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ABSTRACT 

A brief description of the history and testing of shaft grounding practices using the Sohre or 
other brushes at three utilities and experiences with shaft grounding and condition monitoring 
are presented.  The evolution, design and application of the Voltage Current Monitor (VCM) are 
described.  Emphasis for the latter is placed upon the method employed to reduce vital content of 
the sometimes perplexing signals to simplistic and accurate data or traces.  The results are con-
densed versions relating to grounding brush performance.  Additionally, they provide valuable 
information for use in maintenance and operation of machinery. 

In-the-plant shaft voltage oscilloscope readings are described, with some showing the corre-
sponding VCM output traces of both the shaft voltages and brush currents.  Additional cases are 
reported along with their corresponding VCM traces. 

Finally, guidelines are provided from VCM condensed traces, as they monitor both brush and 
unit performance.  These provide predictive maintenance information, which can alert the opera-
tor to conditions of possible unit abnormalities. 

I.  INTRODUCTION 

This paper is basically a progress report on the continuing use and implementation of main-
tenance and operational applications of the VCM.  The VCM overcomes the problems 
experienced when conventional multimeters and oscilloscopes are used in measuring shaft volt-
ages and brush currents.  Measurements taken with a multimeter will not accurately measure the 
voltage spikes which precipitate breakdown of the oil film nor indicate the power potential 
which could sustain shaft current damage in bearings, seals, couplings, gears, etc.  Measurements 
taken with an oscilloscope, on the other hand, may produce accurate but confusing time and 
frequency traces because of the erratic nature of stray shaft quantities.  Although traces from 
oscilloscopes can be printed, they require reams of paper and considerable time to analyze prop-
erly.  The VCM, because of its unique measuring characteristic, offers consistency and ease of 
analysis that enable the operator to focus more readily on problem identification and solution 
without the burden of retesting and detailed data analysis. 

The VCM was developed for the task of reliably monitoring the grounding brush performance 
and measurement of brush current.  There is also the need to ensure that shaft currents pass 
harmlessly to ground via the grounding brush, preventing damage to the bearings, seals and 
journals.  As ultimately developed, the VCM condenses and simplifies the voltage and current 
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traces to fundamental quantities which indicate not only brush performance, but the potential for 
damage in any rotating mechanical or electrical machine. 

VCM’s are available in two basic forms.  For momentary or “snapshot” readings, the battery-
powered VCM-C is adequate.  VCM-C’s are typically installed on smaller units or as an initial 
monitoring system which often leads to an upgrade to the VCM-E.  VCM-E’s are typically 
installed on large and critical units.  They are also installed in those instances where redundant 
grounding brushes are necessary.  The VCM-E provides continuous transmission via 4-20 mA 
signals and maintains a continuous display at the monitor.  Continuous recording and logging of 
the 4-20 mA signals is possible at a very slow time base without loss of vital data, conserving 
valuable memory storage or recording paper.  Two different VCM-E configurations are rec-
ommended for turbine generator installations.  Figure 1 shows the arrangement used at PP&L 
and at the Mt. Piper Station of Pacific Power.  An alternate arrangement employs two VCM-E’s 
and grounding brushes at the generator inboard shaft, with voltage sensing brushes at bearings 
near the HP turbine and the exciter. 

II.  FIELD TESTS AND MEASUREMENTS 

The results reported in this paper are derived from operating Turbine Generator sets at three 
different utilities.  Recordings were made both of traces using oscilloscopes and of data from the 
4-20 mA VCM output signals. 

A.  CASE HISTORIES AT PENNSYLVANIA POWER AND LIGHT (Dave David) 

A trial for the Sohre brushes was initiated on the Montour Unit 1 Generator in January 1993.  
Montour Unit 1 was selected because of its history of excessive shaft voltage, attributed to the 
manufacturing problems reported, which involved a significant restack of the core iron.  With the 
original braided shaft-grounding system, shaft voltages of 6-10 VAC, measured at the D 
coupling (generator to “B” LP turbine), were typical.  A test frame was used to support the trial 
brushes.  Sohre’s L/W brushes were used for the trial, and after roughly 30 minutes for the 
brushes to seat, the shaft voltage had decreased to 0.4 to 0.7 VAC (peak-to-peak), with leakage 
currents below 1 ampere.  When the trial brushes were removed following the demonstration, the 
voltage returned to the previous levels, 6-10 VAC (peak-to-peak), attesting to the improved 
performance of the Sohre brushes. 

Based upon this trial, a pair of Sohre L/W brushes along with a VCM from Magnetic Products 
and Services, Inc. (MPS) were purchased for Montour Unit 1.  Montour estimates that the 
savings in maintenance alone, as compared to the braided grounding system, would pay for the 
installation within one year.  Due to the projected savings, the definite improvement in perform-
ance, and maintenance problems experience on the other units, the installation of brushes and 
VCM’s was recommended on all units equipped with steam seals.  Two units at Sunbury were 
fitted, two at Montour, four at Brunner Island Steam Electric Station (BISES) (two cross com-
pound units), and four at Martins Creek Steam Electric Station (MCSES).  The brushes and          
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VCM’s have worked well on all but the MCSES, where peaking operation, high speed turning-
gears and marginally sized brushes have contributed to a significant loss of brush life, and higher 
shaft voltages.  The VCM-E traces, while normally consistent (varying with load) did show 
occasional bursts of grounding current, an example of which is shown in Figure 2.  The reason 
for this has not yet been discovered. 

The Montour units will serve as the basis of our discussion, because this is the installation with 
the longest experience, it has resulted in a significant reduction in a known high shaft voltage 
problem, and it has helped one of the units survive two main transformer failures.  A summary of 
the other installations is presented for completeness.  The installations on the Sunbury Units 
were done as part of a turbine replacement.  As a result, the shaft voltages have been extremely 
low from day 1, and 15 month brush life, with nearly zero maintenance, is typical.  The installa-
tions on the BISES units have reduced the maintenance requirements to nearly nil; with BISES, 
the maintenance of the braids was more of a problem due to accessibility.  Finally, MCSES 
Units 3 and 4 are equipped with a high speed turning gear which results in mechanical abrasion 
of the brushes; Units 1 and 2 could only be fitted with a standard brush, which is marginal for 
170 MVA units.  As a result, the shaft voltage increased slightly, resulting in the station’s deci-
sion to return to carbon brushes. 

The grounding systems on Montour 1 and 2 consist of two of the Sohre L/W brushes mounted 
side-by-side at the D coupling.  The installation on Unit 1 was completed in February of 1993; 
Unit 2’s installation was done in July of 1993.  On both units, the brush that is positioned closest 
to the generator required replacement.  It had been installed for 15 months on Unit 2 and 
24 months on unit 1.  During these same periods, the outboard brushes on both units had worn 
only by roughly 10%.  The Unit 2 brush was forwarded to Sohre in September 1994, due to its 
shorter operating life, and obvious signs of overheating at the mid-span of the bristle support.  
Sohre’s analysis concluded the damage was due to very high levels of current (thousands of 
amperes) for extremely short duration, which resulted in heating of the brush backing to 425-
450 degrees F.  This could not be confirmed by the VCM readings since these were not being 
recorded at the time and the display could not be observed continuously.  During 1994, a bushing 
failure occurred in the main Generator Step Up Transformer (GSU).  In July; 60 days later, the 
spare GSU suffered a winding failure.  While generators have survived GSU failures in the past, 
it is apparent that the grounding system sacrificed itself to reduce the negative sequence activity 
that occurred during the failures.  This would very likely have been confirmed had the VCM 
output signals been recorded at the time.  There were no reported core monitor alarms during the 
failure, which typically result as the oil mist burns from the rotor during the transient.  Following 
a breaker failure on a sister unit at BISES, which has yet to be converted to the Sohre brushes 
and VCM monitoring, a core monitor alarm was confirmed. 

Another interesting aspect of the grounding brushes and VCM is the reaction of the drive train 
during start up conditions.  On units ranging in size from 100 to 900 MVA, a consistent pattern 
of high shaft voltages and leakage currents has been observed on the VCM signals at the point 
where the turbine steam temperature is below rated conditions.  The movement of moist steam 
through the LP is known to be a source of charging on the turbine train.  Very possibly the VCM 
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signals can be used in diagnostics and operation of the units.  Summarizing, due to the increasing 
costs of maintaining the braided shaft grounding brush system, the ineffectiveness of the braid 
system, as indicated by Montour’s high shaft voltages (6-10 VAC), and the ability of a good 
grounding system to mitigate severe transient effects, PP&L’s Electrical Services has recom-
mended the installation of Sohre shaft grounding brushes and Magnetic Products and Services 
VCM’s on all the steam turbines equipped with steam seals.  There has been a definite reduction 
in maintenance requirements for the grounding systems.  Shaft voltage build-up and the resulting 
damage to components have been eliminated, and as seen with the Montour GSU failures, the 
grounding system affords better protection and monitoring for the generators during transient 
operations. 

B.  CASE HISTORIES AT PACIFIC POWER, AUSTRALIA (Alex Peniazev) 

B-I.  Brief Historical Review of Grounding and Monitoring Practices 

Pacific Power has twenty-two 3,000 RPM steam turbogenerators (ranging from 350 MW to 
660 MW) distributed over seven power stations. 

Two stations (4 x 300 MW and 4 x 500 MW) are equipped with OEM designed shaft voltage 
monitoring and grounding systems.  The systems utilize a combination of copper braids and 
carbon/copper brushes for grounding and shaft voltage monitoring  devices connected to the 
respective plant control room.  During operation of the stations since 1969-1973, no major 
problems related to shaft voltage/currents were experienced.  One instance is recorded for 
300 MW turboset where damage was averted due to timely warning of abnormal thermal shaft 
conditions by shaft voltage monitor alarm. 

The other four stations are equipped with twelve 3,000 RPM, 776 MVA, 600 MW steam turbo-
sets of basically the same design, which were manufactured in 1978-1988 exclusively for Pacific 
Power (ECNSW). 

Each turbogenerator (TG) is equipped with mechanical-hydraulic (MHC) type governor utilizing 
steel worm and brass gears.  The generator fields are excited from static thyristor rectifiers and 
two generators equipped with rotary exciters.  The excitation current is approximately 5,000 A at 
400 V. 

Two shaft grounding devices with soft silver shoes originally were located at front pedestal of 
the turbine and since 1981 are superseded with dual backing leaf spring loaded copper braids 
spaced about 90 degrees apart and located near uninsulated bearing No. 9 between turbine and 
generator.  Each copper braid holder is insulated from generator frame and connected to the 
nearest station Earthing bar by 120 mm2 multistrand PVC insulated cable. 

On-line shaft voltage monitoring on these 660 MW turbosets is not provided by the OEM.  It is 
considered that this is regrettable since there have been two instances (Vales Point Unit 5 bear-
ings No. 11 and No. 12 and steady bearing damage, and Mount Piper Unit 2 governor worm gear 
and bearings, bearing No. 1 damage) of substantial machine damage and consequential costs to 
Pacific Power which may have been averted if shaft monitoring had been fitted.  In the case of 
Vales points, bearing failure was caused by the faulty installation of X-Y Plane vibration probes 
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fitted to the generator/exciter bearings.  The damage was done in less than 60 minutes time.  This 
shorted out the bearing pedestal insulation, creating a current loop between those locations and 
the shaft Earthing point.  This failure incidentally points to the need to choose vibration probes 
(or any other device which has the potential to short-circuit bearing insulation) for best-available 
insulation performance to minimize or eliminate the risk of their dielectric failure. 

In the case of Mount Piper Unit 2, it appears that the integrity of the shaft grounding became 
impaired by over-zealous application of spray paint to the shaft and the brushes.  The consequent 
rise in the shaft voltage found the path of lowest resistance to Earth, which was through the thin 
oil film in the governor worm drive bearings, No. 1 bearing and other components.  It is 
estimated that approximately three weeks operation with this condition ruined the governor 
components. 

The recent detection of mild electroerosion effects in the 16 year old Vales Point No. 5 turbine 
speed governor components during factory overhaul raises concern of adequacy of grounding 
contact for the rotor shaft equipped with two, connected in parallel, copper braids. 

The governor components were worn approximately twice as much as allowable tolerances in 
the governor gear backlash.  A particular concern of this incident is that no obvious signs of 
abnormal operation of the grounding system were observed in the unit during service. 

As a result of these three incidents associated with TG shaft currents, a review of integrity of 
Earthing systems of the TG shaft was commenced in May 1993, with emphasis given to the 
660 MW turbosets. 

The specific data related to investigation of integrity of the grounding system of this particular 
type of machine was not readily available from OEM and/or from the other sources.  It was 
decided to utilize “in house” test facilities and resources to get raw, but unique, data. 

On-line tests and measurements of TG shaft voltage/currents and other parameters with genera-
tors in service were performed and results obtained from all twelve 660 MW turbogenerators 
were used for preparation of this paper. 

B-2.  Independent Field Tests and Measurements 

As a basis of Pacific Power investigation, the data and parameters relevant to shaft grounding, 
voltages, and leak currents were obtained during the following procedures: 

(i) Routine maintenance tests (usually done by the station staff) 

(ii) Investigational tests (usually performed by the in-house specialist testing 
staff) 

(iii) Continuous on-line monitors output 

The above procedures are outlined below. 
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(i)  Routine Maintenance Procedures 

The effectiveness of the grounding system is observed by routine regular checks of shaft 
voltages with a held-held Fluke multimeter. 

Each 600 MW turbogenerator is equipped with four test points capacitively coupled to 
the shaft and to the generator frame. 

Electrically insulated from the shaft and the frame, test terminals are provided for the 
following: 

• No. 10 bearing ring 
• No. 11 bearing ring 
• Jacking oil line connection 
• Hydrogen seal casing 

The insulation resistance at standstill or barring (turning gear) should be 100 kilo ohms 
for each test point and is measured by 500 V DC megger after every overhaul. 

The voltages measured at these test points with the machine in service are checked 
monthly against values measured and recorded in the commissioning stage for each unit. 

The tests outlined above for these test points are directed to check integrity of insulation 
for shaft seal and jacking oil systems and for bearings No. 10 and 11. 

The voltages measured at these terminals under normal conditions mostly reflect the state 
of magnetic asymmetry of the particular machine and are load dependent.  The voltage 
waveform generated is very complex at each test point and either RMS or peak voltage 
absolute value measured can be taken only as guide.  These results alone will not reveal 
such conditions as poor grounding or magnetization of the shaft without processing the 
data together with other signals.  Detection of sudden change in trends of these voltages 
values dictates very quick investigative action to be taken to avoid formation of destruc-
tive currents and to look for possible low impedance sources residing within the 
generator rotor forging. 

The off-line and on-line tests described above could be superseded by continuous moni-
toring of these points in on-line mode by an “EXPERT” type system considered for the 
stations.  Considerable improvement in accuracy and speed of the diagnosis and preven-
tion of potentially destructive abnormal conditions are expected to be achieved. 

Tests were also made to investigate voltage waveforms using spectrum (Fourier) analysis 
at the standard test points on this turbogenerator.  It is interesting to note that the 3rd har-
monic and 21st harmonic are predominant in all frequency plots taken (42 slot stator!) 

One of the turbogenerator manufacturers recommends measuring the shaft voltage at the 
grounding device periodically.  The limit value of shaft voltage is 1.0 V DC, 1.5 V AC, 
as measured by conventional multimeter.  Other turbogenerator manufacturers recom-
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mend to measure shaft voltage to ground at exposed shaft between turbine and generator 
and at front standard at least once a month with a cathode ray oscilloscope (CRO) and 
with both AC and DC coupling to observe both AC and DC voltage components.  The 
instantaneous voltage must not exceed 6 volts zero to peak in CRO DC coupled mode.  
Voltages in excess of 6 volts can cause damage in bearings. 

Copper braids are recommended to be visually inspected every month for excessive wear 
and oxidation, and should be replaced every maintenance outage.  If necessary (voltages 
are excessive) each braid (one at a time if the machine is running) must be removed and 
cleaned with petroleum solvent in the mineral spirit category.  This practice cannot 
always be achieved in real situations. 

The shaft should be cleaned with a soft brush, swating stone or canvas padded board, to 
remove excess residue. 

With new copper braid installed, the shaft voltage should be measured with a CRO to 
ensure this is well within limits, and if not, further investigations are necessary. 

(ii)  Investigational Tests 

The following parameters of twelve 600 MW turbogenerators were investigated: 

1. Grounding brushes to shaft resistance 
2. Turbogenerator shaft to ground resistance 
3. Voltage/current waveforms at various points of the shaft (see Figure 3) 
4. Miscellaneous parameters 

Extracts from test results from these turbogenerators are summarized below: 

a. Grounding brushes (copper braids) to the shaft resistance were determined at 
rated speed by passing and measuring DC current and DC voltage from low 
energy high internal resistance source (dry cell).  The range of R is found to 
be 0.02 - 6.7 ohms. 

b. Turbogenerator shaft to ground resistance was determined in “a” above and 
found to be in the range from 12 to 1,000 ohms. 

c. The shaft peak voltages were measured with CRO at two conditions: 

(a)  TG shaft grounded and (b)  at TG shaft isolated from ground. 

The voltages were found in range as follows: 
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Uninsulated Bearing #4 (a) 1.2 - 26.0 volts peak 
 (b) 3.7 - 70.8 volts peak 
     
Insulated Bearing #9 (a) 1.1 - 26.0 volts peak 
 (b) 14.4 - 50.0 volts peak 
     
Insulated Bearing #11 (a) 15.0 - 110.0 volts peak 
 (b)  - not measured 

 

d. The leak current by CRO method was found to be in range 138 mA to 10.4 A 
(peak). 

e. Miscellaneous parameters summary of test results: 

• Voltage has measured across rotor windings and rotor body in service at 
rated speed and was found to be ±300 V peak (154.33 V rms) at 300 Hz 
for Mount Piper Unit 2. 

• Capacitive coupling of rotor winding to rotor body was measured on 
stationary Mount Piper Unit 1 and found to be 0.656 µF. 

• Capacitive coupling of test points to rotor body in service at rated speed 
was measured at Mount Piper Unit 2 and found to be as follows: 

Jacking Oil - 147 pF 
Hydrogen Seal Casing - 1.46 µF 
Bearing No. 10 - 29.0 nF 
Bearing No. 11 - 2.84 nF 

• Earth cable impedance at 1 MHz is found to be 1.8 ohms, (RSO method), 
and at 500-600 Hz (square wave generator method) is found to be 
6.0 ohms. 

• Bayswater Unit 4 Earth cable impedance at 225 KHz was found to be 
50 ohms (inductive by impedance bridge method). 

• Turbogenerator shaft to ground capacitance was measured at the rated 
speed.  Two results were obtained:  0.7 µF and 1.6 µF for Vales Point 
Unit 5. 

(iii)  Continuous On-Line Monitors Output 

The VCM-E type shaft voltage/current monitor is fitted as a pilot installation at Mount Piper 
Unit 1.  As a temporary measure, a two channel chart recorder was installed to evaluate shaft 
voltage/current values.  The results are shown in Figures 4 and 5*. 
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It is interesting to note that the ratio of recorded voltage over current values is relatively constant 
and is consistent with measured resistance of the brush-shaft interface. 

B-3.  Conclusions 

The test results taken from all our generators indicate four broad findings: 

1. All our 660 MW generators are subjected to the voltage spikes generated by 
the switching of rectifying devices within the excitation system.  The peak 
voltage values of the spikes detected at the exposed surface of the shaft at 
No. 4 bearing uninsulated exceeds the accepted maximum values although the 
energy content of each spike is very low. 

2. The grounding system cannot cope with diversion of all voltage spikes via the 
legitimate designed path to the ground.  The condition of copper braid/rotor 
shaft contact cannot be easily evaluated in service--two copper braids at two 
units were found to be worn without exhibiting obvious signs. 

Conventional grounding brushes for turbosets perform an extremely important 
duty but appear to be lacking design refinements required to match the 
expected performance as follows: 

(i) Current density is too low for self cleaning of the of brush-shaft inter-
face.  The film at this interface having nonlinear conductive properties, 
is usually built up within hours of commencement of operation and 
depends on brush type, brush pressure, alignment and degree of con-
tamination, i.e., oil, dust, etc. 

The brush-shaft contact resistance is often erratic and during a high 
resistance part of the cycle voltage drop across it (seen as low as 1 volt) 
may be sufficient to initiate metal to metal transfer. 

(ii) Copper braids are subjected to hydrodynamic lift when the braid 
(particularly the first one in direction of routine of the rotor) fills with 
ever present dirt and other contaminants. 

(iii) For particular turbogenerators investigated, the peripheral speed of about 
88 meters/second at rotor shaft/brush is higher than 55 meters/second 
excitation system slip ring to brush interface, but is not engineered as 
well as the latter. 

From scrutiny of the test results, conclusions can be made that deficien-
cies in existing grounding system utilizing twin copper braids if 
regularly, frequently and properly maintained, do not pose immediate 
danger.  Electroerosion effect is expected to be present to some degree 
and is cause of concern because of its cumulative action over a number 
of years of possible exposure. 
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The electroerosion rate of wear and tear of the turbogenerator compo-
nents is expected to be less than normal rate of mechanical wear and tear 
of the turbogenerator parts if the maintenance procedures of grounding 
copper braids in contact to the shaft are improved above minimum OEM 
recommendations or other improved means of the shaft grounding are 
utilized. 

Considerable improvement in brush/shaft interface seems possible using 
quality, commercially available spring loaded toothbrush type shaft 
riding brushes, incorporating silver alloy gold plated bristles. 

3. No “thunderstorm” type activity (electrostatic type shaft voltage) was detected 
during tests for all turbogenerators.  Further analysis suggests that conditions 
for static voltage build-up during tests were not favorable due to: 

a) A relatively low resistance path to ground even when grounding brushes 
are disconnected from Earth (16-1,000 ohms range) from the DC electro-
static source with high internal impedance (megohms range).  This 
appears to be a characteristic of TG sets with MHC type turbine speed 
governor with metal gears. 

b) Particular operating conditions during the tests, wet steam (water droplets) 
were not present to generate static voltage. 

4. Circulating currents as a possible consequence of degraded/faulty insulation 
were not found during the tests in any of the 660 MW turbogenerators.  This 
indicated the healthy state of the machines and adequacy of designed protec-
tive measures taken by OEM in the manufacturing stage. 

B-5  Improvements Resulting from Effective Shaft Grounding 

A three pronged long-term strategy is planned by Pacific Power for improvement where neces-
sary of shaft voltages/control for 500 MW and 660 MW generators: 

1. Improvement in TG shaft-brush contact by installing or considering to install 
gold plated, silver bristle “toothbrushes” or by other means. 

2. Fitting of Voltage/Current Monitors. 

3. Improvement of the generator Earthing network to reduce impedance to high 
frequency noise generated by the excitation system. 

The following improvements were advised: 

Wallerawang 500 MW Unit 7 

Twin toothbrush type gold plated silver alloy bristle brush (Sohre type LW) were 
fitted in the vicinity of bearing #9 within the T-G coupling guard. 
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Each brush grounding circuit is fitted with individual current shunt 10 A-100 mV 
to provide current input signals to the VCM.  Two separate smaller brushes 
(Sohre Type L) are used as shaft voltage sensors at number 4 and number 11 
bearings. 

Two VCM-E monitors are fitted on a vibration resistant plate in vicinity of the 
turboset. 

The following outputs are being connected to the unit computer: 

• Grounding Brush A current (4-20 mA) 
• Grounding Brush B current (4-20 mA) 
• Bearing #4 voltage (4-20 mA) 
• Bearing #11 voltage (4-20 mA) 
• Shaft Grounding Abnormal “Alarm” (Contact) 

It is expected that speedy processing and interpretation of these signals will facili-
tate diagnosis of possible abnormalities (i.e., stator core lamination arcing). 

Unit 7 was returned to service after major overhaul in August 1995, with 
improved grounding and monitoring systems.  Unit 8 is currently under overhaul 
and will be equipped as Unit 7 in mid-1996. 

Mount Piper 660 MW Unit 1 

Two single head to tail toothbrush type gold plated silver alloy bristle brushes 
(Sohre Type LW) were fitted in the vicinity of generator bearing #6. 

Each brush grounding circuit contains a 10 A-100 mV shunt to provide output to 
two VCM-E monitors (see Figures 4 and 5). 

Two smaller “toothbrushes” (Sohre Type L) are fitted near #4 and #11 bearings to 
provide voltage inputs to the VCM-E monitors. 

The ultimate system is in commissioning stages now, but pilot VCM-E output 
results indicate improved shaft-brush interface.  The contact resistance is now 
steady. 

The ability to remove the Sohre brush assembly while the machine is in service 
for examination and/or replacement is considered as an advantage over original 
grounding copper braids, particularly when machines are on base load duty, 
which may last up to 400 days. 

Mount Piper Unit 2 is being retrofitted to be exactly the same as the Unit 1 
grounding monitoring system. 
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Mount Piper Units 1 and 2 will be ultimately provided with an expert generator 
condition monitoring system.  This system may have capacity to accept inputs 
from the various voltage and current monitoring points associated with the shaft 
grounding.  However, the signals need to be processed to take account of genera-
tor MW and MVAR output since shaft voltage and brush current must be inter-
preted according to machine load and excitation.  There is no known standard 
package available to carry out the required signal processing, and some design 
effort would accordingly be needed. 

Eraring 660 MW Unit 27 

This unit is identical to Mount Piper Units and is considered to be permanently 
fitted with a similar shaft grounding and voltage/current monitoring system. 

Two shaft grounding “toothbrushes” Shore Type LW are already fitted to the unit.  
There is concern with accelerated wear rate of grounding brushes and the rotor 
shaft.  The exact cause is not determined yet conclusively, but it appears that the 
following factors are possible contributors: 

1. High level of vibration of the shaft at random distances.  Possible resonance 
of brush mounting brackets and brushes, resulting in fatigue fracture of the 
bristles. 

2. Worn surface of the brush/shaft interface by previously fitted copper braids. 

3. Circulating intermittent current due to possible shaft magnetization and metal 
to metal rub (i.e., oil deflector) forming loop oil deflector - generator frame-
brush-shaft-oil deflector.  The current recorder was installed for 3 days, but no 
circulating current was detected during the test. 

Investigations are expected to be concluded after possible disassembly of the 
coupling and bearings #6 and #9 in search of the cause of the high shaft vibration 
level.  The magnetization level and survey of loose parts will be conducted to 
verify/exclude the possibility of generation of stray current. 

VCM-E monitors are being fitted and expect to be commissioned shortly.  This 
may facilitate to ascertain abnormal conditions relative to shaft grounding of the 
unit. 

C.  CASE HISTORIES AT PSE&G (Barry Reichman and Kevin Wolf) 

Ongoing testing and evaluation of turbine generator shaft voltages are being conducted at other 
utilities, notably PSE&G (Figure 6). 

D.  CASE HISTORIES AT DUKE POWER (Robert Roberts) 

Under EPRI sponsorship, a boiler feed pump motor is under test with a VCM-E at Duke Power.  
Experiments show that with good insulation of the outboard motor bearing, the inboard ground-
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ing brush VCM-E registers zero amperes, both peak and average.  The shaft voltage at the 
insulated outboard bearing shows 1.18 peak voltage.  With the outboard bearing shorted, the 
VCM-E peak current reads 6.7 amperes and the average current reads 4.0 amperes, while the 
inboard bearing voltage registers 1.22 volts.  Testing and analysis is continuing. 

III.  PROJECTIONS OF UNIT STATUS, OPERATION AND MAINTENANCE (Paul Nippes) 

Operational and predictive maintenance information has been collected from operating units and 
has been organized to provide guidance in interpreting VCM output data.  These are shown in 
Table I for the VCM-E and Table II for the VCM-C.  Also, from literature and from engineering 
logic it is projected that recognizable changes in VCM-E readings will indicate conditions listed 
below: 

1) When the VCM-E registers grounding brush current of zero and the shaft 
voltage increases by several orders of magnitude, the grounding brush or its 
cable to ground has lost continuity.  This causes the minimum current alarm 
to sound and possibly the shaft overvoltage alarm also sounds. 

2) When the VCM-E grounding brush current increases by two times or more 
while shaft voltage remains almost unchanged, this could be due to electro-
static effect of wet steam at steam seals or at the back end of the turbine or, 
due to steam turbulence at its inlet to the turbine.  This could also occur due 
to electrostatic effect of high velocity oil flow through piping or filters. 

3) When the VCM-E grounding brush currents and shaft voltages remain 
unchanged with time or load, this would result from unchanging residual 
magnetism in either the rotor or stationary member. 

4) When the VCM-E grounding brush current and shaft voltage escalate 
suddenly and unexpectedly, an accompanying overvoltage alarm signals the 
possibility of serious damage requiring an immediate shutdown.  Otherwise, 
a crash could occur due to self excitation or compounding of electric 
currents.  This may be the case even though there may be no electrical com-
ponent in the machinery train or line-up. 

 

 18



5) When the VCM-E grounding brush current changes suddenly and shaft 
voltage decreases, possibly even with an increase in brush current, there 
could be shaft rubs at bearings, seals etc. due to oil whip, coupling mis-
alignment, thermal growth, loss of lubrication, impurities in the oil, etc. 

6) When the VCM-E grounding brush current and shaft voltage increase sig-
nificantly, this could be due to low level faults in the stator winding of an 
electrical machine.  The high shaft voltage alarm may sound. 

7) When the VCM-E grounding brush current increases significantly and 
suddenly on an electrical machine, while the sensing brush voltage 
decreases significantly and suddenly at the ungrounded end, there could 
be shorting of insulation of the bearing and/or coupling. 

8) When the VCM-E grounding brush current and shaft voltage increase sig-
nificantly and sporadic or intermittent, this could be due to development 
of stator core lamination shorting in an electric machine.  High shaft 
voltage alarm may sound. 

9) When the VCM-E grounding brush current and shaft voltage show a 
sudden increase in value at no load and then increase in proportion to load, 
this could be due to a break or high resistance in rotor bars of induction 
motors. 

10) When the VCM-E grounding brush current and shaft voltage continually 
increase and then rise in proportion to field current in synchronous motors 
and generators, this could be due to progressively shorting of turns in the 
field winding; possibly intermittent in nature. 

11) When the VCM-E grounding brush current and shaft voltage increase 
gradually with time following start-up (as temperature stabilizes) inde-
pendent of load, this could be due to creeping misalignment of rotor in the 
stator of an electrical machine, or possibly due to stator shift or sag 
causing a non-uniform gap along the core length. 

12) When the VCM-E grounding brush current and shaft voltage increase in 
proportion to one another, this could be due to the magnitude of a low 
level stator winding fault, zero sequence winding current or excessive 
harmonic currents in the stator winding of an electrical machine 

13) When the VCM-E shows a step-type increases in brush current and shaft 
voltage with load but never decreasing to previous levels, at the same load 
levels, this could be due to high resistance in, or opening of copper 
conductors of the stator winding. 
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IV.  SUMMARY 

A desire to extend unit life and to minimize turnarounds and outages has produced an increased 
interest in reliable shaft grounding and monitoring.  Precise monitoring of the shaft voltage and 
grounding currents is a means to achieve these goals.  Interpretation of the VCM signals has the 
promise of providing valuable maintenance and operating information. 
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VCM-E 
 

GENERAL GUIDE FOR NORMAL VCM-E RECORDED TRACES AND DISPLAY VALUES4 
 

Chart Applies When Used with Reliable Shaft Riding Brushes 
If Current Readings are Low, or Zero, Check Brush Performance 

 

Source of Voltage All Rotating Machines, 
Typically Turbines, Compressors 

Electrical 
Machinery 

Type of Voltage Electro- 
Static 

Residual 
Magnetism 

Magnetic and 
Electrical Causes 

Applicable at: Any speed High Speed >5 Megawatts 

Ipk3 
 Location #1 Location #1 Location #1 

Trace value. <.05 amp. <1. amp. <10. amp. 
Pulse period1 none none none 

% Trace width2 <5.% <2.% <10.% 
Var. w/load yes none may increase 

Var. w/speed yes yes possibly 
Var.w/temp. Yes, steam no no 
Var. w/rub yes, decrease yes, increase yes, increase 

Iave3 
 Location #1 Location #1 Location #1 

Display reading <0.02 amp <1. amp <7. amp 
Iave/Ipk <.4 pu <.5 pu .4 to .7 pu 

Vpk3 
 Location #3 Location #1 Location #2 Location #1 Location #2 

Trace reading. <.5 volts <.5 volts <1. volts <1. volts <20. volts 
Pulse period1 none none none none none 

% Trace width2 <5.% <1.% <1.% <1.% <5.% 
Var. w/load yes none none yes yes 

Var. w/speed slight yes yes yes yes 
Var.w/temp. Yes, steam no no no no 
Var w/rub yes, decrease yes, decrease yes, decrease yes, decrease yes, decrease 

 
Notes: 1. Period of recorded pulses in seconds (not a measure of actual frequency). 

2. Width of trace divided by trace average value expressed in %. 
3. Locations are: 

#1. At shaft grounding location; 
#2. Away from shaft grounding location;  
#3 any location, i.e. #1. or #2. 

4. Variations in the above readings with time and/or vibration changes should not 
occur except as caused by some factor.  The operator should then locate this 
factor and take appropriate action. 
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VCM-C  

GENERAL GUIDE FOR NORMAL VCM-C  DISPLAY VALUES3 

Chart Applies When Used with Reliable Shaft Riding Brushes 
(If Current Readings Are Low, or Zero, Check Brush Performance) 

 

Source of Voltage All Rotating Machines, 
Typically Turbines, Compressors 

Electrical 
Machinery 

Type of Voltage Electro- 
Static 

Residual 
Magnetism 

Magnetic & Electrical causes 
 

Applicable at: Any speed High Speed >20 Megawatts <20 Megawatts 

Ipk2 
Display Reading. <.05 amp. <1.0 amp. <10.0 amp. <1.0 amp. 
% Display Jump1 <5.% <2.% <10.% <10.% 

Var. w/load yes none may increase may increase 
Var. w/speed yes yes possibly possibly 
Var.w/temp. yes, steam no no no 
Var.w/rub yes, decrease yes, increase yes, increase yes, increase 

Iave2 
Display Reading <.02 amp <1. amp <2. amp <.7 amp 

Iave/Ipk <.4 pu <.5 pu .4 to .7 pu .4 to .7 pu 

Vpk2 (open circuit) 
Display Reading. <5. volts <.5 volts <5. volts <.5 volts 
% Display Jump1 <5.% <1.% <1.% <1.% 

Var. w/load yes none possible increase possible 
increase 

Var. w/speed yes yes yes yes 
Var.w/temp. Yes, steam no no no 
Var w/rub yes, decrease yes, decrease yes, decrease yes, decrease 

 
Notes: 1. Display jump=((maximum-minimum)/ average) of the display value expressed in %. 

2. Ipk, Iave and Vpk apply at the grounding brush location.  When the selector switch 
is in the Vpk position, the display shows an open circuit voltage reading.  For 
example, when the “push-to-read” button is pushed, the brush grounding cable 
connection is interrupted momentarily internal to the VCM-C (the brush ground is 
disconnected momentarily). 

3. Variations in the above readings with time and/or vibration changes should not 
occur except as caused by some factor.  The operator should then locate this factor 
and take appropriate action. 
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