The results confirm that the improved
virtual impedance control strategy significantly enhances the dynamic
performance and harmonic suppression capability of the inverter control

system under symmetrical fault LVRT conditions.
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(3) Under asymmetrical fault conditions, an improved active damping
control strategy is proposed to address the shortcomings of conventional
approaches, including poor dynamic performance, high implementation
costs, and the risk of overcurrent in grid-connected inverters during fault
events. Firstly, the parasitic resistance in the LCL filter is replaced by a
combination of capacitor voltage feedforward and inverter current
feedback, and the resonant frequency is restructured to enhance system
dynamic performance during transient faults while optimizing hardware
costs. Secondly, a novel positive- and negative-sequence current limiting
control method is developed to effectively constrain the magnitude of the
grid current during faults. Additionally, to tackle issues such as double-
frequency oscillations in active and reactive power, as well as the presence
of negative-sequence current caused by asymmetrical faults, dedicated
mathematical models are established for each phenomenon. Finally, the
proposed control strategy is validated through simulations conducted in
Matlab/Simulink. The simulation results demonstrate that the improved
active damping control strategy offers strong feasibility and superior
performance in terms of dynamic response, harmonic suppression, and

inverter current limiting under asymmetrical fault LVRT conditions.

Hu Tiancheng(Electronic Information)

Supervised by Prof. Zhang Chun

KEY WORDS: Photovoltaic Power Generation System, Three-Phase
Grid-Connected Inverter, Symmetrical Faults, Asymmetric Faults, Low

Voltage Ride-Through, Virtual Impedance, Harmonic Suppression
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MR &1 2-6 DAL 45 Boost A2 Hi g Y JFLEE, RIS HURK FL i T I HCA AR DU

i o F P I B AR
dI
L=L=U, ~(1-D)U,

dUu U
¢, e = (1- D)1, -2
Y odt (=D, R

Rebt, DWIFREGE S, HDe(,]).
102,95 Q2104 L
sLI, =U,~(1-D)U,

sCU, =(1-D)I, +1, f)—%

A

Kef, [, =1,+i,; U, =U, +u,; U,=U, +u,; D=D+d.

DRI 12) ARSI R U, 5 4% He D R s 5O -

N

U
Gud(S) — /\dc — L
D LCs*+ =5t (1- D)’

I,Ls+U, (1-D)

(2.13)f Bode F & 2-7 Fiizw

Bode Diagram

14 (dB)

{7 (deg)

102 10° 10

§i% (radls)

] 2-7 Boost 4% G, (s) %1% iR %L Bode K
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M 2-7 WTRAFRH, 4THEHRECN L=3x10°H . JEWHHEEC =0.5x10"F .
W D=04. U, =750V I}, Boost 2% # % HLAT IE X134 26 4 1% LA K 89.9" [ 4H
PR, AT LI &R G2 A e 1 o
2.4.2 Boost ZE #4285 F8 [ B I W FAI IR ) SRR

2 Boost A& feds 11 % LA HIBURE, AT L3 E] Boost AL U, A
Wi R U, IR RA:

U, =(1-D)U, (2.14)

MA@ 14T, TE R I R U AR T, AR SO
U, HFh, TR B EEE G2 D . ASCR T —FE T8k TIE &R
0o A O PR S, SLS5 R IR 2.8 .

I, L I

>l

2

1
2-8 B2t Boost 254 W0 1 F 421 4 4
FH P 2-8 1] AT 1 i H RO AT B 2 Al AT P G ] 2-9 B

1

mref I Lref G () 1 1 L 1 et
G, (s), (s o by —T—» XCIT

2-9 Boost 2544 HFE LU WU PATRA 42 ) AEE P
B, BRI PL RIERXNG(s)=K, +K, /s, HWEIH Pl FRIEKXA
G,()=K,,+K, /s, T JURFEIER .
AR B 2-9 W] LAAS 3] L 4% 1) B0 ) A% 32 B A »

20
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GoiiBoost (S) =

K s+K,

P

0.5T.s’L+s’L

(2.15)

AT R I T P 28 208 B SR R A% 4 pR 2 Bode B

AT AR LG

ob
Hb?:?

T /2 R G SRR -

MR A 20(2.15), B 2 i) B I 4% 1) 30 JF 24 B 7E AN [A) Be 1) R BRI A oy R B0
Bode E U1K 2-10 FT 7w o

i {H (dB)

(a) LE A1) SR AR

AR 2-9 7] UG 21 o A2 B A B T 30535 s HON -
(Kpls +K, )(szs +K,,)
(0.5Ts’L+5’L+K ;s +K,)sC,

Bode Diagram

iz (deg)

102 10° 104
4l (radls)

R 2

Gou _ Boost (S) =

AR Bode

Bode Diagram

{4 (dB)

Ki=200

HIf7 (deg)

(YB2 RELAE . L] ZFAAET Bode 8]
5] 2-10 B4 R BRI 45 R B0 Boost HLIEG HELITH 1) 1 T 55 A 1k F

M 2-10 A1, RA G R, Ae15 31202 15)0 BASF il & o
I R IR AL I8 R 2L Bode B, HET RSME T Boost 1% 28 500 KRG IR
IR MR . B 2-10() P &1, US> RECAAR, LUl R &5 EL 0.1,
0.2, 0.3. 0.4 LK 0.5, B Gl REIIE R, EMB, TEIE s )L FAZ,
FAOT AR T BT PR TEmABL, BEE LB R BB R, IR A 25 08 Tt =, AH
P EREAC. AT ORERGMFE N, ACEFEK, =0.2. (EHE G REH
Bt b, 8 SRR RECT AR EIE 2-10(b), AEIHRETED,
10, 20, 40. 80 PAf 100 i, BEHEFR > REIGK, EAREL, BRI a5 %
Thim, AHALKE BB W PG EmAB, MEAHY e AU AR FE LA . [
b, AT BN B K R B R A RS, LR E R REE R
71, ALK, =80.

21
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4 20(2.16), 1T 15 2 H s 428 1] 35 TF 38 iF 76 AN [5] B A5 2R B AR o & 500
Bode UK 2-11 Fizwo

Bode Diagram Bode Diagram

Kp2 = 0.001 - 2ot
Kp2 =0.002 Ki2 =02
Kp2 =0.003
Kp2 = 0,004
Kp2 =0.005

Kiz=04
Ki2=086
Kiz2=08

&

hi o ./-—;;:T?k_i':\\
. 1 = g A
= _ \

e ey n e
104 108 100 10! 10% 10* 10° 10°

10¢ 10%
4% (rad/s) #i (radfs)

(@)Ll R AR . A RECAAERS Bode Bl (b)ELBI REAAE . B4 RECLAL Bode
B 2-11 Lb B R BRI 43 R B Boost F R 348 1 PR FF IR A 3 R 1 R 2

M 2-11 7150, SRR R, fe83 2)50(2.16)6 N A [F] Le 1) R HUoRAR
o RBUITF AL 8 B 2L Bode B, 3BT R GE1: 7 W 1l 35 S 5500 RGP AL 4
PERISEIE . A 2-11() AT A1, B REAAR, B R 8070 7 B 0.001. 0.002.
0.003. 0.004 LAz 0.005 inf, BEAE UG REHIHG R, FEMRIE, e A & JLF A
A2, FRALHE REZWTFRAR: fEmB, A LU SR B BE K, IR o s B A1,
T AR FEAR B — 8. A T IRIE RSB Fa @ v DL S mm B3R B, AR S0 ik 4%
K,,=0.005, fE0E LI RE AL b, @ SR B REOT LIS 2-11(b),
MR R, B0 REHIEL 0.1. 024 0.4, 0.6 LK 0.8 Itf, BEEF> REUW
R, EARPEL, WEARE af W T, ARSI A R W R, R, TR
A e AR AR FE JLFAAE . [RIt, A 1 7 IR AR AR FE I DR 3 B0 2 e [
18, PLAFEERGHERTZRRE S, AUEHK, =08,

2.5 EF LCL MRS TR B FIER ZEH A

JGAR I 1A 28 1 AZ DAL ERAE TR AR & th R B A, e e A, g R
AR M S [F PR, A F N R RS L, AT SE B e R 8] AR
IR R R DB, T EEAE ARG RN A HS B LU FLAE 2 () % 2 bk B
1 (Space Vector Pulse Width Modulation, SVPWM) %l T # NAZ i H, I
I LCL JER A I S AnE R, B IR = A 2SS fmi 2 25Kk . ok,
RAEMER R, WARSR AL [ PCC M EIhIN RS, RIESRIHFM A

22



TR R R A A 2 18 S

HL RGN 0L, RIS AR T Do 30t 2 28 1) 2 285 4 e 5 A TR R 42 1) SR s 3k
ITIRNT T, A SR HE T 2 2 i) SR AT 70 1 B S A 3
2.5.1 JEIR RS LEH

N T BERR BT Zh AT AR A IR 38 W7 LB 6 DR AN HRL i 3 80 T 7 A 1) L T 1 30
WARER T B AW A2 TEEE Std. 15470 b f1L5E B FRIR BT e hs, R 2-1 P

%% 2-1 IEEE Std.1547 F5E 1380 4% 28 37F W B I8 )5 & 48 b
s '**ﬁ'*' N7y TR "*ﬁ% N7y E.“b v/ H]u iy

LB L L s
h<l11 4% h<12 1.5%
11<h<17 2% 12<h <18 0.5%
17<h<23 1.5% 18<h<?24 0.375% 5% cos@>0.85
23<h<35 0.6% 24<h<36 0.15%
35<h 0.3% 36<h 0.075%

Bt ot TR Y 3 T AE = A 300 AR B R B X 2 [ N R U B AT IR R, Y
JEVR SR LERE LAY, LCRYLL M LCL &Y, FR4bg5M i 2-12 Fis.

Ll

LI Lﬂ
L — YY Y\ __ MTM
— Y Y Y
—e T c
(a)L i (b)LC it (c)LCL pit|

2-12L 24, LC BILL K LCL B ai4h b4 44 [
N VAR T oA bk =M ise g R P, T IR @S BT T B A, I
i Bode XS ik =M a8 HIRFEHEAT 20 B
L BRI S A% 15 e U0«

G,(s)=sL, (2.17)
LC B yE3% 48 (1) 15 8 B 2N«
Ge(s)= Lo+l (2.18)
LCL BY 8 a5 145 15 R AN «
Grer(5) = 1 (2.19)

LLCs*+(L +L,)s

iR =Rk 25 1 Bode B 2-13 k.
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Bode Diagram

Hfir (deg)

10° 10% 10° 108
Jii=Z (rad/s)

2-13L A, LC BLLJ LCL B4y 45 Bode

ME 2-13 FJLUE H, FERMEL, L Z4A0 LCL R8I #5412 DL —20dB / dec 1)
HEERENR, LC MM AEITT 0dB ; FEEEL, L BIER IR L —20dB / dec
()3 P T2k, LC AL I 8% UL —40dB / dec WIIE FE 298, 1 LCL %4 €% 4% DL
—60dB / dec WITEE TR 25 a0, LCL IR 2ET0 18 SHEATE I LA K 4
BHTPERR BE /I 1E Bk = Fh g s th R BLE 0, LC BUIEB AR RIMILIK, L BUyEYK
fR IR ZEPY, R, ASCHFFEROGAR T I R Gl A s dan R R A LCL Y
DEWLAF o
252 &F LCL KRR = MR T T FIRE

ASCH TR I R F R R 2-14 s . 14584 B e R Hth = 5
R A EARFE S Boost B Heds . WiARAR . LCL JE &3 A AL FLE - 4. JL
L, CONMEB A, LOANFHERK, L L, AR C Oy LCL JE U 25 Y I8 U H I A
JEWH T, U NERBHEHBE, i NERBZRER, i, 0., L&, N
MR, i« i, AR AR, e« e ML e =AML, VTI~VT6 A
=AM AR A AR TG

ARG TAEFEI N SGREES i B, 20k B B C 83 LK Boost
AR ST, Rl AR B B A NSRS AR B A
i LCL SRR #R IS, FE AN A B
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Lac

Y

VT1| VT3] VTS5

g, .
A

inva

LYY\ "-"-‘A a a
u, i, " i €,
de inva invh ~ren Ca ~ren b
g B u i e i e 0
- b inve A e >
e,

VT4 VT6| VT2 [ 4

—K%{%AQ“ ]

Bl 2-14 SEARFF A FL R G 3 412 1)
HH 2 /R B R L R B B AT 15 LCL JE iR A R :

S
[

di,
U, =Lg 5 +e,
di
ug, =1L, % ‘e, (2.20)
iC
U, =Lg & +e,

R, w, o Uy g, S LCLYESEES A M. B . CAH LAy HUE.
S S 04 4 e PR P T e T

b gy (2.21)

R w o u, SRR A L BAL. C I .

mva 1 mve

N, ow, ,~ u, BATRIRA:

mva

uinva = Z/ION + uNa
uinvb = uON + uNa (222)
uinvc = uON + Z/lNa

KA wy, oy, Ay, S8R BV R e B0 5 AR o A
U P RS HL R
52 UIF R
_{ RS, TR
-

k=a,b, 2.23
0 e, Faga’ " (223)

ML ARSI, AR 2-14 S HrR] R

25
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M D=1, A EAE G, THREOCHT, RIS KE R S E A 15

Uiy =Uoy TUy, =U, Uy,

inva

(2.24)

M D=0, A EMPE R, THHE I, R KE RS E R4

U, =uoy +uy, =0+u,,

inva

(2.25)

PR Q2. 24)F15K(2.25), WK A FHITAS 24 FBUE F T G BRBER R N

u,, =uy, +DU,

inva

) B9 BF 28 o vty B 306 AR 2% A MRS P s LR
uy=DU, (k=a,b,c)

RIS FEL DY HL s A AR PR AR L s, T
e +e +e =0
iinva + iinvb + iinvc = 0

i, +i,+i, =0

a7 R(2.23)-30(2.27) AT 75

1 1
Uyo = _E(uazv FUyy FU,y) =_§Udc(Da +D,+D,)

FH R /R K HL VAU E R AT 45 = AH I 2% LA HLR O«
lCa = linva - ia
Icp = Ly — 1

iy =l —1

— Yinve ¢

SR FRAS A LS FUR ) D8 R AT AR 2]

i duCa

Ca df
du

i =C Cb

lew di
du

S C Cc

lCc dt

Bar 22,300 MR (2.31) AT LR 5

26
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2.27)

(2.28)

(2.29)
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M:_iuck +_uk
dt LeTL
di (1) 1 1
_—=——1U ——8e k:a,b,c 2~32
dt Lg Ck Lg k ( ) ( )
dug, (t) 1. 1.
— o T Sbwm TS L
dt C

F(2.32) & F R A e ml 15

l'ind (S) — U (S)g:ck (S)

1

i(s)= %‘S@(” (k =a,b,c) (2.33)

g

U, (S) — iinvk (Szc_ ik (S)

MRHE(2.33) rl 13 = A A bp 28 R AR AR K 5 I AE B A B 2-15 P

u iinv u l
J»@—» 1/sL, > Y1/ sC »( l/ngL
5

B 2-15 =AHER LA RS R R AR 8 1 S A HE I
BRI AR SRS AR BR R T B AR B Ou T, Bl T RRREEZ
)4 A A AR & ELRE I () ARG 55 ) i, i B RO R 2%, TR RE A I G 5
HpE I, L AR RR AN abe AARR R BUA AT MRIRIALN o ABHR 2 S dg A
PRAR T IHCEARR R, B AR RS RS A R B R AR I 2-16 P

A 4\0)

Bl 2-16 =FhAsbR R B2 R B C AR
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B 2-161,  dg Mebs R (0 ERE F IR B 5 X e FE — 250, AL G F I FRLIARLAE dlg
WEICVERE, AR T EAAERPAR B B G EARR R o BHE o
BRIEAR, 0 3 ARk RN .

u
u, 2 ¢
Ll }: E[Tabc/aﬁ:l|:ub (2.34)
/ u
Hrr,
p b1
2 2
Toperap = (2.35)
o V3 B
2 2

B (2.35) ARt abe MAR RFHN ap hr F, Horb op Hbs R N ERIAR &
NACHE, JWHE KM PR IZHI A SEOUCHZIRES, (H PR 26| S AEEMPTIRTEA
AP PR 7 A B Park AR HCRE ST I B A AL dg A RS R T I ELLE, TR PI
P s SEHL R I A e 22 BRER D IRAE I 2-16 TR, dg AAKR R AR o AR 2
WA A A 0, HIFEHR RN:

{ﬂ B [Tabc/dq]{ua} (2.36)

>t

q uﬂ
N I:I:[ ’
T | cos 6 sind (2.37)
abelds | _sin@ cos@ '

Bear(2.34). X(2.35) RQ2.36)MK(2.37), BEIM abe Hebr RFEHE dg 2L
br Z HFE R«

1 3. 1 3.
coswt ——cCcoSwt+—Ssmwt ——COoSwt———sIinwt
2 2 2 2
abc/dq 3

B

1 . .
cos wt TCOS a)t+Esm wt —TCOS Wt +—Ss1n wt

(2.38)

K, o R AR,
W38 MR e, « e, LK e, M abe Hebr RIFH 2 dg Hhr 5, 155
HEL O P L ) L 0 B e, RSSO B e, A
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- |z 2 2 o | (239

1 3. 1 3.
CoOs@wt ——Ccosmt+—sinwt ——coswt——sinot || €
€, 2 2 2
3 1. 3 1.
cos@wt ——coswt+—sinwt ———coswt+—sinwt || e,
2 2 2 2

[FIEE, L Y L A o B, AN S By, DA RIS AR N HL AL I L ) R

g MBSO B G, 39

invg

1 ) 1 . .
. CoOS®! ——CoSwt+—sinwt ——Ccoswt— —351n ot || L
L 2 2 2 2 2 | (2.40
i, | \3 N I S I o G40
! coswt —coswt+—sinwt ———coswt+—sinwt || i,
2 2 2 2
. cos wt 1 coswt + ﬁ sinot ——coswt ——sin @t || lma
|:linvd:| _ z 2 2 2 2 . (2 41)
iy | V3 3 1. 3 1. "
cCoswf ——coswt+—Sin@wt ——coSwt+—sinwrt || Ly,
2 2 2 2

H(2.36). :(2.40). (24132 dg ebr R T IFMIB B IRE TN

diy,, (1) 0 o 0 0 -+ o o .
dt L, =0 0 0
dii;lvq (t) —-o 0 0 0 0 — l . - !
dl Ll linvd O L O 0
dl t 1 im Ll ed
di, (1) 00 0 o — 0" ’ . .| 242)
| _ ¢ il o 0 —— o ||
di, (?) 1 I, L, Uy
4 0 0 - 0 0 —
dt L Ugy 1 ||y
¢ 0 0 0 -——|
d”ca () 1 1 | Uey Lg
O O . 0o 0o o 0 |
L ar | C c °

A u, Mu, 73 9E R u, (k= a,b,c) 1F dq Hebn 2 K Bl B 5505 B

WRIEN(Q2.42), K =R R IO ER RS, BIRIF AR 25 42 il
it (UL dgfh b L« L BRI & C B LR i i = 4L B B A7 A2
&, PEOCIEMALIER] d FAT g B, JF HARGS RN 2 BRI R RS TERE . Bt
Gb, AE R IS SR 1R, o R g b A LA AT 3 B G R
BEARECE IR . N T TR dg SR & ORI AN RRE R, A SCRIUE dg A4 bR
X ARGHAT A . ARSI R ST AE A 2-17 B
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K 2-17 =1 LCL 24300 AR 23 i 225 M AE
P L, L, A C WIAAFRIUINAE P $ ) a3 % v B AT sE3 =40 LCL
AR DR dg FhIO S MR, MRl e I 25 MAE I W 1 2-18 s

P 2-18 =1 LCL 7R304 a5 4 fift Rl i ) 25 A A &

2.5.3 SVPWM F#HIF =

AR 5% (0 o P A G o A A AR e R R, R RS S BEAT K
E R, o R YR A e A S A T O NI R, AT SE IR LA R
AR AL . R, PWM IR 2 R AR R i PR RE A RN R 2 —. AL
JeAR I W K LR G K F S SVPWM il o 1 THT A i 3 DA S 505 A5 28 %o
SVPWM i |38 T5EAT 73 4 o

SVPWM il S ARE S H G /NN AEF SR BEM PN F SR E LI, 1
NI I A YT R Ok B, H AR PR ] bl A R O R A I A R E
345 B 7 () R B IR T R AN . 120 Rl AR R R AR KR R N BEAT, B
TR XA PR FE A R A RE L %% R B A I 8] i SR 455
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R G (2.23)- Q225 F =M P H P AR 8 )\ AT RA S . EXRH
SVPWM RHIES, 75 R O A TARIRES T % H B R & e — AN S5 R
JERE, HARWER 2-2 o,

2 2-2 AT TR B4 ) SR ) BT SR A A1 L P 2 A

D, D, D, KBS R R EE
0 0 0 Vv 0

0 0 1 v 230, T
0 1 0 v 2/30,¢
0 1 1 V. 230,
1 0 0 v 2/3U, €
1 0 1 V. NWMg
1 1 0 V. 230,60
1 1 1 / 0

-

W 2-2 TTLLEH, BEETF LG TR NBCE, BTV, My, BARE,
HANHIRA T, BESRAREOBEIA2/30, , HAMHE S R 5
FZ 60 44V, ~V, AR IR St RV RBARIE, T3 81— AN P ELUU 0 IF
NI o WA BTGRP, % ) I8 10 7 A foe KR 5k 2
0 e R 2% MR AT, B0 273U, , RSO A EL Ay 10551, A fh S e R 2
A L I B 2-19 BT

— -

4 £

Navay
VAY

4

v, V.
B 2-19 = AHPA P H R Ok s A L aZe
FP 2-19 TN, 4R5E 75 ) U e B e MR X, AT L i % (X 30
EPA AL I AR IR 225 DL B F TR R BT & e 7 & R AR rpl it 4%
M HE Y, ROV, B A R AT, S MR IR IT 2 BT 25 8, T AR T2
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FAFE LA T 0T 50 I I T 3 S0 R AL B . AN TR X RO SR DI e an 2% 2-3
I
2 2-3 ANF s X RV P 2

Ji X 5 FFR UG
X 0-1-2-7-7-2-1-0
I X 0-3-2-7-7-2-3-0
I [X 0-3-4-7-7-4-3-0
IV [X 0-5-4-7-7-4-5-0
VX 0-5-6-7-7-6-5-0
VIIX 0-1-6-7-7-6-1-0

MRAEL 2-3 Al SVPWM iRy sl 58 (O IE W7y 8 Mokl &
HAR R SR A 70 BRSNS X o FESE PR o, R 52 S 82159 21 (1 s T
FAEPTE R X R, ARYE G R s KB T R RSN ()45 2T R DIy 2, A
1M AT BASK S B 5 SR s R R B Al . eAh, AL S PWM i 77 sUAH L,
SVPWM i fEREOIT IR ARALS , R = i — M T SIRES , al DL &
kAR T A SR BT, ARSIk SVPWM I 5 2

2.6 DSOGI-PLL T{E[E18

FEIEH FFM 5 ZORIEY AR 8 AR AL 5 L [F] 20, DA Se Il 48 91 M,
B PRGARIE I A L R e B RS E I AN v 8k o R P A AR 25 1) = 2 X iy
I AR 288U AH A (Double Second-Order Generalized Integrator Phase-locked Loop,
DSOGI-PLL)#% 4t 1) 5 [7] 2 22 2% AA bR & 8 A#H A (Synchronous Reference Frame
Phase-Locked Loop, SRF-PLL)P?!, #HEL4% T SRF-PLL, DSOGI-PLL REX HL /4
JEHEAT RGO A S Al , Az i) R G PR AR AR ) FE X AR AR A5 2 S34ME
LR AL ZE IS UL T, DSOGI-PLL T REA BT A& # 1%, 11 SRF-PLL H1 147t
FHAE IS, PR HBLE A R LS AR IR I R . Rk, ASCRH
DSOGI-PLL 1l

DSOGI-PLL 5 FH i — A fE I L R AE 281 CLARK A8, 5.2 AR AR
AT o pHHEE, FEBERMEELIIHA M XI5 48(Second Order
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Generalized Integrator, SOGI) LA J¢ I 471 7 73 F i SRS B (Positive/negative Sequence
Calculator, PNSC), 115 o Al BEHIIES T, 55070 55 H R H e R ik 1
P oy B AL GL I HLRE 5 25 M bR A BIUAHPA SRE-PLL #EAT BRI, DSOGI-PLL
ZERIHE BTG 2-20 Flrows

»
qes

2-20 DSOGI-PLL 45 fHE ]
Bl 2-20 o, 2Lt HE A IR EN SOGT AR, 3 €4 R HE Fh B PNSC AR
B, W EAE T A SRE—PLL #584R, @, =27f,, f,=50Hz.
H1-T DSOGI-PLL 7EJ6ARIF MR AR G b A s 2 M 0, DR D L kAT
TEAH R HE S
B, X ET R AR

{eﬁm =0.5(¢! —qe}) = H,(s)e, — H,(s)e, 04
€y.0 = 0.5(eg +qe)) = H,(s)e, + H (s)e,
Relt, H (s) et Blo, FEREAEG H,(s) )9 qe Ble, Mt b AL.
H,(s) A H,(s) FIREN:
H ()= — ka,s :
s*+kwys + o,
(2.44)

2
ka,

H,(s)=
’ st + ka,s + a)02

RNEFAER E, RIEA(Q.44) 2] H, (s) 1 H,(s) TEAIF k18 T ) Bode
K, A mltnE 2-21 FE 2-22 s
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Bode Diagram
0 . .
e
— = NS T
& 20t - e NN B b
- T S T
m 7 S~
Eo i ~
= A0 - ~_
L~ S
50 ]
90 e
T =~ k= 0.707
I T~ ™ k=1.414
o ¥ NN k= 2.000
D x._\__ \\ e
s ~2 k = 5.000
& =
= \\ R““‘\.._
= AN N
45 . e
R —— S N

1072 107! 107 10 102
Jii=Z (rad/s)

Kl 2-21 AN[A k fE R H,(s) B Bode ]

Bode Diagram
20 . . :
) -20 \\\\.“\
= AR
an S .
= bt
40T AN
T »:‘x .
60 S
e
80 : NS
I '
— k=0.707
— 45 T k=1.414
= S 3&\ k=2.000
=z e k=5.000
= 90
E
= 35t \ L
\\:“_ xh-\"""--\_\_
-180 : L ———
1072 107! 10° 10" 102

Y% (radfs)
Kl 2-22 AN[E k fH T H,(s) ] Bode K
& 2-21 TR H (s) B arl g pas i, BN IRE BG5S H
By R, Rk F A ARG A S B AT R . S Hk BAE TR A% 3 R L
M sE . MWEIPATBLE, Zk <1, REGNER 50Hz LLAAMIE 5 58 im0 1
I, AHJEMIRNGE AR 2> 1, BEA BRI R, RG0SR 50Hz PASH
A 5 FEIRE LB WAL, HL ke AE ORI 5 I A0 2 ORI 3 30E
Mo EREESE K. 251, N7 RE RGHIE R AERE L LK i BOE B, 1%

k=0.707 -
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M 2-22 AT, H,(s) HAREME, 7E S0Hz 2 B EA0E 5 fE o st s i
k<1, RIS SR AE 0 L, BIMIAERBA It ReELLF, HOX 50Hz BAJS BIME
SRR Me>10, BEECEPER, RGHMESE S MR RE )z,
HXF 50Hz VLG E 5 0 BOZWI A8 . Ik, O T 5 m RS0 U8 1 A DL &
M SO, 4% k = 0.707

2.7 SEARFH M % BB R G SRR

XFIEARTF I K L AR Gk AT P20 F2 B2 O 1 A RO AR T R L R e RES A
R R ERE, RN R L0 N LI N 2 A AT . AR X G AR I  R H
RGN IEE T, =P P AR 8% H I 2 R D i s RO PR
NI SE UL 307 5% ] HEL X i ) R N AR 9215 5, HOHPR AR L AR 28 OR 4 5 W
R 2
2.7.1 BB JE BRI W A I ) SR R

HL TS LI O P A 2 AR I WA 4 mp — B Ry LR 2 ik b, W
PEIREAT B e (0 98 AP e SR P, R R A BRSO LR AR, (ELL AT B4
FERSUE [ HL R o TR TR HL s PRSP A P i SRS AT R o M e it

(1) FRLIAL A A 57t

TEFE 2-17 = A LCL B0 e M 4 #y s e P 56k 1, 33 51 N B
Fe SR P AT, AT A5 A E O O P R P A B B 2-23 o . B
G(s)=K,+K,/s, G (s)=K,, +K, /s

U

v B
l; dref @

u

qref

2-23 = LCL B3 A8 5 v i 7 A0 A R 428 ) 45 M HE )
M 2-23 AT, ZAH LCL i AR 35 45 il 22 45 HH HL L PN 24 A0 BLIE L s 7R IR 4.
. HEANAE R E T ERBLBEIEU, e, HRAERBIRNAFRETRS
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H At i, . Pt BRI REANAR PLAE, AT SCIUR S 1% 1A )
DhEAT; RN T LG abe | dg MFRR IR, HHK G i A oA H
Doy B, MET R &, REk 5, 0 5iFERIIRERS, #
2exd PL 4%, SEPIR G, A fTCRE =S 0], BRAESGOR I I A it 2R 48 L Tl
KHGEAT

g b, T4 HL A PR AR ] 0 ] 2-24 B

€
idrEf 1 1 — ld
—_— 7,5+ N o 5
K/,; 7,8 o 1+1.5T s KPWM > 52(L1 +)C+] L

Bl 2-24 LI A PR I AE 1]

K2-24, NIFEEEINT, L +L, =L, Ky, HURRELE, T AH
Tt PN A 1) LR 3

HFEHERANE S L ERNRIET A8, BSEH%E, it
X TR SEOEAT 1T

ME 224 ATULE W, BN R NBEERMEE ST, LHBEmih
sC/ (s (L, +r)C+D, HH TS Bl LAl LCL 8P #sIERR, HIHH&
HE AR R E v, T AT/ sC RSB M 24 F— AN P, FirbAT]
DLZNE, TESERRH,  FRER R O AR F ORI 25 A R - R G BRI AL SR
Pt N PR I HE P 4 ] 2-25 T o

. €, )

i Iy

dref 75+1 - 1 1r g
— K, e | 14157 s sl KPWM —> —> 1+(L, /' 7)s o

B 2-25 Tai4L i o) ELIA PN 4 I HE P
FIFH PI 224K 5% v n] 45

e=i

Kp, =7,K,
L, (2.45)
T, =—
r
] 2-25 JF 3% 38 pR EUN -
K Kow
G, (8)=—""""F7T— (2.46)

rt,s(1+1.57s)

36



23 N 2 TR R A S'S

HLYT A A ) P A 32 R RO -

K K
G, (s)= o (2.47)
157t T.s” +rrs + K, Ky,
W (2.47)He A Dy I By R e A it e Bbr T 20 -
1
Ga() = 1.5¢¢T , rT. (2.48)
st + —s+1
Kp] KPWM Kp[ KPWM
IR WiDIEF/T ESYSE
K K
w, = __pl” PWM (2.49)
1577 T
ARG B N:
1
= 2.50
é, K IKPWM ( )
2 15T - —2——=
Yoot

R G, (s) = K /s(Ts + 1) B L IBRFERT 5, N T IRIERG I RGEME, 7
BUMAE KT <1 R 0.5< g <1, Mok, T8 1 B RGEHHLIERE G, (s) )
B E N & =1/2VKT , MRAEZ M B b 1k R G IR 07 wr 0, 24 PR JE B
¢ =0.707 I G500 7 B b, IR RN, % ¢ =0.707 RN ¢ =1/2VKT ,
AHIKT =05, # ¢ =0.707 1 KT = 0.5 R (2.46) AT 15

re.
K, = : 2.51
" 3]1‘KPWM ( )
r
K, = 2.52
il 37;KPWM ( )

R4 RS X@.52) T BLiH R PL 24, AWK, =20,
K, =3333. WIHJ P IRI1E8 5K 5L Bode BWIE 2-26 BT
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Bode Diagram Bode Diagram

60 0 =

40 \\\
§ 20 g 20 N 1
= 0 I 40 1

20

-40 60 . .

90 —r— ———T = 0 ————— =
P20+ o ~ 1 2 '45 ™~ 1
; £ N
::é or T\\ l | é 135 \\\ 1

g0 L —— 180 | | R L

102 10° 10* 10° 10’ 102 10° 10* 10°
Jiz (radls) M (rad/s)
(a)FF L35 R %L Bode (b) %15 PR 2L Bode ]

K 2-26 HLIL N P A% 3% 5 % Bode 1]

M 2-26(a) B N PR T A5 3 2R 5L Bode I RTLUE Y, 7RISR, &6 RSA
BAB mEmg s, AR TG, REZREON %, &R0 TR
2120dB, HARRAEEN35.6, =i KRG R A BT BhaAm Mg MK 2-26(b)
FLIAL N B T RA AL 3% R 2 Bode BIFT LA, FERHIB, #2H R G Ae 0 1R I b R
WANET, EEB, REGEHRA RGKITTHHMERE.

(2) HL & A

B ARSI H B2 TR AR E BRI, A A IR OB AR
S5 R H . B 2-14 7] 15

C=de =i —i, (2.53)

B, u, () =u, () =U, » WA (2.53) W78 d Hhei 5 p
ESSF

¢ e 36 _; (2.54)

dt  2U,

2 R RV 0 ORI, AT AR o R I R R O A3 R 2

N
Uu(s) _3eji, 1

2.55
I,(s) 2, sC (2:35)

A, 3eda2Usc NRARTRSEHIE & .
ER(Q2.55)F3EAE B, 51N PLUEY, #8615 FE8:
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K,
G, (9)=(K,, + T’V)(Udcmf -U,) (2.56)
ZAHA1S
T,s+1
Guda (S) = (KpV VT—S)(Udcref - Udc) (257)

v

A, K,=K, /1.
K 2-27 NI R MR GRIAER, Eb 4T, N R REELER .

Udc Udcrejf
K DS+l 3¢, 1 1 o
"ors 2U,, T 4ms 1 sC o

B 2-27 TR0 B R 1 B2 1 HE T
K 2-27 T IR A5 356 R UM -

Y

A
Y

G (s)= K, 3e,(z,s+1) 2.58)
OV 2U,, 7, -Cs*-(4Ts +1) '

A TR R giueit, B r=5, WA:

Lo 2.59
iT (2.59)
K  -3e
p 3 (2.60)
Udc'rv.C 2-v
INIIE=T,
pV loned ( . )
K
K,=—2" 2.62
114 20T ( )

N

R4 Q.6 DA (2.62) 7] LATHE B EAMNA PI 40, AXH K,,=0.012,
Kin=6.02. W HL & HMEAAL 15 PR 2L Bode B WK 2-28 7.
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Bode Diagram Bode Diagram
2 » \ | 2
~ ~ - \\ il
L | T~ ] | | N
= T ™~ 5 45F V \ ]
‘g’ 135 T\\\ f’i 90
g NG g \
- N * 35 J\
180 S O SO S S S N e == S 180 b —
102 3 * 10° 102 10° 10 10°
Wiz (radls) WiF (rad/s)
(a) T %35 R 4 Bode K] (b) I A% b £ Bode ]

K 2-28 HI AN A% 3% 5 % Bode 14

M 2-28(a) L AMFRFT R 4% 38 5K 51 Bode BRI LA HEFEMRATE:, 15 R4 H
A B IR A 55, BEAE R AT, IR RN g2, AR R FE L
20dB, HIEARGIMEEDY 62.17, 2| KRG A A BRI ROEE ;M IE 2-28(b)
L AN FR P A% 38 B 2 Bode BT LA Y, FEARSIBY R G Re AR A PR R4 A5
T AR, RS REFNHITHMERE.
2.7.2 REH BRI I I SR

FEICRIFM R R GH, = A IR AR 38 75 B AN [ R B X 26 1, 46
5553 FEL PO R P, O g e 25 o R DA BEL e 4 o) SRS e o A T A 2 A R SN R L e
BEL. A B HIRE, TG A5 B I D00 A e 1 tH BEL T, 4 v IR S o R Bl
A5 N DL B ARSI B R 1, AR BIRm RETEM BN B HAS
REUBABTRIBI NTTVERAE LCL JEIAS L3I N AL PR, & B4 PRV A4 FH
IEAEK, HIT LCL JEBARI 2 M 580, KT IEIRE RS A AR 2,
HFZERT LA AW, RIJGIR R JE R AT JRRH 8 % .

(1) JGUERR Je %

H LR TCUR R JE 7/ 4E LCL iR 2 ) F 2 B8 P Ja b 3 PR Bl 1B i 8 ) Pl
P HURECHA TCIE, FEA LCL B A AR, AT RS IS 2 4 i
BRC/INCR o T TN ST TG R BEL T8 v B B A R e AT e, SRR RVR BB
(AL R i 2-29 Fros
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L R L, L L,
+ { I, + - i%ﬁ { Iy +
u, C U, U; C u,
o T ) o 1 o

(a) L, R ERHLRH R (d) L, FHECHFE R

L, R L, L, L

=+
OQN.
=+

=+
=
OQN.

=+

! C g t C g
r— 5 > B I
(b) L, FIRFFH R (e) L, FFIKFHPH R
L L, L L,

+ } i, + + I, +
Y S “ R
o o o —0
(c)C HBLHH R () ¢ FFECHIFE R

[l 2-29 ANFHCURRELJE LCL U A5 4h $h
RN AN 1, X, A% 3% R K B K(2.63)-70(2.68), Forbi X u,
Py et R A0 T B FH T LR S T A\ 2R Gt 0 3R 1) R ) R AT E 7T o
Bl 2-29() 1, i, X u, A3 R AU :
i,(s) 1

G (s)= == - (2.63)
u(s) s°CLL+s"RCL, +s(L,+L,)+R
B 2-29(b) s i, X u, AL R EON -
i, (s) 1
G,(s)= =— > (2.64)
u(s) s L,LC+s"RCL,+s(L,+L,)+R
B 2-29(c) s i Xt u, HIAE S R HON -
Gy(s5) = =) : _L+sRC (2.65)
u(s) s LLC+s"C(Li+L)+s(L,+L,)
Bl 2-29(d) i, o u, (A% 35 BR KO -
Gdgzg@)_ 1+sL, /R 2.66)

u(s) S'LLC+s’LL,/R+s(L +L,)
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B 2-29(e) s i, X u, HIAEIE R EON:

G.(s) = i (s) —_ 12+sL2 /R (2.67)
u(s) s LLC+s"LL, /R+s(Li+L,)
B 2-20(0 i Xt u, (AR IE RO -
G (s)= =) _ ! (2.68)

u(s) s'LLC+s’LL,/R+s(L +L,)
Bl 2-30 7N FHICIRFR JE LCL S8 i, X u, B34 R %L Bode &

Bode Diagram

18 (dB)

/L
/
8

mn

-100

-200

-90
\

-180 ——

1L (deg)

270
10 10° 10

5RE (rad/s)

10

Kl 2-30 7N FHTCIRBEJe LCL 834 i, X u; B4%38 04 41 Bode 4]

K] 2-304, GLCL AR(2.19)F1%f M) Bode K, EN¥EA IIATCIEFLE ) LCL
JEPE A% Bode K. M _Eid Bode EIFTUAEH, IIALIEFLEE, LCL JEH 4 11
PRRUEHAZ R FNH] . H G, (s) FTAT R Bode IR LAE H, TEJESE A FIFRE
HLFE, F RC EIRFLEMIZE, BRI LCL 81k 2% 11 R J2 06 A bl e KRR B2 4 o

) A J5BH Je v

IR JEEAF 2, AR JE A AL g i N L IH, 1 i g
AR SRS R SL I, 2 B AL G458 1 A A R A 30 M S 15 B Wi 4t [
P 7 s RA MR . RGTECRT IR RIER AR R AR L, —8m S T L
EREHARE, HARBR. PCC mME. PCC MUK BEHER . ADTTH
U5 BELJE SRS (AR PE, DL PCC sHEAE AT AR &, BURL SR LR e,
LCL JEP A AR E B 2-31 i
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G,
7

7 I

im/ @

K 2-31 ZETA U FEJE 1) LCL I a4 il A ]
K, G, PCC AHURRITARRL K, MR,

pwm
1

LLCs*+K,, G, LCs*+(L +L (2.69)
lgS+PWM_[7gS+(1+g)S

GLCL_jf‘ (s)=

M4 (2.68)F13X0(2.69), I DAL il H 78 57 v 2% - 156 B BHL A T s FHL Je A I8
FEJE 1 LCL JEU: 28 Bode &, W& 2-32 Ao

Bode Diagram
100 T T T T T

GLCL_ff
G6

I fE (dB)

©
o

L
©
o

Iz (deg)

N
3
o

_360 = 1 1
10° 10" 102 10° 10% 10° 108
A (rad/s)

B 2-32 T Jo Ui BHJE A R FH JE 1) LCL B 4% Bode &
M 2-32 ATLAE H, 7E LCL JEME AR H KA H I N IELE G, AMUAER
TP AN EE IR, E @A Sy, FETAURRRJE M LCL U8B &% 1 (1] 58 7
Bhf, R SCR A TR 2 .
2713 RESH
N T BAESGAR I R R GE vt B T AT M DL SR F UL BB A 2, A2
Matlab/Simulink *F- & #5 @2 R AOCRIF N R G, H 01 BHSH ek 2-4 Mk
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2-5 Fione PG EETECA 0.9s, AETMES, ARSCIEEL 0.01~0.11s B 8] Bt 47 Wi %2
5¥7.

X 2-4 JeARFEH F E S
SR il
T 2% HL /v 508.2
BRI S E/V 406
B K H TR /W 29840
Boost FiLE& HL 25 /uF 260.7
Boost Hi, i HL B /mH 2.5
K 2-5 WAL FE B HSH
ZH L[N
T A 95 9% HL R /mH 5
JEVE LA /UF 5
DX 3538 FEJB%/mH 1.5
HLH A RE (e E) /V 380
i H R A E /A 64
FF A% /kHz 20

2-33 R TCIEBRJE B PCC A5 HE AN IR By . F: THD K&, B 2-34 4
KRR JE ) PCC A B R AN A B IR & H: THD 1.

400
300
200
100

0

-400 _|
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.1
t/s

()PCC s FL A0 I FRL I T

Fundamental (50Hz) = 63.17 , THD= 3.84%

o o o o
o N @ o =

o
o

g (% of Fundamental)

<04
g

=03
02
04

0 il |

0 200 400 600 800 1000
Frequency (Hz)
(b)FF ¥ FEJfL THD

B 2-33 SR HTCURBHJE 1) PCC A H Hs A 5 I R VAR U8 T
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BNV

-400 ! J
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 011

ts

(@)PCC 5 H B AT X i

Fundamental (50Hz) = 58.57 , THD= 2.31%

TR T

4] 200 400 600 800 1000
Frequency (Hz)

(b)JF: K Hif THD
P 2-34 KRB VEBHE [ PCC i H AN - 9 L 378 0
M 2-33 F1E] 2-34 FT LA, o R TR e s A IR e 4], Juik
H WA R G R BE IR FF AL DR Rz 47, HIFM ) THD #/h T 5%, #F
HIFPIELKR, MARGVOHE L. A, @A 2-33(b) Ml 2-34(b) 7 B AT 5,
KA R PR JE AT LAZE ST 8 BRAR I S50 b, LCL SR 2% FLAT S0 0 1 I R,
b, SR AT V5 BELJE HEAT 1 U 4 ) S8R B 4

2.8 BN

A FERICARIF A R GERT A e Pt 7 VR A ORI K
HARGHTHRE Y, B, 4TI MR B R G RN, 70 Hr 1TOLREES
P S5 200 LA TR R i RPN = P R R RS VA AT TR L S i %
HK, Xt Boost 2 AR HEAT 1 /ME @A, F I HL s L IADO P A Al SR
WIS HEAT TR BT XTI ARG R E S, EeXET LCL =
FHH MR AR 3R AR N R BEAT 20 bT . Av 4R T SVPWM I /7%, 434t T DSOGI-
PLL HUp MRy, Dy Ja SO I F IRl T 00 T AR I Pl L 2 A ) SRS B i
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B, KGR I AR 48 3 R a3 4T 35 1 SRS DL & 51 N RE UL RH e 4% ) 2R AR
Matlab/Simulink 1 Z K AF BT BT, BUE 7 RE B E BRI AT S
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5B 3 F A X PR PRI L B R SRR T 5

AR AR LU0 N AR B R Ay o BN, G R RUR H AR St
A AR R IR W da AT O A, oA BoRe A LA AR R AT 0 A, 2
FOARIF AL B A L R, O T SR i R GExh i B e 77, X i i
IR SR AT i, R VE PR AR, Ak, O 1 VHBR I HL I S RO R
J3E i I P [0 S8 2 LA A 9t R DL FELA7T 4% ) 28 8 1) 52 Wi R 9 T 42 1) AR 48 1) B 25
PERE, $RH 1ot RE DL 1A% ) SRS

3.1 B P8t

FEL ] g B 45 HE 70 AR 8 T R R S A R A Y OB, A R T R AR
EE O ECRZ B, i S ECH IR . B, REAREFILR.
HL ) B T RE A AR AEAR AT — N LD R, AR Fl ECHRAEIA T,
I HARATIA T SR 5o 34> o ) R GEN L AR SE

32 ol L A A ) i AL A

(D)FEPE i Re . 5 b (19 S DR R T L 0 R e R B AR L 46
BRI SR IR A o R 2 51 B R R P R BRI R, H AT RE S
BRI KRS L RO H R W B Dy PR S A B L AR AR
MoK AR R DAL =M R e e L, R R DX AR R, St
LB A SO AR RS B o RS R 24 7 3 B30 X R T e R AL B 80%,
REL I W P 3 P T R Y SR A

Q)TREIAG N . 1T RGN LR ER 7 AL = 4h, A — e R
N WMENAE. FHlEE, TR FECE AR .

GINARE. B RGEIEN DR RBR SHE, WERTIB R, 3%
Pos Bl %5, AR T ECH M

CNERTSES RS -3 itk LN Ty 1 e N T vt i sV A S 3t U R S 1R
k=S

(DMEAE . MRELFGA A Ry i)™ AR, RIVIARa 5 A I r I ) P 2
IR HR A R R P TR T
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(Q)FFLEITIA] o RS [A) R F R BRI 4ERF BT (KRS, R E TF 4R T %
BT 2 0 (E T T QIR R] o RS )R, R 45 BT 7R 52 R s T K

GMENL RFRERE T, AR AR LRI, AR FREEE T, MO AT
R KoM, FEFECRM RS H AP

(4R IT IR o VRSN (]2 Fi R AR T8 IR 25 Wk B2 380 155 7K SF BT e 22 (1 B[]
ST LR R SRR TE R . KSR R A R R A AR E 1, U
TEAE R AR R BRI B DL T, KA ) KT R 42 51 2 1 4% 1 R A BN AR
ST, RS L R T SR

T ABC 23 M 0353 Hr B R R VR o AN ) FEL R R P BV S 0 R
e EmE 3-1 fros.

(d)D #! (e)E #Y (HF

3-1 A~F BY o T kv R ]

& 3-1 /T, iR A~F M R Bkvg A R R anEE 3-1 Ak 3-2
No T, e, AXIBRBRIEIS IR RIRE, e, AARXSFRERTE I (L RIRE, e, N
A FHERTE I R IRME, e, 9 B AHBREIN BHURIEE, e, A CAHBRTEI HIHUE
FLIER
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F3- 1A~ CHRI=MHEERE

AR B Y CcHl
e, =e, e, =e, e, =¢e,
1 1B 1B
EE N AN TR T % TR TS
- 3 1B 1B
eﬁ, ——Eem +_]7€m eﬂ, ——Eeg +_]7€g e/c ——Eeg +_]7€g
#32D~F A= HHERE
AR B Y C M
e, =e, e, =e, e, =e,
1 3 _ 1 \B 1 BB
=TIy =TT n=Tpe It
1 3 1 3 1 3
e, ——Ee, +j—e, e, __Ee'"+j e, e, =—— +j(§eg+£e )

gE A X R AT ABC M, R S R Y S I 1) L o) o Sk 7 A 7Y
SHUF SRR, R 3-3 Fos.
2 3-3 Ml SR T F R H R R TR SR A S R

PR HL ] HL T v R Y
=R R P AT

PP 2 i P B. C%Y
PR e B E. F&
PR R B C. DH

ARG T, =R AR TR, EIE R fEH R #
FHE R R AR AL B v, L PR B b e el P AT R R Bl e, A
S T2 BB A = A R R i o N LR 2 b i e 3 RS R T SR IR PRI R T e A 5
W& AT IE o

3.2 JFFRETRE T R B FE B AR B SRR R 5

FERAERERIBAR . (B SE THARBE SERH =ARAR s T ey, R I H I T
DRIV, HHOCRIF MR RGN C BT BT, HERIFM
SPRBTIC TSI, U] H e Bk R0 0 AR G IR L IS 2 e T, BT IR ARIF:
PRGN . AT C 2 AN SCHERO AR FL S 28 B R BEAT TP 7T, (HEAT
I FERE B K 22 O PR T A 85100, A SCOxt v s R I 00 AT 428 ] i PR FEL A P 2
e SR EAT It BEUh 7 E PRIEMIES, AEOCEERS EAT T 1 SOt R AU B PR A SR
%
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3.2.1 /£ PR &#I851% T

2 L X BRI, g R Y AR RO 2> BN BRIE, AR SO I
[P0 T30 45 HL I EEL OO A A o ) R AR A 2 AT it , R HE PR I35 HE
PR il g —Ahyp b EAE PR I8 AL IF H I 5 SEDLR)—Fh EE Bl R
P50, HoAR 3 e 0N -

2K, w.s
s* 2.5+,

Gy ()= K, + (3.1)

il o, PRI OBILIR: o WEMEHE, K NWLOIE K
SRS

£ Matlab "2l vH PR 4% 2% 1) Bode &, 1] 3-2 firor.

Bode Diagram

N
T

@ fE (dB)

10

AL (deg)

10

20 & |
104 10°
AF (rad/s)

3-2 #fE PR #%ill#% Bode
HI@. DR, #E PR ERESEE 3 MRS o, . K, MK, NTETD
BT, BRI R, RIFHARIUNE, B S =IO RGN .
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Bode Diagram Bode Diagram
50 25
kr=1
40 k=10 |4 20
—~ kr=100 ~
D30t 1 D5t
o
i® 200 | g 10
|
10 ‘\ 5
I\
0 - : o ot
% | 20 T
" Kp=1
—~ 451 —~ 10F / Kp=5 |
2 J 2 / | Kp =10
2, eEREI 5 BN - s - —
g L = = -
ES / = /
-45 {/ -10 ‘ /
-90 20
10 10 10° 108 10 10°
Jiz (radls) MiZ (rad/s)
H R, K BUAR b) K Mo A2, K A
a) K 0 ’ . ’
p ¢ r r ¢ P
Bode Diagram
6
we = pil10
we = pil5
—~al we=pi ||
o4 2
2
o
Eol
ol i J‘;‘ i
20
—~ 10 |
4 I
z J
E=
-10 1
-20
10 10
Ai# (rad/s)

(K, MK AN, o 5%
K 3-3 i PR #2l85 A [FZH0H 1) Bode &

RIEE] 3-3(@)RIBHIRFPE AT 45 2R, FIRISEL K, th e 128 il d A2 HL AL 1 1
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Fundamental (50Hz) = 84.69 , THD= 2.51%
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Fundamental (50Hz) = 67.72 , THD= 4.55%

]

of Fundamental)

Mag (%

05
o I Midmin | \\\\\\\\\\\\\\\\\

0 200 400 600 800 1000

Frequency (Hz)
(b)F- W B FET 4347

] 3-14 S FAL G AU B8 ) MG I PCC 23 L R AT LI R LA J% O I L3 FET 4947
ME 3-14(a) T 51, RAAE SR PR G SR, 78 0.5 Bk AT,
RAH BRI, 0.53 VIS IF I HL i ik -84.1A, ke I I 0 300 A8 2 400 € H
W L1 %, 0.629 FPIF, FEMHRFEEI-47.2A, AN BEYERR LI A AR X B
S B 5 XA B AT FELTA 64A; AP 3-14(b) AT K0, X ik e 359 1) 5 ] R 972 P
THD {5 4.55%, 530 FEARERIN 5%, 25 F, L G0 Re AU BT ] Sk i
FeRIH R RGN RGBT I ZhASTERE, AN BEAR U401 R T A ) R 2 AR
8% o L 7 T 7 A 4D P ) 58 Ak LT 0 42 1) R R R B2 T

3.3.3 BT it BRI IEFIsRES (A B 54

24K P 5 T ot R UL SEL A R FE R X AT AR i B, PCC A FE AT 5 R HE,
i LA 3 FE IR THD 2 #r & 3-15 s

400

)mmmumnum
L1 1111

ts

(a)PCC s HLHFH I X LI

3

1=}

2

=
1=

63



74 RPN 2R S VAT

Fundamental (50Hz) = 69.51 , THD= 1.65%
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