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ON-LINE CONDITION MONITORING TOOLS

FOR LARGE TURBINE GENERATORS

Don Rose (AUS), Mal Park (AUS)

QUESTIONNAIRE 95-1 REPORT
Introduction:
A large number of on-line monitoring systems are now available or becoming available for turbine-generators.  Increasingly these systems are being seen as tools to help plan and minimise maintenance outages and to recognise developing failures in time to take corrective action.

This questionnaire sought first to define as many systems as could be recognised as applicable to hydrogen cooled generators with water cooled stator conductors, and then to determine the level of reliability, usefulness, acceptability and degree of present and likely future application in relation to each system.  Views were also sought on whether any of the systems posed a degree of risk to the machine.  Lastly, scope was allowed for addition of systems not included in the list and suggestions on the likely or appropriate direction for future developments.

Responses:

A total of 11 responses were received and were from United States of America, United Kingdom, Switzerland, Japan, Italy, France, Finland, China, Canada, Austria and Australia.

A definition is given below in relation to each of 20 on-line systems identified in the questionnaire.

A statement of each question is then given and the answers set out in tables and/or summarised as appropriate.

COMMENTS AND NOTES:

1. The replies given to questions 7 and 8 regarding cost/benefit indicate that the perception of benefits to be gained covers a wider range of systems than those where it is regarded to have been demonstrated.  This presumably reflects ongoing systems development so that benefits will change from “perceived” to “demonstrated” as in-service experience is gained.

2. Generator transient fault recorders were not treated as part of this questionnaire.  However, note should be taken of their increasing acceptance and of their usefulness in resolving disputes between generating and grid companies, particularly given the nature of current world-wide ownership restructuring.

3. It is reiterated that the perception of risk to the machine posed by some of the monitoring systems (question 12) was essentially a minority viewpoint.  The weight of the 11 responses received indicated little or negligible perceived risk.

4. Mitsubishi presented a paper to the 1997 Japan Colloquium detailing a stator winding partial discharge monitoring system in which readings are derived from resistance temperature detector circuits.  This has not been included in this questionnaire survey, having only recently been developed.  However the device, if successfully developed commercially, would appear to offer advantages in terms of reading discharges in both the upper and lower winding layer, and of using equipment already installed in the generator.

Definitions:

1. GENERATOR CONDITION MONITOR (GCM): A device, which analyses the hydrogen coolant to detect products of thermal decomposition of generator internal components.

2. GENERATOR CONDITION MONITOR PLUS: A GCM together with a range of tagging compounds applied to machine components.  Requires off-line analysis to differentiate the tagging compounds released into the hydrogen due to overheating.

3. SHAFT GROUNDING MONITOR: A device that measures shaft voltages and the currents associated with the machine-grounding device.  The purpose is to detect any loss of grounding or loss of integrity in shaft insulation.

4. STATOR SLOT (PARTIAL DISCHARGE) COUPLER: Extremely broad - band antenna device (10MHz to 1000MHz approximately) installed in a selected number of stator slots at the line end.  The purpose is the highly selective detection/measurement of high frequency stator winding discharges.

5. RADIO FREQUENCY (PARTIAL DISCHARGE) MONITOR TYPE 1 (RFM):  A radio frequency monitoring device (10kHz to as high as 30MHz) connected using a coupling transformer to the neutral end stator connections.  The purpose is to detect stator winding insulation discharges.

6. RADIO FREQUENCY (PARTIAL DISCHARGE) MONITOR TYPE 2 (RFCC2):  A radio-frequency monitoring device connected using coupling capacitors to the generator high voltage terminals.

7. RADIO FREQUENCY (PARTIAL DISCHARGE) MONITOR TYPE 3 (RFCC3):  A radio frequency monitoring device connected by coupling capacitors to the generator phase isolated busbars.

8. ROTOR SHORTED TURNS DETECTOR: A device installed in the stator at the air gap surface that detects the rotor pattern of magnetic rotation.  The purpose is to determine the presence of rotor winding faults from any irregularity in the magnetic pattern.

9. SHAFT TORSIONAL OSCILLATION MONITOR: A device to evaluate shaft fatigue due to sudden load changes, mal-synchronisation, electrical faults in transmission network etc.

10. BRUSH CONDITION MONITOR: A device to measure the voltage drop between slip rings and brushes for the purpose of monitoring brush/slip ring condition.  Some forms of monitor may measure a wider range of parameters such as brush temperature, brush movement, slip-ring surface orbit together with ambient temperature and humidity.

11. STATOR ENDWINDING VIBRATION MONITOR: A device using optical sensors or accelerometers to measure and monitor end-winding system vibration.

12. HYDROGEN DEW-POINT MONITOR: A device that measures moisture content in coolant hydrogen and expresses it as dew point.  Used as an operational/maintenance aid for ensuring hydrogen dryness.

13. STATOR COOLING WATER (SCW) CONDUCTIVITY CELL: A device for monitoring the purity of stator cooling water by measuring its electrical conductivity.

14. STATOR CORE/FRAME (SCF) VIBRATION MONITOR: An accelerometer (or similar) device connected to the core/frame for vibration measurement - for example, may detect loosening of components or structural deterioration.

15. AUDIO DETECTOR - STATOR CORE LAMINATION VIBRATION: An audio device for identifying vibration in stator core laminations caused by looseness.

16. HYDROGEN MAKE-UP RATE MONITOR: A sensor system which determines the degree of hydrogen coolant loss due to absorption into the hydrogen seal oil, into stator water due to leaks in the stator winding, or leaks in the stator casing.

17. HYDROGEN INTO WATER LEAKAGE MONITOR: A device for measuring the rate of leakage of generator hydrogen coolant into stator water coolant.

18. HYDROGEN PURITY ANALYSER: A device for detecting the presence of impurity gases in hydrogen coolant.

19. BEARING JOURNAL VIBRATION (ORBIT) ANALYSER: A system of dual probes mounted on each bearing of a turbine - generator set for the purpose of diagnosing vibration problems by observing the nature and magnitude of the shaft orbit and mean position.

20. DIODE BREAKDOWN DETECTOR:  A device for detecting failure of diodes in a machine with brushless excitation by identifying irregularities in the field flux pattern.  The system has the purpose of monitoring the integrity of the rotor winding particularly in regard to over-temperature as well as the diodes themselves.

QUESTION 1: Does the system yield significant information not otherwise easily obtainable or as relevant?

	
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switz
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	2
	Generator Condition Monitor Plus
	Yes
	-
	-
	-
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	3
	Generator Shaft Grounding Monitor
	Yes
	Yes
	Yes
	Yes
	Yes
	N
	Yes
	Yes
	N
	Yes
	Yes
	

	4
	Stator Slot Coupler
	Yes
	Yes
	N
	Yes
	N
	N
	N
	Yes
	Yes
	Yes
	Yes
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	Yes
	-
	Yes
	-
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	Yes
	-
	Yes
	-
	Yes
	Yes
	-
	Yes
	Yes
	Yes
	Yes
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	Yes
	-
	-
	-
	Yes
	Yes
	-
	Yes
	Yes
	Yes
	Yes
	

	8
	Rotor Shorted Turns Detector
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	-
	Yes
	Yes
	Yes
	Yes
	

	9
	Shaft Torsional Oscillation Monitor
	Yes
	Yes
	Yes
	-
	Yes
	Yes
	Yes
	Yes
	N
	N
	Yes
	

	10
	Brush Condition Monitor
	-
	Yes
	Yes
	-
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	

	11
	Stator End-winding Vibration Monitor
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	N
	Yes
	N
	Yes
	Yes
	

	12
	Hydrogen Dew-point Monitor
	Yes
	N
	Yes
	Yes
	N
	N
	Yes
	Yes
	Yes
	Yes
	Yes
	

	13
	SCW Conductivity Cell
	Yes
	N
	Yes
	Yes
	N
	N
	N
	Yes
	N
	Yes
	Yes
	

	14
	SCF Vibration Monitor
	-
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	-
	Yes
	

	15
	Audio Detector - Stator Core Lamination Vibration
	-
	Yes
	-
	-
	?
	Yes
	Yes
	Yes
	Yes
	-
	N
	

	16
	Hydrogen make-up Rate Monitor
	N
	Yes
	Yes
	-
	No
	Yes
	Yes
	N
	Yes
	N
	Yes
	

	17
	Hydrogen into Water Leakage Monitor
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	N
	Yes
	Yes
	Yes
	

	18
	Hydrogen Analyser
	Yes
	N
	Yes
	Yes
	No
	Yes
	N
	Yes
	-
	Yes
	Yes
	

	19
	Bearing Vibration (Orbit) Analyser
	-
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	N
	Yes
	YES
	

	20
	Diode Breakdown Detector (Brushless Machine)
	N/A
	Yes
	Yes
	-
	N
	N
	-
	Yes
	-
	-
	Yes
	


QUESTION 2: Is the device highly reliable or only moderately reliable in its own right?

	NO.
	SYSTEM
	COUNTRY

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan

	1
	Generator Condition Monitor
	m
	m
	HIGH
	m
	m
	HIGH
	m
	m
	HIGH
	m
	m

	2
	Generator Condition Monitor Plus
	m
	-
	m
	-
	m
	HIGH
	m
	HIGH
	-
	-
	m

	3
	Generator Shaft Grounding Monitor
	m
	HIGH
	HIGH
	HIGH
	HIGH
	m
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH

	4
	Stator Slot Coupler
	HIGH
	HIGH
	m
	HIGH
	m
	m
	-
	HIGH
	m
	HIGH
	m

	5
	Radio Frequency Monitor Type 1 (RFM)
	HIGH
	-
	HIGH
	-
	m
	m
	m
	HIGH
	m
	m
	m

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	HIGH
	-
	HIGH
	-
	m
	m
	-
	HIGH
	m
	m
	m

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	HIGH
	-
	-
	-
	m
	m
	-
	HIGH
	m
	m
	m

	8
	Rotor Shorted Turns Detector
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	m
	HIGH
	HIGH
	HIGH
	HIGH

	9
	Shaft Torsional Oscillation Monitor
	HIGH
	HIGH
	HIGH
	-
	m
	m
	HIGH
	HIGH
	HIGH
	-
	HIGH

	10
	Brush Condition Monitor
	-
	HIGH
	HIGH
	-
	m
	m
	HIGH
	HIGH
	-
	m
	HIGH

	11
	Stator End-winding Vibration Monitor
	m
	HIGH
	HIGH
	-
	HIGH
	HIGH
	m
	HIGH
	HIGH
	m
	HIGH

	12
	Hydrogen Dew-point Monitor
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH

	13
	SCW Conductivity Cell
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	-
	HIGH
	HIGH

	14
	SCF Vibration Monitor
	-
	HIGH
	HIGH
	-
	m
	m
	HIGH
	HIGH
	-
	-
	HIGH

	15
	Audio Detector - Stator Core Lamination Vibration
	-
	-
	-
	-
	m
	m
	-
	-
	HIGH
	-
	HIGH

	16
	Hydrogen Make-Up Rate Monitor
	m
	HIGH
	HIGH
	-
	HIGH
	HIGH
	-
	HIGH
	-
	HIGH
	HIGH

	17
	Hydrogen into Water Leakage Monitor
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	-
	m

	18
	Hydrogen Analyser
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	-
	-
	-
	HIGH

	19
	Bearing Vibration (Orbit) Analyser
	-
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH

	20
	Diode Breakdown Detector (Brushless Machine)
	-
	HIGH
	HIGH
	-
	HIGH
	HIGH
	HIGH
	-
	-
	-
	HIGH


M = moderate
High = High
- = no significance experience

QUESTION 3 - For any device considered only moderately reliable what other on-line indication would improve reliability if read concurrently?

In the case of most monitoring systems there was a consistency of opinion that there was no back-up on-line system, which would confer greater reliability.  However a number of suggestions were made as follows:

1.
It was considered that the Generator Condition Monitor (GCM) would benefit from the following:


a)
Add tagging compounds (United Kingdom, Canada, Italy, and Australia)


b)
Add stator bar and core temperatures (United Kingdom and France)


c)
Add stator ground fault detection (United States)


d)
Add rotor ground fault detection (United States)

2.
It was considered in the Swiss reply that Radio Frequency Monitor (RFM) Type 1 would benefit if backed up by RFM Type 2 and vice versa.

3.
In the French reply, it was considered that the Brush Condition Monitor would benefit from InfraRed Brush Ring Temperature Detection.

4.
The Japanese considered Hydrogen into Water leakage monitors would benefit from improvements in the accuracy of metering small quantities

QUESTION 4: What is number of machines presently fitted, which are 100-250 MW, and of any age?

 (Schedule 1 of 2)

	NO.
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	25
	-
	-
	0
	-
	-
	28
	0
	-
	0
	0
	

	2
	Generator Condition Monitor Plus
	0
	-
	-
	-
	-
	-
	-
	0
	-
	0
	0
	

	3
	Generator Shaft Grounding Monitor
	0
	-
	-
	1
	-
	-
	-
	0
	-
	0
	0
	

	4
	Stator Slot Coupler
	0
	-
	-
	1
	-
	-
	-
	2
	-
	0
	0
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	1
	-
	-
	-
	-
	-
	-
	0
	-
	0
	0
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	3
	2
	-
	-
	-
	2
	-
	0
	-
	0
	0
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	1
	-
	-
	-
	-
	-
	-
	0
	-
	0
	0
	

	8
	Rotor Shorted Turns Detector
	4
	9
	-
	0
	-
	-
	-
	2
	-
	8
	0
	

	9
	Shaft Torsional Oscillation Monitor
	1
	-
	-
	-
	-
	-
	4
	0
	-
	0
	0
	

	10
	Brush Condition Monitor
	0
	-
	-
	-
	-
	-
	-
	0
	-
	0
	6
	

	11
	Stator End-winding Vibration Monitor
	0
	-
	-
	0
	1
	-
	-
	0
	-
	0
	0
	

	12
	Hydrogen Dew-point Monitor
	0
	4
	-
	3
	-
	-
	100
	3
	-
	8
	0
	

	13
	SCW Conductivity Cell
	50
	-
	-
	3
	13
	5
	159
	0
	-
	8
	0
	

	14
	SCF Vibration Monitor
	0
	-
	-
	-
	9
	-
	-
	1
	-
	0
	0
	

	15
	Audio Detector - Stator Core Lamination Vibration
	0
	-
	-
	-
	-
	-
	-
	0
	-
	0
	0
	

	16
	Hydrogen Make-Up Rate Monitor
	0
	-
	-
	-
	-
	-
	-
	7
	-
	0
	0
	

	17
	Hydrogen into Water Leakage Monitor
	3
	-
	-
	0
	5
	4
	159
	0
	-
	8
	0
	

	18
	Hydrogen Analyser
	50
	4
	-
	3
	26
	5
	159
	0
	-
	0
	132
	

	19
	Bearing Vibration (Orbit) Analyser
	0
	16
	-
	0
	-
	5
	-
	0
	-
	0
	142
	

	20
	Diode Breakdown Detector (Brushless Machine)
	0
	-
	-
	-
	-
	-
	-
	0
	-
	0
	40
	

	
	TOTAL SAMPLE NUMBER
	750
	16
	-
	3
	26
	5
	206
	7
	-
	8
	142
	


QUESTION 4:   What is number of machines presently fitted which are 251MW or larger of any age?
          (Schedule 2 of 2)

	NO.
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	225
	19
	-
	8
	1
	2
	61
	28
	-
	8
	1
	

	2
	Generator Condition Monitor Plus
	0
	0
	-
	0
	0
	1
	0
	4
	-
	0
	0
	

	3
	Generator Shaft Grounding Monitor
	30
	0
	-
	10
	50
	1
	36
	16
	-
	20
	0
	

	4
	Stator Slot Coupler
	0
	0
	-
	0
	0
	0
	0
	18
	-
	4
	0
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	5
	0
	-
	0
	2
	0
	10
	0
	-
	4
	0
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	5
	0
	-
	0
	0
	0
	0
	0
	-
	0
	0
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	1
	0
	-
	0
	0
	0
	0
	0
	-
	0
	0
	

	8
	Rotor Shorted Turns Detector
	85
	27
	-
	6
	57
	0
	2
	0
	-
	3
	0
	

	9
	Shaft Torsional Oscillation Monitor
	32
	0
	-
	0
	6
	2
	2
	0
	-
	0
	0
	

	10
	Brush Condition Monitor
	0
	0
	-
	0
	0
	0
	0
	0
	-
	0
	13
	

	11
	Stator End-winding Vibration Monitor
	3
	4
	-
	1
	20
	0
	0
	0
	-
	6
	1
	

	12
	Hydrogen Dew-point Monitor
	2
	27
	-
	44
	46
	0
	90
	16
	-
	20
	0
	

	13
	SCW Conductivity Cell
	460
	27
	-
	44
	68
	3
	90
	38
	-
	20
	135
	

	14
	SCF Vibration Monitor
	0
	0
	-
	0
	0
	0
	0
	0
	-
	0
	0
	

	15
	Audio Detector - Stator Core Lamination Vibration
	0
	0
	-
	0
	0
	0
	0
	0
	-
	0
	0
	

	16
	Hydrogen Make-Up Rate Monitor
	2
	0
	-
	0
	0
	5
	0
	38
	-
	0
	0
	

	17
	Hydrogen into Water Leakage Monitor
	35
	27
	-
	20
	56
	1
	90
	30
	-
	20
	0
	

	18
	Hydrogen Analyser
	460
	6
	-
	44
	68
	5
	90
	0
	-
	0
	159
	

	19
	Bearing Vibration (Orbit) Analyser
	0
	27
	-
	11
	5
	7
	0
	4
	-
	2
	159
	

	20
	Diode Breakdown Detector (Brushless Machine)
	0
	0
	-
	0
	46
	2
	4
	0
	-
	0
	43
	

	
	TOTAL SAMPLE NUMBER
	575
	27
	-
	44
	68
	7
	105
	38
	-
	20
	159
	


QUESTION 5 - In respect of the same population of machines as analysed in Question 4, how many more machines are expected to be fitted in the next 5 years?

The majority of responses to this question indicated no plans or expectations for fitting on-line monitoring of any sort during the next 5 years, regardless of machine size and age.  The major exception to this was USA who indicated significant plans as follows, summarised for all machine sizes.

a) GCM
50

b) Shaft Grounding Monitor
15

c) RFM Types 1, 2 and 3
380

d) Rotor Shorted Turns Detector
115

e) Shaft Torsional Oscillation Monitor
4

f) End Winding Vibration
30

g) SCW Conductivity Cell
50

h) H2 Make-Up Rate
5

i) H2 Into Water Leakage Monitor 
125

Other significant 5 year programmes were:

France:

a) Stator End-Winding Vibration
46

b) RFM Detection
number to be decided

Canada:

a) Shaft Grounding Monitor
4

b) Stator Slot Coupler
10

c) Rotor Shorted Turns Detector
4

d) H2 Into Water Leakage
4

Australia:

a) Shaft Voltage Monitors
12

b) Stator Slot Couplers
14

c) Rotor Shorted Turns Detector
12

d) H2 Into Water Leakage
2

Perhaps a better guide to future intentions is given in relation to manufacturers’ policy and utility policy as tabulated for Questions 9 and 10.  Given the big changes in industry structure now occurring world-wide, planned installations may have to meet tighter and more short-term budget constraints than before.

QUESTION 6:  Briefly describe the types of generator failure for which the device might be expected to provide adequate warning:

In respect of each form of monitoring, the types of failure were:

1.
Generator Condition Monitoring:

	Core overheating

Hot spots
	Lamination failure

Stator insulation failure
	Rotor insulation failure

HV terminals overheating


2.
Generator Condition Monitor Plus:

	Core overheating

Hot spots
	Lamination failure

Stator insulation failure
	Rotor insulation failure

HV terminals overheating


3.
Shaft Grounding Monitor:

	Bearing insulation failure

Grounding brush failure
	Core failure

Damage due to discharge currents to bearings thrust pads, seals, worm drive
	Rotor turns failure

Excitation anomalies


4.
Stator Slot Coupler

	Stator winding/groundwall insulation deterioration/failure
	Loose stator slot wedges

Corona/PD activity
	Local insulation failure

Loose end-winding


5.
RFM Type 1

	Stator insulation failure

Groundwall ins’n failure
	Corona activity

End-winding discharge
	Strand breaks

Global deterioration


6 & 7
RFM Type 2 and Type 3

	Stator insulation failure

Groundwall ins’n failure
	Corona activity

Global deterioration
	


8.
Rotor Shorted Turns Detector

	Interturn insulation failure

Thermal induced vibration due to shorted turns
	Rotor earth fault

End-bell damage due to inter-turn short
	


9.
Shaft Torsional Oscillation Monitor

	Shaft ageing (fatigue)

Shaft cracks
	Sub-synchronous resonance

Unbalance
	


10.
Brush Condition Monitor

	Poor contact

Brush wear
	Brush overheating

Rotor earth fault
	Brush flashover


11.
Stator End Winding Vibration Monitor

	Wedge loosening

Stator bar fractures
	Connecting ring fractures

Stator winding failure
	End-winding cracking

Ground fault


12.
Hydrogen Dew-Point Monitor

	Rotor end-ring corrosion

Cooler failure
	Poor hydrogen quality

Gas drier failure
	


13.
SCW Conductivity Cell

	Stator earth fault

Deioniser failure
	Resin degradation

Hollow conductor clogging
	Teflon hose flashover

Water chemistry unbalance


14.
SCF Vibration Monitor

	Winding components loose

Back-of-core burning
	Core wearing or loosening

Support structure loose
	Core melting


15.
Audio Detector

	Lamination cracking

Stator core looseness
	Core failure

Lamination insulation loss
	


16.
Hydrogen Make-Up Rate Monitor

	Hydrogen leakage

Rotor seals leakage
	Casing and pipework leaks

Explosive gas mixture in generator
	


17.
Hydrogen into Water Leakage Monitor

	Hollow conductor clogging

Connection ring cracks
	Gasket failure

Stator  water leaks/wet bars
	Cracked conductor bars

Ground fault


18.
Hydrogen Analyser

	Explosive gas mix

Poor hydrogen purity
	Excess gas side seal oil flow

Local heating
	


19.
Bearing Vibration (Orbit) Analyser

	Shaft cracks or shaft bending

Rotor shorted turns
	Bearing instability

Rotating component failure
	Misalignment

Damage to seals


20.
Diode Breakdown Detector

	Diode short-circuit

Fuse failure
	Rectifier bridge arm failure

Avalanche flashover
	Exciter local heating


QUESTION 7: Is it perceived that the device will yield cost/benefit advantages from improved availability, forced outage rate, reduced maintenance or extended life?

	NO.
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	HIGH
	l
	m
	N
	l
	l
	HIGH
	l
	HIGH
	HIGH
	l
	

	2
	Generator Condition Monitor Plus
	l
	-
	-
	-
	l
	m
	-
	l
	HIGH
	-
	l
	

	3
	Generator Shaft Grounding Monitor
	m
	m
	HIGH
	N
	HIGH
	m
	m
	m
	l
	HIGH
	l
	

	4
	Stator Slot Coupler
	HIGH
	l
	l
	m
	l
	l
	m
	HIGH
	m
	m
	N
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	m
	-
	HIGH
	-
	l
	l
	m
	l
	m
	m
	N
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	m
	-
	HIGH
	-
	l
	l
	-
	l
	m
	m
	N
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	m
	-
	-
	-
	l
	l
	-
	l
	m
	m
	N
	

	8
	Rotor Shorted Turns Detector
	HIGH
	m
	l
	HIGH
	HIGH
	HIGH
	l
	m
	HIGH
	m
	HIGH
	

	9
	Shaft Torsional Oscillation Monitor
	l
	l
	l
	-
	l
	l
	l
	l
	-
	-
	l
	

	10
	Brush Condition Monitor
	-
	m
	HIGH
	-
	m
	m
	m
	m
	-
	-
	HIGH
	

	11
	Stator End-winding Vibration Monitor
	m
	m
	HIGH
	-
	HIGH
	l
	HIGH
	l
	-
	l
	l
	

	12
	Hydrogen Dew-point Monitor
	l
	HIGH
	HIGH
	HIGH
	l
	l
	HIGH
	l
	-
	l
	l
	

	13
	SCW Conductivity Cell
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	m
	HIGH
	HIGH
	-
	HIGH
	HIGH
	

	14
	SCF Vibration Monitor
	-
	l
	m
	-
	l
	l
	HIGH
	l
	m
	-
	l
	

	15
	Audio Detector - Stator Core Lamination Vibration
	-
	-
	-
	-
	l
	l
	m
	l
	m
	-
	l
	

	16
	Hydrogen Make-Up Rate Monitor
	l
	m
	HIGH
	-
	HIGH
	m
	HIGH
	m
	-
	l
	m
	

	17
	Hydrogen into Water Leakage Monitor
	HIGH
	HIGH
	HIGH
	HIGH
	HIGH
	m
	HIGH
	m
	-
	HIGH
	m
	

	18
	Hydrogen Analyser
	HIGH
	HIGH
	HIGH
	l
	HIGH
	HIGH
	m
	l
	-
	m
	HIGH
	

	19
	Bearing Vibration (Orbit) Analyser
	-
	HIGH
	HIGH
	HIGH
	m
	HIGH
	m
	m
	-
	m
	HIGH
	

	20
	Diode Breakdown Detector (Brushless Machine)
	-
	HIGH
	m
	-
	HIGH
	l
	m
	m
	-
	-
	m
	


HIGH    =    high
   m       =    medium    l        =    low       
   N       =    none

QUESTION 8:  Does any past experience prove the device to be cost/beneficial?

	NO.
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	YES
	-
	n
	n
	n
	n
	-
	n
	-
	n
	n
	

	2
	Generator Condition Monitor Plus
	n
	-
	-
	-
	n
	n
	-
	n
	-
	-
	n
	

	3
	Generator Shaft Grounding Monitor
	YES
	n
	YES
	n
	n
	n
	-
	YES
	-
	YES
	n
	

	4
	Stator Slot Coupler
	?
	n
	n
	n
	n
	-
	-
	YES
	-
	-
	n
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	YES
	-
	YES
	-
	n
	-
	-
	-
	-
	n
	n
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	YES
	-
	YES
	-
	YES
	n
	-
	-
	-
	-
	n
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	YES
	-
	-
	-
	n
	-
	-
	-
	-
	-
	n
	

	8
	Rotor Shorted Turns Detector
	YES
	n
	n
	n
	YES
	-
	-
	YES
	-
	n
	n
	

	9
	Shaft Torsional Oscillation Monitor
	YES
	n
	n
	-
	n
	n
	-
	-
	-
	-
	n
	

	10
	Brush Condition Monitor
	n
	n
	YES
	-
	n
	-
	-
	-
	-
	-
	YES
	

	11
	Stator End-winding Vibration Monitor
	?
	n
	n
	n
	YES
	-
	-
	-
	-
	n
	YES
	

	12
	Hydrogen Dew-point Monitor
	n
	YES
	YES
	YES
	YES
	-
	-
	YES
	-
	YES
	n
	

	13
	SCW Conductivity Cell
	YES
	n
	YES
	YES
	YES
	n
	-
	YES
	-
	-
	YES
	

	14
	SCF Vibration Monitor
	n
	n
	n
	-
	n
	-
	-
	YES
	-
	-
	n
	

	15
	Audio Detector - Stator Core Lamination Vibration
	n
	-
	-
	-
	n
	-
	-
	-
	-
	-
	n
	

	16
	Hydrogen Make-Up Rate Monitor
	n
	YES
	YES
	-
	YES
	n
	-
	YES
	-
	-
	n
	

	17
	Hydrogen into Water Leakage Monitor
	YES
	YES
	YES
	YES
	YES
	n
	-
	YES
	-
	YES
	n
	

	18
	Hydrogen Analyser
	YES
	n
	YES
	n
	YES
	n
	-
	-
	-
	YES
	YES
	

	19
	Bearing Vibration (Orbit) Analyser
	n
	YES
	YES
	YES
	n
	YES
	-
	n
	-
	YES
	YES
	

	20
	Diode Breakdown Detector (Brushless Machine)
	n
	YES
	n
	
	YES
	n
	-
	-
	-
	-
	n
	


YES    =     yes
  n        =    no

QUESTION 9:  Does the generator manufacturer recommend fitting the system to machines?

	NO.
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	YES
	n
	n
	n
	YES#
	+
	-
	+
	YES
	+
	n
	

	2
	Generator Condition Monitor Plus
	YES
	n
	n
	n
	YES#
	+
	-
	+
	-
	+
	n
	

	3
	Generator Shaft Grounding Monitor
	YES
	YES
	YES
	YES
	YES
	+
	-
	+
	YES#
	+
	YES
	

	4
	Stator Slot Coupler
	YES
	n
	n
	n
	YES
	+
	-
	+
	n
	+
	n
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	YES
	n
	YES
	n
	n
	+
	-
	+
	n
	+
	n
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	YES
	n
	YES
	n
	YES
	+
	-
	+
	n
	+
	n
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	YES
	n
	n
	n
	n
	+
	-
	+
	n
	+
	n
	

	8
	Rotor Shorted Turns Detector
	YES
	YES
	n
	YES
	YES
	+
	-
	+
	YES
	+
	YES
	

	9
	Shaft Torsional Oscillation Monitor
	YES*
	n
	n
	n
	n
	+
	-
	+
	YES
	+
	YES
	

	10
	Brush Condition Monitor
	-
	n
	YES
	n
	YES
	+
	-
	+
	YES#
	+
	YES
	

	11
	Stator End-winding Vibration Monitor
	YES
	n
	n
	n
	YES
	+
	-
	+
	YES#
	+
	YES
	

	12
	Hydrogen Dew-point Monitor
	YES
	YES
	YES
	YES
	YES#
	+
	-
	+
	YES
	+
	YES
	

	13
	SCW Conductivity Cell
	YES
	YES
	YES#
	YES#
	YES#
	+
	-
	+
	YES
	+
	YES
	

	14
	SCF Vibration Monitor
	n
	n
	n
	n
	n
	+
	-
	+
	n
	+
	n
	

	15
	Audio Detector - Stator Core Lamination Vibration
	n
	n
	n
	n
	n
	+
	-
	+
	YES
	+
	n
	

	16
	Hydrogen Make-Up Rate Monitor
	YES
	YES#
	YES
	YES
	YES#
	+
	-
	+
	YES
	+
	YES
	

	17
	Hydrogen into Water Leakage Monitor
	YES
	YES#
	YES
	YES
	YES#
	+
	-
	+
	YES*
	+
	YES
	

	18
	Hydrogen Analyser
	YES
	YES#
	YES
	YES
	YES#
	+
	-
	+
	YES#
	+
	YES
	

	19
	Bearing Vibration (Orbit) Analyser
	-
	YES
	YES
	YES
	n
	+
	-
	+
	YES
	+
	YES
	

	20
	Diode Breakdown Detector (Brushless Machine)
	-
	YES
	n
	n
	YES
	+
	-
	+
	-
	+
	YES
	


YES    =    yes

  n       =    no
  +       =    no generator manufacturer in country

  *       =    not recommended on machines below 500MW

  #       =    not recommended or not applicable on machines below 250MW

 QUESTION 10: Does the utility industry specify the device for fitting to new machines?

	NO.
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	-
	YES
	-
	n
	n
	YES#
	YES*
	YES
	-
	YES*
	n
	

	2
	Generator Condition Monitor Plus
	-
	n
	-
	-
	n
	n
	-
	n
	-
	n
	n
	

	3
	Generator Shaft Grounding Monitor
	-
	YES
	-
	YES
	YES*
	n
	-
	YES
	-
	YES
	n
	

	4
	Stator Slot Coupler
	-
	n
	-
	YES
	n
	n
	-
	YES
	-
	YES*
	n
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	-
	n
	-
	-
	n
	n
	YES*
	n
	-
	n
	n
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	-
	n
	-
	-
	n
	n
	-
	n
	-
	n
	n
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	-
	n
	-
	-
	n
	n
	-
	n
	-
	n
	n
	

	8
	Rotor Shorted Turns Detector
	-
	YES
	-
	YES
	n
	YES#
	-
	YES
	-
	YES
	n
	

	9
	Shaft Torsional Oscillation Monitor
	-
	n
	-
	-
	n
	n
	-
	n
	-
	n
	n
	

	10
	Brush Condition Monitor
	-
	n
	-
	-
	n
	n
	-
	n
	-
	n
	YES
	

	11
	Stator End-winding Vibration Monitor
	-
	n
	-
	n
	YES*
	n
	-
	n
	-
	YES
	N
	

	12
	Hydrogen Dew-point Monitor
	-
	YES#
	-
	YES
	YES*
	YES#
	YES
	YES
	-
	YES
	N
	

	13
	SCW Conductivity Cell
	-
	YES#
	-
	YES
	YES*
	YES#
	YES
	YES#
	-
	YES#
	YES#
	

	14
	SCF Vibration Monitor
	-
	n
	-
	-
	n
	n
	-
	n
	-
	n
	n
	

	15
	Audio Detector - Stator Core Lamination Vibration
	-
	n
	-
	-
	n
	n
	-
	n
	-
	n
	n
	

	16
	Hydrogen Make-Up Rate Monitor
	-
	n
	-
	-
	n
	YES#
	-
	YES
	-
	YES*
	n
	

	17
	Hydrogen into Water Leakage Monitor
	-
	YES#
	-
	YES
	YES*
	YES#
	YES
	YES
	-
	YES#
	n
	

	18
	Hydrogen Analyser
	-
	YES#
	-
	YES
	YES*
	YES#
	YES
	n
	-
	YES#
	YES
	

	19
	Bearing Vibration (Orbit) Analyser
	-
	YES
	-
	YES
	YES*
	YES
	YES*
	YES*
	-
	YES#
	YES
	

	20
	Diode Breakdown Detector (Brushless Machine)
	-
	YES
	-
	-
	YES*
	YES
	YES#
	n
	-
	-
	n
	


YES    =    yes

  n       =    no

  *       =    not recommended on machines below 500MW

  #       =    not recommended on machines below 250MW

QUESTION 11: Does the device require expert interpretation or additional off-line analysis?

	NO.
	SYSTEM
	COUNTRY
	

	
	
	USA
	UK
	Switzer-land
	Italy
	France
	Finland
	China
	Canada
	Austria
	Australia
	Japan
	

	1
	Generator Condition Monitor
	n
	YES
	YES
	YES
	YES
	YES
	-
	YES
	-
	n
	YES
	

	2
	Generator Condition Monitor Plus
	YES
	-
	-
	-
	YES
	YES
	YES
	YES
	-
	YES
	YES
	

	3
	Generator Shaft Grounding Monitor
	n
	n
	n
	n
	n
	n
	-
	YES
	-
	n
	n
	

	4
	Stator Slot Coupler
	YES
	YES
	YES
	YES
	YES
	YES
	-
	YES
	YES
	YES
	YES
	

	5
	Radio Frequency Monitor Type 1 (RFM)
	YES
	-
	YES
	-
	YES
	YES
	-
	YES
	YES
	YES
	YES
	

	6
	Radio Frequency Monitor Type 2 (RFCC2)
	YES
	-
	YES
	-
	YES
	YES
	-
	YES
	YES
	YES
	YES
	

	7
	Radio Frequency Monitor Type 3 (RFCC3)
	YES
	-
	-
	-
	YES
	YES
	-
	YES
	YES
	YES
	YES
	

	8
	Rotor Shorted Turns Detector
	YES
	n
	YES
	YES
	YES
	n
	-
	YES
	-
	YES
	n
	

	9
	Shaft Torsional Oscillation Monitor
	YES
	YES
	YES
	-
	YES
	YES
	-
	YES
	-
	YES
	n
	

	10
	Brush Condition Monitor
	-
	n
	n
	-
	-
	n
	-
	n
	-
	-
	n
	

	11
	Stator End-winding Vibration Monitor
	YES
	YES
	YES
	YES
	YES
	YES
	-
	n
	-
	YES
	n
	

	12
	Hydrogen Dew-point Monitor
	n
	n
	n
	n
	n
	n
	-
	n
	-
	n
	n
	

	13
	SCW Conductivity Cell
	n
	n
	n
	n
	n
	n
	-
	n
	-
	n
	n
	

	14
	SCF Vibration Monitor
	-
	YES
	YES
	-
	YES
	YES
	-
	YES
	-
	YES
	n
	

	15
	Audio Detector - Stator Core Lamination Vibration
	-
	-
	-
	-
	YES
	YES
	-
	YES
	-
	YES
	n
	

	16
	Hydrogen Make-Up Rate Monitor
	n
	n
	n
	-
	n
	n
	-
	n
	-
	n
	n
	

	17
	Hydrogen into Water Leakage Monitor
	n
	n
	n
	n
	n
	n
	-
	n
	-
	n
	n
	

	18
	Hydrogen Analyser
	n
	n
	n
	n
	n
	n
	-
	n
	-
	n
	n
	

	19
	Bearing Vibration (Orbit) Analyser
	-
	YES
	YES
	YES
	YES
	n
	-
	YES
	-
	YES
	n
	

	20
	Diode Breakdown Detector (Brushless Machine)
	-
	n
	n
	-
	n
	n
	-
	n
	-
	-
	n
	


YES     =      yes
   n       =      no

QUESTION 12 - Is the device and/or any ancillary equipment needed to connect it to the machine considered to pose a risk to the machine?

Some respondees identified a degree of risk where monitor forms part of or is closely physically associated with the generator winding dielectric.  Presumably, it is foreseen that the device could be part of, or even the cause of, a dielectric breakdown if its own electrical strength deteriorated sufficiently over time.

The concern would appear to be with the engineering of individual installations rather than with any perceived inherent characteristics of the devices themselves.

The weight of responses to this question did not indicate a concern in respect of any monitoring system, and would have presumed the correct engineering of any installation.

QUESTION 13 - What generator components should have some form of on-line monitoring for which there is presently no device?

The following responses were given:

United Kingdom:

Stator Sub-conductors Coolant Blocked.

Switzerland:

Insulation Resistance Rotor Winding to Ground.

Canada and Australia:

Rotor Winding Spot Temperatures.

Austria:

Better interpretation of existing sensors using cross-rules.

Italy:

Stator Wedge Looseness.

France:

Stator Winding Insulation Resistance

Rotor Winding Insulation Resistance

Rotor Short Temperatures

Rotor Winding Crack Detection

Crack Detection in Core Laminations, Clamping Plates, Bolts, Ribs

Core Vent Obstruction Detection

Core Circulating Currents

Core First Packet Temperatures

Core Flux Shield Temperatures.

Japan:

Improvements on existing technologies for;

Stator Insulation Condition

Hydrogen into Water Leakage

Rotor Shorted Turns Detection

QUESTION 14 - Do you believe that more extensive monitoring should be retrofitted (more specialised devices), OR should more extensive use of computers and expert systems be made to interpret the devices already developed, OR both?

The replies given are summarised as follows:

1. Apart from some systems which could be developed (refer to answers on Question 13), existing systems give a good coverage aimed at detection/prevention of major incidents.

2. More monitoring can be justified on large nuclear and strategic fossil units than on smaller machines (Canada).


3. The signals provided by different systems relate to one another through complicated and still not fully understood interdependencies (Switzerland).  Consequently, the information supplied from the various on-line systems should be gathered together centrally for trend analysis and cross-correlation.  Integrated expert systems should therefore be subject to ongoing modification based on human expert assessments.  With improving feedback and analysis correction, it would be expected that interpreted cross-correlation between different parameters would be improved.  

4. The French reply cited examples such as the correlation of stator bar temperatures with hollow conductor clogging and hydrogen into water leakage, and the correlation of end winding vibration with shaft vibration.  An example given by Australia related to the hierarchy of temperatures applicable from base CW temperature through DW, hydrogen, rotor, (and stator) conductor temperatures.  These lend themselves to calculation of the temperature differentials, and the rates of change of these differentials and of the temperatures themselves.  These in turn can then be cross-correlated with machine load and excitation currents so that an unsatisfactory trend may be foreseen before an actual temperature alarm limit is reached.  The Japanese supported the general concept of extended expert system development.

5. Given the extent to which expert analysis is required (refer answers to Question 11), it would seem that ample opportunities exist to have information processed and made intelligible to operating staff for on-the-spot decisions.
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