Sweep Frequency Response
Analysis of VT for Medium

II|IIIIIII|IIIIIlIIIIIIIIIIIIIIIIIIIIIIIJIIIIIIIIUIIIlllllll|III|IIII1IIIHIIIIIIIIIIIIIIIIIIII
: HufHpa e

NEEDEDELERERERERELERRRRPUERELERLERLTEDEEEEHEEEDERRLELEDERRE

om0

EEIRERTRERERNEERN R ETPEEPEREEREPRRERPRRRR

ftti i

I o o
O V0|tage Appllcatlons

282: 2822822282238 HHHTT
e :
L A computational approach to characterize the
N - |mp§dance of VT a.s a.fun.ctlon of frequency in the
R medium voltage distribution networks and evaluate a

UATTEETOREREHETROEREEH TR LRSI DT
Tt
U R LRLTERA LR

ERRRERRRRERRRERRRTRARTIS

HHERREE
|||||||||||||||muuuu|||u11uuu|1|||||||11|Hnm|mmmnuyg!qmlnlmuuuu | V. siddharth1, D. Raschkal, Wojciech Piasecki2, Maciej Kuniewski3, Pawet Mikrut3

IIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJLII}I|Il%llll%gg%ggwllIIIIIIIIIHIIIIIIII ; 1. ABB Inc. Instrument Transformers & Distribution Components, Pinetops, NC

III|II|II|IIIIIIIIIIIIIIIIIIIIJ!!II!!LL!}QIHI%Iiﬂg%%gglmmIIIIlIIlIIIIIII 2. ABB Corporate Technology Center, Krakow, Poland

IIIIIIIIIIIIIlI||III||I|||IIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIllllillI]lllllllllllllllllllll 3. AGH University of Krakow, Poland

potential risk of higher harmonics.

Introduction & Goals

SFRA signatures are unique to VT and are used to identify = The goal is to evaluate the SFRA characteristics of voltage
problems that may occure during testing or operation. transformers during design stage and predict the risk of
While SFRA has been primarily used to check the harmonic-induced failure. By comparing and fine tuning
integrity of mechanical structures and electrical these simulations with real-world SFRA measurements,
connections, it also provides valuable information about  we can better understand the VT's behavior and identify
resonance frequencies of voltage transformer. potential weaknesses.

UL Methodology

d . ‘ 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
A0000ANAE - : 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
- o o THHHHEET 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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Figure 1. Simulation models with different grouping: Left-full
model; Center-20 groups per layer; Right- 10 groups per layer
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Results

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
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conductors, and neglecting the non-ohmic losses. )
- . | | Figure 2. Frequency response characteristic of winding admittance of voltage
ldentifying these internal resonances and their corresponding transformer: Left-Simulated, Right-Measurement

frequencies is crucial during the design phase of VTs.
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