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Harmonic analysis of power grid in iron and steel enterprises based on ETAP

NIE Luyan, YIN Yujun, XIE Chuanzhi
(NARI Group Corporation/State Grid Electric Power Research Institute, Nanjing 210003, China)

Abstract: Based on the investigation of harmonic generation reason of the main equipment and its harmonic
characteristics in the steelmaking line, the power system of an iron and steel enterprise is modeled by ETAP software. The
propagation characteristics in the power grid is studied and the harmonic pollution responsibility of the iron and steel
enterprises in the PCC is clear. The possible resonant points are found out via simulation and calculation and the resonant
causes are analyzed and verified. Finally, the filter is designed according to parallel resonance in system. It provides a
method for harmonic and resonance suppression and power quality improvement of enterprise power grid.
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Fig. 1 Long process steelmaking and compact process steelmaking
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Table 1 Characteristic harmonic currents of electric arc furnace
BB R CREAT T 5508 F I AR K8/ %

i 34
2 3 4 5 7
el 7.7 5.8 25 42 3.1
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Table 2 Characteristic harmonic currents of converters

VMR S MR ELCRH X T 0 AL U A X 1B/ %

ik £ P
7 11 13 19 23 25 47 49
6 20.0 14.3 9.1 7.7 5.3 — — — —
12 1.8 1.6 6.6 5.4 0.33 0.3 1.5 1.3 — —
24 1.88 1.23 0.36 0.22 — 1.09 0.87 0.22 0.22
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Fig. 2 One-line diagram of a steel enterprise
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Table 3 Transformer parameters
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AP I g% MVA v =T S (A = A9

il il il
220/110/35  13.94 2423 7.99

FA1 180/180/90

T3 80/80/48 110/35/10.5 10 18.19 6.46
T4 31.5/31.5/25 110/10.5/6.3  10.73  18.55 6.54
T5 31.5/31.5/25 110/10.5/6.3  10.73  18.55 6.54
T7 80/80/48 110/35/10.5 10 18.19 6.46
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Table 4 Power flow results of power grid of a steel enterprise
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Table 5 Harmonic analysis results of power grid of an iron and steel enterprise
sk BB AR B A HXT T BB bR 1B/ % S IRAR
} 2 3 4 5 7 11 13 17 19 23 25 /%
Busl 0.12 0.17 0.18 0.26 0.18 0.10 0.03 0 0 0 0 0.4
Bus3 1.02 1.06 2.26 2.51 1.53 437 2.77 0.11 0.09 0.35 0.28 6.55
Bus4 1.05 1.17 2.94 5.92 0.54 2.40 1.60 0.07 0.05 0.22 0.17 7.41
Busl$ 0.96 0.96 1.92 3.41 3.38 0.6 0.07 0 0 0 0 538
Bus22 1.0 1.15 2.29 4.03 1.54 0.29 0.04 0 0 0 0 5.12
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Fig. 3 Harmonic impedance at Bus35
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Table 6 Parameters of two examples
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Fig. 5 Harmonic impedance at Bus35 for

different capacitor capacities
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Table 7 Monotonic filter parameters

JEPAS Fid/kvar W R/Q WK L/mH % C/uF
7 KA 144 0.392 7.129 4.145
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Table 8 Comparison of monotonic harmonic analysis results before and after filter’s operation

s 7 YRR B RN T B HUT FAO A X D)/ % A IAE A %
BN BNJE BT BNJE
Busl 0.18 0.11 044 0.38
Bus35 13.07 0.26 13.96 4.95
Bus38 5.52 4.22 8.66 7.89
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