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Goal of PD On-site Testing/Diagnosis:
new installed Power Cables

during after-laying test (in combination with voltage
withstand test)

to recognize poor workmanship in cable accessories,

by checking up to 1.7U, 2.0U, the PD-free condition of cable
accessories,

and in the case of PD presence an evaluation of the PD level
preferably in [pC] and repair of the particular accessory.
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Goal of PD On-site Testing/Diagnosis:
service aged Power Cables

during service life (as a part of on-site condition assessment)

to support the maintenance- and operation decisions,

by detecting and localising PD’s in cable insulation and cable
accessories,

and in the case of PD presence an evaluation of the PD
occurrence (PDIV, PD-levels, PD patterns) and comparison to
the acceptance norms for particular types of cable insulation
and accessories.
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On-site PD Diagnostic Methodologies

OWTS® methodology

on-site PD detection and localisation as well as
dielectric losses measurement in cable
Insulation and accessories using

Damped AC voltages up to 250kV
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On-site Energizing using Damped AC Voltage (DAOC)

PD max [pC]

10616

PL lewel [pC]

9554

Frequency [Hz]

67.34

G0

Woltage [k'v]
=

Damped AC voltage
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Test Setup OWTS type 250 kV
(since 2004 in field test)

peak

2000

250kV solid-
state switch

_ Inductor L
Test object: HV power

cable up to 230 kV

HV - Resistor R
Divider 3
—
Control and 250kV HV
data Supply
processing
unit
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(Out-door) On-site testing using damped AC 250kV:
PD and dielectric losses

Weight: 300kg

Supply voltage.: 220V

Max. load at 250kV: SuF

Output: DAC voltage 250kV (50 Hz -
500 Hz)
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Test Setup OWTS type 150 kV

peak

150 kVpeak Coil
Unit

HV Divider and PD
analyser Unit

Computer Control Unit
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Example 1: r

l!""g

After-laying test and PD
Inspection of a 50kV
XLPE cable section

Substation of Railway
Power supply
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Example 1: M 4 & &3

PD on-site diagnosis up to 2 x U, (6km /50kV; XLPE)

D e [}

= - L1, L2 : up to 2xUo PD free
wE Noise level < 10 pC

BaEB
aaaﬁ#?i

Ly g e
Bebukt.ouuege

________ T it

g | | L3:  PDIV @ 82kV

214

" B
PO vl 0] n e Ty
= | = PD—180 pC
o .
Fosquuscy i} £ v LY
75.33 <2 Y, f i £
Zmw i
- ] 7 2 } )
i = : =
20 H ] .- i
-0 . e =
- N J? b 5
5 g RS- [
x|
=y
At } R e T P H T TT
E il _ime&mm'fﬁﬂjﬂlhwﬁﬂ'wl]M‘M;‘f’[ﬁ PN LU0 1 b -I-‘; Lyl el v
—y =
o |
o g
Z 0o : HEI|" : : e
HE :
2 I N S S B
0
am : E {
-0 ] EN TR N TROE RO TR D NOED O O D Em OW0 e e
o i —
o £

April 2006



Example 1:
PD on-site diagnosis up to 2 x U, (6km /50kV; XLPE)
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File  Help

N Beporter = TDR &5 Wiewer

(o
) Generating database analysis report for 2y o

c: and AGBur Office OWTS 4.0°Hiversum 2 r

1904~
1804 -
1704 ---

160

150)
1a0f
1301 -
Tonis
i
100}

1 -
0 200 400 600 8500 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5‘? 5600 5800 6000
(m)

PDlevel at PDIV (pC)|PDlevel U<Uo (pC)|PDoccurence| PDlevel Uo<U<2Ua (pC)|PDoccurente :I
PDIV (kV) Max Avg Max Avyg U<Uao Max Avg Uo<U<2Uo Save

Cablepart 0 0

Joint 0 0

Cablepart 0 0 _I
Termination 82 189 144 o 189 144

13 0 [ sen |
Eeeemee n n LI I Auto run
Analysis

iEl start J [BJENCIGRE... I Bl Gulski | lChDocU... | G cibocu... | Microsoft.‘.l G cibocu., I @OWTS E. E}naam\oos.‘. |¢IEM%&L Cﬁﬂﬁ 16:07

L1, L2 :up to2xUo PD free (PD < 10 pC)
L3 : PDIV @ 82kV; PD level — 180 pC located in the termination
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(In-door) On-site testing using d uj d N
damped AC 250kV: PD and dielectric losses
50kV Power Cable

250kV HV Switch
3.5 H Inductor
250kV HV Supply

HV Control Unit
PD Analyzer

OWTS 250kV
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Example 2:
PD diagnosis of a
service aged 50kV-
paper-oil-cable

sebaxmT

Fase L1

Eesults

Date

PD (pC) @ L x Uo

PD pO)@ L7 xUo

23-11-04

LIGL1_810V_2004.11. 28114142 ot LI 251154 101
PO bevel 25230 .1 BOE H FD [ quarcy 117 30 H;
w wls
_n _u ;
a a®
[ ] v
Y >, ” [ "
x i - e i
a i
w w
nnnnn 2500
1 2pie;
------- a
212
210 i
E £
m
10 s
p_“l- . A [IRTITY [ Tl
' W I I R T ) S 2 s =
[pp— R > T 14

Fase L2

Results

Date

PD pC) @ L xUo

PD pO)@ L7 xUo

PDIV L1, L2, L3:

0.7xU,

@ 1.0xU,
PD L1:
PD L2:
PD L3:

2500pC
1780pC
2300pC

23-11-04

April 2006

LA@L2_41kY_2004-11. 20174892 1t L2EL2 B0V _200411- 21257 2 5t
PO leval 173870  haquency 11780 He P level 852 PC . froquancy 118 3 Mz
. "
by “w .
24 £n
g & 0
!; . 3 o
“ ?
i w
i "
2. { & oo
7 | g'™
i T
€m0 'r.‘l_'"
- | o |
I.i 1 '] ] 1] 0 13 " “® " n n k] = » ! b . ® "
.,
AL AL Dok 1 Bewi SRS i
Fase L3 Results
=
Date PD (pC) @ 1xUg, PD (pC) @ 1.7x Un,
23-11-04 L3GLI_41HV_2004-11 23 53938 1 LSEL_B0V_004 11213453 ot
PO laval 22890 - eguency 11662 He PO level 13307 pC | Frecuency 116 96 Mz
. "
by , “w
¥ =
= ]
!,‘: Yo 3;‘. ! e
r .
150 21n
2 a
. g
£ ] .:
i L 1 e Ll ol i
T ] : % 8 B E SRR "1
.
I AR e o [ty [ b (1] tmwlay -




14000

12000

10000

@
S
S
3

Ontladingsniveau (pC)
@
2
8
S

2000

Example 2:
PD diagnosis of a
service aged 50kV-
paper-oi-cable

/
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PD mappingetapioB9 kv

D:unfracoreHaarlem West\50kW Haarlem West Haarlem Zuid 2004-11-23-10'51"45

PD mapping (upto 69 kV)
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M d el 2
Example 3:

ice aged 150kV XLPE cable
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Example 3:

PD diagnosis of a
service aged 150kV
XLPE -insulated
power cable

Phase L1: PDIV 1.7xUo

Phase L2, L3: PD free up
to 2xUo
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PD mapping {(uptoe 246 kV)
GI'TEC'SINSDHC Hieuwe meetfiles en data’_Projecten Vries, Frank de'OWTS 250 Tiel'0S Tieltemp

| L1
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Example 3:

PD diagnosis of a
service aged 150kV
XLPE -insulated
power cable

Phase L1: PDIV 1.7xUo i
Termination problem

GITEC'SINSDHC Hieuwe meetfiles en data

hg {upto 246 k)
rojecten Vries, Frank de'OWTS 250 Tiel'0S Tieltemp

Phase L2, L3: PD free up
to 2xUo

Mumber of discharges N

300
Gable length (m)
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PD parameters are useful to generate PD norms

PD parameters Weight factor

PD inception voltage (PDIV) 4
Cable system | PD source location (cable/accessories) 2
PD mapping (interpretation) 1
PD inception voltage PDIV 8
Average at U, 4
Maximum at U, 3
PD level
Individual Average at 2U, 2
cable Maximum at 2U, 1
components
PD occurrence At U, 4
frequency At 2U, 2
Phase resolved PD Interpretation 5
pattern

April 2006




sebaxmT
Example: M4 e

Norm Generation (PD level @ 1.0U,) for Mass-insulated Cable
Terminations Type with Interfacial Discharges on the HV Connectors

1 20
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0 1000 2000 3000 4000 5000 6000 7000 0 2000 4000 6000 6000 10000
the best fitting: lognormal distribution population
boundaries: 4.3nC (90%0); 6.5nC (95%0)
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Summary

1. Based on technologies as available non-destructive PD diagnhosis can be
done by :

I. VHF/UHF PD detection in combination with mobile resonate AC
voltage sources;

Ii. IEC60270 detection at damped AC voltages as available with OWTS
250;

1. With regard to HV power cables and PD on-site diagnhosis the following
can be concluded:

I. - Quality issue; during after-laying test of new cables PD detection
may provides valuable information about discharging defects in
cable accessories;

. - Maintenance and operation issue; during condition inspections
of service aged cable systems PD diagnosis may provide
information about insulation defects in cable insulation and cable
accessories;

1. Based on field application statistical norms can be developed to support
the condition evaluation for maintenance purposes.
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