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Abstract: 
A unique and independent generator condition monitoring technology, called Shaft 
Condition Monitoring (SCM), provides “Early Warning” of generator problems by 
monitoring Shaft Electrical Profiles.  By conditioning the raw signals from shaft riding 
brushes and trending the data, some problems within the generator can be detected at 
inception long before they are apparent on traditional instruments.  Advance warning 
provided by monitoring of shaft currents and voltages will indicate a definite problem 
requiring action, and alerts operators to carefully trend conventional instruments and 
other dedicated monitors to confirm or pinpoint an indicated problem. Corrective 
measures, if required, can then be implemented as the situation dictates, possibly 
averting catastrophic damage. 
 

Introduction: 
Shaft voltage and current monitoring is an outgrowth of engineering activities 
implemented to protect shaft bearings from stray current since the mid-1970’s. Shaft 
profile monitoring was initially used on electrically and mechanically driven compressor 
trains to trend shaft current generation. After decades of monitoring it was evident that 
changes in shaft current profiles were directly related to abnormalities occurring within 
the machines. Subsequently the technology was used to detect abnormalities in 
electrical motors and generators with great success. 

 
Technology: 
This unique technology called Shaft Condition Monitoring, determines overall unit 
condition using the shaft as a sensor. MPS’ experience has shown that shaft electrical 
profiles, consisting of the magnitude and frequency of shaft current and voltage, are 
unique to each rotating unit and train.  In mechanically driven machinery the source of 
shaft currents are typically electrostatic or electromagnetic in nature but in rotating 
electrical machines there are additional sources of shaft current. These shaft currents 
are generated by unbalanced magnetic fields within the air gap, shorted bearing 
insulation and capacitive coupling of applied voltage between field winding and the 
shaft. The unbalanced magnetic fields are produced due to abnormalities such as 
shorted turns in the wound rotor, shorted stator core laminations, uneven air gap due to 
static or dynamic eccentricity, unbalanced stator voltages and low level stator winding 
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faults close to the star point. Each fault produces a unique shaft current and voltage 
profile, which is then detected by the Shaft Condition Monitoring system. 

 
Components Needed: 
Quality components are needed to achieve effective Shaft Grounding and Condition 
Monitoring.  The equipment utilized to provide signals consist of insulated reliable shaft 
riding brushes for both shaft grounding and shaft voltage sensing. The bristle brush (Fig 
1A and 1B) significantly out-performs all other brushes such as carbon, silver-graphite, 
copper, etc. Brushes will need to be insulated in order to provide quality signals. 
Shaft current and voltage signals are fed to a monitor, known as the VCM-E, capable of 
summarizing and conditioning monitored signals into meaningful data.  Experience to 
date has shown that grounding brush reliability is crucial to delivering accurate and 
continuous signals needed to perform Shaft Condition Monitoring and warning of 
developing unit problems. Use of unreliable brushes will result in false alarms. Refer to 
Fig 5, 6 and 7 for brush performance tests carried out by a utility. 
 
  
 

 

 

 

Figure 1A Figure 1B Figure 2 
 
The VCM-Es shown in Figure 2, available in both explosion-proof and non explosion-
proof enclosures, are designed specifically to process the current and voltage signals 
from the grounding and voltage sensing brushes, condensing them to manageable 
quantities while preserving critical data on the shaft and unit condition.  The monitor 
should be mounted as close as possible to the current shunt or tapped resistor in the 
brush grounding cable. The VCM-E’s prime output is the transmission of 4-20mA 
signals and alarms to the control room for data logging and computer analysis.  
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Configurations: 
The placement of grounding and voltage sensing brushes is often dictated by space 
available and mounting limitations.  Figure 3 shows a preferred arrangement for Shaft 
Grounding and Condition Monitoring of Turbine Generators and for other especially 
large and/or critical trains.  Dual grounding brushes are employed and are often located 
between the turbine and the generator.  Voltage sensing brushes are usually located at 
the generator outboard, or excitation end shaft.  Where the train has solidly-bolted 
couplings, additional brushes are not usually needed for proper and continuous shaft 
grounding and for voltage sensing.  Additional brushes for shaft grounding and voltage 
sensing may be necessary where insulated couplings, gear-type couplings or speed-
changing gears isolate electrically what appears to be a single shaft. It is important to 
identify “electrically isolated shaft segments” of a unit. Figure 4, shows a configuration 
for industrial applications containing speed-changing gear.  Because there are 
electrically separate shafts on each side of the gear mesh, each needs to be protected 
and monitored separately with its own grounding, voltage sensing and monitoring 
system. 
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FIGURE 3 
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Fig 5 – Reliable signals from bristle brush. 

 
Fig 6 – Shaft current and voltage is erratic. 

 
Fig 7 – Shaft voltage is erratic and shaft current signal is 
clamped. 
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Analysis, Detection, and Pinpointing: 
Sudden or gradual changes in the shaft electrical profile are often the first indicators of a 
developing problem. Thereafter other monitoring devices are checked to confirm the 
problem. Confirmation of proposed problems and degradation in condition is obtained 
by tracking specific changes of the following: 
 

1. Vibration of Shaft, Bearing, 
Frame and/or Core. 

2. Temperature of Bearings, 
Armature and/or Field 

3. Oil Particle analysis 
4. Audible levels and frequencies 
5. Shaft Displacement axial and 

radial. 
6. Electrical Harmonic Analysis. 

7. Partial Discharge level, changes. 
8. Field Ground Fault indications. 
9. Current side band analysis. 
10. Gap flux-probe symmetry. 
11. Field AC Impedance Changes. 
12. Field Current Changes for Same 

Load and Power Factor. 
13. Cooling Gas particle Monitor 

indications. 
 
Early Warnings of developing problems should induce operators to pay particular 
attention to changes of these factors to confirm what might otherwise have been 
overlooked.  By narrowing the possible “Faults” or “Source of Problems”, effort can then 
be focused on effective troubleshooting, leading to orderly planning and/or execution of 
maintenance or shutdowns as appropriate.    

 
 

Shaft Condition Monitoring Problem Detection with VCM-E Units 
Apply to the following Machines: 
 

• All Electrically Isolated Rotating Machinery Shafts (Electrical or Mechanical) 

• Induction Motors and Induction Generators 

• Synchronous Motors and Generators 

• Direct Current Motors and Generators 

• Compressors, Pumps and Turbines. 
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Case Histories of Problems That Further Advanced the Shaft 
Condition Monitoring Technology: 
Top-bar failure brought on by a core iron problem – In 1995 shaft current readings 
were taken with the VCM-E that showed erratic signals for a short period of time, which 
then settled back down again.  This is as would occur with lamination shorting.  At that 
time it was predicted that these signals were either shorted core laminations or shorted 
rotor turns.  When the unit was pulled out of service due to coil failure, the cause was 
found to be severe core burning causing insulation failure and lamination shorts were 
found at the core end.  (Source of Failure newly confirmed in March 2001) 
 
 
 
 
 
 
 
 
 

UNIT OK 
 

 
 
 
 
 
 
 
 
 

DEVELOPING FAULT 
 

 
 
 
 
 
 
 
 
 
CORE IRON PROBLEM 

INDICATION 

 
Core Failure detected by MPS VCM-E 
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Electrostatic from Wet Steam - The grounding peak current on a large turbine-
generator changed from 3 amperes to 6 amperes coincident with a drop in steam 
temperature entering the turbine from 970°F to 950°F.  The current returned to 3 
amperes when the steam temperature was returned to 970°F. 
 
Shaft Residual Magnetism – Many purely mechanical trains have experienced 
significant current attack on their bearings and couplings from generated currents due to 
residual magnetism.  Erosion of the thrust bearings and journal bearings producing high 
vibration and in some instances unit crashes.  Down-cycle demagnetizing corrected the 
problems. Shaft grounding with VCM monitoring was installed to protect bearings and to 
identify possible recurrences.  One steel mill furnace turbine-driven blower had such an 
experience.  Following complete demagnetizing, the VCM recorded shaft peak voltage 
of 1.8 volts on the ungrounded shaft.  However, this was reduced to 0.5 volts with 
proper brush grounding. 
 
Excitation Circuit Failure – A large utility generator employing static excitation had 
severe current damage to its bearings even though they were properly insulated.  The 
cause was traced to a failed diode in the excitation circuitry.  The MPS VCM-E was 
installed with its peak voltage alarm set to a value to detect  excitation diode failure.           
 
Rotor Excitation Circuit Ground Fault  – A large nuclear station generator 
experienced ground fault indications proportional to the amount of excitation current.  To 
locate the cause, the MPS VCM-E and an event recorder were installed to determine 
what was occurring.  During the next ground fault indication, the VCM-E peak current 
increased suddenly from 3 to 18 amperes and the event recorder showed complete 
offset of the field voltage.  Generator rotor dismantling revealed a torn shim in one of the 
rotor winding excitation leads coming into contact with the shaft.  Correcting this and the 
other DC lead, which was developing similarly, solved the problem before it became a 
possible disaster. 
 
Loss of Bearing Insulation – Many cases in MPS files show damage because of loss 
of bearing insulation or a conducting path existed around the bearing insulation.  Tests 
show the VCM peak voltage at the insulated bearing drops to ½ or less when the 
insulation is bridged or defeated and the VCM grounding current significantly increases. 
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SCM technology in use at Eskom, South Africa. 
 

Eskom is a fairly large utility with approximately 40GW of generating capacity and 
operates a fleet of large hydrogen cooled generators ranging from 500 to 980 MW. 
Eskom has done extensive research into the use of SCM technology and now uses it as 
a confirmation tool for other monitoring system indicators. Since 1995 they have 
embarked on a condition monitoring programme which included the use of on-line 
partial discharge monitoring equipment, generator core monitors, wedge mounted flux 
probes and shaft monitors. The monitoring programme has already produced results in 
improving the availability of generators, reducing the number of forced outages and 
extending outage intervals. 
As standard instruction each generator start up after a major outage must be monitored 
continuously for a month. Included in this monitoring package is the Shaft Condition 
Monitor. This monitoring approach has already saved Eskom a considerable amount of 
money on two occasions after suspicions that maintenance equipment could have been 
left in the generators after a major outage. Had it not been for the continuous monitoring 
the generators would have to be taken off line and inspected. 
The SCM technology has been identified as the most cost effective monitoring system 
for monitoring problematic generator rotors. The advantage of having a device that 
detects ground faults, shorted rotor turns and excitation problems has proven to be a 
major benefit to power stations that previously depended on single rotor fault indicator. 
The SCM now acts as a confirmation to other detectors to confirm rotor problems and 
the generator can be removed from service without any form of doubt. 

 
Summary and Conclusion: 
Shaft Condition Monitoring Technology provides users with significant benefits not 
previously available.  After decades of field performance, VCM-E monitoring of large 
and critical machines increasingly proves its value in unit condition determination and 
early warning of developing unit problems.  VCM-E’s can confirm and enhance the 
value of conventional unit monitors and instruments.  Not only can Shaft Condition 
Monitoring diagnostic techniques benefit both planned and predictive maintenance 
programs it can extend unit operating time. 
 
 


