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Chapter  11

INTRODUCTION

Reliable and cost effective insulation design is 
a key element in the capability of a transformer 
to fulfill its function in an electric grid. For large 
power transformers with high voltages, the insula-
tion medium consists predominantly of mineral oil 
and oil impregnated cellulose products, like kraft 

paper, pressboards and other natural materials of 
a wood-like nature.

The insulation performance for over-voltages 
of a transient nature is verified through the appli-
cation of impulse voltages on the transformer ter-
minals, according to international standards. The 
design process for insulation structures includes 
an analysis for the transient voltages between 
conductors of a winding, between winding parts 
in a winding phase assembly, and from winding 
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ABSTRACT

In this chapter, the calculation of transient voltages over and between winding parts of a large power 
transformer, and the influence on the design of the insulation is treated. The insulation is grouped into 
two types; minor insulation, which means the insulation within the windings, and major insulation, which 
means the insulation build-up between the windings and from the windings to grounded surfaces. For 
illustration purposes, the core form transformer type with circular windings around a quasi-circular core 
is assumed. The insulation system is assumed to be comprised of mineral insulating oil, oil-impregnated 
paper and pressboard. Other insulation media have different transient voltage withstand capabilities. 
The results of impulse voltage distribution calculations along and between the winding parts have to be 
checked against the withstand capabilities of the physical structure of the windings in a winding phase 
assembly. Attention is paid to major transformer components outside the winding set, like active part 
leads and cleats and various types of tap changers.
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parts to grounded surfaces. The impulse voltage 
distribution is usually calculated for one wound 
leg only, which is assumed to be representative 
of all phases. The design procedure described 
in this chapter is illustrated on a large core type 
power transformer with circular windings around 
a quasi-circular core, but can also be applied to 
other types of power transformers.

ESTIMATION OF IMPULSE 
VOLTAGE DISTRIBUTION 
VIA WINDING RATIO AND 
OSCILLATING FACTOR METHOD

The winding system of a power transformer con-
sists generally of a minimum of two windings of 
different nominal voltage levels. The simplest 
example is a two-winding transformer with a 
fixed ratio, with (per phase) only one winding (in 
one part) for the LV winding and one winding (in 
one part) for the HV winding. Most of the time 
however, one of the two windings (usually the 
HV winding), has more than one part, because it 
needs to be adjustable in voltage. This means that 

a winding will have a discontinuity in electrical 
properties in the connection point between the 
two parts.

The impulse voltage distribution along a wind-
ing is usually not divided linearly according to the 
turns ratio, which is in contrast to the voltages 
at nominal frequency. The initial distribution is 
determined more by the series capacitances of 
the winding parts. The voltages tend to oscillate 
with a level that is approximately proportional to 
the difference between the initial capacitive volt-
age distribution and the final inductive voltage 
distribution, as shown in Figure 1.

For estimation purposes, and for a quick check 
of the correct behaviour of a transient model, a 
simple rule of thumb for the amplitude (peak-peak) 
of the oscillating voltage is assuming a multipli-
cation factor of two, two times the nominal volt-
age.

The first winding type where this rule is applied 
is a layer winding. We take an example where 
the layer winding consists of six layers (of equal 
turns). See Figure 2.

Nominal or induced voltages between the 
layer ends are: (100% / 6) x 2 layers = 33%.

Figure 1. Initial-final transient voltage distribution along the height of a homogenous coil



 

 

16 more pages are available in the full version of this document, which may

be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/transformer-insulation-design-based-

analysis/68882

Related Content

Introduction to Electric Distribution System
Sivaraman P.and Sharmeela C. (2020). Handbook of Research on New Solutions and Technologies in

Electrical Distribution Networks (pp. 1-31).

www.irma-international.org/chapter/introduction-to-electric-distribution-system/245635

E-Nose Pattern Recognition and Drift Compensation Methods
Sanad Al Maskariand Xue Li (2018). Electronic Nose Technologies and Advances in Machine Olfaction (pp.

38-57).

www.irma-international.org/chapter/e-nose-pattern-recognition-and-drift-compensation-methods/202705

Hybridized Genetic Algorithm Based Machine Parameters Estimation for Direct Torque Control

of 3 Phase Motor for Wind Energy Systems
Vivek Venkobarao (2016). Handbook of Research on Emerging Technologies for Electrical Power

Planning, Analysis, and Optimization (pp. 96-108).

www.irma-international.org/chapter/hybridized-genetic-algorithm-based-machine-parameters-estimation-for-direct-

torque-control-of-3-phase-motor-for-wind-energy-systems/146734

Hydrogen Fuel Cell Technologies for Sustainable Stationary Applications
Raluca-Andreea Felseghiand Florin Badea (2021). Hydrogen Fuel Cell Technology for Stationary

Applications (pp. 166-185).

www.irma-international.org/chapter/hydrogen-fuel-cell-technologies-for-sustainable-stationary-applications/276555

Signal-Adaptive Analog-to-Digital Converters for ULP Wearable and Implantable Medical

Devices: A Survey
Nabi Sertac Artan (2016). Design and Modeling of Low Power VLSI Systems (pp. 199-228).

www.irma-international.org/chapter/signal-adaptive-analog-to-digital-converters-for-ulp-wearable-and-implantable-

medical-devices/155056

http://www.igi-global.com/chapter/transformer-insulation-design-based-analysis/68882
http://www.igi-global.com/chapter/transformer-insulation-design-based-analysis/68882
http://www.irma-international.org/chapter/introduction-to-electric-distribution-system/245635
http://www.irma-international.org/chapter/e-nose-pattern-recognition-and-drift-compensation-methods/202705
http://www.irma-international.org/chapter/hybridized-genetic-algorithm-based-machine-parameters-estimation-for-direct-torque-control-of-3-phase-motor-for-wind-energy-systems/146734
http://www.irma-international.org/chapter/hybridized-genetic-algorithm-based-machine-parameters-estimation-for-direct-torque-control-of-3-phase-motor-for-wind-energy-systems/146734
http://www.irma-international.org/chapter/hydrogen-fuel-cell-technologies-for-sustainable-stationary-applications/276555
http://www.irma-international.org/chapter/signal-adaptive-analog-to-digital-converters-for-ulp-wearable-and-implantable-medical-devices/155056
http://www.irma-international.org/chapter/signal-adaptive-analog-to-digital-converters-for-ulp-wearable-and-implantable-medical-devices/155056

