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Risk Assessment Methods for Distribution Networks in Extremely Hot Weather
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Abstract: Continuous extremely hot weather threatens the safe and reliable operation of distribution networks. Therefore,
we propose a risk assessment method for distribution networks under extreme hot weather. Firstly, the spatial and tem-
poral distribution characteristics of the ambient temperature in the distribution area are analyzed, the distribution area is
divided into 1 kmx1 km grids, and the relationship equation between the regional air temperature of the distribution net-
work and the ambient temperature of each grid is calculated and determined. Secondly, the influence mechanism of
extreme hot weather on distribution network is analyzed, and the distribution equipment failure model is established by
combining the distribution transformer winding temperature, switchgear ambient temperature and distribution line current
carrying capacity, and then the failure probability of power distribution equipment is calculated. Finally, the fault states of
distribution equipment are obtained by the Monte Carlo sampling method, and the operational states of distribution net-
work are calculated by considering fault repair and distribution network reconfiguration to realize the assessment of
distribution network operation risk. The IEEE-33 node system is configured in an area of Xi’an City as an example, and
the results show that the proposed method and indexes can be adopted to reasonably assess the risk of distribution net-
works under extreme hot weather.

Key words: extremely hot weather; power distribution network; risk assessment; failure probability model; Monte Carlo

sampling
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Fig.1 Surface temperature distribution in a district of Xi’an
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Mk A

F AL HFE R
Table A1 List of surface temperature data C
. 6.27 7.5 7.29 8.6 8.14
HA
14:00 02:00 14:00 02:00 14:00 02:00 14:00 02:00 14:00 02:00 14:00 02:00
1 30.0 222 283 25.0 293 19.9 30.5 21.8 36.7 26.7 36.8 27.4
2 253 16.9 26.2 18.3 23.7 16.5 22.6 18.4 19.6 17.9 23.4 16.2
3 272 233 30.4 25.1 27.6 20.9 26.6 235 25.8 24.4 33.4 21.9
4 36.4 28.6 37.8 29.8 309 232 34.8 24.8 37.1 275 36.3 30.4
5 39.0 26.1 39.2 27.7 309 23.2 34.8 26.0 43.6 27.5 36.3 283
6 33.4 26.1 31.4 27.7 309 232 34.8 26.0 43.6 275 38.6 30.4
7 39.0 28.6 39.2 27.7 30.9 232 34.8 26.0 43.6 27.5 38.6 30.4
8 43.6 28.6 435 29.8 354 24.9 39.2 283 57.1 29.6 432 283
9 39.0 26.1 39.2 27.7 33.6 232 36.3 28.3 43.6 27.5 432 283
10 39.0 28.6 39.2 27.7 33.6 24.9 363 283 43.6 27.5 432 283
1 39.0 26.1 39.2 27.7 33.6 232 363 26.0 43.6 275 432 26.7
12 43.6 24.6 435 26.4 33.6 222 363 26.0 43.6 26.0 432 26.7
13 43.6 24.6 435 26.4 33.6 222 39.2 235 43.6 26.0 38.6 26.7
14 43.6 24.6 43.5 26.4 33.6 222 36.3 24.8 43.6 26.0 38.6 26.7
15 43.6 24.6 432 26.4 31.8 232 363 26.0 43.6 26.0 38.6 283
16 39.0 24.6 435 26.4 31.8 222 363 235 43.6 24.4 38.6 283
17 36.4 24.6 37.8 26.4 309 222 34.8 26.0 43.6 26.0 38.6 283
18 253 21.5 26.2 233 243 19.5 22.6 20.3 25.8 225 26.7 21.9
19 253 215 26.2 233 23.7 18.1 24.0 20.3 25.8 22.5 26.7 21.9
20 29.8 233 30.4 25.1 27.6 20.9 30.4 235 25.8 24.4 29.9 24.7
21 29.8 24.6 34.9 26.4 27.6 20.9 30.4 24.8 25.8 26.0 33.4 26.7
22 36.4 26.1 37.8 27.7 309 222 34.8 24.8 43.6 26.0 36.3 283
23 272 233 30.4 26.4 243 20.9 26.6 235 37.1 26.0 26.7 26.7
24 43.6 28.6 39.2 29.8 31.8 24.9 34.8 283 43.6 29.6 38.6 283
25 39.0 24.6 39.2 27.7 31.8 232 34.8 283 43.6 275 38.6 26.7
26 36.4 26.1 39.2 27.7 30.9 232 34.8 28.3 43.6 27.5 36.3 26.7
27 36.4 24.6 39.2 26.4 318 232 34.8 26.0 43.6 26.0 36.3 26.7
28 43.6 24.6 435 26.4 31.8 232 34.8 26.0 37.1 26.0 38.6 283
29 43.6 24.6 435 26.4 31.8 23.2 34.8 26.0 43.6 26.0 38.6 283
30 43.6 24.6 435 26.4 354 232 363 24.8 43.6 26.0 38.6 283
31 39.0 24.6 43.5 26.4 31.8 222 36.3 24.8 436 24.4 432 26.7
32 272 24.6 30.4 26.4 27.6 20.9 30.4 24.8 25.8 24.4 33.4 24.7
33 253 215 26.2 212 243 18.1 26.6 20.3 19.6 23.0 26.4 21.9
F A2 WREHERE SRR
Table A2 Relationship between surface temperature and air temperature at selected nodes
TR MUE KR
k2 T,, =0.003 227, +0.286 77,, +13.972 06
W3 ", =0.01527,7 —0.262 097, +21.2
T4 ", =0.001827,, % +0.587 36T, +13.696 2
WS T,, =-0.007 57, +1.591177,, — 6.683
W6 " =0.008 497" * +0.565 167, +7.872 89
7 T,,=0.02146T,> —0.278 17T, +21.467 39
158 T, =0.024 99T, +0.109 097, +12.824 97
9 T, =0.003 47T, +1.009 27T, —1.060 3
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W1 10 "0 =0.015 59T, > +0.226 237, +12.506 7

11 1 =0.00285T, > +1.091877, —0.07173

12 "> =0.008 65T, +0.813317T,, +2.337 4

13 "3 =0.007 27,7 +0.804 54T, +2.483 67

514 T, =0.019737T,> +0.031947, +13.718 73
i 15 T, =0.028 64T, % —0.539 71T, +22.63511
Wi 16 6 =0.023 59T, 2 —0.172 31T, +15.983 69
17 T,,=0.018137, +0.099 88T, +13.34193
18 T, =0.0014T, *>+0.28887T, +13.645 48
519 T, =0.002 037, +0.385 257, +10.714 64
#4520 T, =0.004 85T, +0.164 07T, +17.408 78
21 T,,, =0.007 317, % +0.175 08T, +17.247 59
22 T, =0.019757,7 —0.104 96T, +17.27537
Wi 4523 T,,, =0.007 54T, +0.128 817, +16.598 86
Wi 24 T,,, =0.009 44T, +0.368 98T, +14.769 08
525 T, =0.008 497, ” +0.564 25T, +9.075 37
A1 26 T, =—0.002 867, +1.136 4T, +2.330 7

527 T,,, =0.016 067, +0.134 017, +13.874 89
72528 T, =0.01014T,% +0.316 96T, +12.78332
54529 T, =0.033 817, —0.851 08T, +26.982 77
54530 T, =0.012 74T, 7 +0.417 48T, +9.057 64
Wi 31 T,,, =0.006 787, % +0.932 5T, +0.368 45

Wi 32 T,,, =0.004 64T, +0.389 697, +12.743 48
W33 T, =0.001827, +0.366 39T, +11.664 64

KA TEHRSH R

Table A3 List of line parameters

A6, /C A6, /C 7, /min 7,, /min X
45 35 150 7 0.8
R K Ko K» D;/min
86 2 2 2 3

® A4 RRASIM R

Table A4 List of transformer specifications

AR A FTA B R AK/NKVA
i 2 315
i3 315
4 315
R 125
6 125

Ril=wi 500
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A5 3 T A 7 255 K/NVKVA
I8 500
HIE9 160
510 160
HE 1 125
k12 125
W13 125
b 14 315
WA 1S 160
i 16 160
k17 160
W18 200
19 200
W45 20 200
= 200
Wk 22 200
Wk 23 200
W5 24 1000
W25 1000
W5 26 125
W5 27 125
W5 28 125
4529 315
54530 1000
W5 31 315
W5 32 500
533 160

A5 TEBUERTESE T
Table A5 Component aging rate calculation parameter list
S5 n m b/K BIK
e 7.0 23 6000 17000
e Lo/a 8, IK Eo/(kV-mm™") Mo/(N-mm™2)
e 4.5x10% 298 5.0 2.4x1074
* A6 AFTCMHEIESH %R
Table A6  List of correction parameters for different components
pIis E M S,
i s 2.0E 7.2 My 25°C
(TS 22E) 6.8 My 40°C
R 1.1 Ey 24.2 My 40°C
AT LBWSH—YNE
Table A7 List of line parameters
i L2 % 555 /A
Jasei 1, 2 LGJ—500/45 967
s eg 3~5 LGJ—400/50 857
gk 6~8 LGJ—120/25 365
Wt gg 9~21 LGJ—10/2 87
i 22~24 TR LI 282
R4 25, 26 TR LI 376
M4 27, 28 TR LI 240
145 29~32 TR LI 135
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Ground temperature variation at different nodes
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