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Thesis Title Partial Discharge Signals Detection in 21 kV Generator: Case
Study of a Generator at the Combined Cycle Power Plant of
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Academic Year 2017
ABSTRACT

Partial discharge ( PD) is one of the problems that can cause serious damage on
generators. Therefore, it is necessary to measure partial discharge signals in order to gain insights
into the problems, and then maintenance work of the generators can be done effectively.
In measuring partial discharge signals, the power plant has to employ another company which has
standard instruments to perform the task, which causes expenses.

This thesis proposed the measurement and analysis of partial discharge signals in a
21 kV generator derived from partial discharge sensors with a high speed oscilloscope and a storage
unit. Then, the data were analyzed and compared with the results obtained from the standard
instrument. As a case study, the measurement and data collection was conducted at the combined
cycle power plant of Ratchaburi Power Company Ltd.

Measurement and inspection results with the standard instrument indicated that abnormal
signals were found on the generator at Phase A of Unit 10 of the power plant, at the angles of 90°
and 270°. Then, the proposed measurement method was implemented and, abnormal signals, then,
were detected. However, the angles were different from those obtained from the standard instrument
by 90°, which was due to the properties of the capacitor sensor. After adding 90° phase shift, the
measurement results were exactly the same and the frequency of the signals was 25 MHz, the range
in which a noise bandwidth that can be produced by disintegration of the charges in the air. After
shutting down the generator for the maintenance purpose, it was found that the fault was caused

during the installation of the junction box of the detector.

Keywords: partial discharge signal, combined cycle power plant, high speed oscilloscope
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m3197i 3.2 Foyandumaiinvounsostuiia I

MITSUBISHI GENERATOR FOR GENERATOR FOR
GAS TURBINE STEAM TURBINE

RATED OUTPUT 309,000 kVA 346,000 kVA
RATED VOLTAGE 21kV 21kV
RATED CURRENT 8,459 A 9,513 A
POWER FACTOR 0.8 0.8
PHASE 3 3
FREQUENCY 50 50
ROTATING SPEED 3,000 min-1 3,000 min-1
HYDROGEN GAS PRESSURE 3 bar.g 3 bar.g
EXCITATION VOLTAGE 400 V 400 V
FIELD CURRENT 2,625 A 2,880 A
INSULATION CLASS F F
STANDARD IEC 60034 IEC 60034
PROTECTION IP 54 IP 54
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A13197 3.3 Features of Hydrogen Cooling

Characteristic Air Hydrogen
Density 1.00 0.07
Thermal Conductivity 1.00 7.14
Heat-transfer Coefficient 1.00 1.35
Specific Heat 1.00 0.98
Combustion Superlative Yes No.
Oxidizing Agent Yes No.
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A13197 3.4 Installation Epoxy Mica Capacitor at RPCL

Power Plant | Manufacturer Capacity Rated Year of EMC
RPCL (MVA) Volt (kV) Manufac. Installation
GTG11 Mitsubishi 309 21 2007 2016
GTGI12 Mitsubishi 309 21 2007 2015
STG10 Mitsubishi 346 21 2007 2015
GTG21 Mitsubishi 309 21 2007 2017
GTG22 Mitsubishi 309 21 2007 2017
STG20 Mitsubishi 346 21 2007 2017
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Rated (V) | >19kV 1l 2016
H, (Psig) 31-50 Phase NQN+ NQN- Qm+ Qm- Status
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Norminal Quantity Number (NQN)

No. of pps
AV — Magnitude resolution
1020 N, —No. of pps in each magnitude window
NGN= AvE log N,
10
The NQN is a measure of the total discharge
1 activity in the stator winding.
Qmax is the maximum PD magnitude at which
there are at least 10 pulses per second.
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gﬂﬁ 3.9 PD Summary Variables [8]
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IRIS

Pulse Height and POWER
A QUAUYROL Company

Pulse Phase Analysis ABC Combo for C1 only sy
Asset Name: STG10

Folder: Ratchaburi Power\, Asset Class: Combustion Turbine

Operating Load: 219.10 MW, Reactive Load: 21.00 MVAr, Operating Asset Temp: N/A, Operating Voltage: 21.00 kV
Ambient Temp: 34 deg C, Ambient Humidity: 42.00 % Freq. (Test Duration): 50 Hz, (1 sec.)
Insulation Type: Unknown Operating Gas Pressure: 44.24 psi-g Gas Pressure Rating: 43.51 psi-g\
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Machine: NQN+1103, NON- 746/Q
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Phase Angle [dog]
; ef. Angle: 9 elay Time: 10 [ns] Start Time: 02/01/2017 15:02:21, Status: Good
Machine: NQN+N/A, NON- N/ALQm+ NIA Qm- NIA
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STGI10
Rated (V) | >19kV 1 2017
H, (Psig) 31-50 Phase NQN-+ NQN- Qm+ Qm- Status
Negligible 22 A 577 437 652 868 High
Low 49 B 582 933 648 979 High
Typical 90 C N/A N/A N/A N/A Negligible
Moderate 154
High 224
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IRIS

Pulse Height and POWER
A QUALITROL Company

Pulse Phase Analysis ABC Combo for C1 only ww¥.IPIspewer.com
Asset Name: STG10

Folder: Ratchaburi Power\, Asset Class: Combustion Turbine

Operating Load: 0.00 MV, Reactive Load: 48.00 MVAr, Operating Asset Temp: 63 deg C, Operating Voltage: 21.00 kV
Ambient Temp: 35 deg C, Ambient Humidity: 57.00 % Freq. (Test Duration): 50 Hz, (5 sec.)

Insulation Type: Unknown Operating Gas Pressure: 42.06 psi-g Gas Pressure Rating: 43.51 psi-g\

Pulse Height Analysis Plot __ FrotasMithen £D)
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Phase: C, Sensor(s): C-M3C-S3,__Ref-Angle~00,._Delay Time: 10 [ns] Start Time: 02/24/2017 12:40:22, Status: Good
Machine: NQN-+N/A, NON- N/A(Qm+ N/A, Qm- N/A
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DEVICE SPECIFICATIONS

NI PXle-5160

2.5 GS/s, 10-Bit Digitizer

This document lists the specifications for the NI PXIe-5160, 500 MHz digitizer.

Unless otherwise noted, the following conditions were used for each specification:
«  All vertical ranges

= All bandwidths and bandwidth limnit filters

*  Sample rate setto 1.25 GS/s or 2.5 GS/s

= Onboard Sample clock locked to onboard Reference clock

W arranted specifications describe the warranted, traceable product performance over ambient

temperature ranges of 0 °C to 45 °C and include guardband for measurement uncertainty,

unless otherwise noted. Specifications are warranted under the following conditions:

*  The NI 5160 module is warmed up for 15 minutes at ambient temperature

= Self-calibration is completed after warm-up period

= (Calibration cycle is maintained

*  The PXI Express chassis fan speed is set to HIGH, the foam fan filters are removed if
present, and the empty slots contain PXI chassis slot blockers and filler panels. For more
information about cooling, refer to the Maintain Forced-Air Cooling Nete to Users
document available at »i. com/marnuals.

*  NI-SCOPE 4.1 or later instrument driver is used

*  External calibration is performed at 23 °C + 3 °C

Typical specifications are unwarranted values that are representative of measurements taken
during development or production and cover the expected performance of units over ambient
temperature ranges of 0 °C to 45 °C with a 90% confidence level.

Characteristic values (or supplemental information) describe additional information about the
product that may be useful, including expected performance that 1s not covered under
Warranted or Typical values.

Specifications are subject to change without notice. For the most recent NT 5160
specifications, visit ni.com/manuals.

NATIONAL
INSTRUMENTS'
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Executive Summary

Introduction
Partial discharges (PD) are the occurrence of electrical sparks in the insulation of stator

windings. PD wills occurs in air gaps or voids inside insulation or on surface of the insulation.
The normal stator windings will have low PD value, but because the stator winding will
deteriorate along winding vibration, working at high temperature, contamination from oil,
moisture and chemicals, will incur a higher PD.

The optimum and most accurate PD measurement way is using on-line PD monitoring
system that can detect the main root causes of stator winding failure easily. The on-line PD
monitoring systems can alert those disorders that occur in the stator windings, and will very
useful for maintenance and operation department of the power plant. Predictive maintenance
programs will involve, which will not be a problem caused severe damage to the generator.
And not cause down time outage.

Back in 1940s, Westinghouse is the first company that developed PD measurement
method in their laboratory. After that Ontario Hydro is the first utility that make the real
application of PD measurement for their power plant since 1970. In 1990, Dr. Greg Stone
(Chairman of IEEE and IEC Committee of Rotating Machine), had established IRIS company.
IRIS company had been affiliated by Ontario Hydro, EPRI, and CEA for developing PD
measurement system. Now PD measurement system from IRIS had been installed more than

60,000 sets around the world.

Why Test for Partial Discharge?

The main and most important reason is that in utilities or industrial plant, we must
prevent generators and motors from failure in service. For typical of failure in generators and
motors can be classified it in three main categories.

1. 50% due to bearing and vibration problem.

2. 40% due to stator insulation problem

3. 10% due to rotor problem

The most reliable method in order to prevent machine from failure is to use “Predictive

Maintenance (Condition Based Maintenance). In case that occur stator insulation failure, the

Page 3 of 35

112




Partial Discharge Report PTP

RPCL Executive Summary 24 November 2017

damage level and repair cost will be very high when compare to vibration or rotor problem. As
see in picture below, generator has stator winding insulation failure, and this make a long

repairing time and costly machine repair could result.

Cause of Partial Discharge

There are many causes of Partial Discharge, below are few examples.

Thermal Deterioration

Loss of mechanical strength due to overheat, over
loading, defective cooling, unbalance voltage.
This will cause insulation de - lamination, conductor

vibration, and PD occurs in voids.

Poor Impregnation

Poor impregnation caused by improper
manufacturer. This will form void inside insulator and

PD will attack insulation

Page 4 of 35
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picture.

Loose Winding

Loose winding is caused by magnetic force

between bar and between rotor and stator winding.
When occur loose winding, bars move relative to

core, and PD occur in slot

Inadequate Spacing

With poor design, inadequate spacing will cause
phase - to - phase partial discharge. PD will produce

ozone and nitric acid as can be seen as white powder in

Page 5 of 35
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Partial Discharge Testing - THE NEW TECHNOLOGY FROM IRIS

As partial discharge is flash in voids in insulation, it has extremely fast rise time (1 - 5ns). It
is difficult to measure these PD signals. And the most difficult is how to separate PD signal
from noise in system. IRIS has an advance technology that can cover all five main goals as
follows:
1.PD measurement system must separate noise from PD signal
2.PD measurement system must tell how many voids in the insulation
3.PD measurement system must tell the size of voids in the insulation
4.PD measurement system must tell where the PD occur

5.PD measurement system must tell how serious of PD in the insulation

1. PD measurement system must separate noise from PD signal

In the past, when we do not have advance technology, only experts that can interpret
PD measurement because of a lot of naise will mix up with PD signal. But with new technology
from IRIS, we can separate noise from PD signal. The new technology call “Directional Time
of Arrival” and this is Patent to IRIS.

1. One Sensor per phase installation. This shall be used in case that the connection
between generator and system (switchgear or gen - transformer) is power cable. If power
cable is longer than 30m, noise from system will attenuate in cable. In this case one sensor will
be installed at generator terminal as shown in picture below

A \ Electrical
hY Noise

PD > ]
> - ™~ i/ \ I \ ]
.A__> Delay =AY f\

Powaer Cable (>30m)

System

NS

Motor
of B0 pF Breaker, Swilchgear,
Gernarator P Transiormar, etc

|

M S
Junction PDTrac
Box
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2. Two Sensors per phase installation. From picture below, if connection between
generator and system is bus bar, there will be both PD signal from generator and noise from
system. While install two 80pF sensors per phase as shown, the PD signal and noise will arrive

the TGA - B measurement instrument at different time. By this method we can separate noise

from PD Signal
Electrical
Noise System
Q Delay = H /
Motor
or Broaker, Switchgear,
Generator 00pF 90.pF: Ym:s!:vmec elc.
it SamaLongth e’ >
M S
i TGA-B
Box

2. PD measurement system must tell how many veids in the insulation

View Test File

From PD measurement result above, the Y axis refer to pulse count rate or number of

flash over in the insulation. This number will tell how many voids in the insulation.
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3. PD measurement system must tell the size of voids in the insulation

Unit PD

POS

NEG

100 mmmmmm
PD Magnitude (m¥)

__BAW | COMPARE OFF | |

On horizontal axis is PD magnitude. Larger voids will have higher of PD magnitude.

This will refer to size of voids in insulation.

4. PD measurement system must tell Where PD occur

E | There are two PD categories. On the first half cycle, when
= occur PD we call Negative PD. When PD occur in second half

cycle, we call Positive PD.

View Test File

If measurement result show that
Negative PD (green line) and Positive PD
(red line) has the same or almost the same,
this mean that majority of PD occur in

stator insulation.

If measurement result show that Negative PD (green line)
value is less than Positive PD (red line), this
mean that majority of PD occur at stator

insulation surface

1o win W00 W50 1000 000 403 W20 100
D Magnitude (m¥)
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If measurement result show that
Negative PD (green line) value is more
than Positive PD (red line), this mean
that majority of PD occur at conductor

and stator insulation.

All three interprets above, it is PD that occurs in stator winding and it is phase - to -
ground discharge. We call this kind of PD as classical PD. Anyhow, we can further more make

an indication of Partial Discharge from our powerful 3D report as shown below: -

3. y 1 E( ';k ‘& i ]
e A B . N s e g R
From 3D graph, if PD occurs at 45° or 225" , PD will occur in stator winding

If PD occur at 15° or 75" or 195° or 255 it will be phase - to - phase PD that occur at end winding.

From picture below at end winding location, we can see white powder that caused by nitric acid from PD.

If PD occurs at 0° or 180° it will be occur from bad or loose electrical connection.
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5. PD measurement system must tell how serious of PD in the insulation

The most importance thing of PD measurement is that, how do we know whether PD in
machine is serious or not. IRIS is the only company that have database of more than 400,000
records over past 20+ years. We will compare our PD result with this database and make a
justice the condition of our machine.

Table 1: Bus - air-cooled (TGA)

Rated V 2-4kV 6-8kV 10-12kV 13-15kV | 16-18kV | > 19kV
Avg 112 112 165 199 239 191
Max 3200 1983 3200 3314 3038 3109
25% 7 16 28 39 47 34
50% 24 49 74 98 98 63
75% 86 129 177 226 210 134
90% 274 276 401 461 540 432

From Table 1, it shows the average PD, maximum PD and percent of machine at each

PD level. We can compare our PD test result with this database for determination.

Page 10 of 35

119




Partial Discharge Report 04

RPCL Executive Summary 24 November 2017

Compliance Standard of Iris’s PD Sensor

For on-line partial discharge (PD) monitoring, it is necessary to permanently install
sensors on the motor or generator terminals to detect the high frequency PD pulses. The type
of sensors used may be epoxy-mica capacitors (EMCs),

Since the EMCs are permanently connected to the terminals, assurance is required that
they will not in themselves pose a risk of failure. The following discusses design features

incorporated, and the tests performed, to ensure an extremely low risk of failure.

The EMC meets the specifications of ANSI/IEEE C37.20.2, “IEEE Standard for Metal-
Clad and Station Type Cubicle Switchgear.” In particular, the EMCs have been tested by an
independent testing organization to withstand a 10 s- ac hi pot of 87.5 kV rms for 25 kV class,
56 kV rms for 16 kV class (The ANSI requirement is 36 kV rms), and 24.2 kV rms for 6.9 kV
class During Iris’ in-house testing, 16 kV EMCs withstood 70 kV ac, the maximum output of the

Iris test equipment.

In addition to the short-term ac hi pot test (ANSI C37.20.2), long term voltage
endurance testing is done according to IEEE 1043 “IEEE Recommended Practice for Voltage
Endurance Testing of Form Wound Bars and Coils”. For 13.8 kV stator windings, coils are
normally expected to endure a minimum of 400 hours at a test voltage of 30 kV rms [IEEE
1553]. Two EMCs were tested at 30 kV rms, and shows that they survived more than 1000
hours with no failures. According to the statistical methods in IEEE 930 “IEEE Guide for the
Statistical Analysis of Electrical Insulation Voltage Endurance Data”, and using the inverse
power model with a constant N=10, these test results correspond to a lifetime of 60,000 years
at the normal operating voltage. Thus the risk of failure of the EMC attributable to the operating

voltage stress is extremely low.

Independent dc hi pot tests and leakage current measurements performed according to
IEEE 95 “IEEE Recommended Practice for Insulation Testing of Large AC Rotating Machines
with High Direct Voltage” to 30 kV dc indicated negligible leakage current
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Each EMC is subjected to an ac hi pot test of 51 kV rms for 25 kV class, 33 kV rms for
16 kV class and 15 kV rms for 6.9 kV class. After the ac hi pot test, each EMC is then
subjected to a partial discharge (PD) test, performed according to ASTM D1868 “Standard
Method for Detection and Measurement of PD Pulses in Evaluation of Insulation Systems” or
IEC 60034-27. Iris requires each EMC to have a discharge extinction voltage of 25 kV rms for
25 kV class, 15 kV rms for 16 kV class and 8 kV rms for 6.9 kV class. This very high discharge
extinction voltage (DEV) ensures that there are no tiny flaws within the EMC that might initiate

failure many years after the EMCs have been in service

The EMC'’s excellent electrical properties are due to the use of about 3 inches of mica
as its main dielectric. This is significant when we consider that the typical insulation thickness

in a 13.8 kV stator coil is only about 1/4”.

The EMC has been independently certified as part of Process Control Equipment for

use in UL and ATEX Hazardous Locations

An independent review of the materials used in the EMC indicate that they can
withstand radiation levels in excess of 30 Mrad prior to any indications of degradation of their

mechanical or electrical characteristics

The EMC is potted in an epoxy that is highly resistant to electrical tracking. In
independent testing using the “inclined - plane” tracking test (ASTM. D2303 - 85) specified in
ANSV/IEEE C37.20.2, the average time to track was 302 minutes. This is well beyond the

required minimum.

Reference paper from Iris
1) Technical Overview V1

2) Important of Bandwidth in PD Measurement in Operating Motors and Generators
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PARTIAL DISCHARGE ANALYSIS

24 November 2017

STG 10

1.Compare magnitude of Partial Discharge (PD) results in page 14 by looking Qm-+ or
Qm- and choose the highest value to IRIS Data base in Appendix A at page 22, we can
summarize that Phase A, B and C have value N/A, N/A and N/A which mean ‘Negligible’.
According to new measurement after correction , PD still very low same as last time but
machine very clean ( no PD pulse at all ).

Note : N/A mean “ Not Applicable” because pulse less than 10 pulses count per second (pcs), see Appendix
E,

2.NQN+ and NQN- (Normalized Quantity Number) is a partial discharge activity

3.IRIS Recommend for PD result consideration (see Appendix A page 22)
3.1+Qm or —Qm is higher than 95% (206 mV)
3.2And +Qm or —Qm is higher twice with previous measurement
3.3Each measurement conditions should have be same (see “Remark™ below)

Operating conditions:
-Voltage =21kV
-Load =286 MW,
-Pressure = 2.97 bars (43.50 psi)
-Winding Temp. =3%3'C

Remark: the operating parameters during testing should be within the following recommended
ranges

-Voltage 4200 V
-Temperature +5 °C

-Load +10%

-Hydrogen Pressure +5 % PSI
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Test Result

A. TERMINAL VOLTAGE MEASUREMENT (By Multi-Meter)

PD Coupler Termination STG 10 (by meter)

Phase A 538.00 536.00
Phase B 519.00 524.00
Phase C 526.00 523.00
Phase A 523.30 521.49
Phase B 514.75 518.48
Phase C 521.13 518.46
Phase A 484.00 483.00
Phase B 475.00 479.00
Phase C 482.00 478.00
Phase A 533.14 532.06
Phase B 523.63 526.15
Phase C NN 526.43 520.53 _~
v
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B.ON-LINE PARTIAL DISCHARGE MEASUREMENT

P : Q 9, Q 8,
A N/A N/A N/A N/A Negligible
B N/A 20 \| NaA 26 Low
C N/A 11 /A N/A Negligi
A 1103 746 1025 944 High
B 569 709 \ | 685 1095 High
C N/A NA  NNA N/A Negligj
A 328 N/A N/A N/A Negligible
B N/A NA N[ NA N/A Negligible
€ N/A 221 N/A N/A Negligj

0

D 0 .
A N/A N/A N/A N/A Negligible
B N/A NAN|] NA N/A Negligible
C N/A NA NNA N/A Negligipt€

Remark: 1) N/A mean “ Not Applicable” because pulse less than 10 pulses count per second (pcs )
2) See PD Data Statistical Summary as in attached page 22
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1l 2016
Pulse Height and FLINLD
Pulse Phase Analysis ABC Combo for C1 only f)mm‘:{%m%
Asset Name: ST10

Folder: BLOCK1\, Asset Class: Steam Turbine

Class: Directional BUS (TGA), Sensor Type: Epoxy Mica Capacitor (80pF)

Operating Load: 250.00 MW, Reactive Load: 12.00 MVAr, Operating Asset Temp: 63 deg C, Operating Voltage: 21.10 kV
Ambient Temp: 35 deg C, Ambient Humidity: 58.00 % Freq. (Test Duration): 50 Hz, (1 sec.)

Operating Gas Pressure: 3.01 psi-g
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Iris Power LP, 3110 American Dr., Mississauga, On, Canada LAV IT2, Phone: +1 (905)-677-4824, Fax: +1 (905) 677-8498
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1 2017

IRIS

Pulse Height and POWER
Pulse Phase Analysis ABC Combo for C1 only AT
Asset Name: STG10

Folder: Ratchaburi Power\, Asset Class: Combustion Turbine

Operating Load: 219.10 MW, Reactive Load: 21.00 MVAr, Opsrating Assst Temp: N/A, Operating Vokiage: 21.00 kV

Ambient Temp: 34 deg C, Ambient Humidity: 42.00 % Freq. (Test Duration): 50 Hz, (1 sec.)
Insulation Type: Unknown QOperating Gas Pressure: 44.24 psi-g Gas Pressure Rating: 43.51 psi-g\
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Phasa: C, Sensor(s). C-M3C-
Machine: NQN+N/A NQN- N/A

Iris Power LP, 3110 American Dr., Mississauga, On, Canada L4V T2, Phone: +1 (905)-677-4824, Fax: +1 (905) 677-8498
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12017 (2"

Pulse Height and POWER

Pulse Phase Analysis ABC Combo for C1 only AT
Asset Name: ST10

Folder: BLOCK1\, Asset Class: Steam Turbine

Operating Load: 244.70 MW, Reactive Load: 50.00 MVAr, Operating Asset Temp: 55 deg C, Operating Voltage: 21.30 kV
Ambient Temp: 34 deg C, Ambient Humidity: 58.00 %Freq. (Test Duration): 50 Hz, (5 sec.)
Operating Gas Pressure: 2.90 psi-g
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Iris Power LP, 3110 American Dr., Mississauga, On, Canada L4V 1T2, Phone: +1 (905)-677-4824, Fax: +1 (905) 677-8498
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12017 (3")

| TRIS
Pulse Height and PQX%

Pulse Phase Analysis ABC Combo for C1 only AT T
Asset Name: STG10

Folder: Ratchaburi Power\, Asset Class: Hydro Generator

Operating Load: NA.  Reactive Load: NA,  Operating Asset Temp: N/A, Operating Voltage: NA
Ambient Temp: 30 deg C, Ambient Humidity: 66.00 % Freq. (Test Duration): 50 Hz, (5 sec.)
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Iris Power LP, 3110 American Dr., Mississauga, On, Canada L4V 1T2, Phone: +1 (905)-677-4824, Fax: +1 (905) 677-8498
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Appendix A: PD Data Statistic Summary

2014 PD Database Statistical Analysis

Ar-couled Capacilors
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Iris Poaer LP Confidential
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Appendix B: PD Characteristics

Negative polarity
View Test File

predominance

neral interpretation rules
e Negative polarity predominance (+PD <-PD)
e Discharge near the copper conductor

e Load cycling

e Overheated develops voids near the copper

conductors Negative predeminance
indicates PD at cepper

Positive polarity predominance

General interpretation rules
o Positive polarity predominance (+PD >-PD)
o Discharge on surface of coils
o Loose windings
o Deterioration of voltage stress coatings

Positive predominance
indicates PD at surface
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No polarity predominance

View Test File
Unit PD Noise
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5 1000 )\ é 1009
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General interpretation rules

°

No polarity predominance (+PD ~—PD)
Internal voids

Thermal deterioration

Poor impregnation

No predominance indicates
PD within bulk of insulation
[-ve PD ~ +ve PD)
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Appendix C: PD Patterns

Many failure mechanisms have their own PD pattern; therefore, examination of the
pattern can help in determining which failure mechanism may be predominant.

1.Inadequate Bonding
When resins, tapes, the VPI process or other factors come into play during winding
manufacturing, voids may be left entrapped within the winding. Like thermal
deterioration, these voids are scattered throughout the insulation without dominance of
voids at either the copper or the core. There is no noticeable polarity predominance of
the PD with activity centered near 45° and 225°. As stated before when describing
thermal deterioration, internal voids usually lead to a decrease in PD with an increase in
temperature, i.e., a negative temperature effect, but no changes with load.

Failure Polarity Load Effect | Temperature | Phase
mechanism Effect Location
Improper No No load Negative 45° and 225°
impregnation predominance | effect

2.Electrical Slot Discharge

Slot discharge is the term given to discharges that occur between the surface of the coil
and the stator iron. It can be said that PD caused by a loose winding creates slot
discharges, but not all slot discharges are due to loose windings, some are due to
problems with the semi-conductive coating . i.e., electrical slot discharges. The PD
pattern for electrical slot discharge is very similar to loose windings with positive PD
near 225° predominating and a negative temperature effect. Since electrical slot
discharge can occur before windings becoming loose, there is no noticeable load effect
for electrical slot discharge. Electrical slot discharge can be very intense and in fact be a
source of damage itself.

Failure Polarity Load Temperature | Phase
mechanism Effect Effect Location
Electrical slot Positive No load Negative 2257
discharge predominance | effect predominant
Page 24 of 35
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3.Stress Coating Interface

PD that occurs at the semicon/grading coating interface is surface-type activity that is
phase-to-ground voltage dependent. The activity is predominantly positive and centered
near 225°. Unlike loose windings, this activity is not usually affected by load changes;
however, the materials involved in this area are primarily conductive by design and
conductivity changes with temperature. Therefore, an increase in temperature can lead to
an increase in the PD activity resulting from this area. If a PD pattern is predominantly
positive, centered near 225°, and increases with temperature, it is most likely from the
semicon/grading coating interface deterioration. A severely deteriorated interface may
lead to pulses clumped at 0° and 180° typical of an open-air arc.

Failure Polarity Load Effect | Temperature | Phase
mechanism Effect Location
Semicon/grading | Positive No load Positive 225°
coating interface | Predominance | effect increase with | predominant
temperature
4.Loose Windings

When windings become loose in the slot, the immediate problem is that, if left
unattended, the looseness will quickly allow the laminated rough stator core surface to
damage the surface coatings on the coil. Damaged coil surfaces create discontinuities on
the surface allowing voltage stresses to build up across these isolated locations, or
between these and the stator iron. If the voltage stress exceeds the electrical breakdown
point of the gas medium, a discharge will occur. As a result, pulses that occur from
loose windings are predominantly surface-type activity within the slot portion of the
core and therefore positive and centered near 225°. The most obvious sign of loose
windings is a noticeable increase in PD activity, especially positive, with an increase in
load. Remember that as the load current increases so does the mechanical vibration of
the coils. This increase in vibration causes the gap between the side of the coil and the
grounded core to also increase. The increase in an air gap results in an increase in
positive PD magnitude with the load current.

Be aware, however, that the increase in load current will also have an increase in
temperature, which may lead to a reduction in PD due to negative temperature effects.
Therefore, when checking for loose windings - run the test with the machine at different
loads but at the same voltage, temperature, and hydrogen pressure. Note, for a winding
with only a “loose” problem, only the positive PD will change with load; the negative
component will change slightly, if at all. Changes in the negative PD with changes in
load may be an indication of conductor vibration due to voids near the conductors.

Failure Polarity Load Effect | Temperature | Phase Location
mechanism Effect
Loose Windings | Positive Positive Negative 225°
Predominance | increase with predominant
load
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5.Inadequate Spacing

This source of PD, like contamination, results in activity that is phase-to-phase
dependent and therefore 30° phase shifted from the classic positions. Since this activity
is frequently isolated to a specific area of the machine, the PD pattern may reveal which
phases are involved. This is only possible if the two affected phases both have
detectable end winding activity and their respective 30° phase shifts correspond to what
would be expected according to the machine rotation. Since this PD may be occurring
between a top and bottom coil in a slot, visual verification of the activity may be
difficult.

Failure Polarity Load Effect | Temperature | Phase Location
mechanism Effect
Inadequate spacing| No No load effec| Unpredictable| 45°, 75°, 195°
Predominance and 255°
6.Enadwinding Vibration

PD is not a symptom of end winding vibration. However, one of the results of end
winding vibration is the development of a crack in the insulation system several cm
(inches) from the end of the slot. It is possible that this crack will develop to the point
that PD can be detected as a side effect of end winding vibration.

7.Electrical Connections

PD from electrical connections normally reveals itself as PD that is mechanically
dependent and clumps around 0° and 180°. Because poor electrical connections can be
impacted by variances in load and temperature, the effects are unpredictable.

Failure Polarity Load Effect | Temperature | Phase Location
mechanism Effect
Electrical No Unpredictable | Unpredictable 0° and 180°
Connections Predominance
8.Surges

Repetitive stresses from surges placed on the mechanical bond between the ground wall
and either strand or turn insulation can cause the bond to weaken and break. This forms
voids within the insulation and in close proximity to the copper conductor. PD occurring
in this situation is predominantly negative and centered near 45°. As with all internal
voids, there tends to be a negative temperature coefficient. If the voids are fairly large, it
is possible for the negative PD to increase with load due to the higher conductor
vibration associated with the higher mechanical forces. For multi-turn coils, especially
in motors, a turn-to-turn failure becomes likely.
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Failure Polarity Load Effect | Temperature | Phase Location
mechanism Effect
Surges Negative Little change | Negative 45°

Predominance | with load predominant

9.Thermal Deterioration

Thermal deterioration results from operating an insulation system for long periods near
its design maximum or for shorter periods above the design limit. As is the usual case
with all insulation systems, the damage incurred is cumulative, non-reversible and
results in a decrease in the ability of the resin binder (epoxy or polyester) to
mechanically bond the layers of insulation together.

The loss of mechanical bonding allows the formation of voids within the layers of tape
that make up the insulation thickness. These voids are distributed throughout the
insulation and may discharge regardless of the “direction” of electrical stress across
them. Because of this, such voids do not exhibit any real PD polarity predominance and
the PD clusters near 45° and 225°. Therefore, a more or less equal distribution of
positive and negative discharges at the classic positions is indicative of general thermal
deterioration or aging.

Due to the thermal coefficient of expansion, the voids originating in the slot portion
reduce in size as temperature increases producing a negative temperature effect. This
occurs because of the relationship of void size to electrical stress — the smaller voids
require less voltage to spark. The extent of this change in PD with temperature is
dependent on the degree of delamination that may be present. There is minimal change
in PD with load.

Failure Polarity Load Effect | Temperature | Phase Location
mechanism Effect

Thermal No No load effect Negative 45° and 225°
deterioration Predominance

10. Load Cycling

Load cycling is a specific form of thermal deterioration which manifests itself as a
deterioration of the bond between the ground wall insulation and either turn insulation
(multi-turn coil) or between the ground wall and strand insulation (Roebel Bars).
Repetitive stresses from sudden load changes placed on the mechanical bond between
the groundwall and either strand or turn insulation can cause the bond to weaken and
break. This forms voids within the insulation and in close proximity to the copper
conductor. PD occurring in this situation is predominantly negative and centered near
45°, As with “thermal deterioration,” there tends to be a negative temperature
coefTicient. If the voids are fairly large, it is possible for the negative PD to increase
with load due to the higher conductor vibration associated with the higher mechanical
forces.
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Failure Polarity Load Effect | Temperature | Phase Location
mechanism Effect
Load Cycling Negative Little change Negative 45°

Predominance | with load predominant

11.Contamination

Since the end winding area of machines is specifically designed to be away from ground
planes, PD that occurs due to contamination in the end winding is normally phase-to-
phase voltage dependent and will be 30° phase shifted from the classic positions of 45°
and 225°. The direction of the shift is dependent on the location of the contamination
and the voltages of the affected coils and is therefore unpredictable. Identification or
inspection of the site of arcing may be difficult due to limited visibility in the area.
Though there may be some effect of temperature or load changes on PD activity from
contamination, it is difficult to predict the expected results. However, environmental
conditions such as humidity may have a very noticeable effect, especially if the surface
contamination becomes partly conductive when damp.

Failure Polarity Load Effect | Temperature | Phase Location

mechanism Effect

Contamination No No load effect | Unpredictable | 15°, 75°, 195°
predominance and 255°
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Appendix D: Compare Test Result with Similar Machines

Iris PD Database
e Over 400,000 test results from thousands of machines for comparison purposes
e Each year Iris publishes the statistical range of Qm (peak PD) for each type of stator
o Voltage rating
o Air or hydrogen cooling
o PD sensor type

o If a stator has a Qm that exceeds 90% of readings, then winding is deteriorated

Three Basic Methods for Interpretation
e Compare graphs from identical machine (stator with highest PD is most deteriorated)
e Compare test result from a machine to a similar machines in Iris database
e Trend PD over time (2 times increase per year is significant rate of deterioration)

Trend PD Over Time
e Most powerful, reliable means of interpreting data
e IfQm low, and constant trend, winding in good condition
e Collect data over the years, if Qm increases slowly, winding is stable
e IfQm doubles in 6 to 12 months, rate of deterioration increasing

e Trending Can also determine if repairs effective

Trend PD Over T,im§ CIRIS

1000 Example of Trending

00

==+ PD

00
800 s PD

700

600

400

- %—‘—“:4/
PPELELLPLLPEL AR

* Peak PD Magnitude in mV at 10 pps
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APPENDIX E Standard for 10 pulses count per second (pcs)

1. IEC 60034-27 Clause 5 Measuring Tech & Instruments

TS 60034-27 & 1EC:2008 - 25~

~ the transmission function from me PD source to me PD sensor is unknown and depsnds
on the specific design of the which di the fri T of the sta-
tor winding. Therefore, the energy at the source of the PD, which can be taken as & meas-
ure of the arosicn of the insuiation, cannot be measured directly:

- the individual high freg beh of a stater winding preduces PD sig-
nals at the i that ara a char istic of the machine being tested and of the loca-
tion of the PD source;

— very high frequency components of PD signals are subject tc considerable attenuation
when travelling through the winding and, depending on the origin of the PD. might not be
detectable at the terminals of the test object

As a q of the ab d ph not oniy the particular stator winding
design but aiso the spaclﬂc fraquancy rasponse of the PD detection system, including cou-
pling d , will the char of the signal detected at the ter-

minals of the winding.

5§ Measuring techniq and instr

5.1 General

In line with IEC 60270, this clause deals solely wilth electrical metheds of measuring partial
discharges because the elsctrical, conductive measurement of partial discharges is the most
commonly used method of assessing the winding insulation of rotating machines. Non-
electrical methods of measurement and localization are listed in Annex B.

Partial discharge measuring systems c¢an be divided into subsystems: coupling device, trans-
mission system (for example, connecting cable or optical link) and measuring instrument. In
general, the transmission system dees not contribute to the circuit characteristics, apart from
some possible signal attenuation, and will thus not be takan inlo consideration.

5.2 Infl of freg ¥ p of r system

The freq P of the PD ion system, i ing the PD ing unit, deter-
mines how much energy of the PD signal from the winding can be detected. Thus, the fre-
quency response of the system, esp the type of ling unit being used, has a consid-
arabie impact on the overall ssnnillvny of delsalon Due to the different values of lower cut-
off frequency. the g q ps are i ble when testing
complete windings:

- mseasurement in the lower freq y range good sensitivity niot only for partial

discharges in barsicoils close to the sensor but also for those that originate from further
away in the winding. However, the lower frequency range is more sublected to naise and
disturbances;

- measuremant in the very high frequency range may acquire only u vary emsfl proportion of

the total PO a’nergv which resui(s n sensmvuy to signais orlglnatxr\g anly very close o tha
sensot. SV ran disturbsnce.

For off-ine PD testing to obtain appropriate senelfivity (o PO from the whols winding it Is ad-
visable o use wide band PD measuring systems. The iower cut-off frequency should bs in the
range of several tens of kHz in acoardance with IEC 60270,
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TS 60034-27 © iEC:2008 -27 -

it should be noted thai depending on the winding design and the measurement arrangemeni
used, resonance phenomena that ars in the frequency range of the PO measuring device may
occur and therefore may aiso infiuence PD results.

5.3 Effects of PD coupling units

For off-line PD measurements on stator windings and PD tests on winding components ca-
pacitive coupling units are often used. These consist of a high volitage capacitor and a low
voltage coupiing device in series. When tasting Individual winding components, the coupling
device may also be connected in series to the test object {see Figure 5b}. The low voltaga
coupling device is connecied to the transmission system.

The high voltage capacitor, the coupling device, the transmission system and the input im-
pedance of the measurement syslem represent a high-pass filter. Therefore, increased input
impedance or higher capacitance values lead to an increased sensitivity.

Figure 1 shows ically the fr y of an i PO pulse and the trans-
fer functions of different PD coupling units with a high voitage capacitor and a resislive meas-
uring impedance Zm=R at the low voltage side. The marked cverlap of the specira of the PD
pulse and the coupling unit, shown in Figure 1, for an RC time constant of 5 ns, determines
the signal energy which can be . in ical cases, such show band pass
filter characteristics due to parasitic L. and C components.

__RCitime c;rslzmcﬂ . .
couplng und fn ns. /5cm/soo 50,

Frequancy response

— G 22876

fime sonstant of PO coupliag unit 4
: 407 1©°
for Zm=R: r= RC Fraquency Mz s

1awer cid-if froguendy:

fio = 1it2zRCY
Gomponeats
b~ measuring impadancs
(=% soupiing capacitor

Figure 1 - Frequency response of a PD puise and coupling unlits
of various time constants
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TS 60034-27 & 1EC 2006 - 28

PD puises are afienuated and dispersed especially at higher frequencies while propagating
through the winding. Therefore, measurement systems with lower cut-off frequency in the
lower froquency range usually provice an average good sensitivity to PD from the whale wind-
ing.

When laking measurements on individoal winding components, the high voltage coupling ca-
pacitor is connacted 1o the copper conductor. For PD maasurements on compiele windings,
the coupling unit is connected to the terminals of the machine or insida the frame directly to
the winding conductors

The following low voltage coupling devices are typically combined with the high vollage ca-
pacitor:

— RLC filters or four-lerminal networks (see |EC 60270) wherein an inductance serves {o
suppress the power fraquency component;

high-frequency current transformers (RF-CT) which may also serve to gaivanically separate
the high voltage circuitry from the measuring davice.

RF-CT connactsd with greund wires can also be used as a standalone coupling device. When
using fibre optical signai transmitters, the coupling devices can also be installed on the HV
side of the capacitor.

5.4 Wide-band and narrow band measuring systems

The principal difference between the various PD measuring systems is their bandwidth. The
PD pulsas arriving st the terminals have a fraquency spectrum characierized by the transmis-
sion function of tha machine winding. The measured PD signal will be affected to a greater or
lesser degree depending on tha bandwidth of the measuring system. Furthermors, micaceous
insulation systems are characterlzed by a high repetition rate of PD pulses. Figure 2 shows
typical pulse responses of differant measuring systems. The upper frace of the oscillograms
represents the input puise, and the lower trace the puise response of the measuring system:

1) wide band system: {a) low puise repetition rate, (b} increased rate, (c} high rate isading 1o

superposition of pulses,
narrow band systam: (a} low pulse repetition rale, (b} increased rate, (<) high rate leading
to superposition of pulses.

-2
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2. IEEE Std. 1434-2000 Related Pages

IEEE
Std 1434-2000 IEEE TRIAL-USE GUIDE TO THE MEASUREMENT OF

wseful for locating girth cracks or slot discharge activity involving individual coils/bars. Some disassembly
of the machine may be necessary to facilitate the visual inspection. A S0 Hz or 60 Hz v le voltage supply
is desirable for applying the test voltage. In order to locate some discharge sources, it will be necessary to be
& one phase at a time with the others grounded. No further discussion of the black-out test is
provided in this guide

6. Electrical pulse and RF radiation sensing systems

A considerable number of different electrical pulse 1g systems are in use. The machine design and PD
activity may define the type of sensors and the installation required.

‘When a PD event occuors at some location in a winding, the injected charge first flows into the capacitance 1o
ground at the injection site, thereby modifying the local voltage. This voltage change immediately hecomes
t of a wave that propagates in both directions away from the injection site. The nature of the wave at
tion away from the injection site depends entirely on the impedance along the path it had to traverse.
Beeause PD pulse rise times may be in the nanosecond range at the injection site. the initial voltage wave has
frequencies from the kiloheniz o the gigaheriz range. However. it should be noted that all components of the
nd the measuring circuit affect the bandwidih of the measorement. The inductance of the
ction 1o the test object may limit the upper frequency to some tens of megahentz. Specially
sors (e.g., see 6.3.3) and test methods are required to extend the upper frequency limit.

Typical clectrical pulse sensors and associated detectors are listed in Table 1 for on-line measurcments,
Table 2 for off-line measurements on complete windings, and Table 3 for measurements on individual coils

T i examples only. Other systems of sensors and detectors are available that may
be equally suitable for particular applications.

12 Copyright @ 2000 IEEE. Al rights reserved
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Table 1—On-line discharge measurements (typical systems)

Data output/
. Frequency format/
Sensors Detector/output o Noise rejection Pros and cons applicabllity!
bibliography
1 80 pF coupler terminated in 50 Q and con- 40 150MHz  Noise rejection using Differential couplers ure sensi- Color LCD; serial

nected cither

Differeatially with a minimum of one
coupler near line end of each of two parallel
circuits per phase.

,ugg>—&‘l

>

Directionally with one coupler per phase
atline terminal and a second ot feast 2 m dis-
tant on [PB. (In some cases for cable-con-
vected machines, only the coupler ot the line
terminal is needed per phase.)

Applicability:
H = hydrogenerator

thermal generatoe
whronous condenser
otor

Pulse height

se
capability

Hard disk storage.
Pulse height plots
0 teems of two
phase windows or
multiphase
windows.

(system)

or
40-350 M1z
(system).

For lower
3dB point
of around 7
MHZ, see
(B30] and
(B33]

40-150 Miiz instru-
mentation is achieved
by a differential con-
‘nection of a pair of
couplers at the defec-
tor input. In 40-350
Mz instruments,
noise rejection is
achieved hased on
time of arrival of
pulses from the two
couplers. This is espe-
cially important for
directional couplers.
Noise reduction is
also achicved by
attenuation when dif-
ferential couplers are
installed within a
winding

tive primarily o PD at the line | and parallcl printcr
end of the circuits in which they | ports. Floppy disk.
are installed. This is especially

true when the couplers are Differential:
installed within the winding i

such as at an end cap. Differen-

tial coupler connection isusually | (B28], [B32],
limited to bydrogencrators [B72]. [B74]. [B8O|
because of the eed for >2 m

between pairs of couplers.

Directional couplers do pot

attribute PD to & particular stator

AHINIHOYIN ONLYLOH NI SIOHYHOSIO TVILEYY

circuit
Directional:

Directional couplers are vulners- | T.S, H

ble 10 internal noises, such as

shaft grounding brushes and [B10]. [B30],

buck of core sparking. which are | [B39], [B60].

prevalent, especially in large [B62], [BSO]

turbo alternators

Completely computerized

0002-¥EVL PIS

333
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‘Paiesa) S v "3331 0002 & ubUAd0D

Table 1—On-line discharge measurements (typical systems) (continued) g'E;
=F
&
Data output/ kS
Case Sensors Detector/output | Fredueney Noise rejection PPros and cons g
bibliography
2 — 10 nF caecitive coupler with broodband | Namow-bandand 10 kHe- — Subtructing signals | Combiration of d flercnt mea
high-frexpsency curment transformer at fine | hmadband data 230 MH» (woenuplervphase | sring methed s
tenminals acquisitior, in time necessary). interpretation and confiderce M.T.SH
—RFECT with or withoat 10 nF capacicor and frequency =1 level. C i
between machne neutral and 2round. a windowing system. Analysis of uninf- 1B6%|
i — Automatic interfer- | cnced signals (scmpling rate =40
N ’m ence elimination MR without stretcher)
L tecistic valaes bused on stat:sical
T E’ LLXRRR \JT fingerprints phase disturbance recogni
resolved palse 10 determines
EZSES SSESES height araysis, sctting of tim and
istograms. fime frequency windows
domair, pattera.
etc)
3 Stator s'of coupler installed under wedge in Pulse height 0 MHz->1 Puisewidths >20 ns Excel ent nose mmunity. As for Case |
existing windings ooposite wr gap bur clos- | amalyzer willy GHy (emsor) | comsideered 16 be Response limited 1o vns skt m
et ¢ pulse phase capa 30 800 MMz noise, Can discrimi Requires rotor removal for sen | T8 m
air gap ber and hack bar, where at leastone | bility, as in Cese |- (detectar’. nate betwaen pulses stal 1o,
bar isin @ linc cad positior. travcling from cud IF g cooled, requires penstra- | [B46], (B47),
windings foward slat | £.0n of gas seal [BA0] [R6?|
[ and vice verss,
Applicabiliy.

S = synchronous concenser
M = moxer

40 ININIHNSYIN SHLCL 30INE ISM-TVIHL 3:
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Abstract

This paper presents a method for detection and analysis of partial
discharge signals in generator 21 kV for preventive maintenance
planning. In this study were performed at the combined cycle power
plant of Ratchaburi Power Co., Ltd., where the generator has installed
the partial discharge sensors. The signals were measured and collected
using a high speed oscilloscope module with data acquisition. The data
is analyzed and compared with the results obtained from the standard
instrument Turbine Generator Analyzer — Bus Coupler, TGA-B. As the
results, it is found that the partial discharge signals can be captured with
the proposed method and the analyzed results tend to be the same as

results obtained from the standard instrument.

Keywords:  Partial discharge signals, PD sensor, High speed

oscilloscope

%
1. wnin
F -~
vinadanmdenisveuaseiuiia i dszunw 20% ifia
d 43 : 238
nnlgfinuinvesaames ¥annsoaiiveeu ldlasmaaans
Partial Discharge Monitoring a2 UWHA¥ dNY0In15AAA 4150
’ P I TS 4
v haieuiuiia iniu fie madeuanmdieanuion ms
a dy ia o ocd : b
maounuIvi 1a msnaedivesvaadn ¥esinszvamaly
eane uazarwanydsnlulawaain
yiumaTuTadlunsasiniadaminnedmuunimiiei
LY YR ) oy ; 3
fivawisd2iu i n15a3293AA 0 Capacitor Couplers, 115A597A
#109% RECT (Radio Frequency Current Transformer) [1] #agnis
a 4 7! I RO
S srausouisesndlur anvatsgluuudaeiu i ms
iﬂﬂzﬁjﬂuuu PRPDP (Phase Resolved Partial Discharge Pattern) 1’"
g aesiia azanuiidudde wilannuvingTaediivszavnisal
5 P
[2) wazds ldfinmiannTsunsudmdn Sannsawlanagluuy
a g . = 3 o Il A
wowayianeaaulndiganiv niuiinnuunuie eI
iamnaTgINEna 3] uazdilimaaevaaanimedmly
" v1a e, -
wnadaus s g lunse s uiia lvihdrema TuTal Gvel (Global

Fop W z
Vacuum Pressure Impregnation) #3133 512¥ fayariniiuTlay

s
ol o
HIATHH 1EC60270 [4] 'uanmnﬁuqﬁtmmﬁamumipu IGA-B
( Turbine Generator Analyzer — Bus Coupler) ¥4 VIEN RIS TIN5
a 2 aa A o a <
AATIEHNWADANIATANITUNIAINNAVOIVAAIATAIADIUDY
A < i
inFosridia I 1as1435 VAR (Vector Autoregressive) [S] #an13
y
Fnsedaguariizrs i munnwrunihpinmie
a F a pe "
iﬂulk‘lﬂlﬁ'I‘Uﬂfl'l‘)ﬁ)5lﬂlailﬂfﬂlf;1luﬁlhhv'l lnu‘luﬁawann

thjsimaauaar nazgsmmsaviiawig lddewiinnudeniess
a X 4 o 9 oo AGys o L og s
wady Tsshlfmasamnamdeuinmf laimidadudures
o a g y 4 -
waziin1sAsiada v iwsduvensesiuiia b uas 14
i a o~ = 3
A30311873AINATIIM TGA-B 01 UHM IRIS W13 Tnsresd il
£ ey T TN 1
az 2 ais vazdialdielumaaineaudazais Snivdessenans

= s = o Loaya 4 =
AUATICHUDIVIEN ﬁ"lﬂlﬁﬂ_‘l-!ﬂﬂ“lﬂﬂﬂ’]1“?[1!1%117‘1!117?"1‘}4 RLEE)

149



arndudygramafadanfivndiu Taelfesatalaalny

o oo wog g & g gy vy 3 o g
ANULIITIIIVNUFAVANY TR R Lwﬂ‘lwvlﬂwyﬁmmm‘ﬂma'ww

Ayl

a 5
X NYHHUEETHANMI
oo ¢ ' Ao o

21 nufadmiansalsasestiialilvh

Tamnlnfudalun uanuna Stator Winding 125 Tnsa19 90080
zungdadiinedlunisaduiia i unioandfnn dalwsa

i ; 3

pImatu e 1 T dWousadurnansnainia lidan
Asou Iwsea1mAle 134031 3 K¥/mm (VairDaid) 12HANIILUTD

s :
aitumoluInsanime saglf 1 uazlunng 1 lufaesifiams

gy ey w -
wsna1i 2 afs Gendyingmizalfihmisinedyymdanis
o fio mstaurnnadfaanmmnsi b Ty
3, & o o '
awrnTasswdumarlumaduauon TavvasAdussduannion
TusammiaGeond “naemenie” uazvazninsammaians
. 5 G :

wenmad Band1 mamsAariia” desfanagnafiuuin uas

F i & " we .
gnafusy vnsusaauglnivamiin uazvzdluduilleaea

. g y - . 4 = o
aunmias AT umzudln wiaqunhinu e famsdumal [5-6]

Ea

=3 Breakdown of vaid

717 1 A17LAR Breskdown lu TnTateadiave a0 n 17

e
3. NIRANHT

20 o

w3 swafned dada duTsaddmeraunnudauia

A =

A S O Y -
waagluiud dandanyyd Tidamawdayaunidu 1,400 ny Jad
Taowisaoniily 2 udion Tasfiudazuian tunalsena udio Gas

3
Turbine 2 gU# DY Steam Turbine 1 gUA saunanuands vidn

= z & & P
FIFYINUIDT INA MLﬂiEdﬂHuﬂuL'fdﬁ'm\iﬂhﬂ SQHW uLﬂﬂ'll'l‘l'l‘lrﬂi

i
Fasagunsals nadudyaraiamivuidouue |S POWER
ENGINEERING, INC. 11l 015 AR 189055 Capacttor Couplers 4111

=

Direction 2PD /Phase G‘fd;ﬂﬂ £

[20matazm]
Seloy PT Cublele  €— [} Breoker
=" [

60 pf cz

P60 pF

& sume Length —

317 2 mshad

W11 Direction 2ZPD SensorPhase
3.1 YuneumsAndiginseingiaTa P

msﬁﬂ!ﬁ”&qﬂnsEsfmwi’ﬂﬁrgigmﬁmﬁwwfhwm RIS
POWER ENGINEERING, INC wz1lsznoudag 3 doundnm fin

1)  Partial Discharge Sensor senouday High Volt Cable &
EMCs (Epoxy Mica Capacitors) e 189119 ﬁuﬂéﬁuuﬂﬁuum’wﬁ
1 Capacitance whrufa 80pF ﬁdgﬂﬁ 3

2 Teminal Box Wlugafihirioailasaums g lldoia ia
ey 18 101U Termina Box a8 HumiraasBiinnsafingd
Asznnudas uraaasd i uFARY Resistor 9110 1,500 To¥w, 0.5
S BTl a0 6 A Vatistor U117 90V §1191 640 upz BNC
Jack $1ua1 6 yadagalfi 4

3)  Partial Discharge Analyzer Y3$naudan 2 daundng fio
Lﬂ%ﬂ dndnuin 93 14 TGA-B (Turbine Generator Analyzer — Bus
Coupler) lmxmwﬁﬂmiaﬂ;’d Capacitor couplers 11U DHrectional 2PTr
Sensor/Phase ﬁdnﬁaﬂwﬂ%\ﬂ iy 2 PD Sensor/Phase 1}1.] dinfu
Generator 7 Lead 131 TPB w30 NPB msfianassozr1a35eM3na PD
Sensor 92#0 4% 1374 sl 0 9N 31 2 Luny TAs PD Sensor €1 41U M
(Machine} a3 faRaIng Generator Elﬁ’mnf"‘rqn U@z PD Sensor C2
A1 8 (Syatem) Annariianan c1 lidleand1 2 ey udlinasdu
20wms wzessh I a o dae e, Coaxdal Cable Samusaun
Gl s A Tmmnaneudyanad a8 SaiuSEmsdradaao
sunauTag 14T Delay Time 5817914 PD Sensor €1 uaz €2 Taiving
1915 ns TnednlianeidamIal Coaxial Cable C1 uas C2HA01u
i ilafidyy i PD HAT 111910 Generator Ay PD 93
11714 PD Sensor C1 NOUUEIRINIT PD Sensor €2 i Taeninany
Tieondr e Faniaailodn 1185511 (TGA-B) awisasuidn
ﬁ'Eyigwﬁ"lﬁ’%'m}”ummmi”m Generator 18 2D AiAnduuvmaiely
Generator TABRE Anati11Aia el oufioun Voltage Reference
Tugasuasymvafinld Tatm3AnA 1R Gas Tarbine 1887 Steam

Tutbine $1149% 6 ¥R #1381d

150



7175 () TeailedaInTg i TGAB (1) Teaiedan ldlua T

4. TunpumInagou

w PUBEIPN a3 @ w v = 2
wmvmw"lnmluunﬁmnmdqﬂnimmiwwmgrywnﬁmw

P

. S P ¥ v oo ) 2o v v
vradamily FYUIDGUTINNUIENTIFYIINNINT 3INA 1a

Aufiumsiddoanginsdaunsiinnsifasnioadieda
UMM IFIU TGA-B (Turbine Generator Analyzer-Bus Coupler) Ui ify
FoyniioTinnetdyaasumaagili 5 () dandesdonindi S
winadefiimiamdunzea inunidiielddsimiautigala
Tuszosian 17 winaiufia I wdasdaes Imsdin e doya

=

- 3 3 9, AR =,
Une 2 n5a Fadlgiwlumsnsodaudnsn e Snnsde ssonams
s s s v R )
Ainsrziunan dn Ao i lididelanaulafiviimsinuims
V. sk >0 \} Pl WS
nsndudygramaisfamdiundan lumsinuuiinaduiinidy
18145 Tugae oada Taa Tnunami$aga §u NIPXle - 5160 (2.5GS/s,
10-Bits Digitizer) $9U 7V ¥R UT 018 (Data Acquisition, DAQ)
W S = ), ; 3
dmfunisdauaziufindyyianisiia PD faanagyii 5 (1) e
r ; \
Sianzidoyadadunndyanaila thmnRsufvuiwasaails

Sammsg s iinti B seiaFeudfeudaly

5. wamimﬂauummﬁmﬂzﬁ

A Vs n Y. = s _a 2
vn«mm:pwvlnmmswmmmmmﬂmnmnmsmﬂnmnﬂ
& o

¥ P
vudruvounioasudia i wmannii1dimadane Capacitor

Couplers ilszozniiauds amnsansndudygafanimdy
47 Steam Turbine 10 flar A Fouanaluzilil 67 uazandaynuns
IRIS POWER ENGINEERING,INC. 1 imsagddnyazianie
gﬂuuwuadmitﬁnﬁ'ﬁgigmﬁmﬁwudauﬁ'qf: [8]
D dyanadandaadaedatufiyy 450 wie 2250 Suep f
1HnTURUINUD A Stator Winding Generator
2) zi“Utgmﬁmﬁnmuhmﬁnﬁuﬁn‘n 15°, 75 ,195° 13 n 255°

$hu PD %7in Phase to Phase #39 End Winding

3) ﬂtgrg1mnmnﬁmm'aulﬁnﬁuﬁqn oo 3o 150° JuPD

D

iHnTu Ny Electrical Connection UNWID4

5.1 WA INATDUAIMAS Dl BN INTF M
nndayansnuwamsiingzimadadanimediu dd
1739481921 35114910 IRIS POWER ENGINEERING,INC. 1iadufi

w & W, = & W P < I
24 NUNIMUB 2017 ?NEIJVI 6 "nqwnwmmsmmqﬂnmm’mm

2 ;
dyaraaandyarei 2015 19T o510 RIS POWER
P ;
ENGINEERING, INC. ldd nfiumsifudoyanausnlu Sufi s
- 5 SRS A
n3ngan 2016 Tnamssiwsaun livunnufiadnduvsansoeiuiia
Inldh damnsafinadldduiumafudeyaluiuf 6 puanius 2017
J i T e
wuanuindnfvesdyaaianiediniuiivdag A nadin
», Pooa awe o A e A R
1w aef $1nn TedTnsnawus suiumefingitouasnis
#2UM 1 IRIS POWER ENGINEERING, INC. 319zA aalimsifudaya
duEuiion nugnaea Tneldmuams Tusud 24 nuaniug 2017
v NI ova 4 o ST v D
I8vhmsasavdaunsiufintoyainas wuhdsdinnufindnfuns
msfadyanadaniinedndiniaaduiinliib 7 uazanms
= ; 5 o Uca il
Finnzdtayanuyuiaraadyanamsfisnaniviu fiatudi
) N
v 90° umz 270° vaua A FayudafiAaduniu lidulue

FnuazmmzIa g umsfinaarinnadoy

& Y o I3

52 llﬁﬂﬂﬂﬁfﬂT'Jﬂﬂﬂﬂﬂﬂﬂ”]‘ﬁiﬁﬁiﬂﬂﬂ?'luﬁﬁgﬂ

namsdadyanamsiindanisudiuais ooadalaaTnyd
awSage Tudud 24 pumitug 2017 Aaanagli 7 (n) Taevims
p, ; 2
Aarmdnnmadusndadyane (Sampling rate) i 100M/s uazAan

[ 2 5 B
MsBuRI9s1ad YN (Sample to read) i SM wudyamfiayn
oy v | a3 ;
Aadudigy o° vsana A uazHatugiunng 1 lufia Faduyud
unnmIndnE ARt dums Fadyanafamivnadou

nnmzimedyanasang 1 ifudanuduanigi 7 () ez
il hd i ad i System Hr1g4n31M19811 Machine Tnol)

' 2o 2 :
11 Delay time 1583180 11 ne uazdygrafiialulnnd 25 MHz

o &

D Siad e s s i .
Fafunnwifdasglusasadygasunoy Watheamsiinsed
AldhluSsufeunvinisadiadamna sy wuhiiwamsiinszdll

TufimmaRgany

151



Kl -
i ! E
} 7

ovore A et
103 s Fynpudmfsudnfinssedskannd oaeTamsg
TGA-B at Steam Tusbine 10 Phase A (7]

)
77 Symedends st nidoiieing i

oA 2t e
Turbine 10 50 (n) m31fn PD ?'n(u 0* unz (%) DINYEION TR PD

6. apl

sinmsfnumsznagoumafindyaudnai suadauly
indpariufialrdafing 21 kv #2058n15R AR UMY Directional 2 PD
Sensor/Phase at Gas Terbmne & Steam Turbine 1200 145 mana ia
FyanaAa i a1 2u i Stean Tabine 10 nindesdoFauy
vinsgsiudyuidanizdia 2 fiyw so° uoy 270° §ama wis
POWER ENGINEERING, INC. I n gl doyndant i dwsumsifia
fumniemgduudaing s T8 s Finvaemaiin
AT W IURINEN Y HARIN Open sir are #3D Corona [$] oz
donfoufounens Sndyyims mnd vsiloSnoads TeaTnd
aaudags Fuhatufiys o0 sullunadosnonquxinung
Capasitor 1oad unazus I fres i s adndd uys so0
010 BMC Reference (9] 188 douuzsh lifimaidauzuislaty oo0
mumguf] Anfulemnuaoaglidh yuesmafiasnnisinedou
Adn TR myadansziufonsfii s duspdodudumsms
Gnnefamindoaodauins g Aoy sor ups 270° un:lﬁy:ﬂmﬁ‘
dadusinnnd 25 Mz #uﬂumwﬁﬁi’nng’lus’wwﬁmw m
sunau ninsaagURing uaRa Wius mans oy dyapams

indnnd sndoudaogasannstuiions i uausifumse
sl maumumsnsasaoudamsdoadosrs gl Sssaiiu
535 lisudou psdm v Wi msgainyuialoeiu
oz nseasnoundms Windoado Fumma g museoa
il Bniasranne Tums i doye 88ndas Tudidy
dolumavidnsm@oane? diia Sumsaudmiviunou
Shutdown Minor Inspection WEN1391NURI IOV IHAMIINA
Arndansdnonnissidia i luginsahilsznouuazdau
Aol

1DNmID D

(1) unAINg WRMAY uB SR 20n8a *minsdvanmthiany
mstnRasndswnd e undoaiidia Ifinsuaaduuuy
F3Tnadw uM M 1575 KV 211,75 MVA” The 31" Electrical
Engineening Conference (EECON-31),

[2] G.Ujvan, etal, “Partial Discharge Pattem Recognition Algonthm
for Tubo Gemerator Monitoring”  5° IEEE International
Symposium on Dmgnostics for Electnc Machmes, Power
Electromics and Drives, Sept 2005,

[3] Gent Pascoli, et al, ™ Partial Discharge Diagnosis of Generator

Insul. System-M: l and Picture
Recognition” 1EEE 1 1 Symgp on Diags for
Electric Machines, Power Electrical and Drives, Sept 2007,

[4) P. G. S. Kumar, et al, " Partial Discharge in Stator Winding
Insulation of Turbine G A case study and remedies” ,
International Conference on Power and Energy System, Dec 2011,

[5] Djoko Darwanto, et al, " Statistical analysis of partial discharge

& of of
geothermal power plant”  1EEE Internstional Conference on
Condibon Momtonng and Diagnosts, Dec 2011,

[6) Hee-Sang Shin, et 8l, “ A study on pertial discharge signals and
stator ngs” &

& Exp Asia, Oct 2009,

[7) Power Testing Product “Partial Dischange Report” 24 Feb 2017,

(8] RIS POWER. PD Seminar -~ Module 1: Basic PD Theory,
Detection and Charadtenstics,

[9] RIS POWER PD Seminar = Module 4: Data Collection Using
TGA/PDA-IV Instruments.

(10} TEEE 1434:2014, “IEEE Guide for the Measurement of Partial

for pr

nowses at on-hne
Distribution €.

Dizcharges in AC Electrical Machnery.”
[11] G.C. Stone et al, “On-line Partial Discharge Measurement in
Hydrogen-cooled Machines”, IEEE EIC Conference, June, 2016.

152



(RIk)BUIREN) o® Untw LIM]RELULBENLUELULALIERAENELU o® ety LMAM]RELULBEMLULLULALIERAENELY

LIAM{IELEULBEMLIASLULALIRULITIURLIL IELEWANLISELEMRLYELURELURTBUNLEAEN MLMOCLLUMNELURMIBRLEREN
LWNAUL rEUge'ey RELELEBILDEE sbnsee SRpmes peLeLLvpLBbEE UDLLLBAR] LELU) LY RELELEVELRLA]
ehinser g < 5)
.(Wﬂ«.«r ~ B

BULE LCLILMINALELALNBERIEELMELRLEYILLIMEMLIM]BE] U
LMM]SIHLUBBEVILAUBIBEU AY T2 BUMLIAM]BTHLUNCLUIRIMLIRLALLALETELIBIUENLELLVELY
BEE

%
O AbLY LIAM]IELEULBEILLELULALIERZEMELUM]MLDEMBEILILY,
famifsh, fsfagenun
LebuBTeMIL A neunBLRYINGIER
LML YMAEMLBUIEEREMBE] M YIMIBSLRAL LI
OGP MALULKEM 90-PO UIELMLLKRE
b
(0Ov-NOD33) o> _.w_,v»m@ LAMIIEEEULBERLILELULRLERZERELU

153



=-
<
)
=

€

Q)
=
Sp

au 1ina

=h.
[«9)
2 e®.

MIANH

d o
ﬂﬁgﬁuﬂ1§mﬂ1§‘n1ﬂ1u

A Y A
sz InEIveu

@ <
Wy Yy

28 TIHIAY 2520
106 %3] 3 §10AM131U SUNBIIDI 31513 70000
o a3 = = o a = g a o w
dusemsanelszmetisinsdmndnaugs awndan s
a 2 a S A
MeaumMANAIIYYT U WA 2540
o < a v A
dUTIMIANHIAINTTUANAATUDNA
a1 Isnssy lldhmaa

a v = =
unINeaeaTUNy I w.a. 2556
o < a v A
dUTIMIANHIIAINTTUFNAATUMITUNA
a1 asnssu i
umIneama luTagsyuanasyls U w.a. 2560
WA, 2550-W.A. 2561 HHUNTEVUUTMITNUIAUIATOAL
11795NB1 NOINAIIATFIUNUALATOWAZIIFIT Y

Tl fhetlszansmwmanan ms Iiidhenaauialszmer

a oA o { A o = d o w
Ine UquiRaulsgdnussnaimines fina



	หน้าปกนอก
	หน้าปกใน
	หน้าอนุมัติ
	บทคัดย่อ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1
	บทที่ 2
	บทที่ 3

	บทที่ 4

	บทที่ 5

	บรรณานุกรม
	ภาคผนวก
	ภาคผนวก ก
	ภาคผนวก ข

	ภาคผนวก ค

	ภาคผนวก ง


	ประวัติผู้เขียน

