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Major Cable Components

Conductor

Conductor or Strand Shield

Insulation

Insulation Shield

—Metallic Shield/Neutral



Good Cable = Uniform electric field

When both shields are:
« Smooth
e Intact

Electric field lines are
uniform, with @
conftrolled electrical
stress distribution.




Basic stress enhancements
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Tree effect




Conversion of water to electrical trees

AcTts as a stress enhancement or
protrusion (hon-conducting)

Water tree increases local electric
field

Water tree also creates local
- mechanical stresses

If electrical and mechanical
stresses high enough = electrical
_ freeinitiates
'+ Electrical free completes the
rre path —rapid growth
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Dc testing

° AdvaJiages:

— - P& ts are small, portable, and economical

— - Easy to operate
= -‘dered on-destructive

nd fo damage solid dielectric
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Why DC is damaging

@A— Negative space charges

<=(¥) ACinput

e DC hipot output negatively charges up water tree
areaqs.

e These “trapped space charges” remain after test.

e When AC isreapplied, there's a high difference of
potential across very little of the insulation. Leads
to electrical frees — cable fails.



No testing
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Power frequency testing
|

. ldvaniages:

me profile as service condifions
- Correlates to factory fesfing
- — - Allows diagnostic testing
isadvantages:
Irge and Expensive equipment
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VLF testing

4dvantages
- ess similar fo service conditions
°~—\ Light weight, low cost
» - Easy o use
“» - Easy 1 ,‘}'grpre’r results, Go-No Go test

vave output can be used with
® upmenf

;
e designs
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What is vif?

A Q’VLF iInstrument is just an AC hipot
' 1hn output frequency lower

ue(\cy: 0.1 Hz ana
) % juency, it is
2 ;\ f caple with



VIf explained




60 Hz vs. 0.1 HZ
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At 60 Hz. a 1 yF cable has an X. of 2.65
KOhtRmy

At 2 Ié/ It requires 8.3 amps of current to
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VLI%}"“ ropidly grows defects to failure.

v»vb-

VLI on-destructive to good
Ig Irahon
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IEEE 400.2 Field Test Voltages
For Shielded Power Cable Systems
Using Sine Wave Output VLF

Waveform Cable system Installation Acceptance Maintenance”
rating (phase to ground) (phase to ground) (phase to ground)
(phase to phase) (see Note 2)

[V rms]
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1
1

(Note 3) (Note 3)

(Note 3) (Note 3) (Note 3) (Note 3)

(Note 3) (Note 3)
(Note 3) (Note 3)
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XLPE tree growth rate

Growth rate at 0.1-Hz

sinusoidal test voltage
(mm/h)

2.3
10.9-12.6
58.3-64.2
336

oltag  factor
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~_ne);zs of 5.9
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XPLE Testing statistics

TNBin Malaysia 3V, @ 60 minutes
o 17,435 VLF tests performed —
e 2,179 cable failures

Minutes to failure Failures % of total

89.16
A

2.78% of tested cables failed later in service.
(Many cables were PILC)
Tests conducted 2001 — 2002







Simplified Cable Model and Phasor Drawing

Tan Delta = I/ I.- measured in radians

The tangent of this
angle is calculated

= tangent of o

Cable Cross Section Cable insulation

e With perfect insulation, a cable is a near perfect
capacitor, with a 20° phase shift between voltage and
current. Less than 20° indicates insulation degradation.
Cables can be rated good, marginal, or bad.



Tan Delta vs.Voltage
for New and Aged XLPE Cables

New and Aged 15kV XLPE Cable (Nov 2000)

Less Healthy Aqed cable
non-linear tan

) |t #S VErsus
voltage
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Loss Angle (Tan Delta)
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sl Graphing And Reporting

Tan delta stability

d x

c (®) VLF-34E () VLF-65E

Tests

Profiles Sequences

OTD

vs Voltage

-
by Step ®

D vs Voltage

by Cycle () TD vs Time

() V/1vs Time

Apps

[ ] 20151021124420 B phase hve

OEFEEEREEBEER

DELL
Dirivers
HVI
Intel
ISTS
PerfLogs
Program Files
Program Files (x86)
Users

Diave Boyer
= dboyer

=

65E USB

CRM follow up report

DAVEE

W

[ | 20151021143647 C phase.hve
[ 20151021144031 A phase hve
[ ] 20160213125528-b1 hve

[ ] 20160223114847 hve

[ | 20160409110946 a phase cable
[ 20160409115600 b phase cable
[ | 20160409132028 c phase cable

[ ] 20160505143128 hve
B 20160517115354 hve
[ 20160901131216 hve
[ ] 20160901131809 hve
[ | 20160901134430 hve
[ 20160901134705 hve
[ 20160901134824 hve
[ ] 20160901135301 hve
[ | 20160901135437 hve
[ 20160901135529 hve

Cument
0.354
0.707
1.060

Capacitance
0133
0133
0133

Besistance

1655.0
1591.6
14853

Tan Delts TD Std. Dev.

7.23
7.52

0.03
0.05

8.07 0.09

TD vs. Voltage by Cycles

10

15 20

Voltage (kVrms)

Report tems

Report Format

Cable

Test Parameters
Test Summany

Step Summary
Cther

Cycle Data

TD vs Steps

TD ws Vitg. by Cycle
TD ws. Time

TD vs. Vitg. by Steps
W/ v Time

O

Group by
Sections




! Graphing And Reporting

Tan delta tip up

O x

c (®) VLF-34E

() VLF-85E

Tests Profiles Sequences

@TD

vs Voltage

D
by Step O

vs Voltage

Cycle () TD vs Time

() W/l vs Time

DIEEEREHEHEHEER

Apps
DELL
Drivers
HVI
Intel
ISTS
PerdlLogs
Program Files
Program Files (x86)
Users
Dave Boyer
= dboyer
Contacts
= Desktop
B5E tests
B5E LISE

CRM follow up report

DAVEB

W

[ ] 20151021124420 B phase hve
[ | 20151021143647 C phase.hve
[ 20151021144031 A phase.hve
[ ] 20160213125528-b1.hve

[ ] 20160223114847 hve

[ 20160409110946 a phase cable
[ 20150409115600 b phase cable
[ ] 20160409132028 c phase cable
[ | 20160505143128 hve

B 20160517115354 hve

[ ] 20160901131216.hve

[ ] 20160901131809 hve

[ 20160901134430 hve

[ 20160901134705 hve

[ ] 20160001134824 hve

[ | 20160901135301 hve

[ 20160901135437 hve

[ 20160901135529 hve

TD vs. Voltage by Steps

Curment

Capacitance Resistance

Tan Delta TD Std. Dev.

0.354
0.707
1.060

0.133
0.133
0.133

1655.0
1591.6

7.23
7.52

0.03
0.05
14853

8.07 0.09

10

15 20

Voltage (kVrms)

Report ltems

Report Format

Cable

Test Parameters
Test Summary

Step Summary
Cither

Cycle Data

TO vs Steps

TD vs Vita. by Cycle
TO ve. Time

TO ws. Vitg. by Steps
W/l vs Time

O

Group by

Sections




Monitored withstand test

5 Graphing And Reporting O X

TDvs TD vs Voltage TD vs Voltage
C (@) VLF-34E (O) VLF-65E Tests Profiles Sequences O Steps @) by Step @] os ® TDvs Time (O W/1vs Time

Aops : " TD vs. Time
DELL [ 1 20160213125528-b1.hve 20.000

Drivers [ ] 20160223114847 hve
HVI [ ] 20160409110946 a phase cable
Intel [ ] 20160409115600 b phase cable 16.000
ISTS [ ] 20160400132028 ¢ phase cable
PerflLogs [ ] 20160505143128 hve 14.000
Program Files [ ] 2016051715354 he 19000
Program Files (x36) [ ] 20160801131216.hve '
[ ] 20160901131809 hve 10.000
[ ] 20160901134430 hve
Contacts [ ] 20160901134705 hve
= Deskiop [ ] 20160901134824 hve 6.0000
G5E tests [ 1 20160901135301.hve
B5E LUSE [ 1 20160901135437 hve
CRM follow up report ||| 20160901135529.hve 20000
DAVEB « [[C_] 20160901143308 hve

0.0000
g20160901143436'h“ 0:00 500 1000 15:00 20:00 2500 30:00 3500 40:00

Time (min:sec)

18.000
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Users
Dave Boyer

= dboyer 8.0000

40000

Currsnt Capacitance Resistance  Tan Delta  TD Std. Dev. Report ftems Report Format

.
0104 0040 32767 791 0.05 Cable

- Test Parameters
0.209 0.040 =3.276.7 7.98 0.03 Tost Summary . Grou_p by
0.261 0.040 =3276.7 807 0.04 gtehp Summary Sections

er

0417 0.040 =32767 384 043 Cycle Data
TO ws Steps
- - - - - TD vs Vitg. by Cycle
TD vs. Time
=3276.7 TO vs. Vita. by Steps
W/l vs Time
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VLF-tan delta report

Print Preview

= O ';{zoum -4 4 1 of1l | | ¥ Close

VLF Tan-Delta Report

Parameters _20160517115354.hve
Waveform: Sinewave Frequency: .1 (hz) Fault: Overload
File Name: C:"Users'dbover' Deskctop'65E tests\20160517115354 hve
Date/Time: /172016 11:33:55 AM Phase: A

Step Summary - 20160517115354.hve
i Source Druration Voltags Fesistance
St=p Crycles V) {min) &V (BI0Ohm)
1 13 40 3 4230 1654.978
| StdDev. | 0.000 7.009

8.463 1591.632
0.002 05 | 11115

12.696 1485.253
| SWd.Dev. | 0006 | 16012 |




Assessment of Unidentified
Filled insulations

Condition
Assessment Action
3 Required

Stability for
TDy, (standard
deviation)

Tip Up
(_TDLSL'O o= TDO.SUO)

Tip Up Tip Up
{(TD, su,~TDy,) -
e W




Partial discharge (PD) setup

female female B , Outer Shield

High Voltage Supply

e.g.
VLF System,
Transformer,
Resonant Test System,




PD and TD field test




PD Info

Power Diagnostix - ICMAex
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