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Influence of Spherulite Distribution on Tree Growth and
Partial Discharge Characteristic in Polypropylene
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In this paper, polypropylene film was used as sample because its spherulite distribution could
be easily controlled, and image processing technique was used to investigate the influence of
transcrystal, spherulites and their distribution on the electrical tree. It was observed that tree
propagated along the amorphous phase between lamelae when the needle electrode tip located

—

at the transcrystal.
ferred the area among spherulites.
propagation were also measured.

After tree grew out of transcrystal or spherulite, the tree growth pre-
The velocity of tree growth and partial discharge with tree
It was found that the tree growth in the sample of dense

spherulite distribution was faster than the one in the sample of sparse spherulite distribution,

and that the magnitude of partial discharge in the tree channel is also bigger.

The extreme

unbalance phenomena of partial discharge pulse on positive and negative half cycle of AC volt-

age was also seen.
in polypropylene was suggested.
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Based on the results of partial discharge, the mechanism of tree growth
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Fig. 1 Preparing procedure and shape of the sam-
ple.

B L. RE AR AV AREREOAT — B
%, 50 Hz 0ZsifiiEBEx 500 V/s O X b Hifk s
JEL, HWERE 6kV) EINLA. Y —OHER, ¥
K% CCD £ S&ELE = 2 THLET S LERE, b
Y — R0, WORBEML Th ZhiE G A EEE
(IMM256S6, 256 EHgE X256 HHisk, 64 (EFH, =BwH
@), WAMEREEE (MS/SPACI20, ) %8
LT Ve —&CllE L. FREBOBBEREX 2
stz I8

3. ERILELRT L

BRELE b Y —RBET A DBV EGNIE v R T
AR 3RT. Vv AR REEME CHRETS &,
BREGE PV~ ERTHIENTES. BRfE MY -0

CCD Camera l
—

Microscope D
s e .
Sample Holder

H0Hz

Band pass
Filter

MS/SPAC
Hodel-120

C, == Silicon 0il
éLight Source

p

Partial Discharge
Detector
n
H -
ioqn E[ﬁ%ﬁﬁiﬁﬁ

Image Processing Video Monitor
Equipment

B 2 SEEREEE ORE
Fig. 2 Experimental setup.




RY I v vho b R, BoREHEECRIETRESMORE - ME - FH)

Image Processing
Equipment

‘EEEE.

Monitor Computer

Microscope

X 3 mEEMEYAT A
Fig. 3 Image processing system.

Higas CCD # 2 5 (FCD-720, #+ U v-3R) HEWLT
T X LHEh S LR CCD 2 2 ShbDT &
v ZEEEE R A R (IMM-256V8, 256 3 X 256
W3R, 256 B, r1 A -BFIE®W LEL, T4V
ZAEREEREh, T4 AZRERIhD. T4 U2
NEBIT AV T a v e . — X X D EGUEE R,
EENE= I 5.

4 ® B B R

4.1 BREOBESHAEHO b —EE

4.1.1 BETHRICIBZIPICRAITIVRILFOD

by — '

K4z r5vA2Z Y A&ZAHFO ) —HBOBEBETH
5. 4 () FEEST, K40 TBRERTERS o
BB THD. BEGVERINEO R 77 257
4 () g, BEMTA BT OMTRL 9~165 OFEFHIC
b3 503, ZERBEORTHECRIIL 0~255 ik X
hic. W4 Xv, PRECEERIEEGRI )=V FFA
PSRBT EN GG 40 X hEHERDS
VALY ARARECH BEE, Y -3
1RKD Y —HFKEL, FFVAZIVAZLDT 2 T
DOIEWBEIR > CER L, S5 &, fholke &
T58E, FORKBOE D OEASHLIEGEIRET
bR 5.

4.1.2 3 {E{kickD b Y —LBRRORBROBA

CCD » » 5% WML TR VAT hi- B, BREB
ThDH. HEEBERO IEFEOBEEILO0 (B)~265 (F) T
E£Ih, 256 EHROEERTHSD. 0 X5 ERICIIR
DB SR B SH. DI, 256 MEHOIES 3 {E{L
L, bV —, B0 EIERENRETAIS, Bt
FRERE, & 805 colsredsi ik
D, bV —LERGOBFREEEIC XD, XL

BT ENTREERS. K5 IIRASHLRBEO Y —
LERAOEBTHS. M50 RRERTHS. ZOH
BTREBEATGE YOEMEVRET AR E L) —D
av A NBEL, FRE LY BRI DL
V. FET, COEBEY BT TR DL, SRER

233 (30)

- pleas

gyl
Eﬁﬁﬂmmnusxaxﬂﬁs

B4 rYV—(,bFVAZYAZLDOBR
Fig. 4 Relation between tree and transcrystal.

a : Original image, b :Image after transformation,
¢ : Histogram distribution before grey transforma-
tion and after.

FLT3HELE TS &, R5M OXoreis. HWE
5y, BIRG, BOWSN T ERERG, PV —EE
1, HoNHaEIEMENRETAHISHRIET 5. L
L, MBS D, FETRHECHD. £ T, HE
IR BB RICERB.

4.1.3 77— xlck 3 gEks
—ERCILS  OREVFET S, 2WTL7 Y
=Y T UER 2 RIS L7 « v 2 HE
T, H7 -V =BT R L I VR RIRZ L




234 (38)

B5 REDOBSLFEBFDOL Y —

Fig. 5 Tree in the sample of sparse spherulite
distribution.

a: Original image, b:Image after three-values
processing.
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Fig. 7 Tree in the sample of dense spherulite distribution.

a : Image with polarized light, b : Image without polarized light, c : Binary image of b, d: The logic product

of a and c.
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Fig. 8 Time dependence of tree growth and partial
discharge magnitude.

al, 2 : Tree length, bl, 2: Discharge during positive
half cycle of ac, cl, 2: Discharge during negative
half cycle of ac, al, bl, cl: The sample of dense
spherulite distribution, a2, b2, c2: The sample of
sparse spherulite distribution.
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Fig. 9 The example of relation between pulse frequency for one second and phase.
al, 2, 3: The sample of dense spherulite distribution, bl, 2, 3 : The sample of sparse
spherulite distribution. al: Tree length : 0.18 mm, a2: Tree length:0.59mm, a3:
Tree length : 0.96 mm, bl : Tree length:0.15 mm, b2: Tree length:0.50 mm, b3:

Tree length : 0.92 mm.
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Fig. 10 Time dependence of pulse frequency for
one second.

al, 2: Tree length, bl, 2 : Discharge during positive
half cycle of ac, cl, 2: Discharge during negative
half cycle of ac, al, bl, ¢1: The sample of dense
spherulite distribution, a2, b2, c2: The sample of
sparse spherulite distribution,
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Induced Current Characteristics of Square Probe Placed
at Ground Level in a Parallel DC and AC
Lines-to-Plate Electrode System

Marsul SIREGAR,* Noriyuki HAYASHL** Junya HASHIMOTO*
and Katsuo ISAKA**

(Received February 13, 1996)

Laboratory investigation on the characteristics of the current induced in conductive objects placed
at ground level in electrical environment where the ac electric field and dc ion field concurrently exist
is conducted by using a parallel ac and dc lines-to-plate electrode system. Experimental results show
that the current induced in the current probe is reduced after the inception of the corona discharge
on the dc line, and that the amount of the induced-current reduction greatly depends on the dc line
voltage and the frequency of the ac line voltage as well as the probe locations. It is also found that
the induced current contains some harmonics of several orders, especially 2nd to 4th order harmonics.
Two models taking into account the space charge vibration due to the ac electric field and ac field
shielding effect due to the space charge are successfully introduced to qualitatively explain the
experimental results, namely to demonstrate how the magnitudes and orders of the harmonics

contained in the induced current are affected.

1. Introduction

Long distance and high voltage dc transmission has
received wide attention because of its technical and
economical advantages. However, construction of new
lines and obtaining new right-of-ways for the lines have
become very difficult due to the public concern over the
environmental effects. New options for increasing the
efficiency of power transmission and overcoming the
difficulties in obtaining new right-of-ways are to build
a hybrid ac and dc line by converting an existing the
hvac line to a hvdc line or by constructing a new hvdc
line in an existing corridor.

Since 1981," a lot of experimental and computational
investigations regarding ac/dc hybrid lines and corri-
dors have been conducted to date using full scale and
reduced-scale lines. The mutual interaction due to close
proximity of ac and dc conductors affects the corona
performance on both lines'® and the electrical envi-
ronment under the lines such as the dc electric field and

Keywords : AC field, DC ion flow field, induced current, AC
field shield, ion vibration
* Graduate School of Engineering, The University of Toku-
shima, Tokushima, 770 Japan
** Faculty of Engineering, The University of Tokushima, Toku-
shima, 770 Japan

ion current distribution.*~®

From the electrical point of view, the inter-electrode
space under the hybrid lines is a complex environment
where the ac electric field and dc ion flow field concur-
rently exist. Most of the research mentioned above are
concerned with phenomena regarding to the dc ion
field, however few investigations on phenomena regard-
ing the ac electric field have been conducted and report-
ed.

The present contribution demonstrates experimental
results obtained by laboratory investigation on the
characteristics of the current induced in conductive
objects placed in electrical environments where the ac
electric field and dc ion field concurrently exist. The
experimental results will be discussed based on the
simple models that take into account the space charge
vibration caused by the ac electric field and the ac flux
shielding effect of the space charge.

2. Description of Experimental Setup
and Instrumentations

All experiments in the present investigation were
conducted using a parallel ac and dc lines-to-plate
electrode system diagrammed in Fig. 1. The plate elec-
trode of 2mXx4m in size is made of four aluminum
plates, and supported by a wooden frame of the height
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Fig. 1

Schematic diagram of the experimental setup.

1.16 m. The plate electrode is solidly grounded. Ninety
four pieces of the square brass plate of 4.1 cmX4.1 cm
in size are placed in series, being flush with the plate
electrode, and employed as current probes. The current
probes are separated from each other and from the plate
electrode by an air gap of 1 mm.

A steel pipe of diameter 25.5 mm and a copper wire
of 1 mm in diameter are used as the ac and dc line
conductors, respectively, and are horizontally situated
in parallel with each other with the spacing of g at a
height of / above the plate electrode. The thick conduc-
tor is employed for the ac line to satisfy the following
situations: one is to have no corona discharge occur on
it under all experimental conditions applied, and the
other to achieve the ac electric field strengths as low as
those under practical ac/dc hybrid lines. Meanwhile the
thin dc conductor is used as a stable source of ion in the
inter-electrode space.

Figure 2 shows the electric circuits of both ac and dc
power supply systems to the line electrodes, and dia-
grams the instrumentation to measure the current to the
current probes. The dc power supply can energize the dc
conductor up to 4100 kV with the rated current of 1
mA, while the ac power transformer can produce a
voltage of 0 to 50 kV,ps with the rated current of 10
mA. Frequency of the ac applied voltage is varied from
40 to 400 Hz by changing the frequency of the voltage
signal fed to the ac power transformer, the voltage
signal being generated by a variable frequency
sinusoidal voltage generator.

The current probes placed at ground level sense the
induced current and the ionic current, both currents
concurrently flowing into the current probes. Probe
current signals j, are converted to the corresponding

. voltage signals v, by using an I-V converter circuit with
the variable gains of 10%, 10® and 10%. The voltage signal
v, is fed to the ONO-SOKKI CF-1200 handheld FFT
analyzer to measure the magnitudes and waveforms of
i,. The magnitude of the dc component in i, is generally
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Fig. 2 Ac and dc power supply systems and current mea-
surement instrumentation.

much smaller than the ac component, so that the current
measuring systems using the FFT analyzer mentioned
above is inadequate to measure the magnitude of the dc
component in j,. Hence v, is magnified by a dc
amplifier by 10 to 100, and then fed to the dc voltage
measuring system consisted of a 1Hz low-pass filter
circuit and a dc voltmeter. The dc amplifier has an
internal 10 Hz low-pass filter, so that only the dc com-
ponent in ¥, is amplified at this stage. The probe current
density J, is simply defined as J,=1L,/S, where I is the
total probe current and S the area of the current probe.

To measure the ac component L., contained in the
line current, a 100kQ resistor is inserted in series
between the power supply and line conductor, and the
voltage drop across it is measured by a battery-operated
digital ac voltmeter. Furthermore a moving-coil type
ammeter is connected in series with the resistor to
measure the dc component ., contained in the line
current. All of those meters are placed on the top of the
electrical insulators supporting the line conductors, and
capped by metal duct conductors to lessen the electric
field concentration around them.

3. Experimental Results

Under various geometrical and electrical conditions,
magnitudes and waveforms of the induced currents in
the current probes are measured at five different loca-
tions P,- P; as indicated in Fig. 3. No experiment with
a 60 Hz ac line voltage was conducted to avoid un-
expected interference from the ambient wiring system
and electric apparatus.

In this chapter, shown are experimental results
obtained under the geometrical configuration of A=
0.31 m and g=0.63 m with the ac line voltage Vac of
50 Hz. With V., up to 50 kV,s, no corona discharge
on the ac line conductor occurred in the present investi-
gation.




