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Two Stage Robust Unit Combination Considering Load Side Inertia

and Fault Probability
YE Jing",ZHOU Zhengkun', HE Jiehui?, GUO Ziyu®, YANG Zilong!
(1.Electrical and New Energy Faculty of China Three Gorges University , Yichang 443002, China;
2.Zhaoqing Power Supply Bureau, Guangdong Power Grid Co., Ltd.,Zhaoqing 526000, China;
3.State Grid International Development Co., Ltd., Beijing 100000, China)

Abstract: With the high proportion integration of renewable energy and the access of a large number of power electronic
devices , the power system exhibits an increasingly obvious low—inertia characteristic. Aiming at the problem that it is difficult
to balance the frequency security, stability and economy of the low—inertia power system, this study establishes a unit
commitment model considering dynamic frequency constraints , taking into account the uncertainties of wind power, load
power, load-side inertia and fault probability. This is to improve the overall inertia level of the system, reduce the
conservatism of the optimization calculation while ensuring the system frequency security , and improve the overall operational
economy of the system.First, a multi— machine system dynamic frequency response model considering load—side inertia is
established , and the expression of the system’s frequency safety index under large disturbances is derived.Secondly, a fault
uncertainty model is established. The uncertainties of wind power, load and load—side inertia are characterized by fuzzy
variables. A two—stage robust optimization model considering fault uncertainty with dynamic frequency constraints is
established , and the fuzzy chance constraints in the model are clearly and equivalently transformed.Then , the dual theory and
the column—and-constraint generation ( C&CG ) algorithm are used to solve the proposed model.Finally , taking the improved
IEEE 10-machine 39-bus system as an example , the effectiveness and superiority of the proposed model and solution method
are verified.

Keywords:unit commitment;frequency security ;inertia; two—stage robustness ; fault

BETA: 5 A AR ARG (62233006) B 1 1 RGUAAT 5 F il 41 8 5009 2 BB B (SKLD23KM18) .
National Natural Science Foundation of China(62233006) ; National Key Laboratory of New Power System Operation and Control (SKLD23KM18).
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Research on Fault Diagnosis of Wind Turbine Gearbox Based on
Time—-frequency Cross Attention Mechanism and Multi—-domain

Feature Fusion

JTA Shuwang!, HUANG Hai?,LYU Yang®,DU Bo!,FU Wenlong**
(1.Guoneng Jinjie Energy Co., Ltd., Yulin 719319, China;
2.GD Power Development Co., Ltd., Beijing 100101, China;
3.Power China Huadong Engineering Co., Ltd., Hangzhou 311122, China;
4.College of Electrical Engineering & New Energy , China Three Gorges University, Yichang 443002, China)

Abstract: As the critical component of wind turbine, achieving the accurate fault diagnosis of gearbox is of great significance to
ensure the safe and reliable operation.Thus, this paper proposes a novel wind turbine gearbox fault diagnosis method based on
time—frequency cross attention mechanism and multi —domain feature fusion. Firstly, this method integrates raw time—domain
signals with frequency—domain signals and time—frequency maps obtained through fast Fourier transform and continuous wavelet
transform.Subsequently, the time—domain signals and frequency—domain signals are input into a time—frequency cross attention
mechanism network to obtain complementary features from both domains. Meanwhile, the time—frequency maps are input into a
two—dimensional residual convolutional neural network with introduced full attention mechanisms to extract time—frequency
domain features. Finally, the cross—complementary features are fused with the time—frequency domain features to obtain multi—
domain features, then these features are passed through flattening and linear layers, after which the softmax function is used for
classification to yield the final fault diagnosis results. Through the experiments on the data collected at 20Hz, 25Hz and 30Hz,
the diagnostic accuracy has reached 100%.At the same time, six related methods were compared, and the diagnostic accuracy of
the proposed method was higher than that of the comparison method , which proved the effectiveness of the proposed method.

Keywords: wind turbine gearbox; fault diagnosis; time—frequency cross attention mechanism network ; full attention mechanismj;

multi—domain feature fusion
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Fig.6 Visualization of fault diagnosis results
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Distributed Economic Dispatch Scheme for Smart Grid Based on

Differential Privacy Protection
XIE Guoqing!, LIANG Tian',ZHOU Bingbing?, LI Hongwei',FU Wenlong®"
(1.Guoneng Jinjie Energy Co., Ltd., Yulin 719319, China;
2.Power China Huadong Engineering Co., Ltd., Hangzhou 311122, China;
3.College of Electrical Engineering and New Energy , China Three Gorges University, Yichang 443002, China)

Abstract: To effectively address the privacy disclosure challenges faced by distributed smart grids and associated loads in
economic dispatch, a differential privacy—based economic dispatch scheme is proposed.Initially , a demand response framework
is constructed, which includes a demand response server, a data manager, and a set of local controllers. Based on this
framework , Gaussian noise following a normal distribution is designed to obscure the state information of smart grids and load
privacy variables during transmission over communication lines, while ensuring that the convergence and optimality of the
dispatch results are not affected. Additionally, the Kullback—Leibler method is employed to quantify the degree of privacy
protection offered by the scheme.Simulation experiments conducted on the IEEE 39-bus system demonstrate that the proposed
scheme effectively protects the privacy of distributed smart grids and associated loads and that it outperforms the privacy
protection scheme based on the Paillier encryption algorithm in terms of both computational complexity and optimality.

Keywords:smart grid ; distributed economic dispatch ; demand response framework ; differential privacy
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Table 1 Generator parameters in smart grid

BH DG1 DG2 DG3 DG4
25t IkW [30,300] [20,175] [43,171] [24,132]

a/(ZETC/KW?h) 0.020 0 0.0100 0.022 0 0.0310
BI(FIL/kWh) 7.88 7.85 7.82 7.80
Y/(3&TT/h) 460 510 130 310

R2 BHEMIAFTSH

Table 2 Load parameters in smart grid

Z8 Loadl Load2 Load3 Load4
i /kW [50,100] [40,160] [40,180] [30,200]

d/(FETT/kW?h) 0.020 0 0.080 0 0.052 2 0.0310

w/(FETC/KWh) 17.88 27.85 17.82 17.80
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Harmonic Mitigation in Distribution Network Based on Dual-level

Optimization Flexible Shared Voltage Detection Active Power Filter

ZHU Yansong"", XIE Zhengang? , HUANG Zhimin®, YE Mengdou*, JIANG Youhua'

(1.School of Electronic and Information Engineering , Shanghai University of Electric Power, Shanghai 200120, Chinaj;
2.State Grid Jiangxi Electric Power Co., Ltd.Ganzhou Ganxian District Power Supply Branch , Ganzhou 341100, China;
3.Guangdong Power Grid Co., Ltd.Guangzhou Power Supply Bureau, Guangzhou 510900, China.
4.State Grid Shanghai Power Transmission and Transformation Engineering Co., Ltd.,Shanghai 201101, China)

Abstract : With the large—scale integration of distribution networks , harmonic pollution presents characteristics of high density,
decentralization , and networked behavior.Traditional point—to—point harmonic control methods cannot meet the requirements.To
address this, this paper proposes a dual-layer optimization configuration method for active filters , based on harmonic emission
weighting and sensitivity analysis, which balances both the cost and effectiveness of multi-harmonic mitigation in distribution
networks. Firstly , a harmonic emission weight model is established , and through sensitivity analysis of harmonic mitigation, a
harmonic prevention zone is constructed based on the voltage detection active power filter (VDAPF) access point as
reference ; Secondly , the dual-level optimization model is employed to solve the problem.The outer layer of the optimization
model has the objective function of minimizing the operating cost of the VDAPF , while the inner layer has the objective
function of minimizing the voltage distortion rate after mitigation. The improved multi—objective vulture algorithm is used to
solve the problem and obtain the optimal installation quantity, location, and capacity of active power filter (APF).Finally,
taking the IEEE33-bus system as an example, simulation studies are conducted to verify the application performance of the
proposed algorithm in harmonic mitigation within the power grid.

Keywords: harmonic source; active filter; dual-layer optimization; distribution network; harmonic mitigation; multi—objective

vulture algorithm ;flexible sharing
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Abstract: The DC distribution network is the main form of future distribution network development. With the rapid
development of electric heating integrated energy systems, higher requirements have been put forward for the dispatch and
operation of the DC distribution network. Aiming at the problems of long optimization time and weak data privacy in the
centralized scheduling of DC distribution networks containing electric heating integrated energy systems (1ES) , a distributed
optimization strategy for DC distribution networks containing electric heating integrated energy systems is proposed. Firstly,
with the goal of achieving optimal economic efficiency, a lower level electric thermal integrated energy system model and an
upper level DC distribution network model are established by considering electrical constraints such as generator output
constraints , wind and solar output constraints, and electric energy storage system operation constraints, as well as thermal
constraints such as heat pump constraints, hydrogen fuel cell constraints, and thermal power balance constraints. Then, the
analytical target cascading strategy is used to perform distributed solution on the constructed two—layer model. Finally, case
studies is used to verify that the proposed distributed optimization strategy can solve the optimal scheduling solutions for
various scheduling resources. Compared with centralized optimization, the proposed strategy has the advantages of better
protecting the privacy of power grid data and shorter computation time.
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Research on Collaborative Control Technology of Distribution

Network to Reduce Load Peak-valley Difference

JTA Dongli, YANG Xiaoyu™, YE Xueshun
(China Electric Power Research Institute Co., Ltd., Beijing 100192, China)

Abstract: Renewable energy sources such as wind power exhibit uncertainty and variability , and shows the characteristics of
anti—peak regulation after large—scale access to the grid. How to realize the absorption of renewable energy and fully tap the
regulation potential of each station area of the distribution network to smooth the load peak valley difference has become an
urgent problem to be solved.In this paper, the quantification method of dispatchable capacity of each station area of distribution
network is proposed to fully tap the flexible resource adjustment ability represented by energy storage in the station area and
maximize the support power of the station area to other stations or distribution network.Then, taking the minimum peak-valley
difference and the minimum operating cost of the total load as the objective function , each station area is regarded as a whole,
and the flexible transfer of the dispatchable capacity of each station area is considered as a whole.A collaborative control model
of the distribution network is established to smooth the peak—valley difference of the load considering the adjustable equipment
such as energy storage , and the nonlinear part of the model is transformed into a second—order cone form to obtain the global
optimal solution.Finally, based on the actual data of a county distribution network in China, the simulation proves the accuracy
and effectiveness of the proposed model in calculating the dispatchable capacity and reducing load peak—valley difference.

Keywords: peak regulation ;safe and economic operation ; dispatchable capacity ;load peak-valley difference

0 3%
UEAFEA, N T IR R AU K R F b, FE R 4R R

BEETE : 11 5 A7 BRA v H R 00 5 3 N i 543 7 2C R U5
N BT 280 o AR e TN 2 5 NG B 9 8 O A B R B 9T 5 FF & (1400 -
202155508A-0-5-ZN) .

Science and Technology Project of State Grid Corporation of China

“Research and Development of Key Technologies for Low-carbon
Regulation of New Rural Power Grid Economy Adapted to Massive
Distributed Energy Access” (1400-202155508A-0-5-ZN).

AUBRG I LUXURL DGR A5 R PR AR RE IR O 228 ik
FH SR B, T Al AR RE IR A L 4 o %
SMER TG , HAZAH M5 S 7
iy i SRASE R VE BE R BE e, I B i /) J7 5K
I BOR AR B RS RTT U O B 3%
—RE P 3 HE — 2D i K X H L B AT 0 A
262 R ECRGUIRAT A S, JC AR S AR A B
W1, JCr ) IR AR N A B R SR T

49



2524 (R 32000)

L g ) HA

2025 55 414

A RETR S ] 32 BR , ] P AR BE R4 R AR - RS Xof R
o ] e 22 A i A7 ok EORPRAR . SCHRES Tk
TR AOGAR K L B8 RS 5 S, b T OB IR
AN T A 3 F A I 5 SCHIRL 6 TS 1 4 20
A BB W17 A A L 5 3l Z 3 8 45 Rl AL, 36
HE 7B IEANR] B4 I 190 7 58K I 00 437 5 ) T P 4
LARLTHIBATHYRE ; 76 B HARART , K 5
R T UE FRL J A FRE AE AZ BR, TR LK R O
AR HL I, 32 He ) IR RE ) 29 B, A4 4 DXL HEL e
B EEHLAHAE AR BLE AT, B 2l e A
KL L 2 R G PRI TR R R T RS
e o ey oY B s

e TRl AR RE IR TR0, R THE 48 A i
F B AT RAE N, B SEHE I — R S BRI , KL
TR BE A W BR T BORN W B2 T, A Ak 1 KU 4
ahasia) (EEREE I e 23 i IROHL AL FE RS b4 iz
T, B R HLALB TR AL T R, ATk
P AL ZE T T e S BEATS THUAS 2, R ok ok Ht L 9 g
AT RE 7 LA AR L R g AR G XU R AR A
s A7 ER

AT, £ = A A BT J Rt 58 T nl 4R BEIRUT:
o 5 Wi X BE S, SCHR 12 JWF5E 1 XA I 199 7 A= ) T
FL R0 75 9 T 5 SR [ 13 [ HY 1 25 1 R R 9 D oK
(XL S AN BE 1354 s SCRRL 14 10 A 17 L 19 P 12244
A AR REIR B R IR N R > TR SO A
T 8] 5 RSB BE IR A B4 TC FEL IR0 £ i W 25 22
Jrin, SCHERL 1S JLATR 8 A fe /Ny AR R, 20 Ar 1
PSRN AL 5y (22 54 s SCHRL 16 ] AR L I BILER AT
A R R RO FUAR R, D0 A2 R I XU 0 B fie
A NEOLT B PRI RE TR s SCER (17 J# s 1 LA
HLEE D9 At AR AL o DA ] T B v ri I T RE TR
THYNRE T, IO HECR REVR 1 7 R AR B B A T P Y
IBATRE, DA TTRER AR TIC F, 190 24 670 i A4 22, IRl N AR
ARZMEHTIE . SCRRI8 I FTE 2 TG ki
BTREVSUR L P A Al P O M HE — B Bk
LSRRI A DL ARSI, St phe et P R A e ] P2 i
TR T FeL O -4 ey W A 22 BE T A K 5 SR (19~
20734 1 R I R RS A AU G AR S5 BT RE RS
H, O I 25 22 122 42 28 PR as AT RS Y B 5 SCiik[ 21 ]
P T DUHRE D LA, DL R GLis AT A i/l H s
(14 L 8 1 M LA (0 AR, DIE P HL TR R g

50

N T SRR Y R O 2R G R O e T T e 114
RT3, 18 ZoH R T BORIHBR X — . fi#
AIE 2R G U 1 R 190 070 i M1 4t FiL I 22 42 A3 5 T 1T K
P36 F A DR HGTR] IR LA F J50R 0 28 ) O R
Yo P, Sl F A8 BE R S8 S BLRE & A I 25 P %
AT LU FE o 97 e Ak T 0 i sl R A I AT ) 0 d
A7 DT B vl 0 3 0, A 280 2 fie v, g e 1 1,
RS HE G 25 6], 9ol 3 B R ) K A, -4 v o 2
L) RGT Y AR K AR, RV RC T
R R BE HEAT HI S22 B D] D % G Y 245 01 5%
RGBS, TR A 8 GRS AN B 8 1
il B 25 et R FH 3R A, HLME DA DR 92 3 43 A 2
R HL 9 35 B D) AN AR TG 1 o i i, oA
B AT PR A R

FHE ST ICHL I 65 DXRT 9 B A R PE A Y, SR 42
A 1 HC HL R 15 DXRT RS S PR IR, T4 67 £
W 2% 22 (14 T FEL IO B ) 2 R, 58 5 2% S B F I 7
167 W23 22 fie /N BB AT AR B/, RAIE R A B BE
F N TC AL W 14 22 A 22 R as AT, O 4k T 3 2 B e
HEL ) 14 52 P Sl A T (5 LRI

1 RENEXAEAERETMG

1.1 B#REE

AT A BRI 7 B R 0 U Sl M RS
PE X O S AR R IR i A B R 25 5
JRUREL I Do) i 5 A 1 S R MR P 4 — 2D AT i, IR )
R TIGE AT 22 S I BC L N 22 e 2 55 3a A T, (R pILE
HYIRT R I3E R, e i i KD A fa B I A

T H X T A AR A R RN 7 A Y AR Tk
REN A6 XIXEEZ G X X SR 18
T B 55 P B (8 B A B g B AR A AR IS AR & H
i Koy, R g #4755 A= Ul
e, DLV 1532 65 DX DX A F 9 R i iy B %, H b
PR B KA IZ & XA [a] L HE ) S HAth 5 X B2 AL Y
AR EE Dy RISy

maxE,, = 3 (P2 (1) = P2 (1) A (1)
Sefr P (1) P2 (1) S0 R EE ¢ 1 63 K K0 m 5
B o S 4 40 1 B 02 L 5 %
., o0 IR R B R A 5 1K [ B 2 0
SRS N, o I EE AR SR (A 24, 1



BURBL, 55 - P00 77 WA 25 22 O C Al 0 I ] 42 Tl B AR AF 5

— LAY H b 24 h BRI 53R 24 A BC Ae Ry SRR I
B JEI B [0,24 ],
1.2 AFRAT
AR T 6 2 LA 29 451
1) B X XI5 2 3
P,(1)=

M
Z[Pv]uu(t)+PDR.m(t)+PL,m(t)_Pdis,m(t)_P]n.,m(t)]
m=1

A M Iz AL S B B XX R P (1)
B e N XX m 5 T H, 0 IR 45 2 Ak 1) 1% i )
Fy P, (1) 5 Py, (0) B e A XX m g
Z 5t (energy storage system, ESS) {75 B, 5 i B, D) 2%
P, (8) 985 Bt ¢ 95 DX X m A 3 2l g

(2)

X8 m AT A AT (A D) P, () SR B
t N X D3R m A SER A T .
2)fERELIH
0<E,, <E™ (3)

Kk, B N X X m g RE S & 1 SE PR
A Er SR B XX m PERE R A RS = .

0<P,,(t1)<u., P, (4)
K cu,., HE XX m AR SRR & Y1 7
IR ICRIRAS 1 0/1 A8 4, B 1 B R fifi g dd T 58
HRAS O I i AL T BRSSP, MRS
e B A R IR A I AIUE DR

Eess.m ( 12 ) = Eess.m ( 0 ) + nch.m - ZP(:h,m ( l ). At -
t=1

l t
Y Py (1) At
T ; dis, (1) (5)

Faonn " Bt SE . (1)<t - EX,
E(0)= - B,
K E(0) G X X m o ESS B4 2L
GRS 20 B B A BB IR 5 Mo 5 N 23500 65 XX
Bom 1 ESS WA M S ACE 5 IUERCR EL S
X XI5 m H1 ESS 088 R A 25 5 M donnn T Mg 53901
S5 XX m P 2 AR s TP AR R LR SR
B, — 0 S BUCA 10% 1 90% , 36 fin it i % 4548 17
FFAT st N T3 DX DI m PRI S — AN B it B
WA TRE IR .

LS P () Ai=0 (6)

N,
MNehom * EP('ll,m(t). At - _
t=1 n({ls.m t=1

2 (6) FRAERE AR BE A, i e 2 O IR

RE 72— 2Ry, RIS BB B a1 58118 52 J 30T P
M FER L A ALY

T, — 1

min
Z (1 - u“ess.mfk) 2 Tch,m ( ue:s,m.l -1 ue::,m.l)

AT 6 X m P RE R s 1T B FE RS
T AERF Y AN BE T3, o 5 X XA m i B i s
Fr B HIR ST A RR 1 BRI B, S A RE B & i B4
PIBEZ B K 5 i U T RE B AGAE K I BER
¢ BT RS, B 1 o e e, 0 FR Tl

3) B XX TR,

T AR B X I T R A T RE B B I A
SN 5 13 DX DX I PN 1 T e (LR ST, 2 R
N

O0<P pun(t)SPy, (t)+ P, (1)

M
0<Ppn (1)< Y P (1)
m=1

2 P (1) B ¢ N 15 XX m 7ETC H 75
B2 BRI AT RE B ELUT I AT ) SN ik i A D B
ZIPRAUEN  XXIH m A GRS R 7R
L3 P (1) B0 N5 XX m 75 FC HL R 222
IR BEA T RE B EL BT I S B SR IR 1% ) 5%
RSy HA B X X T

T R, I e I A 5 DX DX, P i 2 LA T T A
ik

P, (t)+ PDR,m(t) + P, (t)+ Pou(pul,m(t):

Pon(t)+ Py, (1) + P (1)

M M
z Poulpnun ( 4 ) = 2 Pinpul.m ( 12 ) ( 10)
=1 m=1

4) AT TR far 29 5
7 L& AT S ] PC FL Y At A5 AR B AR T e S 4
{14 7 FiF 2 780 32 Ay T AR FH P A 4 155 100 e iz 1) W] e
DB S7 i, 308 A ] P X 5 S A0 o 7 P A R R e
Wi B71 ey A LG o AH OGBS
zpm,m(t)' At=E,,, (11)

Ein (£)< Py, (2)- At < E5R, (1) (12)
O P (1) I BE ¢ 35T o W7 67 7 1) 75 X DX 3
m R R W SR T USRI,
JOL IR BE PN 153 DX DX me R S B 2 AT o B 7 i R 10
A Y T BN (1) 5B (0) 23 51 A i Be o ] o

(8)

(9)

51



85245 (A 329 1) WL h e Y HA 2025 4555 4101
T 670 77 T LA B 24 T B IO 14 R N T 2 e S R R Q= Loy — Y, 0, =05 = QY -

g, 5 R 0 e 1 B 7 A [ E A B g
RAF A G

2 T GTEIES E R B R W EE SRR

2.1 BirE#
PEH—FhLR G5 B P S R IR 25 ) 2 Hbx
AT TN . IZRBER IR A i A
AEHLHY, DAL IS 07 e 2 22 B/ IME RITRC FRL I G2 1 7 G
At/ IME R HARREL. BRI H AR sRET DL

Pl = ZPi,z (13)
i=1
P =max{P,}
P™ =min{P,)
Fy=minC}" =a,(P,)" +b,P, +c, (14)

K PO/ N IS 225 F, e /NI HL I iE A7
BUAS 5 Ny SRy T FEL D) i A 90 A S B s P, N TR F
RIS B ¢ N @ 9 s e s s P, D INE B ¢ RS
A MG AR P P AR SR I BE ¢ R GG
AT B W (LR {EL ; € W TE I B e INBILA g 1A
Uitk J15a,.b, e, 50 50 R WAL g MYIE 1T IAS 240
22 AHREHE

D)W A 29 0

8 S DR T R D (R AR A 08 B o 0 A e ik =T
PLEET Distflow BRI RIR . F AR TC FL 9 87 Ak 4
N S an & 1 R o

i Ia POy 74 PO
}_1 }_T s 4 Pt
| | I | I | I
P i/:Qu
PO T4 P01
| I

E1 iRSPIKECE W B LIS RER
Fig.1 Simplified topology and power flow of radial
distribution network

T 45 S DR T R D b AT R 7 B S, T
= nT Rk oh
P, - [iz':rl' - P, = P?‘;m] - PPIV -
ii. il i )Eg(,j) hg Jr Js (15)
PESSd | pESSch _ pG
it it gt

52

yedli) (16)
Q'+ 0" - QL - Q1 - 0
U, =U:, = 2(r;Py, +x,Q,) + (r; +x3) 17, (17)
P: + Q7
Ui%l

Kb (1) A AES  ZEANT A SR
P B — 2% S, ELY i ORI AT S O 5 Py,
Qi 43 R B B ¢ PR 804 3 ) 5 R 1A i
TR s Pl Qi S A I BE ¢ N j 37 B Ab A
I P e 5 T P A s P Q7 43 i B B
W T A ARSI A DD R AT T D3 s, F 1y
G3 R E R i G AR RELAE 1, B ¢ NS
g R ; PE PES Q™ Qi Sy IR B ¢ N
T AL ESS SR A TR A TR o, b
B ch FRFEHL | AR d Fom i ; PG Q) 43 R Al
FTHLLHAERT B ¢ Y5 1) G H A 1) S A Dy
JIFITCII R F7 5 Q7 Q5 43 I R i B o T R Ak
B0 1 TJC T A A (static var compensator, SVC) |
JFERHL A (capaeitor bank, CB) ) JC X 8 5 6E 77 5 U,

SIS ¢ PN R A ) P R A ) BB [

2)HEHR AT

U ,..<U,6<U,
AR 1)

ST U, U 745 5 19 S0 VR R BT IR R
BRo 1, h S i (2 2B AT R P

3) I AL

I HB SR R T LA B T I 503 ) 2 e
4. [, I o 9 6 DR T 1R
B RR
0% = N2 Qe
NS < N™

iB?’B< B (20
oo S
=1

1, = (18)

B Qe <[ 02 = O |< BN 0y

A VO B ¢ P AL AT FR 7 O
Qe T FHIE L ZBATAEBE TARIRAS B 3 TG
T 7 N g4 A IR 2 R AT 4R A
Bl s B S 37 H 106 oL 28 E B BE ¢ 9 6 A SR
B GBI 0-1 288 %A 1 F2R IR0 b 25 7E
B 1 AR L 2 Ik W FFIR 45 s B S I
A0 1 A FE— 52 8 B A L) P 4



BURBL, 55 - P00 77 WA 25 22 O C Al 0 I ] 42 Tl B AR AF 5

BRI Fe 22 1 B

4)SVC Ay,

Qoo SO0 < Qe (21)
2 Qs Qe F AL j ALY SVC ALV TEE 2
A RRFTR R SR LT AR

5) R,

M C FL P AT DL A WO IR R i R A
DT WIAS e 5ot etk & s ik vl IR R
PIESp e iR %)

0< Pl <Pl

(PL) +(Q7) <(S,)
Ao PR I B e T R AR SGAR B9 B i T
{8 ;S,, IR RIS 2

6)ERELIA

fREIL A B TIRES , AT 3RE
0 < PEsh < prsgeh
0<P ™ <P,

—Q"E < QI < QLS

—Q'8, < QT < QNS

8t +8l <1 (23)

E =ES + 0P A

— PSS

0.1E™ < E'S < 0.9E™,

ER, =ER,,

o8 .8), 3 R Bt BE ¢ T R AL i AR I TR R

BRBHARTS  PE PN QL™ O 53 B M it g 15

- BILREIPIES S INIERS i WILIES - SN |- )14

EERILIESSYNIENIGiW WIEIES soN R sl 128

PO A AL BB RE A B A R HLRE 50 ™ Ay

i BE ESS AYFTRLH AR K1, W A#HE ESS s fr g i

1 L BRAE 5 B SRy i B2 TR 010 4 BsF 220 6 e ) 400 2 i

B £, T BE R A s 20t e (0 F8 A i e
LRIV EY

(22)

pPr<p, < P™ (24)
(P;) +(Q) <(S;™) (25)
A pr P B g AT ERRFTR

B Sr LA ¢ M7 i LRR s P, ES B ¢ ALY ¢
HISZBRAT T T 5 PR R Q™ a3 5 LA g OB E A
i AT .

3 KEE7iE
T AR SCUT S B B 2 SR 2% 1 e AR e 2

W UM LR DGR B 2R ML 245,
TR Y AR Tl AR AT R S (general
algebraic modeling system, GAMS) 5 £ & Fi i Fi =K
fifp e >R A, PR AR TR e (0 LR T 0 B AL S — B
B, BT, © A SCHRIEW] B 8 U nT 3545 4 R i
DL

LA A o 1, ] X (22) 5460 -

v, =(U))* (26)
(P;)*+(0Q,)°
L; = '(U# (27)
P.)?+ i 2
ZPW
2Py, <Ly, +V, (29)
Lijlt - er 2

AU TG AR V) O s AR TR 5, A
FHBNAZ R P, 0 Q73 B LI i A IR RC 2 2
A BIAE S L, S i ML, A B AL 5V,
B e WA AR R R HF-J7, AR B AR B 5 Ly, W R
B e NS i BHUIREUE R A (EL, B A i
HAARLNEIUR] UL B L PRI, T B A0
GAMS ) CPLEX R FHR A S A R AT L HOR

4 EHE|5H

SR B IR AR S H P-4 67 e DG A 2 1 T FEL TR
DI ) 42 ol B AR 0 A Ak, 3 e T L S ) 1)
SR B AT 07 FLIR I , KT S F A R T e 2
J7s R GG 51 A3 B TR .23 47
MR A A 3 Bl A RE L & .49 SRER
HPRESX 1R KRES X MRS X 2 Hi
MR G X ., LR N 12.5 MVA, 15 5 TEIRE -
FRFT T B 43504 1.05 pu F10.95 pu, 7 45 HL A M L
BRI R -, R B L ) 24 b () 67 e
B, sk 1 RIE 3 s, o, — R | PR
i fof e KAE A 49.866 MW, FH 7+ 75 >R 17 fnf e /IMEL R
34.836 MW , LA H P 1 faf i 45 254 15.03 MW, % H
B B H, R 7 g Rl 85.21% ., B 25 240 T A EE 1 I ]
ROBE T ] 50REBE 4331 2 24 h F1 1 he ASSCHTRRAR
RIFL T GAMS -5 g B S B, i 1 4 1k 1040 oK it 2%
CPLEX #4753k fift o THHHLECE N Winl0 R4, Intel

e

Core i5-11400k F51],i21 THAF 16 G,CPU 45 3.7 GHz,

53



%52%()3%329/%@) d.)ﬁ @ﬁ&* 2025415%4%
':PJfl:iﬂiIO kV
RIEAX]
—#D 23 PV] [PV] PV]
Tl s ESS2 s > .
41[pv]427-3a3 W E
o] P L B | LGS
D > | | | 37 >
’ | | 21 2'9 3|0 |2 s 36 ‘38
A 13 14 WI2 PV
S G OLTC | | @ (80V) 31 33 40 > 39
|
| | PV
I 34 5| 6 7 g 9 10 }_(>” ]
(35kV) ESS3 >
18 - 44 | OLTC }_|> V® 50 ’—|>
LD 19 24 (10kV) % . >
45
Gy 4748 a9 B
26 >
fREE X2 >
E
PV]

2 BEREMAIEN
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&1 BEELEN 24 h LERG
Table 1 24h actual load of county distribution network

Mzl fmMW | B2 /MW | B SR /MW
01:00 35.50 09:00 4093 | 17:00 4921
02:00 34.90 10:00 4246 | 18:00  49.87
03:00 34.80 11:00 4488 | 19:00  49.22
04:00 34.84 12:00 4691 | 20:00  49.63
05:00 3532 13:00 4759 | 21.00  48.64
06:00 3531 14:00 4824 | 22.00 4731
07:00 36.79 15:00 4866 | 23:00  45.66
08:00 38.84 16:00  49.06 | 24:00 4278
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Fig.3 Typical daily load curve of county distribution network
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Fig.4 Total output curve of wind power in county
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Fig.6 Equivalent net load curve of county
distribution network
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Table 2 Peak—valley membership of equivalent
load at every moment
2 AR ﬂ{%’r‘ﬁ iﬁ’”“ﬁ 2 AR ﬂ{%fr‘ﬁ %W‘E
MW DGR G WMW - OGRE OCRE

01:00 15.25 0.2971 0.7029| 13:00 31.82 0.5437 0.4563
02:00 1626 04654 0.5346| 14:00 27.32 0.4087 0.5913
03:00 12.82 0.2286 0.7714| 15:00 26.11 0.3625 0.6375
04:00 11.92 0  1.0000| 16:00 28.26 0.2255 0.7745
05:00 17.53 0.4689 0.5311| 17:00 3593 0.7786 0.2214
06:00 21.01 0.4806 0.5194| 18:00 35.83 0.8658 0.1342
07:00 2593 0.5118 04882 19:00 39.85 0.8757 0.1243
08:00 28.26 0.5370 0.4630|20:00 43.25 1.0000 0

09:00 30.34 0.5457 0.4543|21:00 39.14 0.8766 0.1234
10:00 30.68 0.5421 0.4579] 22:00 29.60 0.5727 0.4273
11:00 2993 0.5339 0.4661|23:00 19.70 0.4081 0.5919
12:00 32.06 0.5554 04446 24:00 16.29 03597 0.6403
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Fig.7 Period division results of equivalent net load curve
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Fig.9 Quantization result of dispatchable capacity of
station 2
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Fig.10 The change of equivalent net load curve before

and after model optimization
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Table 3 Equivalent net load and peak—valley
difference change
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Transformer State Evaluation Method Based on Improved HPO-ELM

and Evidential Reasoning Rules
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Abstract: Accurte transformer state assessment can promptly detect potential faults and ensure the safe operation of the power
system.To address the issue of insufficient information in transformer state assessment methods that rely solely on dissolved gas
analysis (DGA) data in oil as the primary basis, as well as the inherent limitations of evidence theory, state assessment method
combining an improved extreme learning machine (ELM) algorithm based on the hunter—prey optimizer (HPO) with evidential
reasoning (ER) rules is proposed. Based on the HPO-ELM model, primary evaluations are performed on three evaluation
indicators: dissolved gas data in oil, electrical test data, and oil chemical test data.The probability allocation matrix required for
multi-source information fusion is constructed to enhance the accuracy of primary evaluations.The importance parameters of the
evaluation indicators are determined using the coefficient of variation method, and the accuracy of the primary evaluation is
converted into the reliability parameters of the evaluation indicators to ensure the objectivity of the evaluation process.ER rules
are then applied to achieve fusion evaluation.The experimental results demonstrate that by improving the accuracy of the original
probability allocation and optimizing the fusion method, the state evaluation accuracy in this paper can reach 95.85%. And the
effectiveness and reliability of the proposed method are verified through testing and analysis of real sample data provided by a
certain maintenance company.

Keywords: transformer state assessment; extreme learning machine ; evidential reasoning rules ; multi—source information fusion
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Table 2 Standard for defining transformer state
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Fig.3 Transformer state evaluation model
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Table 4 Sample distribution situation
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Table 5 Comparison of accuracy in primary assessment
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Table 6 The importance weight of each evaluation indicator
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Table 7 Parameter settings for various evaluation

indicators in ER rules

B R FEESEL BEREE 2
DGA 0.37 0.85

LA 0.33 0.87

A 0.30 0.82
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Table 8 Comparison of fusion evaluation results of

different methods
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A Neural Network—based Aggregated Modelling Approach for

Distributed Photovoltaic Fault External Characteristics
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Abstract ; In this paper, we propose a method for modelling distributed PV power fault output aggregation based on the LSTM
neural network.The method can provide the /=V curves of equivalent PV system parallel points under any output and can
predict the fault characteristics of the equivalent system after a voltage drop at the parallel point. Compared to traditional
mechanism modelling, this method does not require specific modelling of complex physical systems and is able to accurately
represent the highly non—linear inputs and outputs of distribution networks.The LSTM model established in this paper first
uses a one—dimensional convolutional layer for feature extraction of PV power coefficients , and then two hidden layers are used
to process the sequence data, and the vectors are mapped into a sequence of external characteristic curves in the fully
connected layer.In this paper, a typical distribution network is constructed based on the traditional PV power model, and a
large number of different output combinations are selected for simulation to provide effective training set and validation set
data for the LSTM model training, and at the same time, an independent test set is established to test the accuracy of the
optimal model.Finally, the optimal model is used to construct an equivalent distribution network system , and different degrees
of voltage drops are set at the network connection points to compare the fault characteristics with those of the full model , and
the simulation results can prove the reliability and practicality of the proposed method.

Keywords: distributed PV ; LSTM ;neural networks ; aggregation modelling ; fault characterization
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ARLsTAERR 5 48 XLPE 4a2: 551 K IR e 35475 BafF ot
BEEREAX,Z X°,2 4°,ZEEY
(LEBMLAEE AN ARFARR, LA Fd  250003;

2EBHFEXF AR L IMBAARGELL AL AR IHHLALIRAFRZF S, LA FH 266042)

HE 5 RSB LM (cross linked polyethylene , XLPE ) HL 45 732 7 T Ht 7 % #9045 v, Bt 25 R 40532 15 4F BR 3% in
XLPE 42 76 i I IRER SN IR R T A Ak . SFXF L), W4 T 1L R 2 AR OR [E) A FRAR G2 110 kV XLPE HL 45, 3
I X H 2 44 % J2 AT SR B AR RE 0BT, BFSE RS T XLPE 4 2 R 28 Ak WA , 5% B 45 19 52 B A7 A LS 37 IR
ATEBRICOT B o S5 - 110k V 555 1R L 43 Rl 25 AR A A7 B3 J , XLPE 46 25 3800E i) U1 2 5 AR H BH R B & o
1%, MR 20 45 J5 43 B R AR T 31.09% FE PR A B804, AH 6T A B 8 8508 A o B0 RE A IE DDA B 38 3 R, RA% 20 4F )5 4331
WK T 16.73% F1 1457.34% 5 384T 20 4F LG5 245 2% @I 7= 10 00 2 S RH 358 15 v AU 1) 00 4 5 Bl o ARAR AR BRI, RS
FEL 200 PR I 30 3 43 A S T T I IR 20 4 I AL P T e s TR K T 6.66% , 45 4% R 22K T 19.92% , HAMPE R
Y EE W

KRR RIS LA XLPE 4825 5 Wi~ Ve AR AL PERE s AR T 5

R E 525 TM852 XERARESAD A XEHS :1007-9904(2025)04-0081-08

Simulation Study of XLPE Insulation Characteristics and Temperature

Field of High—voltage Cables With Different Operating Ages
DUAN Yubing', XU Qingwen', LUO Wen?, LAN Rui?, LI Guochang®”
(1.State Grid Shandong Electric Power Research Institute , Jinan 250002,China;
2.Shandong Province Engineering Research Center for High Voltage Insulation Systems and Advanced Electrotechnical Materials ,

Advanced electrical Materials Research Institute,, Qingdao University of Science and Technology , Qingdao 266042,China)

Abstract : High—voltage cross—linked polyethylene (XLPE) cables are widely used in power transmission networks. With the
increasing operating ages of the cable, the XLPE insulation will be aging under the stress of electric , thermal , environmental
and other stresses. To solve the issue, a number of retired 110 kV XLPE cables of different ages in Shandong area were
collected , and the change rule of XLPE insulation performance was analyzed through the electrical , physical and chemical
property analysis of the cable insulation layer.Then, the temperature field condition of the actual operation of the cable was
simulated by finite element simulation.The results show that: for 110 kV high—voltage cable , with the increase of service life ,
frequency breakdown field strength and volume resistivity of XLPE insulation specimen decreased significantly by 31.09% and
nearly two orders of magnitude, respectively, after 20 years of service. While, relative dielectric constant and dielectric loss
angular tangent value increase significantly by 16.73% and 1457.34% , respectively.In addition, the content of cable insulation
by—products increase significantly with 20 years of service compared to new cable specimen.With the increase of service life,
the internal temperature distribution of the cable in steady state increase gradually.After 20 years of service, the maximum
internal temperature of the cable increases by 6.66% , the temperature difference of the insulation layer increases by 19.92% ,
and the temperature on the surface of the outer sheath increases significantly.

Keywords:retired cable; XLPE insulation; electrical property; physical and chemical properties; finite element simulation

ERTE [ W LA 1A BRI E i L 88 R4 252 - 5 ML R U W) A AR PR Y (52062621N003 )
Science and Technology Project of State Grid Shandong Electric Power Company “Study on the Synchronous Aging Characteristics of the Primary Insulation
Layer and the Semi—conductive Shielding Layer of High—voltage Cables” (52062621N003).
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0 35l

T

Bk S £ 0 (cross linked polyethylene , XLPE ) H,
B T HAZGNVEREOU S O Z M 35 | B0
Ve BRI V6 T SF A0 s w2 ] T4
HRG T, BT g4 % R — B2
HL I8 A7 B G T Y B, B FRL R 2R BRI AT AR IR
R DRI 165 T, # 408 246 25 28 A K 180y 52 Wi v 4 28 i
) — N EEE R

= & XLPE 454k M 1T B st 2 8 4%, o4
G AR SZ L AR U Ak 2= 55 22 W K
SO BE A HL AL B AT AR IR A N, 7R B
MR WIVE TR XLPE 48 2% ik 25 i Ay 45 T 2%
i LA B 8 2 P e A SOV 2 T8 11 B 45 Ak, 3 T % A
H R 1 LA B 22 ] H, A A 5 A WL )22 T 3 T A 52
M 12 b 48 RT R T B0 40 44 kP RE A 2 L2 1w L
I RAE, 51 ™ B (4 L Sl

X HL B HEA T IR IS 0 28 G RR DAL I 0
A5 9L PRIz AT 1Y U BE IR DL AT AU L, 2 s
A VERNA] SRR ) O B 3 AT R i
XLPE HLZ8 3047 1 Ak Ak vt ik, 25 8 1 e 4
AR IE s AT AR IR K s X ey A AR
BIKRSECZ [ 0 5C R IR H B BA 5T P R B B 1
SR A MEAC I Q X BB IR 2 AL RS AT T
i o B N Z AR HL S Y XLPE 2482035617
S3AT W 5E % B XLPE 48 2% N &R 52 1k i Ab it 2e 4k 2
AWML, o3 T HEBTG SR B o, R BOL MR
FIWTRBE S T2 PERE IR . Nedjar M. 55 A%
JE HL 45 266 2 1) A H R HEA T BE ST, B XLPE 46 %%
R LA R H, S 387 R A PR AL S ) BT 3
Ko HEEAAAEVFEZA L, W T m 48 F 4 2% )7
HAT R SR EE T 2 2 A S5 56 i 0T 58 % 52—
i XLPE #4621 Fr 5/ Bl 5800, R 7873 7% 1 3
FH HL 2 25 A8 R 1 S IR E 37 93 A AR AR DL RCAS [ 4
27 B 2 8 BB R 6 XLPE 46 2% % fL R P i 52
e > B 2 R 5 A S PRs A T IR A AE 22 57

PRI, 8 5853 0F 98 A [R) 41 PR AR 32 5 & XLPE HL
4 3 A G ) 4 2k AR VE L TR 110 KV BT LB
XLPE % Z fRAZIZ1T 10 4F .20 4FJ51RI8 110 kV H
HinY) XLPE 2 2%y 5256 6 4, %) 3 B A [\) 4F BRI
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iz FL AT L O RE A AL BB B 22501, T AR AT
F HL45 XLPE 28 25 A AR A0 A rp i Pk e A2 L LT
Ixt e 45 52 Pris 17 R IELRE R BL AT A BROT T L
A AT AR A MR B B S AR

1 RS E RSB %

1.1 iRl

S SR FH B A BORE TR RS T AR BR iR 12
HL A0 I A IR I AT AR IR [R) 4 o U 2. el
45 GBAT 5 AEHSE GEAT 10 4E1B B B4 AILE AT 20 4F
iRiz HL 2

Bz 4R S IBROE 1R, SR
IEC 60243-1-2013 #5#fE , R U] ML B 5 45 2% )2
ST IR AT AR R IR AR BUR S 1 mm YK SR
TARKE , DB ST 5 St g R . K 2% iaURE 1 58
20 mm T LA H v R AT AL M BE L 25 mm H T
R T 25 BE L 50 mm IR AR H BH %

&

&
s

o

DI TE AT
(a)lcfe w88 (b) @b A
B1 ikEsE

Fig.1 Sample preparation

1.2 XWHE
12,1 £rAMeismiat

i L AR e 21 A6 % (Fourier transform infrared
spectrometer, FTIR) )z F T-WF 52 4 R b B 454
XS AR R BRI A RN S A R R AT AN
R v TN P v g A X A7 W = DOEARA S i LTS
RS A SRR WRSEBZ KRN

y=) (1)

APy HIEE, em™ 50 MK, pmo SEEG R
BT 60 CHEFEH 2 h, BRZ5ilFE i oK 4o F 4
BN 4 000 ~ 5000 em™ o XF EL A BT AN R 32 47 4 B
T XLPE bR A B RE A AL LA




B e, A5 AN Fa AT AR BR e

i XLPE 46 2% 554 K8 005 B o

122 it

K v e s 2R A, P UA [R) 4F R R IR i3
AT ZE R . IRAEARME GB/T 1408—2006 , 2%
FHAETE AR, AR A2 R 25 mm, Ry 1 ke 4 AR TN
LRI, R FHREIMAE IR AARA BT R R 1 mm,
KBS TR T2, T 1000 kV/s,

SR FH 59 k2 BSR4 )2
#HAT Weibull 7345 4307, Weibull A20H

P(E)=1 —exp|:—(§)ﬂ:| (2)

b PE) gl 50 BRI REAS B il 25 B A0 S
{8 ;o g BRI ZEREA N 63.29% B B AFAE i 2 5

B MIERZREL
XSG AR o 2 5ok B A TR T, AN O
o i-044
Fin,)= o 005 < 100% (3)

Ko AREENF S 50, HIRFEMEEA BB &
F (i, n,) A XLPE &1k iUk o 28 3758 M /N 21 K HE S
e RS R
1.2.3  PRFHL BH R

ANTR AR T 1R 32 H R SR = F A R BEL I
A5, MR ARG 2 s, il A 66 5 R il 2R
TR AR, HorP 48 22 AR R B N

Ry-S
vz (4)

ooy Y2 JZIRFEE LR, Q- cm; R, M4 2% HEL R
WA, Q5 L AR R P2, em;; S S Y HLAR (5
FEA R, B S=21.24 em’,

> 5 A
J ——> FRI LA
(

F—> XLPERFE
R

B2 =mRlXRS
Fig.2 Three-electrode test system

AN T 2 A i) 4 2% % A TR AR Y IR
FEIRFE AR KN N 10 emo TEHTIGAS [ ] R B9
ZALIFEE T 60 CHEAR 2 h, DABR il i g 7K
A%, IR R AL T B 60 min, A F T HEFT A ZS 2 U
FFR SEIG 45 o 5 W 285 30 s TR IR, HL Ry 1 AR

T — Y0 3 s) 3% 4% A9 EL A 00 B5F ] E) B 10 ming
MR, o % A T3 1000 V, 52 IR RN 25 C.
1.2.4  SEMA FL g

2o 2% b4 Rk 32 B0 A 3, HRA A PR A H
Mg S HEAT— R R A RS, AT 5 34 A T 1Y
FET P A A oy, B BRI R B S . a kMR
TR AL R A IS S A — R YRR BRI A
JEPFE o

HRAE T = I a0, A e N

P=(Qtand (5)

Ao P gl AT T T 5 Q S g i T
T 56 A F A 5T P it 2t 0 kL 35 A £ 0 el A o
[) Y AR R A AR o

PRI, AT ISR FA e 1 LE DI 3R A B

K AR R T 1R 42 H B3R 4R B B R R
R FHTC7K & B aURe 2 18 24 0T 5 905 , LA 60 C
HEAR R 2 b, DABR Z50RE ik 4y o HEUROR H B2 1%
ML ZE B — )2 4 Ji B AR AL R R 5 4 32
fil KL 47 5 Je SR FH S A4 L 15 (SO AN [ AF R T 3R
ia LA 2% 2R/ FL PR BE %N 107 ~ 10°Ha,

2 KR

2.1 L5

ANFAEFRIE 12 B 45 XLPE 2L 4MCRE & 3 fis ,
T 2914 em™ .1 464 em™ LI M 718 em™ HWAZHE R 2,
W tEE, 7RIz 4in XLPE —8Uh BT 5 4 4
FEWESR 761610 em™ .1 730 em™ F1 3 100~3 500 em™
vt BT R R U 3 S X N R C=C B ik
(C=0) F¥2 3 (—OH ) 5 (1) 41 sh W ic i

Bt AL A B IR] B35, 1 735 em ™ BRI 0 B 2%
(=C=0).3 412 ecm™ fHE A HE(-OH) (1 096 cm™ fff
Tk JE (C-0-C) W K . X R WITE 2 A iyl 2
T XLPE 4r F&5 M & B T84k, =B T Hi B el .
AT 20 A HL AL 2% R 7 ) 0 AR AR TR HL 4
B S 1A T, RO 2 A s TR
AR, HL R L s B R, SR I R B R
IBAT N Y2 A AR RN P AR R R EE A, AT
W s 55 L B AR IS AT A R Pl B IR
B4 A AL — S IR (dicumyl peroxide , DCP) 4k 22
KM AR IR N, 7 A K S BRI =) o
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Fig.3 XLPE infrared spectra of retired cables with
different aging times

2.2 TEMREST

T4 2 2 Ak 235 A o A Ak s B & Ak s
1) £ 2 P REAE B I A R B . R ] Novocontrol
CONCEPT 80 i 4% 41 A BH AT 1% {3 X XLPE 4 2% i
FEARTRIIZR T BYARXS A 5 BORIA B FE
2.2.1 AR ELH A

AT B B — DT E NN SE, YR
SR LA SO L2 A HLBE T R RN R R R HL A ST
WAL BE I 2S5, AR IRIAEBRIRZ 45 XLPE
XA L H BN & 4 TR

2,95
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—— 04
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) 75 le0o
b
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& 00
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265}
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Fig.4 XLPE dielectric constant of retired cables with
different aging times

84

P P 4 AT B B AR AR T A B R ROk 2.51; Bl
AERRIE I, 255 10 45, XA BRIk 2.75, 38 T
9.56%; 55 20 47 B, AH XA L EC 2,93, 8800 T
16.73% ., FHXTA\ HLH B K XLPE 8% FEiaf 7 %
SRR AR | E N EORS A1 W SN TR S = 30
IR PR 2% I 2 AR AN I A E L R A e 4,
Ao A B BRSO, AR UL T B A A
PRSI . A B AR S BRI F AT
SRR I, AR R B R, T RS S EUR S
) FEL 55185 T, 2 71T 552 M0 175 5 %) A i 3k 8 R T o
BEAR A L H B AR AR R T R 5 | A HL 48 N L 3 43
AR AR S] I A A B & At B, DA T 456 J
AR F i
222 A AR IE UM (tan 8)

N JAAFE FRAE 32 Ha. 45 XLPE 47 5 304 RE £ 1F Y08 G
S s, bR iz f 252 1T AF R [R] B 35 i, 4 23
FETEARAR X Y tan 6 38 05 76 & L Hholial i), &2 A6
JEIRFE Y tan & 1 {8 5 A PR , T ZEARAR BE R 2 43
TRy, PR ERCT 4 50 Hz A B 6 M 1E Y0
M 2E 358 32 B 45 I RELE 50 Hz AR R A Ji 4 4
TE DI 0 b £ 2 A 49 R A OB H 48 A T
FEMIEVIE A 4.36x107; Bl A BRI N, 226 10 45,
A 5L f 1E VI E A 0.001 39, 34 h0 T 218.81%;
55 20 4F I, A B FE A IE VIE R 0.006 79, 340 T
1 457.34%, v A FEIE VI (038 K & B0 807
BT AR 2 G T RE PR . RS
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Fig.5 XLPE dielectric loss angle tangent of retired cables
with different aging times
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Fig.6 Volume resistivity of retired cables with

different aging times
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33.29 kV/mm, N T 21.93% ;247488 20 4£iB iz
M40 2 0 N B 2 i/ 29.38 kV/mm, FRE T
31.09%. XLPE 7£ &bt #2 b iy 43— % B 24 2E Bl
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XLPE &A%,
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Fig.7 XLPE breakdown field strength of retired cables

with different aging times
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3.1 HEREE

LA A AL S A TR 5 4 B R B s X L R
LR 7= A — 2 I R ) i R A TR FE A H
OB FRICT ELTA, R LA 3 i 4 4 B AL R
Xof R SR e T B 4 A ) s e 2

FRAE 110 kV 52 PR iz i 25 04 8 — 4k 48 1 1 B
PRI 8 fion . F B AL 452t N2k T
HLBRIZ XLPE 4625 2 A1 S BRI Z B
g, Hrp B 2 AR PR T A 630 mm?, HY
B EHAAE N 30.1 mm, P HP2F 5 HLBR 2 AR FR
JEBE R 1 mm, XLPE 482 (UFRFRIEE J 16.5, 850 &
(R JEERE N 2.8 mm AP JRE K 4.5 mm.

%

LIk AN
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XLPE44 %2

AP B2
AR /AR
A

B8 110 kV XLPEIRiZ B 45% m{H HAEE
Fig.8 Cross—section simulation modeling of 110 kV XLPE
retired cable
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SR FH A A% B8 i 25— A A S R ) A
AR A, 28 i FL 2 422 3k 1 R 3 A0k o PR3
HL AR LR 5 45 )2 S 4 2 [ AR A A AR 5, rL 4 4b
P12 T 5 N P B o 0 1 BN SRR UL
HNE I IR A B TR B BN 25 Co AL T HL AN X Hb
FH LR = AR 1 N IR ARR S 2 R IR g .
L 2 1 2 R Bl 964 A, R LR SR IR BN
65 kV. 22 HL 25 L b 1 AR £ Ok | LA
PAREFNLE A TR 7= AL B IFE R . F P I HL
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W,.=IR, (6)
W,=wC,Utan§, (7)
e
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% W, o BRI ARAE A s 1 BRI B
{5 964 A5 R,k HL AT 08 (1) HELBEL(EL ; W, A FLL 48 XLPE
Y8 2 R IFER ;0 ST A AR HUE N 2mf, HE
H f SR S8 HL IR AR UL S50 Hz; €, R HL 4 4 2%
IR Y HE L ; U, R X A R R, B 65 kV 5 tan 6,
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PFE AN e W ROV A iy Ak R 1B B 4 IR
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E g Sl HAR
FL 20 T S 0 v, A7 A PR B0 I AL g
Hl R -
dzpCpu-VT+V-q=d‘Q’+q0 (9)
q=-d,kVT (10)
Koo d, AR AEAR B BUEA 1 msp PR B
C, MR TE A su IR s T W RGIRE ;9
1 S PG RS Q7 IR AR I R 5 g, R BRGL
J 5k bR IR R B
ML Bk B4 5 48 PN R R 40 A
I, B R IR R N 05 KRR ANGS H 4R %
TG RSN . e, R E R
~(n-VT)k=h(T,-T) (11)
o N LRI INEL T B o h S
H AR R EG T, O F B MR Y PR TR
HL 28 R AR B IR BE S S S 2 1 TR
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#1 110KV XLPE B4+ #1541
Table4 110 kV XLPE cable material parameters

- SRR (VAR ®ad) W

(W/(m-K)) (J/(kg+K)) (kg/m?)
CEE RSN 398.00 386 4860
PR 0.65 1600 1000
Y 2% )5 0.32 2300 950
GEAES 35.30 128 2700
PISTAES 0.29 1900 920

3.3 HEZRAH
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Fig.9 Temperature distribution inside the new cable
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Embodied Intelligence: Autonomous Robot for Substation

Switchgear Operations
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2.State Grid Intelligence Technology Co.,Ltd.,Jinan 250101,China)

Abstract: With the rapid advancement of intelligent robotics, an increasing number of industries have integrated robots to
enhance operational processes.In the power industry, the live operation of substation switchgear remains a high-risk task ,
requiring significant skill and precision. To ensure operator safety and improve operational efficiency, the deplopyment of
autonomous robots for substation switchgear tasks is of great significance. This work presents the design of an auxiliary
switchgear operation robot aimed at addressing operational requirements such as switchgear closing. Based on hardware
foundations, a multi—task perception algorithm for the autonomous operation of switchgear is further designed, integrating
operation target detection, operation posture regression, and operation force point determination into an end—to—end deep
learning network. This solution enables precise autonomous operation of buttons , knobs, and hand carts. Experimental results
demonstrate that the synergy between software and hardware , supported by embodied intelligent autonomous operation robots ,
ensures stability and efficiency , meeting the autonomous operation demands of substation switchgear.

Keywords:embodied intelligence; switchgear operation robot; autonomous operation
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Table 1 Button accuracy experiment—key operation

i x/mm y/mm z/mm R/(°) RJ(°) R/(°)

1 9612 2574 67142 -90.64 -0.89  -0.45
2 9635 2542 67144 -90.52  -078  —051
39683 2562 67123 9074  -093  -0.52
4 9645 2598 67118 -90.63 -0.81  -0.47
5 9636 2528 67196 -90.23  -0.81  -0.48
6 9628 2549  671.94 -90.76  -0.79  -0.49
79639 2572 67146 -90.74  -0.99  -051
8 9653 2543 67153 9043  -0.89  -0.51
9 9662 2523 67174 -90.13 082  -0.52
10 9598 2575 67123 -9052  -091  -0.52
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Table 2 Precision test statistical results

ZH w/mm y/mm z/mm R/(°) R/(°) R/(°)
T 96 26 672 -90 0 0

E 0.83 0.76 0.76 0.74 0.99 0.53
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