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Fig.1 Main start circuit of synchronous condenser



@ & 0 8 % w2 &

%39%

MLEANE e A2, R Y SFC, il 2 4t i At il e
Sl DI e 22 [ I il 35 b G, A e TR ) 8 2 E
3 000 v/ min BEREE I 0 Jih i, (8 )8 A AL FL He T 20 4
FEAH, SR eh R A i )

SFC i sl IR AR A5 353 A& F HLAE S shad A v
DX AR, 38 & R LR % iR 2] 3 000 r/min J&
g | i SFC R sh AT AP SR AL il
E—EAA . WS TAINLN T 4e R 7 iehs , R
Fe DA TR, HICT D) 5 S R R, ik 3]
-150~ 300 Mvar, 5 & HALIEE T RS _EIRA X5,
1.2 300 Mvar EHAHEVSBRIPEEFR

FAHALI 2 SR 8 TR B A R
P At R 2RI AR S e R
PP ] o FH o R A AP A L R, T
AIBLAR RERT ML B BT 75— =% /R, BT
RS R 22 R EEIRS 5 EH RS X 5 A
%, DI, 2 A 4 A ol R L S > i R
WICT Ml | BEZR R R AR A A A
SCE, P VEAHALICAL R sh J A, A Th T Fan
BIA 0, ANFEAE S HL I 2R 25 (0 o] Be 1, R L TG 75 Bic
R, F 14T ERESH 300 Mvar JEHAHBLAY
PRy E

1 300 Mvar AHEAARIPEER

Table 1 Protection configuration of 300 Mvar
synchronous condenser

(e R
o ARSIl 22 S
B R S
- AL 122 FE )

LR U2 i T
e UHIBL AR A AR
R AR R
ER AR I T
N SRR THARD 3 R T
TR BB TEASE TR
BT Rt TR VAU T
R JEABL TR A R A
i TR ST SR
KL fir b T G A
g AL

KRR SR B (R

\ JAHIHLR BL2 3 5 SRR B T

GLEGH VTR DL F (1

Sl B E R TR R

W TR 2 DRAP AR AR

2% 1 P AVIC RS PR P8 & A R P e v
A, H T TR el e i Je 2R A I, PR AR
MLAZE [ WA A5 O
2 300 Mvar FHEH T ER[AHB VLIS
a3

XHEARBLAY S AL B EA T (BB ) |,

MLERBRWE 1 iR, SFC oS br TR0 ) %48
M FHFNES R R 126 Bk, e I H L Rl 20 KV,
B KA HIFEN 60 MW ; SHEHLAH I BUE 28R 15
kV - A, BE LR R 400 V., XFR A ELR R R R 4 5
BOM JHAHLAYEE 258 300 MV - A % E B
20 kV, BRI BT X, =0.61 pou., 325 [R5 H 4t
X,=0.321 p.u., ELAMBR S AT X, =0.187 p.u., Efl
RIS ALHT X7 =0.116 p.u., 5K BRAS BT X7 =
0.125 p.u., Mlui L BUER AR R 20 kV./100 V, HL
syl HP P L U BLRAR AR FE O 12 500 A/5 A AR
B 25k 500 MV - A iy 45 L Rl 550 kV,
R AN 35 22 R 20 KV, S0 BRFHATT N 129% ; S(H R SE
FLE A 500 KV, SN 3 000 A, 47256 B SR
FERIRA 2 400 Hz, SRAP VA RFENIZA 1 200 Hz,

SR YA B R AR ALS AL AR e s
AT 8 T M UL A [R) o B SRS B SR B,
X} B HEA TS B AT, il 2 s

B2, U, U, U, R FPLYL GG = A
Uy Upe S35 RAIALELEG AB AH  BC AHAH ] HL %
U, HEAPNLIG T R 1, 1y . A VAR AL L S
AR L T T AL AR p A
H PR FEL O PR O 7 I A b S DA AT P A
PR EE (THD) H A H .

,Zfl’lj (1)

Horfr A SR R sl H I ) SR A AU A, S H Bl
TR h VBT BB H R e I VS U B, 32 2
SEPCRAEIIR 2 400 Hz BIFRS], AR H=20,

K 2(a) . (b) B R REAHYLIE 5 WL AT | 37
AR A>3 4.3 Hz 5 23.4 Hz, 2 FERT U,
i THD {EIMEF 10% , 10 U, EEFH 3 WK
FE. A1, B9 THD {H55E, FEMA G 5.7
UG

A 2(a) (b)) AT, T ML B] R 8 TR O
SRR, AL A A % B T 3 e R AL S AR ) H
JEPEAT I S AR SR ; U, A6 IE W R P 3 1k
T SR AL AR BDR AR AR S T B 3 Wl
P HL R VR R 5 Ja AL i Sk B A A R Y 5.7 IR
DL L IR UE B

E 2(c) hATHARPLA R A 14.9 Hz, LR &4 C
AR R, P R U, h R ESRErES 3 Ik
W, Ml A AR 1, FES IS 5.7 g
B, B 2(d) FTEAPLII N 49.9 Hz,0.01 s B &
AV AR MLAL Y AB A 18] 85 R (RAE AL 22 Bl AR 4 IX
W), T IHAMLE 282 R i 3 n9 /e, FLE R
I T GG 38 R ML = A L3 A2 SFC %y i BR i
B 8-l Wl U ST OO s N <9 ) i L 5 W o)
JEAE 0.15 s BFAS 5 s E T R

THD =



SEHAK, 45 :300 Mvar JAAHALA FL ORI (9 4397 5 Bk 19

£o6Hl
> 20 o 150
2 0 \V,/A\ E 75'| THD =9.86%
2 & g
4| 1200+
Z R
S 0 & 600 | THD-1031.03%
4 0l
1[ 150
8
< o j\/\\/‘\,_u,\J = 75—| | THD=99.1%
-1 = 0
0 0.125 0250 0 10 20
ils BB
(a) &K f=4.3 Hz
> 80 - . 150¢
IS
o & 9
7k 500}
=]
§° 0 W\/\/V\/\/\N\M/\/W\/\/ S 250} |THD =385.39%
7 S oH
4l 150[
S W g 75-| THD =30.08%
~ W
Y
_14 Y EN— 0 n 1 n
0 0.125 0250 0 10 20
ts TERURIREL
(b) HiE =234 Hz
80 o 1907
Ua U Uc RN
g 20 X RIATG 2 75r| THD=4.12%
Q
40 [T 0
B _150f
2 ol & 75|
3 5 THD =37.29%
= 1
_1% 0
PL] S 150}
< 05 byl v 8 75L| THD = 44.58%
S = = TH0070
Y
_1‘0 I R | 0 1 I n Im L
0 0.125 0250 0 10 20
ils TR EL
(c) FH f=14.9 Hz, K4 C MR
50.0 150
g 12.5 -/UA /U W §U 75 L |m t=0.04 s, THD=17.08%
S : M\N\AMJVW 5 |- r=10.15 s, THD=41%
250 PV VVVEVEVE YW ol
2 [ 150
< 4l L b Ie ® g5 | m=0045 THD=22.6%
= ’_\’i '_\ 9_\ r_\ t I l I { 5 |- £=0.15 5, THD=17.3%
-4 0 [
201 150 |
§ 5t {A {B Ic ‘&: 75 | |m #=0.15 s, THD=13.1%
~ FAKANANNAANL >
_10 L S — S 0 m 1 !
0 0.125 0250 0 10 20
ils RS

(d) B f=49.9 Hz, AN AB )G B
B2 FARNENERETHESER RS
Fig.2 Harmonic analysis under different states in
startup process of synchronous condenser
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Table 2 Status blocking configuration of synchronous
condenser protection
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Fig.3 Filtering process for frequency tracking
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Analysis and improvement of relay protection of 300 Mvar synchronous condenser
SANG Jianbin' ,BAO Minglei' , LI Yuping', WAN Luofei*, LI Ming' ,ZHU Yucong'

(1. Nanjing SAC Power Grid Automation Co.,Ltd.,Nanjing 211100, China;2. NARI Group Corporation, Nanjing 210006, China)
Abstract; The start-up characteristics, operating characteristics and relay protection configuration scheme of 300
Mvar synchronous condenser that has been put into operation are introduced. The influence of the harmonic charac-
teristics during the start-up process on the synchronous condenser protection is analyzed, based on which,the bloc-
king logic of the synchronous condenser protection during the process of start-up and grid-connection operation is
discussed , and the state blocking configuration of the synchronous condenser protection is proposed. In view of the
importance of frequency tracking in the synchronous condenser protection, according to the harmonic characteristics
and frequency conversion characteristics in the start-up process, the low-pass filtering and zero-crossing jitter dis-
crimination are added in the frequency measurement methods. The simulation and experimental verification show that
the zero-crossing frequency measurement after anti-interference processing can not only guarantee the accuracy and
response speed , but also have good anti-interference performance.

Key words : synchronous condenser ;relay protection ; protection configuration ;state blocking configuration ; frequency
tracking ; zero-crossing frequency measurement ; simulation
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Calculation and verification for stray loss of transformer copper shield under
harmonic excitation
ZHAO Zhigang, YIN Saining, GUO Ying,LIU Jia, YANG Kai
(Province-Ministry Joint State Key Laboratory of Reliability and Intelligence of Electrical
Equipment,, Hebei University of Technology , Tianjin 300130, China)
Abstract: By referring to the harmonic loss calculation method of converter transformer provided by IEC61378-2
standard ,an analytical formula for calculating stray loss of transformer copper shield is obtained. Based on the sim-
plified model of P21°-EM1,a new method of stray loss mea-surement is adopted ,in which the stray loss in the struc-
ture is obtained by subtracting the accurate simulation value of the model excitation coil loss from the total loss mea-
surement value of the model. The obtained results are used as experimental values to verify the calculation result of
the analytical formula. The results show that the calculative results of the fundamental wave loss of the copper plate
are generally consistent with the experimental values. The copper plate loss under the fundamental wave superim-
posed multiple harmonic excitation is almost the same as the sum of the copper plate loss under each individual har-
monic excitation. Under the same excitation current frequency, the stray loss of the copper plate satisfies a certain
proportional relationship with the square of the current size. Under the same excitation current size,the relationship
between the copper plate loss and the 0.8 times of the current frequency does not satisfy the frequency characteristic
given by IEC standard. In these regards,a correction factor that considers the magnetic field distribution is introduced
to correct the frequency characteristics. The effectiveness of the correction factor is verified by comparison results ob-
tained from the correction approach and the experimental value.

Key words : power transformers ; copper shield ; harmonic current;stray loss ; IEC61378-2;P21°-EM1 model



