AP /NS R VIR B -
2016 4 1 H Jiangsu Electrical Engineering 354 W1 57
CATES#N
£ MMC 1 = AH UL ] F RE o i A M B

IO, BB KEF, TR
(LI LA R VT35 5 225000278 B K2 L TREBE , Y135 /3 50 210096)

B A A F AR E AR EEAR (PWM)BERAZ EAMELY ok Ak AR Rsydm, i
bl Bl PR R FRRANAMEAR A ERAAXABE N L TR AR RIBAZ M B RS
FA AR EIBANE MR AB AR RS CRGAMER AR, ZAM AKX AR HF S &-F R REBRG AR A0
AMERE S AR R ZIBANE MR A B RN T2 W& A%, A RET —HETHERAS & -F AR (MMC)H =
U9 & AR R EAME T E . MMC A At eg i & e i b R AT A Y R B F A A B AL AME 2R 6
Aay StHLTH T 40w &4 & 4000 42 4ME il i PSCAD/EMTDC F & % @47 AAEA 45 AR AW A A MMC

A Z AR E A RGP e R Bk R R R A R R R

FHATAME  HAMEZR R AT,

KPR AR S T HAR  BRRFAME, ZHOENRA, AANCERESYE

HE S ES . TM761 MERERED A

B % B Tl F AR B R & e L R e K
AR LR 1 G 8 A0 R g R T 2 A g il (A R R Y
D A JE D L AR AT RES R R
S I B0 S I i R TR IR | 8 R I A O 1 R
AR EV R B2 H PR A i R G 4 R 4 AR
SR FH =R DO 2 i) 2R G0 B A7 A T 2 DRI — 4 FR I 22 f
USR-S R R R NG DA s e E L ES
RGN AR FRIELT,

BEXT = A DU R G AFAE TS BB BRI Y
AP v 3 43 2 1 B0 | R SCRko H A 7 43 #r 9 42
TR R R S SCHR (4] AR T — R T R
H AR 38 0 25 19 1 J08 900 7] R0 G oy b 2 — IR Ak 2 B 1 9%
il 5 | HOKs A TR R U 2% (APF) R L R 45 #h 2 3
(STATCOM) My i &5 & e >k | [m] s 5 30 TG ) b 424 il 1%
PP AR A0 P25 H IR B8 N T A DU 2R ) &R
gt , HH X RME T 3 0 A i RE S A R, SCik (5]
BT R X B = AH DU 2 ) 22 G b 2 T HL UL A | 2
SR FH =R U £ o I 3 A TR R 7 O R i R i
TFR, T — Bl R 2 5 Ak bR AR e 0 i 2R 4 o
T AE 2 SCHR T A8 0 AL #4814 i R R 1) fRL T B 3Z 3
BRI, S BOH R 2 A M RICR IR AR Sk [6] % i
FHF = A =4 R G0 i B B Ak 22 P J0 0 2% (MMIC )
NG5 A0 S B E B R R AT TR b, JERIR T
MMC [ FHF =40 =2 il 3 Ge 2 G A M 1Y) 4 4 L T
PSRBT, AR 7 ik R BT = =R R 5,
JIT AR ST 36 F MMC (1 = HH DU 28 il i B i 2 M X =
FHDUZR I R G AEAE I T 8k kY E T
HL AT AMEA B B 7 SO MMC R H T
A U R ZR G LR ST A R o e i 2 A
MAS B H1.2015-09-01; %= B #.2015-10-13
B R w AR B (12015084)

X E S .1009-0665(2016)01-0057-04

Frortr, U5 FLE R B 7 B B AMEROCR | IER T
MMC T = DU 2 il 28 SR 1A 38 S AR it

1 ERBHRINE TIERE

1.1 EBEHEH

BT MMC By = HH 0 £ il H B 5T Mo ' 1 4
FhEEH A 1 iR, MMC #eif #8356 6 AR B
Bt N A F R (SM) I — AR AL a1, R K
NG, AR PO FR GE Y k2% 2 ) MMC i a4
HIM B2 ¢ M C, s, Z, 2, , Z. 53R R A B

C MM RGBT,

U, Up U
C
%@:z
m ZA ZB ZC
-
L
Y A4 A
] o SMI
5 Ve [
L
SM4 =
! |

B 1 &F MMC W=4EIZ&FIBEE
FREAMELE BRI INEH
MMC #eifi f8 TAEH B S5 I 2 s, T
Hi 1A HL 2R 2 iy A SO 36 R 1 e 5 A DU
R (IGBT) AL AL, W F R AR IE N vV, Ft i
JEA Vo JCIRHR R R O ) el A e



58 T

BOoHL I &

V ARTE VAL O Z D)4, 4 T2 58, T1 G, v =

0,4 T1 T3l , T2 CWilt vV =V, BAHEA N B
B R bRV R AR R RT LA
il MMC 48 3 #5558 T A0 o 4 150490 1) 22 J HRL I

TIJ K}K D,
g
TZJ KE_

B 2 MMC #if 88 TR In M 4

12 TERE

BT MMC Ui 4 149 = DU £ 1 H B o e M2 T
VR D PR 1 e A I AMEE X R HL U, 0 8 e A T
Dy W P U AN R 15 ) MMC it 4% 7
A5 RS U R/ A AR B AR LI T
e IB BEBR L R T A TE ) G BRI B A TR
MHEHMB, #SFHWR i, (z=a,b,c)PTEAZTFHEI,
T 3 F MMC #8e 3 #4 19 = AH DU 26 16 5= S8 09 S i F O
lom (z=a,b ) BRI LR, R MMC #8045 4 AH
R AR 2 R C B C,, ARJR R PR
L2 HRL U B A T 2 L] Y

2 ETMMCH=HHMN&HEREREWMZEE
B 422 1 3R W

FEF MMC 11 = FH DU £ il HL Rl o et R 28 0 45
il AW B EALFE AR A TR IR AR | B
s A7 Tl R 81 i SR W | e AR A 1B 3 BT e AR A A7
FRA . TN F 2 R R R ELR N 2 L =
FHAR AL, ARG K = AT 2 HI S — AR AR 2% 1
HL U 28 2o LU R A3 (P 45 il #7520 48 4 U B J5
3206 4 H R BN b T AR AR R I 35 1 4 4 i 4 ik
FE A (PWM) ™= A= HL % 7 A2 IGBT SR 3l{5 5,

e | FERBREEEREESD | pwm
e > L3 D
H%i_? Y o
o} RO R RS :
()] & —
1 — +
R |
E 3 EF MMC =B HI B
REAMEREREIES
21 ELHRITE
MMC $5 4 B Rz DU P9 25 F 246 o0 I
BT PR, SCh T = A Ui MMC #e
i ORI R GE IR AN ] 4 PR, KRG - K
W97 BRI A BB i i i

TRIFHEIAIE =i, + i+ 1, FIIZ = B R
I3 1730, B A & TP e, H2id dg %
e, B 4 by I IS A 2y R, Y R I B L

cosf cos(6-120° ) cos(6+120° )

i Iy
. _\/T —sinf —sin(6-120° ) —sin(6+120° ) ;
q |~ 37 1 1 1 B
Yo V2 V2 VZo |l
(D
sinf

b PLL ‘ cosf
) + l LA i l v _ .
R by [T
iy +=% » dg abe —;(g%—» it

. 1 N

e S

P! (iiatiistic) .
¢ 3 Lo

4 MMC ¥ ss s < B FEE

A5 20 (A Ty H I 0 i 20 2 I i U w4 20 A T
BT B JE W AT RO A BR R R i
5500 B AR DA R R A 4 DA AR TE ) 1
W FHEDE 7P RN T LA YRR

FF MMC #3519 = AH PO Ze il 3R G2 25 6w
AH LT BTN HAE =AM = RG kUL, A% R
MMC EL M H 2 S FR AN e | 1 MMC ## 3
i LU PR AR R A S W SR A P A AR
TS BAR E  HAERI anE 5 B

lo
]
—

E 5 MMC #im sz E il 2 R EREAE S

T381 2 B S PR B A A (E A AR B AN [R]
it R U R S W X% MMIC 8 U 45 1) EL IR0 2 A Fi 2%
{4 FRL S R AT IR DRI 2 £ F TR A ] SO SR BB 5

‘‘‘‘‘‘

Y — A A R BEIHE Uy 2K Uy, TE22, SRR HG 22
{155 28 PUYE RIS B G55 | FRROZIE S5 5 L
TR o i 0 SO B AR b R AT A B
2 A A B R AR IR o958 U g —F A%
HUNEL 6 7 fie i A LR A998 4 AR HEA T 5 A, 1 3
MMC i a6 HTL, ik 7 Jos



E LA T MMC R = DU 2 H RE B A R 59

U~ PL |iuscc

b
Bl 6 MMC i 38 EL 7 i A 1 R A4

it — ()i,
s

e Q>
LA

Lol —»@—»(%}—nr
iT Lyderet

B 7 MMC #8805 i & A
22 MMC FiERERBERESHERE

MRS EITH PRSP R ETE AR AR
B . A AL B H 25 o e B K R T
RGIEFE R TR, ORI BRI T 20 g8 il 09 3 R 0K
W, 2R W A R H 75 38 43 Sk A TR] FEL e ) 8 428 o
FEE A F L 25 o e 4 A 4 )

(1) AHTE HL A i R I il i il i A 2 R
WERENAH B TT BT A B B 25 R 041 24 R
BE HL AR, AT DR IE RE B AF — A o B 50 0 Bt 45
il Z5 ¥ i 8 s,

v, 1 :

i, — -t
+
T (z=a,b,c)

lﬂz

8 tRIE A EEH

(2) THEBr A BRI M %A 6 H R
AR B BT A 5 B R i A TR R B 2 5
HAEHI I 9 R

T

W,

G=p.n; k=1,2,-+ ,N;z=a,b,c;sign. fF5)
B9 FIEREBABEHEES

2.3 MMC K9 # 5K B

SR R i AR 4 48 A L A I i R e
AR, SRE R AME R S MMC e i 2%
WAEZE I 28005 S ad PLEE R 4%, i b PR fa
JEFIB RSB A BN FRR AR SmE, B
U = BT X AR BT R RIS L SO R
] W 2 R U RS A IE 5% Ik TE M ) £ R (CPS-
SPWM)™' ¥ MMC 1, Ry ik &5 A B B 208 N A
TR, E TR R A 2 @ AR
T P AH AR A Y 2R K I B AH 360° /N, X TR ERE

(ER L LIS TTPeRURSY R 8o IR MUV =3 I EG I E 22
SO, O T MMC B AR 2N+ BOF Y
(SR SRR R N /N A1 B N V1 B IDE S i
B Z (B AR AL M 22 2/ N, O H. b R B X I Y
TR AT 2 /N5 S TR A
BN | b R HHE R RS TR (R A AL A
2 2m/N, b RV R I B A B ) R O AR A 2% T
13275 1 AT AR IE MMC 6 3 45 04 4 i s L 1 2500
W2 AT R MMC 3728 258 1 A MERSCR |

3 HEXRK

RGEZH . MMC BN EH 4 DR, B
T L A E LR 720 VBN R B R A E
A 102 F Fl 2x1072 F A5 H 1 30 0 400 7 HL R R 180
V, FREHE R RS H R 6x10° F HF 8 % 4 vk
LA 2x10° H, ZRG RN 102 Q, £ N 10°H,
F B TT OGO AT 56 5 A R IR O
F M 2x10° Hz,

TS HA B MZHIEA 25 Q BB, C A1
N ZEIJFEET 25 Q W, [FBEYE A B .C —fH¥EA
AR A, KB 25 Q BHEBEA 1.2 mF B H
FIFERIR G PS5 610 H A4 HL BT 7 AH 53 BT A

B 10 2R 2n+1 75 20 A AE A A O
&, Rl LU A R A R Dk 9 HL P | PR
AT = A PWM i anit s TR Z

800
600
400
200
0
200~
-400 -
-600

0.4 0.42 0.44 0.46 0.48 0.5

t/s

10 A HBHIHIERRERF

B 11 28 2T MMC #3045 19— 40 DU 2k i & 52 4h
R A A A MR B IEIE , T, T
MMC #3745 1 = AH DU 2R il R G4 AT, T i
ARG A R PSR R s S B A
AH X0 EL 55 A B0 28 H UL U OB 18 R 6 A — i 1Y D
B, B IRMECH 0.895 7, B0, i FEFEFGIA,
SEA AR S A R, HOEE I m AR R
(THD) }47.217% .,

Bl 12 5 A B.C = AT E A, NIE AT LUE
AR B L AN X AN P B 15.425 6%, AT LA
B, BT A BAHZEA C M N Z a1 A f S
MBS — AR,

13 M A RN A AH FE R AT A FH AL, A

BIE/V




60 T 7 B . T #
400 400 500
300 v e 300 =)
200/ ;A |\ [ g 200 = 400 / LN
> otooff b Aw po Y WA pA 00 Z 300N -
1 0 9 Ja ity \In 1| A vl 40 = oo 200 Ugr
2 -100[ 17 Sl 20N C-100 & #
-200 i ] . . f-200 & 100 -
-300 | | I -_300 < o |
4004 042 044 046 048 05100 04 042 044 046 048 05
t/s t/s
B 11 =8I £k & & Sz wT Rl B 15 MMC #ii=sERMN ET 2 MEBWBERE
A EEREFR A HH A BRI
4 ERIE

80 Ila iLb i
60 ") 1

40I] t | I.ﬂl|‘ | .Illll-llll IIII

LU/ A

0.4 0.42 0.44 0.46 0.48 0.5
t/s

B 12 A.B.C =ZtHRAZER
Ednl DL B A A H TR AT A R H 3 35 A [A] A
O, H TR E N 0.986 2, 3¢ H A AH W H, i 18 3T 1F
T IE  H THD 4 4.620 9%,

400 400
300 B Us A i ; 300
200 1 ‘/ - il A 200

> 1004 ok i g ie (40 A0 7000 fok 100 5

1 0'_"-_-1"'--':5.3_1‘. el ot im0 S

2 -100 i Vil | | || L-100 W&

200 g Ny S I S B W IV

-300 ; j v " 300 <

-400 0.4 042 0.44 0.46 0.48 0.5 ~400
t/s

B 13 #MREEHIMM A fHREF A R
5] 14 S AME2 S 4 00 0 = AH L R | DK HhaT LA
A = A R T A A AR AR O EL RN = A R

Ui B B B = A BB R O
3.054 8%,

50 o i -
L
P i | I ! |
g 0 .
B §
| } n i |
L ¥ l'.'l .-r
=50
0.4 0.42 0.44 0.46 0.48 0.5
t/s

14 FMEEHMMN =48 8iRE
E 15 & MMC #eji a8 B R 2 AR
JEPTE Wb ol UE ), & i K T LT A1 A, —
FWHREREE 360V 24, ITUERTEF i aiEA
M7k, ATLASEEE T MMC $e i 2% B 00 H 258 2 1K 1)
Hi

FEXTEET MMC 9 =40 DU £ il i g ot it kM A T
WEIE, B MMC e dis = AH =20z FH 2 = AH 1Y 2 6l
ARG, U T ARG = A DU = AH 24 PWM 223
st PR D S ORI R R 25 (R S
TE/NED YRS £ X MMC M RN S
BRI, AT e B R — e 2 T i R ek i A )
B, R T EF i AN E, ARIE MMC EL )
b R A R R T AN AR R
—J'j( Lbﬁﬁﬁl‘ﬂ L2 Hjﬁﬁ%(mqjmﬂﬁiﬁ T (Ei F i
Ty R TE H I B S O VR IR T T 2, R 45
T HARR IR
Sk
(1] 8 W, 228 75 K, 55 L 3R 40 00 B0 aR il 1 = A L3

&3 S5HAE (1], B R AR 2007 ,33(12):153-156.

[2] FJke A, XVHEZ S5 3 U4 il A G oh o s b (M. b
S AU Tl R | 1992:220-320.

(3] %% % e ke, = HIDUZE ) SAPF 75 A F45 63k T 9 #M2 1k
(], fa f7 e 4R [ 2015,49(5):99-101.

[4] A& 55 v 0 8 A 245 5L F B H B 6 3 48 19 APF-
STATCOM ry# il 5 98 i [J]. B 1 RS 4 54511 ,2014 42
(7):91-96.

(5] Mk, 25 Mg, 5 5 5. =M DU £ O 6 A 5 7y ik 2 (0]
IR KL, A ARERR 2000 ,23(6):95-99.

[6] % 7% 4. 55k £ 1 S STATCOM #5 il 5 g F 5% [D]. HL M .
WL K ,2012.

(7] REMR B, % % B ARZE. B AL £ da 1 SVG )5 #M2 25 4k L
L], rhEslrmju}[i, 2014,34(24).4049-4056.

[8] #% 48 JHPeik , eV A5 H T AL 2 1Y 550 STATCOM
Vo A5 35 41 Hi, 42 o e i i (D] TR LR | 2015,34(2) . 1-9.

(TP

TO1986) , B TR NN, TR AT T A AR T
BLIE T (e

FEUEEE (1990) , 5 VIR ER 3k A 00 -0 5% A AF 9 7 ) Ry e g T
TORTER I RGP R

FRIE T2 (1990) , 55, L BobR N N A5 W 58 28 W55 5 1] Sy Wi g WL
FORTEH 1 R G R H

EF % (1978) B LI M B B2, WF 58 7 18] B g L T R
TEHR RGP RN,

(F#EFTIST)



A BT A5 DR W T2 TR AL G AR S B AT AR 5 75

XV (1982), 5 ILVE ST S U AR W A R S e PRz (1964) 55 HIALIRITT A B #0 , W m U R S 4 H0R 5
BART7 BT T AR Wi A7 T AR

The Development and Application of Smart Calibration System

for State Monitoring Devices

HU Chengbo', ZHANG Neng?, MA Yong', ZHOU Zhicheng', TAO Fengbo!, LIU Yang', CHEN Junwu?
(1.Jiangsu Electric Power Company Electric Power Research Institute, Nanjing 211103, China;
2.Huazhong University of Science and Technology, Wuhan 430074, China)
Abstract: Through combining current information technologies with smart technologies, the smart vehicle-mounted
calibration system for solving the problems that the calibration work of the smart substation state monitoring devices is heavy
and inefficient is developed,. The smart vehicle-mounted calibration system is based on a testing car. It transmits calibration
data through GPRS/3G network and MIWAVE broadband wireless network. From the perspectives of function optimization,
information interaction, intelligent detection and so on, the system has realized integrated, informationized and intelligentized
transformation of the existing various standard signal sources and standard monitoring devices. The development of this smart
calibration system improves the efficiency and quality of field calibration of the substation state monitoring devices. The
system has finished field the calibration of several 500 kV or 220 kV substations successfully, ensured the reliable operation of
power grid equipment effectively.

Key words: calibration; vehicle-mounted; standard signal source; standard monitoring device

(L% 60 T)
A Compensation Device of Power Quality in Three-phase Four-wire System

Based on Modular Multi-level Inverter
WANG Liang', REN Honggiang?, CHEN Guoyu?, WANG Baoan?
(1. Yangzhou Power Supply Company, Yangzhou 225009, China;
2. School of Electrical Engineering, Southeast University, Nanjing 210096, China)

Abstract: The traditional three-phase four-wire three-phase half-bridge PWM voltage rectifier is widely used in compensating
reactive power, harmonic, fundamental negative and zero sequence current. However, it has many problems: the number of its
output level is limited, which may affect the eventual effect of compensation; cascaded H-bridge with star structure can
increase the number of its output voltage level, but its ability to compensate the fundamental negative sequence current is
limited; Cascade H with triangle structure can increase the ability to compensate fundamental negative sequence current, but it
cannot be applied in the three-phase four-wire system. This paper develops a compensation device of power quality in the
three-phase four-wire system based on modular multi-level inverter. In theory, the number of output voltage level of modular
multi-level inverter can be extended to any value due to the modular nature. This character can optimize the compensation
effect and let modular multi-level inverter suitable for the three-phase four-wire system. The simulation models of modular
multi-level inverter are built in PSCAD / EMTDC platform. The simulation results show that modular multi-level inverter can
compensate reactive power, harmonic, fundamental negative and zero sequence current for the three-phase four-wire system.
Key words:modular multi-level converter; power quality comprehensive compensation; three-phase four-wire system; DC

capacitor voltage's uniformity
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Research on the Integrated Simulation Test System for Smart Substation
ZHAO Guoqing', JI Chenyu %, ZHANG Haidong', LI Yunpeng %, HUANG Shubang'
(1. China Electric Power Research Institute, Nanjing Branch, Nanjing 210003, China;
2. Nantong Power Supply Company, Nantong 226001, China)
Abstract: Many new technologies and equipment are used in smart substation. The deficiencies of the existing experimental
and testing means are analyzed, especially in system testing and advanced applications. An integrated simulation testing
system for smart substation is built. The testing system is managed by a test host, including virtual devices, test equipment and
tool components. The key technologies, including virtual secondly devices, advanced application testing cases and auto-test,
used in the testing system are studied. In system testing the virtual device is used to replace actual devices. Automatic testing
can be achieved by editing the scripts. Testing process for single-device level and system level is provided. The system is
successfully applied in smart substation testing and greatly improves testing efficiency.

Key words: integrated simulation test; virtual secondary equipment; automatic closed-loop test; script design; testing case



