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2. OIS0l AN PD Pulse HIt/24 & IMEH

(@ Objective Methods to Interpret Partial-Discharge Data on Rotating—Machine Stator
Windings. Greg C. Stone, Fellow, IEEE Translations, 200622

« At the discharge source the PD pulse can be modelled by a Dirac-8 function,
with a broad frequency spectrum and a very fast (< 1 ns) rise time.
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« As a PD pulse propagates from its source (within the machines’ stator
winding) to the machine terminals and then along the feeder cable from the
machine back to switchgear, it changes shape (as shown above).

« These changes occur due to the effects of attenuation and dispersion as the
cable/stator winding acts as a low-pass filter, stripping out the high
frequency content of the pulse and developing into a ‘Shark-Fin’ shape.
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@ Insitu Partial Discharge Detection in Power Plant Cables, 1998& 10,
NUREG/CP-0166 Vol. 3
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Figure 9 PD detected at several locations of the cable.
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@ Partial Discharge XXIlI: High Frequency Attenuation in Shielded Solid Dielectric
Power Cable and Implications Thereof for PD location, STEVEN BOGGS, |EEE Electrical
Insulation Magazine, 1996E 12 Vol. 12, No. 1
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Fig1. Attenuation and dispersion of a pulse as it travels along a cross—linked polyethylene power
cable of different lengths.

2 OEH0A PDEMAX ( Source )OIA HelDF EHELE Adls 2A PulseZE DI,

@ On-line Partial Discharge (OLPD) Monitoring of Complete High Voltage (HV)
Networks in the Oil & Gas Industry, 2014 102, =2HVPDAI JI&Xt&
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Fig. 4 PD waveforms as a function of distance propagated through a cable with frequency
dependent attenuation corresponding to Fig 3. The distances propagated are 0, 100, 300, and
1000 m
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3. New Cable
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Fig.5: Clamping sensor vs HF-CT.

=& RECENT DEVELOPMENTS FOR ON-LINE PARTIAL DISCHARGE DETECTION IN CABLES, 2001,
PhungT. et al.Australia
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Fig. 10. PD pulse relative amplitude A(%) as a function of the propagated distance L at 28 MHz frequency.

E=H:

Characteristics of partial discharge pulses propagation in shielded power cable, E.

Ouatah et al. / Electric Power Systems Research 99 (2013) 38— 44, Electric Power
Systems Research (2013)
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3).

Pulse generator

CV, CNCVAHI0IE 100mRAXIHA ZMS PD Pulsedt MIIGIHH QAZATEZ

FEANN Z=EE= PD Pulsealdle s H2 &0 2464~85% & 4=
OF15~36%TI|Z HEE

HFCT=Z2E 100m Z O Xl IXI0A PD LMA|
AOIE ANE
PD Pulse3dd| 24 & HFCTOHIAM dZ&% = PD Pulse37|

77kV CV oF 64~66% 9F 34~36%

6.6kV CV oF 76.5% oF 23.5%

66kV CNCV oF 84.8% 2F 15.2%
® A3 =2

Digital oscilloscope
DP0O4104

Digital oscilloscope

TD572548

Delay cable — ™ Highfrequency probe
(coaxial cable 5D-FB 20 m)

Cable specimen (Removed XLPEcable) Point C P6245 (~1.5GHz)

{about 100 m in length)

A
PointB

Measuring setup of the pulse propagation characteristics for the removed XLPE cable

ANZ 0l AHE

& AHOIES &2 2012 DatazZ Simulationdt 2101 OfL|2},
alH 2100m 2012 HOI=SS AIE5t0 AIE
@ AE0 A28 PD Pulsetl & IS
10 -5 0 § Tlm‘:["s] 15 20 25 30
HANIMELASH AIE2S BEANMSIIE
@ AIE0l AFE8H AZ Spec : AF26HA £ CVAHOIE (New Cable)
NHZ2a SZ2Db HZ2c Hd2d
S 66kV 77kV 77kV 6.6kV
T XISize 600sq 100sq 250sq 22sq
LHE, 2l & SANUYZE(E-E) | SAYZE(E-E) | SAL=(E-E) | SAA=(E-E)
XHH S Wire shield ETape (25) ETape (28) ETape (18)
HOIE Z0] 99.95m 100.81m 99.76m 101.15m
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[ S 2a H2Zb H2c S 2d
JIZmX (B1) [mV] 1,899.8 3,131.4 2,561.3 3,518.1
Soto WX (C1) [mV] 288.0 1,119.1 873.5 826.7
AI0OIE Z0l 100m EIHAl

- 156.2% 35.7% 34.1% 23.5%

EZE DX (C1at / B1gh)

CVaI0lE It X
[dB/m] 0.164 0.089 0.094 0.124
=1

SIIFAl 2 [ns] 574.8 540.8 541.2 610.4
TSR [m/us] 173.9 186.1 184.3 165.7

ZE: 1) 77kV CV (d=Zb, 8=c) : PD Pulsedt HIOIS100m MIIAl 2464~66% 24
2) 6kV CV (H2d) : PD Pulsedt AHIOIE100m HIIAl & 76.5% 24
3) 66KV CNCV (& za) : PD PulseJt A0IS100m & IAl 2F 84.8% Z

CVAHOIENA 6.6kva F0I=2] Z2HE0l 310, CNCVAHIOI=EE 240l
PORIEtAl HOIZ2 A#HM ME S == Y T= ASIIHE

4

Mg dEsUA JIsED H-11031 (20124 7&)

[IA]
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4, Aged Cable

XLPE(CV)HIOISO0IA &2t Al23dt1D XtHI STape Shielddl 8&F2JF S2H 1LY
= 4 Ao Z 25 =2 Gasd 20| STapefE= Shield2 S(CU)2t

Sl STapedt Ats/24 S0 2MatH &0, MgH/EAS=2 2ol STapell
J

M= CIEEAZ XESHH EHA,

1) geteoz SHAEHS PDEHIN AtE6tEs 10MHz =M+ WAE0
e ¥2 =2 HEotd Y= VLF-PDUAM T XtHS STapet
&SR A HOISHAE HE0 201 ot AS.

@ IEEE 400.2-2013

Table 2—Usefulness of VLF ac voltage testing methods for selected
cable andlor insulation conditions

Cable condition Diagnostic test methods
| 1
Simple VLF-MW VLF-TD VLF-FD VLF-LC
wilhstand test VLF-DTD VLF-LCH
mcihinds VLE-TDIS
VLF-DS |
1
Cables with i 1
metallic shaeld _ L |
i Accepinble Accepiable { Accepiable (see Note 1) | o
Extensive water Foor | .
Ao ble L i it
Pl Accepuble o] l Giod (See Note 2) i
1
Fiew Lirge defects Acceptuble Acceplable’ ’ Acceptuble
il iy e '\lu.F‘ 5 Acceptible o l"
or fow localized Good Lo Caonomd Cimod Ciood
electncal troes e {see Note 3) (see Note-2) R (s Moig 3)
Drefective splices Acceptable’ Good | AcveplableGoond Acceplable Acceplable Accepiable
#nd terminations {see Node 4) {see Note 3) {sce Note 3) {see Note 2) {see Mote 3)
Mixed insulatin . ; : [ ;
; 1:;_: 1Ir1'l‘":|1[!!:>: Cioad Poor/Ciood Ciood Poasriood
- e dniin Cioasd {see Mote 4) (sew Note 4) (See Now 5) {see Note 4)
Lyminated) |

NOTE 1D testing can be less sensitive on aged taped shiclded cables due to cormosion of the shicld overlaps that
causes attenuation of the PD signals (Guo and Boggs [B15]). PD sensitivity can decrease with merneasing length of the
cable under test

NOTE 2—I"Ds are detectable onty if there are one or more active electrical trees or tracking sites or there are gas-filled
vids m the cable msulation or accessones. Moreover 1t should be noted that PD meeption conditons at VILF can be
different from those at other frequencies

4
[ == R |
o Mz {fE&SHX[EH VLF PD= d%?:f.'?ﬂl‘ =7 2o
ug
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(@ BAURAISl Cable diagnostic in MV underground cable networks XtZ&

'
1/
|

ensuring the flow

Table 2—Usefulness of VLF ac voltage testing methods for selected
cable and/or insulation conditions
Cable condition Diagnostic test methods
Simple VLF-MW VLF-TD VLF-PD VLF-LC
withstand test VLF-DTD VLF-LCH
methods VLE-TDTS
VLF-DS

Cables with
metallic hield Acceptable Acceptable Acceptable Boor Poor
COMTOSion ) i 4 (see Note 1)
Extensive water Poor
ireeink Acceptable Good Good (See Note 2) Good
Few large defects Acceptable/ Accepiable/ X i Acceptable/
or few localized T Good Good A“’é"‘ﬂﬁ”“ Good
electrical trees o0 (see Note 3) (see Note 2) o (see Note 3)
Defective splices Acceptable/ Good | Acceptable/Good Acceptable Acceptable Acceptable
and terminations (see Note 4) (see Note 3) (see Note 3) (see Note 2) (see Note 3)
'?“‘I:r::ddgu‘fd;“:' Good Poor/Good Good Poor/Good
e S50 Good (see Note 4) (see Note 4) (See Note 5) (see Note 4)
laminated)

Note 1: PD testing can be less sensitive on aged taped shielded cables due to corrosion of the shield
overlaps and the resulting changes of current distribution within the tape.

Note 2: PDs are detectable only if there are one or more active electrical trees or tracking sites or
there are voids in the cable insulation or accessories. Moreover it should be noteb that PD
inception conditions at VLF can be different to those at other frequencies.

Nate 3: Supplemental testing is recommended to distinguish a severe localized defect from general

averall deterioration.

Note 4. As this test technique measures the average of all the insulations under test, supplemental

testing is recommended to measure individual sections of the insulation. VLF-TD, VLF-DTD, VLF-

Shield®A 22 ¢lst Z4 HE0 PDAE0I =0,
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® EPRI(0I2X& AR A)_Continuous On-Line Partial Discharge Monitor for Medium-Voltage
Cable Feasibility Study_20053 FINAL REPORT

Partial Discharge Theory

pattern, which (from a practical point of view) results in changed characteristics of the measured
PD signals. Specifically, a corroded shield typically gives rise to additional attenuation of
propagation for high-frequency PD signals. From a striet measurement point of view, PD
measurenient on shielded cables having shield corrosion is best performed by connecting directly
to the high-voltage conductor. Such measurements require permanently or temporarily installed
PD couplers. This approach is generally feasible for plant cables but often not for distribution-
and transmission-class cables. For an unshielded cable. the transfer function is not easily
determined because the surge impedance axially along the cable is primarily determined by the
surroundings (that is, by the proximity to ground).

The cwrents induced as a result of PDs may be measured by the following:
e Attaching a sensor directly to the high-voltage copper c}ontl‘uctor
e Clamping a high-frequency current transformer around the ground lead to a cable
e Using a suitable capacitive sensor placed around the cable jacket
Shield®24!2 PDAS ZHAIIEZ, AEHMZE 0|8 PDASEGH=E AED THE

Ol85td PD&aSdot= A0l ECH

® EPRI(0I=2A2 R A)_|IEEE ICC Spring Meeting 20094 Xt2

. Test and Test Issues

» Dominant useful tests are Tan Delta and Partial Discharge (high
voltage tests)

« Tan Delta testing measures ratio of resistive leakage current to
capacitive current in insulation

» Sensitive to water treeing if it is occurring in a significant section of
cable (highly localized degradation may not be found unless very
severe)

+ Partial discharges are breakdowns in voids in the insulation. Void

conducts, insulation stops further conduction, but small increment of

damage occurs. Radio frequency signal occurs
— PD occurs very late in degradation cycle. May cause rapid failure
of cable (days to weeks)
— Attenuation from shield corrosion may make detection very

difficult (not a problem for continuous shields (copper tube or
neutral wires)

oot
uin

Shield®4/22 0I5t 2t4 20 PDEEO0I Ct.

1}
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® EPRI(DIZAEARA) 2011E X2

AEZ}:

NYS000158
Submitted: December 15, 2011
United Stales Huclear Regulstory Commission Dficial Hearing Exhibit

) Ertergy Nutiear Dpomtons, Inc.
Fn the Matisr of {Irdian Point Nuclear Genecating Linits 2 urd 3)

ey per N T ASLBP #: 07 958.00-LR-BO0 T
El= El Bt s & % | Docket & 05000247 | (500026
§ ’ 2 | Exhiteh @ NYS00015 sm RO Mantiied: 10182012
% i | Admitted: 10152012 Withdrawa:
‘.\I"'v/' Rejectod: Stricken:
i Other:

Plant Support Engineering: Aging Management
Program Guidance for Medium-Voltage Cable Systems
for Nuclear Power Plants

Offline partial discharge testing is an elevated voltage test that can be performed at line
frequency or VLF. Partial discharge testing can locate the site of the discharge along the length
of the cable. Partial discharge testing may be most useful in detecting termination and splice
problems, especlail\r on OI'F site cable teeds and is useful for comlmssmmnn. tests of new
installations. 3

discharge signals. In addition, in the case of helical tapes, corrosion of the tapes from long-term
wetting 15 likely to severely altenuate partial discharge signals and impede ther detection,
Accordingly, partial discharge testing 15 likely to be unsuitable for evaluation of most of the
wetted medium-voltage cables in use in nuclear plants.

STapeFT4 2 P2l MSE A7 HES oA & 5 US.

Corrosion of a helical copper tape shield is the most problematic for high-frequency diagnostic
techniques such as time domain reflectometry and partial discharge testing. When the copper
tape is new, the tape shield acts as a tube providing a good conducting path for high-frequency
signals. If partial discharge were present, the new tape shield would present little attenuation.
However, with a light corrosion on the surface of the 1ape, the lapping of the tape becomes
insulated from one wrap to the next. At this point, the helical tape acts as an inductor, especially
to hgh-frequency signals such as partial discharge Accordingly, deteriorated tape shields are
likely to occur at the same time as the potential for deteriorated insulation. In cases in which the
attenuation resulting from metallic shield corrosion prevents a reflection of the test signal from
the far end of the cable, it prevents the detectability of partial discharge signals that may oceur in
or neir the wet section. To a lesser extent. the insulation also attenuates the high-frequency

STapeZt FAI5HK| Eg% A3 HolE9l Aol Tape Shielde TFINNTE
S SHH Mostn PD7F wWMSHH PDAISE Ol ME0F 2444 5EX| 0

STapeXHo| F4o] 2tM35HA =™, STape LapZtoll HodAMo| w351,
£35| PDSel nF il sol| thsfA= Inductor2 ZHE35}0d,
STape/=2%Shield F4jo 2ost Ztafol o[sf PDAISE HAEHHA &

ZE7 ( olcem@olcm.co.kr ) - 10 -




2) Georgia Tech Research Corporation (2016, CDFI ) Xt&

SHM EE STapeZt F4{et #0[= SystemolM, PDAZE2 SAISH| &3.

Copynght € 2018, Georma Tech Research Corporation

Table 3; Overall Advantages and Disadvantages of PD Measurement Technigues

o Identifies single or multiple localized void-type defects,

s Applicable for all cable types.

s If PD test mterpretation wdicates that cable circuit is PD-free then there is a
high probability that the cirenit will not fail within the next several years.

o Offline techniques allow for the detection of PD at voltages above Up.

o  Can detect electrical trees, mterface tracking, voids

= Basic results available at end of test,

s Test can be stopped if “unacesprable PD™ 15 observed.

Advantages

o It 15 unknown whether cyeles or time at elevated wvoltage 15 the entical
parameter in determining the nsk of damage to the cable system.

¢ PD results on cable systems are not directly comparable to the factory test
results on individual componznts.

o Dhfferent providers perform PD measwements vsmg different measurement
methods, sensors, measurement frequencies. bandwidih. metnes. and
sensitivity assessment. Besults from different PD providers equipment are
dafficult impossible to compare with each other,

» Interpretation of PD signals 15 very challenging (1.e. the test results can be
provided as “GoodBad"”, “Acceptable Unacceptable™. *“PassNot Pass”,
“Defer/ RepnirReplace™, ©1. 2/ 3457, ete.).

s Locating and charactenzing PD sources can be difficult becanse of noise,
artenuation. dispersion. cable accescories, and cable system complexiny,

s Not clear which PD features provide information on the seventy (i.e, whether
or not the defect will lead to failure),

s PResults for hvbnd curcwts are difficult to mterpret.

Open Issues

s Neutral corrosion (wire or tape) can lead to false negatives (Le. absence of

PD).

= Voltage exposure (umpact of voltage and hme on cable system) cauvsed by
elevated 60 Hz AC, DAC. and VLF has not been establizhed.

Disadvantages |« Cannot detecr all possible cable system defects — only those thar discharge and
are detected by the measurement equipment

s Does not directly detect water trees,

# Does not assess global degradation (high density of defects such as water trees
or contumpants distributed over a significant portion of the system length).

o Nouwmform Pass ' Not Pass entena established for field testing,

*  Only a small percentage of PD sites detected actually fail in service,

ZEZ: 4EZ ( olcem@olcm.co.kr ) -1 -
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Reflectometry (TDR) ,

2278-1676,p—ISSN: 2320-3331,

1) 12t AL

ETapell Atst/2A!l H0l2 22 Simulation Data

The study of semiconductor layer effect on underground cables with Time Domain

IOSR Journal of Electrical and Electronics Engineering (IOSR-JEEE) e-ISSN:

Volume 7,

Issue 6 (Sep.

& XLPEJHOIE ZEol Bt=AF2 K&t

- Oct. 2013),
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Figure 14 — Comparison of the attenuation along the cable with different resistance values
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Figure 15 — Attenuation spectrum simulated for a cable with semiconductor layer resistance of 100 Q.
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5. ZEZE

1) ®I0A ZESH Page 3~Page 52| &Ml AFESHA 22 New Cabletl A&
EHMENAM LEIECZ of 20MHZUHE S AtEot= HFCTHIME 01&06t=
PD&IEH EHINMS
XLPE (CV)HIOI=2 2100mAXIOIA POYA ZAMAIN HOIZ 100mTtet
PD Pulselt MIIStHA 2460%E = O0ISHCNCVE £480%014H)=E 3JI0F LM EOf
HFCTOl= 2540%0lot 3JI12 Z&E ], HEAUR = 302 ZLEF0A
LHME = Ost =0t tHE 9 N0|se3} HFCTHI A 0l PD Pulse2t Noiselt
SHEHA HEHOW XA B2 FHESHH PD PulseE 2cIdt= A0l GHECH

PDAIS 24& : CNCV > CV , 6.6kV CV > 77kV CV [ Page 6 X ]

XHE STapelt 2A/4t816HA &2 New Cabledt 22 XLPEAHIOIENANSE
HFCTHIAZS2H 100mOj& HHZE AXINA PDEMAINI= POAEIS
SSotH HEoN XHE £ JACtD & £ s AHOICH

2) &J|12 AFE8 AgedHOISUHAE ANMZE XIHS STapedt 24I/4t56ts 20t
0| ZMot= O, Ol STapell M&0| Sliote A2 22 GEHAZ
Ao W2l NHS STapelt 24/ASIGHA 22 New Cable2Ct
24 3ADI0F Botote O, RA/&& FZ0 et 2HBE= ZetXAXet
New Cablel| ZAIZE2CH £HH(3=%)0lA ZAE s 2SS AARA

4) WetM, 48 On-Line&EHOIA MVZ XLPE (CV)AHIOI=2 Shield& XI & O
HFCT dIKHE &£XI5tH PDE HE0t0 dHSt= AIAE0 AN,
HFCTHIAZSH 100m0l& E0ZE AX0A PDEYAl PDEES2
AHE STapelt £A41/4t&6HA 22 NewH OIZ2UHAHE PDZEE0 20

12t HOIE AIZB2=2 QIE XHHES STape Shielddt £4I/4t50F &

Slelyel
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