E37EFE2H
2017 £ 2 A

JeT-rRIGRIZ BB A P RE R J HUBLA
{IRHL RSBk 52

AR = BLF B
(BIET k3 bALHHLIEER, S8 A 230009)

Vol.37 No.2

) 8 # s
peb.2017 @

Electric Power Automation Equipment

WE. A T AR A S (BPP) &3 M F F AL (SG) , A& & F A (LVRT) A2 & A X & SG % & 45 4]
36, KN B BB 3w (SBR) %I BPP F SG 4 LVRT, K A 3+ Z bk % b K34 e F @ A2 0 42 4
T SBR MAEMATH &, AT SC RmAz &% , 24/ SBR & HHIIANSC miz @MY #E ST SG mikfe
ik EBREKXX, EEMNWAEFRANT A A RFEREN  H-FHH% L LVRT /£ 1 SBR & /> FAAL ¢ fig
Mk, RERAELRH 2 AT SBR AT Hrh AL BFHEEBPP O A%, X H AL RE
IE T A T AEAT kA B SBR MR 69 E A TTAKIL SC MR B RE e R ETRAR K ¢ #hEF AL d
AWK EEZ B PR R RN A A PTE G SBR FLAAL D x5 SBR FEAL % a1 Ak K 2] /MR

REEFH d S Rk arm a8 ¢ WA TRBZBEIR FhaEy E LR
KB, KB EFA, AT AL, 2HRRA L, $RAD M, FaRen

hE SRS, TM 341 XERERINAG . A

0 3l=s

A=W e e F R AR O MR AT T | b7 3
sk 5 RGE K BABER]E iT A AR AR IR, S XU Ot
PRR IS i i JF AN TR | 2R W B fE A v 2 R W) 20
HL AL (SG ) FF W, Bl ML 55 55, ml 4 2 3 T L BB o
T,

BT e U5 HE S e I AT TSP R S AR 2
[) B b H A {IG H R 27 B (LVRT) 222K H Aj KU AL
21 (WTG) B LVRT W58 RAR 2 anSCiik [4-6 T0F5E
TR A ER B ) Bl H BE (SBR) S5 B R R XL HL AL A
LVRT, % 1 SBR #1140 | 05 HAEHC SBR BHAE ; SCHk
[7 -9 ] 2R H % B8 B Ik 0 4 28 i LA J% iy XL FEL AL
2H 5% 9K K R R A2 WL AS B 2 1T,

B2 I bR o AN JRy B F XU RSB AR, | TR 3
T SG, FEETE 2008 AF4 ) rf e I g Fe hujto-1 v
BTN SG #E SUORE 1 2RI [RIFEZL 2 LVRT
HEN  SG S HL AR AAE SR mi ey o i s T i
B e s, TR g, (BT SG Bt
FZZM LVRT, JE KA T . KK KH T SG 1]
PERE R RIS — e Fa iRl KR R S L EL
B — el LU 2 LVRT W), 28 e f0 5% 2 4 4l
it (ECMs)AE % 52 &, s Sl sl P () 50T
R A U 284 | AT LA e KRR B 45 SG AN

AW Bite &K H T (BPP) ' SG A& A MR/
AN JE 25 KA, T AR F IR ECMs i i%
K B HEI.2015-10-27; B B H.2016-11-10
EETH . BRaAHFEAL TR B (51277049)

Project supported by the National Natural Science Foundation

of China(51277049)

DOI: 10.16081/j.issn.1006-6047.2017.02.001

A KA SG 584, H LVRT M5 KA HLAIAHIHE
B 2 XU LA AN [ 2 A HLLH LVRT T il i) 1) 23t
WA, B2 2R & B AL (TG ) T IIfs A 2 1 22 2K
[R]85, BRI N, &2 FL AL (DFIG ) ThT I 1 2 5% 7 78 i 7%
Ao FEL I AN A B 2 A R R ) A, R K R [ 2B K AL
ZH (PMSG) T IIfi 1) 2 B BF 4 3k /0 R (0] 331, 17 SG T
I () 2 D ff R e m) A, AN [R) 28 AU B ML X R F AN TR
B 2R RS D 20 M R I A R AR TR R BENS WTG 1Y
LVRT #ifs B 2 SG, I e ia V)5 ZEWF 9T SG 1)
LVRT $#PE . SR H A E R AME S 52 i >, A SC
BR[ 131K 5 T SG & & & LVRT #4487 R H
SBR ZZPL LVRT A F5 1 (B R 05 K HIE , t R 45 H
SBR HUEEE

EEXE SG T f B [ 8 Xyngi BIF5 T 6% B 25
B 52 0 140, Calderaro 23T T SG i ™ Jim 85 25 53 F2 X
LR KA A 05 Razzaghi 15 B T AR & 48 2 5000
BT SO AT BB ] (CCT) By 52 | FH 15 1 0 9
g o) Kalyani §7 5L T SG AN [A] B S5 24 1) B A8 52
SEMEDT bR SR A T I B R RE R
PREL (EF) 7, SCHK[18-20 1857 SG B A Sun Fil
FH O B0 W) 57 SG = B A AU 20 T DA #7  A a
EME, RSk RO CCT, 5 B RN | AR
LVRT 1t ; 17 i 35 05 EL A BE 2 pREO T R B4 2
LVRT 240, 74b, MR 8 i e 45 Rk =8
K AR K i G SR 4 Bh A B R S il mE i

E%F BPP H SG B &% Pk, AR SCR I SBR S HE
LVRT, B R it K il il 5 90 80 245 4 1 i) 55 1w Fe
W) #ES: SBR AR f# BT 87k, 36T SG M i &4t
w1k SBR TIR K H G| A SG i m AL E 7 i A



(2) ® 0 8 & iR B

F£37%

WO AR A A AU R VAT A, A H
T RRUE A 2 35 ' LVRT #EN SBR Fe/NHARL, 2l
ARG SH, /i H X SBR fie /0N BELAE A9 52 1) | X 3 22
% BPP ZHEHASH B L, WA ELSEREUE T
T LR H SBR BEAE A IE#TE A LVRT ROA R |
1 #PE B b B & B g 3R Ak

SG &5 E A 1 s, b lmE o FHEAE R A T
HEFERN AN GER S (PCC) . 2 SG IE R B 17H JF ]
A, 57 1% SBR; i A K B RSB IT R A
SBR D442 Alm i FE | Js /N R PR AR A SG i 2
LVRT W] 4E45 -]

r
©--a0
; pCC
LBRSBRRE

1 SBREZEANES & B
Fig.1 SG with SBR
SG MY =B B R 5 AR AR
5:0),—1
T10,=P,~P.(8 ,E,,Upc) -D(w,~ 1) Q)
TiE! ==E! X5/ X s + (X=X ) Upcccos 8/ X s + E;
Hrb Xys =X+ XX, 5 =X, + X3 X s =X 4+ X138 .0, T}
P,.P..D 5 A fa AR Pk e R R R AL )
R HBEIPRABLE R T E, U X0 X, X X,
E o390 d R A i A g R S sh #e pec
HLUE o FHE 2 BT g IR G e d R S L
AR EL R LA G L P RE UK
P= E‘}Z‘;‘ sind— Uﬁccgg;(if'li )sin(28)  (2)
HF IEEE STA1 82 G @i 7 UL ] 2,
W Ty T R J5 R0 I 8] 580, T K 0 0 R il R B
7 A) F BORURCR A5 H, U, s T 381 i 9 B A
Ey, AR IR 0t (4 Bl P, P By o B G PP BB
Epe Egin 23 51 09 Jil 5 3 JE B BRAE AN R BR{E ;U N
PCC HLES % (H ;s AHIRE T,
+ E,

U
+
- L+sTc |Un K,
— —>

Upce 1+sTy 1+sT, E,

2 IEEE STA1 Rh#g#EEY
Fig.2 IEEE STA1 excitation model

IR R R S A SG =B A E
AR KA, ARG AR R UT 2 ML 2
PCC HL TR BEIT RV FIRE I LGS U= Unee K2E
RAL B A o T e 2E AR B A 20 A
55 U= Upee PRIFIEE 0 J5 2045 AL A REER Y ot

AT DAAS B AR A =
e R R 8] (R 1 By BRI ) AT
(1+5T ) Ui=U,y=Upcc (3)
K (3)— Wiy o 453

717 (t—ty—At)

U=cie Ty + (U= Unpc) (4)
/E\:EF. ,C1= U](l()‘l’Al)—(U,ef— Up(;(;) ,t() ﬂﬂﬁ&l‘ﬁfmﬁﬁﬁd‘zu ,
Av A EAA e RirE], #2 (HRATBORIA 514

(1+s TA)Efp:KA{Clei;T} A (U= Unee) ] (5)
KA (5)— o i 15

1
———(t—1p—-A1)
Ey=c.e Ty

+K\(Us=Upe) +

—1— t—to—At
TRT—'BTA Kicie Ty ( ) (6)

cr=Ey (to+At) =Ky (Upy—Usee) — T TBT Kyc
B—1a

M PCC HEERE ZE o i, S X (1) e 3 AN Tr
(R
_ Xz
Xis
KX (7)o BRI E AU 2 FhE
B4 E N TR R EBRAE E,, B ED = (8) B
IR EGRE By B E I (9)FTR

T(/10 E,; =

E+E (7)

1 1
——— (t—ty-At) C T ——— (t—1y-At)
Ej=cse T " 2 T, T+
Ty Ty-T

X3

> [Ew+Ky(Uni—Upec) ]+
Xus
Kic, T%T —I—(r—zn—m)

e Ty (8)

Tiw (I5-T)(Ty-7)
, X!
c;=k, (to+At) - Tg [Eo+Ky(Uni—Upee) ] -
d

Co T, _K/\CI T%T
Ty Ti-T Ty (Ty=T)(Tz-7)

T=XysTw/ Xis

1 ’
-1 X
Xus

H o= (1)) ~E X s / Xy 16 98005 S5 il % L
U g B R AR IS o IO F) 221
TE R R I (B TR B 1E] ), J5 R

E\=cqe

(1+sTy)U;=0 (10)
KA (10)— B oy oy i A5 5
1
UI:csefﬁ(t—t,—At) (11)

HA es= U+ A1) 1, FEUEE BRAS 2]

MU= (Epe—Er) /Ky B Il #5322 BRAE
BRI IH E=Epne 4 U< (Epu—Ep) /Ky B Tl HL
FE/NF I EBRE 42X DA B8 E, N,

1
——— (t-1,-At
7o Kiese T ()

BT LA

1
- (t=t])
E,p:cﬁe IA Ut



%28

AR AR R T H IO Sl H B A A 9 5 R () A0 e i AL I R T S BT 5 9

1
——— (t{—t,-At)
K,\C5e TB o

Ty
cﬁ=Efmax_Ef0_
BT LA

Hod 1) WG U= (Ege—E)/ Ky BIEFZ] . R 4E E
WS LI E S5V S5O 8RR REA
E! B0 B 120,

2 SBR #1348 K FE{EEEX

SG K Aa 5 i Ba pi HLAR T 2 P, AR Je HRL R
IREA K AR P, R AN G B Upeeao FE SG
ANRFQEFHEA SBR, AN FIF 5 BRI 8] 45 D i SG
Al e R R AR EEA SBR, ANAESLHEL LVRT,

EIXEANTR P, v B I (I B e A P, A
Upce, 5 Upee /DT XTI Upeer B [RIES A T B7 1 SBR
B, TR AR TUIATIM 6, A A SBR.,
T SG VI AV R HE PR B R FAPIRES BT SBR
FELAEAR A, AR T BT 22 P15 TR R F T 4k 5
AT I LS e 20 0 U0 ) R UE 38 ek
YA FAE 5B SBR FEAE A8 4k | LB & VI A D)
SR, 2 SG 7E I WG R i 8] AN 25 2 A2 1)
AR, 4 PCC R E IE W HE , SBR VI hiz1T,

A4 SBR BIHLRN I, B SRR 1.

E;=Upc,+ R+ Xisla (13)
0=Upea+ R 1~ X511,
Hrp NER d g 53NN d g TSEL 20 2 TR
FAE FE 2 H RIS B A B 33 pCC R BEZ A B
SBR FHAA R,

HI T ROE/NT X, 5, B PCC HUEBRTE 2 0 1
R L ~E, /Xy, B SBR IHFED A Py =
PR, 2 R R R BEAE AR X LVRT A F
{ERF A3 Dy | B AT 20 2 SBR e/ NFHLAE

SBR i /)N BHL BB A 2 DA% 8 1) 46 T B T oAy 6
filh, XPHHEAT Ty i . SBRMIAE R I ZE SG V)
FA R BG 0 | B 2 T AR I8 B LA A S R
P 51 A0 18 A A S in i AR S I AN 243k
FN AT AR A SBR, # B E B 5 U) H SBR, k)
T UCE 2 B AR T SBR A4 A B [ 0 B T
FURN SBR ) 32 47 110 Dl 2k T R 5 4% 42 1) o sk T AR
WA T AR — B, BT 5 R G R 4 s A i A
YA B3 AR L 2B (2) A DT 1E 5% R AL
W (L RN DIy A AN a5 728 Ak AN R B 42 30 o SR A o
T FRURT ok 3 i Rk xUHf o SG R B AR FR

TSR TR el R 1 R R R = S R B AT Y
SR B R AR P A TR 25 5 Ty 25 1R TR B AR N

It LA B SR e MM 22 . e 1 EARE K,

VAR B Il 6 B 4 AR A SG M R 58, e
A JUAT 1) T B 3300 T R A W e 300 T 2 A o A % 8
I oo, PRS0 (09 — B it od 7 B TR BRI 2 )5 e 1
WAL 8w, VLI E R RFS AR B = B oy R

B2 SG Ty fi FN e sl AH BRS & , AT5 SR AR ME1S 21 A A
fife o Ry T R R B 1 | SR 53 5 B ) 1 — oy
T e R S ) = B oy R A5 B T AR 22
TR 22 AR A 8 i AR Ak i FR ik

M po<t < ¢y B s i ALl PR 4 2H 1% . S, = S, +
Swo M 8<8. B SBR AR A ML S, .

Su=2 [P,—D(,—1) 1(8,:1-6,) (14)
Hodt FER n B nt 1 43 AEORES n UORIER nt 1 UGS,

M 8=6, B SBR A R FL S, K,

So=2 [Pm_D(wr(rH-l)_ 1) =P ] (8,:1-8,) (15)

NAARTLE T 8, SRR £, A5 il
LIRS TSN

Pm_Pe(E;(lHl) s 6InUPCC) =0 (16)

M >0, H 6<8, BB T S, M .

S,=2 [Pm_Pc_D(a)l‘(rH-l)_ 1)1(8,u-6.) (17)

FRHE = (14)—(17) 808 T I3k 1o AR R0 ek 52k 1oy AR
P A5 T RUE W AT . 24 S, > S, B, SG T ik ;2 S, =
Sy B, SG &b Filfi F AR ;24 S, < S, B, SG PR FETI M A
. 4 SBR FHAEH 0 FFIRZ S K, e S, fil S, K
NG AR S,<S, B XN SBR B B Ry He A
/IME . SBR e/ BHAE Aff 1 5 vE 2 3 Tt R g R 458
F14) B A5 8 7 o A A T AR W) L R R R g AR A
FE AR o A 1) A S 45 TR ) S ph el g IR
Pk o R AR EE ST BT Az Oy B el A

T PR 4 (] SBR 2 75 7 22 D\ FL I I WA T
W& LB P, A1 SBR BHAE R E . 24 SBR IHAEM TR
P 1B NHLR N P, 15} #5351 SBR I FLBH(H .

Ri.=P. X3/ E} (18)

4 SBR BHAE K T Ry, W), 75 B 2] 5% D) 52 LA
15 /& SBR THFEM T %

ARSCHEIOCCHR [ 10 1HLE 19 LVRT #rifE , PCC HL &
vk 2 0 Kk 150 ms, 2 SG #iagia 17 B D) % f
K, BB E] SG AN Dy S i K, D A s bl | 2k
TR A fe ki, BEHR SC W& iz 175 i SBR FHAE 7T
DI 45 Fh I 47 45419 LVRT 223K |

3 (HEWIESSHT

SG SN Ty=145,X,=2.06 p-u.,X,=2.5pu.,
X,=0.398 p.u., WPt X,=0.1 p.u.,T)y=7.8 s, L
BT Xp=0.1 pou., WI#ERGESEN K, =150,T, =
0.015,73=0.25,Tc=0.1s,E,=5pu., HELK Ar=
0.001 s,

3.1 SBRBFE{EITE

#K14HT 6,=52.4° A SBR BHAE A R H f b
SRS B Y o e T R ek TR (R R AU Y A bR L
{H), FTLAF 1 SBR FEAECER A ik i AR /) | sk 1fi
BURHE R /N SC A 5 R FERE . 4 R, B/
B 1 3l f B TE FE DR BN Dy i SC B S



(4] ® 0 8 & iR B

F£37%

% 1 A[E SBR B 0 ik R 5 6 E AR
Table 1 Accelerating and decelerating

areas for different SBRs

Ry, S, S, FaOE L
0.01 1.4982 0.0057 NV
0.02 1.3487 0.0409 NGV
0.03 12071 0.0927 Ny
0.04 1.0732 0.1687 REasE
0.05 0.9472 0.2612 N
0.06 0.8291 0.3677 ARGE
0.07 0.7188 04852 Ny
0.08 0.6163 0.6072 Ny
0.09 0.5217 0.7396 FasE
0.10 0.4349 0.6397 R

KE, MR M 0.09 pu B IE LR L S,<S,, B SG T
FATE = AHERE 150 ms AP S AT J 8, B4R SBR
FHAE e /IMEA 0.09 p-l.o

K 3 RaRUIAYIMAE SBR FAER X R (R, Hin
ZA8), "TLLE RV AT iR SBR BEE & H ARk
TR SG B XESZ I LVRT, X & HF SBR A A
BF I 2y 3 LF- 55 T AL D% DM sl fe e, 1)
TSR s T AR K | T s v AN AR | T
FRBAAA Y SBR I8/ T B B[] P A st i AR fh
K (18)133 SBR Ml FRELAE A 0.16 p.u. , XF Lz Bl 5
YVIADIf R 740, RIS UIA T /T 74 B SBR A
T B B 26 T RSB LVRT; I 2, 5 22 HL G
WDy S5 AN TR T 2 s 30 1] ) e O %

0.45

QE 0.25 /

0.05
45 55 65 75 8 95 105 115
8./ (%)

3 SBR ®/NEESVIANTANXR

Fig.3 Curve of minimum SBR vs. switch-in rotor angle

Kl 4 251 T SBR WIAFIE 26 (U, F1 P, 20
W4AE), ATUE S, Y P, /T 0.63 pu. B, PCC IG5
HLEA 0,SG AN 22 B it B vl 5238 LVRT; 4 P,
KT 0.63 pu. B AR5 PCC I A LA
MR ERUE DRI R R 2 0.16 pa., L
BB ) 3R I B F R R R, SG HESC B LVRT, 4
K 2 HLAK DR F PCC L A F b i 26 17 i, SG
H S AT DISEH LVRT, A5 24 A SBR.,

0.2
bé 0.1 /
0 L L |
0.3 0.6 0.9
P,

B 4 SBR W F47
Fig.4 Switch-in criterion of SBR

T B ESRE H TE B Rl R R G A ad RR  A I
U2 e B SBR BRAE RO IE B . RIFES 8.=52.4°, 4%
HIHL R, M 0.08 p.u..0.09 p.u., il i sh A&7 EAS 2 T f
AL 5 B (U BB ¥R £ 0E), B
RN 0.09 pou. B, SG AT IR R D) AR, ol SE 3
LVRT, S#draE LM 20 SBR BIE—3, X 2K
W RN [ 51 I B TRk R s 2
15 SEBREAR 285/ R R ) R T AMS 5 Uy -
Upee 2878 | 200 Ja A0 5 4 8 U, By R BTt T J e
JE BT R B ER Y U AR BOR B R E Rk
PN HF KN Ej, ) FEARLEREAAS 5B 1% 7] [7]
FEH TRIAAR S Up— Upee AL 200 5 B89 1 {H
Uy By BR T B Tt Ja 8 A8 S B R | U, #e4R 4
PRECEU N B TR R R S — B P O AR
E AR R R 1 s, E) e/,
Ry 5 Ja i ik,

600 1

3:/ 300 /

R

0 ]
0.2 0.4 0.6
t/s
(a) R;=0.08 p.u.
0.8
S 04
0 N
5.00
= 3.75 k
2.50 F
1.26 [
Lﬂ\ s _j/f/\/\/\A/\’\"\"\—K
1.10
150 1
S % /\NW\/WWW
<
-50 L L L ' |
0 1 2 3 4 5
t/s
(b) R,=0.09 p.u.

5 A SBR At SG B EE R

Fig.5 Stability conditions of SG for different SBRs
32 AEZRGESEF SBR &/NEEK T

53 SRR AN [ 1Y) 3R G 2 8 (b v s B BRAEL 1%
PRI 5] 5K g B 2D BT o BT S PT B S R AR
P, 1 SBR fe/MFEAE H 0.09 pou. Jl/NE 0.07 pou., 3l
SO RGBT Z A 6 s, W 2]
) 2 « I A9 45 TR AR ) [ A 3 T 10 98 S 80 A g
SG Wt e, HAbh T N MR SC =
O I fta g VRS2 R Sh A 05 Bl D /72
fhhzk

SR SHON L, AT LR il 4 v B BRAE R
A B GO SRR R A2 R T AR YRk T



%28 AR A T H I 2l B A= ) T RE ) 20 R s AL AT i 2 AT A e
00 ¢ b C. SG HUHE I ) B o 1 L R K g
) S 5 FL 6 0T 25 L 2 B LV RT

800 [ P T SBR BTN,
1.107]/ N o .
wol d. RESHO SBR HLH A B0 B 51
200 | 1-““ - d SRS U I 1 36 g SR D b AR
o 0.75%, o i ) 2
< a0 —/’OM e YT AR R L PR
<
o 5%,
0.90X&v,//
200 W (1] ™8, 20 %, Ak s el s aRUT]. s g,
-200 — 2014(6) :52-55.
800 [ 07Xy " . . . .
/\,',.-/‘ YAN Xin, WU Mingfeng. Biomass power generation and com-
300 —/"ﬁ\ prehensive energy utilization[J]. Shanxi Electric Power,2014(6):
=200 . . .
0 0.2 04 0.6 92850:
t/s (2] WSR2 00, PR IGE e | 45 IR Al P 290 R 1 1 3 2 TR0 3 A

6 RNES# Xt SBR FEER M
Fig.6 Effect on SBR for different parameters

PR | 75 241 SBR BHAE /N,

1 ) B] H BSORR O F % 7 Ry AR i g | A [R]
e o R ) ff R RS BT I TRD R B /NBEAE (% SBRED
A[SEEL LVRT,

g MR BT d TS BT DL R R RS R
M 3¢ K A2 i D LG ) | T S e R TR, =
P/ | 30 S P, 10 0 23R (A Dok T B R |
L) SBR BHAE AN

T 7, RS0 SBRBHAE ) 52 i A K 5]
MR N d A AT BRI [R] R g Bl R 2D
Bt B AR HBT bR R R

B 4319 2] (4 25 18 5 58 T 45 1B AR A
SBR s/ Z B P G |, W3 AH b sy e an
T kAL S EO SBR fie /N BHAE 19 5% i 2 3l 2
FLAT R D) AR AL 38 AR N ] ) 3R GE S 5 A
T 21 SBR fe/NEAE I 0.09 pou. J8/NE] 0.07 pu., XF
TR % BPP ZHGEBA S 5 5, M T AR
FE TS 2] SBR e/ INSHAE P A BT 53 | R AP XT R UG 2
B i A Bk B R TE PR IE R B SBRBHL 1B K B2
1 [A] BF 55 44 sl 2 B ] X5 0 1 SBR B/ BEAE A
0.09 p.u.., & 5 J&XI A7 SBR fie/ )N e O A
PE R SIS 7 HLIIE

4 £t

AR SBR SE3E BPP H SG 1 LVRT, B ik #2
T B Dl 2R 4 sl A 1 i A5 T AR ) 2 SBR
o/ INBELAFL B4 i B B0 AR BN R 2538,

a. SG M IR E Y S P TR M PCC HL R 2%
EUREEA O, MLAR )RR PCC I 5t F H i =y | AH
] HL R BB TR T SG MU B A&

b. I AT 8K SBRBH A 1 BH (B AR Ak Rk K
YIAT KT Holfs FHE R, 75 22 H 5] 26 DR

2 YT TG P 190 6 FLOAE B B2 (). F T A B A B2, 2015, 35
(8):31-37.
TAN Huizheng, LI Yongli, CHEN Xiaolong,et al. Influence of
inverter-interfaced distributed generator with low-voltage ride-
through ~capability on short circuit current of distribution
network [J]. Electric Power Automation Equipment,2015,35(8):
31-37.

[3] BAHLAL A3 SRIEHE A5, A XU L o H A o) T 25 o R AR
FE P A R S 7). W) A s i, 2015,35(10) - 1-9.
ZHAO Zhuoli,YANG Ping,CAl Zexiang,et al.

control of transient voltage stability for islanded medium-voltage

Cooperative
microgrid with  wind power[J]. Electric Power Automation
Equipment,2015,35(10) : 1-9.

FULE MR P S A T R I Sl e B R e XU (1
RURZFHAE I [)]. RS A i1k ,2008,32(18) :81-85.
WANG Hongfu,LIN Guoqging,QIU Jiaju,et al. Improvement of

low voltage ride-through capability of wind farms by use of

~

series dynamic braking resistors[J]. Automation of Electric Power
Systems ,2008 ,32(18) : 81-85.

VU, X R B AR 2P SE i A I 1 2l r BE P e e 2P
BURH B AR e [)]. BINEAR 2010,34(4):163-167.
TANG  Fan,LIU Tianqgi,LI Xingyuan. Improving transient

—
W
[}

stability of wind farm consisting of fixed speed induction

generator by series connected dynamic braking resistors[] ].

Power System Technology,2010,34(4):163-167.

MUYEEN S M. A combined approach of using an SDBR and

a STATCOM to enhance the stability of a wind farm[]]. IEEE

System Journal ,2015,9(3):922-932.

(7] B8, BAH, 5=, 5. Crowbar BHE X Rt 8% W & HL HLAK B R
FRAF RN ()], B B SR ,2014,34(4) . 101-107.
LI Ran,WANG Qian,LU Yun,et al. Impact of Crowbar resistance
on low voltage ride through of DFIG[]]. Electric Power Auto-
mation Equipment,2014,34(4):101-107.

(8] ZAE R 1k e, EL IR 7] 5 v WL SHD far v BEL M 8 BT A% 43 2
Heme[)]. MR 2013,37(7) : 1868-1873.
LI Shenghu,XU Zhifeng. Range and group strategy of dump

—
(=)}
[}

resistance  for  direct-drive  permanent magnet  synchronous
generators|J ]. Power System Technology,2013,37(7):1868-1873.
IR R VPN SF RS KU T PMSG P B RO &
PLIR R R 28 ()], W) A ki #,2015,35(2) :21-27.

LI Shenghu,AN Rui,XU Zhifeng,et al. Coordinated LVRT of
IG and PMSG in hybrid wind farm[J]. Electric Power Automa-

—
=)
[}



0 ® 0 8 & iR B

F£37%

tion Equipment,2015,35(2):21-27.

[10] BDEW. Technical guideline:generating plants connected to the
medium-voltage network[S]. Berlin, Germany : BDEW ,2008.

[11] B8k 2% 0 AT P, 45, 4070 2 Y5 OF AR HEBF 5 (7). L
M AR ,2012,36(11) :46-52.

BAO Wei,HU Xuehao,HE Guoqing,et al. Study on standard
for grid-integration of distributed resources[J]. Power System
Technology,2012,36(11) :46-52.

[12] LI S. Effect of rotor speed change on electromagnetic tran-
sient and angular swing of synchronous generators[]J]. Electric
Power Components and Systems,2012,40(13) :1486-1500.

[13] YANG S,SHAGAR V G,UKIL A,et al. Evaluation of low
voltage ride-through capability of synchronous generator con-
nected to a grid[C]//TEEE Power and Energy Society General
Meeting. Denver,USA:IEEE,2015:1-5.

[14] XYNGI I,ISHCHENKO A,POPOV M,et al. Transient stability
of a distribution network with distribute generators[]J]. IEEE
Transactions on Power Systems,2009,24(2):1102-1104.

[15] CALDERARO A ,MILAN OVIC J V,KAYIKCI M,et al. The
impact of distributed synchronous generators on quality of
electricity supply and transient stability of real distribution
network[J ]. Electric Power Systems Research,2009,79(1):134-
143.

[16] RAZZAGHI R,DAVARPANAH M,SANAYE-PASAND M. A
novel protective scheme to protect small-scale synchronous
generators against transient instability[J]. IEEE Transactions on
Industrial Electronics,2013,60(4) :1659-1667.

[17] KALYANI S,PRAKASH M,EZHILARASI G A. Transient
stability studies in SMIB system with detailed machine models
[C]//lnlemational Conference on Recent Advancements in
Electrical , Electronics and Control Engineering. Sivakasi, India:
IEEE 2011 :459-464.

[18 ] BASLER M J,SCHAEFER R C. Understanding power-system
stability[J]. TEEE Transactions on Industry Applications,2008,

44(2).463-474.

[19] PAUDYAL S,RAMAKRISHNA G,SACHDEV M S. Application
of equal area criterion conditions in the time domain for out-
of-step protection[ ] ]. IEEE Transactions on Power Delivery,
2010,25(2) :600-609.

[20] CHOWDHURY M A,HOSSEINZADEH N,SHEN W X, et al.
Comparative study on fault responses of synchronous generators
and wind turbine generators using transient stability index
based on transient energy function[J]. International Journal of
Electrical Power & Energy Systems,2013,51(10):145-152.

[21] SUN Y,LI X,ZHAO M,et al. New Lyapunov function for
transient stability analysis and control of power systems with
excitation control[J]. Electric Power Systems Research,2001,
57(2):123-131.

[22] IEEE PES. Recommended practice for excitation system models
for power systems stability analysis:IEEE Std 421.5-2005[S].
New York,USA:IEEE Press,2006.

[23] SALIM R H,RAMOS R A. A model-based approach for small-
signal stability assessment of unbalanced power systems[]].

IEEE Transactions on Power Systems,2012,27(4):2006-2014.

EE R .

FAE(1974—), 8 EH AN #
BHMETHAREFIF AR T OARSZA
AR5 TER Kb REohSiEa FH
WMy EREEL AN Z% T L2 A (E-mail:
shenghuli@hfut.edu.cn) ;

G BL(1990—), B B AT AT A
MEBRAE R @R ZRESHE L
4] (E-mail : anruil35@163.com) ;

B (1992—), Kk, mEEAA MR E RS
AR R Gy E AR

SBR-based LVRT of synchronous generators in biomass power plants
LI Shenghu,AN Rui,SUN Qi

(School of Electrical Engineering and Automation,Hefei University of Technology,Hefei 230009, China)
Abstract: As the LVRT(Low-Voltage Ride-Through) method for large-scale SG(Synchronous Generator) is not
suit for the SG in BPP(Biomass Power Plant),SBR(Series Braking Resistor) is applied to achieve the LVRT
of SG in BPP. An analytical method based on the equal area criterion considering the dynamic control of
excitation system is proposed to calculate the resistance of SBR. Based on the excitation control system and
SG model,the active power of SBR is quantified and introduced to the accelerating area for building the
expressions of accelerating area and decelerating area. Combined with the mechanical power and switch-in
rotor angle,the equal area criterion is applied to deduce the analytical method for calculating the minimum
SBR to meet the requirements of LVRT. The influences of different system parameters on SBR are analyzed
for determining the parameters of new BPP. The results of dynamic simulation verify the correctness of the
introduced analytical method. It is found that,larger inertia of SG or upper limit of field voltage,smaller ¢-
axis synchronous reactance or d-axis transient reactance or transformer reactance and smaller mechanical
power or switch-in rotor angle will require smaller resistance of SBR. Arranged from bigger to smaller
according to their impacts on SBR,the influencing system parameters are d-axis transient reactance,SG
inertia time constant,g-axis synchronous reactance,transformer reactance and upper field voltage limit.
Key words: low-voltage ride-through; synchronous generators; biomass power plants; series braking resistor;

equal area criterion



