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Abstract

Based on the GTEM chamber for the equivalent height detection method of UHF partial discharge tester, this paper simulates
the electric field at the top of the GTEM window. The results show that the electric field strength changes significantly along
the position of the top fenestration axis. This change will have a non-negligible effect on the accuracy of the UHF partial
discharge equivalent height measurement. In this way, an equivalent height compensation method for the UHF partial discharge
tester is proposed. The method compensates for the electric field of the reference sensor position by using the electric field of
the measured sensor position as a standard. Through the comparison before and after compensation, the method can effectively
improve the accuracy of the equivalent height measurement of the UHF partial discharge tester.
c⃝ 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

At present, GIS partial discharge UHF partial discharge (UHF) detection technology has been greatly developed
and widely used in the power grid [1]. Through several successful discoveries of partial discharge caused by
insulation defects inside the gas chamber, it has made great contributions to ensuring the safe and reliable operation
of the power system [2]. The UHF PD tester is an important testing device for UHF detection technology. The
accuracy of its key performance indicators directly affects the scientific and effective diagnosis results [3].

At present, based on the GTEM cell UHF sensor performance verification method, the reference sensor is used
to detect the equivalent height of the measured sensor using the GTEM cell top test window. This method has
been recognized by many scholars at home and abroad. However, since the test window at the top of the GTEM
cell is not a conventional uniform electric field test area, the electric field changes significantly at different test
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positions. Therefore, it is necessary to conduct an in-depth study on the electric field at which the reference sensor
and the measured sensor are located, thereby ensuring the accuracy of the equivalent height measurement of the
UHF sensor.

2. The principle of the equivalent height of the UHF PD

The equivalent height verification platform of the UHF PD tester based on the GTEM cell is mainly composed
of a GTEM cell, a radio frequency signal source, a radio frequency power amplifier, a measurement and control
computer, a high speed oscilloscope, a measured sensor, and a unipolar standard probe (reference sensor). As shown
in Fig. 1.

Fig. 1. The equivalent height verification platform of the UHF PD tester based on the GTEM cell.

The RF signal source and the RF power amplifier are used to input a voltage signal UI(f ) to the GTEM cell,
and the frequency range of the signal is 300 MHz to 3 GHz. The electric field established inside the chamber
is expressed as EI. The output voltage signals of the measured sensor and the reference sensor are respectively
expressed as UMs(f ) and UMr (f ). The transfer function of the GTEM cell, the reference sensor, and the measured
sensor are expressed as Hcell, Href and Hsens. The transfer function of the measurement system is expressed as Hsys.
Then the measured output of the reference sensor and the measured sensor can be expressed as Eq. (1) [4].{

UMr ( f ) = UI ( f ) Hcell Hre f Hsys

UMs ( f ) = UI ( f ) Hcell Hsens Hsys
(1)

In order to get the expression of the equivalent height of the measured sensor, the two formulas of Eq. (1) are
divided to obtain Eq. (2).

Hsens =
UMs ( f )

UMr ( f )
Hre f (2)

Although the test window is used to measure the sensor, the effect of the sensor on the electric field inside the
GTEM cell can be weakened. However, the GTEM cell top test window position is not the “1/3” uniform field test
area of the GTEM cell. The value of the electric field varies greatly with position and signal frequency. Since the
reference sensor and the measured sensor are different in size and the test positions are not identical. The electric
field in which it is located must be different. Therefore, it is necessary to study the electric field in the case of
opening the window at the top of the GTEM cell. In this way, the variation law of the electric field strength of
the reference sensor and the measured sensor due to different test positions is determined. This can improve the
equivalent height measurement accuracy of the measured sensor.

3. The simulation analysis of electric field at the top of GTEM cell

This paper takes a cross section at the center of the window at the top of the GTEM cell and parallel to the
bottom of the chamber. The electric field strength at the cross section is simulated and analyzed at a frequency of
1.5 GHz. The simulation results are shown in Fig. 2.

It can be seen from Fig. 2 that the “Area1” is a “1/3” uniform electric field region inside the GTEM cell, and
the electric field distribution is uniform. However, the “Area2” at the top of the cell is the equivalent height test
area of the UHF sensor, and the value of the electric field changes significantly with the position change. Therefore,
when the measured position of the measured sensor and the reference sensor are deviated, the change of the electric
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Fig. 2. The simulation results of electric field distribution of cross section of GTEM cell.

field will have an important influence on the measurement accuracy of the equivalent height of the measured sensor
represented by the reference sensor transfer function.

In order to study the electric field change at the top window of the GTEM cell, the electric field at the top
window position was studied. Select the center of the window as point 1, and take point 2 along the center of the
circle, perpendicular to the center axis of the ceiling of the chamber, and take the point 3 below. Point 2 and point
3 are symmetrically distributed with respect to point 1, as shown in Fig. 3.

Fig. 3. The GTEM cell window position take test point diagram.

Fig. 4. The electric field simulation results at selected points.

The electric field strength at point 1, point 2, and point 3 was simulated and analyzed in the 0.8 GHz-2.5 GHz
sweep frequency range. The simulation results are shown in Fig. 4. It can be seen from Fig. 4 that in the frequency
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range of 0.8 GHz to 2.5 GHz, the electric field strength at point 1, point 2, and point 3 tends to be consistent with
the frequency. Taking point 1 as the reference point, the electric field strength at point 2 above the reference point
is lower than the reference point, and the electric field strength at the frequency point of 73.7% in point 3 is higher
than the reference point. Compared with point 1, the frequency point where the relative error of the electric field
value of point 2 and point 1 exceeds 10% accounts for 31.6% of the total frequency, and the frequency point where
the relative error of the electric field value of point 3 and point 1 exceeds 10% accounts for 34.5% of the total
frequency.

Therefore, it can be concluded that along the center axis of the ceiling window of the chamber, the electric field
strength trends at each point are basically the same, and the electric field strength above the chamber window is
lower than the lower electric field strength. The electric field strength changes significantly along the position of
the axis. About 1/3 of the frequency point electric field strength relative error is higher than 10%. This error can
have a non-negligible effect on the accuracy of the equivalent height measurement of the UHF PD tester.

4. The equivalent height compensation measurement method

In order to solve the above problems, an equivalent height compensation measurement method is proposed. Let
the GTEM cell input voltage signal be UI(f ), and establish the electric field as EI inside the cell. Let the electric
field value of the reference sensor be E1(f ) and the electric field value of the measured sensor is E2(f ). Then, the
electric field compensation amount of the reference sensor converted to the sensor under test is Eq. (3).

∆γ ( f ) =
E1 ( f )

E2 ( f )
(3)

The measured voltages of the measured sensor and the reference sensor are expressed as Uos(f ) and Uor(f ). Then
the measured sensor and reference sensor transfer function can be expressed as Eqs. (4) and (5).

Hsens ( f ) =
Uos ( f )

E2 ( f )
(4)

Hre f 1 ( f ) =
Uor ( f )

E1 ( f )
(5)

The reference sensor’s electric field is compensated using the measured sensor so that the electric fields are the
same. Combining Eqs. (3) and (5), the reference sensor transfer function is obtained as Hre f 2(f ).

Hre f 1 ( f ) =
Uor ( f )

∆γ ( f ) · E2 ( f )
=

1
∆γ ( f )

· Hre f 2 ( f ) (6)

It can be known from Eq. (2) that when the measured sensor and the reference sensor are in the same electric
field E2(f ), the equivalent height of the measured sensor can be expressed as Eq. (7).

Hsens ( f ) =
UMs ( f )

UMr ( f )
· Hre f 2 ( f ) (7)

Since Hre f 2(f ) is unknown, combined with Eq. (6), the equivalent height of the measured sensor after
compensation can be expressed as Eq. (8).

Hsens ( f ) =
UMs ( f )

UMr ( f )
· Hre f 1 ( f ) · ∆γ ( f ) (8)

5. The equivalent height compensation simulation analysis

Assume that the electric field of the measured sensor is at point 2, and the electric field of the reference sensor
is at point 1 position. Through the Eq. (3), the simulation result of the compensation amount can be obtained as
shown in Fig. 5.

As can be seen from Fig. 5, the amount of compensation exhibits different values as the frequency changes,
and compared with the value 1 line, the larger the deviation from 1 is, the larger the amount of compensation is
needed. By comparison, the compensation amount is large in the low frequency range of (0.8–1.5) GHz, and the
compensation amount is relatively small in the middle frequency band (1.5–2.2) GHz. Through statistics, in the
(0.8–1.5) GHz full frequency band, by performing compensation, the average equivalent height accuracy of the
measured sensor can be increased by 9.39% compared with before compensation.
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Fig. 5. The curve of compensation amount.

6. Conclusions

Through the simulation analysis of the top window of the GTEM chamber of the UHF PD tester, it is found that
the test points are taken along the axis of the top window, and the electric field intensity changes at each point are
basically consistent with the change of frequency. The electric field strength above the chamber window is lower
than the electric field strength below. The position of the test points is different, and the error of the electric field
strength will have a non-negligible influence on the accuracy of the equivalent height measurement of the UHF
partial discharge.

The amount of compensation represented by the electric field of the measured sensor and the reference sensor
exhibits different values as the frequency changes. By adding the compensation amount ∆γ (f ) to compensate the
original equivalent height, the equivalent height measurement accuracy of the UHF PD tester can be effectively
improved.
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