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Dielectric losses - Tan o

* The cable insulation system is represented by an equivalent
circuit

It consists of two parameters; a resistor and a capacitor
[IEEE Std. 400]

 When voltage is applied to the cable, the total current will be the
contributions of the capacitor current and the resistor current
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Dielectric losses - VLF principle

* Frequency domain
 In this case, performed in AC (sine wave) "VLF" (0.1 Hz to 0.02 Hz)

» Derived from the phase angle difference between | and V
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Dielectric losses - TDS principle

e Time domain

» Based on current measurements under DC voltage

e Dielectric losses derived from the current
contributions using Hamon approximation

Principle

Schematic of

TDS device
(Grounded config.)
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ipol (t): icap (t)+ iabs (t)+ iqc (t)
idepol (t): _icap (t)_ iabs (t)
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IREQ's TDS system

CONFIGURATION
Grounded Ungrounded
Poal Depol Pol Depol
Multimeter Electrometer | Electrometer | Electrometer

Sensitivity Sensitivity Sensitivity Sensitivity
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Dielectric losses - TDS principle

« Example of current measurement

1.E-03

Cable TR-XLPE New 200 f (Neetrac)

Ch. TR-XLPE Mew 200

f RE4M F (4)

—— 8.7 kv - Déch
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Dielectric losses - TDS principle

» Application of the Hamon approximation

Courant (A)
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Tan o : VLFvs TDS

VLF

 Frequency domain
e Sinusoidal waveform

« Computed from a phase
difference

e Tan o at different
frequencies requires
different tests

e Monitored withstand

TDS

Time domain
DC waveform

Estimated using the
Hamon approximation

One test at a particular
test voltage provides
Tan o at different
frequencies

Monitored withstand



VLF & TDS Laboratory Setups
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2.1 New cables - TR-XLPE

tg(5) X 10-3

1000

DIELECTRIC LOSSES (tan d): VLF vs TDS

100

sy S 5 kY VLF
BT KV VLF
—e— 29K/ TDS (pal)

Cable: TR-XLPE New 200 f (Neetrac) ——-29 KV UL

10

5.8kY TDS (pol)
—&— 8.7 kW TDS (pol)

—l—-2.9kY TDS {depal)
—8— 58k TDS {depol)
—&—_8.7 k' TDS {depol)

0.1

0.01

VLF

0.0001

0.1

Frequency (Hz)
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2.1 New cables - EPR

DIELECTRIC LOSSES (tan d): VLF vs TDS

1000
H
H
. H 0 G KN VLF
Cable: EPR(1) New 84 f (Neetrac) £ T
: BT KV VLF .
100 : —4— 23K/ TDS(pol)  —W—-29kV TDS (depal)
= 5.8 kV TDS (pol) —8— 58 kv TDS (depol)
—8— 578/ TDSipol)  —®—-87kV TDS (depal)
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0.1
DS | VLF
0.01 . . : :
0.0001 0.001 0.01 0.1 1

Frequency (Hz)




2.2 Joints - PIT3-C1

tg(8) X 10-3

DIELECTRIC LOSSES (tan d): VLF vs TDS

10000 .
Joint: PIT3-C1 (Neetrac) i
: ——_0 9 kY WLF
H g5 A kY YLF
: BT KV VLF .
: —— 29KV TDS (pol) —B—-23 kv TDS (depol)
1000 H -3.8 KV TDS (pol) —&— .58 kY TDS {depal)
H —8— 5.7 kv TDS (pol) —8— 27 kv TDS {depol)
100 :
10 :
TDS VLF
0.1 : : d :
0.0001 0.001 0.01 0.1 1
Frequency (Hz)
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2.2 Joints - PIT3-C2

tg(8) X 10-3

DIELECTRIC LOSSES (tan d): VLF vs TDS

10000

—B—-25 kv TDS {depal)
—8— .58 kV TDS {depal)
—8— 5.7 kv TDS {depol)

Joint: PIT3-C2 (Neefrac)
: ——_0 9KV VLF
H g S5 EY WLF
: BT KV VLF
H —— 28k TDS (pol)
1000 i 5.8k TDS cﬁl}
i —8—-8.7 kv TDS (pol)
o -\
'-"'1...____
10
TDS VLF
0.1 . : d ;
0.0001 0.001 0.01 0.1 1
Frequency (Hz)
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2.3 Fleld aged cables - S-1-3

tg(8) X 10-3

DIELECTRIC LOSSES (tan d): VLF vs TDS

1000 ﬁ - .
i Cable: XLPE S-1-3 34 f (Neetrac)
FIELD AGED (1974)
100 :
[ ]
E
H a3 | VLFtans isevolving |
10 H i gfrom one test to anotherg_
'
1 ___ﬂ‘
E O kY WLF ——4 3V VLF
C E —x:g kY 'u'L; —m—-5T7 kY rI.rF
0.1 - : = 717
- i R Tha el e— kv D3 (denl
..' : —&— 27KV TOS (pol)  —@—-87 &V TOS (depal)
y DS VLF
| =
0.01 [ : : :
0.0001 0.001 0.01 0.1 1
Frequency (Hz)
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Correlation

Tan d® - VLF vs TDS

Conditi I’
ondition
@ Field Aged Cable ® /' ‘
100.09 | & other ® "
&
o Values at 0.02 Hz and Uo r
0 ' AR
= ’
o 10.01 ’/
@ C 4 -
|_
"‘ te
i , 2
Z PR EPR with
c JRe Neutral
@
S 1.0- ,® P o Issues
& ’,
& < Other includes:
,’ Non-aged cables, field-aged joints and cable-joint combinations.
’
Ol _( L T T
0.1 1.0 10.0 100.0

Tan-delta VLF [1e-3]
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— Interim Conclusions

» Good correlation between Tan 6 from VLF and
Tan o from TDS for samples not evolving during test.

e Spectrums seem to complement each other.
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3 — Neutral Issues for VLF

Insul_ation Cotton Neutral
Shield Pads Strap
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3 — Neutral Issues for VLF
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EPR with Good neutral connection

tg(8) X 10-3

DIELECTRIC LOSSES (tan d): VLF vs TDS

—l—-2.5 kv TDS {depol)
—a— 58k TDS (depal)
—a8— 87k TDS (depal)

10000
Cable: EPR(2) New 80 f (Neetrac) _
GOOD neutral connection with insul. shield — o F
8.7 kY VLF
—e—_23kY TDS (pol)
1000 58k TDSEEI}
—8— 37 kv TDS (pol)
100 ;
10 M
, oo
e ——————tse o o g - _
: =0
1
TDS VLF
0.1 . . .
0.0001 0.001 0.01 0.1 1

Frequency (Hz)
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EPR with Bad neutral connection

tg(5) X 10-3

DIELECTRIC LOSSES (tan d): VLF vs TDS

—l—-2.5 kv TDS {depol)
—a— 58k TDS (depal)
—a8— 87k TDS (depal)

10000 .
Cable: EPR(2) New 80 f (Neetrac) _
BAD neutral connection with insul. shield —— itk
: TRV VLF
H ——-2.5kY TDS (pol)
1000 : SRRV TDSEEI}
E —8— 5.7 kY TDS (pol)
Eb_——_i
Eh-—-*—ﬂ
100 :
1
DS | VLF
0.1 . T .
0.0001 0.001 0.01 0.1 1
Frequency (Hz)
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It is normal practice in the
field to thoroughly clean
terminations. Insufficient
cleaning can occur but is
readily spotted by
divergent behavior of the
capacitance, loss and
voltage dependence.
Nevertheless there was an
academic interest to
Investigate the magnitude
of this effect on the cable
system loss.
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Normal clean test Polluted test
terminations prior to terminations
pollution 23



Tan-delta [1e-3]

0.33 Uo

0.67 Uo

1.0 Uo
1000
Condition
@® Clean
A A B Polluted - Dry
A A A - Polluted - Humid
A A} A Polluted - Wet
100- * VLF of 0.1 Hz
A A A A Termination
A
flashover
10
BB B EElE B EHMMMNMNMMBEBEIENNEMMBMMM
3.8 pngui@a@ungn u@n @ u@n @ un @uu@n a@ui@Qu@n QP u@ni)u@n@uu;
1 T T T
0 1 2 3 4
Time [min]
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4 — Effect of polluted terminations

Failure channel

Highly polluted surface
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TR-XLPE cable system without splive

DIELECTRIC LOSSES (tan d): VLF vs TDS

10000 '
H
i
Cable: TR-XLPE New 200 f (Neetrac) i
H ——_0 8 KV VLF
i g5 kY WLF
H -B.7 KW WLF .
1000 : —+— 23KV TDS (pol) —B—-23kV TDS {depal)
-5.8 kW TDS (pol) —8— 5.8k TDS {depal)
—8—-5.7 kW TDS (pol) —8—-8.7 k' TDS {depal)
100

10

tg(8) X 10-3

&
01
VLF
0.01 v T T T T
0.0001 0.001 0.01 0.1 1

Frequency (Hz)




Joint PIT3-C1 alone

tg(3) X 10-3

DIELECTRIC LOSSES (tan d): VLF vs TDS

10000 .
Joint: PIT3-C1 (Neetrac)
E 0 3 kW WLF
i S8 kY WLF
H -8.7 kW WLF .
1000 E —e—2. 9 kY TDS (pol) —W—-25 kY TDS {depol)
i S8k TDS (pol)  —@—-58 KV TOS (depal)
H —&— 37kV TOS (pol)  —#—-87 kv TDS (depol)
100 -..‘t‘
) W
1
0.1
TS | VLF
0.01 . : : .
0.0001 0.001 0.01 0.1 1
Frequency (Hz)
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TR-XLPE system cable PLUS Joint PIT3-C1
As measured directly:

DIELECTRIC LOSSES (tan d): VLF vs TDS

10000
COMBO: Cable + Joint: i
H 2 9 KW WLF
TR_XLPE New PIT3-C1 ; - 5 YLF
1000 H 5.7 kY WLF .
——_29kV TDS (pol) —l—-29KY TDS {depol)
-2.8 kY TDS (pol) —8— 55KV TDS (depol)
—&—-8.7 kv TDS (pol} —e— .87 KV TDS (depol)
100

Tand X107

L ~_

01 C" measurement (direct)
TDs | VLF
0.01 . ; .
0.0001 0.001 0.01 0.1

Frequency (Hz)




TR-XLPE system cable PLUS Joint PIT3-C1
As calculated by sum of individual contributions:

DIELECTRIC LOSSES (tan d): VLF vs TDS

10000
COMBQO: Cable + Joint: H
: =39k VLF
TR_XLPE New PIT3-C1 i - 5 LF
,] OO'D = 8.7 kW WLF :
—e— 20k TDS (pol)  —W—-29kV TDS (depol)
58kV TDS(pol)  —@—-53kV TDS (depol)
—8—_5.7 kW TDS (pol) —8— 87k TDS (depol)
L 100
>
[2=]
= 10
|_

01 C" measurement (sum of individual contributions)
DS | VLF
0.01 . . .
0.0001 0.001 001 0.1

Frequency (Hz)




» Good correlation between Tan 6 from VLF and
Tan 6 from TDS for samples not evolving during test.

e Spectrums seem to complement each other.

 Polluted terminations influence cable system loss
measurements.

* TDS seems less perturbed by neutral issues then
VLF.

 “Arithmetic” of cable system loss works for TDS as
well as for VLF.
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