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Abstract: The potential of replacing crosslinked polyethylene (XLPE) with an eco-friendly alternative, polypropyl-
ene (PP), as insulating material is investigated for overhead power distribution lines. Although XLPE exhibits ex-
cellent electrical and mechanical properties, the byproducts generated during crosslinking pose environmental chal-
lenges. PP is a viable alternative because of recyclability and absence of byproducts during crosslinking. This study
evaluated alternating current (AC) breakdown strength, contact angle, and tracking resistance of two commercially
available XLPE samples and three types of PP (PP1, PP2, PP3) with varying additive content. AC breakdown
strength, analyzed using the Weibull distribution, facilitated relative comparison of insulation performance. PP2
exhibited scale parameters comparable to or exceeding those of XLPE. Contact angles exceeding 90° displayed
hydrophobicity across all samples. To address pass/fail evaluation limitations, arcing images from tracking tests
were analyzed using the box-counting method for fractal dimension analysis. Fractal dimensions increased with
arcing extent, and complexity increased with test duration. Tracking resistance performance order was PP3, PP1,
CC, PP2, OC which was attributed to enhanced heat dissipation properties of filler additives. The proposed quanti-
tative method for comparing tracking resistance through fractal dimension analysis, explored the feasibility of using

PP insulating materials in overhead power distribution lines.
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IPTY ZAATHO|A Al o] 4388511, [EC 601120]A4] AJA] Table 1. Modifications to the standard IEC 60112 test method.

s Alsluly o m s o} olof|A] Alslo] AsH ol7

ote 488L2 FPA U 7 1 dFol R A7t Parameter IEC 60112 Modified method

Y2 IPTO] ¢ 3~ 5kve] nAete d7tska, IEC : -

60112 812 200 ~ 600 V2 0l7}tc} [14.15]. Electrode material Platinum Copper
Edj7]e Aozl EUlo] #ALS Zuisir} o]2 BA Applied voltage [V] 100 — 600 220

517] Q5] mlel x}Y JJEL o] 8510] FLLS A eks) ot Evaluation Pass / Fail Quantitative

4 olt). mag o] 22 w1y Bale] & Rof, A

oM 2L 4 9= S nYE F4F 4 T [16].

m opgo] o] mag £ A7E Sof mro] 3 2. 2AME R dH Yy

£4g o & olalE 4 Ut PN PUE AL 4 o

ChH17). E27) A9 AlZto] et Qrtel Migro] 5 21 HE Y HUNE

P14 ol7)o] Bopo] BT He Wele] RO

2 el me Apedo] Sretohal & qlot. Aloleo] AR ZA PP 272k XLPES v 5t7] 9faH

0 2
H” [E]

o Al+= ACSRO]l AF&-5]4+= XLPE AAR|7t PP A 7hs Alol2oll AH&El= & XLPE Al 2591 OC

AR 2o A 7IsAS AEsH] Ys AC Ay, & (outdoor crosslinked polyethylene)?t CC (covered
=7 JERZ] EX AFL R8st ©rt thAk2 A+ conductor), o] S ThAsH] Y5 AASE PP 35-& thito
4 XLPE 251} 7j&st PP HARl & 350]ch AC Al 2 ¥la 24 Aldstict.
22 [EC 60243-1014 AlAlete AES &oll Ut ARl AHERE PP Block PPoll H7ba< 25| A
PP 4 A9] blending &8 M”74 £/ Wgts g &5kt A7t 7IAA R4 #E4S FEs] 9
5H7] Ysl, M7tEo £2¢1 H] 22 da]sto] MZ2 A& §t POE (polyolefin based elastomer)Q} #Alo] 52 &
steict. g2 AEsty] sl 2 Beane Yealy  d84e HRst] A8 U fillers st Ald e
E£4&IEC601129] A= A4S Fxsto] Hrte x1sist 2 AVEe] vle2 2 35to] POES] H]50] =4l filler?]
%ct. oluf, AR} o] fet Mt Az} AFulo} A Sup  EhaFol 5wi%<l PP1, POES] &ao] 1 filler7t 507}
72re olL 2 A|5tEl AJYoA 8- 0 2 BAMS &~ 9l K| or2 PP2, POEQ] &h=fo] Tl filler?] ghsFo] 3wt%
ATYHo2 & 19} 2ol WASIYCH WE S4do] PP3 & 359] PPE AGTt & 2 Aol MRS A7)
Hol ATE sV R TN xUS AEsto] AAsx) o B ulgo] tsl Falstaich
B Y Eey S Aohul steict.

B 1t 7120 XLPE AAAME Ag 744 AA4x  2.2AC HALH AlH
9l PP2 $173517] 95} IEC 601129 A& 7S o] &}
o] I7}stal o] 5 o] &5to] mAEr XFY Zro 2 Y EZ|Z] AAX AT AM7|A 5L sHelst7] 95t Al = 5}
E4S dUvus: g 5 At AoA 54442 7T Ug HAA 9] breakdown tesm Qltt o] AL A|EA}
Al 5 ot e B 94 EAT =M B A Efo] Ao nAYS sty BAAV o EE A
gt olsil S SAE & ATt o2 &9l L AIF 20 A4S FAZ Y oty AARA BA fHS Goisich O
A pass/fail®] F7} Aute] A S AZAR] A2 8] & 1.2 A| 9] 71hst 72k o]t
W 7Rt S o] 82 & AT AoA 99 E A=t

= w=wd] 2 ool A 282 AR A2 Table 2. Specimen contents for experiments.
gettt. A2 XLPES AAA| 2 AH&sh= ACSR-OC,
ACSR-CCe} o] & A5t AT 7fdst PP AXf 352 T4t Material PP POE ratio Filler (wt.%)
o2 sttt AAAY B AP BAY, F&57H E ocC XLPE, composed of a single layer
7d AlEZ o] &5IATt. 32 A9 AuE YET 4 CC XLPE, composed of 2 layers
A2 B AlE & R S8 olulA| S o] &-5to] mE &} PP 1 Block High 5
Yoz pHg MY SPIME AF AN FTE T 5y prock High ;
olofl gt o0 PYEOIQCE L B RO e T o ow ;
< Yepdict,
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Fig. 1. AC Breakdown test set up.
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Fig. 2. Configure for breakdown test electrode.

Breakdown test=IEC 60243-1 &2 A1 5}to] £33
Zof] ol 2719] 8= Atolof] AlEE 17 stal Con-
trollerE E5)| ZAUL olytsl why] A erS shQ1st Y.
Algo AFgeh 1A=L A5 20 mmQl Al A L
3L A8 T AT LGSt Potk T Afol
ol HAZL A EE o] AlMO] HA 0y AY-S 2 4 9
18], Amty7t HAshHs AU &QIsto] AJHY
breakdown strengthS 274 st}

Breakdown testo]] Q17}sF A2 rampdEj 2 ACH
A2 A7 ALY 1kV/s9 &= 2 AAYS FSAIA
o, Al ol ARE-3E Al -2 541 0.2 mm, 27] 50 X 50 mm
S710] AV AERE| R AAsdch AlFo] AMea
Breakdown test AH]| = Phenix AF2] 6CB 100/50-7.55
AHRIRO0, B 3 AR AFRS w9t AjH o] A
S Helstact.

ﬂJ\

=
ol
-

Table 3. Condition for breakdown test.

Item Contents
Manufacture Phenix Technologies Inc.
Test
o Model name 6CB 100/50-7.5
equipment
Output voltage / current 0-100 kV /75 mA
Specimen Material XLPE, PP
for Size 50 x 50 mm
BD test Thickness 0.2+ 0.03 mm

Droplet

1)

Camera

dropper

I

Light
screen

Sample
stage

Fig. 3. Contact angle goniometer platform.

2.3 Wettability Z 7}

Wettability S H7Ist7] 95l IEC TS 620735 &5}
of 35 B57+e 5strt. B52 5742 PhenixAl)
300-touchE A1235199 00, dropperE £3f 22 sheet
AERo) Azl IRI5H ¢ 7 AlZO) mulw £abel 2
=20] o|F&= Zt-Z 7Hu|2tE Sofl &gstal, A2 HAFE

o] 2 :EQ o} B A5t
2.4 Tracking Test

Egj7] AJ32 IEC 60112 &
27 Algol ok T e 1
100~600 Vo] A1orS. ol7tato] & X
Ao g 2| 5029 Al¥2 WAett 4 mm It
AR 719 Ao £ 3 mmQl A|
AlH o] A4S Q17Fskal, NH4Cl 0.1%7}
Ashsto] AlHe] Egf]
52 78] 33 A
Q1 AC 220V, 60 Hz9] %

2 drops/min® =
/\l 4 Oﬂ /\} §_
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Solution drop (1frame/30s)
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Fig. 4. Schematic diagram of tracking test.
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Fig. 6. Arcing occurrence during tracking test.
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3.Test Zd 1}
3.1 BD Test

AC BD Testt @209 A 242 517] 918)
A2 H 1059 MBS ARl A1PL 2R A

o=z 2

-2 Soll e uhy] Hjo] = IEEE 625390] whef 24
stdon, 29 7, 81t 7ro] Weibull distributiono 2 1+
S

Weibull distribution2 =X]+29] st £ 72 1% O
olEl g Bkl 7]7]0] 2H S o S et AR E = B
EE2 PYRLe HeDpe Y0 ok GYus

 Weibull £30] 20}S AxJste @io|c} FArna
4 ol 245 F 5t dlol8 159 AvhAQl BAuH
9] tlolE] §l5 do] &2 9] u]gt}. A & ¥ 4= Weibull

=29 Scaleg Z2Hste= 24z FUAC=E PDF
(probability density function)?] 63.2%0]| 5], °]
1§90 63.2%0] =25k AlZtolu kg oju]gh

A
’;‘ 50
S
&
E
2
£ 10
=
=
5
A : OC Insulation
o : Covered conductor
0 100 200
AC BD Strength [kV/mm]
Fig. 7. Test result of AC breakdown strength for XLPE.
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-QE:]O
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3 100 200
AC BD Strength [kV/mm]

Fig. 8. Test result of AC breakdown strength for PP.
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Table 4. Test result of AC breakdown strength.

Sample name oC CcC PP 1 PP 2 PP 3
ibull sh
Weibullshape 00 o4 287 155 206
pa.l‘arneter
5 632% 1108 1160 993 1205 1015
E 0% 1069 111 980 1176 997
T 10% 889 888 918 1041 910
- 1% 706 672 846 895 812
oh AE 847l 242 1 dolele] AAIAS go] Acke

A5 olojstey.

B 4E Frogel AdyE S ool 22
shof gelst oo}, B PP A AR 7F XLP
3l Atm 4 o] oM, XLPE AAA = z7F 10.

ol1, PP AAAL 28.7, 15.5, 20.6°0 2 AL Qic}, oF

ol A= 24 éﬁoﬂ’ﬂ XLPE AAA= 27 110.8,
116.0 kV/mm= =k , PP AdA= 99.3, 120.5,

101.5 kV/mm= A %E}.

3.2 Wettability Z 7}

o®
(<o)
NI
N
N
2

Wettability= 1 Zro] dropletit A|HA}o]Q] Zt
2 B9 W/1siict 2t 4arl e 82 107 X8 %
: 157t 5 4= 902 715
.ﬁéaﬂ9qua@i¢ﬁﬂ01q&s

3.3 Tracking Test

E A2 AR s EE 574 HAE
o0, pass/fail A1 0 2 AT YEF] &
At Al Q208 10048 EuF  25% 7} At
W] WHEIE B2 siast wAgstAl
passZ A ZstFon, A& = WA= Ax| 7}
X470l BEo] w0 2 013t BiR)7} wARS
wstgct.
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Specimen

Fig. 9. Example of contact angle measurement.

120 T Mean+95%CI
® Mean
_usf
on
[}
Z iof
[}
o) ¢
£ 105f . l
g ¢
= 100 |
(=)
O
95
0"cc oc  pp1 PP2 PP3

Fig. 10. Results of contact angle measurement.

(@oC  (b)CC (c) PP1

(d) PP2

(e) PP3

Fig. 11. Visual inspection after tracking test.
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Input tracking images

Accumulate all images

v

Scale conversion
(RGB to gray)

v

Selecting threshold

[ ]
[ )
[ ]
[ J

Accumulate image

[ Image binarization ]

v

_,[

Calculating fractal dimension
using box counting

Fig. 12. Flowchart for calculating the fractal dimension of arcing
patterns during tracking test using the box-counting method.
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Table 5. Fractal dimension calculation results for accumulated
images from the tracking test.

100t

Fractal dimension

Accumulated images

. oC CC PP1 PP2 PP3
(test time)

(a) Input tracking images (b) Determining analysis area

2. 10 (5 min) 1.558 1.587 1.186 1.204 1413

g 20 (10 min) 1.722  1.744 1.631 1.710 1.559

: . 30 (15 min) 1.778 1786  1.723  1.767 1.662

" oy scatosane 40 (20 min) 1.811 1.809 1.769 1.798 1.721

(c) Selecting threshold for binarization 50 (25 min) 1835 1825 1793 1819 1.762
60 (30 min) 1.851 1.834 1.811 1.834 1.801

70 (35 min) 1.861 1.841 1.825 1.843 1.825

80 (40 min) 1.869 1.850 1.838 1.851 1.838

90 (45 min) 1.874 1.859 1.846 1.862 1.846

100 (50 min) 1.876  1.861 1.847 1.864 1.846
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