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Abstract ; Conservation voltage reduction (CVR) technique can reduce the peak demand and achieve energy saving via voltage

#

level reduction of distribution system, which is widely used by the power utilities of the US and Europe. In recent years, the
supply capacity of domestic distribution network fails to meet the peak demand, and CVR is an economical and effective way to
solve this problem. Firstly, the development of CVR is reviewed and the related concepts are introduced. Then, a summary
and the comparison of the assessment methods of CVR are provided. Besides, the relationships and impacts between CVR and
distributed generators are analyzed. Discussion about the application of CVR in China is included in the end.
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Abstract: A steady — state asymmetric calculation method for power system with direct — driven permanent magnet synchronous
generators (DDPMSG) after the injection of negative — sequence current is proposed. In the positive and negative sequence
networks, DDPMSG with the control strategy under unbalanced condition could be equivalent to the controlled current source.
Then voltage and current equations based on positive and negative sequence networks of power system are listed. The sequence
components of parameters of power system could be gained by solving the simultaneous equations combining the voltage and
current equations and the current commands equations of the control strategy. The influence of DDPMSG on the negative — se-
quence currents of the system near DDPMSG is analyzed theoretically. The results show that DDPMSG may increase negative
— sequence currents of other branches comparing with the synchronous generator. Finally, two case studies based on two — ma-
chine system and 13 - node distribution network are presented, and the comparative analyses between theoretical calculations
and simulation results verify the correctness of the calculation method and conclusions.

Key words : direct — driven generator; negative — sequence current; control strategy for unbalanced condition; synchronous

Vol. 40,No. 4
Aug. ,2017

generator

hE 5K S TM614

0 51 F

TEMA 5 RE IR )R H 25 i8035 50 h , WU &
H, PR GV T T AR R A B PR K e . LK G
[F] 4 XU AL4H ( direct — driven permanent magnet syn-
chronous generators, DDPMSG ) E. A5 &4 3 15 | B s 2R
% B HEAMREEI0 A, AR N ERA AL Z

[1]

r [ A KRBT K AU 1% 1 X — AR s 25 47
farrbls , EL R IT R T L (AR X R ALZH TR Y
DS BT b — AR L R R HL R A A I DR W
AR A A B AT RV 19 < 55 EE IR R P 4

.14 -

NERFREM A LEHHRE:1003 —6954(2017)04 — 0014 - 06

WAL BIK XML IZ AT PERE , 1 XL AL ) (4 )
R 2 A5 T AR 0 3 B, O BOE A L
KPR o DR e UL o o, 4R
HAEH AP T (s 7R .

AR RN EI N o T NNE ORI B N
(4,6 =7 ] 35R T — BT XURE % A6 5 2 1Y 1E £
J L AR ) AR A [] B 4 1) B A ™ A 1E 67T LR

AL, S B ) Dh AR ) L B F I A ) S
il A AR

SHEGE R A K B HILAS [, 39628 B gy A7 2 H, 5
(inverter interfaced distributed generation, IIDG ) 7E
B I ) i R M, 2 IR T R Y A A OR
W AR R PR S R B A A R R L A



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

Ml HTT S, Al LA 0 A58 52 4 L I PR 32
PERLIE

EL A SR L ANl T 39678 R F P ) e B it
FRIT TR, SCHRL9 ] 2% e TIDG ¥ B AL
PEHIFIICI 23R 34, Ny TIDGs & i Fi Ui -5 1
ML RIS TN R O, AL 1AL S U R Y
1IDG J ey o L i IR Y, $i2 H 22 TIDGs REEHY
Je it P A A o SR [ 10 ] B30 2 4% 42 il A
BUHIRBAR TAER A8 TIDG fEA RSO T 44 3
HIE P HLR , TG 57 s R B, R4S Y T
OB Y ik 3 SCRIRL 11 ] 98 H 1E P 73 s il
T AR N A R TR AN X R R AN 1 £
Vi, AR T R AR Y TIDG e 42 F R Y A5 (R A
Y25 1T SR AR S TIDG e HL 17 S U TR R Y
5o SCHRL12 J 37T 5 [0 30 22 g 410 1 i o A 2 R
PSP SRS , 25 T 548 AN X R e e 42 7 € i
HUBUIR IR B DO 71953 4 DR S RO A S R /A
2, Il i 7 FO HE g

SR, B XF 55 15 22 HL I PR o DL Y R GE 5 A UF
AV TOU T, & BAKXBL R GE B AR
PRt A WARGE o HE T, $ T — S ELAKOX
LRSS AN BRI T7 vk, 18 1E T [ o BLK
IHLEERECR 52 47 HL T AL, 308 2 R A7 R S 1E 97 7 L U
R 7 e e LR XIS P88 42 ol PP FL R 33T
P ORI RAE SRSy . RN ENE Bt T
FLARXHLRT T X2 G2 9707 L O A R ) i id B T
S PTEXM BRIk S AE R IR

1 EIRRHIAS Pl A7 4 ] B

DDPMSG —BR HI #5451 A2 Wi e JF 10, e v k4
W75 i g 11 S BY S BRGNP 1 B . B i #w £8 LCL

TEPAFHHM
e
+ 'I%} -|LJ} —|LJ] LCLIED: 38 i i
L o 2> Fare
T o —=s
] -Iﬁ} -Iﬁ] Cf'fmm

B 1 LCLEMMITHFRER

BIL Ly (L, (C 53530 DA 72 i e 00 P g ) i
S UEH LA s R, N HRERBHJE HLBH; € vy 53 501
FL LA ST sy, vd g 20001 D = A FEL TR HL TS AT
=AHIT R L

2 r, A P A I R A A B 3RS
%7[13]

S=P,+jQ,=(P+P,,co2wt + P, ,sin2wt) +
J( Q.0 +0Q, cos2mt + QgﬁszsiHZwt) (1)
K, P,.Q, 535 AT TCHP# TR 052 .2 43
SRR AR 43 1 A AE AR %k B i
o NIECH AL AT UL, 3% T 0T A8 g
WA DD ZFNTC I P & A YOI &, 5 1E
H, o L ) i Bl

F (1) AT IR w28 48, ] LAAS B[] 25 g e dg

RRER T, PIRE S RIA A

r + + -

Py T e, e, e, e,
P, ., e, e, e, e, Mia
P, _3 e, e - e/+ e igt/

Q.0 2 e,: —e/ e, —e; || iy
Q.0 e, —e, e —eq gy
_Qg_SZ_ L —e,; —eqf ej e; |
(2)

NG NS L L WA S o = 7 A S SN
BIRKIERF T4 M dg 2R R A e i%
MR AR T d g S EE

Fr (2w R P 2 7 45 At D) 5 A S 24
L — AR S M R AE SUFF T dg Bl 4 Ao
AN, & P = Py’ =0, 30K HAUA K
(2), Bia 3 o P2 i 1 00 B, T B A S TR
TSN 5 IR, 2 1 - 2 JC Ly 3 2 O, S B
A PR, n] AR 2T R LR A 18

e + + - - -1 +
Led €q €y €q €y ip * €q
380
-4k o+ Lt - L, +
Ly e, e, e, e, 0 2P| €
- _

- - - + + 3D -
led €y —€y —€ € 0 —€y
PR - - + + -
L e, e e, e 0 -e

D=L (e )+ (ef )21~ (e, )+ (e )] (3)
K, P, " NG YA 44, K5 Hii
FLZASHL P (E A OC o 2 B Ui FE A HL R R PT#
Tl 2 A, s il S LE ok B RS S B L e A,
[IGIKES
15



5 40 57 4 4] W AR Vol. 40,No. 4
2017 4£8 H Sichuan Electric Power Technology Aug. ,2017
: Koy . JRURR, 37 P I6k DAy S5 HEK 2% P I, A —RH AN P4 L Fi 2k

PgJ) [ (Kpdc + s ) ( udr - ud(: ) ]udc <4)

A K g K 7331 0 P2 ) 4 LU A9 28 BORIAR 2339 £ 5
TN/S IE R E SR S WA EE (=R =8

TR R FH 5 H FH T BUBER% ) A0 A A R Y 1E
ST R TR R (3) P EL AR A
Ly Doy By, HEAT T 22 BRER AR, 52 BN P4 45

il F A

2 SRR T & EIRIAL R ST
5347

2.1 B&AFEETEHNERXAF MR

A i AP R B L R T AT R s T L P R
ARG FEAN[R] K 305722 45 73 Jhg L s 4 o] 28 00 R, 97 42 ol
B ARSI AR Al LA 3 S5 00 2 5 i I RN 52
PRI o X HUR R AR AT R] LS B3O

LR B2 A 2L T A8 I 190, 728 s 4 B AR
R ol = IR A7 3, AP AE
YAl B, DN A PP 34 TR 5 SR R 46

T T2 3L i 9 I TR AR L, 7 23 B B R XUBLAR,
At N AT L2200 R P A DA SE PR I A
THESE, WA

[igﬁlig*qig’dig’q] = [igfd*ig;*ig’d*ig’q*] (5)
T AT 75
[ Tope L= V1, 1= ig +jisy L= 1ig™ +ji,”
[ Topee | = [, | = Tig +jig, | = lig™ +jig " 1(6)

T, T oper T ppea 735109 B3R XML HE 11 EL AR OF | 2
J¥orit ., 4542(3) 530(6) , mf LUK B3R AWML IE
170 W o 43 S 38 A7 s R R, L i T A7 R
PLEE 5 TE 575 H 45
2.2 SUFEIRENF MR

PR T IR 5 1 X s 2 o X B 7 e PR

> o Qa

IZI‘

B2 fiFRRENTE

WAEIBAT L . L RN Sl R G AR U
T, B R G AT R BT 3 R
PR AP T . BAR Dy e 2 Brs o

TELEA KUY A FEE AR £, , Al A3 A LT
TE S % = FH LI N

IA:]zr’]B:ICZO (7)
AT AS, = PN
. . . 1. 1.
IF‘IZIF‘Z:[FU:?IA:?[H (8)

2.3 SHEHEBRRHRZAXRITERE

T LR R TP RTEA T WA
ARG, 1 A A A s 4 14 il 10 R XAIL, 2R
XIFRAT i, W 7 W 4%, ] LUIAS 2 E | 6777 M
A 3 R

Isq,
I
ZX(I) F1 Iypcy
N +
Up,
E
(a) RGIEFF %%
IZ(Z)
2 IDPGZ
+
§ %o Uy,

(b) RGP
B3 SHERNRZHWE.FRN
K3, E HRGEHFBOETFH I Ly ) Ts0) 50
BHFR G BOE AP Zs 1) L5 ) 230 K R
Se kb B A XL AP 19 45 88CTE | 85707 BEAT 5wy g, 5351
N ELHKXUBILH R R Y AE B
TR R AR LS L e A, AR
Isoy + T + 1 =0
E - ]z<|>Z2<n =ty
I + ey + 115 =0
‘]z<2>Z2<2> =1y, (9)
AL SRR AT, B B K XUBIL R S Y A X
PRSI 1 50R 18 RGN IE 5T SR8, He
A A PR L AR (9) AR FE A A B EKXUL



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

PRI (3) (2 (6) AR 55 L IR A I A5 7Y
A (8) BRI KA, RV SR A2 7 i AR A E
2.4 EEFETSEHL

TE3 AT KUHL - 68 22 98 (9 52 MR I 38 5 24 K
P ALZE B O ) 25 2 1 A L IRD 25 i AL e
(1 LR AT 0BT

ARALEY , PO 58 B XUBL 3T DX H ) R 48 1
PO AR S K T 0 IXUATL A 8 ] 45 o ) ] 22
AL, Blm , RGN DT MZE e 4 Bk,

>

Iy

g Z)Z(2)

B4 BHARTBUERGF M
K4 oI, g [0 B ML GG HE SR LU 1 o) A
[l LML A S RGBT HLR 3 Z o M [R)AE L AL
Uild RS

M4 S (9) AT LIE
]2<2) _IFz IDPCZ
Isw = -—F—In (10)
1 + 2(2)
Ze,

A (10) Al g, e U fRE AT, B3R KUAL
AR B G IN T — SO [l A b T [R] 28
HIBL, B AR XUBLIE AN SR A SPGB
GXIXHILAR LT [R5 UL, (30 X H, ) R 8 1 A 52
% L0 SR B FL T o

3 HE

BEXTAL S ELAK XML [R5 L HLA UL TE 95 K &R
AT = ARG R R G, R U FL AR T
T R FHHE A RXE BRI 357 W SR R G 45 7 4 i
MRS A o JFRF 9K XUAIL B e Sy [ 25 s L, S
BEWFFE ELIK XML R e 107 B IR 1 2 o B3t
G5 PSCAD F44: v e B A4y FL 45 SRk A7 X
R haTl
3.1 MHEFKES

IR ATLZE X 22 45 Hh A% 5 rL VR ) 52 1 i 32 B BIFSE

NG IETE o B ELIK KL )20 B HILI3] B XL
TIF KRGS

PMSG DT
8 : :Q: Tline s &
GEN ST

O—— h%

BS5 ERRHSESEIFAIRE
el s fros, AR KL ) 20 R pILAR 22 A8 TR A
FAREARATCTT KA G, S LA A i e mh o

HEA. K6 G TIFFIRGIE TN,
NN
IGI Zia Iy
ZSTI ZDT1§ ZLbl
Zsa1 4 In Zy
+ + IDPGI +
U, u].)l Us,
AN
IGZ ZLaZ I S2
Zsty Zos Ziy
I [FZ
%Gz + DPG2 Zs2

E6 MHMEBFKRGEE.LIFME

HRAE ] 6 15 3 L iy B AT

](;1 +]DPCI +151 +]F1 =0

Ug =15 (Zyy +Z,) + (I +1,)Z,, -

DP(.IZDTI +up

= L yper Zon =ty = Loy (Zsy + Zsyy)
Ty + Lppey + 1 + 14, =0
- Icz(Zscz +Z5T2) =itD2 -

I DPG2 Z DT2

1o (2, +24) — (o + 1) 2,5 =uy, = Ly Zyp
(11)
L. Zg AHIEERHYT; Uy IR IE P Z,, |
2,57 WA S S AT A SR BRI 5 Z 0 o RUAIL
AR BEBT ;s Zo M RE AL FAR AT TAs 1.
2 SRR SHOE T i
P AT AN BRSO T R G4
FEAS T4, 7E MATLAB thiff {7 3R+ [F]

IF7E PSCAD HEATHT E 0T . DT ESHNR 1 s,

<17 -



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

k1 FERZTESH
S8 WU 28 EIEN
RYHE 11 kV Z, 1.014 p.u.
KALA S {E 1.5 MW Zy o 0.297 p.u.
KBTI HI{H 0 Mvar Zs 0.8 mH
Wl HLA T 1.5 MW Z 1.5 mH
[FEHL I DI 34 (E 0 Mvar  Zy Zsr 2%

WHE 10 s B, FEAR RS i A FHE A HL IR
1 £120° p.u. , R4 £ EAF & 1 MALTAB 1154
5 PSCAD fjj HABXS HL 4N 2 iR,
K2 WMEFKRRGEETEX

A5 gt By B/ KA A/ KA
mowk DT o
L Ot
GEZIEOTIEN j; D001 0001 126

MR 2 Al R4 F LB BHE S5 1TE
o333, e T T AT BRI T A I IE A

5 BRI 4 Ay [F] 45 25 1t 1 [m) 26 H AL B,
SEMUFRZEHAHLICGY KR GE, HR AT 25 AR 1) ) 475
B ZERANER 3 PR, XTHER 2 533 v, SR
AL LL , ELIK XUBIL A 547 ] 20 f L o 0 LU
SER, Bk T ES A b A E A

#3 WEASHIELFTAREFTET=xLL

A i BB/ KA HEAE/ KA
RYLTHL 0.041 55 0.041 72
[EAHL B U5 HL 0.001 090 0.001 087
EEHL A TR 0.001 093 0.001 087

3.2 +ETREREMNERLS

N T LR TR I BRI RSk, IR0
BB RUBILRT AT DX R GE 67 FRLIAE S, s iR
TR FR G B EL KX S R AL A, &
GRLER UL T AE5 5 675 432 A ELEKIXUIL, 7615 45 634
AR, REREN A EESHIE 4,

Horpr, 49 55 646 684 611,652,680 HY#E HiL Iy
0.4 kV, T Z ARG IF M, A8 v i) A5 R 10
MVA, O TR, 7E B AR A8 e 2R B BT
BRI, AR 73 Bt 5 bl LU 220 o [R) A, £ 4%

W AR AR R P BELS FUBO IR A AR, HBELAN
.18 -

FELIER B BRI KRG A5 B8 A R R T R 48
TSR BH Z,, = Z,, =0.034 2 +0.267 0( (V/km) ,
F4 FEBHRGERHEBATESY

AR BB E/kV HINIR/AW LI IR kvar

645 11 1 000 200

646 0.4 50 12

633 11 2 000 300

671 11 1 500 250

684 0.4 100 40

611 0.4 80 10

652 0.4 80 10

680 0.4 800 150

692 11 5 000 800

220kV
650
éuw
1, ZLT
\Il—L&D—ﬁ

646 AEHLR 6415 AR 632 FER 623 FEdhLR 634
*Li: 15km®  L2: 2km L3: 3km  L4: 0.8km st
Atk GEN

L5: 1.2km
6'11 s % e 671 e 632 fetgss 675
L6: 0.5km L7: 1km L8: 4km L9: 2.5km
DT
A% (30 gMSG
L10: 0.6km L11: 3.5km
652 s;zo

B7 +=TRERMARR
x5 EHERNBAT=TRARZTETEXL

AR i EAH/ kA THEAE/ kA

I, 1.699 8 1.706 5

, o s

RO Iy 1.321 6 1.3225
FLEK XL Lipey 0.081 32 0.081 48
LR I 0.002 695 0.002 715

W 634 N 0.090 17 0.086 28
i HLR I 0.007 446 0.007 342

RS AN T =W ARG R RMISTRE
S5 EAERIRS e, 7T U 05 BAE SR EAR T,
UERA T A R IE A T

AL, 7 [R) — 5 R BRI L A ) 2
AL, RGBS AT S O B A RN
KO PR, £T &GN TMBEAET, #0380
AT S U LR A 07 B



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

*6 BATHIBAT=TRRGEIELTEIE

AF {1 EAH/ kA THEAE/ KA

I 1.692 9 1.712 3

, o s

AR I, 1.3153 1.3155
BEENL Lon 0.084 95 0.084 83
LTl Lo 0.007 028 0. 006 939

W 634 [N Loa 0.089 26 0.086 24
i HLR Iy 0.007 410 0.007 303

RT FHENEETOETARESIRAFBRITLTL
BT FEHEVEEAA HIRRWUEA/A  Z{H/%

645 1.752 68 1.761 50 -0.50
646 2.410 91 2.424 90 -0.58
633 3.341 51 3.357 80 -0.49
671 2.552 30 2.589 50 -1.46
684 4.972 13 5.049 50 -1.56
611 3.720 21 3.775 50 -1.49
652 3.720 18 3.775 80 -1.50
680 3.749 20 3.805 50 -1.50
692 8.074 55 8.286 00 -2.62

XS Mk 6 i LA, EKXALIE A IR
AR (1 A 634 PrEz[) A0 B LA ) TR R
AITF R, 2R 7 R E IR ARE, REG04 7
AV AT SRR B LR SR, e T BRI
IR T

4 45 i

b B A AN A a4 4 i A EL IR XUAIL, 4B T
FTUFHIREAT , & IR XL R ZE 59 AT FR 8 R
BB T MR R RS T o AR A E T
o IWHIE FAMHT T B ORXUFLA T X 2R 40 675 H 0
(R RZI , S5 7R, AH H [R5 s L, B SR KWL =
25 FLAh S B e B0 LR R ZE UL IS5 R I
= R P S DU AR, R MATLAB 1y
TS PSCAD R A0 FLAESEA T HE % 1L
SEIIIE T T Tk A5 ) IR M

S 30k

(1] EREE, T, sKkar 5, 4. b K™ bR R o Hr
(] PR FUARBIARR, 2015, 38(1) 148 — 154.
(2] BUzihe, Wi, XS0 KOsk AL iz 4T g

JUASE R R [T ], v [ i HL T2 2 4k, 2012, 32
(27) .1 -15.

[3] Wang Z, Nian H, Hu J. Enhanced Control Strategies of
Permanent Magnet Synchronous Wind Power Generation
System under Unbalanced Grid Voltage Conditions[ C] //
Asia — Pacific Power and Energy Engineering Conference,
TEEE, 2010:1 —4.

(4] Bki, BRVGET, B, 5. FR IR AN T Ao 70 T 0K
DCHLHLZE i 2 SR [ . W 0 R G A4 15 5 4l
2011, 39(14) :99 - 106.

(5] W&, WRVE S, B 5T, 45, it 67 R AR Hho OAE 19 K
LR R G Rl SR [0 . LAY, 2011(7)
29 -35.

[6] Ng C H, Ran L, Bumby J. Unbalanced - grid — fault
Ride — through Control for a Wind Turbine Inverter[ J].
IEEE Transactions on Industry Applications, 2008, 44
(3) .:845 - 856.

(71 A, &R, FIUIAL ARXSFRE AR N Bk
TR 2 P ATLZE 3 30 7L 25 1) 0L L, G P A4 it SRt 1
FELT] BRG], 2012, 40(7) 66 ~72.

[8] Baran M E, El — Markaby I. Fault Analysis on Distribution
Feeders with Distributed Generators[J]. IEEE Transactions
on Power Systems, 2005, 20(4) ; 1757 — 1764.

(9] JEZBn, WH¥e, Esma, S 5 07 i EA R
B 531 2 L PR AN X B B S L) ). R R AL T
Foadlk, 2013, 33(36) : 41 —49.

[10]  SLFEF, sk¥r, PO, 45, & as A oA = Y

L O i B L D A 5 B A D i L] [
WL T4, 2013, 33(34) . 65 -74.

(11] PR, S, £49, 4. & PQ il 18 R 7347 5C
FL R A TEC FL P9 B 70 BT D7 06 [ v g ML T 2
#%,2014,34(4) :555 - 561.

[12] UM, BRIk, EWEPH, 55, HA R FRERE 28 8 g
J1 7 R R IR i R R L R R (T ] I R A
1k ,2016(3) .66 - 73.

[13]  5Rk>¢,5k5: 80 PWM ey g SOHAE R [ M. Jb st Hl
BTl A, 2012.

EEE T

ek (1992) , LA & BT R F d1 A ) R AR
L da ) AT AR RSO P4
ERI(1962) A M EA S, E2H AT @ H G

N HRABEES AT B IR AR THAERBOE A 2%

PRI 5 AR,

(Wr#s B #3:2017 - 04 -06)

.19 .



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

LT 2 TR B 28 1Y v 1 i R I A DG A 3 O 12

BB, RS, AT
(1. EREBRE DR W AR B BRI BeA BRA L 7R T M
2. MR R RA LA TN 510620)

510663 ;

W B RS AR TRENE THZOGEFTH FEP—TOAAFRRALIEIRED FHER
B RAL RSP TG L RF PGB AT B FA A 5280 2 R R AACHLR] b 5L 00 b A 0 K 4L P AL
K, BT WA A X SRR ALRI AR 69 T Z R ELNEAR R, RLTAEZ E K, @ BLAE U LK Z 5 e
FEATM, A, A ERAER S AN ARAT R AR AR b 3R T A TR R A ke MAR AL R o AR
AR Rk, At — Tt WAL 0 TS AR T Aa, AT 50 KA W &G S A7 I GE BT S AL A
e SR 0 A R,

FRERR : T F IO 5 XA AL LR 5 WA Jal 4 5 25 T SR 2

Abstract: The gridding planning method is an effective technical method for solving the problems that the lines are confused,
disordered and connected complexly because the urban distribution network planning lacks of perspective, continuous and con-
sistent target grid and its transition process. The reasonable grid division is the key problem that must be solved firstly in grid-
ding planning. However, the current grid division still depends on subjective experiences of the planning staff or general tech-
nical principles, which leads to huge workload and makes the planning not meet the economic efficiency and rationality. So the
grid division evaluation index system is constructed. On this basis, the mathematical model of optimal grid division and its so-

lutions based on spatial clustering is proposed for advancing engineering application of gridding planning. The validity of the
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proposed model and its solutions are verified with a case of actual distribution network.

Key words:: distribution network ; gridding planning; grid division; spatial clustering
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Abstract ; Factors of line loss rate are varied, and under different circumstances, the degree of influence of each factor is dif-
ferent. Each type of loss reduction measures for distribution network contains a variety of alternative embodiments. Aiming at
the difficult choice of measures in line loss reduction of distribution network, the steps of grid loss reduction planning are stud-
ied, the degree of influence of line resistance, transformer and power factor are analyzed with grey correlation method, and the
mathematical model is established based on valuation results. In terms of loss reduction costs, economic benefits, reliability,
enforceability and environmental protection, the alternative measures are compared, and it is proposed for the first time to ap-
ply Tabu search to big — scale alternative methods for high solution efficiency. The proposed method has a good economy and
operability, and it has a certain reference value for the enhancement of the current distribution network.

Key words : medium — voltage and low — voltage distribution network; Tabu search; grey correlation method; loss reduction
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Abstract : The reactive power output capacity of reactive power allocation scheme for photovoltaic power station without consid-
ering the problems of inverters has a large investment cost and unsatisfactory compensation performance. So aiming at the prob-
lems of reactive power compensation in current photovoltaic power stations, the reactive power output capacity of the inverters
is studied, its feasibility in reactive power regulation is demonstrated, and the reactive power control strategy is proposed for
photovoltaic power station with the participation of inverters and SVC which has the voltage time — varying characteristics so as

to improve the transient stability of photovoltaic system and realize the unification of reactive power compensation in applicabil-

ity and economy for photovoltaic power station.

Key words : photovoltaic power station; inverter; reactive compensation
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Abstract : According to the actual network failure caused by network storm in UHVDC control and protection system, the rele-
vant mechanism is analyzed, three conditions are put forward to host crashes, and the causes of the accident are given, which
ultimately leads to the DC bipolar blocking event. Through the system simulation analysis of the blocking event, it is found that
the DCC800 host network packet screening detection function is not perfect, in the emergence of long packets of self lock it
cannot be timely remind CPU to take measures to deal with serious defects. Therefore, in the protection of the host the length
of the packet screening detection function is added, when the message is more than 255 bytes between the station and the con-
trol protection system, the host computer control system selects not to receive. At the same time, in order to verify the per-

formance of the network and analyze the related accidents, the network testing schemes for the control and protection system of
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UHVDC converter station are proposed. The analysis of actual event shows the correctness of the analysis.

Key words : UHVDC; control and protection system;network storm ;testing scheme
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Abstract ; Surface flashover of polluted insulators is threatening the safe and reliable operation of power grid. The research of
the contamination deposited characteristic on insulators of transmission line has been the one of the most important works of
power grid departments for a long time. Some relevant regulations also provide the natural contamination test methods for insu-
lators. However, the effects of the difference of test procedures on the measurement results have not been discussed yet.
Porcelain insulators and composite insulators are adopted as the sample, the different pollution levels are simulated, and the
salt deposit density (SDD) and non — soluble deposit density (NSDD) are measured using different kinds of test methods.
Then the test results of different methods are compared. The research results show that, it is recommended to let the pollution
solution stand for 24 hours, use 300 ml deionized water, wrap the pollution by special sampling cloth, and use 6 pieces of

clothes for each insulator unit to make sure the accuracy of test data. The proposed research can provide a technical reference

Vol. 40,No. 4
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for the natural contamination test technology of insulators.

Key words: insulator; salt deposit density (SDD) ; non — soluble deposit density (NSDD) ; pollution test
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4 0.0200 0.130 0.0650 0.324

TE V5L 7K 30 L NaCl 700 g fif# 4 1200 g
. 40 -

TE 5 BCH 7k 30 LoNaCl 350 g fif#i 1 1200 ¢
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x8 ARXKFHTHREREZMNELER2

BT mg/em’
XP -160 FXBW -10/70
FHRBASTH SDD NSDD SDD NSDD
1 0.0523 0.256 0.1577 0.645
2 0.0594 0.271 0.1604 0.711
3 0.0621 0.286 0.1707 0.718
4 0.0628 0.288 0.1709 0.720

T TSR TC I 7K 30 L oNaCl 1 500 g fif:i+ 2 000 g
HH DA B 5 SR AT 0 2 R R[] 50 4R 4824
sF, X ¥ B N 1 5 i) 455 SR B ik, EL VS R R ™ EE A, 25
SERRE IR 25 A A SR DL R B ARG 1 O, G
SN B REAS 3 o
2.2 ARAEBFKAETRFTUVXERSSH
SE BRI 2, £ AT BN X ) I 9 Ao 4 % 1
RV R B 2585 1K e — iR 9 471k

EE
®9 @BZTFTRARSHEFNEAKENXR
[igA 1500<A, 2000 <A, 2500 <
, <1500 : :
A /em’ <2000 <2500 A,<3000
FK
0./nl 300 400 500 600

ARG 9w IR 2 K B, ] A R IR 4
Ger RMVER TS BE S . SR H ATIZ K
AR E R TR IR TR, HARNGH X
SRR TSR WA 25 e, MEVR SO T W G
ANTA], BT LA 7K A B 22 20 Wb SR 2 %6 35 79 B8 ) 0 3K 45
RN T R

B KB R 5 R MR A 520, T Jg 1A O
106, G A R T A e 1 e Rk ) e T Y
JE Ay bR R 3 A, il A R Ik
10 £ 11 iR,

xR 10 FAEAKETHZE/ RENELER 1

BT mg/em’
XP — 160 FXBW - 10,70
2 /ml
At /m SDD  NSDD  SDD  NSDD
300 0.035 0.153 0.135  0.367
400 0.038  0.165 0.139  0.360
500 0.036  0.176 0.142 0.372

TE TSP B 27K 30 L NaCl 700 g fif# 1 1 200 g

H e T I AT A K 05 89 B2 A e 5 -
IR B BEE K SR R O, R M I (AR Al
N ETNISRE S ERTAIOPY e el i 3 = S PSR e

il AN T35 R A B — b 8oy, T 5%
T e PR R4 3R S PRy A —E AR 22
Rl FEAKETHRE/ RENELER2

47 mg/ e’
XP — 160 FXBW — 10,70
& /ml
At /m SDD  NSDD  SDD  NSDD
300 0.072 0.314 0.248 0.735
400 0.075 0.330 0.239 0.728
500 0.080 0.328 0.242 0.698

T V5 ACH 97K 30 L NaCl 1 500 g /i + 2 000 ¢

R LR A S TS B S TR T BRIR S ,
IR E R AT 20% ~60% o R BRAR BT
FREEA 2 o/ L, N5 R, BB AT X S (B ER 2 14 DTk
Rk BV A ALY 0.48 T BB T VG R Ml IX Ay
PR E R 0.2 mg/em’ , HIGRS HEY 80% N RIR
B, VU R 0 R 2 1 TR AR, W A5 RS R IR
PHI LY 0.46 ¢, LI 300 ml 7K .

HeAh, Sed A B 300 ml (7K BEAE 58 e R 4%
R85 148, AT ORAIE 56 IUR T J a5 25
MRS, B R8s % v b R R B/ T 1500
em’®  Z5 AT JLZ B K300 ml,
2.3 SEHRARBERETREUKERSSH

SR I T RORE 2 Sk S B TR R
— BIRF ] o AT S8 i , AT ME R 75 5 S ER
W IBATIRE N a1 R A K R R A 5
AN o R P ] R 2 ) L A A S
N5 Mg ) £ 45

®12 FRFHRFHERETHZAEZTFRTNESR

B {7 :mg/em’

. N itz = hA

15 W B ] /h L3 ﬁ%;; L 13
1 0.061 0.050 0.043
2 0.065 0.053 0. 044
4 0. 066 0. 054 0.045
6 0.067 0.056 0.047
8 0.068 0.056 0.047
10 0.069 0.058 0.048
12 0.071 0.059 0.049
20 0.072 0. 060 0.049
22 0.072 0.061 0.049
24 0.072 0.061 0.049

T n2/3,2 FoR Wb £F 3 R R 2 1,3 Fonixidik
T H R
41 -
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PL 800 kV R FAFIE 1) XP - 70 42T H
SRFRT5 S R A 181, B 90 L3R 1T ¥ 9 B4R ot 12 34
TE 22 BT K v 075 T B S ) ey A B it SR 1)
s IR 2 ANk 12 R,

H 28 RS T A5, A [ 3 5 1 ) AR5 VY
FhREAT — 2 2 5, LB R I % 1 o, 0
B R ER B A K BRAE—E i ) J5 ik
F—ARUE ., MR RY, S5 Wi E 20 ~24
h JEE S IARE TR, B E ISR T sy
WAREN T F 0 . I E AL Hi4UR 8 24 h
Je PR TS R B DU

34 ik

1) AREHEE ARG R 45 R — 25w,
5 AT b RS AR BRI 2 R R R, &
R Z, HR i /N R IR A . 25 SR
G E BRI PE R BOR % 4RI R 1589, 0T H
VORIV b P RS 3 A

2) TGV A AL AR A B (Y k2 R B (E
B (BT 24 h ATV %, %
JEE A R BAS , S IAE & AR 24 b 5 PR T
TR DA

3) KBTI A T 48 2% 3 S A
AR ZE SR A K o R AR I i 5 89

A I 2 K B 300 ml,
22 3Rk

(1] #E23%, Wb, 385, 5. Rl—rh N e B ki
ARG S R L P 2 AR O O R AT A ],
BRI, 2017, 43(2) 1611 —618.

[2] SRR BT R0R (S —RR) [ M]. JE5T: KR )
AR, 1994,

[3] WX EEFSLF, INAF. B RGT5R E Kk4 2%
[M]. dtxst: s I e, 2000.

(4] Mz, HBH, 250, . 40%%F 55 (H AR5 10 4 A T A
R[], BEHER AR, 2016, 39(6) ;1488 — 1493.

(5] BHFFRARR, KUK, % ETEHEBEEBEENL
GFINEHLFITE[1].2016, 42(6) ;1907 - 1913.

(6] sRaksh, XU/, 24 R, 5. 15 RRI A EEXT XP -
160 482k T HR S TN G HFbE R SE M [ 1] m s R F R
2013,39(2) ;280 - 286.

(7] ska&ssh, SRR, XN, 55 15 8 U4 % LXY4 - 160
2% H SN B RR TR sEm [ )], L T A R 24
2014,29(4) ;298 —305.

(81 &, H R, BRI, 5. n] v £h i 4 W) 46 2% 7 e 1Hi
TSR REVAG B 2 [ ], e B R HR,2013,39 (12)
3109 -3115.

(9] K&, BN R INAB. TSR A ST IN G RRPEBE 5T B
REEELT]. B, 2006, 30(2) :35 —40.
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EY=ENG R SO D N E DA g v

XHEFA, R OB KFEHRF R
(FEZB M A F PR R, DU AR 610041)

H ETESEEREATENAGMERE , X EZRN wIE R Ak e E Bt ) R AR A AR
RECERTRAAATERALT TEZHELREZ TN &R GHa, LA — 26 EFEL,

KEEIR AT m TRR T AR s MR BE ) s R T RRE A AR

Abstract : The controllable high — voltage reactor is an important equipment of reactive compensation. The influence of control-
lable high — voltage reactors on Sichuan power grid is analyzed in terms of transmission capability from Sichuan power grid, lo-

cal hydropower transmission capability, recovery capability after fault and voltage regulation capability of steady state, which is

Vol. 40,No. 4
Aug. ,2017

of actual significance.

Key words : controllable high — voltage reactors; transmission capability; ultra — high voltage; stability limit
FESESTM76  ZBIRERE: A XEHS 1003 -6954(2017)04 - 0043 - 05

0 51 H

I WAES WIS N N N
HLMZEH H 25 52 2%, R e s TR R E . 1
R, Xt Ak v [ P e, LK R B I T F 7 e A
XD FERX AP REIEAS R rg T SR, DU B 2
HiAH B A K D) 8 G PR R A e FA T S5 O HL
Ay Fil R e | A 7% e A S i L G iy, LT SRR
FE BHASTRE R R A L SR I £ 4 A ) R AR
R R RGIMERE R R E B H

FACTS EARME R B ) R G h =T B A 48
SEPERIRTT R 21 R SR I A R T 4
PEMR G e e ma s EmEE T
B2 R R A T FL B R I Y R R 4 T I
HATAY, A S TC D) T R ) RO A M FTE Y . 7R R
Gt T s A N i e AR BRI RV A F R
B T 435k Fi s 45 T A O T L) % LR A
M

1) 55 5 F AR it A2 Ak, B i i R R4 e

2) HETFHINIE TR, B AR HL A 5

3) MR TC Y R ME R B BRI 21T
JAR 5

4) BhAHL IR, e L N S AR I R E

5) PETH L 2 Rk TR R R B E i

PRt , 37 T AT 4 g T FLATC A B4 TC 2 2 A B 3
TR, 23 ML AN BE T | R BB 7K FL K HY AE
R YR BE 1 A SRS A I RE ST 4 A5 T
WP T Al e T FL B A8 T DT R, ) ) 552 ) 36 o
FPHTRT L T BRI 223 B D7 58, O I U 1
RFRER T —EL5,

1 Al i I AR R A

I e A e B AR SR 1 2 o L Bt
AR PR 2k H e i) (] e, SRR 1 22 S8 115 HL e 1Y)
REJT, 5 S0 A O 75 1 1 L 2 R T e R G R
Ko ATHE R HL AR I A b ke 1 BRI
JE S TCUAME I T T o A8 R GE i & A28 AL, w]
DI 755K A sha% AFH N 25 & 1 i bt e, OF B
TEAR AR A RN, & A) LSS 3R T 2 ) 23 1) s 4 b
FEAE Y, P85 RGUEATENE , B X R ARG
WA —E IR, 7T U & R A sh AR E g
H1%,

AT 45 I L P A 3 W T AR B AN [R] ] L4y
N3 2 A AT I T I HL U | IR A T 2 T A
(thysistor controlled transformer, TCT) %Y 7] % 3 Bk Hy,
e IR s W K o 1 e ) 7 SR s S S R
g (1
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1) f e 30T 42 5 K R e 4 19 32 20000 502 vl 5K
Pk AR RS T TR T 5 R e S SR B
HAIBAT AR, T Z DR AR o

2) TCT AT 2 - B B i A9 D0 5 2 2 4 m] LA
EESEYANT , Wi JEE R 5 Sk it A 1R R AR
s SRS R GE, FESE N, 4E4r TAR &K, nl &8
PEAR 6 Bk ah 77 2R B, 5 2 s B At o

3) o3 R I L A 9 00 i S B g B
N S5 3 2R, VR /N, TC e U A , o T A TR SR D
W07, AR ; SRR A AN REE SR Y, N
TR/ e A L R G, B BB AR S R, ey
FEEAHRETZ .

83 TCT Al I i P e BoA 1 201y
I 57 3 B PR A4, T TR L TCT 3R] 4% 5 TR LA
e A9 IS AT e s FLT A 0 I )1 L T B 52

2 AT e T LT AR T DU 1 R R A 52

PADU I H I 2016 AF 3= %80 Sy 6k, T HL A
KBEST JRITRK LK BB T R Gk R A RE T LA
FRASHUR T RE ST 4 ANJr B sE 1l fae IR s
XF PE | R R RS2
2.1 JIlrBShERE

PO 1T R, A £ S0 RE g 52 DX Jsl ] Dy 58 4 | o) e
S TRE ST 2 07 IR . 7 A R R SR X
ol 1) Dy AR A S A AR S T 5 1, 1 v Ah i R ) 252
BT E R o

D7 FLIPRE 7 5 1 1 i B0 e 5450 Ay T 42 i T L A
for, AR5 A E g TR L AR DR B — 2, T I E s R
LA R DU R I )32 0 A T 224w i, O EL ol 9%
LU R, AN REXS PN il S EA T IC DA HAF A
A i R HL T AR A DU AL R R

T g P A R 3l 1| P 7K R A R A i [
N2 2 AR ER I B2 s, AR A L S 5 2, T
U 23 BRI 5 T 72 L i e W 1| 2 A1 32K T8 T A
1k, 2 )R 2R AT T A |l O, AR S Is 1T
55 B P B B R R (4 e % T R, A AL M s
[F)RE 20 5 5 T 707 R ot o T X 18 r
Ul A R A A5 v, K T R WA 1| 7Y — 1] e T A
N B 4 RE T o Pk, 7EPU 1] S00 KV A R Al 478
i R HLPLAS 2 U B IR T, nT LS IB e N it
TR R 7072 L TR o

.44 .

WoE 2 IR ANk R DO iR e kot =1
A&7, LI T TE 500 kV HHIg—H £ % NV -2 K
B A B SRR A 0 LA 9, AT A5 )1 f Ah a6 A R
mE 1 o,

F 1 WEBHMEEE N

LB SR AR Mvar  JINEHRE/MW AR
M 360 120 0.333
i 492 150 0.305
M 272 150 0.551

T Al LAFE Y2 1) HCE ] 58 e i HT s X
TIHSMERE SRR R A — 21, IF B4R A e
JEEXT R4 g e L A7 e 1Y) 2 256 M o U RN 2) A |
PNV A FL v, T L R T A g TR LA
T RCR Bl AP 1 0.5, NIt IAE
FEBEAE A 4 o R HL B R AR o )1 FL P Sk

=411 W 1 A 2R B I — AR B NV - 2
I, 8T e A% BB — 0 Bk 2 [k, i
FE L AR, T 2 n] 5 e TR LA , AT
AP A — 7 B O T A B2 R e S 42 1 DU T i R
2.2 [HEBKEBIEH AR

DU U A R K H Ak i T A PR AR
R S R RO P T T R R A i, K R SRR R
JEENIEH o LA S /K i 3d 3E 1932 i RE 1 1,
T AT 4% g T R AR 0 T SR T K R BE T Y R
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Pl 1 ORIIET 2 XL TR ELR V- 1 RN FETC AT
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et A ol C T e e LA e, DL S A Ik
DRRIEAS /N, JF B . 8] 2 P, 7t
Tl e T 47 e s FELPTE A I, R IR R v T FL T
SETHE WA, X e H s Bk A R AR L, B I T
0.1 p.u. o LAEHELR N — 1 Hepse oy BRAG0S R  , 77t
b I EE Gk AR LI NP/ TP S o TR RS
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1
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B2 BEKEEGSEREMZ

2.3 REMERERE

L) R G0 R RSO JS , J HUATL ) o R DX s i) 3k
KAK IR, AR FL i BR 2 R AL, X LA R &
RHJE LU FNAC 4 i H Jo Dy L S H3E o i A 22 S0 i e
JE IR e .
2.3.1 RZJALKMERK

MARG KA N -2 R K3 Al T
AT R L A R TE B 0l T P e R FL L AR
B, BER R DR IR th 4k . FTLAUE ), Ml el Bl &
AT R AR T, U AR 2k D) 32 %35 R B AR /N, 3k
AR,
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- LU EBERRR

N —— ERRETESERE
1 P
I 1 \ i
% A i i\ \ A
I ALY H Y
{ ) 1) i A
\ ! PR TR AR
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25 ! b i L4
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B 18 (s)

B3 BRZ&KIhEIRT &

R 75 BRI g TR LA A T M 0 R GERHLJE
FERIRZMR AR UCTE B M T R 70 AR i i i

A R AR R BT A R AR 2 R

*2 TESERRBAMARSIERILHZT

BCE TR B/ Mvar IS PR/ (x1077)

v - 0.010 -
E M 360 0.020 2.8
i 492 0.022 2.4
M7 272 0.018 2.9
) 656 0.028 2.7

M2 AL 7 Bl 225 mT 4% o T LT
g ] LA A (o i R GE I BEE , £ 0l e TR
PRI ASCR ZEAN KU . A HEBTT S, 72 AR
P00 1 P BRI L P ] 4 e T R A AR
2.3.2 ReafrsEwE

IR R kAR N -2 B e, R R
AIRESUAINTER I B8 e S L I R AN KT
DB, w] T BT A A A (A B A T SO
AZEHEME, BRIREERMNE 3 FIE 3 P,

®3 AESERARNESERENME

REAE 0 ﬁ@;ﬁ;ﬁ‘f‘) /?%%i
I - 0.49 -
M 360 0.59 2.7
i 492 0.65 3.2
M 272 0.56 2.6
i 656 0.69 3.0

MAFEEERTT LA 0 1) RGA R E 5
JEHLGAS R IR N — 2 ] B 5 | A e TR R R
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ML, AT DA R R R R R AR A R M P
BT KT FL I H 7K I R AT P P
BEXFEMN ARYE B s 4 ARG, BN
4 P iR — 545N Al S R b A L B
T ZE 5% E DR A R R DX ) 5
F4 M50 kV EFRESEBERBREAR

B MW
WS BN AR¥ R by
VE 3! 180 - - _
LEY 360 - - _
TE3 - 150 - _
VEX, - 300 - -
E R - - 180 -
EL - - 360 -
VE N - - - 180
UE X - - - 360
X 180 - 180 -
HZ10 360 - 360 -
EIN 180 180 180 180
ERY) 360 300 360 360

i 3 AR AT v R LB A B T A i D E R KO
TR R 285K, Hoa 45 R 5 fras, APl
DI i« EJH 3G AL E 180 Mvar 1§ 360 Mvar [1f ] 5 /5
FEELPUA , DR A B 00 L 45 s r R A Sl i T

2.4~3.7kVAHIS51~7.8 kV, (MM 7 ~13.5
MW 414 B B 7 Z T, B0 48 728 i ol 4% il
360 Mvar (] 2 /5 Fe L BT A% 5 &0 548 AR
Tk VA 75 B 3 4% I 180 Mvar (14 1] 458 135 FE FRL B B8 7E
REEAVR PO 958 7 T ) 2050 i AR A 224 5 5 4 A 8 F o 4%
Jic # 360 Mvar %) n] 5 55 R HL 5T 4% , B K] B I
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A T 7 7 Ll T A A 1 T TR
HLBL AR A PF T, T3 3l 14 T 2 %o 8 2 1) o, 1 488 T
BORTE 3, AR ) A TR

LA A5l i T T v T P A 6T BT A I 71
A7 > FEL R 7K 532 T AL 0 4 1) Rt 2, T AR 56 %
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%5 FETEAERHEE S MR FR BT
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EZ 9.2 6.4 7.3 6.9 3.1 5.3 3.3 3.6 3.0 5.0 22.75
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Abstract ; With the further development of transformation for urban power grid, power cables are more and more widely used.
Once the power cable fails, it will seriously endanger the safety of power grid and people’s property. The external destruction
is the most important factor of cable faults. The EMTP — ATP electromagnetic transient simulation software is adopted to estab-
lish the models of different cable fault. The propagation characteristics of traveling wave with different frequency in the cable

are studied, and the propagation characteristics of traveling wave in the cable connectors under different faults are analyzed.

The results show that the proposed method can effectively detect the location of external destruction for power cable.

Key words : fault location; external destruction prevention; power cable; low — voltage pulse
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Abstract : The high — decibel noise pollution from 110 kV oil — immersed power transformers nearby residential areas and busi-
ness districts has become a prominent issue for people’s life quality. After analyzing the transformer body noise and non — body
noise and its radiation mechanism, a new comprehensive control and suppression method for the noise of 110 kV oil - im-
mersed power transformers is proposed by compromising core optimization and winding pre — tightening force optimization and
adding sound insulation and absorption materials on the wall of boxes. Core optimization and winding pre — tightening force op-
timization can reduce the level of transformer noise from the source, and Adding the sound insulation and absorption materials

on the wall of boxes can obstruct transformer noise radiation. The established noise control and suppression model for 110 kV

Vol. 40,No. 4
Aug. ,2017

high - capacity oil — immersed power transformers verifies the effectiveness and feasibility of the proposed method.

Key words : transformer noise; core optimization; winding pre — tightening force; noise obstruction

HESES TV

UTARSK, ER A2 110 kV AR ol B T R
DR BB, Hh T AMTIA K 5 2R R Y
P& AR SE R 2 JB/T 10088 — 20046 ~ 500 kV
L IR TR AR T ) MR BRI 110 kV i 28 AR
SELLS f2 TP 0 B P i ] 9 B3R IR, T 110
KV ERL 728 e A MR P 7 A A AL 42 1 5 400 o e LA
LI m] TREAG N 64 v ) 728 e 4 R S 75 75 5
T LE A R A ifp R A XA

BEXT 110 kV AL 728 He g W 7= AR LB W P 42
1] 5 40 ) SR K T i T TR AR R ) H, g 2 T R

XHFRER A XESHS 1003 -6954(2017)04 - 0053 - 06

BT T, E NN R 2 H s R R
PR TLUR LA 0 1) F T 110 kV iR 7%
Feas A UL T 2 19 TARHLEE, TR AR5 70 B
J178 T fo W 7R AR B AL B 0 A R 32 B
FUN2) T AT SR A SR 1, L
A AR O IS (RIBIHRS A A R L R
FeaS e RN R e L2 1 5 S5 18, T e nl TR Ak
5 R AR A9 R Fi, 2 s e M e 42 il -5 41 1
TR =TT T 3) B R A e AR
Fe 2 m 7 AR R AL B, BIF 5 ] B A s i S5 o Mg
KO- T i AT BT 4) ARk
JEAS 2B T8 S M P 7 A i A LB, T 58 M
TR R AE BT B A B ) A TR AR RS W R
.53 -



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

W R SRR RIE /TN R R EREINCEN N ER L R
S5 Tl 7 5 AR IR ZE AL e 45 A M 7 )™ A LR LA
il S FBe

LA SCHR AR v A s e e A 7 AR AL
R A i T 5 24T T OREAT S, RS T —
FRYVE LN (A X2 0 TR B R 4
HER) 110 KV HEL 7258 s i M P 7 A AL L I g 7 il
s M T PR 20 A S BE ST, 1T ELAE ST 4518 2 fi
T BUSAR UL B ME R R R MR B = R A
JI e ST ME LR AR L AR 58 K
I, FETRA P HITAL s A AR (A M P 5 A (AR 7 7 A
P& BEN ORI o N ey i S 7RI N
AFBE S T B 5 W E A ORE EL T AR AR 89 110
KV R X H g A8 s 2 IR PR 2R P S A O i
BITIEAMLGE T T LSND BEF- 5 (9 07 BB E, 11
Hamad 7 e 110 kV Rz iR X d 178
e 5 MR 7 7 o5 400 o) S22 36 2R 9 14 S B8

L 110 KV i 5 e g 28 2 7
A LB R R

FETICHR 1 -2 10584518, 110 kV K78 R e
L) AE AR S ] KB AP 1) & RAIR
R R AR AR 0 RO (B SO AR R 3D
M5 R B AE EAS A AR 75 52) R 2R G T iz
FHEV R W2 ETMAE A5 SRS H a8 5 R i 22
AR A= S N END
1.1 AREBEERZMEE

110 kV K7 s i1 =X H g 78 s e AR 1 I i 7=
A AR AR JE RAE T O RE A R RSO 4 5 | i 1 A8
LN e R A BN S IR e L A s ]
E ARSI O LRG0 5 RS IR B MR | 0 O
eS| L PR B R 75 L) K AR BESR ) 7 A Y M

FE BRI E o AR A R 1 O PR Bl
Mg 7 322 P ) 728 e g T A 0 A A8 AR AR I T DR
LI O 5 RS A B 2 M P 22 el O B % 110 i A AR
AR AE EL IR R 0 L T RE VR B B S 1T 2R
FE T LR RS AR A AR AR 7= T2 i etk 2k
.54

DRGSR B PRSI RS O R R IRFR B . [k, 110
kV R 2S5l 20 R ) 728 R g AR AR 75 7= A ) 3 B
K2 A O REAN R RE SO 4 | H R T 5 R i kO i
L RFERER B A
1.2 FEREEERZMEE

SRR B TR RSOE W R TAE, RA BRI E
e C BB A V8 R T VA ) 2 B A v e
H5ERHMBT S5 R RS T 110 kV K75 &
R 2CHL A8 R AR AR AR AR s

H TV 028 XML = S e e A B v H1 I A9 AN 1)
W S5 A 2 T B AT SE A VA XL L &
BB A 15 B AR AR B AR, Bt 110 KV
KA IR 2L A8 PR AR AR AR MR 75 [ 32 25 [
FONVR A B RE (] (9 LA B2 LA Bl 0% 1 3
i,
2 110 kV yi#= =X 7728 ks # M ps

il i it

FETXF R KA w2 ) A8 R AR IR e A
PLBE ] 4 TR R A3 b7, SR H— Pl & 2k ik Sedl g
S IPAC LA B AR e b 5 s MR 110 kV
KA i 20 i ) 728 T MR 25 5 45 o S5 4 kil Oy
e, B KRR B B R AR L 75 1) 7 A S R S 7K o
2.1 ZESFEOMERETE

PR F R 110 kV R 255y 3 i ) 28 R g8 4k
o MR Rt S BT DL R LA I < 1) 8 PR Ak
T8 AR N T A A 4 AR Y AR R AR L
2) RS b R, AR Frorb S ek A 98
/NB RSB AT ORI 3 ) A8 IR AR RO AR Ab 1
WAL, FRARAR R 25 AR A e s = A
2.1.1 A4 FE b EMA KT R B

SR

KEWFIER BEEPAR & P T H AR R
REFA A i R PR 45 S8R50, 1 K B s Y g 35
A o B (di e 728 TR A TR REAN A B) REAR A S0 AR
(] 7 A 35 R W i BT LA 2 , TR AN A i i s &=
BT RN & i 5 R ). AR AT RE AR
178 A TR AN A R B 4 By o 1 2% e g k0
Joah, VeI SRR 24 6.5 wi% By Sl 30ZH120 [k
R RN Tl 110 kV RZS Rk b . %



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

TUREAA 3 R v 5LIGH ) R, HA B IR A R0 A1, 55
SRR T REIR N B v, R P R A
T AL VS e Ry, R S
HAAI SR A3t gk 1 R,

F1 30ZHI20 WA BT EHEESH

1.7 T iy gk it/ W 800
A-+m

s k’),j‘é}}{ -3 E'/J\@g;;sz

/(kg-m™) 50 H 60 Hz Héiﬁrg/f‘

30ZHI10  7.65 1.1 1.45 1.88

30ZHI20  7.65 1.2 1.58 1.88

30Z110 7.65 1.1 1.45 1.80

302120 7.65 1.2 1.58 1.80
2.1.2 sk & R AR IR R R e 4

TERLBEER T LR, 2R R a2
J ) AR e L , RS AR SRl ) RE S R S I il
FEEA A 1] 1 A AR T, 51 A T 35 B B R R
A TR IR A 2 (60 mm 5
JEAAT) G —J2 0.5 mm JEAY T WA, HI LA REAR
DRSS A A B AR EAN R TR AR AT D, I R A e
LS AR 181 1 O 110 kV RARHR AR )
AR A D RE B R I3 1 T AR R B

(b) Bk LREATL 1A 0 T ISR 2

B 1 TESRKOERFEEET B REE
2.1.3 s E R Pss TRk

&l 2 SR g iz =i 7748 Fe a0k H 9
A 1t 55 Z2 B T LI 7 K S5 R 2 T ) A 5 R
MLk 4B Al 0, 26 [RGB 45 1F T, 0k
Z GO0 i 7 AT i RS iR U AR e
MRS SRR K B AN FERE @ o 1.7 T A A L

G TT 3 Bl R 2 G BE 5 3 U AR e 45 1
FATREAG 2.5 dB(A)  HE— DA T RA R 2R
RS, X R B R LR S mm B9 5 P
HEI7 AR 110 kV KA R R A A 28 Rk
AR P 7KF

BRSPS HER
| I T |
0 —— = — 7=~~~
: | | | |
S I S B I
;ﬁ: | | L7
2 ¢ | | | [
&w——A——+7a¢:a———
Bl b 1
A e e e R A
| | | |
L] o oo et e e
LS L6 L7 18
o % E (T

(a) BAZR A0 HEIR Bk 0o P 5 TR I 3 P OR 2R

2R P HER
| 1 | T E
=717 ——1— — 7
E | | | | E
55¥,,|774,,L,,\,,é
=t | [ [ E
= f | [ L 3
B S0F — —l— — 4 — — 4 —|— — 3
xOf | | \ 3
E ik | \,/(ﬁ\
BN = I I R
E |7 [ \
40___{_4__J___\___
| | | |
.5 L6 1.7 18
B (7]

(b) 2 ZP b Iy B e 75 5 LRI 285 JEE 5K A
B2 AETHAXNEERKOES

S5HEETEXR
2.1.4 %l R AR A

RE R AR N B ES bR st , T
TG A7 AR RO AR A (T I 9 4 sl PR 2
Ab) Ty B AR W R A IR 2l 7 AR R IR M A
NG g LA TR A 72 s 5 0 B 25 IR A 3 e
S RERR A DU A AR AR 5 A A M P AT A R AR R A
HilgEs . b A o —F R 1 mm 2 2 40 ]
Je—JZ 6 mm M il IR AR 19 3T 8 mm ) [ 5
PRI 13 O 110 kV R R A H A2
kO A B R B AL
2.2 EIEARGHMERETE

R )2 PR AR S Pras AT P 32 2 5 ek
07 S &2 N 1515 4715 11 I~ o N T Dia B PN i v N
GRS T AW o 1 4 SR RS S a1
FTIARTUE S g0 e Mg iR S i £ . 2ebr
AT L) AEA [0SR a A5 5 AR T, B A 5%

.55 .



5 40 57 4 4]
2017 48

m e AR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

B LEALEE HORATSL, 3 (MR, JAR S

A, 7 R K5 2 ) B WO 5 UK 0 4

K, SRR FE 5 A AT WG A0 35 B0

RS LR N RV S R B, 6 1

e R P AR B 25 P M M
A

N g*%% !
i E -

(a) L AJAE ARk 0 b QAL S 150 £y

Bk XM THE X%
(17T
I | ! :M
Ir : 1l L°
IS | =4
lea E

(b) B AR R AR B0 A SR AL 0 1 £y
B3 TERKOHRGEZERTEE

—a—50% fil & K
30 —e— 100% il B

25

Mag.mm/s*2
SENL TN

o
1

o
1

T T T T T T T T T
60 80 100 120 140 160 180 200 220

WA % (Hz2)
B4 SARDMEESHENXRBE

R, R ST e R AT DR T 1 5 | 1) 5 2 ik 3
110 kV K5 2 i )28 R AR 582K ] 100% Fi
By, Ay R RS R S K
2.3 EIGRE S WRERIBERERETE

RREEUR AR 5| & e ok sh 5 RS | & 58
20 P Bl 3 HEE O AR S A RE LA A H
TS AR AL 1 4578 TR AR AR RE , 5 K AR RER B, B
fefi AR Fe e 1) DU ) S e e DRI, A S 0 A e
BRU 5 GRA PR B AL 3 A TR D A S AE AR e A RE TN
SN 5 R AR 2 B KR B2 L AR 110
KV HL, 775 He g A0 I 75 A S KT
2.3.1 BRERZEIARSHERMEEZIMIGELE
.56 -

YW A

R A A2 TR 0K 5 BE 2 d i
Bl Je Mgy B e AL AL RE AT %, N & BRI AL
HUBGE REDLA A R L TR AR B0 S SR UL RE B A%
R ATEETBe o 1815 O TR AL R AR S A BE
WP ALY B & SR AR R e Jr o HOom 22ad
22 feoz P T g U T R ) — Rl AT TR
NLIY R YRR AR, BLEAT 5% AR ] A
L FP WL B

ES TEREhSHEEEENRAN
SERBRRERR

2.3.2 ERFZMAHEBETSRITHA

KA IR 2 )28 TR 2R AR 20 S5 S Bk 3l
I AR B0 A% 8 45 AR RE , 5 AR BE PR 3
MR, I, A B S S0 E MR
RUBEAR 110 KV g 2 77 748 Fe 2 e 75 0 ST 19 34
Wz —,

1) T Y BERS T B 5 W B R

B 6 2 110 kV K75 5y 12 =X H 7 28 TR 4 T 46
PABERA I JELE 0.8 ~4. 0 mm (14 2l A 3 4 2 45 b
R, ERA G EA B ENRE S5 RE Y
6, TR IR 105°C , 2= 240 15 T 748 R 28 T 48 9 B
(I I S BE AL

Bo6 TIESRmMENEIGIEBGRINTEE
2) AT SMEESS BB - W BB
R B TR s A5 il AR BE 5 LB -5 B R
HURCR 7R 110 kV R U 28 T T A
HMEEA T R ARG I Bt FH T4 sl LR BE Y HLIR
S B S HICAARR . DRI, AR S EE sk 44 A 5 BEF
JHAR AT — s R L AR P ) R K
K7 2 110 kV R IR A 22 e e i A



5540 4 4 )
2017 £ 8 A

m e AR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

HMEENSE BEREVD /R o e 18 7 (a) AR
B 7 e i 4 SN BE N stk S AL Ge e vb U5 50,
7(b) R FH 0728 s g i A A1 BE D0 5t 69 70 J7 5K
SIAT AT, A FEm AR SMEE i BEAL SERE VD J5 2L, ik
FHEY 110 KV 72 30 22 s A il A A1 BE
SRHEHE YTy AT R 3 v T AR S D
R MRS 3t 0o A% 126 22 9k 4 1 BE ) IR 20 8 R R T DK
MR HAC, AR AR AE e 5 M P A S 7

R TG R

BB

(a) MBAHHNEE D3R B GEEVD T X

(b) TR 22 15 25 A S DB i s B Vb 75X
7 ZIESRMAEINE SR HED RS E

3 Kk

3.1 EIEEN

S RAIE R LA O AL SR T B
PR B R R 1 B 5 W AR 110 KV K Z &
IR T 728 R S R S 25 G ] S ) VA Y E B
PES TR AT AR Z 0 T R Rl
R SZ.-63000/110 (978 FE#F AR S8, I T A TE
B R SE OB T 110 KV RSBl = S AR R
i M ] S P S R G AN [R] 8 BTR

-

B8 MBATERMEEEHSMGEHSR RS
e L3R 110 KV R 7 iR > H ) 728 T 45 e

P A S0 R GE 2L AR S AT 6 A,
A S A A AR A KBRS O 0.3 m, 5 3l T
e FL L 8 m, MR IS 2R O 6 AN
PR, 1819 I oA AL

-5 45

B9 TEFRERURSSHHRE
3.2 KWERESH
R2 BRI TERRR SR S R0

[ vy 5 3 ) N 0 i
Wil 100% 254 63.21  [El— 4K,
(30Q120)  100% fhZk  64.02 27 %0 E
BT & SZ
Hib i )7 100% % 61.03  _63000/110 725
(30ZH120)  100% 7%k  62.85  jpue
Pl Ak 100% 2 63.21  [A—F4E, i
IR 100% fdk  64.02 &% U 0 R
Bt W £ 2
Beoing 100% 253, 62.35 - 63000/110 7§
R 100% fi#k  63.58  prne
iﬂ;gilwtbzc 100% ;I;ﬁz 63.82 s
BRI 100% G 6476w o
WA 100% %8 62,03 BCAINEE
WOREH 100% ik 6427 R
iﬂa%gujéfﬁ 100% zzﬁ 63.82 |z i
WA 100% 78 62.04 WA BT
HiEE 100% tadk  64.02 AR
TMATSPBENTSE 100% 2548 63.82 [l &, %
BUEGEY  100% A% 64.76 45 5 i i i it
MAEA R 100% 253 61.42 fEGMEY RO
nERPtEEYE  100% fa#k 62.33 ¥

2 O T AR A A T A A% b IR O X 110
kV R iR 3 H ) 78 M g M e 45 o 5 4 o 114 45
Heo PHTEIALAE Rl — SRR AT 5 TR R B
ReeIgg | R 2 st R 8 i i 5 5 WO R 1197 T e g
P T 5 A AR R 2 R A 110 kV R iR U
T A WP 0 RS K P A 38 AR, 06 T P 488 1 119 2%
TS s 48 MR P 0 e R LE AR B R AT Y, SRk

- 57 -



5 40 57 4 4]
2017 48

m e AR

Sichuan Electric Power Technology

Mg P 0T 1 5 P T 110 KV ORA IR AR R
Fe A5 R T
3 TR R TR AR LR S PR T 0 110 kV
R TR U 28 e A s 1 il S ARl s i o3
Al R0« IR )72 s i MR P 4T o 2 LE
(1 ATAT B, I HLAl A 2 il 110 kV R il X
P 728 A MR £ 7 LR S R N KK
K3 TEREEHEBRERNEER
SR 75 42 151 5 #0360 22 0

R M it BITIRE RBEER
AN R KRB AL S 68.74
- 10 oA M i 1 2% 69. 86
Hib B8 A 3817 T 2S5 53.26
DA #5301 e M s i 1 3% 54.62
4 45 g

TETRAIIHTAL TR AR A PRI 5 A (A 7 7 A
LRSS AR SR b 48 T — RS B il (e
e BT A B BE R BE R 5 W E AR 110
KV R X F g A s 2 IR PR 2R P S A O i
PSSR I BT A TR K b I AL TR A IR
gl , 78 Py LR A6 BE I AU SR R AR B el 7=
R AR BN e B o 5 W A REL R 2 s e e
oo FEERY 110 kV KRRl 2 I 22 s 45
PR A SR R GTIRUE T B A g
it ) IE A S AT AT

&% ik

[1] ZE&L. 110 kV jiR =028 RAsr M =l [T ], AL T
A ,2002,31(4) 155 - 56.

[2] BEIR, BTEF i, AR TRAS A MRS SRR [ )],
7SR ,2001(5) <35 - 38.

(3] tbe, B R B8 . R AR R 4% BRIt i ek 43 A7
[J]. ML T F 24,2007 ,43(11) :47 - 49.

(4] FREIDS. AS 2SI WA LA Ry [ ], 50002 B 2
i ( BARFIFERL) ,2004,25(9) :45 -47.

[5] XI5 R IR S M7 (1 2 ) B AR A [ ST
5[ D]. W P Tk k2 ,2014.

(6] UM, R HE. 78 1% T 3 i 0 200 5 17 V99 8 ol PR % L 52
o[ Cl. ZF LI BARI A 4R 2011 :1 5.

(7] FAIBKE. o 5248 B AR s ma ks U 43 A S5 4kl [ D]
FA 5L P 3 TR A%, 2005.

.58 -

Vol. 40,No. 4
Aug. ,2017

[8] fo B4 75 R 48 7818 U A% 14 T 1 B 6 T 34 [n) 481 43 BT
[D]. dtat . Aedbrf J1 K%, 2014,

[9] &F RN A g m R 2R [T ] 26 &4l
YEF A ,2010(10) ;184 —185.

[10] VL. 35l DX A B, i A8 e s M iy SVR R LT ] I AR
B 7R AR ,2002(3) .72 - 74.

[11] BBz, HIAR, %50, 55, A8 R a8 0 7= A i I R &
RARRAE [ J ] F A ,2011(6) <62,

[12]  ZZWRH. A5 FR 245 0 75 7= AR A D A1 R [ A1 M 75 1) 445 7t
[J]. 48438 77,2012,40(4) :687 - 688.

[13]  FIAKIE, J7 3K, 4B 2. 28 g bt i i AR ) L i #
HIRRR A7 [ 1], 4875 W J7,2005,33(6) ; 44 -
45.

[14]  Phalas , 2240, 2048 TR AR MR S o0 i S =il o [T ]
HLHL T R A ,2010,39(8) ;166 — 168.

[15]  Fpk. p P98 e i e il B UEUERSSUAR X (D) M &
B E K% ,2014.

[16]  ARARsC, Bl . P AE 248 R AR R S VA SR R B Y
[J]. 24K 2013 ,32(4) 491 —497.

[17] A4S BRORMR. AR R MR O ik T [T AR
JE#£,2010,47(12) :20 -23.

[18]  Z=yK, BIENE. AL RS R eI [T ], 28R
282004 ,41(8) ;40 —42.

[19]  #BJK. 220kV A5 sl A8 Fe e e A 5 [T ] RHE IS o
K543 ,2011,21(8) 192 — 194,

[20]  SRfe. HR s vk 7 L ) A% Fe #5 MR 7 0 4t v %) i FH A 5
[D]. A AR Tk K2 ,2013.

[21]  BESCHE. w5 FR 7R oLl e 75 7 Y T 5 B 9 e AR A Y
[D]. 7 AR Tk k% ,2015.

[22] A+ WL 77E F a7 S0 s vk A s [ D .
AR AR Tl K2 ,2013.

[23] MRS ABREAVE3 5147 (13) [T]. 48 K 4%,2008,
45(3) .42 —44.

[24]  XNEEF, AR, B % AR, 728 U 728 e 45 M 75 40 B 2 00 41
[J]. PHACYT 4R T 28B4k, 1996 ,10(1) ; 66 —70.

1EZEN:

Lj/\
5 B (1982) A, B B A 0 A AT A A
o8P

I H(1985) LA A, BRI A A 0 ) R S dE

LR,

AL (1984) , B3 TAZ)T  BF 50 77 o A R B3ARART
#y#aR. (1988) , BY 3L TAZIF , B 52 77 189 A #1 kIR & R

o H W A A 5

(W75 HHA:2017 - 03 -29)



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

DU 1] o, 0 Tt P, 5 3 il ok v o R T 5

g E,Pr=
CEPY A8 g 28w I Rb b be , a1 il#R 610072)

B Eool e mMAFRY &SRR RE iy, @it iR vl b FEE A )T e B B B3 SURL Rk O
R HARRE A EALE, EL A ARKS FE TRAEALEAT EmAERKENARE; TER
B ISR AR T AR A A HANL A E T IR SR SRR R 9 R B AN SR Bk g i T VLA T SR Rk
W, BB 6 TAE R A,

SRBRIA) « T P IO £ 5 S U UK

Abstract: AC ice — melting is in a great demand of distribution network in Sichuan power grid. The principle, characteristics
and application scope of AC ice — melting method which is used commonly in Sichuan power grid are summarized. Through
comparison, the existing AC ice — melting method has some limitations due to the fixed ice — melting current. As a beneficial
supplement to AC ice — melting, the AC ice — melting using transformers in series improves the applicability of the existing

method. The AC ice — melting using series capacitor compensation has a wider application prospect because of its adjustable

Vol. 40,No. 4
Aug. ,2017

ice — melting current.

Key words : distribution network; AC ice — melting
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Abstract: The accuracy, safety and effectiveness of online temperature measurement method for isolating switch contactor
based on optical fiber Bragg raster are evaluated. The results show that the proposed online temperature measurement system
has the advantages of small size, simple structure and good anti — interference performance, and can be used for the distributed
measurement to improve the level of substation security. However, the method lacks the appropriate standards and application
experiences for online temperature measurement of isolating switch contactor. Besides, the electric field distortion caused by
the existing structure must be refined and improved in the future system.

Key words :isolating switch; online temperature measurement ; Bragg raster; distributed measurement; electric field distortion
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Abstract : Taking 10 kV straight dual concrete pole in mountainous area as the background, the electrical design and verifica-
tion for ironwork of straight dual concrete pole are carried out. MathCAD software is used to write the calculation programs.
Considering different meteorological district, different altitude area, different cross — section conductor, different suspension
insulator string and other conditions, the K, value is adjusted, the swing angle of insulator string of straight dual concrete pole
is calculated, the diagram of gap circle is drawn, and the size of cross arm and the electrical location of diagonal bracing are
determined for 10 kV straight dual concrete pole, which provides the necessary electrical conditions for the structure design of
cross arm and diagonal bracing.

Key words : straight dual concrete pole; safe distance; K, value; swing angle; gap circle
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Abstract ; There are numerous electric energy metering devices which involve in many aspects running in distribution network ,

and the accuracy of their integral error has a significant influence on keeping the equity and justness of electric energy trade.

However, how to minimize the integral error of electric energy metering devices is a big issue in measurement domain. A meth-

od by changing the secondary load of transformers to optimize the integral error of metering devices is proposed, and optimiza-

tion tests are carried out using this method. It is confirmed that the integral error of electric energy metering devices can be op-

timized with this method, which provides a useful reference for improving the accuracy of metering devices.

Key words: electric energy metering; integral error; optimization
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W E.d TARERE Y wAL(PMSM) 69 A7 45 A8 RN W Rt 54 8, A2 2 AN B R 2B CH TN, TR T 54
BABER B, BT 5H PMSM AR A% 4] 09 i B A Ae WA 0 SO F LA 2B T W SR 424 B P Al ds 4 &
L5 PMSM A Z MR & ik TR THRK TSN L ZARAR, AR 509 PI ARERRBET 2
WARYE . 43T S A R Guth i R HOEA 69 U4 IE 3R T AR 57 AR AU 98 R BT PL AR 7 ik, 5F & Simu-
link F 3477 FBAF A, HALREN, EREHAKEBIE R RPEEA TR, SFAAABIF SN,

SRSREAA « KRR A FLATL (PMISM) 5 i 5% Ak 5 Ty A AR 5 57 J e 9

Abstract ; As the feedforward decoupling of permanent magnet synchronous motor (PMSM) adopts double closed — loop con-
troller, its system — wide transfer function is higher than that of second order, which leads to the difficulty of controller parame-
ter setting. By analyzing the mathematical model of velocity loop and current loop of PMSM and its decoupling control, the re-
lationship between the control quantity and the mathematical model of PMSM in double closed — loop controller is obtained,
and the whole system based on Laplace transform is constructed, which provides a theoretical basis for the PI parameter setting
of double closed —loop controller. Aiming at the high — order characteristic of the constructed system — wide transfer function
model, the range of Pl parameters is set according to Rouse stability criterion, and the experimental simulation is carried out in
Simulink. The simulation results show that the parameters after setting can make the system become stable quickly and have
good robustness.

Key words: permanent magnet synchronous motor (PMSM) ; feedforward decoupling; simplified model; Routh stability crite-

rion
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Abstract : The judgment logic of potential transformer breaking is not perfect for large steam turboset with ABB UNITROL5000
automatic excitation regulator. A typical accident of faulty forced excitation caused by potential transformer breaking which
leads the generator to be out of service is analyzed and discussed. The measures and field test methods for improving the judg-

ment logic of potential transformer breaking are proposed to ensure the safe and reliable operation of automatic excitation regu-

lator.

Key words : automatic excitation regulator; potential transformer breaking; faulty forced excitation; judgment logic
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Abstract ; Sinusoidal pulse width modulation (SPWM) technology of medium — voltage mechanical and electrical drive system

is complex, and it needs considering the factors such as dead zone, narrow pulse filter. A new modulation system scheme is

proposed. The FPGA is used to design the pulse generation program. The state machine cycle algorithm is also proposed to

generate triangular carrier and impulse signal, and the edge of the modulation wave is optimized. At the same time, the driver

board of 4.5 kV IGBT is designed, which contains the drive chip, drive circuit and filter circuit. Experimental tests show that

the dead zone and pulse width of the proposed modulation system meet the performance index of medium — voltage IGBT.

Key words : sinusoidal pulse width modulation; dead zone; narrow pulse; drive circuit
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Abstract; Excitation system of generator plays a significant role in the static and dynamic stability of power system. How to
choose the right PID model according to the excitation mode of excitation system, and considering the blindness and economy
of control model selection based on excitation system modes, the PID control models series with excitation system are compared
from the current self — shunt excitation system and exciter excitation system. The influence of selecting first — order lead — lag
and second — order lead — lag on excitation system is studied, and its simulation results show the self — shunt excitation system

selecting first — order lead — lag can fully meet the requirements of excitation system, and exciter excitation system selects sec-

ond — order lead — lag model, which gives a reference to control equipment selection for generator excitation system.
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Abstract : At present, in river basin development mode, the small hydropower stations such as power source stations in con-
struction period depend on the large hydropower stations of main stream to integrate with main power grid together in later
stage. The especial operating mode is the small hydropower station working with long lines alone, so the corresponding config-

uration measures are put forward to eliminate the self — excitation of small hydropower through the over — voltage electromagnet-

ic analysis of a power source station during construction when accessing to power grid.

Key words :small hydropower; self — excitation; long transmission line

FESES TM619 XEIRERE:A XE4HS:1003 —6954(2017)04 —0091 - 04

0 51 H

DU 1145 58 N 7K HL T 28 6 Jre ) g v, 1) 2 Y
AR DX I8 o 7 — AR TR A8 SR T i h ffe DA i T
SO0 1] A TR R T AL, S I e ) S B i
Jits T R PR L 3 S — A DL T AT 2 RO &
JE 3, SO/ N 2 ) IR L — [ A E K
TR R R N YN SR T D I R N2
FIRIREIRAR , 323 /) v vl 12 A48 it T R 02l e T e 2k
FEWANE G KR A G AR s (B AR WO A 39152
V) F, il 2 30 3o O F A R B O L ZE T
ol PR R ) TG S5 17 D0 215, 25 BLSIA /N
7K HRL il B A AR B 8 R iR s A7 O 3, IR R BR T
AR R BRI A T REIRURE o IR FL 2t 326 1 12
THIT SR 5 W SR /N K B T AR AR RIS 4T 7
SN S B 1 Dl i) AT, 2R A6 30 Jol S 9 L, ol K 5
TR 2, W] DAk AL 3 S0 /N K H, A Tl X
Bt ZUAAN AL . T T T SR K L FE A LY
Je B E G A S B TR R S e T B
A, XA el P 3l T BT 1 il B DRI B2 A 114
it SR IS, LA T B o 7 P ol R B 26 e ) 22
Ul E T

1 Al i S A AZ K 3

[ 25 S UL Al AR JBURR: A2 1 LI TR
AR 5 Sh L B A BT S RO IR AR I S RO IR
()25 A LRI 77 30T, ol 2 B i X s v
FEN T, K LA Y T i — A SRR P B
B TR E AR B — 5 ZR R R, K LRI
TEBCA TG R IR A B0, H B 3 k0 R R0 T BT 3
e (R L HEL s 0 2 SR Ty {ELAE i S 1 114 23R
ARG R, MR E R —EH. H g™
Az 0 2o R AN B A S A R BT 5 P RE R 52 ) e K
FIR ] , 5 2R IBORT N Y B JE A B . T X 1 Jih i )
TR AR UBUE A 5 AR e i R LA
SEEIR A2 BT B O i S M sh S0 5ok A
PSCAD FExS A il 7= A5 ) ik i e R AT L B T 25
G

2 ROt

2.1 TIHE#HR
TEF TR K A3t 57 TR R B AR ST 1 47 52
AT B R SR %, iU bl 2 x 3.7
.91 -



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

MW AR 3 ] D) D4 )1 45 H 7 2 e o B 2R ST+ 32
TR R BRI R, 18 T V8 7K H il fL gk
7 1) R B LM I A5k P S E A 500 kV K
ARHLE

HL R A AN 1 ff R, 1F 4 Ll 3 ot
35 kV 2k H 42 A (00 AR U 80 AR F a0 110
kV 2R HHE A 220 kV R AR B0, R FUAR HL b V4
IR SCII IR 490 MW 25 4 J5 38 3 220 kV 26 jif 422
A 500 kV KA L o A% PUAR B S A B A
f 2 B 2% ME R B 1 5 MK FL 3G (BEHL 2 x 84 MW)
A I T R Y S AR T L

leo
T N LGL240
74MW "W LGI-2*400
\y K

¥R

Bl EFHENRGHE

2.2 BREESITE

MARGA L E R LT ET R, S
BUHT KRBT T 2 5 A it T B8 I 15 s — 4 O T 55
BTGB R BE = AR A G . RPLAE
S I AR AR ST I 38 P i H T 326 S B K O, 2R R K
ik 55 km, AR USSR Z bR T O
YE R 25 b LS BABLA Ry 84 MW A, HAth R 3l PRI
RREZHN3 ~12 MW, — H 25 i dL o 205 IR A 5
TN K R B 32 17 0 =, A L BEEAT F b
WEREAZ T

P ML T RGBT AR HURR ) bR, [R5 b2
AL & A B R R E

Wy> Q.X," (1)

A Wy N R L HLA E 25 5, MVA; Q, 2k 7o
R Mvar; X, " 0 % B AL AE R 25 T (&% TR AR
JEASIRBT) , LA B LA R AR X (H o

HRPE (1) /T LLE Y, & B LA S 25 /DN 1T 45
(BRI TR, AR XS 25 5 & A b 5 SR 14
SR WL 1T 7 3, BLIE 1716 B0 8 25
s roNINEZ I EERERN 2N B ST R i &2
A= A il W BRALE T 2R 5 R A A G, BRI L
() 3 BT R LASUHLIE A T H 2R 6 Ry LRt T R 153

TR HL SRR 2 x 3.7 MW, DR R4
0.9,W, 4 8.22 MVA .

R —R LA 110 kV ZZ f§ K 18 km, F 4 HY

.9 .

58 LGY =240, BAfi K JEHLZE K 0. 009 04 wF/km,
Hi R %h
Q =wcl U
=314 x 0.009 04 x107°x18 x121°
=0.748 Mvar (2)
RIEC—7KIE XA 220 kV 4L g4 55 km, LAY
TR LGJ -2 x400, LA K EEHLZE A 0. 011 8 wk/
km, Hofg K T3k

Q, =wc L U
= 2x 314x 0.011 8 x107° x55 x242°
=23.87 Mvar (3)

VR R L - A8 e gn LR B8R Y R
UL, TR AR R AR A e 25 58 10 MVA,
PR AR P S T DO AT 33 B R LA S i 2400k

X, = 0.075x8.22/10=0.062 p.u.  (4)

FEF- VR —a 2 n] 35 kV 2R BE BT I 3 & H
VLA RS ECH

X, " = 0.409 x12 x8.22/37* =0.029 p.u. (5)

BarH Y, 1 B = R 121 £ 2 x2.5%/
38.5/10.5 kV i 251k 40 MVA A A8 5 58 5
- imbi TR 2 R LA AR SECh

Xp©=0.17x8.22/40 =0.035 p.u.  (6)

o —RELE ] 110 kV 45 BB 4T H 2 5 & i

ML R RSN
X, = 0.388 x18 x8.22/115> =0.004 3 p. u.
(7)

220 kV RELAEHLYG 1 &5 =28 AR R 4F 242 +2
x2.5%/121/10.5 kV &4 &8 120 MVA, Kt
5 e I A B & AL 2 s S

X" =0.14x8.22/120=0.009 6 p.u. (8)

KL BB 2 R 1.0 pou. IR
HLEHER D BTy

X, =(1+1)/2+0.062 +0.029 +0.035 +

0.0043 +0.0096=1.1399 p.u.  (9)

Q.X,” =(0.748 +23.87) x1.139 9

=28.062 MVA >>W, =8.22 MVA (10)

FRYE A5 TN, 78 25 i L sl 25 B, 711
MUHL (AL 7 e I iz 17, — H kAR 26 B R it
Wt % # TC B — AR WS LR A I LA R R A
H il o
2.3 ZEMEUREITERE
2.3.1 R¥Emigseeyid b EWEY S5 A



5 40 57 4 4]
2017 48

m e AR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

TEFVR7K L 4 A\ 2R G0 L TR SR I R B K
R, T Kot T3HE] A 35 kV 1110 kV 2R
BT H b ) R e A g S R
T & S W0 AR SO A 3% Y A R BC—7K 8% L[]
220 kV 2R 70 F D) R K, 78 I 2R B H i 5 b e
USSR BT, XUR] 220 kV 2R Bk 5 7 B D) R
PERTF S VA Lk & LA E A i, — HR A R B R
S DT S G i 3 = A BT 195 000, 9 K L i 5
PR 2R IHORs & b T A R R R, 2 R
PSCAD HaL B 2545 ELHR A4 X 18 1 1 Fi 3 PR AL A2 A7
F Tl 7= Az R i i F RGBT S 0T

oL AL
o AL f

A O R AR
XXX X XL H“\ il

= VT N M \Jh

970 1960 1990 2000 2010 2020 2030 2040 2050 2000 2070

-

B2 FREUETHMET 220 kV M EER

M2 ATAE 16 1 =2 s Bf R AR I—K%
X[ £ fif R 22 s ) e ol JE il i kT, 220 kV £ B R
JESRE T I B AS  FE 10 ~ 15 ms NHJEE £
EFHEN2 pou. (400 kV 2247 ARMELL & R DIAL AL
FAL R AP it > R 1) 1 JRh et LR o

M H G 1 AL TFHLA I, & A AR i
vt 55 BT I L R ik an i 3

Min : Graphs
300 = 22KV
280
L/ T
> 240
20
200
180
10 20 30 40 50 60 70

B3 wmitruhIF | SV ERE#L
MBS TR Y Yt st A 1 AL TFAL
IR, )RR A AR BL—7K 38 XL I 26 g PR 22 2 D 2k B e
BT IS A R TR 1L 1S peoue  (HE LR
TG ST R A I T R R A
FHTIEE TR 0 SR AN SR BT 6 415 it A RE S B 11
el A D A A R AR DRI i b L B R 2 A
1S HLIFAL, 052 PR A= 7™ v 4 i F ity B A 4458 A I
B, ANRBIN A g b Fi ity e A 1 S0 L vl R 45

JIT AL I Tt B 1k B g A
2.3.2 220 kV F R K W 353 Aok R B 40 35 G 69 i
CNER N oy

R W T8 43 BT, A 798 FRL 3 & A ) i 1 2
PR 25 R FL— K% WLIT] 220 kV 45 % 75 1) 47 3t
KT S0 L & HLAIUE 25 i, AT LRI -R FU
7 HL S G IR F BT A MR B TR T3

R —IK ¥ — ] 220 kV £ 8% 55 B S R Ny
23.87 Mvar, &% —R L —[] 110 kV Z& # 5 H1. 2)
K 0.748 Mvar, FHE A 0N 24. 618 Mvar, A] L),
F£ 220 kV R ECAS HL 530 3 4 10 Mvar fi K H
Prgs, W Q, =(24.618 -=30) = —5.382 Mvar, 75 HL
DR O S AME Ry B, P L A & &
Al .

150 = EZUBSVHE

400 L —r—

350
300
250
200
150
100
50
00
00 10 20 30 40 50 60 70 80

0 100

4 EIMRERHSRE IS KV BEMZE

300 S EETKVEE = FR220kVREE
250 ——
==/
> 150
100 . I B
50
00 10 20 30 40 50 60 70 80 S0 100

B 5 #hinRERIEEE 110 kV UK 220 kV BE

M 4 B 5 AT LUE HAE 220 KV R FLAE Rl
30 Mvar fIEHRBTARE , [FAE & AE R FL—7K % XU Rl 2
B PR 2 U 5 TC i e Bk 5 45 1 s A5 R B 1Y)
H A28 Tt i FL R He e B3 1015 pau.
WA T BR A, H R T A 0 LA 45 2R UE A 3 in 30
Mvar RIS, ARG LUk
2.3.3 AR e Bl

54 30 Mvar IR bR 5 BAREE G T B G
i H B PR (HAE 1 XU LAz 47 0 B AT SR A R
1.3 p.u. AYIE O, T B AH N A 4P 2R 1748 e DLt —
AR AR

B E UL LU BOE Y RGNS L 51

.03 .



5 40 57 4 4]
2017 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 40,No. 4
Aug. ,2017

Hz, JER 1 s VIR TIAHLAL, 0 BA5 5 i RAE
1.264 p.u. Y RGHRAE T 52.5 Hz, ZEHF 0. 8 s VI
TN T B R R R R 1.28 pou.

HYGES R AR E R G AT 1.2 p.u.,
FERF 0.3 s AINVIBRTEF VAL, 7 B 45 R i e i
KEH1.28 p.u.,

55 =R R FLAR H AR R AR AN OC FL R
SR Bl A LE I L0 DR T 8 FL s DAL, 75 D)
AR FHERTUIBR TR HIAs .

2.3.4 ABILENSRBKEVLRENEE

1 V) FEL 3l i e 1 Dl 1 DRI e LA 1) T
SETEAS GG T B T A, H 3% I B S 98 /N
B2, WA RS /N Sl AR 3 2 S BUIR R L AR
JC ) 22, 5 e H R 0T o, 9 A JIE BE L R AR
GetE o AR SO R — Nk £ &, B&FILE
U4 — UEAT AMEE ) S, S R S A, SR
AEUAR T P AR 9 32 1748 B, okt A as 47 IR
Pras R R B AT, XK R P AR
FRRE Iz 7 07 N B G AR o Bl T T
FAEDE, Hp | R R S AT LS 2 R R ) A O X
FE | U I A H O i AIG R H B R DA sk

H L 3 S YA L £ R
3 45 iE

Wt 5 7K FEL T 2R AN BT 3 2 o 1 X, 5 R 1847 7
SN A /N K LI R 5 S B Dl i Te) A H R
T T PR VR L i S O SR Y 1 TRl R XL i
T RIS TR . BRitk =z oh, RAK
P 14 A A e LA R A A AR DT 3R il
[ TR) A, T 225 R Ml AT T

S2%5 3k

(1] B, R 5204, 4 SO, 45 B ) 2R 48 A b vl ot
SELT]. RISl RAE =R, 1984 ,18(4) 134 - 45.
(2] dkAE, 28 TR, Xt J5 v /K Ha L Dl 0 D6y
MR ] B R G ARy 54, 2013,41(20) -
112 -117.
(3] THEA, AR, kA, b/ K B HLAL A Rl R Ak
WRRERTIEL)]. AR TT, 2013,41(3) :661 - 664.
[4] DL/T 5429 -2009, Hi J) R G015 AR S].
(ks B H#E 12017 - 04 - 06)

239,299,939,999,999.999,939,999.939,939.999.939.999.939.999,939,999,939,939.939,939.999.939.999,939.999,939,999.939,939.939,939.999,939.939,939,999,939,939.939,939.999.939.999,939.939

(L% 69 1)
I, SR L ] il R

B E R 6.3 m, LA FIK
PEFFHELIE B 1.5 m KPS HELAIFE A 3 m,

3 45 i

DK, (EBER K 45 F T, =20 X
Xof Ik A £ 5 - E AT T A ) 5 [5R) 5 R Ji) R [5]
A 2 (Bl T ES 105 mm (AR 4%

2)10 kV B 287K Y BN fe i fit i i) A i 5
2K, ERT 0.9 #m LR ARV, T
i AR S b A AT

3) RHE S K IRAT I A Ry 450, RHE 1B 42 5
B K Je A o0 1 SR 605 mm, RHE N 605
mm , iff 2 (1] Bt [ A 36 514

4)REH KN 6.3 m, K IR FFHELE BE B S 4k 4
LR 15 m BN RE P R FR A AL Tl A ) R 58 A 56
M

.94 .

5) THH RS T, HZK e SR S ifh 2
R (B 7 N P Y (SN R SR E S e R
I BT FA AL

S2%5 3k

(1] PR, B 5 e M2 w) E e o) T AR 4 3. 10 kV
ZRZs 2 A W (2013 ) [ M. b st v e g R
1,2014.

(2] XUHRE. 5 e (o 20 ) i A% s TR 38 A 12 10 kV
B35 kV FeL 2t 4 B EE (2013 Jig) [M]. db5T.
=] H g HE A, 2013,

[3] GB 50061 —2010,66 kV % L 425 %y oy 28 B % i1
JE[S].

[4] Q/GDW 13001 — 2014, f= ¥ 4k S 48 2% e & 4% AR LG
[s].

[5] sKBE. iy TR v e 6 B 2 R T 0 (58 )
[M]. Jb3t . [ e g R, 2014,

TEER:
Z#(1986), AL BHIE TART, A E#r b & 2%t
o (WS HER:2017 =02 —27)



