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Research on Multi-Physical Field Characteristics of Metallurgical

Harmonic Intrusion in Transformers
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(School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract: [ Objective] To address the issue of component
vibration and abnormal noise in transformers caused by
harmonic intrusion during metallurgical production, this study
investigates the evolution of metallurgical —harmonic
disturbances in multi-physical fields using a multi-physics
coupling approach, combining simulation and experimental
methods. [ Methods ] First, a coupling electromagnetic-
mechanical-acoustic model of the transformer was proposed,
taking harmonic disturbances into account. Electromagnetic
force and vibration acceleration were selected as the
characteristic parameters linking electromagnetic-mechanical
and mechanical-acoustic fields, respectively. Based on
electromagnetic coupling, the winding current, magnetic flux
density, and electromagnetic force of the transformer were
solved. The electromagnetic force was then used as the
excitation for the mechanical model to calculate the vibration
acceleration of the transformer core and windings.
Subsequently, the vibration acceleration was used as excitation
for the acoustic model to calculate the sound pressure and the
variations in sound pressure level, thereby realizing the multi-
field coupling process across electromagnetic, mechanical, and
acoustic domains. The spatiotemporal distributions and
variations of each field under various disturbance modes were
simulated. The evolution of disturbances in the multi-physical
fields was analyzed using the characteristic parameters. The
effects of harmonic and interharmonic  components’
disturbances on the transformer’s multi-field parameters were
studied through simulation. Additionally, a test platform for
dynamic simulation was built to collect vibration and noise
signals from the transformer under different disturbance modes.

[ Results ]| The results showed that when metallurgical

E&mAB . EEEHESMAIRITHE (2022YFB2404000)
National Key R&D Program of China (2022YFB2404000)

harmonics intruded into the transformer, the multi-field
information of the components increased with higher load rate
and harmonic frequency. Interharmonic components caused
more significant disturbances to the transformer than harmonic
components in adjacent frequency domain. The accuracy of the
proposed model was verified through simulation-experiment
comparisons. [ Conclusion ] Based on simulation and
experimental results, the most significant interharmonic
component 97 Hz in metallurgical harmonics is selected as a
typical characterization parameter. A mapping relationship
between different levels of the 97 Hz interharmonic and the
vibration of transformer components is established, and an
instability criterion is developed. = When the 97 Hz
interharmonic content reaches 15% , it causes severe instability
in the internal electromagnetic and mechanical environments
within the transformer. The identification method provides
support for situational awareness and equipment protection for
transformers under metallurgical harmonic intrusion.

Key words: harmonic; interharmonic; transformer; multi-

physical field
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Fig.2 Path of harmonic and interharmonic intrusion

from electric arc furnaces into grid transformers
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Fig.7 Multi-physics coupling model of transformer
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Fig.9 Magnetic flux leakage results at measurement points of windings
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Fig. 10 Partial simulation results of electromagnetic force and vibration acceleration at

measurement points of windings

3.3 HOBE-YWEESERS W

DAAS R 5 s 11 0, 5 553 B AS [l 48 31
REECUF 00 A AH F 0% A B AR Ak, BRI n
K11 FiR,

B 11 B TR AR o AR,
TE s I A AR B AR A A HLREE P 5
WA TR, R IR AN T3 K, O T R
N[ 10 I v N = Wl S 1 % ) e E B
WIS U e X6 2 S T S ) B Dy

DIZS s 280 405 17, M1 M3 $ s =Xk i)

VEH A AH % fe KR 21, ] 45 3 AR e o
I3z E R 12 iR,

SR BEE PR TR, 3R IR A
N o Ny = il S 72 o1 Sl B s 7
ORGSR AR S T i, S R
A SRR AT

HE— 258 A8 HE 2% 52 P ik 0 i Pk 8h A5 4k
Ay BITE AR (B AH) f55kE (A M) EEE®S
@I 55, LI HAR R 28 AR R L B PR s B,
oY EE RN 13 fis

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HBEIE , 55 6 S IR AL TR Z W B R 5T

DAI Wanlin, et al: Research on Multi-Physical Field Characteristics of Metallurgical Harmonic Intrusion in

348

Transformers

B 11 AMEE#ZTHMEELER

Fig. 11 Time-domin variation results of A-phase main magnetic flux density
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Fig. 12 Distribution cloud diagrams of main magnetic flux density
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Fig. 13 Vibration results at measurement points of core

14 EEFRERAEELRSH
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Fig. 15 Digital test platform for dynamic simulation
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Fig. 16 Test results of winding vibration
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Fig. 17 Test results of core vibration
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Fig. 18 Electrical-vibration information mapping
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