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Abstract. Main insulation electric field of a 220 kV oil-immersed power transformer is calculated.
First of all, the main insulation structure is divided into three regions and the corresponding
simplified model is established using a two-dimensional axisymmetric calculation field; then typical
paths and locations are selected and its field strength and the corresponding insulation margin are
mainly examined; finally, the position of the maximum electric field strength and the path of the
maximum average electric field strength are obtained by comparing and analyzing the distribution
of potential and electric field intensity in different regions, and corresponding insulation margin is
calculated which provides an effective method of engineering analysis for reasonable and
economical design of the structure of main insulation.

Introduction

With the development of modern electricity and increasingly higher of transformer voltage level,
the reasonable design of insulation structure becomes particularly important. Reasonable
transformer insulation can guarantee its reliable operation and improve its operating economy, and
calculating the distribution of inner electric field is the prerequisite for a more economical and
rational design of insulation structure[1]. Through numerical calculation of main insulation electric
field of a SFPSZ9-150000 / 220 power transformer in the AC power frequency, the distribution of
equipotential lines, field intensity and field vector, and the maximum field strength of the upper, the
lower, the middle and its corresponding insulation margin are obtained, providing a reliable basis
and effective engineering methods to design insulation structure[2,3].

Simplified model
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Fig.1. The simplified model

This paper analyzes the SFPSZ9-150000 / 220 transformer which is a three-phase three-winding
OLTC power transformer. High voltage (HV) winding with regulator is central outgoing, medium
voltage (MV) and low voltage (LV) windings are the end outgoing, rated voltage (220 + 8 X 1.5%)
/121/38.5kV[4,5]. The main insulated electric field is divided into three parts, respectively the lower,
the upper and the middle, calculated by two-dimensional axisymmetric field. The actual model is
imported from AutoCAD, which the horizontal axis of left edge is equal to the radius of the core,
thus ensuring the core centerline and default rotation axis (y-axis) of ElecNet software coincide.
Then the imported model is rotated a certain angle, material properties are assigned (the constant of
dielectric of transformer oil, insulating paper and insulating paper tube were taken 2.2, 3.5 and 4.4),
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the boundary conditions are determined and simulation. The simplified calculation model of upper,
lower and middle portion are shown in Figure 1.

Based on the above model, the Boundary Value Problems for using the scalar potential ¢ to
calculate transformer main insulation electric field are:

V-(sVp)=0
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Where, €. & . &, is permeability, H/m; I'; is the first homogeneous boundary; T", is the
second homogeneous boundary; I"1, is the boundary of different media.

According the formula, the left and upper boundary of upper portion, the left and lower boundary
of lower portion and the left and right boundary of middle portion are assigned the first
homogeneous boundary, while others are the second homogeneous boundary, natural meet[6].

The average electric field strength and insulation margin of ab path are obtained through
integrating the electric field strength along the ab direction by equation (2):

Uab = iEiIi
i=1

Ea=U, /> |, )

i=1

Where is i the i-th unit from point a to point b; I; is the length of each unit; n is the total number
of units; q is insulation margin; E,. E. is the allowable and average value of the electric field
strength respectively.

Calculation and analysis of main insulation electric field

A. The electric field calculation of the lower end region
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Fig.2. Equipotential distribution of the Fig.3. Electric field distribution of the
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The applied voltage of calculating model of electric field in the upper end including LV, MV,
HV and TV winding are 20 kV, 200 kV, 151 kV and 151 kV, respectively. End equipotential line
and electric field shown in Figure 2 and 3 were calculated by using ElecNet. It can be seen the most
concentrated distribution of potential line is at the corner of inner surface of the end of MV winding
close to LV where the maximum field strength is 7.68 kV/mm and it’s higher than the lower end.
The reasons why the biggest field strength is here are the potential difference applied between MV
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and LV winding of the upper is greater than the lower, and insulation distance between MV and LV
wingding is shorter than the distance between HV and MV winding. Its insulation margin is
8.5/7.68=1.11, which is smaller than the maximum field strength in the lower end region.
B. The electric field calculation of the lower end region

The potential of calculating model of electric field in the lower end region including LV, MV,
HV and TV winding are respectively 0 kV, 67 kV, 200 kV, 132 kV. End equipotential line and
electric field

Shown in Figure 4 are determined through the model calculated and the electric field intensity
vector distribution shown in Figure 5, the distribution of electric field of the selected typical path 1,
2, 3 in the lower end region is shown in Figure 6, and the results illustrated in Figure 7, Figure 8
and Figure 9.
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Fig.8. Field strength distribution of Fig.9. Field strength distribution of
path 2 between HV winding and yoke path 3 between MV and LV winding

As can be seen from the figures, the point of the highest potential is appeared at the surface of
the HV coil, and the most densely potential line is at the corner of the inner surface of HV coil end
near the MV, and the maximum value is about 5.14 kV/mm. And the closer to this position, the
more obvious distortion of the electric field strength is. The first oil gap between HV and MV
winding is 8mm, and its maximum tolerated field strength is 8.5 kV/mm and insulation margin is
8.5/5.14 = 1.65. While other oil gaps are all less than 10 mm and the electric field strength is less
than the inner corner of HV coil end, the insulation margin are larger than 1.65.
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Illustrated in Figure 5, the point of maximum field strength is on the inner surface of HV
winding, and distribution along the path 1, the maximum field strength is appeared here, and the
maximum field strength obtained from Figure 7 is 4.5 kV/mm. Known from the field strength
distribution along the path 2, the maximum field strength is 4.5 kV/mm. On the path 3, the
maximum field strength lied in the corner of the inner surface of MV winding is 2.5 kV/mm and
coincide the value shown in Figure 5.

C. The electric field calculation of the middle

In the central electric field, the electric potential of LV winding is 10 kV, the electric potential of
MV winding is 133 kV and HV winding of the terminal voltage is 395kV, the distribution of the
electric field can be shown as Figure 10 and Figure 11.

,
S0 | 1

.

Fig.10. Distribution of equipotential ) Fig.11. Distribution of electric field
lines in the middle part intensity in the middle part
5 10
4
Es
=
5 z
1
I:h . 16 24 n 40 48 56 8
Diistancefrrn

Fig.12. Distribution of field intensity along a path 4 between HV and MV winding
From Figure 10 and Figure 11, it can be seen the electric potential distribution between the inner

surface of HV winding and the outer surface of MV winding is even, substantially, the intensity
distribution of electric field is also uniform. The average intensity of electric field in the middle is
nearly 4.02 kV/mm, and the insulation margin is 6.5/4.02 = 1.51. Take any path 4 between HV and
MV winding, the distribution of electric field intensity is shown in Figure 12. Because the HV
winding of power transformer is outgoing line, the average electric field intensity is greater. So the
middle insulation between HV and MV winding is the major part of assessment.

D. Analysis on calculated results

According to the average field strength and insulation margin of typical path presented in Table
1 and the maximum field strength and corresponding insulation margin shown in the Table 2, it can
be seen the requirements of field strength can be satisfied with the insulation margin in all power
lines of different places.

Through the analysis of the data, the maximum field strength is in the corner of inner surface of
the lowing pressure which is next to the upper part of the intermediate-voltage winding and the
degree of its insulation margin is at 1.11. Although the maximum field strength in the central part is
lower than the upper and lower, this power transformer is characterized with central outgoing line
of HV winding, of which the field strength between HV and MV winding is relatively balanced. So
the average field strength between HV and MV winding in the center is greater and the average
field strength of typical paths chosen in this region is the maximum, which insulation margin is 1.51.
Hence, the corner of all end windings in both upper and lower and the central electric field are all
the crucial parts to be observed.
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Tab.1. Field strength and insulation margin of typical paths (kV/mm)

Location of path Path  Average field Allowable Minimum
number strength field strength insulation margin
From MV end to MV end 1 2.23 6.5 291
of the lower
From MV end to yoke of 2 1.75 6.5 3.71
the lower
From MV end to LV end 3 1.89 6.5 3.44
of the lower
From HV and MV of the 4 4.02 6.06 1.51
middle
Tab.2. Maximum field strength and insulation margin of all regions (kV/mm)
Region Maximum field I\/Iax.imum tolerated Insulat_ion
strength field strength margin
The upper end 7.68 8.5 1.11
The lower end 5.14 8.5 1.65
The middle 6.28 8.5 1.35

Conclusion

The effectiveness of the mentioned method has been verified through comparing the calculation
results in this paper with the experimental ones. As it can be summarized that the field intensity in
the corner of LV close to the upper end of MV winding is maximum while its insulation margin is
minimum, where should be the focus to be examined and studied. Furthermore, regions between
HV and MV winding where average field strength is higher should also be mainly checked. The
weakness of main insulation of entire transformer lies in the corner of the upper end of MV winding
and the regions between HV and MV winding. The vulnerable position of main insulation is
determined through the distribution of main insulation towards 220 kV power transformer
calculated in this paper, which could be an effective sample for the design of main insulation and
optimized structure of products with the same type.
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