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Research and design of transformer typed voltage sag generator and
protection system for wind power generation

LI Junjun, Y1 Jiliang, ZHANG Songke, ZHOU Yaxing, JIANG Jianwei
(School of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou 412007, China)

Abstract: Low voltage ride-though test of wind power generation system is carried out before connected with grid, it is
necessary to use special voltage sag simulated generator for this test. A transformer typed voltage sag generator special for
wind power system is researched, different type faults and voltage sag deep can be simulated, voltage sag last time is also
adjusted. In order to ensure safe and stable operation of voltage sag test system, complete breakdown protection schemes
are designed. Simulation and spot test shows this voltage sag generator is satisfied with practical engineering application,

which provides implementation scheme and reference of voltage sag generator for wind power generation system low

voltage ride through test.
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Fig. 5 Two broken line type transformer differential protection



PR, o KRR A R R RS R R ST S B - 99 -

3 MESMR

N TR R AR VSG M HARYT RS
REAT A SEIBAT . WAL MR AT ok, AT T A
R,

WK 6~ 8 FiR, AR VSG nf IELFUA
IF) WA e S Y (AN R R R 1 P s I, P IRV i
b, BERHBEGEATE, MBORES GRIE T R
AN, WESRY AR, W 9 fioR. H
JE V&I, DIFG ¥ H B N EHE I, Crowbar
PPN A L mT 2 A, Wil 10, & 11 o
i W] BRI AL % 5 Crowbar 7] 75 H s 2 9% 391 1) 47
AR RGN % AIEAT

T AR IR A, B B IR 4 R
TR MRRARGE WA 12 fros, 1F VSG &, Uk
T — AR AT, P it N H SR R 4.
HTAET LR, SEAN BT RE A Wi 13 FoRid =
AR, Bl A X (ERERT) . B X (R, C X
(BB ) =BG By € B BIGET&) AN
B2(Fa &)X 8 f C1(EA). C2(Fa&).

i i

sz
AR b

Bl 6 =ZtHAE 20%E%%
Fig. 6 Three phases voltage 20% sag

A

Voltae(pu.)
& =
e
— ——
——

N

i

AR

Voltage(pu.)
——

B 7 MARRE 75%E%%
Fig. 7 Two phases voltage 75% sag

L

T

IRAATAR

==

—

Voltage(pu)

8 FHRALE 50%Eki%
Fig. 8 Single phase voltage 50% sag

o mMMun
b} / \
AN ) \

OC Voltage(V)

B9 ZHERE 20%E M AERBE
Fig. 9 DC voltage when three phases voltage 20% drop

i |

N 1WA i 5

£l K Al AA KR XK
NSO I IWANNALS
BAY A% A WY

MU | f

[ 10 =#H B % 20%E% & A7 Crowbar B DFIG ¥ F BT
Fig. 10 DFIG rotor current without Crowbar under three
phases voltage 20% sag

Curretipu.)

s
U Time(s)
2
70

Bl 11 =HHARE 20%E57% T Crowbar B DFIG ¥ F it
Fig. 11 DFIG rotor current with Crowbar under
three phase voltage 20% sag

A5 PR Y
VSG

Zg A WY
o Mp2 LAl
k5 bRV
Us
e L»ﬁwmfj
PRGE

12 BEMEMR RS
Fig. 12 Voltage sag test system

13 BEKFIRRRSX
Fig. 13 Voltage sag procedure partition

TSRS 07 B w22, TR
R FIITE Py YR O YR Ig.
THESEEIIE Py B ISEATE, 1 FRom,



&) &GS

- 100 -
KEnd
2. (Xu()= X))
F = | (11)
KEnd - KSlatt

+1‘

e Xo A Xy 2099027 1 FC RO AT U K a2 A
IEFPOY BEbR LA K Kena 27 TH 5 2205 —
AFE G — MR R 5.

HEAN SRR IR B 4500 i 22 UL = AN X 12
Y i 2= BT 4521

F, =0.1F, +0.6F, +0.3F, (12)
BLAH 1n] F S R B2 TG D) FLR 1
1.>1.50.9-U)I,, (02<U,<09)  (13)

b Ur B tylial of il B e bs 448 I XS
D HAE L. 2 BT o A ) L BR P IR EE I
JANEERyIRZ R A G EN PG NP/ S0 Rk S EN AN PR N

B [E(s)
14 20%E% % =t E(AE 53K LR
Fig. 14 Three phases voltage comparison between

simulation and spot test when 20% sag

Wifii/pu

FEl(s)

16 20%E% & B B I E S LM AR
Fig. 16 Active power comparison between simulation and spot

test when 20% sag

ARAE R H LA IE 4T, RS2 By N L )
T FRA AR T A 0.9 £5.

05 E 5B E 14~K 17 Pios, 21 0
FRETE 20%IN % LR LI SR ZE . FyOERES
X AP 22 B A ESXEPFIWZE; F RS
DX AP LT 22 s Fa R B AR DX )P40 446 0 i 22 5
Fs WA R A2 o Fi~F, v 5 P A

M 14~ 17 o150, BRE DD, BE R
TeHThE . TEY s IS S E Y & R, R
1 VR B s T IX— . BARERR, U
HAEH RS C X . IR ER K, XY
LIRS A OC, “HRifE” H AR W R Bk IE G ) 1)
HAGCH RS, AR PR R e s B RE
BOR, SEMMEMIRRE . TR e ML s
brigdT T 5%,

1.5

B [8] (s)
15 20%E% & B T IHAE 5 LM ELER

Fig. 15 Reactive power comparison between simulation and

spot test when 20% sag

T
— fiflq
------- Eiillq
— ZEEZ{A |

I 1 L L I L
15 2 25 3 35 4 45 5
i a/s

17 20%8% 7% B T IR (T B 5 S0 LA
Fig. 17 Reactive current power comparison between simulation

and spot test when 20% sag

FT 1 BE 20%E%ER, FTRXETFHRETE

Table 1 Average deviation computation of different time section under 20% voltage sag
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e
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