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Dynamic Capacity Analysis of Overhead Transmission

Lines Considering Temperature Field
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Abstract: In order to improve the transmission capacity and the dynamic capacity increase of transmission line,
the radial temperature rise phenomenon of transmission line is studied and analyzed. In this paper, the overhead trans—
mission line is taken as an example. Firstly, the theoretical value of the conductor temperature is calculated based on
the heat balance equation. Then, the electromagnetic coupling finite element stranding model of the transmission line
temperature field is established to calculate the radial temperature distribution of the transmission line and study the
influence of different factors on it. Finally, the effect of dynamic capacity expansion of the transmission line is ana—
lyzed based on the analysis results of the temperature field, and the minimum current carrying capacity is calculated
according to the temperature distribution of the conductor. The results show that the radial temperature distribution of
the transmission line is not uniform. The internal temperature is high and the surface temperature is low; the tempera—
ture of the transmission line is affected by different current, wind speed, ambient temperature and time. The radial

temperature difference can generally reach 0.58~4.53°C, so the radial temperature difference of the overhead conduc—
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tor is studied. According to the temperature distribution of the wire, the minimum current carrying capacity is calcu—

lated, which is beneficial to improve the dynamic capacity of the transmission line so as to ensure the safe operation of

the line.

Key words: transmission lines; temperature field ; dynamic capacity; finite element analysis
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Fig.1 Factors affecting the temperature of the transmission line
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Fig.2 Finite element model of steel—cored

aluminum stranded wire
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Tab.2 Mesh independence test result of wire
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A 223 238 59.56 62.22 -4.28
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D 440 326 61.88 62.22 -0.55
E 453 316 61.88 62.22 -0.55
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Tab.3 The calculated value of ANSYS and
the theoretical value of the current carrying capacity
with the wind speed is 0 m/s

HHE/A SRR EE/C FHIBAE/A W21%
250 51.56 271.43 -7.90
300 54.53 312.53 -4.01
350 57.95 354.08 -1.15
400 61.88 396.55 0.87
450 66.09 43753 2.85
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Fig.3 Radial temperature distribution of the conductor

under natural convection
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Fig.4 Radial temperature distribution of conductor

under forced convection
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Tab.4 Temperatures statistical table of each layer

when the current carrying capacity is 400 A

=l HAAX B/ C SR X i C
E)Z 62.58 47.97
=R 62.43 47.82
SN2 61.50 4691
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Tab.6 Radial temperature statistics table

under different wind speeds

Tab.5 Statistical table of radial temperature of IR/ C
. . . K/ (mes™)
conductors under different current carrying capacity Bl /M SEHME R
T EEE/C 0 62.59 61.1 61.88 1.49
/A N
S UN: F/ME FEE 2% 0.5 47.98 46.54 47.28 1.44
250 51.82 51.24 51.56 0.58 1 41.70 40.31 41.01 1.39
300 54.96 54.12 54.53 0.84 2 36.61 35.26 35.92 1.35
350 58.56 57.42 57.95 1.14 3 34.13 32.80 33.55 1.33
400 62.59 61.10 61.88 1.49 4 32.59 31.28 31.91 1.31
450 67.01 65.13 66.09 1.88 5 31.50 30.20 30.92 1.3
500 71.78 69.45 70.63 2.33 6 30.67 29.39 30.09 1.28
550 76.84 74.04 75.47 2.8 7 30.03 28.75 29.45 1.28
600 82.17 78.83 80.54 3.34 8 29.50 28.23 28.97 1.27
650 87.72 83.81 85.73 3.91 9 29.06 27.79 28.48 1.27
700 93.45 88.92 91.19 4.53 10 28.67 27.41 28.19 1.26
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Fig.5 The change of radial temperature under different

current carrying capacity
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Fig.6 Radial temperature changes with wind speed
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Tab.7 Radial temperature statistics table
at different ambient temperatures
FEIRE/C
IERIRBE/C
HoRME F/ME FEE 22
20 62.59 61.1 61.88 6.20
10 53.80 52.31 53.09 6.21
0 44.52 43.06 43.82 6.20
-10 34.85 33.44 34.16 6.18
-20 25.09 23.73 24.41 6.18
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Fig.7 Radial temperature changes with ambient temperature
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Tab.8 Change of radial temperature with time

LR IRE/C
i %1
o] /Mt il
8:00 59.73 58.24 58.92
9:00 64.02 62.54 63.21
10:00 67.93 66.44 67.12
11:00 70.18 68.69 69.37
12:00 71.69 70.20 70.87
13:00 71.97 70.49 71.16
14:00 70.56 69.07 69.75
15:00 67.48 65.99 66.66
16:00 62.86 61.37 62.05
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Fig.9 Radial temperature changes with time
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Tab.9 Current carrying capacity at maximum

and minimum radial temperature

HIE/A  RmE2ZEC L /A LA (L= L) /A
250 3.12 275.27 266.63 8.64
300 3.80 318.04 307.17 10.87
350 4.54 360.99 347.96 13.03
400 5.33 403.75 388.48 15.27
450 6.20 445.99 428.53 17.46

H1ZR 9 FTAN, 1 2k i/ IME (ONZ L )
I e K AE (P2 B4 )T e vr sl e 22
A T35 8~17 A, 25 LA B 20 1 3.46% ~
3.88%. TESLPRERIEHT, AU ETEZ MM 220 5 1)
SRR, D MG L 1 2 T s B DA 9 8 2 O o
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PRI 20 °C DGHRBR LS 1000 W/m? (155
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Tab.10 Effect of wind speed on the current

carrying capacity of the conductor

RE (mes™) WA/ A

70 C %0 C
0.0 47243 9731
0.5 642.86 118,53
1.0 754.97 835,72
20 888.43 976,41
3.0 977.89 1071.18
40 1 047.04 | 144.64

% 10 nTLIE 1, KER 0.5 m/s FELXE R 0
m/s I, BRPLEHNINZ) 121~170 A, $2F+24 20.29%~
36.08%. FIA1, NS Eum it 52 i Al H B
K, 5 B B A bk 2L
TESL PR, AT LIRS S i 1 <G 45 138 Yk 5
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JFEA 70 CHI 80 CH, PR EE AR A0 X 0 Y e 4k i
N 11 k.
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Tab.11 Effect of ambient temperature on the

current carrying capacity of the conductor

UL E/A
BRI B/ C

70 C 80 C

20 47243 551.68

10 548.05 617.40

0 615.06 677.15

-10 676.03 732.43
-20 732.50 784.24
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SCHR[16]3E8E 500 kV R 5905 LA AL 55
B, B TSR H REsR A X 3 A TS T
SRS W B SR SRV FIB A TR NS AR i S s
TR RSB KGEE  H REREE LLR PR L SRR
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ML 70 °C, 430 16 M e e P T B e e O R
JE | H SRR LT fie i P 0 B A i e YR 4
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Tab.12 Conductor current—carrying capacity under different measured environmental parameters
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