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ABSTRACT: To calculate power frequency electric and
magnetic fields (PFEMF) generated by high voltage
transmission line or space-crossing transmission lines
accurately, based on charge simulation method (CSM) and
Biot-Savart theorem, a universal model to calculate three
dimensional PFEMF is built according to catenary equation,
then the distribution of PFEMF under ordinary 330 kV double
circuit transmission line on the same tower and that under the
crossing transmission lines are calculated and measured.
Calculation and measurement results show that as for the
transverse distribution of PFEMF along the measured points
perpendicular to the midspan, the results calculated by
three-dimensional model under the calculation height of the
conductor that is chosen as the minimum height above ground
are very close to those calculated by two-dimensional model
and are close to the measured results as well; at the projection
beneath the crossing point of crossing transmission lines, the
calculation results of PFEMF are close to the measured results,
thus the effectiveness of the proposed calculation model of
crossing transmission lines is verified. The causes leading to
the error between the calculation results of PFEMF and its
measured results are analyzed, and related factors influencing
the calculation results by three-dimensional calculation model
are emphatically discussed, and the reasonable number of

divided conductor segments is given.

KEY WORDS: high voltage transmission line; power
frequency electric and magnetic fields (PFEMF); catenary;

crossing; field measurement; charge simulation method (CSM)
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Fig.1 Three-dimensional computation model of
electromagnetic field for 3-phase transmission lines
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Fig.2 Three-dimensional computation model of
electromagnetic field for transmission lines crossed in space
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Fig. 3 Photo of a 330 kV double-circuit line
on the same tower
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Tab.1 Calculation parameters for
a 330 kV double-circuit line on the same tower

S5 330 kV [A] 4 0 [E] £k

A FAEFR/m Ai(-5.8,42,-197.4) Ay(7.6,34,-197.4)
B HA44R/m B(-6.1, 26, -197.4) By(6.1,26,-197.4)
C M4 bR/m C\(-7.6,34,-197.4) Cx(5.8,42,-197.4)
HuZE 1 AL K7/m (-3.7,45.6,-197.4)
2k 2 Akbz/m (3.7,45.6,-197.4)
R4 /m 394.8
SRS LGJ-630/45
S/ mm 16.8
2k 4% /mm 7.25
I 2
538 B /mm 500
EL#/(N-m ™ - mm™2) 0.030 91
2 /7/(N-mm™2) 43.6
IZAT HLR/KV 348.87 349.01
IZAT HLIA/A 146.87 154.31

E/(KV/m)
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Fig. 4 Three-dimensional electric field distribution
under the line
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Fig. 5 Three-dimensional magnetic field distribution
under the line
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Fig. 6 Two-dimensional and three-dimensional calculated
electric field under the midspan compared with
the measured data
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Fig.7 Two-dimensional and three-dimensional magnetic
field under the midspan compared with
the measured data
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Fig. 8 Effect of N on electric field under the
midspan calculated with three-dimensional model
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Fig. 9 Effect of N on magnetic field under the midspan
calculated with three-dimensional model
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Fig. 10 Space-crossed 220 kV and 110 kV lines
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Tab.2 Calculation parameters for space-crossed lines

ZH 220 kV k% 110 kV 251
BATHIE/KV 230.1 114.8
R HIRA 201.8 104.9
Ay HAERR/m (-5,32,0) (~124, 18, -5)
B HAEFR/m (—4, 26, 0) (—124, 14, —4)
C, A bR /m (—4, 38, 0) (—124, 22, —4)
Ay FAAER/m (5,32,0) (~124, 18, 5)
B, M AEFR/m (4,38,0) (-124,22, 4)
Co HALFR/m (4,26,0) (~124, 14, 4)
SHNS LGI-400/50 LGJ-300/25
F462 42 /mm 13.70 11.88
S RHUR 2 2
43 %4171 ¥F/mm 450 400
H#/(N'm ™ mm™>) 0.033 46 0.031 74
¥ J3/(N-mm™2) 49.97 85.7
/) 82.7
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Tab.3 Comparison between measurement data and
computation result

AN HISREENE: R R MR WARRE R/

Ao (V) BE/V/m) % JIEE/T BT %

1 1.696 1.664 190 1.170 1289  —921
2 1.389 1.304 6.51 1236 1374  -10.05
3 1.341 1.304 284 1244 1374 —943
4 1.709 1.664 269  1.160 1289  —10.00
5 1.652 1.617 219 1.127 1254  -10.10
6 1.461 1.342 8.87 1.232 1.351 -8.83
7 1.421 1.342 5.88 1251 1313 —471
8 1.708 1.617 565 1.195 1254 —473
9 1.831 1.649 11.01 1.221 1.279 —4.56
10 1.507 1342 1228  1.400 1351 3.65
11 1.458 1.342 8.65 1.399 1.351 3.61
12 1.809 1.649 9.76  1.538 1279 2025
13 1.867 1.629 14.63 0.920 1.282 -28.26
14 1.451 1.306 11.11 1.247 1.313 -5.00
15 1.571 1306 2025 1311 1351 —2.94
16 1.769 1.629 8.62 1.191 1282  -7.14
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