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A significant challenge in modeling of voltage transformer windings arises 
from the vast difference in scale between individual wires and the 
complete winding geometry. To reduce the model size while maintaining 
accuracy, the model utilizes the grouping of turns. This approach allows for 
efficient simulation of high-frequency behavior up to 100 kHz. The model 
automates the creation of simplified 2D models based on key design 
parameters. By specifying the number of turn groups per layer, we can 
balance model size and resonance prediction. For the analyzed winding, 
clustering of 10-20 turns per group was sufficient for frequency response 
and identifying the resonance frequencies within the desired frequency 
range.
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A computational approach to characterize the 
impedance of VT as a function of frequency in the 
medium voltage distribution networks and evaluate a 
potential risk of higher harmonics.

SFRA signatures are unique to VT and are used to identify
problems that may occure during testing or operation.
While SFRA has been primarily used to check the
integrity of mechanical structures and electrical
connections, it also provides valuable information about
resonance frequencies of voltage transformer.

The goal is to evaluate the SFRA characteristics of voltage
transformers during design stage and predict the risk of
harmonic-induced failure. By comparing and fine tuning
these simulations with real-world SFRA measurements,
we can better understand the VT's behavior and identify
potential weaknesses.

Introduction & Goals

Methodology

Figure 1. Simulation models with  different grouping: Left-full 
model; Center-20 groups per layer; Right- 10 groups per layer

The winding admittance is estimated for the specified frequency 
range and plotted on a logarithmic scale in Figure 2, Left. As the 
frequency increases beyond the first resonance, the winding 
admittance rises due to its increasing capacitive character. Local 
resonances are observed at certain higher frequencies. The 
simulated SFRA plot was compared with measured responses 
(Figure 2, Right) and found to be similar. The second and 
subsequent resonant frequencies were less pronounced in 
measurements, likely due to simplified geometry, grouping of 
conductors, and neglecting the non-ohmic losses.

Identifying these internal resonances and their corresponding 
frequencies is crucial during the design phase of VTs.

Results

Figure 2. Frequency response characteristic of winding admittance of voltage 
transformer: Left-Simulated, Right-Measurement


