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Engineering expertise and advanced diagnostics to ensure
that all people globally have reliable, safe &
secure energy in-a sustainable world

BUILT ON OVER A CENTURY OF INNOVATION AND EXPERTISE.
FOR THE NEXT CENTURY:
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DOBLE TODAY
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Testing And Monitoring Solutions For:

= Power transformers;

=  Circuit breakers;

= HV gas insulated switchgears;
= MV/HV/EHV cables;

= MV/LV switchgears;

= Batteries;

= Current & voltage transformers;
= Protective relays;

= Meters and transducers;

= Rotating machines;

= \Variables speed drives;

= Qverhead lines.

5 ©2023 Doble Engineering Company. All Rights Reserved.



OUR SOLUTIONS doble’

Monitoring Systems

Essential for day-to-day maintenance Shift from a time-based maintenance
tests of electrical assets. Useful in to a condition-based maintenance.
specific phases of the asset lifecycle:

- Procure Focus on predictive maintenance and
- Operate shift in focus from electric asset value
- Maintain cost to network outage costs.

Decommission.

Strong evolution of digitalization

: : trend in th industry.
Professional Services rendin She POWETIQCUSHY

Diversified offer according to the
electrical asset lifecycle:

- Installation and commissionin
. . & A
- Diagnostic test U/

- Data analysis
- Consultancy
- Training.
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RM Diagnostics

Traditional rotating machines
electrical tests:
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RM diagnostics W85

Insulation Resistance [IR) & Polarization Index [IP]

100
90

80 \
70 5
Capacitance

Target Stator Windings Eﬁ chargingcu(renf Total current
Sensors CA 6547 g -
0.
. E 20
Regulations IEEE 43 S v
E. 2 Absorption
i g current
Routine tests useful for diagnosing possible u s
o
contamination and shortcircuit, it is carried out 3

before AC test and commissioning.

A A5 & 358 4 5 6789 10 1,5 225 3 45678910

IR is temperature dependent compared to PI. SECONDS

Efficient in detecting problems related to the surface of the insulation systems, less
sensible for internal defects or delaminations.
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RM diagnostics

TanDelta [TD] & Capacitance

Target Stator windings
Sensors Doble M4100
Regulations IEEE 286, IEC 60034-27-3

The measurement of stray currents (or TanDelta) of the stator
windings is a macroscopic index of the behaviour of the
insulation stressed with different voltage levels.

Unacceptable TanDelta values can be due to:

Moisture;

Deterioration of semiconductive layers = presence of PD;
Wedges not tightened;

Contamination of the insulating system.

LOSS TANGENT , tan

TOTAL
LOsSsS

TEST YVOLTAGE

() W iy

~O
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PARTIAL DISCHARGES
[PD) TESTING
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Partial Discharges & Rotating p
Machines

Partial Discharge Definition:

|IEC: “Localized electrical discharge
that only partially  bridges the PD PD PD

insulation between conductors and
which can or can not occur adjacent
to a conductor” Pit Pit

Final

Electrical Breakdown

Tree

|IEEE: “Localized electrical discharge
that only partially  bridges the
insulation between conductors”
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Partial Discharges & Rotating

Machines

Phase Resolved Partial Discharge Pattern

Each PD phenomenon generates thousands of PD pulse
each second. The common way to visualize them is to plot

the pulses” amplitude correlated with the applied voltage.

The correlation is based on the PD physics, the electrical
stress due to the applied voltage activates PD.

PRPD pattern recognition is the key for PD diagnostics

outside of laboratories.

12

Arplitude [V]

% 1l
Phase [7]
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Partial Discharges & Rotating

Machines
PD test standards on RM

|EC 60034-2/-2: On-line partial discharge measurements on

the stator winding insulation of rotating electrical machines

|EEE 1434: Guide for the Measurement of Partial Discharges
in AC Electric Machinery

CIGRE 258: Application of on-line partial discharge tests to

rotating machines

13

TECHNICAL
SPECIFICATION

Raating slaswical ractins -

e 2 e e e Machinery
| e —
i
- "

whthg

IEEE Guide to the Measurem|
of Partial Discharges In Rota)

258

APPLICATION OF ON-LINE
PARTIAL DISCHARGE TESTS
TO ROTATING MACHINES

Working Group
A1.01.06

October 2004

Gere
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PDPhenomena _ doble

 Slot discharges
1 Stress grading discharges
J Bar to Bar/Bar to Ground
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PD Phenomena doble

PRPD pattern and polarity
The PRPD pattern study is the key of advanced PD test diagnostics, knowledge is required to
make a proper interpretation, as well as acquire good PD data.

e Pulse Amplitude;
e Pulse Polarity;
* Phase Angle.

st L I omtas

DPAIAAL ) 1
VAAVARVALVARVARVAN Bk

time
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Amplitude [V]

Microvoids Hoble;

Defects internal to the groundwall (mica foils) insulation, consisting of small
voids. It is expected that this kind of defect is present in any machine due to

unavoidable imperfections in the impregnation process, from the first day of

operation until the end of life without reducing the expected life of the r
machine.
PRPD pattern
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Embedded Delaminations Hoble;

Detachments between mica foils within the insulation. They are flat voids

caused by imperfect curing of the insulation system during manufacturing

or by mechanical or thermal over-stressing during operation. These

delaminations will reduce the thermal conductivity of the insulation, which r

PRPD pattern

o,

might lead to accelerated ageing or thermal runaway.
2,00E+0 ik - 1,008-1
1,50E40 8,00E-2
6,006-2
1,00E+D —
> SOEL | = z:me—z .
0.00E+0 . ﬁ e
-5,006-1 i E -2,00E-2
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-1,00E+0
-6,00E-2
-1,50E+H) 8,006-2
_Z'QCEMI' e N N ve g -1,00E-1
L+] a0 80 a7 380
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Conductor-Side Delamination

Detachments of the insulation from HV electrode (copper part of the bar).
These defects consist of flat voids placed

between HV electrode and insulation. As for embedded, they might lead to

overheating (hotspot).

3.50E-1
3.00E-1 i
2.00E-1
r_;’g"&‘.;
-3.00E-1 g g
SRR S T T T T VA T
0 50 180 270 360
Phase [Degq]
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Amplitude [V]

3,00E-1

1,50E-1

CONDUCTOR SIDE
DELAMINATION

Stator core

Strand Insulation

Copper strand

Inner layer of
- conductive tape

Outer layer of
~._conductive tape

Ground — wall Insulation




Slot Discharges doble;

Discharges between the semi-conductive slot coating and the stator iron
core. They occur when the coating is damaged due to bar/coil movement in

the slot, for example by erosion, discontinuities or chemical contamination

of the coating. They firstly erode the semi-conductive coating, then the r

insulation

Fartial Discharge Pattern Partial Discharge Pattern
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TN ;3 e
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Stress Grading

Discharges occurring at the interface between the semi-conductive slot

coating and stress control coating at the slot exit in presence of pollution,

contamination or degradation. This is normally a slow failure mechanism

even if PD behaviour might change rapidly due to surface effects.

PRPD pattern
5, 00E-1

4,00E-1
3,00€-1

= 24 00E-1

-

- |, O0E-]

v

= 0,006+0
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-2,00E-1
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-4, 00€-1
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0 50 100 1§50 200 250
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Amplitude [V]

Bar-to-Bar / Bar-to Ground

These discharges occur in the air gap between bars of different phases, or

between bar and the ground in overhang due to inadequate clearance.

They may deteriorate the insulation system faster than corona discharges

resulting in phase-to-phase/ground breakdown.

PRPD pattern
1,00E+0 o
8,00E-1 1,50E40
6,00F-1
1,00E40
4,00E-1
i = 5,00E-1 )
i
S E 0, 00E+D
2,00-1 i £ 5o
-4,00E-1 . ;
. P -1,00E+0
“6,00E-1 jisigici =
s00e1 | i o G
LOOEH) i i !
0 50 180 270 360
Phase [9]
21

200640 s

PRPD pattern
TR,
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Phase [

*-- strand insulation

©2023 Doble Engineering Company. All Rights Reserved.



d HW filtering
d Time-Frequency Map filtering
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Noise and Disturbances

RM PD noise & disturbances

When testing a generator, it is possible to experience many different
noise signals affecting the insulation due to the complex electrical
system involved, some of the noise disturbances can be considered
“classic” and recognized easily: exciter noise, external disturbances and

crosstalk.

*  Unsynchronized disturbances (crane excitation, power tool

operations, etc.);

*  Synchronized disturbances (PD sourced in external assets, poor

electrical connections, etc).

23

doble;

W

PRPD pattern allows to:

O Recognize voltage
correlated signals;

Q Identify the PD correlation
with the proper phases;

Q Identify crosstalk.
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Noise and Disturbances Hoble;

Exciter & Electronics

Exciter noise may be very annoying affecting the
readings of amplitude and repetition rate of the

pulses.

The signal is normally characterized by low frequency
component and can be filtered out by the mean of

hardware filters or by TF filter tool.

24

Amplitude [V ]
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Noise and Disturbances

Crosstalk is a very frequent phenomenon in RM as the
windings of the three phases are extremely close to

each other.

In order to determine which phase the PD phenomenon

belongs to, it is necessary to:

O Set the same phase shift for all the three phases;
O Look at amplitude;
O Check the polarity.

25
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Noise and Disturbances

HW filtering

It is possible to install signal conditioning devices at the sensor output in order to:

26

Remove low frequency disturbances;

Remove high frequency disturbances;

Create a band pass filter or attenuate the existing signal.

Amplitude [V ]
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Noise and Disturbances doble]

ot >
Time-Frequency Map
Every second the PD instrument acquires thousands of pulses; it is impossible _
Eﬂl]
high frequency PD pulse, the only two information saved are amplitude and ?“
phase angle. IR |
MBI(N 1 Bé‘ﬂﬁ Time [5] ’.lﬁ'lh'ﬂ E.E‘l‘i’)i o ll\I['
It is well known that high frequency signals can be studied from 00085 —
the frequency content, each signal can be visualized with its
< 00064 —
pulse spectrum and such information can be considered as a 3
; : : T oooss
signal fingerprint. £
0.0021 — ‘ ‘ ‘ ‘
o ||| | | h'l.llll.I
o 0.8E+06 19.6E+06 20.4E+06 30.2E+06 A0E+(
Frequency [MHz]
27
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Noise and Disturbances

Time-Frequency Map

002 —

S ooos —
v
¥
=
[~ 0
£
=X
-0.0088 —
=00%: = 1 | | | |
1} 1.98E-07 396E-07 5.94E-07 TO2E-07 90E-(
Time [s]
28

Equivalent time [ns]

Amplitude [V]

-0.2

326.04

260.83

195.63

13042

65.21

o

Pulse Amplitude & Phase Angle
Phase Resolved PD Pattern

! T 1
% 180 270 360
Phase [°]

Equivalent Timelength &
Equivalent Frequency

T- F Map

d.lﬁﬁ 2 ?.]28 Ql.r?‘l 121.14 141_5"?
Equivalent frequency [MHz]
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Noise and Disturbances

Time-Frequency Map

By the mean of the Time Frequency signal
footprint we can set areas of the TF map to

be filtered out

AFTER

L0062 PRPD pattern
8,00E-3 /h\
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RN

-8,00E-3
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0 a0 130
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270 360
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d Acquisition Process
 Data sets

d Time-Frequency Map
separation

 Single phenomenon
identification

d Trending
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PD Analysis oble

Acquisition Process

PD analysis starts during the acquisition process, a proper acquisition session shall provide the following data & info

to be used during analysis: TEMPERATURE

-~

- Q=0

During a PD session it is also 'l I

suggested to use: . @ _____ — @

O Different timelenghts;

O Different pre-triggers;
O HW filtering. Low High

©2023 Doble Engineering Company. All Rights Reserved.
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PD Analysis goble

Acquisition Process

PD signals are classically displayed on an amplitude basis, if no further filtering tools are used the PD measurement output will be focused

the highest amplitude signals only.

T-Fma

Looe1 FRPD pattern 419 CEM2R 403,68 .

8,00E-2 //_\ . : ------------------ 1 w'

6,00E-2 3w H ) £ 350,0

40082 | 7 E‘ £En
E 2,00E-2 E.suu il:-' 300,0
ERG=d: Eos E 250,0
% -2,008-2 £ AFTER SW FILTERING al

-4,00E-2 2 20 o 200,0

6,00E-2 o 15 .g

5,00E-2 A Er 150,0

BEL e B = e .

0 20 180 2 360 05 20 40 X 12,2 828 Y T e
Phase [7] Equivalent frequency [MHz] 0,95 2,50 5,00 7,50 10,00
Equivalent frequency [MHz]
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1 _.' .‘\
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i U] ;
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1 [=9
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i
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R ikt LA SLOOE-L e
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PD Analysis doble;

Data Sets

For each detection point it is strongly suggested to acquire not just 1 PRPD pattern but a full set of

data |nC|Ud|ng' PRPD pattern

PRPD pattern

O Different Full scale
O Different Trigger level PavD patee
3,00 8,00E-1 ,/—\

O Waveform acquisitions sy NN ey N Il R ] S—
O With and without HW filters SO giﬁ;:@; k
O With and without SW filters o

Ideally when studying the data, the data analyst o

shall be able to recognize each step performed. R T

Phase [7]
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PD Analysis

TF map separation

TF map signals is used during
acquisition to remove undesired
signals & can be used during the

analysis to separate the various PD
sources present in the acquisition

34

Amplitude [V]

=

PRPD pattern

ime Ins]

Equivalent t

TF Map

874.95
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48479 —

T
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T
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PD Analysis oble

. .pe . om0 Y MENE o 0 on Wi @ e 0@
Phenomena identification S = o
«  The data acquired properly : ./ _ | Lo

. £ mE o k:
* Noise removed / b
* PD phenomena are separated N ¥ .
! Ftabivg mschines |~
The identification Of the PD Can take Bar 1o bar/ground discharges }
place: manual PRPD pattern analysis snses s
and PD Pro identification tool.

External surface Corans

Siat discharges

Sress grading
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PD Analysis doble;

. F PROCESSING = a ®
Trending N o o w0 @
Amplitude and repetition rate are A Y
35 £ \_..‘ g s
markers of the PD evolution: we can t = fou
have PD lasting for years at the | "]
: Phase [T i 2 TR palent roqueaey (AR e

same levels or quickly evolving in

amplitude and rep rate | C ]

EHES T —

.
Q
= = i
110 T VB0 LT AN VIRZ013 1217 P
Dares
N “H,_\_/ /\/\/
Applied voltage [v) Syne frequency [Hz]
| a
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PD Sensors for Rotating Machines doble

1 How to detect the signal
1 Sensors typologies

[ Sensors requirements
[ Sensors positioning

 Signals & Safety
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PD Sensors for Rotating Machines doble

How to detect the signal

Localized insulation defects generate PD signals when
subjected to electrical stress: the phenomena is a
source of high frequency electromagnetic signals &
irradiated signals.

The conducted signal path can be force into a
sensor and measured while the irradiated
signal is subjected to generator design those
can attenuate & affect the sensitivity.

38

Different sensors:
* Different PD output

* Sensitivity
* Sync signal
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PD Sensors for Rotating Machines doble

Sensors Typology

The most popular sensors are capacitive
couplers, connected to the machine windings,
the PD signal is then measured:

1. As voltage drop cross and impedance;
2. By current transformers;

3. Slot sensors are used as well: installed close
to windings to capture irradiated PD signal.

39
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PD Sensors for Rotating Machines doble;

Sensors Typology
Capacitive Capacitive + HFCT Antennas
Sensitivity High Poor Very high locally
Installation Medium Effort Medium Effort High effort
Safety Medium Very high High
Synch signal YES NO NO

Coupling principle

Conducted signal

Inducted signal

Radiated signal

40
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Sensors Requirements

Permanent PD sensor will be installed to HV rotating
machine, the first requirement is to avoid any failure risk

for the equipment under monitoring:

O Stressful type testing (impulsive test, thermal, long run ‘ Ly
HVAC);

O Each sensor subjected to 3x rated voltage withstand test;

O Each sensor PD free @rated voltage after pres-stress
session;

O Capacitance and voltage ratio tested with small tolerance
values.
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42

PD COUPLERS 7KV 1000pF THREE-PHASE KIT

Ideal solution for 6.6 kV motors, limited
room required for the installation, light
sensor, the permanent installation kit comes
with the derivation box (ip 68 selectable),

signal cables and HV connection kit.

PD COUPLERS 12/17/24KV 1000pF THREE-PHASE KIT

3 different voltage classes 12kV, 17,5 and 24kV.
The voltage classes are influenced by the
creepage distances required for the different
classes, sensors dimensions depend on such

distance

©2023 Doble Engineering Company. All Rights Reserved.



PD Sensors for Rotating Machines

Sensors Positioning

PD sensors are installed in hazard zones
and the risk of failures shall be minimal.

Metallic parts shall be nonmagnetic;

Pige

The PD sensor system shall not reduce E#

the insulation capabilities of the stator;

Temperature and vibration stress to be
considered;

- Avoid Corona & surface PD.
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Signal & Safety

Coaxial cables are used to bring the
signal to the derivation box.

Derivation box is required not just to get
PD & sync signal from sensors but
enhances the safety of the whole system
by adding a passive safety on the
derivation box side.
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On-line VS Off-line

45

d PD offline test
d PD online test
(d Technical comparison
1 Practical comparison
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On-line vs Off-line Hoble;

Off-line PD test
Off-line PD test refers to a PD measurement performed during machine outages with external

voltage source, the PD sensor can be temporary installed and removed after the test.

HV
source
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On-line vs Off-line doble

Off-line PD test
In the offline PD test we have to take into account few technical aspects:

- Phase to ground only, constant along the winding;

- Motionless, no temperature change occurs during the test;

- Steady, the test is not taking into account mechanical behavior;
- Phase by phase test;

- The voltage source shall be free of PD signals;

- PDIV & PDEV evaluation;

- Insulation overstress.
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On-line vs Off-line Hoble;

Online PD test
Online PD test is performed with running machine in load conditions, permanent sensor are required, it is

also possible to temporary install the PD sensors by taking strict precautions and planning an outage.

ey
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On-line vs Off-line Hoble;
- -

Online PD test

In the online PD test we have to take into
account few technical aspects:

* Routine stress;

* Different load and different temperature;
* Crosstalk effects;

*  External disturbances;

* 3 phase simultaneous phase;

* Permanent sensors;

* Safe test.
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On-line vs Off-line

Technical Comparison

Offline Online
Permanent sensor required NO YES
Crosstalk effect NO YES
Real electrical stress NO YES

Correlation of historic data Depending on sensor and acquisition
unit

TEAM stress NO

Same sensors
Depending on acquisition unit

YES

50
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On-line vs Off-line

Practical Comparison

Offline On line
Price High Low
Customer effort High Low
Outage required YES NO

PD Sensor Brought by service company Sensors compatibility
Safety Potential hazards Safe test
Stress Different voltage levels applied Temperatfllfgc—trll_f:d changes
Material Required HV source, sensor PD acq unit PD acq unit
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ELECTRO-MAGNETIC
INTERFERENCE (EMI)
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EMI Testing Hoble;

EMI is a frequency domain analysis from 50kHz up to 100 MHz able to collect
electromagnetic signals produced by the EUT and the external environment.

1000
Sta tOI‘ Win dln gs Different types of deterloration are measured at different frequencies
= 100
Target Exciter system g ——
E Electronics
WEdg es % 10 xﬁ;:::t Stator core
L edge
Sensors Doble Spark; Doble PDS200 g problems  Stator
% endwinding
1 problems Bus
) problems
Regulations CISPR-16 —
a'c'i.m 0.1 1 10 100

Frequency (MHz)
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EMI Testing

goble

Each type of defects, including PD impulses or arcing, produces an EMI
signature and pattern that is unique and depends also on its location in the

EUT.

1000 2013 143 MVA
{ 3600 r/min
e 13.8 kV STG
1001 1\ w
& ! A
& 10+ 2012 \
= haV!
E This increase -,w ]
& 14 indicates loose VA A BW
] RFCT on windings W u
=
& Frame Ground
k
50k 100k 1M 10 M 100 M
Frequency (Hz)
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Quasi-Peak (microvolts)

10000

720 MVA
24 kV Generator
1999-2001-2003

No; Iso-Bus
Related
Discharges
1000
100 |
EMI Signature 1999
10 } Mean = 256 uV
Std. Dev. =532 uV
EMI Signature 2001
Mean = 234 uV
1F Std. Dev. = 521 uV
EMI Signature 2003
Mean = 312 uV
01F Std. Dev. = 497 uv
1 1 1 1
0.01 0.1 1 10 100
Frequency (MHz)
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EMI Testing

Over 65 different electrical and mechanical conditions have been identified and

verified.

55

Generators

Stator bar slot discharges

Stator slot side-packing
erosion

Stator bar stress grading
system deterioration

Loose stator wedging

Loose end winding ties

Blocking and circuit rings

Loose or broken stator sub-
conductors

Winding contamination

Exciter issues

Motors

Stator coil partial discharges

Deterioration in slots & ends

Defective bolted or crimped
stator lead connections

Shaft oil seal rub

Broken induction motor rotor
bars

Bearing problems

Misalignment

Winding contamination

Iso-Phase Bus

Loose or broken support
insulators

Loose or corroded hardware

Defective insulation

Stray circulating currents

Foreign material or objects
inside bus

Defective bus PT connections

Open PT high-voltage fuses

Contaminated insulators
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EMI Testing goble

* Where the HFCT is placed depends on the electrical apparatus under
investigation.

* Asafe low voltage or earthed location is selected for data collection.
* Thereis never a connection to a “HOT” circuit.

 Never an arc flash concern.

* No interference with normal operations to collect data.

* Nosignal of any kind is injected into the system.
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EMI Testing doble

A generator neutral is the preferred HFCT location to collect EMI
data. A safety ground can also be used.

==

Generator

Grounding
Cabinet
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EMI TeSting d&:

HFCT on a Bus ground near the generator
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EMI Testing Hoble;

The preferred data collection for motors is on the power conduit.
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doble;

PD TESTING
Case Study #1
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PD - Case Study #1 doble

30 MVA (14,7 kV) Synchronous Generator

Installed in a co-generation plant and fed by a turbine.

The generator was manufactured in 2009 and has been running on

daily cycles since then.

A spot PD measurement in 2017 highlighted some bar-to-ground and
some stress-grading PD activities in all three phases.

A maintenance action was carried out to remove the bar-to-ground
activity and in parallel, an on-line PD monitoring system was installed
to keep track of the stress grading.
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PD - Case Study #2
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PD - Case Study #1 doble
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PD - Case Study #1 doble

From the initial PD measurement, a maintenance session has
been performed, swapping the terminations (neutrals to HV) to
re-distribute the voltage stresses along the windings.

This action reduced the amplitude of the Stress-Grading PD by a
significant level (from 600 mV to 250 mV) which proved to be the
correct move, since the following monitoring year showed an
increase in amplitude of about 80-100%.
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PD - Case Study #1 doble

Without the measurement taken by the PDMS and the
subsequent analysis, the pre-maintenance stress grading would
have doubled its amplitude, most probably resulting in the failure
of the machine.

The presence of the PDMS effectively prolonged the working life
of the asset of about one-year, postponing by such time any
invasive component replacement on the asset.
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doble;

PD TESTING
Case Study #2
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PD - Case Study #2 doble

Fleet of Synchronous and Asynchronous MV Motors

Installed in an air-separation facility.

The already present PDMS with 80 pF Capacitive Couplers was unable
to detect dangerous PD Phenomena due to the presence of numerous
disturbances and cross-talk.

Techimp UWB (16 kHz — 30 MHz) PDMS has been installed in its place,
employing 1,2 nF Capacitive Couplers with a lower cutoff frequency (=
3 MHz).
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PD - Case Study #1
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PD - Case Study #2

Through the use of Techimp T-F Map, it was possible to implement Noise Rejection...
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PD - Case Study #2

and Phenomena Separation.

Crosstalk

PD signal
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PD - Case Study #2

and Phenomena Separation.

T-F map
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PD - Case Study #2 doble;

During a visual inspection of the stator windings in the workshop, the phenomena of PD
activity in the motor could be observed by the presence of the typical white powder as

a result of the erosion due to PD activity.
(R =X
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PD - Case Study #2 doble;

When the test voltage was applied for the electrical tests, sparks could be observed in
the area of the end windings.
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PD - Case Study #2 doble’

ATy
The motor was cleaned and the PD damage was repaired.

As an additional measure, the neutral connection of the motor was reversed so the
stressed winding part is now subject to lower voltage gradients.

The effect of this action, which had a significant effect on the lifetime of the motor, can
be noticed in the amplitude of the phenomena trended by the PDMS:

2022 CH2 Qmax (mV)

¥ =-0.4165x + 18827
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EMI TESTING
Case Study #1
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EMI - Case Study #1 doble]

1000 - | _ Generator
Exciter 4 205 MVA 18 kV
3600 r/min

EMI also identifies problems

. . 100
In exciters

FM

Exciter tone levels were very
high with this generator

QP uV

10 A

Mild PD

Arcing also present.

RFCT on generator
frame ground

0.1

0k 100k 1M 10 M 100 M
Frequency (Log - Hz)

77 ©2023 Doble Engineering Company. All Rights Reserved.



EMI - Case Study #1 doble
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EMI - Case Study #1 doble

One of the four static exciter cables had a loose connection

Good end Loose end
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