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Transient Stability Preventive Control of Power System Based on
Intelligent Surrogate Model and Improved Differential Evolution Algorithm

Chen Zhen', Han Xiaoyan®, Fan Chengwei', Zhang Hua', Liu Chang'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China)

Abstract ; Transient stability preventive control of power system can be expressed mathematically as a nonlinear dynamic pro-
gramming problem with differential equation, and it is very important to develop an optimization algorithm with strong optimiza-
tion ability and small computational cost. An optimization algorithm mixed with intelligent surrogate model and improved differ-
ential evolution algorithm is proposed to solve transient stability preventive control problem. Based on differential evolution al-
gorithm, the extended mutation operation and the parameter adaptive adjustment strategy are introduced to improve the optimi-
zation ability of differential evolution algorithm. Meanwhile, in order to improve the speed of solving the optimal power flow,
the power flow characteristic and ensemble extreme learning machine regression model are employed to predict the transient
stability boundary in the iterative process. The simulation results show that the proposed method not only improves the optimi-
zation ability of the traditional intelligent optimization algorithm, but also greatly reduces the solving time complexity.

Key words : transient stability; preventive control; intelligent optimization; intelligent surrogate model
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Performance Evaluation of HVDC Electrode Line Impedance
Supervision System under Line Break Fault

Li Xiaopeng', Teng Yufei', Song Xinyao’, Li Shilong', Luo Rongsen'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. School of Electrical Engineering, Xi’an Jiaotong University, Xi'an 710049, Shanxi, China)

Abstract: The operation state of HVDC electrode line is monitored by electrode line impedance supervision ( ELIS). The per-
formance of ELIS will affect the operation state identification of electrode line. With theoretical analysis, the measured imped-
ance by ELIS is obtained under double — line break faults and single — line break faults. The performance of ELIS is analyzed
based on the impedance measured with different break faults. The results show that for single — line break faults under some
specific electrode line lengths, the ELIS will be unable to monitor the fault reliably.

Key words : grounding electrode line; impedance supervision system; performance evaluation
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Motion Model of Arc between Arcing Horns in
DC Grounding Electrode Line

Wang Tao', Zheng Lianqing', Fan Songhai’, Guan Ruiyang’, Sun Pengyu'
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;

3. State Key Laboratory of Control and Simulation of Power Systems and Generation Equipment,
Department of Electrical Engineering, Tsinghua University, Beijing 100084, China)
Abstract ; Aiming at the problem that DC grounding electrode line is easy to build arc between insulator strings when subjected
to lightning stroke and operating overvoltage, the chain arc model is adopted to consider the effect of magnetic field force, ther-
mal buoyancy and air resistance on current element, and the relationship between air resistance coefficient and Reynolds num-
ber under different moving speeds of current element. The force of current element is analyzed and the motion model of arc is
obtained. Through simulation and analysis of the movement of DC arc between sheep — horn electrodes, it is found that there is
a correlation between the extinguishing time of DC arc and the magnitude of current and electrode opening angles. The bigger
the arc current and the electrode opening angle, the shorter the extinguishing time of DC arc. The simulation research provides

a theoretical basis for the subsequent DC arc test.

Key words:DC arc; arcing horn; arc current; electrode opening angle; motion model
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Research on Reliability Evaluation of Power Grid Considering
Structural Reliability of Tower under Seismic Conditions

Hao Wenbin', Zhang Yagang®, Mou Miao'

(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China;
2. Xi'an Jiaotong University ,Xi’an 710049, Shanxi,China)
Abstract : Earthquakes can have devastating effects on power grid. At present, the approximate analysis of seismic performance
is the main method to evaluate the reliability of power grid under seismic condition, but the approximate analysis results can
not meet the actual needs. So, the reliability of transmission towers and the propagation of earthquakes are considered in the
reliability evaluation of power grids under seismic condition. The finite element simulation method is used to directly analyze
the structural problems of the tower. The reliability of transmission line is calculated by using the tower reliability. After obtai-
ning the reliability data, the reliability of power system under each seismic strength is evaluated. Finally, the propagation of
earthquake is considered. The overall reliability of power system is evaluated. The reliability evaluation results of grid reliabili-
ty under seismic condition can be used to identify the vulnerable links of power system and provide a reference for improving
the seismic performance of power system.

Key words: earthquake; finite element analysis; structural reliability of tower; Monte Carlo; power system reliability
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Analysis on Frequency Response Characteristics for CVT
Over - voltage Monitoring Device under Different Load Conditions

Zhang Yu', Xie Min®, Xie Shijun', Zhang Chenmeng', Mu Zhou', Zhu Jun'
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. College of Electrical Engineering,Sichuan University, Chengdu 610065, Sichuan, China)

Abstract : The accurate measurement of over — voltage is very important to ensure the safety and stability of power grid. There-
fore, the frequency response characteristics of over — voltage monitoring device employing capacitor voltage transformer ( CVT)
under different load conditions are tested and analyzed, and the effect of load change on frequency response characteristics
without and with interior low — voltage capacitor is studied. The results show that: for the case without interior low — voltage
capacitor, when the secondary side of CVT at no — load or rated load, the frequency characteristics are roughly the same, but
when the load is heavy, the frequency characteristics are greatly different from the situation under rated load. When there is an
interior low — voltage capacitor, the presence of interior low — voltage capacitor has almost no effect on the frequency character-
istics of CVT under different load conditions, and there is also little effect on the frequency characteristics in high — voltage
side of interior low — voltage capacitor under rated load and no — load conditions.

Key words:over — voltage; capacitor voltage transformer; load; frequency response characteristic
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Research on Simulation Technology for
Non - standard Lightning Impulse Voltage

Sun Pengyu', Jiang Yu', Zhang Chenmeng’, Xie Shijun®, Wang Xin', Wang Tao'
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : The actual lightning impulse voltage suffered in substations is far from the standard lightning impulse voltage used in
high — voltage equipment test. In order to discuss the difference between non — standard lightning impulse voltage and standard
lightning impulse voltage (1.2/50 ws) actually tolerated by substation equipment, a circuit which can generate non — standard
lightning voltage waveform is designed, the circuit component parameters are adjusted, and the influence of different compo-
nent parameters on non — standard lightning impulse voltage waveform is studied. Most of non — standard lightning impulse
voltage waveform are oscillating impulse voltage waveform, the circuit simulation is carried out with Matlab Simulink, and the
circuit which can generate non — standard oscillating impulse voltage waveform is designed according to the simulation. The re-
sults show that the voltage waveform generated by the simulation circuit is basically consistent with the impulse voltage wave-
form measured by the actual circuit. This research lays a foundation for further exploring the dielectric breakdown characteris-
tics of non — standard lightning impulse voltage.

Key words: lightning intruding surge; non — standard lightning voltage; Simulink; oscillating impulse voltage ; circuit design
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Design of 220 kV Unified Power Flow
Controller with Fault Current Limiting

Du Yingying', Hao Wenbin’
(1. North China Electric Power University, Baoding 071003, Hebei, China;
2. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China )

Abstract ; The unified power flow controller with fault current limiting ( UPFC — FLC) combines a fault current limiter with a
unified power flow controller to form a new FACTS device that can effectively control short — circuit current of the system. For
220 kV voltage class, in order to shorten the current — limiting time, reduce the device volume and cost and achieve more effi-
cient short — circuit fault removal, a new UPFC - FLC is proposed, that is, taking saturated autotransformer as series tansform-
er and adopting RLC series resonant circuit for the secondary side current limiting branch. Its topological structure and current
limiting process are analyzed, and the main parameters of the device are designed. The simulation results show that the new
UPFC - FLC has a better current limiting effect than the conventional one in terms of smaller volume cost.

Key words: unified power flow controller with fault current limiting; saturated autotransformer; RLC series resonance; short —

circuit current
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Analysis on Loop Simulation of DC Voltage Superimposed with
Switching Impulse Voltage for Surge Capacitors

Zhang Chenmeng', Chen Mangmang’, Wang Xin®, Sun Pengyu’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
2. Southwest Electric Power Design Institute Co. , Ltd. , Chengdu 610021, Sichuan, China;
3. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongging 400044, China)

Abstract: The surge capacitor running on the neutral line of DC transmission line is affected by DC voltage and switching im-
pulse voltage of the faults inside and outside the station. Based on pscad electromagnetic transient simulation software, the ag-
ing test loop of DC voltage superimposed with switching impulse voltage in surge capacitor is simulated. The influence of DC
voltage on the output voltage waveform of impulse voltage generator is analyzed as well as the influence of coupling capacitor
connected switching impulse voltage side with DC voltage side on the sample voltage waveform. According to the analysis, DC
voltage has little influence on the output voltage waveform of impulse voltage generator, and the value of coupling capacitor also
has little influence on the sample voltage waveform. The simulation results show that the aging test of DC voltage superimposed
with switching impulse voltage is feasible.

Key words :surge capacitor; DC voltage; switching impulse voltage; coupling capacitor
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Effect of Polarization Parameters of Polarization — Depolarization
Current Method on Insulation State of Power Capacitors

Wang Xin', Zhang Chenmeng’, Liu Yugen', Tan Siwen’, Sun Pengyu'
(1. State Key Laboratory of Power Transmission Equipment & System Security and New Technology,
Chongqing University, Chongqing 400044, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;
3. State Grid Deyang Electric Power Supply Company, Deyang 618000, Sichuan, China)

Abstract ; Power capacitors are widely used in power system and are the important primary equipment in power system. At
present, there is a lack of mature and efficient means to detect the insulation state of power capacitors. So a method based on
polarization — depolarization current is proposed to detect the insulation state of power capacitors. The influence of polarization
voltage and polarization time in polarization — depolarization current method on the judgment of insulation state is analyzed.
The basic principle of polarization — depolarization current method is described, and then two characteristic parameters are de-
duced, namely DC conductivity and dielectric loss at 0.1 Hz, which determine the insulation state of capacitors by using the
measured polarization — depolarization current. Based on the theory of this method, the polarization and depolarization current
curves of power capacitors under different polarization voltage and different depolarization time are studied. The test results
show that the polarization and depolarization currents of power capacitors vary under different polarization voltage and time, but
DC conductivity and dielectric loss at 0. 1 Hz do not change significantly. It shows that the polarization — depolarization current
method can detect the insulation state of power capacitors nondestructively.

Key words : power capacitor; polarization — depolarization current; DC conductivity; dielectric loss at 0.1 Hz

L AbTIREE R ik i RS, 32 B AU L
0 5l = SRR PR 2 BB 1
M A S A RS A e B G MRMIER ST Z B Y . L, R
W R A E LA R BB T AR SRS T B A T B
.38



5 42 5 4 4]
2019 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 42 ,No. 4
Aug. ,2019

HL BN H L s R B RS 8 TE—
FERREE bl DL iy i AR Y A RS . AAE
(RIS , R DA AP TG A BT R e P O 5
PR ARG I, WA T ) L S AR N TR Ll R
IRk oTH T R . E R RAERLE , B T H
5 g SN R 5 U H A 28 I AR AR — o YU R
MR = 5% ~ +5% , A A1 i 25 2% O 223
BIZESRAR) Y . 4, EEm ekt h
Jrit AT 4 G, v A e R A ]
Y A b AR 53 3 A OK R B A3 A R R
R SRR — R T B, w2 0rmi S,
T AR A Tk B T2 A0 H T S A R
FEDRIXE , A 2 B35 A6 0 o Jeg 8 e P 4G 10 925 e % < B
Xof FLZS i PN AR T M SRR 1) o B A, Pl T HL A
ar LA A, BRI T R o B A I Y 2R 0%, HLR
GrAAEAE T, BRI T R 25 4 o 0 5 B A 0 AR
1)z W o

T BEAER | e~ g S A v o 7 1) A A 25 A Ak H,
I (polarization — depolarization current, PDC) /£ K
— R R B A GRS VAL T T R 52 31145
[ 2B BB % R I R A A % Ak
TR AR e S P BRI B GRS S 4,
A VA RO B AR BE A TR . IRl Ak ot ik
FL A A — A DR | v 2 AN A BRI A P S
J5ik. SCHR[ 14 ] R ] PDC 1%t 22 6 58 2. 0% e, 45 F
1T TIABFERIRG I, 5T 25 AR SE T A Ak Ltk ik
FL JRASEIN 5 v BB 0% A7 A% S Wk XLPE Hi 45 19 46 25 iy
PEo SCHEROLS AL A A v i s 4 1 T
A S AR A I AR 4 2% 1) & AR O, 7 [R) i 3
T HAH PDC il i 15 i i Ak 2o A HL U, 4
S T AR G A A L 8 SOk [ 16 ] i it
PDC yE40 4 TImaR 4 2 bk 43 & 52 5 H PDC i
SRR FR . FIRWTTE R, R I A 2 Al L it vk
A LAA RO el i i A ZoIR3S o B B AT Ak
FEL VI V2 2 7 S 0 8 A X 446 2% A o i A 7 3, )
FHAZ 736 B3 B 48 B DX, AR 1) S F v, T v
A I3 e il = AFSE

R S AT T R A 2 BT H U v )
B HYOR P A A 2 p A L i S S D HL 2
LGSR P RIES i, BB A 3381 0. 1 Ha
Adit; AR T2 7 B BFSE T FER TR R AL FE R
AN A FA AR TE] T By 2 4 B 8 RS A

FAIESAR 022 575 32 T R B AL 26 1Ak L i R A
e A AR GOIRAS , FE 0 T A 24 X A 25
KRB

U Al 25 A Hi ok S AT 35 72

L1 HRUEEREBRERERE
S E (o) fERAER TR A g b L i
JIHL A AR B RN R 4 = L A

du(s) +%ff(t —T)U(T)dT]

. T
i(1) :CO[;OU(t) Yoy
0

(1)
rrai (o) AL AT 5 Co b HL A BB it B L
T2 s o0 N B EIR AL 5y HWEAITHL
WHL e, NIEHA HH G (0) S LA TR A i 1o
PRI, JFL I 3 T 1] 2 80 i, S ik 1) T 38 R L A S )
L LA B AN R R A G
a3 (L) TR, 25 H v e A i 0 oL, HG
I B A A AR , AR A HL 3N

ip(t)zCOU(t)[?+f(t)] (2)

HPEA LA R, RIHL Ty o 2 48 P A 3 , 1
FIRF [o] 6 P 2 AR AL LU
(1) = =G ULt +1t,) —f(1)] (3)
A, 1 R AL ]
FIFH A5 T 15 PDC HL e S R AE R T
RAMAEZSEZ — N HRE TR,
€o

ZCOUu)(iP”) —i,(1)) (4)
K, oy BIVCRE ) B 2R B 4 R AS PR, 1 e — A

FHIES 4
FEUK A o of S P 45 A 3 A0l ) 2 R I R

1) = C,[S2U(0) +jweU(w) +joF (0) U(o)]

0

(5)

A, F (o) JERE L T H 2 2 P TS FL A J5i I 7 PR
SC) RS AR 83 R 1 S BOE 3

Flw) =x"(0) -jx"(o) (6)

e (6) FRAS(S) , e BB IR T 5

(@) =joC,[ 2. +X'(©) —j(g% +x"(w))] U(w)

(7)
.39.



42 B 4 1) oI e R Vol.42,No. 4
2019 48 H Sichuan Electric Power Technology Aug. ,2019
WAy LIS 3 A B4 AR A 1 UME N D 2 8 O 4 B RL F, g L A A, INER R T 3

" (w) oy/eow+x"(w)
flw) . Lo P
P e AR ] 5 &, ARIXT A B RO TR s e AR
XA B BT s )" () R 2 A H I8 {8 37 A8 4
TR, Fn AL B B ) () i fe
DRSS AR g SR, R AR o DRI, dn2R gk
RIS L T FE AR AR B AR 2o b AL R, B AT AR 9 =X
(4) X (8) T L I AR B AR 5% A1 0. 1 Hz
ARATA 0 o

1.2 RERML BRI E

B 1Sk E ) B R A A AR AL FL R T

A

tand(w) =

i

\/

Bl RALEBULBEITREL
S0 R T Al Fo e A L i TP B
5 RN 2 B

C
AR EQLEE%s T lesE

P
EALHL

, MK

PR3 HL B

523

2 WKFEAE

IR R T S IT 1) ST, 1 ik 84 o] e E A AL
BB, R AL R TSR R T F AR AR B A R s,
NHRELA BT AR A , I8 i 1] 8% ) B 2 300 sl
PEHRAE . WAL BEE , A B Beah ds , JF
KA B ST AT16] S2, it ] rp JC B LR, S S8
JICH) FEL D R AR e 2 0 [ B AT R, A AR AR Y
B, [RVRER B 2 s i ) L AR AR FLIAL

2 BT AL R B L A e 4
GRS
2.1 WAk

. 40 -

A F IS AL R EE Hﬁﬁ&k%ﬁ%?%ﬁ
JEEE R 12 pm , 2825 30 R R B H R, R A R E

JEA 12 kV, B2 ﬁa6@gg3ﬁ@ﬁ%ﬁ#
MY K N EREEHE o
e fil 9% B
S AR
\ \ N :' 12um
\\’ \ \ :‘ 12um

B3 HBEAHR
2.2 AEMULBET PDC Bk
TR L RS GRS S B TR T
FEIFIE PDC %8s M 37 A8 4 B SM IS
(DA P PR A A H o JBE 4 % 45 M ) 2 PR . 3l
B4 HIREH 200 V500 V800 V =k fbHL A, i2F
AR T LA AL Fo A A LI e, Al A
I 236 O 360 s, B —Ff LR SE LT, AR N A
PDC HL it HZL 10 YOFHCHFE(E. 5P Ui ] F
A 5 min, 25 YR 45 HUS MRS AT . 4%
AFLRAFZE T HIEAZE R ANIE 4 B

— 200V
104 3 —— 500V
—— 800V

AL BLIR/A

0 50 100 150 200 250 300 350
HRALI [8)/s
(a) AFHE AR AL B 2



542 B4 1 mone &R Vol. 42, No. 4
2019 48 H Sichuan Electric Power Technology Aug. ,2019
TR R T R R (R TR
CEO| R B R B
[—e— R RBALHBJE FO.THZA R IFE]
10 4.0
< o
g =
g 2
= =S
A =
W N S 20 ° . .
\\;“¥1\ T
s MR =
R <]
—
107 T T T T T 1\77\/\ T
0 50 100 150 200 250 300 350 0.0 : i : :
WAk [al/s 200 400 600 800
WAk BRIV

(b) AR T 2 f i i 2%
B4 AFERETRLERL RS
A 4 7R (R 45 SR 43 A, 76 AS TR B Ak L R
FIT AN F AR A H I i 2R AR A2 B T — 5 15
M, M PDC HL VMR AR B2 &, AT LA B A Ak
LR AN W28 T, PDC H 300 (R AS W G, 1 XoF
ek 2 A Ak HL 38 3 DR A A R, R B TR e
A I A S 5 b LA R SRR
R 0 8 T 5 B AR A A L R 4, 9 5 1
TR T HL A AR B L R A 0. 1 Hz A Bl 4 #E
FEULEE, gk 1 PR,
*1 FERKBETEABRESR
HRBSRMO0.1 H HRRE

WALHLE/V 0.1 Hz /M JRFE B S % o/ (S m™)
200 0.002 122 69 1.88x107"
500 0.002 068 12 1.69x10°"
800 0.001 998 28 1.70 x107"

PS5 18 6 ] LA i UL 2 BRAS [R] v, 1 45 2
T, LA AR A R AR

[—o— FARBABE FHERASE]

4.0

€
172
S
5
2.0
= o—
i . ]
i
0.0 T T T T T g T
200 400 600 800
etk s NV

ES FAREMEBETHRIACEEERBESE

MELS B 6 Rl FEAS R AL R T,
BRI ) HL 2 A% BV S8R 0. 1 Hz A i #E 1%
AR AR ARG H T AT 5% | ik

E6 ARMURETEABAEIRO. | Hz HRIRFE

2.3 AEMUERLEET PDC #Zk

P19 P A 7 B TR R A S 4 b R R A i
FEFE I35 15 B TR AL 8], AR AL R 5E 73, % T
S ol R USSR AT PSR w28 /Sl TR 4
SO HA RT3 T PDC X HL Sy LA 2R oS
PEATHERRASIN . 23 5B 90 5,180 5,360 s A [A] )
P EARAGI 6], AT F ) H 2 A A 2 W A R it i
2L, AL L R E S 500 Vo FEAE— Ak 25
PRt a] T, B A2 PR AT B Al 25 A L 3l 2 K 10
UC, IR AL 2t Al H s TS (AR D KA 2R,
7R o [FRE, PGS A BRI R D S min, BRIK
T Z5 RS X S A TR

MANE 7 B KSR Al 45 FEA R AL %
AT , A% A R O 2 B e ] 4 T —
ANEGE HOMEL, AN [RIRR PR 1) A5 A FRL U B 2 £ ] — It
A1 B N L 6 5 T 254 1 Fi 7 R AT 60 s PN L
P, B AT AT A3 i, 250 A R P 1
A hZAT R ka3, il W] 25 A ik 8 5 O 56 B ]
PAGEAS FL A 57 A B 22 A SR v i R [ 25 i fl
TN AL o

— 90s
104 3 —180s
E ——360s

PR AL EIR/A

0 " e 10 20 360
AL [E)/s
Ca) ARSI ) AR A o I h 2

41 -



5 42 5 4 4] W AR Vol.42,No. 4
2019 48 H Sichuan Electric Power Technology Aug. ,2019
— 90s
T ——180s _
——360s [ —=— AR b I AT 18] F [0 B 0 5 2 |
105 4 ~ 404
£
n
10 4 e
S
S 0] =
N 8 - P u
% 10 ‘:f 20 . . .
100 4 e
10—‘0 -
10" T T T 1 0.0 . : . : T T - T
0 920 180 270 360 0 90 180 270 360
H TS Bt ef s

(b) AR AR ALI ] F bt i
B7 FREBLEARLEET PDC fif %

) 242 00 P 5 PO R A 25 A i 9 T 2, T 9
Tt R N L ) A e LI L SR 0. 1 Ha 4y
Jiabie , HAF S E IR 2 Prs.

£2 TEBUERUHE TR BRHE
ERESEMO. 1 Hz ARIRFE

*&%%ixszaﬁlﬂ 0.1 Hz rFdife Uﬁ;énzﬁﬁfi
90 0.002 122 84 1.72x107"
180 0.002 087 82 1.75x107'°
360 0.002 068 12 1.69x107"

SN B AR BN [ Ak W AR s ) H e 2%
i ELU R AL, & 8 9 FR

[FlRE, DI 8 Tl 9 AT A5 7 A [l i Ak 25 i Ak it
BT, B0 L 7 A8 LR %R0 0. 1 Hz £ i dit
FEIE AR &AL B AR AL AHAT AN R B Ak W AL )
HWA %S BB 5% , ik T — 4K H%.
XK T PDC il Ak AR AL AN [] (AR Ak ]
KTFEET 90 s) Xf FHAGM 1 g L R A B oS
A W

4.0 4

[ —n— DRI EBRALE [ T §90.1Hz A B e |

"'6 3.0 4
]
®
-15
B 204 " u =
&
N
s
o

1.0

0.0 T T T T T T

0 90 180 270 360

HALE AL /s
B8 AREEUERUFETHENBESRERBSE

42 .

9 AERUERUFETEABESRO.1 Hz ST RfisE

34

=R

i 5 B AT S IR B, 45 LR 4518

1) TR A 25 A0 P v 30 32 DA AGE I FL g P 7 i
AL ZOIR S, o E PR TN R IE S O ER A
HRF10. 1 Hz 4 FRARFE

2) MHXER W TEA R AL BT, Bl B A L T
AR T, B A 25 H D R (RS, (B X R Al A
FL U R IR B AT RN, B AL 0. 1 Hz A J5
PREBA S i E A2

3) A I TEAS R B Al KA AL 18] - A A e
Ui 2 T — AU W E, A R A i 8] A 1k
FEL U 7 [ — I [R] BE PN L F 55 T 23 A 1 L
RHEZLAERT 60 s NIL-F- &, Bl 25 i A I [a] i 38
I, LR AR R LA AR S g Al
FHEAR IR AL ZARALIS T T, B A S 51 0. 1 Hz
I B FE M BA A A R

L5 LR, A AN R AR AL H s FAS [ 4 Ak 254 Ak
PRI, i ) A g BB A B A L SR A A [
JEMZE 5 GRS S B EIR R R M 0. 1 Hz A it
PREAI VA SR B A . B AR R AL 28 Ak
P UL RE S JC AR I P ) LA AR B A8 Z0IR S

S 0k

(1] 2fE, BT, B, 5. BERAERMNE A I
WERRELT]. 4a2kprkL, 2008, 41(1) :67 -70.

(2] EWS, 277, B8, 5% Pkl i 588 4622 AR B
SRR R g [T ] AR ER 244, 2012,33(6) :
1268 - 1274.

[3] #Emess, Y& BT ASELREMBAMRT]. M
JIIHL A, 2003,26(6) :6 -7.

(T#% 79 )



5 42 5 4 4]
2019 48

MmN B h KR

Sichuan Electric Power Technology

Vol. 42 ,No. 4
Aug. ,2019

BT R R R R AR HE YOI I R S Y

% E'ZEkd BKE
(L ARJEH Sy e fRAE - 07100052, [ R DY )1 45 L 7 23 /) B B2 rsE e, DUIT sl 610041)

i EARATRSEFAT X —EEE AT, AT Sk W& LM AT ke A SR E AR
REBNE RALREB MG ERBER T, ST ARZENFARBRABSEHEEZE SRR, ERTRT, 8
FRITET TR MEREHAOR T R REHRT ol 2 gy ek 450 T R Bl s AR g
TiREHTRESWERT B3G5 T HIENRRPIM, 54 %454 T Hadoop KB T & RB AR KK BLEE
A sk P g B R AR

SRR B AR L I 5 B s R

FESEE . TMI6 THIRED A XZ4HE:1003 - 6954 (2019)04 — 0043 — 06

s kKA
%

Research on Secondary State Monitoring System in Smart
Substation Based on Big Data

Zhang Yi', Li Dazhong', Zheng Yongkang
(1. North China Electric Power University, Baoding 071000, Hebei, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China)

Abstract : In the process of transition from traditional substation to smart substation, the monitoring difficulties brought by the
change of substation network structure are reflected in the difficulty of efficient extraction of effective information and corre-
sponding fault location and traceability in the huge database of secondary system condition monitoring in smart substation. Un-
der this background, firstly, the change of substation network structure is discussed as well as the intelligence. Secondly,
based on substation secondary condition monitoring system, the concept of monitoring and monitoring signals are analyzed. Fi-

nally, in order to solve the problem of processing massive data in smart substation, the advantages of Hadoop data processing

platform, and the application and development of big data in smart substation are analyzed and summarized.

Key words: smart substation; big data; secondary state
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Intelligent Early Warning Analysis of Video Dig Data
Based on Convolutional Neural Network

Deng Ping, Zheng Hong, Luo Bingfeng, Li Ming
(State Grid Zigong Electric Power Supply Company, Zigong 646100, Sichuan, China)

Abstract : The arrival of big data era puts forward new requirements for the application of power video surveillance. The power
video monitoring system nowadays only plays the role of remote video recorder basically. The capability of video monitoring
system in active early warning is still not used, and the substation is still not "intelligent enough" . Based on the convolutional
neural network technology, the original video material is extracted from the existing video monitoring platform. The video cloud
storage platform is used for storage and video2pic is used for data cleaning. Then people’s unsafe behavior of the scene is clas-
sified, analyzed and marked. Finally, the intelligent upgrade of the existing video monitoring is realized through feature extrac-
tion, classifier model training and verification. Through the mining of large video data, real — time intelligent early warning a-
nalysis of the situation on the spot is realized, and automatic mining, real — time early warning and intelligent push of irregular
operation and business hall service behavior of substation are realized. By getting rid of the dependence on manual duty, sav-
ing labor investment and improving power production safety control capacity and quality service level, the power video monito-

ring system can give full play to its " supervision" and " control" role.

Key words:video big data; convolutional neural network; intelligent early warning
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Research on Competitive Situation of Terminal Energy in Sichuan
Province Based on Big Data Analysis and Regression Analysis

Shen Jun', Yan Lei’, Wei Yang’
(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China;
2. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China))

Abstract : The competition situation between electric power, petroleum and natural gas in new energy vehicle and distributed ener-
gy system is compared. And empirically studies are carried out based on big data analysis and regression analysis. The obtained
conclusions are as follows:Due to the relatively weak infrastructure, it is difficult for natural gas to pose a significant threat to
power energy in the short term, but in the long run, natural gas would become a powerful competitor. Oil companies are actively
transforming into integrated energy companies, they would bring new competitive pressures to power enterprises. The new energy
vehicle industry is constrained in the short term, but it had a good long — term market prospect, which is conducive to promoting
the process of replacing oil with electricity. The distributed energy has a limited impact on electric power. For power companies,
the following strategies are available: developing the incremental market and turning to integrated energy services.

Key words: terminal energy; competition situation; electric power
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Household Income Estimation Method Based on Power
Data and Machine Learning

Zhang Yulei', Wang Gucheng™’, Kwan Kian Hoong’
(1. School of Electrical Engineering, Southwest Jiaotong University, Chengdu 611756, Sichuan, China;
2. Clean Energy Research Center, Temasek Polytechnic, Singapore 529757 ;
3. School of Computer Science, National University of Singapore, Singapore 117417)

Abstract: Reasonable use of household electricity consumption data obtained from smart meter can infer household income,
which is conducive to the control of consumer groups, so that businesses can provide more targeted services and products for
users. In order to improve the accuracy of inference, a data fusion method is proposed to estimate household income based on
the information of total household electricity consumption and housing area. Several different machine learning classification al-
gorithms are used to train and analyze the data. Finally, the classification accuracy of annual household income can reach
81% . Compared to using the information of total household electricity consumption only, the classification accuracy is im-
proved by 15% . It can be seen that the method of increasing housing area information can achieve certain evaluation purposes,
provide help for businesses and users, and enable people to enjoy a more intelligent and quality life.

Key words :smart meter; power data; classification algorithm; household income; feature selection
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Research on Geographic Data Availability Evaluation Index
Algorithm and Model Construction

Ye Shuyong
(State Grid Huangshan Electric Power Supply Company, Huangshan 245000, Anhui, China)

Abstract ; Because of sharing and security, geographic data need to be processed, and data decryption is the primary means.
Based on the availability of the processed geographic data, the impact of decryption on the data is analyzed, and a geographic
data availability evaluation model is constructed. The model comprehensively evaluates the processed geographic data from
three aspects of visualization effect, reliability and effectiveness to obtain an evaluation model and rating scale. Through the

proposed model, it is possible to comprehensively evaluate whether the processed geographic data is available and whether the
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data processing method ( decryption algorithm) is reliable.

Key words : geographic data; decryption algorithm; availability of geographic data; visual effect; reliability
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Detection and Location of Incipient Cable Fault Section Based on
Traveling Wave Feature and Stacked Automatic Encoder

Li Chengsheng, Yu Yang
( Shenzhen Power Supply Co. , Lid. , Shenzhen 518052, Guangdong, China)

Abstract : Cables are more and more widely used in distribution networks due to their high reliability and not easily affected by
weather. However, with the increase of service life of the cable, the cable will fail due to partial discharge and other effects.
Incipient cable fault is a precursor to permanent faults. It is an important way to improve grid security for identifying and loca-
ting incipient cable fault. Because the overcurrent disturbance signal contains rich transient information in the time — frequency
domain, a method of locating incipient cable fault section is proposed using traveling wave feature and stacked automatic en-
coder (SAE) together. Firstly, the current signal is processed by S — transform, and the features are extracted, which are
used as the input of stack automatic encoder. The well — trained network can correctly locate the incipient cable fault section.

The simulation data is obtained by constructing the simulation model in PSCAD/EMTDC. The results show that the proposed

method has higher accuracy and better generalization performance.

Key words:incipient cable fault; traveling wave; S — transform; stacked automatic encoder; feature extraction
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Safety Analysis of Live Working on UHVDC Transmission
Lines with Restart Function

Peng Yong', Lei Xinglie', Fang Yuqun®, Su Zhiming', Xiao Bin', Liu Kai'
(1. China Electric Power Research Institute, Wuhan 430074, Hubei, China;
2. State Grid Zhejiang Electric Power Co. , Ltd. , Hangzhou 310007, Zhejiang, China)

Abstract ; Restart function is generally required to be withdrawn during live working on UHVDC transmission lines, but extra
withdrawal may reduce the safety operation level of power system. Thus, safety analysis about live working on UHVDC trans-
mission lines with restart function is necessary. Firstly, the effects of withdrawing restart function is analyzed. And then, in
consideration of using restart function and according to the maximum switching overvoltage level of UHVDC transmission lines,
the safety distance for live working is calculated. Finally, combined with the typical live working projects on DC transmission
lines, the feasibility of live working with restart function is analyzed. The results show that tower head air gaps of UHVDC
transmission lines can meet the requirement of minimum safety distance for live working. In all kinds of live working projects,

restart function should be withdrawn once phase — ground or phase — phase insulated bearing tools are used, and otherwise it

Vol. 42 ,No. 4
Aug. ,2019

can be used.

Key words: UHVDC transmission line; live working; restart function; safety analysis
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