W e - .

el ) | \
- R __? __.at.

T ———

" SCCER-FURIES Annual Conference—————~

_.-_'_-.-'

Lausanne, November 25%, 2015

: T p

.

=1 . I Power Electronic Systems M High
Voltage
Eidgenossische Technische Hochschule Zirich I — J La boratory Laboratory

Swiss Federal Institute of Technology Zurich

Effects of Mixed-Frequency Voltage Stress on Dry-Type Insulation Systems

T. Guillodla, R. Féirberzb, C.M. Franck®, J.W. Kolar®
“Power Electronic Systems Laboratory, bHigh Voltage Laboratory, ETH Zurich, 8092 Zurich, Switzerland,

1guillod@lem.ee.ethz.ch, zfaerber@eeh.ee.ethz.ch

I. Introduction

The importance of power electronic converters in energy transmission and
distribution networks is bound to increase due to their unprecedented
flexibility in electrical power conversion and conditioning. Voltage
waveforms generated with the aid of solid state switches introduce a new
form of insulation stress as compared to the conventional 50 Hz sinusoidal
waveforms. Their high slew rates have been shown to lead to enhanced
partial discharge activity and corresponding accelerated aging of wire

It is the goal of this project to identify the pertinent modes of degradation
active under mixed-frequency stress in dry-type insulation materials which
in turn helps to establish dimensioning guidelines for reliable insulation
concepts, in particular for medium voltage Solid-State Transformers [3].
To this end we combine theoretical considerations on the physics of
dielectrics with FEM/PEEC simulations of the electromagnetic field in the
insulation system of Solid State Transformers and experimental parameter

studies on polymeric specimens.

insulation in inverter-fed induction motors [1] as well as reduced breakdown
voltages of oil-impregnated paper insulation [2]. However, apart from
enhanced dielectric heating due to significant harmonics, the effects of
mixed-frequency voltages on insulation materials below partial discharge
inception are to a large extent unknown.

Medium-frequency (MF) transformer >
unit of a Solid-State Transformer (SST)

II. Solid-State Transformers (SSTs) and Mixed-Frequency Voltage Stress

MF transformer benchmark data (4;:
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o Consideration of thermal and electromechanical forces

AC-DC Solid-State Transformer topology A\ Top cell mixed-frequency voltage /A

o Control of degrading effects at metal-insulator interface

ITI. Field Simulations and New Insulation Concepts

IV. Experimental Setup

Mixed-frequency test bench

Electric/magnetic FEM (2D) / PEEC (3D) analysis [3i: Modular dielectric spectroscopy

Adjustable parameters: for aging diagnostics
o DC offset (0..20 kV)

o Pulse amplitude (0..2.5 kV)

o Repetition frequency (0.1..5 kHz)
o Slew rate (up to 30 kV/us)

Electric field stress
o Low voltage setup for offline diagnostics

o Frequency range: 1 Hz to 100 kHz on 5 pF
specimen capacitance

Dielectric loss
Influence of voltage wave effects on insulation stressing

Evaluation of new insulation concepts, e.g. o High voltage setup for online monitoring

Semiconducting tape around MF transformer windings (under assessment)

* Conduction selectively active for 50 Hz component (not for MF) Switching Stage

- Homogenization of low-frequency electric field component o——¢
* Partial discharge barrier OJI_ 21.25 2.50
- & | =
= HV DC-Coupling = —
CM MV [kV/mm] CM MV / 50 Hz [kV/mm] = 4 g B - g
4.36 wl T —|| +—o0 = 20.00 . V., 1.25 2
N o o~
OJI_ % @ = + 3 E Y Converter %
& = - = — 2 =
|__}L S = S 7 185 0.00 =
v v v v
o—1 l —o0 25 0 50 100 150
"Device Under Test (DUT) : 20 kV DC + 2.5 kV PWM | Time [ns]

Pulses from the half-bridge are capacitively A\ PWM switching transition A\
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Recessed specimen A
(epoxy polymer)
with guard toroids

A Test cell with mixed-frequency
voltage generator mounted below
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A Modular dielectric spectroscopy
setup for offline aging diagnostics
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