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(Harmonics Analysis for Electric Arc Furnace According to the Operation Condition)
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~ Abstract

The use of electric arc furmace has been increasing as the steel consurmption is increésiﬁg and the operation
technique of electric arc furmace are developing. But as the use of electric arc furnace is increased, the furnace
have produced the adverse effects of power quality! voltage and current harmonics, voltage and current
imbalances, low power factor, and voltage flicker. One of the power quality problems, the harmonic have the
characteristics of the time-varying and non-linear. This paper analyzed the harmonics for the various operation
conditions of electric arc furmace. The power system model with electric arc furnace have been made, and the
harmonic’s effects on the power system has been analyzed according to the various operating conditions, first
melting, second melting, so on. Also, the filter reducing the harmonic components have been designed and its
effects on the power system have been examined.
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Fig. 1. AC electric arc furnace system
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Fig. 2. Fundamental wave and harmonic
waveform
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Fig. 6. Power system model with electric arc furnaces
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Table 3. Current total harmonic distortion of electric arc furnace operation

239 94T £544

g olaz AY FYA 13884 22183 A FEA
THD [%] THD [%] THD [%] THD [%]
A-S 22kV A= 13.13 16.45 10.59 5.46
AAY 22kV AE-1 2.04 3.76 1.87 1.17
AXY 22kV AE2-2 30.22 23.61 1425 8.75
AR 22kV A=-3 1.82 333 1.67 1.02
RAY 22kV Az-~1 21.02 19.24 1167 6.2
RAY 22kV A=2-2 659 10.81 492 3.15
RAY 33kV A=-3 8.99 16.29 7 467
SAY 22kV A=-1 457 5.69 3.73 1.98
SAlY 22kV A=-2 20.83 26.2 16.73 8.98
SAY 22kV A=2-3 156 942 6.11 3.26
E 4. ®J| oj32 =YY Fe 2Mo| F& Mot YD
Table 4. VYoltage {otal harmonic distortion of electric arc furnace operation
24y olaz Ad FYA 1834 22183 A HEA
THD (%] THD (%] THD (%] THD [%]
AAY 2kV 2A-] 152 29 14 087
AR Y 22kV 2H-2 1.38 2.58 1.27 0.8
AA Y 22kV 24-3- 1.38 2.58 1.27 0.8
AXY 22kV ZA-4 1.52 2.89 14 0.87
AAY 33 kV 24 152 2.89 14 0.87
RA Y 22kV B2A-1 2.56 4.07 1.92 1.2
RAY 22kV 24-2 333 527 245 1.54
RA Y 22kV 24-3 333 527 245 154
RAY 33 kV 2A-1 333 527 245 1.54
R#AY 33 kV EX4-2 334 5.28 2.46 155
SAY 22kV 2A-1 1 19 0.93 058
SAY 22kV BA-2 0.83 1.58 0.77 0.48
SA|Y 22kV BA-3 0.75 1.39 0.68 0.42
SAY 22kV 244 0.67 1.27 0.62 0.38

E 5. ®l ol 2 10f =8t ME| HOIE
Table 5. Filter data of electric arc furnace 1
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Table 6. Filter data of electric arc furnace 2

2% 3 43 5% % 3% A 5%

Q=30 { Q=100 | Q=30 Q=100 Q=30 {Q=100{ Q=30 | Q=100 Q=30 | Q=100 | Q=30 |Q=100| Q=30 {Q=100| Q=30 | Q=100

R[Q] }08391(025174| 0506 |0.1517|2.3708|0.7112{0.3083}0.09%5 R [Q] [0.7338|0.22016| 0.4422{0.1326 2.0732 | 0.6219 | 0.2696 | 0.0809
L [mH] 34 1342 412 49097 L [mH] 221 11737 41261 4294
C 1] 52711 583 9.328 51372 C [iF] 60.272 66671 10667 65.602
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Table 7. Current total harmonic distortion of starting and of first melting after filter instalis

Tryp (%] olaz Ad EA 12} &3 Al
2y A& | 9¥ H§ ge A& | dg FH4§
X o =N
g= H9E R g Q=100 | 2F FE] o Q=100
A-S 22kV A= 13.13 9.4 6.01 16.45 73 3.97

ARG 22kV A2-1 2.04 0.98 0.61 3.76 147 1.04
AX Y 2kV HE-2 30.22 24.98 1465 23.61 11.34 8.6
AA Y 2kV ME-3 1.82 0.97 0.62 3.33 1.35 0.97
RAY 22kV H2-1 21.02 14.86 6.22 19.24 6.42 3.43
RAY 2kV 42-2 6.59 3.69 141 10.81 3.65 2.87
RA 9 3.3kV A&Z-3 8.99 494 19 16.29 5.46 45
SAY 2kV AE-1 457 3.37 2.2 5.69 2.65 143
SA 22kV HNE-2 20.83 14.62 9.45 26.2 12.07 6.69
SAF 2kV HZ-3 7.56 5.44 3.53 9.42 4.37 2.39
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Table 8. Voltage total harmonic distortion of starting and of first melting after filter installs

Ve 1%] otz A9 594 3 84
9 98 | @H 4% 49 3§ | 99 4%

=47 gH wE Q=30 Q=100 | ¥ ®& Q=30 Q=100
AAS Tk 241 152 081 051 29 116 086
AR S 20KV 2 H2 138 066 042 258 101 072
A S 22KV 243 138 066 042 2,58 101 072
AN S 22KV 244 152 081 051 2,89 116 086
ARY 33kV 2A 152 0.81 051 2.89 1.16 0.85
RAS 22KV -1 256 1.39 053 407 1.39 105
RAS 20KV A2 333 158 07 527 178 137
RAS 22kV Z4-3 333 1.88 072 527 178 137
RA 9 33kV ZA-1 3.33 1.88 0.72 5.27 1.78 1.37
RAlY 33kV 2A4-2 3.34 1.88 0.72 5.28 1.79 1.38
SA Y 22kV 2A-1 1 0.48 0.3 19 . 074 0.53
SAR 22V 242 083 038 023 158 06 043
SA= 22V 243 075 031 016 1.39 052 037
SAR 22V 244 067 029 016 127 047 034
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Table 9. Current total harmonic distortion of second melting and of refining after filter installs

Trm 1] 2% 8o D)
g = ge 40 A8 =
4= ¥H @ leg & Qilo}g% el ®E Q=30 gc;)ilolg%L
AS 22KV AZ 1059 576 278 546 264 13
AAS 22V A1 187 093 051 117 049 028
AR 22kV A 22 1% 931 72 875 6.45 6.45
AR 22kV A Z-3 167 0.84 0.47 102 042 022
RAY 22kv A2-1 11.67 5.25 19 6.2 2.4 0.89
RAS 22kV A2 492 218 1.24 315 105 06
RAS 33kV AZ-3 7 304 187 167 148 091
SAY 22kV A =z-1 373 2.1 105 1.98 1.05 0.54
SAY 22kV A=-2 16.73 9.43 472 8.98 4,69 2.42
SA S 22kV A3 611 3.45 172 326 172 0.89
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Table 10. Voltage total harmonic distortion of second melting and of refining after filter installs
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Vo (%] olZz AY FUA 134 &34
= B % g B %
=4 ud 9E %13?% EQJIO?)% ¥ ©s 91331% %1103%
AR 22V 241 14 069 04 087 035 0.19
AR 22kV 242 127 063 035 038 0.3 0.19
AN 22kV M3 127 063 035 08 0.3 0.19
AN 22kV 2A-4 14 069 04 0.87 035 0.19
AA S 33KV 2A 14 069 04 0.87 0.3 0.19
RAS 22kV ZA-1 192 0.87 047 12 0.42 023
RA o 22kV ZA-2 2.45 L1 06 154 052 029
RAS 22kV A3 245 11 06 154 052 029
RAR 33kV 241 245 11 06 154 052 029
RA S 33kV 242 2.46 i1 06 155 053 029
SAA 22KV A1 093 045 025 058 0.23 0.12
SA 22KV M2 077 037 02 0.48 0.19 01
SR 22kV Z4-3 068 0.33 0.17 0.42 0.16 0.08
SR 22KV 244 062 03 0.16 038 0.15 0.08
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Table 1. Harmonic input data

a1z | AEE aza | ohaz AY FYA
2} 2.71{%] 1z3 A7{%]
2 1.2 22
3 3.3 7
4 1.1 5
5 0.9 ) 3
7 0.9 -

E 2. 0132 =Y NEW DX Y HiolE
Table 2. Harmonic input data of electric arc
furnace operation

A 27)[%]

22} AT 7 A [ 28 84 [ A9A
2 113 11.0 5.0
3 125 56 - 28
4 2.0 2.1 1.0
5 12.3 37 33
6 42 13 07
7 35 1.7 0.9
8 29 06 02
9 0.9 06 02
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