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A Study on the Measurement of Small Partial Discharges
in a Low-voltage Induction Motor

la 1 5| 1 5 =12 2 3
2PN BB, MBS BES, USA USF

(Gyung-Suk Kil'?,

Abstract

Jae-Yong Song', Hwang-Dong Seo', Don-Ha Hwang?, Dong-Sik Kang?, and Yong-Joo Kim®)

In this paper, we dealt with a partial discharge(PD) measurement method that has been accepted as

an effective and non-destructive technique to estimate insulation performance of low-voltage electric

and electronic devices. The PD measurement system is composed of a coupling network, a low noise

amplifier, and associated electronics,

A shielded box

is adopted to make a better measurement

environment against around noise. A low cut-off frequency of the coupling network estimated by a

sinusoidal wave input was 125 kHz (-3 dB). Calibration tests on laboratory set-up have shown that the

PD measurement system has a stable sensitivity of 10 mV/pC. In an application test on a low-voltage

three phase induction motor (5 HP), we could detect 0.53 pC level of partial discharge at the applied

voltage of AC 660 Viyeau.

Key Words :

T

E
k1
[
okt
N
rr
2
in'a
e
o}
2

74 wol AlgEE
nho] L2 3 2 A A o}
| PN Axe] F
S A ojA) 2l
g5z, FET(Field Effect
Transistor)2t  IGBT(Insulated Gate Bipolar
Transistor) 8 1% 2934 A2E WEsS &
A7l AFEEl wak 600 Volstel A&
AE7IHE psF HF = H Ve Fuddes

AAE 5 ATHI-3) Ak =T o=

o

ol
ol
i
o
£

N1

B oX

o N
%
i)
b1

o }194
o

©
[

s
2
a2
_vg
E

bt
2
offt
N
o
N

7)ol &

OH
Jﬂ

M| AR}
Dj

L ALE
SH o

T =
2. e =R ﬁa‘gmmqoq;jg
3. BT SEVIEA T
a. Corresponding Author : kilgs@hhu.ac.kr

UL 2005, 7. 4
1R} &l AF : 2005. 8. 1

AAL2EZ 1 2005. 8. 17

5

960

O
-}

S TR O RN A O A

Partial discharge, Measurement system, Coupling network, Low noise amplifier, Shielded box

< ddAze 2] daeok Ade Bw3s 4
BEE o7IAA ZRAJ Hd @I o2 A
tH4-6]. g A4 Tl 234 Ry
AMEste vk g AFAGE 1 kvoeld
A e Agg Artstez dAge 4%
b xdsts &l HuIE @b ol g
Aog HdAES oA BASA ey x4
M2 TE ARA7] 9 Feo A7 A
wol ghom[78], HZoe ANGAREY FAH
o Zs3tz BFFY £1E Adsls Bo=g
= 2l Aot}

i K
30
alr

Ae A A2 7]
o] AANTE AA71A e vzt AP
of Alt¥a e, 53 A H4s st
A Aoz JAF N7 £2E FA &
ol F-Ed grbz)sd oigh At &ds
HE 2 IeH9-13]
 =adMe ol g w7 Wl e Aot
Edgrle] Add &48 74 dv pewA



A7 AR A 728k =], 18 A10E, 2005 10¥

e
A

ANz ALE Sdste], 1 pCol FEtd HE L S
of Zse ZA7Iwol Wil AvaAt. w3 - !
2 ARe £E7), AATE Aeen, w44 e

A3 34 5 HP At HEAEIE olad Age

= 1ah-voltai
High-voltaze | Calibrator | Coupling
transtortner $ capacitor

+ 1o

NCT Calibration
hefore test

HP $447D
ANPLIFIER

1M R ' L
u} '

il
!
|
|
|
L

=Sinﬂ§;mim
eal ng
kV),

’ (a)
B ZAMe Ags| Ry, Fiy
dB, 0.1 ~ 1300 MHz)Z 43}

We eRmiee WARSL A7
A %

o
>,
l>

n T | U )
ol
R

>
o oy

T e
o

‘rm

Iz
rlr
2#

i,

o

=

2

= ng\l
>
L
(o
=2
=
%

f off d
%t

to wlo
i
[N
>
N,

i
>4
-z
A
oL
2
o g

a9 19 AgsegelAl FHASET FH
el o2 BAE A1) 2THE)

[ / S -
V= x exp( ZR:n)X cos wt

a+ C(1+ k) (1)
a1 AFE FEAd A2 5 (@) A
AN ge WA, R% Ce 27t 53 = (b) AHA.
ak Fig. 1. Fabricated PD measurement system ;
7o AgH HAew, M- ,1pTC {a) configuration, (b) photograph.
Lm  4R*wm? °lth 20
B Aol AFITAA ko HHAEHS At 0
FEAF7IY A A A e AL 5 VA
~2 nF)g m#stel 18 nFel ulF ol gl s & A
# o) A (discharge free capacitor)& A& 33 ch. s A
Adst gl g AF Fmgel Fus 54 g e
& 1 200 Uikl wish o] -3 dBe] Ao Ak G0
Fup47k 125 kHzZ 60 Hz 485w, A7t A
2 -125 dBE A 71™, 500 kHzol Aol A= 150 > 3 y - - - ]
e S4e el B Ry S4e £47) L L
of mAol Was wA WBael FuGs} 500 kHz Frequency [tz]
~ 2 MHzd& xed uf, wyg Alseh F-w
Azol Fa JAoA Herg E4do] 57| i a8 2. 29 JERY Fag SHEA.
o 500 kHz o]Ate} WAl A Zof thaias a9l Fig. 2. Frequency response characteristic of the
e A o] sHs s, coupling network.

%1



J. of KIEEME(in Korean), Vol. 18, No. 10, October 2005.

II ]'l[l| T il ' ‘

n ks 3
STR T |
Ch.l : noise level [10mV/div, 10us/div]

Ch.A: FFT result [300 uV/div, 5 MHz/div]
(a)

ot A NI o ]

==

N/
NN b

STR

Ch.l : noise level [2mV/div, 10 us/div]
Ch.A: FFT result [100 uV/div, 100 kHz/div]
(b)

a8 3. PD A" Fg wld B ()
M €9, () AT 2.
Estimation of noise level of the PD
measurement system ; (a) door opened,

(b) door closed.

Fig. 3.

8 PEYde) SAGE 2L A9 mPA
42 s GA 24 Asgel gRUA 2
AE Fgd de 54 BAsAY 2378 %

962

Zow, AR F¥EA FFNES HAPge 25
mvpeak, 7H:T_L‘I?‘ l@-ﬁ‘j/\] 125 mVpeak O]P_E 7H‘?‘—|—

Ao, 7
s BEud Azwde a3 gdde 2w
o]o] Hojof gt}

Fee] Fae A2E AFE €8 A 30 MHz7
A w@A BRI, 2¥A s 40 kHzol A 2
e} 3 420 kHz ol*}oﬂﬂ“ WERER] e
olx= xH e EXoT MHz o4t HHALA A g}
= ¢4 AHEY, 420 kHz ©)§te] F34 ARe
HAAZFEE A= l~ %+

24299 FEE JAYAL AE
o, Agad o
5 clrbske] 4EY B

7bekAl FE 4
F Aleld 1
(CAL1A, = 1 pC ~ 50 pC, GmbH) P A
sho] QI7F Hxo A7) dE HEHG] 2
H 24 574 KT A=

a9 4+ 1 pC¥ 10 pCe =3
ae W, AE4 J}au & e
Ak 2k 100 ns,
Zkzk 9.2 mVQ} 100 mVe] it}

¥ 1S AsH 1 ~ 50 pC YA
Nge A71E vERR Aoz A4
sl Edatlian, 10 pColdolAe %
mV/pCea AAs A 1 pCAAE 10 pc o] 4o

8

&
>
oX,
of
5
s
X,
1o,
>.

! ofy
o,
2]

o NN & O g

h

=
2ESE

e W
oo
2 e ol
% N o
o & o

SE

X
3 oL
X 2
2 2

,d
ki
iy
o
=

Aol grme} ulmslel 8 %AE wAl viehsoh
ot BERAAN eHErzE £7 HHEQ
DO A& duel Z1Ae Aolth olsh ol Fe
dMe melstd B EFA29AMNE 9 05 pCs
mV)el 2Rl HEol sk



{1\ L
[
[
| 1
N N
2 MH|
k
/
I
— A
STR
Ch.1 : calibration pulse [2 mV/div, 50 ns/div]

Ch.A: FFT result

[500 uV/div, 5MHz/div]
(a)

{1\
J 1A
/
1
\ |
2 MHz|
1
™M
A
\
/
[ ~ o
STR
t
Ch.1 ! calibration pulse [20mV/div, 50 ns/div]
Ch.A: FFT result [5mV/div, 5MHz/div]
(b)
a8 4. wH P9 Fo4¢ 4 (a) 1pC, ()
10 pC.
Fig. 4. Calibration pulses and its FFT analysis
;(a) 1pC, (b) 10pC.
E: 2 1. w344 A3

Table 1. Calibration test results.
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