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Abstract 
Problem Statement (Relevance): Modern high-power 
electric drives used in rolling mills are made on the basis 
of synchronous and induction motors and frequency con-
verters (FC), which are, in turn, designed according to the 
symmetrical principal and include active rectifiers (AR) 
and inverters. A typical feature of ARs is that they gener-
ate high frequency voltage and current with harmonic 
numbers higher than 40, which is due to the applicaton of 
the pulse width modulation (PWM) necessary to control 
the power keys. The in-house power supply systems of 
metallurgical plants with the medium output of 1 to 2 mln 
tons of steel per year usually rely on 6-35 kV distributed 
medium voltage power networks. With high cable runs, 
the total distributed capacitance of the cables may reach 
several microfarads. The interaction between the network 
step-down transformer inductance and the power cables 
capacitance causes a current resonance to occur in the 
network frequency characteristic. If the cable capacitance 
is high, the current resonance may occur in the area of 
high frequency harmonics generated by the AR. This can 
cause a considerable high-frequency voltage distortion 
occurring on the shared sections of the switchgear which 
may lead to frequency converter failures due to faults 
occuring in the pulse generation blocks of the active recti-
fier power keys. Thus, finding ways to ensure the elec-
tromagnetic compatibility (EMC) of high-power FCs and 
ARs in the conditions of current resonances present in the 
frequency characteristic of the power network presents an 
important problem. Objectives: This article focuses on 
identifying the causes of high voltage distortion that can 
occur in the 10 kV in-house power network of a metal-
lurgical plant which houses a rolling mill with high-
power electric drives designed on the basis of multi-level 
frequency converters with active rectifies. Based on the 
results of an experimental study and mathematical simu-
lation, the authors offered new ways to ensure the elec-
tromagnetic compatibility between the FCs and the power 
network. Methods Applied: The experimental data were 
processed with the help of the Matlab package compris-
ing the Simulink application. Using the spectral analysis 
methods and some original data processing algorithms 
the main coefficients of 10 kV network voltage harmon-
ics were calculated. The ways to improve the frequency 
characteristic of a 10 kV power network were examined 
by simulating an in-house power supply system. Origi-
nality: As of today, the problem of ensuring the EMC of 

high-power FCs and ARs is little studied and only limit-
edly covered in either Russian or foreign literature. Thus 
the research results presented in this paper can be de-
scribed as original and theoretically and practically rele-
vant. Findings: This research provides recommendations 
on the use of a special correction filter ensuring a current 
resonance shift towards the safety area of the frequency 
characteristic of a 10 kV power network which does not 
have high harmonics generated by power converters. 
Practical Relevance: This research may be applicable 
when designing power supply systems for industrial ap-
plication as it can help choose the right configuration of 
medium voltage power networks. This research can also 
be of relevance for the existing sites which face power 
quality issues caused by a significant high-frequency 
harmonic distortion of voltage resultant from the use of 
high-power FCs and ARs. 

Keywords: Frequency converter, active rectifier, upper 
harmonics, power quality, electromagnetic compatibility, 
current resonance, harmonic filter. 

References 

1. Kramshin T.R., Kornilov G.P., Nikolaev A.A. et al. The study 
of the impact produced by high-power active rectifiers on the 
power supply system. Vestnik Ivanovskogo gosudarstvennogo 
energeticheskogo universiteta [Vestnik of Ivanovo State Pow-
er Engineering University], 2013, no. 1, . 80–83. (In Russ.) 

2. F. Endrejat and P. Pillay. Resonance Overvoltages in Medium 
Voltage Multilevel Drive System. IEEE International Electric 
Machines & Drives Conference. Antalya. 2007, pp. 736–741. 

3. K. M. Alawasa, Y. A. R. I. Mohamed and W. Xu. Active Mitiga-
tion of Subsynchronous Interactions Between PWM Voltage-
Source Converters and Power Networks. IEEE Transactions 
on Power Electronics. Jan. 2014, vol. 29, no. 1, pp. 121–134. 

4. Khramshin T.R., Krubtsov D.S., Kornilov G.P. Evaluating the 
pulse width modulation methods applicable to the voltage of 
active rectifiers used in rolling mills. Mashinostroenie: setevoy 
elektronnyi nauchnyi zhurnal [Russian Internet Journal of Me-
chanical Engineering], 2013, no. 2, pp. 48–52. 

5. Khramshin T.R., Abdulveleev I.R., Kornilov G.P. Ensuring elec-
tromagnetic compatibility of high-power electrotrical equipment. 
Vestnik Yuzhno-Uralskogo gosudarstvennogo universiteta. Seriya 
“Energetika” [Vestnik of South Ural State University. Series: Pow-
er Engineering], 2015, Vol. 15, no. 1, pp. 82–93. (In Russ.) 

6. J. Dong, L. Rixin,W. Fei, L. Fang,W. Shuo, and D. 
Boroyevich. Study of conducted EMI reduction for three-
phase active front-end rectifier. IEEE Trans. Power Electron. 
Dec. 2011, vol. 26, no. 12, pp. 3823–3831.  



 … ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 105

7. B. Piepenbreier and L. Sack. Regenerative drive converter 
with line-frequency switched rectifier and without DC link compo-
nents.Power Electronics Specialists Conference. 2004. PESC 04. 
2004 IEEE 35th Annual. 2004, vol. 5, pp. 3917–3923.  

8. Kryukov O.V. A comparison of high voltage frequency con-
verters used in electric drives. Elektrotekhnika: setevoy el-
ektronnyi nauchnyi zhurnal [Russian Internet Journal of Elec-
trical Engineering], 2016, vol. 3, no. 2, pp. 50–56. 

9. V. Miskovic, V. Blasko, T. Jahns, A. Smith and C. Romenesko. 
Observer based active damping of LCL resonance in grid con-
nected voltage source converters. IEEE Energy Conversion Con-
gress and Exposition. Denver. CO. 2013, pp. 4850–4856. 

10. G. Shen, D. Xu, L. Cao, and X. Zhu. An improved control strategy for 
grid-connected voltage source inverters with an LCL-filter. IEEE 
Trans. Power Electron. Jul. 2008, vol. 23, no. 4, pp. 1899–1906. 

11. J. R. Rodriguez, J. Pontt, R. Huerta, G. Alzamora, N. Becker, 
S. Kouro, P. Cortes, and P. Lezana. Resonances in a high-
power active-front-end rectifier system. IEEE Trans. Ind. Elec-
tron. Apr. 2005, vol. 52, no. 2, pp. 482–488. 

12. K. O'Brien, R. Teichmann and S. Bernet. Active rectifier for 
medium voltage drive systems. Applied Power Electronics 

Conference and Exposition 2001. APEC 2001. Sixteenth An-
nual IEEE. Anaheim. CA. 2001, vol. 1, pp. 557–562. 

13. M. Yuquan, Z. Lihong and H. Shufen, "Calculation of the Filter 
Parameters for the Aluminum Electrolyzation Rectifier. Intelligent 
Computation Technology and Automation (ICICTA) 2010 Interna-
tional Conference on Changsha. China. 2010, pp. 906–910. 

14. S. Chaladying, A. Charlangsut and N. Rugthaichareoncheep. 
Parallel resonance impact on power factor improvement in 
power system with harmonic distortion. TENCON 2015 – 2015 
IEEE Region 10 Conference. Macao, 2015, pp. 1–5. 

15. T. M. Blooming and D. J. Carnovale. Application of IEEE STD 
519-1992 Harmonic Limits. Conference Record of 2006 An-
nual Pulp and Paper Industry Technical Conference. Apple-
ton. WI. 2006, pp. 1–9. 

16. J. Pontt, J. Rodriguez, J. S. Martin, R. Aguilera, R. Bernal and 
P. Newman. Resonance mitigation and dynamical behavior of 
systems with harmonic filters for improving reliability in mining 
plants. Conference Record of the 2006 IEEE Industry Applica-
tions Conference Forty-First IAS Annual Meeting. Tampa. FL. 
2006, pp. 1298–1302. 

Received 19/10/16  

 
-

 / ., ., ., ., . // -
. . . 2016. .14. 4. . 96–105. doi:10.18503/1995-2732-2016-14-4-96-105 

Nikolaev A.A., Kornilov G.P., Khramshin T.R., Nikiforov G., Mutallapova F.F. Experimental study of electromagnetic compatibility of 
modern electric drives used in the power supply system of a metallurgical enterprise. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnich-
eskogo Universiteta im. G.I. Nosova [Vestnik of Nosov Magnitogorsk State Technical University]. 2016, vol. 14, no. 4, pp. 96–105. 
doi:10.18503/1995-2732-2016-14-4-96-105 

 
 

 
 
 
 
 


