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Development of Deterioration Diagnosis System for Aged ACSR-OC

Conductors in HV Overhead Distribution Lines
(M JIZIAMO] w5kE ACSR-0C STIM [HE SSHKICIAIAE Hay
A4 - 0158

(Sung-Duck Kim - Seung-Ho Lee)
Abstract

Desipn and experiments of a nondestructive testing system with a solencid eddy current sensor te inspect
deterioration of ACSR-OC (ACSR Outdoor Cross-linked Polyethylene Insulated Wires) usually used in HY
overhead distribution lines in domestic areas is presented in this paper. Through corrosion mechanisms and
deterioration results for ACSR-OC conductors are examined, it i3 shown that corrosion may lead to the
reduction of the effective cross section area of conductors. A useful electromagnetic method 1o delect and
quantify severe corrosion degree of aged conduclors is proposerl. The measurement system consisting of a
constant current souwrce with a RE frequency, a signal processing wnil and a motor driver/ controller is
designed and mmplemented. This nstrument has such capabilities as deleciing the sensor output and
estimating diameter change of the testing conductors, continuously. As a result, it was verified that such
corrasion detectar svstem with an eddy curent sensor can be shown good effectiveness [or estimatmg the
serious Taults due to deterioration in overhead disiribution lines and giving an early warming before severe
aged conductor may lead to fail.
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1. Introduction HV distribution lines in domestic areas, but most
conductors, ie, 229kV] lines, have been used to
ACSR-OC {ACSR Cutdoor Cross-linked

There are several kinds of conductors used in
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Polyethvlene Insulated Wires) since 1978[1] Since
this type conductor have insulators coaling to
polyvethylene, they generally hold a good security
from dangerous siluations such as  receiving
electric shocks and [urther keep the power network
on reliahbiity from ocounmng troubles caused by
short circints However, ACSR-OC conductors huult
in domestic areas have almost been about 20 years
so that most ACSR exposed o lhe g aty or
industrial region with heawily pollutarnt for a long
duration mmay  be severely comroded  Especially,
many cities in owr couniry are located on the
coastal areas and then, power lines are easily
allacled hy salt or chlonde mwons camded bv
moisture wind[2).

Creerhead power hnes exposed to the atmosphere
for a long period may be slowly detenorated by
such corrosion factors as chloride, sulfur, soot or
dust m the ar Comosion causes o reduce the
mechanical performance and to merease power
loss, Severe local corrosion on the overhead power
hnes sometimes leads to result in weakening of
the conductors, overhealing and evertually failure,
Although most troubles or accdents in distribution
lines may occwrred by comacling other conducting
materials with the live conduclors or by umpulsive
energy such as stroles or lightning, it may be one
of main factors Lhat the conductors exposed to the
atrnosphere for a long perdod deleriorates slowly
with age. Deterforation mechanism is dependent on
malerial components of the conductor and its
exposure  envirornment  faclors. In general,
ACSR-OC wsed to HV averhead distribulion lines
may be easly atacked by atmospheric comrosion
as well as somelimes galvarnic corrosion(3,4]

According to the regudadons 1 KEPCO {(Korea
Electric Power Corporation)[S], the limiting life of
the overhead power lines regardless of types of
conductars is given as about 30 wears. Mosl ol
overhead conductors are built in the armospheric
envivonment easily o corrode. Therefore, for any
conductor exposed to serious pollutant area, its
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uscful Wie mav be reduced remarkably, compared
1o the raled life. Especially. IV distribulion
conductors bult in an industnal region ar big city
may  be rapdly  delenorated by  pollulanl  and
contammant  ar, Therelore, it 1s necessary [0
assess corosion degree of the aged conductors n
service an¢l to delermine the replacerment period of
them belore they may lead to failure.

In KEFCO, the overhead cdistribubion lines or
electrical equipment is regularly mspected o visual
mspection  method, Inspector can often [ind  any
serious Tault in the bive conductor such as broken
wire but il is inpossible to detect the mtemal
conosion in the conductor. In addifon, this method
always takes mach labor and expense to mspect all
spans of the conductors precisely and [urther, its
inspecnion results show little reliahility. In particular,
it iz hardly possible for ACSR-OC to inspecl the
camoston of the conductor because of ils polyethylene
insulaled coating. Hence, it 15 necessary to develop
any nondestructive test system in ovder to detect
mternal  or  serous  local comosion  for ACSR
(Alminum Stranded Conductors Steel Reinforced) or
ACSR-OC conductars

This paper deals with a basic research result (or
a nondestructive delecting systein o Inspect  and
diagnose  detericranon of  distribution  conductors.
Stuctural scheme of corrosion  detectar,  corrosion
mechanism of the conductor and corrosion detecting
methods will he discussed.

2. Deterioration of ACSR-OC and
Its Detection

2.1 Deterioralion Mechanism

As shown m Figure 2.1, ACSR-OC consists of
galvarized steel strands with hot-dip in the inner
layer, alumimum conductors with bard-drawn in
the outer laver and polyethvlene insulater coating
Alummum  strands  are used to conductors  to
transfer power current, while steel strands take
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charge of Lhe most tensile strenglh of ACSR-OC
The surface of steel strand is galvamzed m order
to  prevent  aumospheric  corosion and  Lhe
galvanizing laver also presents iron-zinc alloy
because it 1s made to hol—dip, which depth of zinc
coating and mon-zinc alloy are at about 30750[m]

Polyethylene
Alummum

Zme Coating
Steel

Figure 2.1 Cross section area of ACSR-QC

In HV distibubmon lines halt in domestic areas,
overhead power lines are about above 90(%4]. Hence,
most conductors are always exposed to the pollitant
atrmosphere easily to comodelZ]. Local comrosion or
global comosion in power lines can be  verified
through  analyzing deterioration  phenomenon  and
status of overhead ACSR-OC. Based on sich results,
it may he possible b estimate the remmmng hie of
aged power lnes. Comosion and  deterioration
mechamsm  is mainly  determmed by matenal
comporents  contzined in ACSH-OC  and  exposed
ervircamental index. Therefore these factors play a
mein role o diagnose the remeining life of power
Iines.

Especiallv, Owerhead ACSRE-OC has a good
condition o penefrate moisture or waler into the
strands  because its  surface s protected  to
polyethviene insulator. Therefore, at the early stage
of installation, it has prominent protection to
corrosion by the pollutants in the air. However, if
the polyethylene coating is deteriorated or is
damaged by any mmpact force to some extent,
corrosion mechanism of ACSR-OC is similar to
that of ACSR. Il any corosive gas or meisture
may be pervious to the inner strands through any
holes of the polyethylene msulator, the rate of
corrosion would be more rapudly accelerated than
that of general ACSR conductors.
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Once  aluminum  strands of  ACSR-0OC are
exposed in the atmosphere, they, then begin to be
directly corroded by pollution air, shown in Figure
22 Even through alummim is an active metal
with lgh affinity to oxygen, it has high comrosion
resistance in the air because a film oxide formed
on 1ts surface protects the aluminum strands, In
any cases, however, 1ts rate decremases with the
elapse of time. Hence, aluminum appears a high
corresion resislance. Galvanizing on the swrface of
steel strand moderates the rate of corresion as the
lerrous may be direclly exposed In air or moisiure
because 1t has strong chemical affimity with oxide
irons. I zine coating has been comoded, aluminum
strands  are in contacling with galvanized steel
strands and then, they would he atlacked by
galvanic and crevice corrosion, cspecially in coastal
areas where salt is carried by wind

Cievice Corrostan

Aluminum
R *Zn
o Steel

T

Atmosghene Corrasion
i

Galvame Corrosion

Polyethvlens  Hydroxide Pitling
Aluminum

Figure 2.2 Corrosion mechanism

2.2 Detection of Deterioration

In general, it is obwvicus that there will appear
to reduction of cross section area for the conductor
due to corrosion. Of course, such reduction would
not occur as equivalent shapes along the surface
ol all strands, but an effective cross section area
ol the corroded conductor could be available to
inspect by using a suitable method,

Iocal and global corosion  cansed by
atmospheric and galvanic corrosion may appear all
the spans of conductors exposed 1o the similar
regions. To detecl these corrosions o any
ruantified data, there have been several attempls.
One of them Is to detect the changes of cross
section area in aged aluminum strands[6] or the
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zinc loss of the palvamzed steel strands o the
mner Javer[7]. In addition, an nlrared camera can
he used, but it may be less sensitive and give low
accuracyldl,

Eddy cuwrent method using a probe coil or an
encircling  coil  has  been  widely  applied in
nondestructive test (WDT) of conducuve matenals.
First of all, il could be possible lor all conductive
materials and then includes the nspection of the
dimensign of the test matenals, the rneasurement
of the thickness of metallic plates or non-metalhc
corting, and the assessment corrosion, deferioration
or other metallic properbes [9711], An mmportant
advantage of eddy current testing compared with
other testing methods is that there is no need or
physical contact with the surface of the abyect
under testung and further its measurement speed is
rapid  Therefore, we try In this research o apply
such a magnelic sensor m detecting deterioration

or any performance due (o carosion

3. Design of Detection System

3.1 Magnetic Sensor

As shown in Fg 31, a solenoid having a
conducting matenal at the longitudinal axis such
as ACSR conductor is excited by an altermaling
cwrrent. It is asstmed that there is no search coil
of probe o detect durension of the testing
matenal. Tn this sensor, thus, the electromagnetic
performance of the material would appear as the
mmpedance variaaon of the coll itsell

Coil

= Bokhm

w—— AL Power

Figure 3.1 Solenoid coil and test conductor

If am altermating current 1 apphed 1o a 2olenaid
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el with 2 conducting matenal, eddy owrent 13
generated i ths  conductor with  the  same
frecuency At this te, Lthe magnetic flux due ©
eddy current recuces the man magnetic [lux so
that impedance of the solenoid coll vares with the
electrical and magnetic property of the conductor,
In general. magnetic sensor such a solenoid coil
can De wused in detecting the conductinty,
perrmeabiily or diameter of metallic conductor as
measuring the wpedance of coit

Magnetic Mux generated by eddy current of
conductor deterrmnes s magmtude according Lo
the sowrce frequency exciting the col. Such
magnetic propasty 15 explained by wsing  the
standard ponetration  depth of  magnetic  [lux
defined as{11]

b= (1)

zouf

where ¢ and 2 denotes the conductivity and
rolattve permeahilicy of the conduclor, respectively
and is lhc permeability n free space. As
ACSR-OC  compnses  alummum strands  in the
outer layer and galvamzed stesl strands m the
imner layer, eddy cwrent may represenl complex
shapes. Furthenmore, it may be easily to describe
the electromagnetic performance due to the eddy
curent i the conductor strands to a suitable
representalion

Under the assunmption that the cross section of
changed  hy
measirement  wang 2 solenoid  coill would  be

aluminum 15 corrosion,  its
possible  for  all  frequencies. However, it 15
desirable to choose a higher frecquency in order o
increase rmeasurement sensitivity o reduce signal
noises in the sensor outlpul. On the other hand, in
measuring the cross section of a [erromagnetic rod
like palvaruzed stesl strand, the sensitvity may be
good in a ligh frequency, but its detecting output
15 alwavs dependent upon choosing the exating
Frequency  In other word, cross section area of
alurmum  conductors and oulput of the solenoid
coil with themn would hold sood correlation for alt
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the exciting [(requencics. However, the correlation
between galvanized steel strand and impedance for
them  are relied on the frequency. For the
simphicity of discuss, impedance analysis for eddy
current sensor is omitted here[11,12].

3.2 Detecting System Design

An encircling cail as shown in Fig, 3.1 can nct be
applied 1o realistic corrosion delector system because
of limiting its structure Since the sensing cail could
be clipped around stnmg conduclors to be able to
delect cormosion along the conductors, 1L has to he
split inlo two parts In this research, we propose a
different type of sensing head that can be ensily
implemented by only one conneclor. For the purpose
of this, the coil is designed to a PCB flexible cable.
Its electrical perfomance always keeps stable and
there occurs hardly any mechanical fault because it
is protecied to a laminated cable.
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(a) overhead corrosion detector

RT Tansetver
u-Cuoniraller
Max 232

(b) ground control unit

Fig. 3 2 Schematic diagram for corrosion
detector

The detector system consists of a corrosion
detector to the air and a control unit operated by
inspectar on the ground The corrosion detector
has the capahilities such as detecting  sensor
output, transforming 1t to digital data, dnving a
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sarve molor, counting  distance and  (ransimitting
meastrement data to the control wnit and so on
Fig. 32 shows the block diagram of corosion
detector unt and ground control station mn the
designed corrosion detector.  Especially, in the
corrosion detector shown in Fig 3.2(a), it mainly
consists of sensor and its head, analog signal
processing part. Master IMicroprocessor,  motor
driver and controller and a RE transceiver. In
addition to these, there 1s a DC power supply set.

Sensor cal is excited by a constant cuTent
source  with 100[kl]  sinuscidal  signal and its
amplitude is selected o 10[mAl. As the ouyaut
changes for commosion of conductors are usually
very small, 1t 18 necessary o amplify it w a2
suitahle level and to convert 1t to DC voltage,
which operations perform m signal processing unit.
Measurement data  transmit  to  the master
processor and this data including  distance data
send to the ground control umt by an UHF RE
transcerver which has 4800baud] and to distance
about 1007200(1m].

o i g

(a) overhead corrosion deleclor running on the
conductor
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(bl measurement program

Fig. 3.3 Implemented detector system
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The corrosion deteclor moves along the conductor
bv a small size servo motor which oo gives
forward and reverse drection ind speed  conbol
within 12lmArin]. The detectar umt operates by the
power supplied to batteries. Fig. 32 shows the
developed systemn numing on the conductor, Control
unit at the ground conprises a lap-top tor notebock)
commputer and a RBE transceiver. The computer has
the capabiity of controlling Lthe corrosion detector,
recalving  reasurenent  data continuously  and
analyzing dala

It is necessary to design swilable programs m the
corrosion detector system operaled in practice feld.
In masler processar, an  asserbly  program 1S
designed In order to measure sensor ocutputs, to
cartral  and  commumicate  the  detector  system
Furthermore, to operate the detector on the prourxd,
measurement and analysis programs are designed by
using Visual C+.

4. Experiments and Discussions

4.1 Performance for Fault Conductor

To venty the utility of the implemented detector,
a corxluctor with its length, 120m], was tested First,
the prepered conductor was a sanple under new
coryliion which has several artificial faults on the
swiace of aluminum strands m the outer layer.
Several faults with broken wires shows in distance,
0~-45m]. where a~e dempnstrate such positions as
cutting off one aluminum shand i ACSR-OC by
10203340 and 50[mm] lengths in arder. And distance,
a.3~87ml, shows corroded parts(f~)) by hyero-
chloric acid solution for 151020 and 30 rminutes.
Furthermmore, positions, k~n are dbrasion parts ol
aluminmm strand.

Fig, 41 shows the output charactenstic to be
measured by the implemented system. From the
outputs, abrasion for half of an alwninum strand
may not be inspecled by the corrosion detector bui
faults for broken wires or corroded strands can be
detected correctly to some extend. As vou can see
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from the result, the ol of detector 18 linearly
wepertiongal 1o the varalion ot cross section arca
ol aluminum strands. In general, 1L can be shown
that there exist measurement deviations of 20~30
steps in the sensor outpul. Such deviations may
occur duc to dvnamic perturbation of wheels, test
sample position errors or practical local corrosion
performances Since  the  corrosion  detectar  is
desigrned to give an informabon for any severe
local corrosion, despite of existing such deviations,
15 sufficient to assess  whether the test
concuclor 1s severely corroded or not,

ETIT) . | |

E kLT < I 1T i
il

Fig. 4.1 Response for the test conduclor

2500
[

When an mspector uses the developed oorrosion
detector in Lthe feld, there are severdl cperations o
choose  measurerment  parameters such  as  motor
speed #=0~15[myminl), mea- swement distance
(conductor  length( £ =0~656[ml)), sampling interval
( d=1~2F[cn|) and average sample mumber( »=1—
20 These pararmeters are given to default values( v
=10(m/min), d=2cml andl #=50) a prion before the
inspector chanpes them. Since this system has the
capabifity of BF dala cammmnication at over 100(m]
distance, the operation perameters must be selecled
such that the comosion deteclor can be  operated
properly for vanous measurement enviromments.

E L

Filal

240

[l F L1

Fig. 4.2 Varialions of sampling interval
{v=10Im/minl, @=1,2,3[cml and #n=50)
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Fg 42 demonstates the ourputs when  sanpling
nterval 15 changed as 12 ad Jeml. As the sensing
cal irplarented a flexile BB cable is designed to
having its length, 1[am] and diameter, 3lom), resclunon
of data 15 directly dependent upon these pararmeters and
wreastrarent. inlerval, However, it can be known from
Fig 42 that the data shows relatively pood resolutions,
despte of varying sanpling interval.

Fig. 43 shows the output of detector when
varying motor speed as  v=25 and 10(mAmin)
where @=2lem] and  »#=50., From this result, we
can know that the ouputs of the jmplemented
carrosion  delector systern may  depend upon the
measurement velocity. However, faults are detected
on correct posihons. Hence, under the assumption
of constant molor speed, the degree of faults could
be properly quantilied.
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Fig. 4.3 Vanation of motor speed
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Fig. 4.4 Variation of averaging sampies
e=10im/minl . &=1(em) and #=50, 100, 200)

Fig. 44 demonstrates the result when motor
speed and measirement interval are 10[m/tmin] and
1lem], respectively, and average sample number is
chosen by 20, 100 and 200. In general, sampling
mumber can be adjusted o the range 17255 by an
mteger and if it is increased, noises or harmonics
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included in the output signals would be reduced.
Such property can be applied to inspecting local
corrasion concentrated on a part of aged conductor
with low speed and short measurement interval
However, as shown in Fig. -4, its behavior may
not affect the output signals,

In general, the response of the zinc laver on Lhe
steel core may not appear to the eddy current
vanation of the sensor coil. As mentioned ahove,
ACER-OC  compnises  alwmoum  strands  with
siooth body and then, the zine loss of steel core
may be hardly affected to the oulput of corrosion
delector despile of its serious stalus. However, it
may not be a crumal issue provided that the
detector could give a suitable output for alurmunim
strand corrosion. Although altmmnum strand inside
begms to corrode after all zinc layer would he
removed off, the comosion detector can present a
response  corresponding to the
aluminum strands at that time.

corosion of

4.2 Field Tests

Based on the experimental results obtained in
the labcratory, an aged ACSR-OC conduclars in
the field have been examined. It is seemed that
the conductar and its polyethylene coaling may not
be any corrosion or faults hefore measiring it by
the delecting system. TFig. 45 illustrates the
defecting data for one conductor. In this resuit,
there exists one location where 1ts oufput appears
higher than any other outputs for the test
conductor. It means that these points may be
progressed more senaus or lead to some [aults. As
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Fig. 4.5 Measurement data for an agexl
ACSR-0C
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the result from visual mspection, it 1s verified that
there exists any damage on the polyethvlene
coating and alumninun strands 1 the inner laver of
ACSR-CC may be samewhal deformed.

We have discussed the corrosion detecting
systern to detect severe local corrosion of aged
overhead ACSR-OC conductors It would be
improved to a useful instrument to have reliable
information to the lme mspector. Of course, the
developex] corrosion detecting  system may sl
have several difficulues or troubles tw cope with,
but it can be shown that the implemented
detecting svstem has good eflectiveness for giving
an early warning before any aged concuclor may
lead to be brolen.

5. Conclusions

This  resemch  deals  with a  design of
nondestructive test system o diagnose deterioration
af HV overhead distibution lines and  some
expenmental resulls, Deterioraion  mechanisms  are
somewhat  differet o ACSR and  ACSR-QC
conductors used in distribution lines due to their
structures. However, it 15 chvious that most of aged
conchuctors would lead to local corrosion or change of
cross section area of Lhe conductors A delecting
system with a solenoid eddy current sensor 1s
designed and examined to detect the change of cross
sechion area. Through some experiments for several
artifically corroded conductors and aged conductors,
it was shown that such corrosion detector with an
ekdy cument sensor can readily be  utilized in
estimating the diameter change due to deterioration
in overhead distribution lines arxl in giving an early
waming or inform before severe aged conductor may

lead to failure,
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