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Research on Dynamic Response and Failure Mechanism of
Transmission Tower with Diaphragm under Strong Wind

LI Yurui, XIE Qiang, LI Yue
( College of Civil Engineering, Tongji University, Shanghai 200092, China)

Abstract : Adding diaphragm is a simple and effective way to strengthen transmission tower structure. However, the change of
dynamic stability and the difference of failure mechanism of transmission tower after adding diaphragms are still not clear.
Taking the ZY2 transmission tower in a 220 kV common tower double circuit transmission line for example, the finite element
model of tower-line coupling system is established to compare the modal differences between tower and tower-line system before
and after adding diaphragms.The results show that adding diaphragms at the intersection diagonal near tower leg joints could
suppress the local vibration mode of transmission tower. Then, random dynamic wind field is applied to calculate the axial
stress response before and after adding diaphragms at different tower sections under different wind speeds. So that the dynamic
stability parameters of diagonal braces are calculated based on the theory of dynamic unstable region, which are drawn in the
same parameter plane with the dynamic unstable region. According to whether the diagonal brace parameters enter the dynamic
unstable region at a certain wind speed, the wind speeds at instability before and after adding diaphragms at different tower
sections can be determined, which shows that adding a diaphragm can increase the wind speeds at instability by up to 3 m/s.

Key words : diaphragm ; transmission tower-line system ;dynamic unstable region;wind speed at instability
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Simplified Prediction Method of Equivalent Ice Thickness for

Tension Tower of Transmission Line

WU Tianbao', MA Xiaomin', LIU Yicen', LIU Xiaojiang', ZHUANG Jie’
(1. State Grid Sichuan Electric Power Research Institute, Chengdu 610041, Sichuan, China;

2. School of Information and Communication Engineering, University of Electronic Science and

Technology of China, Chengdu 611731, Sichuan, China)

Abstract : The icing of transmission lines can cause the accident of line broken and tower collapse, which seriously affects the
safe operation of power grid. So accurate monitoring of icing conditions on transmission lines has important engineering significance
and application value. Based on static mechanical model of comprehensive load of transmission line, two simplified equivalent
ice thickness prediction methods are proposed. The first simplification method does not require horizontal span and height
difference parameters, and reduces the input parameters, and the second simplification method does not require angle sensors,
avoids the degradation of prediction performance caused by angle sensor errors, and reduces the hardware cost of the system.
The results show that in the case of large horizontal span, the prediction performance of the first simplified method is basically
the same as that of the existing method, and in the case of little changes in overhang angle before and after icing, the prediction
error of the second simplified method is within the engineering allowable range.

Key words:equivalent ice thickness; tension tower; simplified prediction method; static mechanical model; overhang angle
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Geological Hazard Risk Assessment of Soil and Water Loss for Transmission
Lines Based on Association Rules and Evidence Theory

BAI Jianfeng"?, GAO Feng'>, WU Zhen"?
( 1.Changsha Electric Power Technical College, Changsha 410131, Hunan, China; 2. State Grid
Hunan Technical Skills Training Center, Changsha 410131, Hunan, China)

Abstract; In order to promptly identify potential geological hazards of transmission lines, a method to assess the risk of soil
erosion disasters on overhead transmission lines is proposed. Combined with the environmental characteristics, meteorological
data and patrol related data of overhead transmission lines, the correlation between environmental characteristics and soil erosion
disasters is quantified by association rules. Based on evidence theory, the basic reliability of soil erosion disasters is calculated
using characteristic factors such as slope, aspect, position and altitude as evidence bodies. A probability calculation model for
soil erosion disaster risk of overhead lines is constructed using the joint probability distribution function of rain and temperature
disaster risk. Taking a 500 kV transmission line for example, the detailed calculation process of the evaluation model is
analyzed, the risk levels of soil erosion disasters for the transmission line are divided, and the differentiated geological disaster
risk prevention measures are proposed. This proposed method can effectively evaluate the risk of soil erosion disasters for
overhead transmission lines, and provide theoretical support for the intelligent operation and maintenance management of
the lines.

Key words: soil and water loss; overhead transmission line; geological hazards; risk assessment
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Real-time Control Strategy for Microgrid with Prediction Uncertainty

LI Longsheng', FENG Wentao', PAN Kejia', ZHENG Yanxi', DENG Bingyan', JING Zhiyuan®
(1. State Grid Sichuan Information and Communication Company, Chengdu 610041, Sichuan, China;
2. School of Mechanical and Electrical Engineering, University of Electronic Science and

Technology of China, Chengdu 611731, Sichuan, China)

Abstract: The high-ratio of renewable energy sources such as wind and PV integrated with power grid has emerged as an essential
initiative to mitigate global energy crisis. However, the intermittent and volatility of renewable energy sources present certain
challenges to the reliability of the system. A real-time scheduling model for operation optimization based on deep reinforcement
learning ( DRL) algorithm is introduced to enhance the utilization of renewable energy while guaranteeing system security.
Firstly, a load forecasting model is constructed to achieve load forecasting and Gaussian mixture model which is applied to fit
forecasting errors. Secondly, considering the constraints of each node of the system, taking system operating cost and safe
operation as optimization target, the appropriate optimization model is formulated. And then, the optimization issue is converted
into a Markov decision process and addressed by the twin delayed deep deterministic policy gradient (TD3) algorithm. Finally,
the optimal joint scheduling strategy is acquired by environment interactive mechanism and policy discretionary exploration of
DRL algorithm. The experimental results demonstrate that the proposed method has excellent adaptability and allows for online
real-time scheduling.

Key words :forecast uncertainty; deep reinforcement learning; real-time control

g T Ok B A B R R
0 51 " [RI2H TR 43 2 5 LA A T B4 R T R U
FAOTH AN EL B> SR, T A VR A v ) B M
et M HAERL BEE M H 258 AE FUREE M O A 2 DR AT SRR T R

HL R HE AR 28 R R v B REIRE Bk RE R RS Pk
EETE (69001 2 h J1 2 5 RHE 5 H (B7194723R001) Wfar e —~ R AR UL A SR s Bk 1 2470



R BT AR . SCER[ 4 1M T —A
A& KOLARSELE N 89 22 H AR G IR AR RS, R H]
HCIERL TSR Az B A ] PR REURIH A — %
Z ARG T B SRm . SCHR[ S5 8y 1 % T
W 2 (A B A H i AU DA RL, L2 ] P4 g
PRATH A5 A S Z 8] 1)~ . SCRR[ 6 192 1
—FPEE T RIS A BRI (B K s AT Ak
I7) 28 Al g B AL TR 5 o AR 2 1k L ) ], S
BR[ 7 ] 0 T 5 T BR8] — Stk i) 23 A AR AL 5
BORIAT M TR . SCER[ 8 ] S T —A>
REVRAE B G, F ] 224 it B 2 5 e RO J8E W i v
PRAREIR . SCHR[ 9 1 FF FTHEA= BR R AR 7 AN ey
Jyfagi e E S BEHLAL B, I A T A S A AL A
R 22 5% I8 B Bk b 1 Y5y PO AN S M X R Gt
ATRIRENE . SRTAT, 3 L5 B AR SR it 7 v ok 58 0042
3 D S TP AT A R X TR R A AN AN
HOH IR HINZGRI ]

BlE N TR RE 0 W RS | 5 T B B sl Y sl 1k 2
>J (reinforcement learning, RL) 1] A3 i [y s Zidia 4k
LTS B STk 123 T
— PP TFUREE 3R 6% 2] (deep reinforcement learning,
DRL) #7341 2 RE s A7 DL ALY | 3T Iy s B i
WGy > Jo m] S R IBCAS B0 2 S92 IS o) SR, S
BR[ 13 ] B XS Z2 Al 4= BE I I AR 45 5 S e, 1 94
Zepg A T XTI R OCAR AL SCER [ 14 ) B B RNR &
SRR AR, St T R T IR Q M4
(deep Q-network, DQN) Bk BT3B 7 3 ) 3R
W SR, F 3R 7 kA TR0 X % 2 45 ) ) A7 A — 2
14 Jmy PR A o

BEXT R 1) R, T T A — R T 6 e T
Iy 8 RAEE 38 T i o P SR W A6 B2 (twin: delayed deep
deterministic policy gradient, TD3) 5% A f L R 41
e, T2 AHE

1) i 3 — i ] if 2% R ARl e, I 28 T 1 o 22 4
R CRURIEHBIEASE AN YR o

2) i 51 A HL L BB (battery energy storage,
BES) JTAF-4 (B 00 17 94 AT 1A R Y LU 315

3) T Iy vk A i Dy s I R gcE B 4RI 5 ) nT
DI SERT R

1 [ s

TR P B HE SR EE R AN 1 TR, 2 A EE

T EM TR SR G | bk RE G L]
HLBAfT

L fiE g o 1

B e NIEREN
1.1 L=z
JIT 4 5ok gk 4 ) R b i L XUT A HRL s RO
R Rk = F AR OGS 07 PRI R Seia 174 4 i )
A S H 3z 5 A A
oAb H bR R EH

t=1

Coran =p. " L, (2)
K F R HIBE A C g, HIE ] ¢ 138 78 AR 5
p, HWEZ) ¢ BRLHY L, SN2 ¢ IR 0 BTG F
FEL Tt i T ) 5 R AL 71 A1 . B BR AL 3] 1) 3%
LW
n V., sV,oV., >V
T e

=
0 Vmin = Vi

(3)

N3 g Vmax

X Saer < Seemin 0T Soe s > Soc
Cpps, = 1 ! ’ ’ ! (4)
0 Socmin = Soer = Soeman
s €, 20 e i RIS AR s g — RS
B RYESEBRE DL AT BEE 5V, I 1 i AR
FEAE 5 V., o8 TR B e /MEL; V. A F S B e R
{EL; C s, IR 22 ¢ FL U4 B A A ST (B X O — A8
$05S,. 2 B AEBERY AR S, L TS,
4390 2 F LA B A e ) B/ DML B KL
1.2 BRBRRREE
JIT 5 7 VA A 0 S A G A 81 ) R A g —
ANELIR AT R PR, AL PR R R AR SR IR
B K E NGRS R
PR ORI 2%
BB TR AR EE s A S
AR FEAFRIZ ¢ 257 U I OB



HIS A DI 1 R & L A T g H i R A
AT R AN B EAN

itk . FEALFERTZ] ¢ H I AE BE T D
AR TETy 7 KR T ) R L RETT I T

S B BRI T 1T SR I T 3R AT A 2 il
R A | H A R A e R PR (B e e PR
TESHE=FZ M,

REFE L vREL . R DY FTPIRAS R BT —14>
IR HIHEAR REL
1.3 HX4R

KRG HAA LR = (5)—X (10) s, H
X (5)—3(6) R A A,

Pi.r = Pload,i,t - PWind,t - PPv,, - PBES,t — Ps,” ieN
(5)

Qi = Qi Vs 1 €N (6)

-1 < WWI"M <1 (7)

-1=sWw,, =<1 (8)

s Wy, <1 (9)

L. P, Q, 535 B2 ¢ 45 A5 i T AR A DY)
E 1/ RYIE ) NN S o1 b [N e ED = A
T KA IR AT )5 Py NI ¢ KL
AT R Py B GRS A TR
Py A2 ¢ BES $ il A D2, Py, Qg 5390 R
B2 ¢ RGFTHR WA DG T D)5, W, AT
Z0 ¢ WHLTET g el Wy SR 20 0 AR JE T
TIEA 5 W, 2 ¢ BES JGHH Iy He A

2 friRInik

2.1 TR
LRI F TR BE #2824 ((deep neural network ,
DNN) B AR A ek 2 o0
y' =h b, Th, -k (X)] 3 (10)
h()=wh, , +k;,d=1,2,---n (11)
X X AR 1R ABAEE b, (4) N n R4S
(% A 5y R n R B0 2 28 AR IS Y T A
w, N d JEREE IR b, 5 d )2 P2 D 22
2% pR I -
.
E=0Y (-0 (12)
7=
T, =7, —0VE (13)
sk S PRI A B sy, R 2 R S
{i;7, 7t %] DNN 28,0 N5 5, VE J F %

BREE
22 BHTRGEE

B FH % v BT VR A A AR R — T ST AR e 0 A A
A e B SR B O A IR B S
[T G

P(x) = 3 0.6(x[y..0.) (14)

X WEHEE 0, oy, WL BN 2 Ay
A AL L IE AT 22 5 7 DTG mdi oA b
oA R BB . IR G RO AR

1 1
G ,(.)= cexpl - —(x -, T.
(1) = el = 5 (5o
{Nx =) (15)
K, D RBHR YR,

2.3 TD3 &%

SRk 2 BN Q-learning 7F 3K A I 75 22 3k [T 4
A Q 3R BUCT R EZ G — Ik, ISR s 1F
WOABLIE B HR o SR T 4 v SR A B A B N0k i 2
)/, DRL RIME SRR, FreR IR TD3 SE3E 7R T
FEH E TR BR L (deep deterministic policy gradient,
DDPG) Bk iy A b, 35 1w IR W 45 g ik Q
H Al
2.3.1 FHML%

TD3 SE A R 28 A0 45 T 41155 0 fERY
PEUEREL, BD Q, (s, ,a,]0,) 71 Q,(s,,a,0,) , & m, A
¢ I 20 BRI A R S BT

— . ’
m,=r, +Tm%r; Qj(sz+1’at+l
7=1,

o) (16)
e, R e B2 IE m M REG QL ()
57 A BRI sRE s, HETZ] e+ 1 BRE e,
W20 e+ 1 B ;0055 j D BARTTFH eR B 24,
PEHT R 25 452K R B
L(6,) =E{[m, = Q(s,,a,[6)17} ,j=1,2
(17)
K EC) MBI R g, HB TR A
S
V,J(6,) = ELIm, = 0,(s,a,[0) 1"
VQ/Qj(s,,al 0,)},j=1,2 (18)
=0, -aV,J(6),j=12  (19)

o st
KV, J(0) RVEO IS T BRI ; o 9 IEA 4%
SRR 2] R BB

Jit+l

232 HEML
SR 2 o i S R R R 2 Y

¥) (20)

a = 7T19(St+1




A, () ISERRE O s fE kB S %,
BB AT AR IR N -
Vo (8) = E{V,Q(s,,a,|0) + Vylmy(s,) +el}
(21)
9, =9, -BVy,J(F) (22)
@ o BFRSE R ECh I B e | 1 RE AR
fift v UL T R BB AR B 4R 1 R B A R 78 e A
e TE H AR Sl R AT BRI BRI T BN R R
B HENVE BRI 27 > R
ERRSIL (R CRESSv Wil
9 +e (23)
¢ ~ clip[N(0,8),—e,e],e >0 (24)
A6 HTT % e IBEEWTAIE , X (24) Fow @
KR IEZS 53 A5 Th RS
H A5 s VE R AR B AR IE A s B AR DC S 8808 it
B R BT, B
0,,,=¢0, - (1-0)0! (25)
9,209, - (1 - )0 (26)
K. 0' Ky HAnahfER B S8 Wi R8G9
HARPEH sRECR B
AR IR AR AN 2 Fs

a' =1 45(s

3 HE

SR T R AH B R B TR 6
TR 25 R A0 3 Fros, WE Al DUE 5T
DNN FFHTI0ASE Y B8 0% B4 04T H BT I0I , h B 4
HuISAE T 5 DNN S5k 1 St v, PRI T 4tk [ml 9 5%
VAN A 1o o [ AR AR g X L S2 e, 5 R N 1
Bz o W PR T 48 AR 32 5 AL 455 O X 2 %) 1R 22
(mean absolute error, MAE) FISF-3 46 % & 43 B 1R 22
(mean absolute percentage error, MAPE) , H.{& i1}
B RSH [ 19], WFE 1 ATLIE I, Frdd DNN
FLBAE MAE 5 MAPE I A UE AR /N T HAB W R 7
2o, BRI UE T RT3 SRE M Se it . S R AR
RIS A0 R 1, v 20 R A T 0] 15
LR B R2ZEE . M T R TR SR
TGP 10 22 45 A DAy M P e A3 B o Dk g U1
AE ) LA S A i A5 A0 7 Ok b 2% R T A9 A B
FEE [R5 BRI o 5 s AT A4 —EARLE G T
ARIBUTE AT A 42 T SR

TR G B E A ] A AR 5 B R R
ISR | B TR R HL ) B0 fr B AR — 4

@Eﬂ%ﬂﬁ‘u‘%ﬁ/ﬂ’ﬂﬂ%ﬁﬁ% n%m%zsi@

!

—>| B UR-12.. N |
v
| A B IIR S |
v
—’| Z%=12....T |<—

| A M S 0 20 |

!

B RE R IAT 52T BUE 5 3RAT 2 B 2B 3200l
FEBRAE T 2R

HHm (s a5 IEN LGB

Zehnh R A E) IR

B RefR 2RI L% BOMZH Hod
SRV 28 S BB F 2% S8

mHi>N

2 HiEniE

S - -EwE
N

0.7 |

0.6 -

Z 05
2
g 0.4
03
02
0.1 L L L L
0 10 20 30 40
B %1/
3 fafafg R
F1 EWMNAEERITLE
Ik MAE MAPE/%
A GEE=R73 0.18 16.74
b A nFEEK-R7S 0.11 11.43
Jir4& DNN 559 0.08 9.42




AT BT R AT EA TG, BEHGH T R Ay
BURPEAT IR An3R 2 Fros SRR T LUR Y it
A RS O T 0 o A S 1, g 3 o A e Y
PR EA AR AR LA

®2 BENRAERAMBEXSH
A W& W ES

1 (0.155,0.845) (7.4x107*,0.001 3) (8.84x1077,9.81x107%)

3 (0.65,0.11, (0.01,-0.01, (1.5x107*,8x1073,
0.24) 8x107*) 1x107%)
5 (0.68,0.15, (-0.003 1,-1.38x (3.1x107° ,5.4x
0.17) 107*,-0.01) 1078,3.9x107%)
(0.29,0.32, (0.001 7,0.028, (2.7x107,5.05%
0.39) 0.007 3) 107*,1.8x107*)
-6
9 (0.62,0.38)  (0.001 5,0.001 3) (8'7”95’
3.4x107%)
" (0.84,0.14, (-0.001 2,3.1x (2.7%x107°,5.05x
0.02) 1074,0.022 4) 1074,1.8x107%)

#3451 T DDPG LA K fir & TD3 #5877 i 1
SRR SR T B 67 a7 500 46 B DRL J5 A 11
AR, BT 4 MR T BBk (particle swarm
optimization, PSO) Fl DDPG 1k Ky % [b 45 %: ., DDPG
YEM I E MRS, e SR i B h 25 5 7= A Q i

el )
*3 DDPC 5FRAESHIEE
S8 DDPG JrH 7715 (TD3)
IO R 12 000 12 000
LRayTIn e+ 0.95 0.98
A B 64 64
UERI€ 10 000 10 000
B A T 0.001 0.001
ER 2K > A8 0.000 1 0.000 3
PN P22 2] 28 0.000 1 0.000 3

DDPG 5 4 7 vkl it A 2 b 1) PR A0 45 B
B4 fiR, IR AT LUE H 258 7E 260k /i i
500 K H MR E 2 T, 2R R R SR
VE(EHE RN, 76 A IR R 45 R 5 s 3))
ER—E 2T H R R B B sh R ; B & VIR
ARSEIEAT , 22 il {8 7% 7 3 K, 3000 WK LA G T 4R 7 15
B IR BRI ZRES A, AT LUE B Iy vk
ISR T DDPG,

Sk B UE T B v ) A AP, i 4R 56 TIE B
SR MR P A I3k 4 iR, Nk ]
DA 3T TD3 B33k i 4 il 3 w0 b £ Al 7
Pk B P S ms, o5 PSO XF e & PR T T
19.34% ,fH#F DDPG ST T 11.96% , X UE

WA T T $ 7 1 B A 8k LA R Se g

WhhE/10*

0 10 20 30 40 50 60 70 80 920
ERIRE/ 100K
4 YR

x4 MLEHERYILE

Tk P A/ (BTG - d7)
PSO 7 331.95
DDPG 6 717.68
TD3 5913.74

VRGN AE i 5 H SEAT VRGN0 B A L % H
TR AN 5 Biw, WNEFTLLE .
M5:00 HL G FF AN, ELZEE 900 5 B K fH I
EAHEFE SR 16,00 £ 47, SR IG TF IR R RFAIK;
HL A I R 3 800 — BL4ERFAE S AR 1 45,9 00—
18:00 Mg AR A LA ER A2, 1900 HL A48 i 51 5 K
(HHERFR] 21:00, % HOYGHRFIRXEL H F11E B an 6
JiR o IEIHTRT LA i BRI 900 FF 4 1 i K FH
BEFE AL R B Wi Fh e 1200 35 2 & K (H, B
R BHAE 1 H 98, AR T 32 IR B = 1800
% 0 MW ; XUHLZE 1000 Rl #0228 12 T T+,
10:00—19.00 —FH4EFRFfR K 7, HZ 19.00 LU
Hih SR 2R

fBRETOIEAEIZ H B g5 R E 7 iR, A
HRl UF L E 7:00 Z T, T LA FRBCAE R, iR

25

Bh|
s

5

20

50

S

z lo =
S 15 1R
ﬁ 30 o
2w

=

20 m

10} S

0 4 8 20 24

B/
Bs5 MiXEFERAFERUEEN



FeRE S /MW
KEH /MW

0 L f L L L P P
0:00 4:00 8:00 12:00 16:00 20:00 24:00

i 22

6 MHiXEFRHRKAMREBEE AER

hE /MW

I L L L L L
0:00 4:00 8:00 12:00 16:00 20:00 24:00

]
7 MiREEAEETHEENER

TUIFEAS W A 32 9 ) L S B FE B 5 8 : 00—12: 00 FH T
ML AR SR Ik 2 | it BB T A 2 98 B T3 B ik
B> WA 3 [ ) L SR AR A1 8 AR 513 00—17:.00 HEL 72
Tp R AR, R A LR 7 e AR TG — 3504, 1T T P-4 i
PRI IR BT e R AE, 38 0T F A R VR 9 T 40
HLAI AT AT 1900 DL HL A 35k A 4% O, fiff Be oG 1
VEPE TR 7F 1800 JFAA R A C A HLRE , DT FRAIG
ol FEL O DA = O ) i, A

SR FH T T SR s 12 H A R A &) 8 IR,
B A 25 5 o | BT 4 92 T SR W A8 DRIE — K3z 5 i
A I TR) B R AIE T 28 45 H R A 42 4 B ¥ 1]
P, RIS R R G B 1 1) R s SRR R G 2 41k
BNIE T TR D7 IR A A

4 #t B
AR 1T R I AT 4 LU 091 S B o I 28 B B

AR A R S IR IR W Bl R A A T R 22
TR TR R 2 R R e B R A Y

1.05 ~

1.00 +

BE/ (pu)

0.95 -

8 Wik HATIRA ERERE

BT SEHT R BRI T RGBT A, L5
DFECFEHA . 1) B8 07 vk i P RE A 48 PSO 2T T
19.34% ,#% DDPG $&F+ T 11.96% , ¥l AR 4T
2)) JIr 4 s il S5 WA 1 7 S R0H I 25 LA R AT DAAR 4
S AR A L B P B DB 5 3) T B Ty e T AN Ay
SEMES AT AR TR A 25 & B TH T 0 Ak s thl A 780
JOE Xt S AN A 72 A g

S ik

[1] HEDAYATI-MEHDIABADI M, BALASUBRAMANIAN
P, HEDMAN K W, et al. Market implications of wind
reserve margin [ J |. IEEE Transactions on Power Systems,
2018, 33(5): 5161-5170.

[2] ATZEM I, ORDONEZ L. G, SCUTARI G, et al. Demand-
side management via distributed energy generation and
storage optimization [ J ]. TEEE Transactions on Smart
Grid, 2013, 4(2) . 866—-876.

[3] YAN N, ZHANG B, LI W, et al. Hybrid energy storage
capacity allocation method for active distribution network
considering demand side response[ J]. IEEE Transactions
on Applied Superconductivity, 2019, 29(2) . 1-4.

(4] FEFEU, RICEE, BOH 5. T G Bl iy KOG Se bk
PRPEELRN R G as A7 AR [ J/OL]. U TR 24
1-11[2023-06-09].http: // kns. cnki. net/kems/ detail/
10.1289.TM.20230510.1232.020. html.

(5] Zedeih, VEIESE, mF3Mam, 45, & o ) o5 |
HOBC L ROSUR DAL R BE (0], R J7 s AR, 2022,
16(9) : 107-118.

[6] SHUAI H, FANG J K, AT X M, et al. Optimal real-
time operation strategy for microgrid;: An ADP-based
stochastic nonlinear optimization approach [ J]. IEEE
Transactions on Sustainable Energy, 2019, 10(2) .
931-942.

(F#% 58 W)



KA P 19 IR Z R R G 25 LB i
Bl s SR L 1 o0 M n ik

HEERE', = AR F, ERS,IWRKR,KET
(1. FEMPU)E S ARG EEGAR, I AR 61004152, PUJIRMEAS @ (5 F ARG BRA A,
POl BER 61004153, KiFR2#HAH b 5158 TR, K 300072)

H EA>ADSERGERMNTRAL G ) RAAMLE L), RIREHER NN, REE M Z AL LIBITHELH
e, A RBRAETRAT AR SZEAREALEEMAEFH R ER, LT AFMTRG > ESBAEZAERMAL
THFAFREELELRE T RE, M T THTRBRALZH AR RAARRERF DI LD ERARBET K, B
BT —FHAATIRAY TR SBRE NS INFEASI T ik, XL ERR L p A E 1 1E,BiLH b
DHTIEIE T FTAR 7 ik 6 A ROk,

KEBIR SR I RS AT R BB W7 b T s

FESES . TM 393 XEARERRE A XE4HS:1003-6954(2024) 01-0028-07
DOI:10.16527/j.issn.1003-6954.20240105

Interactive Response Data Demand and Potential Analysis Method
for Multilevel Aggregation of Large-scale Adjustable Resources

XIAO Yuhao', LI Ke', SU Jun®, HUO Yaoran', SUN Yuce’, ZHANG Xiyuan’
(1. State Grid Sichuan Information & Communication Company ,Chengdu 610041, Sichuan,China;
2. Sichuan CRD Power Communication Technology Co., Ltd., Chengdu 610041, Sichuan, China;
3. School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract : Fully mobilizing multiple types of demand-side resources to participate in the supply and demand interaction of
power system is an important measure to promote the consumption of new energy and ensure the safe and stable operation of
power grid. Aiming at the demand of multi-level aggregation of regional large-scale adjustable resources to participate in
interactive response of power grid, a hierarchical control system architecture of load-side resources and an interactive fusion
mode of adjustable load information are presented. The performance requirements of interactive communication system and data
requirements of dynamic interactive decision making involving adjustable resources are analyzed, and an interactive potential
analysis method for multi-level aggregation response of large-scale adjustable resources are proposed to support interactive
response and optimal control of multi-class resources. Finally, a numerical example is given to verify the effectiveness of the
proposed method.

Key words:new power system; adjustable resources; interactive response; potential analysis

WL RS g i AT, e 2 S B R 1l

0 51 5

e HE A9 T A RE R F I A RE TR T b 22
Z B HTREIROC B AUR ML, 70 A1 U RE TR % E
A AN AT R G WU AR
F A6 5, 20 H 0T 0 ok Rk, o Bl

PR IRS 5 W AL B gl sl I e A 45
i 77 SAR T P BE T . SR H ATAFAE—LE ] 2
PR 1) (e LA 2 0 B B S R rh i i
FH P B REIRUA LR BT RE DRR 5 R L BC B LA
FLMB NS T, i AT SR AE L R
ZMS 5 BRI RERE B, 2) eIt =



JZ T A7 5 A e fi ) R0 47 B A T HL G5 — R
& B ETE AR Z B R G R R X LA =2 s 2 g
ARG LR ARG I A 55 BE
L2 R B FURE 22 Rk BRI BT RE UL R #E  BE S
BN, 3) TR SR R T B R ) R A
S MR ELSAILE] | P[] 45 B AR 55 22 07 TR A
ELLSZ B R 356 B¢ R 1 22 )2 SR B S e 1o, FR A
T 2GR 1) AN E VR RN S 2 2 A i A T B
i R

HTRLEL ) ARG T R B P O 35 B e
WRHMZER G AS 5 M 55, 2 R
REMBRE AWM K, X T oA R G5
AT - SCRIR[ 1] o0l 2 8] 0 iy sl S SR AR SR A fe £
B ATARAS AR i 04 2R 5 R A9 MR 5 SCRRL 2 AR
i FUARE S 52 PR B 25 fe/ N LAk H Al g 25 3 11
i SREAEIY JEPR Y T — b o A IR RE AR DT kR A
AR Ty, BRI SLOR ) SCRR [ 3 ] F
TR IR S ALY e s AT A Y, By SR
T D 932 5 R S T SR SRR B rp 3
BRL 4 ] U5 X5 4147 i BERE B 00 0T SBT3, B 4 T
— B IR A T A R RS SCRRL S ] 72 KA
B EER AR M 5 b 3 TR R ME
S HUBAS Y A LRI ARBE L SCRR[ 6 ] BT 11
SRR AR T BB R R T — R R 8
Ik JFR s T A ) S A

AT PR B R S B S IS L S ARG v
PE A OCHE , HEBORBESE 32 2 H T 45 M R Ak 2 A
AT R, A2 & X P S 25k et o s
T, AR ST 22 e T S SR 28 5 0 JEUN TR 74k
AR R TIU A5, A SCHR [ 7 ] I T H A AR Bt I
T [ A1 247 L 1) R v | AT L R 45 3 A DR oA
FE ST G AR A3 BT, W] L 65 DX A gy 45 R R 43
Prigfit=%  SCRk [ 8 ] ik w45 TRl a3 R I I
N AR AR OR St TR AR A AR
FRRERL SCHR[ 9 ] Sz 1 — Pl et X e v T3 P Y
T B RE ST PGS R, X R o T P By R 9
PEAT VAL o SR A AT A 600 4 A AR A
SR T DA K08 4 P SR A, R P A oA R 475K
fife, 2207 AT R PR A AR R AR O sk, T
A DT BRI A S PSR, nfar S It
AL I 57 T R E 0 B E At A B 2wl 9 5 ) Ja
R 2R G T e AR R TR A

] RPN 255 T LR B Rl (g BRI, 7E
VRSl AR SR GE P P22 ) R 1 5T RE TR B R L
HLIRAEAT IRl AT, e fe dE B R IRIH 4 S5 T
AGMH MG efgEslr, £T Ll T
T4 R R ) R GU I, B X BE SRR A ) 45
TSR HUZ 2R T AT A M A8 75 AR
SER SRR, AT KM AT R EZ R KRGS S
BB R RO SR AT o R R i ] 9 Y B
Z 5 H B R TG Tk, SR I AR T
LA /N R AR AR X 65 DX B P A
REAT N5 A GURIE L B AR S EA T 45845 i A8t
ST, DT BE G-t S B SR B DR A DA A o

1 RHUBERTE T GRS 5 1 N T 5l i
o 2R

1.1 GERENS BESRAERE SN

oA BT IRA R AR 2 RN A R & i
ARDGAR K FL e 45 T S L A R 0090 2 R 5 R A A
LS PR A 55, BRI A R )81 B e
(i € S s G TN ECINTTEER L ) Sug s
IO RAR TR RV E I R BESR A SR R D ff
PR R G EE AR TN R 1 7, Ry S I R T O
S5 RGBT, 7Y R IR R G
T3 R IRELX A PREREETFAN LR E
PR e o sl o A OB AR i RE L TR
B P e s ) R SR I P s 9 A A e B I
U, HE IR i 5 — X — iy — i 5 I B 105 %) ] 80 1 6 Ay
BRI, PR JE ST 5 00 TR SR P B R A i 24k
R 22 N R e A R 2R 2 i K T 1) 221
55 Yyt W 2 O ] B BRSO AR 55 BoA | SE B 43 A1
AR R PR G AR BB 2 M A U RE IR A A 28R

1 HFEPL2000 R 5% ,

[BZPL2000RE | [ AZPLAX
P (]| |
‘ P

[HriiZzpL2
[
(] [

R lﬁ%}% A

| me FLAAT  TALfET

ftt/ ek

W

| 4
fikfiEdeE ’/Hu;i‘ﬁkuj | #oks etk BWiEE B !

B1 BSERAMNSERLEREEREEERNA



B, PIREEF G A SR R IR R RS
PR 1R W 6 3 G R IR
AT B AL A, S BLRE IR L R A A i e RAE
12 WMRATAEERZEMEAN

TER AR R TG R SR A RS b, i 4
T 7 I 5 | 5 £ i T R RIS
gy, SR JH R R AR HMS 5 AR PR, 7R
LR Rl A R B A B A T U R R
Y ERTLE R SR A3 A B IR SR R
AE I ZHOME LI AR R ] R, g A 54 1 5 B
P C A ELIBRBR RS, LLSE DGR A RERYIZ 1T 20
AR AR A TR S S R LA S A U T R A
WS B R AR, SRR/l B TR 2 G0 S i al
PRI OB ) R L e g s Tl R
HROE A AR R R AR AL B TR 2 S5 T )1 e
AR A B A R A I R AR

TN o —
F=  CAY (B3
WETFAD5000  MECEETE Py
1l 1l 1l
Rl J‘ XS A R 4 L0
}J - B
Tt FoHbE ST e
,,,,, | || l
aiX % N . mar
) i HE m EEBFJ.%: i

7

B2 mIENTATAEEEXEMGEERN

fE B = S s R RE Wl Y A L 8 &R
22 AT LA P B K e 1oz i 55446 R 7 2 5 v I ) 67 20
B AT SRS B, DRI [R5 ) AR G 00 ST
HL 0 Kol A 2 A K (A 2k g5 A% LA i
GOT IR LI R A R R B i) | o = Ak B
SRS 2 C NI PN &/ X VR TRIIE P16/
FFo PIAEHTTBE X RE T2 A B I S B A, %
WA 1 i 00 R £ 280 F) KAl | v e OB R AT K als T
AbBE RS LS BE AR AL ) | R IR
SRULBAG M TR BEAT G A0t LB X HIA
(I REAS M3 e A% i 25 3R 5 DA B =Y
ZALHF- G AV O T =R R R PR AR
W7 S UL AT 55 14807 58, PRAIE I 2 SRR
Bt W28 S ) UL A4 3R 4 R AR S IEL (R B0 7%
AU, H AR PR SRR R BT IR ] P A5 B[]
5 H., I HREAS S B SR WA BT 2 (6] ) 58

2 H 0 R A S R R

2.1 WATHERSE5EHNERREER
5 RGUIRSS i (quality of service, QoS) &1
UERTRGEIR BEAS SC i | T SE b 2 5 1 ) RS IR
5 CHE, QoS HHAYIEAF A v | I AE | AT SEME AR AR
HR 25 M) TS BT 5 H X BE AR 58 LA I TRER A
AR E BN PR A S 55 X R G QoS 1 HE

bR R e 1 pros,
*F 1 HENEEESIERR
Y/ 55 G HHAE AT M/ %
. 1 100/km 2 I A b/ ¢
T 4.8 Mb/s <S0ms 59 99

% 100/km 2 A~Zus A0 L3R

s .
T o082 Mbs 05 00
Baw "
. 2 100/km 2 MGG .16 Mb/s <50 ms  99.999
WAE i 150/km 2 AL SIS <11 99,999
SR SYBh g L ARASE 2,74 b/s R
AR 2 150/km 2 &I A
Y 2.74 Mb/s <3s 99
CipaNitl F238 5 L 1000 A5
Y355 1.33 Mb/s <10s 9999

2.2 FETHHEHSERROEIEE K

FHL 7 A ol 388 sk SR FH T A 0 000 R 2R3 A A R
W, T LS B ) o i BB, DA IR 4Rl P oK
KRR TR B 7 5 R T B A A DA R
Ko B3I T 30 G55 2l 245 3R W N 48 4 ik
AT RT F DR M A Al B IR 55 S50l 55 S 5
A LLBh AR 55 Hbr ik B bR, Z 05 #4136
S5 R B s A T A, DA KA B AR AL 25

AEFrse ENENZSETS - o
TN -
R AN s
WA s
¢ : ]
i gy LA
e i e T

B3 Bt EHEREEME S TRE
P PR HE FRL T R ) P R A A R A 2 A B
AR BN RE B th IR R AR I AR AR 5 2R 1
EA RGBT R R S AT, BdEmE Bk
AU L ) R G I R RS A A R B L A
(RIS TR AT i [ s 18] A9 &bl , S BCE AT Y 4



RURISCIREE | AT HE— 25 3RO R (5 B IR
Hic FEL £ B Rl 7 2 B B Rl S PR 5 A X 4
RBARRAE , A RESC BULEAR AOCR

3 A EIRESRESS S AR
W1 T i

3.1 WATHARMERERSRBET RILT

B faf (MG 5 2 5 15 ) g i B Bl () g, AR T
LS &R Em 2 w0 OG5
B2 5 RGN R N R AT A2
%, MTAR Y REEE S AR/, FAAEREE
J MELL LI FH T b DX H P 3 5 17 55 ) R, 75
X RHUAL R vl P G T 2R A, #1110 kV
35 kV RLJ 10 kV 3 A2 GatE AT 5 A ] 5 3 B IR 1)
DR YEEZHBELSIE 4 i, T ESEH Y
DX I H D 14 45 H T P B R o0 i R O s A
ANTA], AL R X 18 B A I T 2 AR A e e,
J3H 3 3 A 7 PR T T R ) B2 Sy oK,
FHERE B far FH EL TR, 005 e e I Aol 45 1 S BR
HL IO, T L PR ) 22 5 G5 R0 A i 25 e o, P ek D % 552
B HRL Y 9 A5 oK

/ /
110kV E

/ ] E / /
35KV : /

:

B4 EBESHHTESREL

3.2 WA RBEEINEE NS
3.2.1 AT RAT R AR F RKea AT Ay AT

1) AR A7 7 0 YR ) 1 R AR

AT IR 7 g B R ) B R AR R, AT A LR B
M%&) 51 A IR Rk E5h S5, N7 7 far
A B I S 5 X Xk g — R g Xk A 7
SEALERT; 2 ) X g IR AR A R R R A T
R AL T ERTE AR T & S 45 AT
WA GEIR A IE AT, B — s AT S 0T g —
FRRRIESHR R , R0 H 25 Bl K 7T B a8 3¢

R AR S

T HRRE R T A D e T S 1T S 4 T
JE AT P AR, SR 5 S B AR 22
(LI A AR AR 30 A T 5, T e 17 1 5
{H, B BT EIFRERON r, A TR
TERPREN 1, o MIBHRBOE R TESIRER r A5

L rhigh,ApBO "
Fews Ap <0
X T il A G TR, AR R R
AT/AT,
T Apa” (2)
AT=T -T,_

s, DB i JEE A X 2 A RN A A X
PR RE B FOAE s AT S it il B2 AR AL o s AT, il
AR Ap AN AL R o O 1 RN Bh
AOPRIEZE ; T, S Sfar £ ¢ I 200 O3t 2

A n/\ Tm;n

Aplo®
5 RERTEHEEIEE

2) e 2R e 0, B v 1 PE AL

S5 A AN R h T 8 g 3 B s g AR TEAK
ANTRL O AT RS B e 1 v 7, AT A B U
Z: 5 5 R o ek B R, aniEl 6 i, B 6(a)
Sapil a7 ERE N ORI R AR -9 aE N T vd
M2k s AEUL LR XA R i FH Ll 26 5 JE ik
Jih e A 22, B AT 45 21 4% bl T ] 9
PR R 3 77, e 6(b) Fis
3.2.2 TIAT QAT T RBEEKE RKed A A AT

ARIVTAL BAS P g AR J5 | A T 242
GEUR A PR N RE SRS T A T R R
N DR B IE A BLR B . Py o i R R
S, R BT e S BT e, Sy e N B R 5 e,
BRI, A LG e U S R e N TR
JIRFERRHEAT A B, 255 75 T W) [ 2 DR 7
R M N I AR AR A



I i g

L
WilE 51
WiE 52
WiE 53

Bl S3
PR iocnd
W52

BfE 1

/i
}4— eI B —-| ]

(b) KM 7y

| 1 %

|-— R —-| i

(2) RS E T
Fufif it 25

Bo RRAARREMEBESTHRIMEE N

|
|
I W—
|
|
|
|
|
|
|
|

7 BRMEFFEREERESRE
i HRT SROE 7 9 0 A4 e SR ik ) A TR 37 5t
Yyt i WIS 7 Be s ik ik

P, =S t+a, te [t,t,]
P, =b,, i e [t,,15] (3)
Pi:Sf,it+ci’ t e [t5,1,]

L P i(i=1,2,3, n) RIS,
NGt TR AR A B TR S, S A i
TR a, b, ¢, WITBHUASEL,

TE AT GE IR 2 1] B T X IR > 4 B X AT
P IR AT R A A L, HEAT AT R B R R A
o SR M 10 U BT 2 AT R A SRy 3 A B S A

AL IR IR A A R A W IR AR 2 B
F2 WEHRRRABE RN F R

EER G nsei) g L A

) 7 25/ kW >3000 =1000~ <3000 <1000
Mg 7 B K /b >3 =0.5~<3 <0.5
ALPE T B AL R % >70 =30~ <70 <30

T RMUBE R I8 FHIR S 5 Sl 1 284,
T RIS G UL S R T T, RS AR A A
TRARANE 8 fron , Rk Bl RS R
RO G,

4 Bt

PAKE DX R 0 g {91, B e SRR 1 T 3 20t
S IRET S W IR T W NN R~ R S LN
B 2 22 b 1 BT
4.1 HEXEEESBERMENA

DA DX 3 PR e I F) R B S B R LU
B, FETH R THEAR S5 SR TR, ik IX
S P R TS A7 A B R BT S R ) R G
YRR I EAT 5l e 1 8 1 SR 0 BT R A R A
it

1) B AR 2

A A B LR A T R B RE T B RERE 5
L JAZL AR P JZ (28 )2 IR 55 2 F 28 4%
L b SRR S 5 1 7, S BRI P 2 55 v
A I 9 25 TR Bl Fr) SR S A I 3l e SR A TR
AR B ARG R R R

Fmsnme e e e |
! I T 11 sp1 I T T ik | 256 7 AR | I
1 = | = | spl | | 220 kV/110 KV £5 & Gt fa gAY |
WL EREEA H /1 %B U AL UA2 [sespl UB1 Jess) sase [ -
:: | 7 [:I % | : ﬁ-’:l ” | :l | : J: Tﬁhﬁﬁtiﬂﬁ l
! 0 [ ! | (IR QS5 S &
! i, st il i, e
I K i I Rh e |
1 RS | Wrata |[ Laza | || LB1a | | | TT‘” tT‘” [
: T 1 1| LAIb LA2b |-=+)| LB2b [eoe === | I | ZIPHLR! | ] IMAEAY | :
o = | | |
| H o i R b - : L M T Mo 1 S
| e L —T=a_L__a
| I | | : LMsin : LMsin : i 11
D e et ! e e~ bl H1KA | mrEs [
s N I | |
K EEIREIEEN R I g ITAla (fITAZ | ) TTBIa | G '-—--—NZ-?-———;;'—-—-—J-V;—'--‘:
i R § i man (frmaze e e e w1 o SADL S D el o
b it e o it | |
| B PR R | L_-l-___-i__-l_—t_-_l__ﬁl i MAla || tmaza | | tvBra | 11
! UVE/ A A &5 I ISP§| LMALD [ LMA2b || LMBIb |1 | |
—————————————————————— 3 i S5 S (10 min—K) } : i nre. : n : 1
- e i 2|
l- &XA B PO RNANS. . . Tl i

e o e e o o S T o e ol B e S e e S i = S F0 8 e e B s e T |
|

Frid: U~/ (User,) , L~fiff (Load) , IT-Z %4, (Intelligent terminal)

s BRI IR Sp2,: HusrHHA LS HILRL

Sp3,:

, LM, i %Y (Load model) |

“ULRARH B I

E 8 TWEARIEEZN N AEMELERRIE



2) JH = A O s v 2 e AL G

FHP T2 28 3 2 5 A PE 5 T 22y S [ RT3 35 5 9
BERFICES B (Y 3R 281 B0, BC 5 AN AR PF APP 52
B, BOEISR AT oy o T A R R A YRR i
Tt 2 i S A AN A R BE R RE R, S B IBC HL R T
v I R RE TR | SRR T A S LS B AR T
AE, TG TAKT IR 2 45530 /NVE a2 AR 4 Al
— L A AR

A o T 2% S SRR 58 6 A 7 47t AR At S
REWT A TG AM 2 L 2 B BESRAT T G A5 i
SEHIF SIS AT W | PR BE A FAE D RE 3l T
HFIE E X

B T 2% S TR 5 4 A A o YAl L, B0 e
R A R IR AU I P e, S B SR A Y
FERVAEBR A URE IR (THC HL 3 P AL s 42 55 T
AE & T CRE IR FE R AR st X A EE 24
A A

3) WL P A

B RERL G 2 RE S I R Y e P RS AR B R
pSEEN e I e UL A e VEE Dk 7he e b 1 [
SCH., KMEREAR T BHAE 524 T s 4 it i) 4274 7
SEFPE | RTEEYE R Ak RS S B R T SR P R4 A
PETT T RHUSE T SRS 5 v W EL Sl B P
4.2 HEFHEEET R REFH WA EH

AR X Il i, 190 5% 3 M 7 A, o ¢ TR 0 A
ML IV 4 26 S ARESh M R PFAS R R
AR ED LS HANER 3 s . SR B Rk O 4%
PRSI A5 B AR R 07 A e AL A [ X 8] T 9
AR . AN RIS TR] S 5T B T B PR I
S Ao DR R 0 A A — R X [R] Y Fi N A2

P T A RS )39 5 AT 080 3 B 5 5 3 )
R X ] S8 AN ], A [5] A ] 5 5 ] 335 5 3R
AR TR R /M A A AR IR, T 5 DA A 1 e £
A7 D1 3R UL e K e /IMEL IR R R /), 3 i
AESEBRTE DL AT SR AR A e N L 45T
TR SRR DT R PP AR RS B R 4

AN 9 FiroR, SERE T AIAERE T A9 2 ok X a] 9
B, AERE T ANAERE IV Y B 1Ak X 8] 3 R AR X 55
NG MNSZBRIRE ME 5 B SR B, TR 0 R A A T
T B A DX ) 9 LR /N i S S S )
S8 B | 52 AN 2 P DR 2R A e )N | A )
S 55 20 WP AL 55

180, 0.05 0.05

2550 0.6

Z1601 006
: o -
Jal40) 007 3z 007
o 3450
'§120' 0.08 :§4OO 0.08
3 e
Eio0 00 & 0.09
=% 0 s

010 20 30 40 50 60 70 80 90 100 1 3% 10 20 30 40 50 60 70 80 %0 100 O1

(TR FRFJE) 5

(@) A1 (b) SEREIT

0.06

0.07

0.08

0.09
01 200

0 10 20 30 40 50 60 70 80 90 100

o
=4
2
&

>
a

g

g

S

P e TR ARATAW

o
8

650510 20 30 40 50 60 70 80 90 100
[ R i R4 57

(c) ZERHIL (d) FRIV
B9 FEETRTEEREAETRITMEIER
EREBEWIELER

7] B 0F AR A Al 2 285 0 7 48 AR 2R AT B LI Ab
L UERE T RIS 21 10 FTR 945 ShAS TG H bR
PFHZWREBR BEHALE R . e — W] 4
T HERENR N ) B B SR bR o — MR R A
M LAZME AR e 5 ST B A vl 91 B DA A A
PRI S P 7 o AR S A A DAl T Y
GEURAETENR R AR, B 11 45 T AERE T RAERE I 3h
AW P FI PP FE AR B IR A BRI SOV T P £
APPSR AT O X AR NS . AR R AR
SRR T Z 55 M0 s s 07 I [ 5 e, L2 G Rl e
AT D AR S AR AN P ECR M 1 6 XK
BN, LR WS R B2 . ZERE 1L 2 5 W N
JL I A1 (R HA Bl A8 PR AR, PRt e — 28
X SR [E] SR AR AL 55 5 T, BA BORAY Al
L RE P

V. biins 2r g TR NCIN 775 - NEIN REN ST St
AR SV 7, 45 iR P ) 3R 6 i IO R 5 %, 3B
R GEIAETR I PRI B S TR LA RE TR 44

x3 AATHEREREEDTWAITEEREESRNHERESH

PRE ROREIRAY 2R min Tiﬁﬁff/ ﬂgﬁﬁ §§ﬁgﬁm fxﬁiff/
LR [ 100, 150] (1, 3] [40, 90] [10, 15] [8, 13] [60, 90]
LRI [400, 500] [2,5] [80, 170] [14, 32] [12,28] [80, 170]
RREI [700, 800] (4, 7] (80, 120] [25, 60] [28, 52] [80, 120]
LRV [300, 600] [5,9] [30, 60] [20, 70] [30, 65] [40, 60]




8055730 30 % 50 60 70 8 %01
IR R] 43 £

(@) D FSRbRT AR

00 10 20 30 40 S0 60 70 80 90 100
) 45

(b) S T S

E, ~00s 218 005
ol L | joos E16: 006
= 007 314, 007
jﬁso | Bloos guwmwmw 008
éw | o0 =10/ 0.09
g”\—mmsowsommmoomo °-‘Egomzosowsoso7omoom o
LIRS LIRS
_ (@ TymRBERRb O ~ () R T bR
k. _oos B ioe
P | 0.06 =
%14 o007 =% 006
12 1 =80 007
%m R 50 008
e 009 3 )
=s N £ 009
ﬁéowzosomsoﬁgm&wom 2% 020 3 40 5 6 70 8 %0 100 al
i

& LIRS
(o) FEASMANER S 0 7 SUHH (O W SDEARRR (TSR

B 10 &EEWSTER | SHEmMETGIER
EREBHIELER

(b) SR

B 11 BEE T R T &R ESmAE DT EiRE 2
4 A ULV 55 5% R AN TR Bl 28500 1645 B 75 2R 7 FL L
P, A 4 FoRs o b iR 55 37 50 n] 3R IR
TR B L N TR] AT [0 3k 0 SR B, (R 2 5 7
WA T T DRI AR ) W) I A R SR A R T A
AT RN 55 5t T, al I BT IR AR A 0
AN RSN (] ELYA Y AR R B,
TR RE R A F AR L IR I P Sl R S ] e 23
2%, N ICHTRE VR 9 17 5t 1 5 B A R 9 30 4 %
RS 50N, B IR 1) JURE AR RE LT 44 ] ] 4L
R — SR (R RN 21 2% 5 DRI BE R 240 55 5
e E R R ) RUBE AR RE R S P )T T M
Y SRl i T SR HH

®4 #EANSHRTENSERT ROEELE

At T,/ v/ r/ T/ vy/

N3 i _ . . _
kW min (kW +min™') min min (kW + min™")
W 150 10 40 20 17 50
WS 100 2 100 2 1 80
Bagk
. 120 3 90 10 8 100
HRER

80 5 80 4 3 70
TH

5 4 8

TR ) R GET MU R B 2 i B 2
RE LS G EF, XIS R 55 5 I8
Sy 1 5 AN AT BOR R G ERE . B TEHT E AR
S5 L s e PH AT S 22 50 XA [ A 97 Ay
BRI R RE S BAT S, 2R 0 2 5 % 4 0 A ) 5%
DR 2 22 G SRR LA K mT R 4 A A B S B RS
3, BERE AR AT 9815 WS JRORS 4R AL 15 BRI ME . 45
A RIRS S i R RS RE R R S A
SRR AR T oK, BT B A MR n] R Y B R 2
ERCIRA WA L ) EL Bl TS T3 PP oA O i AT R A% 2
GEIRAEREAL i X 1 ey o7 A5 1, 3 PE B 7R R ) AR
AR BT IR A B S48 22 2% IR . Bl [
AT

S ik

[1] QIN, CHENG L, XU H L, et al. Smart meter data-driven
evaluation of operational demand response potential of
residential air conditioning loads [ J]. Applied Energy,
2020, 279, 115708.

(2] EAEE M, E5 0T, 55 75 R R A 6 i g it 1
FOR MBI S HE i T [ 1] 1 R 88 A 8k, 2022,
46(3) :33-41.

[3] REA. HRBE G nl 81 5. 0 TG 55 A2 e il s
F5E[ D] H A AR AL R R, 2019.

[4] PARK Jeong Eun, PARK So Mang, CHOI Won Seok, et al.
Electrical characteristics analysis of bonded cells for
shingled modules [ J]. Journal of Nanoscience and
Nanotechnology, 2020, 20( 11) :6653—-6658.

[5] REFR. T H I RBE LRIz I BRI H P
Fr R Mg [ 3] BURRAL, 2020(5) :56.

(6] BXEH, 8RS, ok, 25 8 A T S 3R 2 T a4
SR P FRAT A (1] i TR M4 2 2020,
22(4) :45-50.

(7] RKAG,GE B 55 TR RS i AT R 2 M7
TER N IZER[T] AR ,2020,44(9) : 3497-3507.

[8] IR, WHatd, VPG, 55, HeT 2 R TP 3 £ 4 0
AT, mMEA,2017,41(8) ; 2611-2617.

(9] fHFRR&, 22505 KRR, 5.« XUk H AR T s RO
LA T S0k KR B[ )] i 15 B SR HOR,
2023,21(2) . 1-12.

(T#% 71 W)



“ XU H s R A ) B2 88 PEST-SWOT 73 Hr

ExE RiEH ,GER AN & KERE S &
(1. 44 H ) R 2 S Epe, dbaT 10220652, 4EA0H Sy Rl /<5 TREERE, dbaT 102206)
i OELMECER” BARR S P B b i E N AT AR TR L) RITIE T e AT AL ) R, K KRR AR TR Z SR
MR BAFH L RBIR, GRART RN BREHEAE ) ZANBEXR, SWHEE A RGELRIK H
KOEEFTEAHAE A RGN A G4 KEL BILFAAN B &, KA PEST-SWOT 541 7 ik, 4 @ 5 A7 47 A
B RAERIRETES ZF e BATTHAFHRS R, AR @EGIEL B R)E, AT ERESH, ERE
K g T 4 A AR BUR B A e, A A S R G R RE AT
SRR UK Fbr; B R SE; PEST-SWOT 43#T; K JR g
FESES . TM 71 XEHREB:A XEHRS:1003-6954(2024) 01-0035-08
DOI: 10.16527/j.issn.1003-6954.20240106

PEST-SWOT Analysis of New Power System
under ''Dual Carbon'' Goal

LI Yibo', DAI Qingzhao', YANG Fulin*, SUN Dong', ZHANG Xiaochun', ZENG Bo’
(1. School of Economics and Management, North China Electric Power University, Beijing 102206, China;
2. School of Electrical and Engineering, North China Electric Power University, Beijing 102206, China)

Abstract : With the proposal of " dual carbon" goal, China will accelerate the construction of new power system that adapts to
the increasing proportion of new energy, and vigorously developing low-carbon energy is an inevitable path to achieve the " dual
carbon" goal. Firstly, the coupling relationship between "dual carbon" goal and new power system is studied, and the development
of new power system is analyzed. Secondly, considering the environment and its own characteristics of new power system in China,
from the macro and micro levels, the PEST-SWOT analysis method is adopted to comprehensively analyze its own advantages
and disadvantages in politics, economy, society and technologies in the construction of new power system, as well as the
opportunities and threats faced. Finally, based on the above analysis, targeted policy suggestions and effective measures are
put forward under different development strategies to provide a reference for the construction of new power systems.

Key words:" dual carbon" goal; new power system; PEST-SWOT analysis; development strategy
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Research on Application Scenarios and Business Models
of Energy Storage in New Power Systems

HUANG Aixi, WANG Liying, ZENG Ming, ZHU Jinrong
(School of Economics and Management, North China Electric Power University, Beijing 102206, China)

Abstract ; The proposal of "dual carbon" goal has had a certain impact on the existing energy system, requiring the transformation
and upgrading of the existing traditional energy system towards a clean and low-carbon direction. Energy storage is an important
support for the transformation of energy system, which can further avoid the impact of intermittent energy on power grid,
improve the economy and security of power system, and improve the reliability of power grid operation. Therefore, the development
of energy storage is crucial. Based on the current energy development requirements and directions, the specific classifications
and characteristics of energy storage are deeply discussed, the application scenarios of energy storage in the fields of power
generation, transmission, distribution and consumption are analyzed, and a viable energy storage business model at the present
stage and in the future is proposed, so as to promote the green, low-carbon and high-quality development of power industry and
ensure the safe and stable operation of power grid under the transformation of energy system.

Key words:new power system; energy storage; application scenarios; business model
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Review on Charge Generation, Measurement and
Dissipation in Large-length HVDC Cable

WANG Jieming', LIU Qiaojue', CUI Zhitong®, CAI Zhikun®, HU Wusheng®
(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106,
Jiangsu, China; 2. Delta Electronics ( Shanghai) Co., Lid., Shanghai 201209, China;
3. Shanghai Huawei Technologies Co., Lid., Shanghai 201206, China;
4. NARI Technology Co., Ltd., Nanjing 211100, Jiangsu, China)

Abstract ; Carbon emission reduction, as one of the core drivers of energy transformation, can effectively promote clean energy
development and mitigate global greenhouse effect. In the context of the development of global energy internet, large-length
HVDC cables for long-distance and cross-regional power transmission occupy an essential position in power internet. However,
the accumulation of electric charges in large-length HVDC cables is inevitable, and would threaten the safe operation of
cables, reduce their service life and might even cause insulation fault. Therefore, it is necessary to study the electric charges
in large-length HVDC cables. A brief overview of electric charge generation, measurement and release in HVDC cables is
provided, and the important research issues in recent years are summarized, which has important guiding significance for
both online monitoring and life assessment of large-length HVDC cables.

Key words: HVDC cables; ageing; space charge; surface charge
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Combination Forecasting for Corrosion Rate of Grounding Grid
Based on BP Neural Network and SSA-SVM

ZHANG Heng', LIU Chuang’, LIU Ju®, YAN Wenshuai’, LIU Yunfei*, CHEN Haixu’"*
(1. Fuzhou Yili Power Engineering Co., Lid., Fuzhou 350000, Fujian, China ; 2. State Grid
Jingmen Electric Power Supply Company, Jingmen 448000, Hubei, China;

3. College of Electrical and New Energy, Three Gorges University,

Yichang 443000, Hubei, China; 4. State Grid Fuzhou Electric
Power Supply Company, Fuzhou 350000, Fujian, China)

Abstract:In order to improve the prediction accuracy of grounding grid corrosion rate, a combined prediction method of
grounding grid corrosion rate was proposed. Firstly, the SSA algorithm is used to optimize the SVM, and the SSA-SVM corrosion
prediction rate model of the grounding grid is established. Then, the prediction residual of the SSA-SVM model is modified
using the 6-11-1 BP neural network, and a combined prediction model of the grounding grid corrosion rate based on BP neural
network and SSA-SVM is established. Finally, an example is analyzed by using the experimental data of grounding grid corrosion.
The results show that the root-mean-square error, average relative error and correlation coefficient of the prediction results of
the combined model of grounding grid corrosion rate proposed in this paper are 0.192, 4.98% and 0.974 6, respectively. The
model stability, prediction accuracy, and correlation between the prediction results and the actual values are better than other
models, which verifies the correctness and superiority of the model.

Key words: grounding grid; corrosion rate; combination forecast; sparrow search algorithm; support vector machine; BP
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Overview of Economic Planning Methods and Life Cycle Cost

for Transmission Lines

YANG Dan', NI Jiang', YANG Yingxin', JIAO Yifei', QI Yunying®, XU Xiao®, LIU Junyong’
(1. State Grid Sichuan Economic Research Institute, Chengdu 610095, Sichuan, China;
2. College of Electrical Engineering, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract:In the past, transmission line planning based on standard designs suffered from inefficiency and capital wastage.
Economic studies show that employing optimal design and scientific cost management for transmission line construction is crucial
for saving capital investment. So the review of research efforts in transmission expansion planning is given to facilitate
more informed decision-making regarding the construction and operation of transmission lines. By surveying domestic and
international research articles, the fundamental theories of transmission line planning are outlined. The methods for transmission
line planning, including deterministic, heuristic and metaheuristic approaches, are systematically delineated and their respective
strengths and weaknesses are analyzed. Then, for economic evaluation, a life cycle cost analysis is proposed to account for
expenses across multiple phases such as line construction, operation and maintenance, which can more comprehensively evaluate
the cost-effectiveness of any given transmission planning scheme.

Key words: transmission line; transmission planning; economic life; ife cycle cost
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Design of Micro-pile Forming Equipment for HV Steel
Tower Based on QFD and TRIZ

XIE Wei', FAN Rongquan®, ZHOU Ruihan’, ZHENG Xiaobo*, GUO Xin’

(1. State Grid Sichuan Electric Power Company, Chengdu 610041, Sichuan, China; 2. State Grid
Sichuan Economic Research Institute, Chengdu 610041, Sichuan, China; 3. School of Mechanical
Engineering, Sichuan University, Chengdu 610065 ,Sichuan,China; 4. State Grid Tianfu New
Area Electric Power Supply Company, Chengdu 610218, Sichuan, China)

Abstract: Steel towers of HV transmission line are often located in areas with harsh topographic conditions, complex geological
conditions and changing meteorological conditions, which makes it difficult for large-scale drilling equipment to reach the
construction site, and most of the pit excavation can only be done by manual digging, but it is difficult to dig variable-diameter
pile holes by manual digging. In order to reduce the labor intensity and construction risk and improve the construction efficiency,
a design scheme of hole-making equipment is proposed. Firstly, the current situation of pile hole drilling construction is
analyzed as well as the existing problems and user requirements. And then, the product design requirements are discovered
from the user requirements by the quality function expansion method. Finally, the invention problem solving theory is utilized
to solve the conflict of design requirements, and the combined variable-diameter hole-making equipment scheme is obtained.
The solution will realize the functions of convenient disassembly and assembly of hole-making equipment and continuous variable-
diameter hole-making, which can effectively improve the efficiency and safety of variable-diameter pile hole-making construction
and has obvious advantages compared with manual pile hole excavation.

Key words: HV transmission; micro-pile; innovative design; equipment design
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Comparison and Selection of Layout Scheme for Flexible HVDC
Transformer in A Back-to-back Converter Station

YIN Qin, LI Peizhun
( China Energy Engineering Group Guangdong Electric Power Design Institute Co., Ltd.,
Guangzhou 510663, Guangdong, China)

Abstract: There are residential areas around the converter station, and the population density is relatively large. In order to
promote the smooth implementation of the project and reduce the impact of converter station on the surrounding environment,
as one of the noise sources and main equipmentof converter station, how to layout and what kind of outlet method for flexible
HVDC transformers are the key issues to be studied. Based on the typical outlet and layout scheme of converter station in
operation, and combined with the specific layout requirements of converter station, six outlet schemes of flexible HVDC
transformer using oil-gas bushing or air bushing, and different combinations of outlet direction are given, and the advantages
and disadvantages of each outlet scheme are analyzed. Different outlet schemes are compared from the convenience of test and
replacement of standby phase, the maturity of outlet structure, the feasibility of space arrangement in the station, and the
restriction of outlet method etc. It is suggested that the outlet structure with the same side of the long axis is adopted for the
converter station, that is, transformer adopts the arrangement scheme that both the valve side and the grid side are air bushing
and the same direction is out of the side, which is convenient for testing, operation and maintenance, saves the layout size in
the station, and can adapt to the different grid side into the line.

Key words: flexible HVDC transformer ;outlet structure joutlet structure with the same side
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Research on Intelligent Recognition of Transmission Tower Types and

Intelligent Extraction of Its Account Information

HUANG Yuhang, DU Yongyong, XIONG Jie, ZHANG Bozhou, LI Qianzhu, LIU Rui
( State Grid Chengdu Electric Power Supply Company,Chengdu 610041, Sichuan, China)

Abstract: As the backbone of transmission lines, the operation safety of towers is much important. Therefore, it is of great
significance to obtain the information of HV towers’ account parameters by intelligent means to quickly grasp the running state
of towers. Firstly, high-precision intelligent recognition algorithms for conventional tower types are studied by using the classified
3D laser point cloud data of transmission lines. Then the intelligent method for extracting the information of cross arm of towers
is proposed. Finally, the application value of the proposed method is verified by the recognition of tower type, the extraction of
tower account information and the line fitting case analysis. The results show that the proposed method can achieve high-precision
information extraction of transmission tower account, so as to quickly determine the running state of lines and improve the
quality and efficiency of operation and maintenance.

Key words : transmission towers; intelligent recognition of tower type; intelligent extraction of tower account information
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Lightweight AlexNet-based Fault Diagnosis for Capacitor
Voltage Transformers

QI Ziyuan', WU Hao', CHEN Weizhe', LUO Chunlan', WU Jie’
(1. School of Automation and Information Engineering, Sichuan University of Science&Engineering,
Yibin 644002. Sichuan, China; 2.State Grid Sichuan Electric Power Research Institute,
Chengdu 610041, Sichuan, China)

Abstract: Capacitor voltage transformers ( CVT) are important primary voltage monitoring components, but due to the
influence of ambient temperature, humidity, aging of the components and other factors caused by capacitor upper and lower
arm breakdown in primary side of capacitor voltage transformer and short circuit in secondary side of the transformer and other
faults, a light-weight AlexNet-based fault diagnosis method for capacitor voltage transformer is proposed. This method uses
Matlab to build a CVT circuit model and simulates three typical faults, namely, capacitance breakdown of high-voltage arm,
capacitance breakdown of low-voltage arm and short circuit in secondary side of the transformer. The voltage data in secondary
side of CVT are collected and transformed into feature matrices using Markov transition fields.Finally the voltage feature matrices
are classified into faults using a light-weight AlexNet neural network. The simulation experiments prove that the proposed method
can accurately detect the fault type of CVT without removing the CVT.

Key words: capacitor voltage transformer; feature extraction; AlexNet neural network; fault diagnosis
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Research on Substation Leakage Current Detection System
Based on Wireless Synchronous Communication

LIU Xin', YUAN Mingzhe', HUANG Yin®*, LINGHU Jingbo', ZOU Jingxin', LIU Yuhang'
(1. State Grid Chengdu Electric Power Supply Company, Chengdu 610041, Sichuan, China;
2. State Key Laboratory of Electrical Insulation and Power Equipment, Xi'an Jiaotong
University, Xi'an 710049, Shaanxi, China)

Abstract : Auxiliary power system of substation is the key to ensure the safe and stable operation of substation, but the leakage
current in the cable may cause serious accidents such as channel fire. And the fixed monitoring device has many disadvantages,
such as high cost and difficult popularization. Aiming at the problem of accurate detection of leakage current of auxiliary power
system, a new leakage current detection system of auxiliary power system is developed. This system is composed of multiple
wireless acquisition terminals and has the functions of multi-channel synchronous acquisition, automatic data communication,
current vector sum calculation, which can realize the accurate detection of leakage current and the accurate positioning of
defects in auxiliary power system, so as to eliminate the potential accidents in time. In order to verify the effectiveness
and accuracy of the proposed system, the actual detection is carried out in the substation site, and many potential current
leakage problems in auxiliary power system are found and processed. The results show that this system can quickly, effectively
and accurately detect the operation of auxiliary power system and is helpful to ensure the safe and stable operation of
substation, which has high economy and practicability.

Key words : auxiliary power system of substation; leakage current detection; wireless acquisition terminal ; vector calculation
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Diagnosis and Analysis of Internal Discharge in 500 kV Transformer
Based on Joint Positioning Method

GUO Jiayuan, LI Chengzhen, ZHAO Tingzhi, ZHANG Mingxing
( State Grid Shandong Extra High Voltage Company, Jinan 250118, Shandong, China)

Abstract: There are limitations in using common ultra high frequency method, ultrasonic method and high frequency current
method individually to detect internal discharge in transformer. At the same time, the large electromagnetic environment
interference of substation, continuous vibration interference during the operation of transformer, and its metal closed structure
cause the low success rate of detection and location of internal partial discharge. A joint positioning method is proposed, that
is, acoustic and electrical joint positioning method with high frequency current and ultra high frequency joint positioning,
which can accurately judge the failure of internal discharge in 500 kV transformers. The disassembly inspection of the
transformer after returning to the factory is completely consistent with the results of on—site positioning, which verifies the
effectiveness of the proposed method.

Key words:joint positioning; transformer; internal discharge
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