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An Optimal Head Selection Method for MILP Model
of Hydropower Plant Based on Operation Data

Wang Liang' , Miao Shumin', Teng Yufei', Wang Yongcan', Zhang Chi*, Du Chengrui*, Wang Jinlong
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract:In order to solve the deviation between the actual discharge and the calculated discharge of hydropower plant by
mixed integer linear programming ( MILP) model with design head, an optimal head selection method for MILP model of hy-
dropower plant based on operation data is proposed. Firstly, the MILP model of hydropower plant is used to obtain the optimal
head which has the minimum deviation between the actual discharge and the calculated discharge. Then, the daily average res-
ervoir inflow and the daily average output are taken as the optimal head eigenvectors. In the actual scheduling process, the op-
timal head can be selected according to the predicted reservoir inflow and the daily planned energy. The example shows that
the proposed method can better reflect the actual discharge of hydropower plant, and is conducive to improving the matching
accuracy of upstream and downstream water volume of cascaded hydropower plants in the formulation of power grid dispatching
plan.

Key words : hydropower; mixed integer linear programming( MILP) ; short term; optimal head

Vol. 43 ,No. 4
Aug. ,2020

(mixed integer linear programming, MILP) J5 % & 4

=P Gt AR K L I R, D 1K H ERAR
LIS 7K R V] B TR FH B0 R S 5 ik AT 2P ML

ESUJEEHiﬁF“ H SRR 7K L IR TR) R Y R BT VA 2

SUREIS57 TR IR €5 & 58 I POy B U 1D 93
Ji R I Bk Ho R A BB M I R

E£mA: EEEA AR E (5406 X6 58 90N K B B Ab
EXAZZEE#KMFJL&T“%H/T:E 2018 YFB0905200) ; [ % 4
N4 8 R R T0 (AR 08 7K H T B 31 494 14 225 3 H
H7J<Fﬁﬁ)#3éfi%&/|\6ﬂﬁ&rﬁﬁ 52199718001B)

Tﬁﬁk%,éﬁt 2019 AFAFJEE, PUJI HA o x4 1
FROK REALA R 78. 403 CW, 71 HL IR A5 H v oy LU
i 79% e A SR AR — . DU 1] HL e 4 AR
JE R 7R 1z K Ll (7 A R 4548 b i AR 22
[Fi) 8 38 2 A\ 221 Yt el i ol R ] — e A 24
K HEIE AE O, KT SR G G R T 2k BN

o1



5 43 5 4 4]
2020 4£ 8

MmN B h KR

Sichuan Electric Power Technology

LR R EA By RO v 4 A Lk B4, 45 DY
JTEL K LR T Bk

PRI , R TR B B M LA o T HAT R
AR R AR U T R R B, T ik 4 HR SCHR [4 ] B 07 ik
X RS K L R AT 2% B K Sk 52 e ) MILP 98] A5
75 WDRE H B B 22 T JC SR A S O o 2 i
TES2Bn i 2 i A v A 27 R 8 P RE S B
VAT B AR K r sk A A i s K sk 2 SRS
KBSk o SR, K L olhas Ard B ok k2 b
WEHRT KA R WA 255 m , AR PR 7K Sk d
ARt K FE 3l e FL -5 28 O ) ) SR B OG R
D ERG R 2% o e i 32 A HUP- B 68 o b 3l
ARV BORMRAG AN SE R AF R, HE— 2ok T
LG I E K kAN, 5 SEBRIs AT 00 ) 9 i 22 , B 1
5 S 178 N UMY 1 W = vy AN

BEXE BaR R, R TR T s AT A A K
P MILP B 5 (I AR 27K Sk e O 05, DA AU AL
FELER P 30 R A I 15 S P i i 25 fie /N H
i, BT BT HOK S U880 A9 75 1 € 25 H MILP B 7Y
i 2 e/ INARER K S, S0 H A R i P4
1 AR Z AR RIE R . SEbrii B, 5T
U H T4 7K R 3 S R S M- 22 g AT B
xR MILP #ERICERK Sk, AL GE I 2 AR A
JIT4R 75795 AT LA A MBI S Pras 47 T80, SEBK
KT EE o

1 BTl a ARGk K #
uli MILP 541

1.1 BEREH

JKERL R R R R R S RO R A
PRI WA ZBTHEL 5 HE | A H RN K it B v iy 2 AR o
A BEBRAE K FL ol AU K SR 5 5B — 8. % &
7K R v R — B R R AN SRR i PR Ik
SR T H P26 i R 57K AU (5 S P =2 1) i 22
F/ MR K Lt MILP A2 7K Sk 4005 B8 f H A o
B BARE

T
min F = Y ([0 -, [+ s -5,|) (1)
t=1
2 Q! g o BB T S th P b m /550, 1
i B L 6 A 0L 1Y A R Bk, m /5 S Ry o i B L 3
SIBRFFAL i, m’/s 58, o B B B AL 2 K I
B Lm/s s TR BEE
.2

Vol. 43 ,No. 4
Aug. ,2020
1.2 AREHF
1) th 7125
P =Py 2)
2P, Sy o I BOK LA S, MW P Sy o i
BOKHLu5 P S, MW,
2) KPR
Vz:Vz—1+(Eeal_Qz)At <3)

AV, W E ¢ B BOREUR EZS, m* 5 I g
SHTE ¢ B BERY PR AR B, m® /s Ae R EE R B
K, s
3) R AT R
Q. =q,+S, (4)
g, HHINTE ¢ BB AR & B, m /s
4) rl th R Z R
P, =1000 xA xq, x H (5)
A LG ZEG ) BB, W S E R A L AR
155 H iRk Sk m,
5) R 2R
Q"<Q,<Q™ (6)
2, Q" QP A Ry ¢ Bt B R R /N AR K Y R
ik, m’/s,
6) K HL LI 2R
7.<q" (7)
2, g™ O ¢ i BRI ) die K R L IR PR A, m /s
T) FEA AR
VsV sy (8)
2, VIV AR ¢ BB R A SR/ N R R K AR
VRIEZS ,m’

2 7K HL G MILP & B R R 5 A A0 R 7k

AR LA R R R B /N K Sk BT R R
K3k H™ {E R B 7K Sk X8, R n AR
JosH™ =H, <H, < <H, =H™

AR 2 R A i K R R B B JE i
i FUKIE )RR R AR 0 KRS
SRAZ(S) KAk HL s AR 2K KA MILP f554
155 n AIRI R AR R 2SN FL L F e F

AR 3RS @ H AR 22 B/ X B AR
IRk B TS HAE A BESRE T, SF35
P, 0% AR SRtk i (1, P, H™)

R4 PR 2 FIE PR 3, 4845 T — H AR



5 43 5 4 4]
2020 4£ 8

MmN B h KR

Sichuan Electric Power Technology

Vol. 43 ,No. 4
Aug. ,2020

FOCK L ) & W IIT R T m H 8GR G T
S WIATHE R H P2 A Pt P2 s O ARk Sk
RFIERE RS M

L~

pl Hll)esl J T

i 2

M=| T, P H™

L, P, H™]

IR S AR A 2 AR SRR BE B« 9 B
SRR TR T P BASTE T P
e M s R AESE OL R H AR 3 A 2
Z I P9 R PR, 30 49 /N B 8 ol o oz AR 3 7K
SIS H VBRI ARk

PR 6 EH « AR, R PR2 APk 3,
He iz HBCHE SOB VR AR R M o PR S JT iR
T —H B ph 2l E

3 SEIRNH]

3.1 HARMNKERFER

DLVO 1R o 38 7R Sl R 5 X 42, iR
SHIARSENGR 1 Fon. DL S JE BE T 30 d 9%k
P Ve R AR F K Sk e BURRAE S I, LA 1 b kg o 38 1 Bt
A, D) 2018 AR SEBRIE AT 80 S B, 43 5 LA 7K
W2 AR 6 H MRS, FF R , LARHIE T
PETTBIA RE

#£1 KkBEEASH

WY AL EBRRESR  BNES /MK Sk
e /MW /(10°m’)  /(10°m?) /m
HEY 60 1140 520 12
Btk moRoksk  mRAHNE  mRARHERE
/m /m /(m® +s7") /(m® - s7")
16.4 21 417 9820

3.2 HEERESH

1E Matlab g2 MILP B84, 38 ] Cplex #{F4
ARRINHIZ G 2018 4E 1 1 H % 2018 4E 1 A 31
H Py S is AT B a4 IREE 2 20 R 1 200K 4 #1738
H AR BE B AT IR R AERE B 1, 4 IRES 2 5 20
s Lo 2 A1 HE2 A 28 HEYBIA
& o 2 Ayt K S A T B4 Oy i s AR oK
AR B H SR SRR 1 e 22 D
24 H MILP R f /Nt it f 22 DL BT 15 BLRY H SEBR
JE i TR SR BN PR I DL R e fe ARk sk
B i e FE LR 2 2R 4

800 - 2 JI AV A R 22
700
ig 600 .
004 ¢
*
H 400 {* '
g . .
i 3 o e WP TR R 2
JFw0{ e ARAARTAC B R 22
100 A . E}g- E| EMILP*ﬁ%ﬁ’J\?ﬁ'ﬁ:{ﬁ%&
1ad L ag A B @ AL
. ﬁﬁlﬁ Wﬂmﬁgfww |-} fiﬁmwgg WWWW‘WWW
2718 2H6H 2A11A 2A16H 2/21A 29260
H¥
Bl 2RAEMAEHERERE
180 ¢ 23 VK HLsh i e e 7
160 %
140 (A

—<f 120 E%?“o—o"~0~¢—0—0—««_...044‘0—0,,vo""‘~0
E 100 | Bastassasd, sl oneabdda
w80 |
B
=0 e SR
40 ¢ et BRI
2 | e ARALAR KK SHEIL 1 P
T S S T S S U S S A S
1 3 5 7 9 11 13 15 17 19 21 23
BBt /h
E2 2R 1 BEMZHERELE
300 2910 H /K el th e vt B o 2
250 |

iw

w200 2
150 | e ed @
iz LR o N e e il o 2

2 o0 |[EekwddE DR d AR
e SR
50 e BT IK AL H
------ a BRALARIEA S e
1 3 5 7 9 11 1315 17 19 21 23
BBt /h
E3 2A10 HERZIHERETRE

/(me. s71)

160 ¢ 2 H 20 H /K Bk HY P i i R

140 [ g
LR R SR SR PN SIS, ol e i

20 b R AR R A YR T YRR Twad

T 100

T 80t

=

60 r - - SRR

40 -- - BRI
20 e ARALARIRIK DLt P
0 IIIIIIIIIIIIIIIIIIIIIIII

1 3 5 7 9 11 13 15 17 19 21 23
BBt /h

B4 2 A2 BHEMZHEREDE
NP L Rk R D5 A B0 AR K S i A
JK R R RE R R AIY] 2 A 6y e R B O 2
4 H MILP Fr 8L 0 /N B2 i 22 B AR — 2, AN
2 Z [ 4 oy g 20 R R R TR TR A
KR 28 BT D5 iE DAk B RER K Sk RS A - i
P SR it i e



5 43 5 4 4]
2020 4£ 8

m e AR

Sichuan Electric Power Technology

Vol. 43 ,No. 4
Aug. ,2020

201841 A 1 HE 2018 425 A 31 HW
SB T RE T H AR R, 97 R IR A R AR
PP 6 H 1 HZE6 H 30 HMEIHE, 6
FBE 7K S FIFE T P J5 1 0 A4 Sk
2 H S B 3 e -5 A8 B 550 30 i 22 LA & 2 H
MILP A7 /N it i 25 UL P S 5 MR S B H T i
B AR R DL R A AR K Sk AR AL
R R ULIE 6 2K 8,

6 1 RLALL L PR U Al 22
e Sk L
1200 7 A R IK s P I At A 22
; e 25 HMILPRE Y 5 /N i i 22
#1000 - *
#oawls A1
42 Vs \ { R ;
w4004 Y i A i
T o004 P8 4 e wm A AL NG
"y efen, Cmasaecht 1w
6JJ1H 6H6H 6/J11H6J116H6)/J21H 6126 H
H

ES 6 AEMAEHERERE

oo - OV TEUK s e R

250 voese
~ EEEEG
T 200 + ,,.'"E"‘"*"‘ ?
o R adrd
<E 150 [¢-*-o-*o®ee 0»&»0--0";@@-{27'@ k4
i - W
B 100 | B JIBR R
ot BT IR AL
50 o AR AR
0 llllllllllllllllllllllll
1 3 5 7 9 11 13 15 17 19 21 23
B Bt /h
E6 6 A1 AEMZIHEREIE
180 6510 H 7K FL ik HH e it o
160 | ‘
140 | ‘"‘,,»vo-vow‘ PEPape A% 4 'Q
o120 0 * na® PPt
100 fpeeeeeee gy
E o | ®ER FRAEY
)
@ 60 | B SEBRH PR
= w0l o WK ALt
- e RAARZEIK S
O b
1 3 5 7 9 11 13 15 17 19 21 23
i Bt/h
E7 6 A10 HZEMZIHERELRE
300 - 6 20 H 7K F 3k H R B
*
250 | yan
2 200 |
2, WEaitteeeeet il | 4
L g5 [FEEAT e Ak ‘Sﬁ@ﬁ@
~ Lo AAA-
o0 | B SR
S e B IR AR 2R
50 | ke SRAARERIK A L
0 b v v v
1 3 5 7 9 11 13 15 17 19 21 23

I B /h
B8 6 20 HZEMZHERETE

WS o, Rk e 7 vk AR ER K Sk #EAT IR
WK Rl PR BT, 55 S PR IR R 2 A i 2 22 BT Bl
T EUNF RO ACK BB 2 . K 6 =15 8
ATRISI SR H R 22 1 2 i e R i s, 22 B 4 7
DAL )R A ACER K Sk RER Ay ML 0L S B HE 2

SRR, BT 5 075 3 A B i S I K L S
Py e e A, B A0 T ORI B3t 7k Sk 7k
HL o MILP 5080 3l B2 25 51, WA A 4 ey 8] 2 34 ]
Tt SR AL KT o

4 45 ik

BT 1 2 T s 47 R0 1 7K Bl MILP A58
AR KRBTk, il T & T fr Bde il g
KWK HL Il MILP 55580, 25 T S AR 3R IK
SREHCE BRI LI )1 E 0 58 H 15 7K R 3l oA fo]
rr sk, 45 2R R W, 76 % I RE 7K Sk i 7K L ol
MILP ] AT v, # L FR FH T2 37K Sk i 7K i
vy MILP J8 ERE R, 5 T Iy oo 47 %0030 e % A A A
PR B 7K H, 3l MILP ] B2 A5 A, 7 A 7K 01 AT
P RE ST A MU 5 oK H S B G R A, B
FORE7K Lt S B ) 2 2 A, A ) T4 g i o i
I TSl TR B K HRL L T B K B DT RS R, S B
IKGEIRAI AL o

&% 0k

[1] FEH, T, P, % RIEK f b # &
AR vk 1 SRRBER [T]. KR 2% 4, 2011, 42
(9):1017 - 1024.

[2] RZEF,EBRE, B, & K KRBEE IR R
RAFEORR 36 (1], E s AL TR 2% 4z, 2009, 29
(28):82 -88.

[3] TV —FPEhENILUK ARG IRE k[T ]
HL A, 2019,41(5) 11597 — 1602.

[4] FBEVLYE, RIS BB, 5 K Sk 52 M 96 2K ra
R AR EE [ T]. W R 58 A 3h4k,2009,33(13) ;
13 - 16.

(5] o0kE, Eaige, ROBT, 55, %IENLAH G B#HoK
HRL b JE SR g MITLP AR T 1. e R4 A ,2018,42(6) :
1883 —1891.

EEREA:

E OE(1990),H 4, THEF, TERFRE £ %KLL

BB (fs B #7:2020 - 03 -02)



5 43 5 4 4]
2020 4£ 8

MmN B h KR

Sichuan Electric Power Technology

Vol. 43 ,No. 4
Aug. ,2020

7K K F BILZH 8 3 e A8 DX R AR AR 3T Y27 1 52 Wil 20 A

CEP YA g 28w R iiE e Be , U1 iR 610041)

W EARARGALFRODHERNE S BAGMERLTFE, AR LA REE RGN LR
F, B AR iR B AR IR ABARIAIR S 09 A T, TR AL, IR B R RAE A E KR, AR AR G
AR K, A Rk B 58 X 52 I ) AR AKIR IR T A A — AT RE . AL T A IR Rl LR AR K v B 64 B ik BB AT
R 3+ ABAKIA IR 3% 09 % v, 3t he o7 A A 58 R Be B AR R AR K RIRAR 89 LT S IUABARIA IR 35 4 ) 263k A 3R 8 12 L,

KRR GHERATIR G AR AL X 5 K KL

RESEE . TM761  STRRARERD:A  TE4HE 1003 —6954(2020)04 — 0005 — 04

B

e

Analysis of Governor Deadband Influence of Hydro - thermal
Generation Unit on Ultra — low Frequency Oscillation

Fan Chengwei
( State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract ; Ulira — low frequency oscillation (ULFO) has been the most common problem of frequency stability in Southwest
Power Grid in recent years. The existing researches point out that the governor system is the key factor to cause the UFLO.
The optimization of governor parameters is an effective way to suppress the ULFO. Besides, the nonlinearity of governor dead-
band has a great influence on ULFO, and the appropriate setting of governor deadband contributes to the suppression of ULFO.
The frequency response system is adopted to analyze the governor deadband of hydro — thermal generation unit, and its influ-

ence on ULFO is presented. Adjusting the deadband setting is suggested for purpose of suppressing ULFO while maintaining

the system ability of frequency regulation.

Key words :ultra — low frequency oscillation; governor deadband; hydro — thermal generation unit
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Analysis on Characteristics of Inrush Current in Complex Electromagnetic
Transient of Transformer and Its Influence on Differential Protection

Li Zhou', He Anyang’, Wang Hui', Shi Chen', Tan Zhen', Wang Kun', Li Zongbo®, Jiao Zaibin®
(1. State Grid Xi'an Electric Power Supply Company, Xi’an 710032, Shaanxi, China;

2. School of Electrical Engineering, Xi’an Jiaotong University, Xi'an 710049, Shaanxi, China)
Abstract ; The maloperation and refuse operation of transformer differential protection often occur in recent years. The field da-
ta show that the fault of differential protection often occurs in the situation which is more complex than the typical no —load en-
ergizing of transformer. It is necessary to study the action of transformer differential protection in the complex electromagnetic
transient environment. Aiming at those problems, the mechanism and characteristics of inrush current in the case of rema-
nence, DC bias and CT saturation of transformer are studied, the causes of malo — peration and refuse operation of differential
protection in the above cases are analyzed, the factors leading to maloperation and refuse operation of transformer are summa-
rized, and the corresponding measures to improve the correct operation rate of differential protection in complex electromagnet-
ic transient are put forward in order to guarantee the safe operation of power system.

Key words : differential protection; remanence; DC bias; CT saturation; complex harmonic
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Dispatching Research Based on Improved Spot Market

Fan Guoqi'”, Fan Guowei’, Liu Changdong”, Lin Hong', Wang Jili*, Liu Ruifeng®,
Cheng Lin*, Luo Qing', Liu Dagui'”

(1. School of Electrical Engineering, Xinjiang University, Urumgqi 834200, Xinjiang, China;
2. State Grid Jinhua Electric Power Supply Company, Jinhua 321001, Zhejiang, China;
3. State Grid Xinjiang Electric Power Co. , Ltd. , Urumqi 830011, Xinjiang, China;

4. Northwest Branch of Sated Grid Cooperation, Xi'an 710048, Shaanxi, China)

Abstract : Spot market can increase the peak shaving capacity of the system, which can effectively reduce new energy abandon-
ment and promote the consumption of new energy. However, non — price discrimination in spot market can cause participating
members to lack incentives and reduce their willingness to participate. In spot market, the self — owned power plant load,
small industrial load during the valley period, and the spot market members of newly — added heating load units are expanded,

and then the priority transaction object is determined according to the order of clearing. Dispatching costs under new energy

curtailment and spot market verify the effectiveness of the proposed improved spot market dispatching method.

Key words : spot market; non — price discrimination; excitation mechanism
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An Algorithm of Reliability Evaluation for Urban Complex
MYV Distribution Network Based on Typical Connection Modes

Zhang Shun', He Lipeng”, Chen Mingfan®, Lyu Yi*, Li Linwei’
(1. Central Southern China Electric Power Design Institute, Wuhan 430071, Hubei, China;

2. Hainan Power Grid Co. , Ltd. , Haikou 572023, Hainan, China)

Wen Chengyi’,

Abstract: As the economy in China shifts from a high — speed growth stage to a high — quality development stage, the whole so-
ciety is increasingly dependent on electricity, and users have put forward higher requirements for power supply reliability.
Based on the analysis of the network connection of complex distribution network, a simplified method for transforming a com-
plex distribution network with branch feeders into a typical wiring model is proposed. Based on a detailed analysis of the relia-
bility indicators of the system, a power supply reliability algorithm based on typical wiring modes is proposed. And the simula-

tion verification is carried out based on the distribution network model of an urban area. Simulation results show the effective-

ness of the proposed algorithm.

Key words : complex distribution network ; typical connection modes; simplified model; reliability evaluation
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Application Research of Dynamic Reactive Power Compensation
Device in Special Power Supply Load

Zuo Long, Wu Xiaorong, Lin Bo, Guo Minyang
( Sichuan Electric Power Design & Consulting Co. , Lid. , Chengdu 610041, Sichuan, China)

Abstract:In order to facilitate the selection of devices, the main power quality problems caused by common special loads and
the application of dynamic reactive power compensation devices are reviewed. The basic principles and composition types of
dynamic reactive power compensation devices (SVC, SVG) are analyzed. Their characteristics and applications are summa-
rized. The simulation control model of SVC and SVG in PSD — BPA simulation software is introduced in detail. Through the
simulation analysis of a project case of weak grid, the results verify that the voltage stability is mainly related to the capacity of
dynamic reactive power compensation device, and in the case of certain capacity, voltage fluctuation can be reduced by optimi-
zing control parameters.

Key words :special power supply load; dynamic reactive power compensation device; voltage stability; voltage fluctuation;
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Research on AGC of Joint Scheduling with Cascade
Hydropower Stations

Liu Jiangtao, Zhou Zheng
( Sichuan Huaneng Baoxing River Hydropower Co. , Lid. , Ya’an 625000, Sichuan, China)

Abstract : Based on the cascade development of Baoxing river and AGC system of joint scheduling of cascade hydropower sta-

tions, how to realize the AGC of joint scheduling of cascade hydropower stations is described according to the variation of unit

head, interval flow and ecological flow, and the corresponding programming scheme for computer monitoring system is pro-

posed. The joint scheduling test of plant station, centralized control center and provincial dispatching center is carried out,

which improves the water utilization.

Key words: cascade hydropower stations; joint scheduling; AGC; interval flow; ecological flow
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On - site Comprehensive Diagnosis Method of Partial Discharge for
Transformer Equipment Based on Ultrasonic Associated with
Electromagnetic Wave and Vibration Test

Wang Chao', Xu Benmao®, Feng Fan’, Yan Minchao’, Li Yuzhe®, Zhang Jing®
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Tianfu New Area Electric Power Supply Company, Chengdu 610041, Sichuan, China;
3. State Grid Mianyang Electric Power Supply Company, Mianyang 621000, Sichuan, China;
4. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract: On - site diagnosis method of partial discharge for transformer equipment based on ultrasonic associated with electro-
magnetic wave and vibration test is studied. According to the structure and running condition of transformer and HV reactor,
the on — site partial discharge detection based on ultra high frequency method, ultrasonic method and vibration test is carried
out. Taking HV reactor in 500 kV line for example, the methods for on — site dectection, signal analysis and fault diagnosis
are proposed. The research is helpful in determining the partial discharge of transformer and HV reactor, diagnosing the fault
type and its severity, and improving the on — site detection level of equipment partial discharge, especially serious suspension

discharge.

Key words : partial discharge ;transformer;reactor;ultra high frequency ;ultrasonic ;vibration
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Fault Analysis of MOA Online Monitoring Data Based on Wavelet
Analysis Diagnosis and Support Vector Machine

Zhan Zhongqiang, Chen Wentao, Li Jinliang
(State Grid Xinjiang Electric Power Research Institute, Urumqi 830011, Xijiang, China)

Abstract : The health of metal oxide surge arresters (MOA) has a huge impact on the lines and equipment in substations. The
fault diagnosis of MOA online monitoring data can effectively reduce the load loss caused by the accident. The wavelet packet
based on Penalized soft threshold is used to filter the MOA online data of a substation, and the signals are classified by support
vector machines. It can diagnose the time point of failure before the MOA completely fails, which can provide a basis for the
planned power outages.

Key words:; metal oxide surge arrester (MOA) ; online monitoring; wavelet packet analysis; support vector machine; fault diagnosis
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Design and Application of Big Data Cloud Platform and
Informatization Measuring Instrument for Tower Grounding
Parameters of Transmission Line

Wang Mulang, Peng Honggang, Qiu Xuan, XuYan
( Guangzhou Electric Power Supply Co. ,Lid. , Guangzhou 510000, Guangdong, China)

Abstract: In order to further improve the efficiency of grounding operation and maintenance of transmission line towers, a set
of Browse/Server system of big data cloud platform for grounding parameters of towers which can be inquired by users and an
informatization measuring instrument for grounding resistance of towers are designed and developed. Relevant measured infor-

[

mation is directly uploaded to the cloud server at the measurement site, and the " offline results" obtained from the measure-

ments are converted into "

online data". On the one hand, the working efficiency and accuracy of grounding operation and ma-
intenance are effectively improved, and at the same time, the whole business process of operation and maintenance is also re-
corded, which is conducive to the supervision and management of operation and maintenance, and provides data support for
the operation status assessment and fault risk analysis of grounding device. Finally, the field measurement test is studied by
using the proposed informatization equipment, and its advantages are pointed out by comparing and analyzing the measurement

results with the tramegger method and different wiring methods.

Key words: tower grounding resistance; big data cloud platform; informatization measuring instrument; measurement analysis
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Measurement Depth of Soil ResistivityRequired by Construction
of Layered Soil Model in Substation

Zhong Shan, Zhou Weiming, Zhou Decai
( Southwest Electric Power Design Institute Co. , Ltd. of China Power Engineering
Consulting Group, Chengdu 610021, Sichuan, China)

Abstract : Through the simulation calculation of grounding resistance and stray current characteristics of grounding grid under

the layered soil model of substation, the influence of the depth of model construction on the calculation error of grounding re-

sistance of grounding grid is studied by using CDEGS software package of grounding system aided design, and the reasonable

measurement range and depth required for establishing the model are proposed.

Key words:soil model; grounding grid; grounding resistance; CDEGS; stray current characteristics
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Research on Design and Commissioning Technology
of Photovoltaic Boost Flexible DC Project

Zhang Duo, Jiang Aiding, Xia Xue, Li Jiayi
( Southwest Electric Power Design Institute Co. , Ltd. of China Power Engineering
Consulting Group, Chengdu 610021, Sichuan, China)

Abstract : Based on the summary of flexible DC technology and combined with the characteristics of Southwest China as well as
the characteristics of low — voltage flexible DC technology and equipment level, the design and commissioning technical scheme
of photovoltaic DC into flexible DC transmission project is introduced, and its feasibility is demonstrated. The research results
fill in the blank of low — voltage flexible DC engineering design and system commissioning technology. It has a certain refer-
ence value for carrying out the construction of low — voltage flexible DC transmission and distribution project with new energy
integration in China.

Key words:low voltage flexible DC; DC system commissioning; control and protection; DC/DC conversion; prefabricated
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Economic Research on Transmission Capacity Planning of
Wind Power Delivery

Yu Zhiyong, Song Xinfu, Zhang Zengqgiang, Xin Chaoshan, Li Haifeng
(State Grid Xinjiang Economic Research Institute, Urumgqi 830000, Xinjiang, China)

Abstract : With the increasing scale of wind power, the transmission capacity limits of the existing power grid will result in a
large area of wind curtailment, and the effective way to solve this problem is to build wind power delivery channel. So the
transmission capacity planning of wind power delivery is an important research topic. Through constructing the economic evalu-
ation model of transmission projects, the planning method for transmission capacity of wind power delivery is proposed based
on wind power distribution characteristics and the economy of transmission projects. Finally, taking an actual power grid sys-
tem for example, the proposed method is verified, which can reduce the investment cost of transmission projects and can effec-

tively increase the economic benefits of transmission projects.

Vol. 43 ,No. 4
Aug. ,2020

Key words: wind power generation; economic benefits; wind power delivery; transmission capacity
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Research on Pile Foundation Design
of Transmission Line in Slope Terrain

Chen Junfan, Jiang Rui, Huang Xing, Han Dagang, Yang Yang
( Southwest Electric Power Design Institute Co. , Ltd. of China Power Engineering Consulting Group,
Chengdu 610021, Sichuan, China)

Abstract : Aiming at the pile foundation of transmission lines in mountainous area, the relationship between the bearing capaci-
ty of pile foundation and the factors of topographic slope, geology and lithology, width of design virtual slope in slope terrain
are studied by using FLAC™. Numerical analysis results indicate that, the larger the topographic slope, the worse the geolog-
ical lithology and the smaller the width of virtual slope, the smaller the safety factor of the bearing capacity of slope founda-
tion. Through the example analysis of typical suspension towers and tension towers of a +800 kV UHVDC project, the equiva-
lent m value of typical rock foundation is proposed. With the introduction of reduction factor u for m value method, the adverse
effects of topographic slope and different angle of tension tower on the horizontal bearing capacity of pile foundation are also
considered, which is provided to designers for reference.

Key words: pile foundation of transmission line ; numerical analysis; the equivalent m value of rock foundation; reduction fac-

tor of m value method; bearing capacity of the slope
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Research on DC Power Grid Planning Model Based
on Wind and Solar Complementation

Wang Kang, Dai Mingming, Li Qiang, Deng Yawei, Wang Kuihong, Li Zhiyong
( State Grid Bozhou Electric Power Supply Company, Bozhou 236800, Anhui, China)

Abstract : The development of social industrialization causes the problems of energy shortage. At present,the development and
utilization of new energy has become an important component and the development direction of energy strategies. A DC power
grid planning model based on wind and solar complementation is proposed. The DC power grid planning indicators with wind
and solar complementation are defined, and a model based on the wind and solar hybrid grid planning is established. Accord-
ing to the secondary planning of DC power grid, the income index of wind and solar power generation is optimized, and the

practical solution for the overheating problem of the cell is given. Experiment results show that compared with the traditional

method, the DC power grid planning based on wind and solar complementation is more reasonable.

Key words:wind and solar complementation; DC power grid; planning model
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Analysis on Landslide Characteristics in Xiaoguangou
Section for Large — scale Equipment Transportation Road
of Yazhong Converter Station and Its Control Measures

Huang Jianping', Zhu Jun®, Ren Ze’, Guo Songlin’, Kong Tao*, Wang Lin’, Hu Guoqiang'

(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;2. State Grid Sichuan
Electric Power Research Institute, Chengdu 610041, Sichuan, China; 3. State Grid Sichuan
Construction Engineering Consultation Branch Company, Chengdu 610021, Sichuan, China;

4. Scihuan Tongchuan Engineering Technology Development Co. , Lid. , Chengdu 610041, Sichuan, China)

Abstract : The temporary renovation of road blocking points is very important to ensure the road accessibility and safety for
large — scale equipment transportation, and even to ensure the scheduled operation of Yazhong — Jiangxi + 800 kV HVDC pro-
ject. Taking the landslide renovation in Xiaoguangou section of large — scale equipment transportation road of Yazhong convert-
er station for example, the overall situation and hazard status of the landslide mass are introduced and analyzed, and the ad-
vantages and disadvantages of each design scheme in landslide renovation effect, construction period, etc. , are compared ac-
cording to the requirements of large — scale equipment transportation. And finally, the final temporary renovation scheme for
landslide is determined, which can provide a reference for the similar projects.

Key words : converter station; large — scale equipment transportation; landslide; temporary renovation measures
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Operation Monitoring and Regulating Analysis
of Three — phase Unbalance in LV Grid

Tang Wei', He Xingqi’, Teng Yufei', Jin Dan'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract ; Aiming at the monitoring and regulating of three — phase unbalance in low — voltage (LV) grid, the causes of three
— phase unbalance phenomenon and its influence on line loss are analyzed. Then, the shortcomings of two common practices
in monitoring are analyzed, that is, focusing on the three — phase unbalance degree of the secondary winding of LV transform-
ers and the unbalance degree of electric energy instead of real time power. After that, the limitations of the widely — used three
— phase centralized unbalance compensation equipment are analyzed and verified by the impedance analysis of typical distribu-
tion transformer and distribution line. Finally, regarding the above — mentioned problems, the specific suggestions are pro-
posed, which provides a reference for power grid enterprises and distribution network operators in monitoring and regulating of
three — phase balanced in LV grid.

Key words:area line loss; three — phase unbalance; monitoring and regulating; centralized unbalance compensation equip-

ment
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Reconstruction Scheme of Main Transformer
with Double Branch Connection

Zou Jingxin, Cheng Hua, Liu Xin, Yuan Mingzhe, Zhao Zhihao
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan,China)

Abstract : When the third main transformer of 110 kV substation designed for three main transformers has not yet been put into
operation, the low — voltage side of one main transformer often uses double branch connection to offer power. With the increase
of load, the load current on one circuit — breaker of the double branch will reach a very high value, which will seriously threat-
en the safe and stable operation of the circuit — breaker. On the basis of choosing the best reconstruction scheme for the primary
high voltage part, the reconstruction and setting schemes for the secondary relay protection is provided. The practical operation
experience shows that the proposed scheme can be used as an effective solution before No. 3 main transformer being put into
operation.

Key words:double branch connection; reconstruction; secondary circuit
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Bypass Switching Problem of Busbar Protection in Six
Unifications and Its Improvement Scheme

He Zhenyu, Zhang Zhi, Fang Shun, Qing Junjie, Wang Qihang
(State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China)

Abstract : Under the current relevant codes and standards, there are hidden dangers of misoperation when busbar protection
device is used in bypass switching mode. The current calculation, logic judgment, input and output of busbar protection under
different bypass operation modes are analyzed. At the same time, the corresponding circuit improvement scheme is given, and

the idea of software program design of bypass operation mode is proposed, which provides a guarantee for the safe and stable

Vol. 43 ,No. 4
Aug. ,2020

operation of busbar protection under bypass switching mode.

Key words: busbar protection; bypass switching mode; secondary circuit; improvement scheme
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5 300 MW AR B g o 3 S FU R A 22 T v 0 i 5 A0 3

X, A RE, DEY,RkE
(FEZEBEI L BA AR, I WiFE 274032)

 OEAPTEA )T 3 54300 MW RS £ R M SCR MK B G BT B Y2 F BT AR B HE £
EHBFRE, FIOUR ARG S R, FEHYANAEF DT 7. BE AR, ALE T,
RRARE LR T R ATAB LA A EEROIAR,IEE T B SCR BLA A B 6 0 2 A B Ak
B R AL AT R AE 5L,

SCHRIF 300 MW ; 1507 U s B9 5 22 e 5

RESZES TM621.8 X#EfAREA:B  XE4HE:1003 - 6954(2020)04 — 0088 - 04

Analysis and Treatment on High Differential Pressure of Rotary
Air Preheater of 300 MW Coal - Fired Boiler

Liu Jianhang, Shi Xianjie, Ma Guozhi, Ou Zhaohua
( National Energy Heze Power Generation Co. , Lid. , Heze 274032, Shandong, China)

Abstract ; After the SCR denitrification unit is used in a 300 MW coal — fired boiler of a power plant, serious blockage and
high differential pressure of air preheater often occur in the operation process, which causes various defects of the air and
smoke system and seriously affects the unit output. The reasons are analyzed and the solutions are given. Through a series of
operation measures and adjustment, the phenomenon of scaling, blocking and high differential pressure of air preheater is ef-
fectively solved, and the economic benefits of SCR denitrification system after operation are improved, which provides a refer-
ence for operation adjustment of the similar units.

Key words:300 MW ; rotary air preheater; plugging ash; high differential pressure; optimization and adjustment
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Analysis and Processing on Abnormal Phenomena of Control
Circuit of Fire - fighting Facilities for Transformer

Ai Fei', Chen Qiaoyong' ,Hu Dongliang', Zhang Xinlai*, Guo Shixiao', He Yingmei',Wang Yinfeng'
(1. State Grid Hangzhou Electric Power Supply Company, Hangzhou 310000, Zhejiang, China;
2. Handan Huilong Electric Power Design & Research Co. , Ltd. , Handan 056000, Hebei, China)

Abstract : Transformer is an important part of power system with high prices, which may cause a hug loss of both equipment
and life or power grid due to the burning and explosion damage, so large transformers are required to be equipped with the cor-
responding fire — fighting facilities. Taking a substation of Hangzhou for example, type selection, principle and testing method
of fire fighting facilities for transformer are introduced as well as their specific conditions when being put into operation. Ac-
cording to the abnormal phenomena of control circuit in a practical operation, the control circuit of fire — fighting facilities is
analyzed and tested, and finally the reasons of the abnormal phenomena are found out. The control circuit returns to normal
with the solution of technical issues, which avoids a misoperation of fire — fighting facilities. Also, the corresponding sugges-
tions are put forward. Analysis and practice for the control circuit provide a reference for the construction and manipulation of
fire — fighting facilities.

Key words : transformer; fire — fighting facilities; control circuit; manipulation; management
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