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e Partial discharge
e PD pulse
* PRPD pattern
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Partial Discharge

IEC: “localized electrical discharge that only partially

bridges the insulation between conductors and which can

or can not occur adjacent to a conductor” PD PD PD

L@

Pit Final

Electrical Breakdown

Tree

IEEE: “Localized electrical discharge that only partially

bridges the insulation between conductors”



Introduction to Partial Discharge

Partial Discharge Pulse

IEC: “Current or Voltage pulse that results from a Partial
Discharge occurring within the object under test. The pulse is

measured using suitable detector circuits, which can be

Amplitude [V]
= =

introduced into the test circuit for the purpose of the test.”

IEEE: “An high frequency current or voltage pulse that results o 4 iY
from a partial discharge. In a shielded power cable the pulse
propagates away from the PD source in both directions along

the cable.”
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Phase Resolved Partial Discharge Pattern

PRPD Pattern is the most common way to visualize a PD

activity by plotting the PD pulses in terms of amplitude and

Amplitude [V]
=

phase angle correlate with the supply voltage.

120
Phase [7]

PD amplitude —— discharge magnitude

PD phase angle ——— PD physics

PRPD pattern recognition is the key for a proper PD diagnosis.
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* PD test target

* PD test layout

* PD test sensitivity

* Noise issues & Multiple PD

e PD info extraction
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PD Test Target

When we perform PD test our target is to find issues and defects hidden in our electrical apparatus those cannot

be highlighted by other test and visual inspections.

Partial discharge test is carried out: A

- EOL test: Before leaving the factoyr to provide flawless MV

& HYV electrical assets.

% b Early Observed Failure
o o . . e |5«
- Commissioning test: to ensure that no issues were o | et ! Rate !
E .'.. Failure | |
introduced during transportation & installation. o L e
. .« 4. . . ", [ I
- On line Predictive maintenance: to avoid unexpected faults | | .. P |
I
|

in aged installations and plan eventual maintenance. —,




PD test target & challenges ALTANOVA

a Doble company

dobleX! s, NWPHENX TECHMP (0 womreen
PD Test Layout | 'sa M= =k

Typical PD test equipments:

- Test object: MV/HV asset: cable, transformer, rotating machine,
switchgear, etc.

- Voltage source: line voltage, external AC HV source (RTS, VLF, 50Hz, etc.).

- PD sensor: coupling capacitors, high frequency current transformers,
antennas.

- PD detector: sampling (IEC/narrow bandwidth, UWB).
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PD Test sensitivity

One of the key point in PD testing is to perform a sensitivity test, since partial
discharge test can be affected by various disturbances and external signals it
is very important to prove the measuring chain performance to validate the

results.

- Laboratory testing: Calibration procedure suggested by IEC 60270
- Field testing: Sensitivity test performed to check the measurement chain

in real situation (proper S/N)
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Noise
Especially during site testing, the measurmentcan be affected by un-wanted and un-expected signals those can
cover the real PD signals

=» Common error in laboratory is to calibrate the PD detector with noise signal that covers the calibration  signal
=2 In the field it is possible to misunderstand noise signal for PD signal

=» By acquiring only noise we can get PRPD pattern free of PD pulses, not considering PD signal below noise level

Multiple phenomena issues
Multiple PD sources can be detected by the PD sensor and PD acquisition unit.
This lead to a super-imposion of the occurring phenomena , when studying the whole PRPD pattern without

separating the single phenomenon we’re focusing the attention on the biggest amplitude PD only.
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Information extraction

Whenever we are facing these problems during site testing we need a tool to:
* Boost the sensitivity

e Discard unwanted signals from the streaming

e Sort the different signals recorded

We need to analyze the signals from a different point of view, the PRPD pattern is not sufficient.
We can use for example:
- Hardware filter to clean some of the signals

- Try different sensors to use different bandwidths

Or we need a deeper study of the PD pulse information
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* PD pulse acquisition
* From PD pulse to PRPD pattern
 Time-Frequency analysis

* TFmap
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Every second we can sample from the signal stream a huge number of PD.

Techimp acquisition units will acquire high frequency pulses together with

the related phase angles following some specific parameters:

- Minimum amplitude detected

- Maximum amplitude visualized

- Eventual software filter applied

Amplitude [V]
] o

S S

3 BEIE% 796‘E—Dﬁ . om ‘E-CE 0 DlIE-DE
Time [s]
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PD pulse acquisition

----------------------------------------- full scale
Full scale & Trigger |
02 - |
The high frequency pulse detected by the PD sensor is acquired by~ _ |
:; 013 ‘
the instrument as per designed trigger level and full scale. £ |
Different acquisition parameters will lead to a different acquisition ~— __________ L S S o
L e —————— lu---- Yyt S it g rigger
in terms of detectable amplitude and repetition rate. I ;
Full Scale: maximum amplitude visualized by the acquisition unit o cull scale

Trigger: minimum amplitude detected by the acquisition unit .

Teh very same values of trigger level and amplitude will be used to e ioger

Amplitude [V]
(=]

build the PRPD pattern.

-0.05

-0.1

Phase [7]
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Pre-trigger
Timelength & Pre-trigger I

| \
Techimp approach is not limited to peak amplitude and polarity
record. A full waveform shape is acquired, the timelength of such
waveform and its pre-trigger are acquisition parameters selectable s,
by the user. ¢

\ |
Timelength: total length of the acquisition windows [us] L

Acquisition
— Timelength

Pre-trigger: timelength recorded before the peak [%] parameters

16



PD pulse, PRPD pattern & TF map

PD pulse acquisition

All the previous steps lead to the acquisition of a PD pulse with certain

timelenght, pretrigger full sclae and trigger level.

We have now the desired PD pulse to be analyzed and from the pulse

shape we will extract pulse amplitude and polarity.
Amplitude peak [mV or pC]

Pulse polarity (peak bend positive or negative)

Amplitude [V]
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PD pulse acquisition AT isa - mMxum W

From the signal stream the instrument will then acquire pulses those exceed the trigger level for timelenght

duration and saving pretrigger portion before the moemnt the stream exceeds the trigger level

I
I
: + Trigger

I 1 l

I | I

I | I

I | I

| 1 1
I ] I :
: : : Trigger
I | I

I 1 I

I | I

e | R — | | I —] | I — | I —

r
I

“—r > —> @ —>  — =  —r  t—r t—r —r  —>

Each acquired pulse will be then plot as a point in the PRPD pattern as well in the TF map.

18
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From PD pulse to PRPD pattern
Each PD pulse that exceed the trigger level is recorded by the PD acquisition as per the current acquisition
parameters settings: full scale, trigger, timelength & pre-trigger.

Together with the pulse details the PD acquisition unit saves the phase angle of the applied voltage when the PD

take place.

PRPD Pattern
02 — e
TN
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Phase [*]
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Time Frequency analysis
Classic PD acquisition unit does not save further info about the PD pulse, Techimp has introduced in the late 90’s

a further level of analysis to characterize each PD pulse with 2 new indexes

L ¥ ]
Normalized 5() = s(2) J.S(T)gdf Eq. Frequency F = J'fﬁ ) df
PD signal 0 0
. L L
Gravity C.enter.of the :j 500 di Eq. Timelength T — I(r_ t,)°5(t)* dt
normalized signal o ) 0

TF analysis approach allows the signals detected, sampled and acquired to be collected into homogeneous
clusters based on the shapes of the signals.

Each cluster is related to signals coming from the same sources, characterized by similar shape parameters.

20



PD pulse, PRPD pattern & TF map ALTANOVA

a Doble company

AN isa - M WX TECHMP (W)
TF map

Eg. Timelength & Eq. Frequency analysis can be applied for the thousands of pulses acquired each second, the

pulse shape is traslated in 2 mathematical parameters those can be easily managed by computing algorithms to

build the TF map.

T-Fmap
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From the PRPD pattern to the pulse shape

PRPD pattern
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Waveform
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From the TF map to the pulse shape
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* |[EC60034-27
* |EEE 1434-2014
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On-line partial discharge measurements on the stator winding insulation of rotating electrical machines
<< Time and frequency domain separation can be developed through a pulse shape analysis to produce the so-

called “TF” map that plots the equivalent time length of the pulses versus their equivalent frequency content >>

1800,0 ——

Disturbances
1600‘0 = / .‘ g N Fp

1400,0 -

s << disturbances will often appear as a cluster of pulses that is in a
1200,0 5
1000,0 position, which is distinctly different from stator winding PD, and

800,0

Equivalent timelength (ns)

can thus be identified and suppressed from the PD pattern >>
600,0 = ‘ |
20 40 6,'0 80 10,0 12',0

Equivalent bandwidth (MHz)

25



TF map in the standards ALTANOVA

a Doble company
6D isa - Mxi WIENX TECHMP (0 s

IEEE 1434-2014

IEEE Guide for the measurement of Partial Discharge in AC Electric Machinery

Armplitude [V]

<< The data are displayed in terms of

pulse width and bandwidth for the

v | SN e purpose of separating different PD
£ S
ﬁ.a.m sources from the insulation system

1.00E+0

and discriminate from external noise

Exciter noise Pl .
4 = :
? ° e \ 9 [ 180 phase(peg] 360 Sources >>
5008 1 " ."\ ¥
anevo | J e — discharges due to bar to bar or bar
180 #
el o to ground activity in overhang
External discharge to Phase U. Cross distributed
talk of distributed micro voids from microvoids in
Phase W phase U
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 PDsignal flow
e Utilization of HW&SW filter

* Acquisition Parameters
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PD signal flow =

PD acquisition chain

PRPD Pattern

Amplitude [V]

PD detector

od

270 360

. Ph;ég[“,i
A > amplitude

P > phaseangle <
Q : : T > rep.rate
JI'('; “\‘IL

W > frequency

* ez <
UWB Digitizer Ti > eq.time
PD sensor
1.95E+03
& 156E+03 .
o
E . q
E 7803 5 &
: o TF Map
s ;. -
2 77086 — -
38003 —

245 49 736 981 1226
Equivalent frequency [MHz]
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When performing PD testing, due to the complex electrical system involved, background/exciter noise and

external disturbances may affect the readings, leading to a decrease of the S/N.

PRPD pattern and TF map help us to identify and separate these unavoidable phenomena and they can be

filtered out by using HW and SW filter in order to increase the measurement sensitivity.

PD detector

I

A, |

A > amplitude
P > phaseangle
T > rep.rate

W > frequency
UWSB Digiti : :
PD sensor 'gftizer Ti = eq.time
HW filter SW filter
\4 \ 4
% %

Amplitude [V]

T T I |
] 90 180 270 360

Phase [*]
PRPD Pattern
1.95E+03 —
— 156E+03 —

=

T 117403 — R

o
77086 — %
£

38003 —

Equivalent time [ns

245 49 981 1226
Equivalen tfreq ncy [MHz]

TF Map 29
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Acquisition Parameters

PD analysis starts during the acquisition process. During this stage, for a completed PD acquisition session is

suggested to perform a full set of data acquisition by tuning the following acquisition parameters:

- Full Scale & Trigger Level: to investigate the available full range;

- Timelength: using this parameter is possible to improve the cluster separation of different PD
source in the TF map;

- Pre-trigger: this parameter might allow to get PD pulse reflection for a post processing

localization of a PD source.

31
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* Postprocessing tools: SID action
 PD phenomena trending

e TF map info
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Postprocessing tools: SID approach

Separation: separate each different cluster on the TF map in order to highlight hidden phenomena and

study the relative sub-pattern properties

after filtering
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Postprocessing tools: SID approach

Identification: identify each sub-pattern as noise, external disturbance or PD source

01

Background Noise
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PD phenomena trending

As the identification of a PD phenomenon, the PD evolution over the time plays a key role for a correct
diagnosis and can be evaluated in terms of amplitude and repetition rate of the detected phenomenon
by monitoring this two parameters over the time we can have a proper idea of the PD source behavior

affected from external stress (load, temperature, humidity, mechanical etc.)

AT 00 — a I . .
E i 0.05 I . *
& o !
& 4708 4 5§ i
ﬁ-“. % 033 - |
Z -108E+03 i
= 003 - !

-1E4E+03 |
8/11/2018 1217 AM 12/30/2018 236 BM 4/20/201 456 AM §/8/2018 T-16 M 1172772019
Date
QOMax 95% Nw [Pulses/Period] Pulse number Sync Voltage [Vrms] Applied voltage [V] Sync frequency [Hz]
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TF map info

TF map could be used as postprocessing tool giving us useful informations as:

Exciter Noise: very low frequency cluster

Corona Discharge: low spread cluster

05 —

025 — 025 —
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Amplitude [V]
(=]
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Amplitude [V]
(=]
l
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o
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.2 El.d Q.Iﬁ
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TF map info

TF map could be used as postprocessing tool giving us useful informations as:
Fast PD Pulse: high frequency components not affected by attenuation, PD source nearby the

detection point

34718
I‘I
21775 - 00072 |
: I
5 < ||
— | \ \
© = o +— | [ N ™ e
U | i
£ 20831 - ° |
b £ I |
[~ i |
] £ 00012 — ||
o
= < |
S 1887 b
W -001 — (]
"u‘ll
6944 —
002 — 1 1 1 1 |
0 198E-07  306E-07  504E.07  T792E-07  09E-(
Time [s]

I.IBZ 3.‘64 . 5.5.6 ?.IQS Q.IOQ
Equivalent frequency [MHz]

Pulses characterized by high frequency are probably sourced nearby the detection point.
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* A) Generator post processing
 B) HV cable live stream

* C) Motor post processing

* D) Generator live stream

 E) MV cable online test




Example A

Generator post processing
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Asset: Synchronous Generator

PRPD pattern T-F map
2,50E40 381 S
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Background/Exciter Noise Slot Discharges Embedded Delaminations Crosstalk
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Example B ALTANOVA

a Doble company

: doble¥ st NWEHENX TECHMP (L) e
HV Cable Offline test Isa M= '
Partial Discharge Pattern Classification Map
5.00E-2 -
4.00E-2
30082 T During the 1 hour HVAC the PD appeared just few
— 2.00E-2 ;suu
> 1.00E2 g . . .
£ o il seconds, not possible to prepare and tune filtering.
EL -1.00E-2 Emn
< 2a0ez | 7] %300
3.00E-2 | E‘znn
s L S - . Thanks to the “acquire PRPD pattern” function the PD
o e e Tz a0 05 20 40 &n &0 ing
phose el Faumalent freduency (el mixed with noise was saved together with its TF map.
Partial Discharge Pattern Partial Discharge Pattern
5,00E-2 5,00E-2
#0062 smez | From the TF map it was possible to extract the PD
3,00E-2 3,00E-2 A
— 2,00E-2 - 2,00E-2 inf ti f th ired data t h th
> o2 E, o0e-2 [ 4 INnformation rrom the acquire dala 1o show the
% -5,55E-15 E -5,55E-18 [ - .
g o2 £ £ o2 evidence of the occurring phenomena.
T zoez |1 < 2,00E-2
a2 |- L0 ; LA -3,00E-2
40062 | _ N R -4,00E-2
_S’DDE_z|'.'"""|'"""'|""""|"------| -EJDDE-ZI""""I'"""II"""IIIIIIIIIII|
0 a0 180 270 360 0 30 180 270 360
Phase [Deg] Phase [Deg]
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Example C ALTANOVA

a Doble company

Motor phase A %D isa - Mxigwn WK TECHMP Q0w
Partial Discharge Pattern
Classification Map
2,00€-1 = o
P
1,50E-1 —\ o
& 600
1,00E-1 £
< 5
2 5,00E-2 & 500
U L
E -4 44E-17 .E 400
g .500E-2 p
< 5§ 300
-1,00E-1 g
S s .=
-1,506-1 W g 200
N
2008 b ;
68
0 % 180 270 360 N S R K K
Phase [Deg] 19 50 75 100 125 150 175 200 224
Equivalent Frequency [MHz]
Electronic noise PD phenomenon 1 PD phenomenon 2
Partial Discharge Pattern Partial Discharge Pattern Partial Discharge Pattern
2,00E-1 2,00E-1 2,00E-1
1,50€-1 1,50E-1 /—\ 1,50€-1 /_\
1,00E-1 1o0e1 | 7 1,00E-1
> 5002 > 5002 | S ’ L > 502
3 ; 0 y
2w 3 et E -4 44E-17
g 50062 E -5.00E-2 g -50082
< < <
-1,00E-1 -1,00E-1 -1,00E-1
-1,50E-1 -1,50E-1 -1,506-1
el NS
2008 b 20080 b 2008t b
0 % 180 270 360 0 90 180 270 360 0 % 180 270 360
Phase [Deg] Phase [Deg] Phase [Deg]
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Example C ALTANOVA

a Doble company

Motor phase B %D isa - Mxigwn WK TECHMP Q0w
Partial Discharge Pattern Classification Map
1,00E1 —=
8,00E-2
6,00E-2 z
— 400E-2 =
> -
= 20082 [* g‘
L : -
; o
E 1,11E-17 £
& -2,00€-2 '.:,
< .4,00E-2 2
-6,00E-2 g
-8,00E-2 =
_l'OOE—l|""'-'-|'"-""lll-"'-'lll"""| 88 3
T T T T
0 % Phaslest[]D g 22l 30 23 50 75 100 125 150 175 200 230
€9 Equivalent Frequency [MHz]
Electronic noise PD phenomenon 1 PD phenomenon 2
Partial Discharge Pattern Partial Discharge Pattern Partial Discharge Pattern
1,00E-1 = - 1,00E-1 1,00E-1
8,00E-2 8,00E-2 N, 8,00E-2 i
6,00E-2 60082 | 60062 |
— 4,00E-2 . 400E-2 ; — 40062 | ;
> >
S 20082 [ % 2,00E-2 S 20082 |, :
E 111E-17 E 411617 § ‘_é A11E-17 |
E- -2,00E-2 E -2,00E-2 E- -2,00E-2
< -4,00E-2 < _400E-2 g < -4,00E-2
-6,00E-2 -6,00E-2 -6,00E-2 | ; ;
-8,00E-2 ) -8,00E-2 \\__/f -800E-2 | \\_//’
_I'OOE_II""""|""'"'I""""I""""I 'LOOE'I|........|........|........|........| -I’OOE-II""""I"'""'I""""I""""I
0 90 180 270 360 0 90 180 270 360 0 90 180 270 360
Phase [Deg] Phase [Deg] Phase [Deg]
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Example C ALTANOVA

a Doble company

otor p hase C AN isa - Mz W TECHMP ()
Partial Discharge Pattern
2,00E-1 _ _ Classification Map
729 -
1,50E-1
1,00E-1 Z 600
> 50062 £
= 5 : gsoo
3 sme1r | °
g -500E-2 = G
< i g
00E1 [ § 300
J "
-1,50E-1 \\—_ g £ 200
b2 e e B e R e
0 % 180 270 360 . 1
Phase [Deg] 0925 50 75 100 125 150 175 200217
Equivalent Frequency [MHz]
Electronic noise PD phenomenon 1 PD phenomenon 2
Partial Discharge Pattern Partial Discharge Pattern Partial Discharge Pattern
2,00€-1 /_:\ - 2,00E-1 2,00E-1
/ . o .
1,50E-1 Py 1,50E-1 !_/ _\ 1,50E-1 !/ /—\
1,00E-1 w0e1 |/ 1,00E-1 '
> 500E-2 > 50062 k ; > 500E-2
.§ ; U v
3 -qmew E 44417 Rt
E 5002 & 500E-2 g -5.00E-2
< - ; <
-1,00E-1 ; -1,00E-1 g -1,00E-1 s
-1,50E-1 i R 1 50E- 1 50E-
: N 1,50E-1 o 1,50E-1 X
E o o e T e e TR T 20061 b 2006l T
0 %0 180 270 360 0 % 180 270 360 0 ) 180 270 360
Phase [Deg] Phase [Deg] Phase [Deg]

43



Example D ALTANOVA

a Doble company

AN isa - M WX TECHMP (W)
Generator i

On line PD test performed thanks to permanent capacitive couplers (hybrid coupler with HFCT...direct circuit)

: PRPD pattt?rn : PRPD pattern . .
- From the PRPD we - . The PRPD pattern is slightl
8,00E-2 /
can see a strong gl IV * R cleaner and from the TF
. . N I SRR £ Y S #
electronic noise Zowea | g 1 Lo map new clusters of pulses
g -1, 11E-17 | ~ 5 o .
source, from TF ma Somez|Jr . W o oE are now visible
< H H b
. . . -4,00E-2 | %% ¢ £ s o
informations it can ooz | T
be observed a very o | —
e e low frequency , .
T-F map domain of the T-F map ] )
B lated oul = On line separation of the PD
= related pulses clusters with TF map
E‘ 1000 E‘GDD
E Esoo P
£ £
i l Fao |
E 5300 )
HW filter HP 2.5MHz
T 2o 55 s 5o es 7m 7 T e ek @ 2e
Equivalent frequency [MHz]

Equivalent frequency [MHz]
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Example D ALTANOVA

a Doble company
6D isa - Mxi WIENX TECHMP (0 s

Generator oRPD pattern

1,00E-1 756
8,00E-2
5,00E-2
40082 | 7
2,00E-2 :
111517 -

T-F map

It is possible to drag and L
drop areas while ez | £

-6,00E-2

performing the PD test | N/
’ ? Phasés[?’] 7 - 174

Amplitude [V]

"
Equivalent timelength [ns]

R
1,120 4,0 6,0 a,0 10,0 12,9

9 |nveStigati0n On Equivalent frequency [MHz]
different clusters

PRPD pattern PRPD pattern PRPD pattern
1,00E-1 1,00E-1 1,008-1
9 Po SS i b I e P D at h i g h er 8,00E-2 //_\ 8,00E-2 //_\ 8,008-2 ,/_\
5,008-2 . 5,008-2 5,008-2

freq uenciles 4,00E-2 . ;- ¢ | ? : i 1 }? ’. 4,00E-2 B . .: 4,00E-2

= 20082 | 4 = 20082 | A1 EE = 20082 | £
- - D g - Y
= . - - o - - = . - -
2 1,11E-17 - 2 1,11E-17 — - 2 1,11E-17
b= b= o3 w b=
S 20062 |. ¢ 3 ) ; g -2,00E-2 . ; g -2,00E-2
< - i % H ; ¥y < : . : <
Tt - ; -4,00E-2 . s ; -4,00E-2

9 FU rther fOCUS on the :EEZ | -6,00E-2 . . -6,00E-2
detected phenomena — — —

0 90 180 270 380 a 90 180 270 360 a 90 180 270 360
Phase [7] Phase [7] Phase [7]
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Example D

Generator

Evidences from the on line
separation suggest the
possible pd at higher
frequencies

¢

Remove low frequency
disturbances with
customized TF map filters
and reduce trigger level

5,006-2
4,00E-2
3,006-2
2,00E-2

Amplitude [ V]

-1,00E-2
-2,00E-2
-3,00E-2
~4,00E-2

a 90 180 270 360

1,002 |
-5,55E-18 |-

i

Phase [7]

2

600

Equivalent timelength [ns]

e
0,920 40

Equivalent frequency [MHz]

The PD phenomena is now
evident, another separation
session confirms that the
clusters at 8Mhz are due to
noise only

4

Fine tuning of TF map filters

amplitude [v]

ALTANOVA

a Doble company
6D isa - Mxi WIENX TECHMP (0 s

PRPD pattern

Phase [7]

R RS SR U B N R T S R |
0,7 2,0 40 &0 80 10,0 12,0 14,0154
Equivalent frequency [MHz]
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Example E

MV cable on-line test

Partial Discharge Pattern

4551
5,00E-2 — =
4,00E-2 = 4000
=
5,00E-2 = 3500
=)
- 2,00E-2 EBDUD -
o 1,00E-2 T
& h £ 2500
2 -5,55E-15 E
!
B -1,00E-2 = 2000
£ A
= -2,0062 £ 1500
S
-3,00E-2 .
' & 1000
-4,00E-2
'5:'305'2..................................... 319 ||\||\||‘-|u|\i'un||\...,.....;.-..-......-.,
0 20 130 270 360 0,5 20 30 40 S50 60 70 80 89
Phase [Deg] Equivalent Frequency [MHz]
Partial Discharge Pattern Partial Discharge Pattern
5,00E-2 — 5,00E-2
4,00E-2 4,00E-2 ;/_\\
3,00E-2 3,00E-2 g
— 2,00E-2 — 2,00E-2
- -
o 1,00E-2 | o 1,00E-2 ;
il il s
B -5,55E-15 T -5,55E-15 [ -
= =
S -1,0062 S -1,0062
< _z,00E-Z < _z,00E-2
-3,00E-2 -3,00E-2 .
-4,00E-2 -4,00E-2 \\_F_/-’
SO0E-2 e e S00E-2 e
0 a0 1a0 270 360 0 an 180 270 S60
Phase [Deq] Phase [Deq]

ALTANOVA

a Doble company
A isa - ML WK TECHMP () e
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