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A Study on the Partial Discharge Testing to Evaluate Insulation

Performance of Low-voltage Electrical and Electronic Devices

by Jae-Yong, Song

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

This dissertation deals with the application of partial discharge (PD)
test on low-voltage electrical and electronic devices, which is recently
being accepted as a non-destructive and an effective dielectric test
method. The withstand voltage test (WVT) on low-voltage electrical
and electronic devices may cause degradation of insulation performance
by applying the test voltage.

However, the PD test does not occur insulation degradation of the
device under test because it is carried out at a relatively low AC
voltage compare to that of WVT. The PD test also provides much
more detailed information about the insulation such as proper
fabrication of the insulation system, selection of materials, and precise

manufacturing of any piece.
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Occurrence and characteristics of PD were studied in solid

insulation system, and a PD measurement system which can detect
charges below 1pC was fabricated. PD pulse detection was performed
by a coupling network with a discharge free capacitor and a RLC
detection impedance. The low cut-off frequency of the detection circuit
was set at 1 MHz (-3 dB) to attenuate AC voltage by 270dB and to
pass discharge pulses without any distortion. A low noise wide—band
amplifier having a gain of 40 dB was designed since the magnitude of
PD pulse propagated to the detection circuit was as low as the order
of uv.
A shielding enclosure of a Ni-Cu double structure and a HV filter
with a high cut-off frequency of 3.5kHz was designed to get a better
measuring condition against radiation and conduction noises from the
outside.

The PD measurement system was evaluated to noise interference
because the maximum sensitivity of the system depends on noise
level, and the peak noise level appeared 3mV,, Calibration to
calculate the sensitivity of the PD measurement system was performed
according to the IEC standard on low-voltage insulation transformers
and induction motors. The sensitivities in them were 38.4mV/pC and
11.4 mV/pC, respectively. The system is possible to measure apparent
charge of 02pC in the transformers and 05pC in the motors
considering the noise level.

Comparative experiment combined with the WVT was carried out

on the transformers and the induction motors to propose a PD test
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requirement for low-voltage electrical and electronic devices. Discharge
inception voltage (DIV), discharge extinction voltage (DEV), apparent
charge, and phase distribution of PD pulses were analyzed in the
experiment.

The results showed a decrease in DIV, DEV and an increase in
apparent charge, and demonstrated that degradation of insulation
proceeded during the WVT and aging. Also, no changes in PD
parameters appeared up to 7092 of the test voltage specified in the
WVT. Therefore the PD test for the types of transformers can be
completed under 709% of the test voltage by measuring apparent
charges below 1 pC.

As a replacement of the WVT for low-voltage electrical and
electronic devices, the PD test requirement can be standardized
through the same procedure proposed in this dissertation. However, the
PD test should be performed in ranges from 30 % to 50 % of the test
voltage not to make any degradation of insulation during the test.

The PD test that can measure apparent charges of 0.1 pC order is
expected to be widely used electronic components with short dielectric

distance such as photo—couplers, ICs, and PCBs.
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Table 2.1 Degradation of dielectric materials
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Table 2.2 Classification of dielectric testing
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Injection capacitor [pF] below 1 pF
IEC60270 compliant OK
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Main : 1.25 M
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Fig. 5.4 Typical PD waveforms measured between the primary coil
and the core before WVT
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and the core before WVT

|Before Withstand Voltage Test

120 [

100 : ug
St e 8
S a0 f 58580°
S ot g ggo@@@
= @ o
£l oo
° L o~ 0 oO@

c ° oogo@OS S
S 40 L g 8 o o
S 0 o850 °
< . g O 000
20 f 3 80 648
r 0.8
0 TR S o o X - 1 < A S S S SR S S
900 950 1000 1050 1100 1150
Applied voltage [V]

1200

gy 56 WHAAAE A 1xdAAT Aol A v s A2
Fig. 5.6 Apparent charge distribution between the primary coil
and the core before WVT

_68_



4 =]

=

==

sto] S

H]

7178 & ol
573 o] A=Al 0.78 pC,

=

sheach,

G

g2 v B
07 V=

il

I1mARE AA
7FE] A T}

171 A &=

il

o

]

o
3

R

}

o

F #Hd
A

Hnoe=z

AEEIRET
R EE R

a4

|
<]
ol
X

L
e

)

= dell A 5.04pCoZ Tt}

2ol

533 ¥ 583 o]

|l

~
ol
JIL

X

—_

0

dleh W

A
)

ol

Ulo
)

—_—

0
_z.a

TH

<]
B
o
=0

H

)

.AO

990 V. o] 5ol = 50 pC ©]

1

ol
e

lnn

;OG

Al

sttt

]_

)

t7h

Z1 9]

94

-

3%

A

el

_69_

i 123 Aol o A

7k A

o]

RS

]

o

]

3%

WA g o=
Hno=z



Main : 1.25 M
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Fig. 5.7 Typical PD waveforms measured between the primary coil
and the core after WVT
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Table 5.3 PD test results between the primary coil and the core

after WVT
A=74 =74

AFAY V] | BAade [pCl|| A Ad V] |82k [pCl

707 0.78 - -

778 5.20 778 5.04

347 11.67 347 6.23

919 18.00 919 14.09

990 51.67 990 56.75
WATRAI A 707V WA ZRA A 718V
L= 664 V A" 664 V
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Fig. 5.8 Changes in apparent charges between the primary coil
and the core after WVT
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Main : 1.25M

57.76 pC'

CHL = "

500 mV

T—)SO ns

Main : 1.25 M

65.45 pC

500 mV

T—)SO ns
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Fig. 5.11 Typical PD waveforms measured between the primary coil
and the core after aging
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Fig. 5.13 Phase distribution of PD pulse between the primary coil
and the core
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Fig. 5.14 Response waveform to the calibration pulse between
the primary and the secondary coils
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Fig. 5.15 Response voltage as a function of calibration pulse between
the primary and the secondary coils
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Main ; 1.25 M

1.72 pC
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Fig. 5.16 Typical PD waveforms measured between the primary
and the secondary coils before WVT
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Fig. 5.17 Changes in apparent charges between the primary and
the secondary coils before WVT
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Fig. 5.18 Apparent charge distribution between the primary and
the secondary coils before WVT
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Main : 1.25 M
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Main : 1.25 M

42.86 pC

CH1 e
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Fig. 5.19 Typical PD waveforms measured between the primary
and the secondary coils after WVT
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Fig. 5.24 Phase distribution of PD pulse between the primary and

the secondary coils after WV'T
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Fig. 5.25 Phase distribution of PD pulse between the primary and
the secondary coils after aging
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Fig. 5.26 Changes in DIV and apparent charge
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—o— Before Withstand Voltage Test

—B— After Withstand Voltage Test

Fig. 5.27 Changes in apparent charges
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