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ABSTRACT 

As with all engineering problems, the control or elimination of electric current damage 
in rotating machinery requires an organized, scientific approach.  Methods for inspecting, 
identifying and correcting shaft current damage are presented as an Analysis Tree.  
Implementation of the various steps is provided in the related text sections of the paper.  It 
is intended to assist and guide engineers in dealing with shaft currents and related 
problems in their rotating machinery. 

INTRODUCTION 

Stray shaft currents in rotating machinery are akin to dermatitis in the field of medicine.  
Both are maladies that show up unexpectedly, often causing serious problems.  Those of 
us who venture into the practice of diagnosing the symptoms and treating the problems are 
often suspected of voodoo or superstitious behavior, with economic gain as an ulterior 
motive.  They question us as we seek to locate and control an invisible, yet omnipresent 
and illusive problem source.  Engineers have a distinct advantage in dealing with stray 
currents and magnetism compared to physicians in dealing with dermatitis.  Tests and 
experiments can be conducted without the approval of a national health administration.  On 
the other hand, the physician has the power to control and immobilize the patient, even to 
the point of hospitalization, if necessary.  The engineer often cannot enact a similar action 
to locate and correct a problem of stray currents and magnetism, as he is usually governed 
almost exclusively by the economics of the situation, and especially the productivity of the 
affected machinery.  However, he need not despair, as there are preventative and 
corrective measures available, which are addressed throughout this paper. 
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Those who have not experienced current damage to their bearings, seals, gears, 
couplings, etc., are often not particularly interested in learning about or controlling 
magnetism and shaft currents.  Those who are affected or have experienced a unit crash 
have learned to heed the warnings and the importance of enacting measures to ground the 
shaft, monitor the shaft currents, and eliminate magnetic fields. 

The case for elimination of stray currents and magnetism in rotating machinery is an 
issue to be dealt with by manufacturers and users alike.  Both should incorporate in their 
specifications and practices measures to prevent and control stray currents and 
magnetism in the machinery. 

There are three main intentions of this paper.  First, to provide information and 
guidance based upon cases from job files of what has occurred on installations in the past 
17 years.  Second, to touch on the earliest appearance of shaft current damage dating 
back to the 1920’s.  And third, to show some of the corrective measures that have been 
employed, with a commentary on their effectiveness.  Towards this end, an Analysis Tree 
has been constructed which will serve as a guide for analyzing and correcting conditions 
that cause electrical current damage to bearings and seals.  The following paragraphs are 
identified by Roman Numerals, which link them to identically labeled activities or events on 
the Analysis Tree. 

I.  ROTATING MACHINERY ITEMS 

Below the title on the Analysis Tree (the last page of this paper) are listed items that 
are typically affected.  The machine usually operates at a high-speed, has high-tech 
bearings, possibly low-clearance seals, and often has high alloy rotor forgings and heavy 
casings.  There is usually a turbine or motor drive coupled to one or a number of other units 
in a series consisting of generators, compressors, expander turbines, plus gears and 
auxiliary driven equipment.  Units can be highly instrumented and employ numerous pipes 
for product, oil supply, drains, and seals.  Parts that are most-often affected are the journal 
bearings, thrust bearings, oil seals, product seals, gears and couplings.  The use of tilt-pad 
bearings in place of cylindrical bearings for shaft journal support to improve unit 
performance has had little effect on the degree of damage from shaft currents.  Journal and 
thrust bearings are often the first to show signs of shaft currents, the degree often being a 
function of the bearing loading and lubrication.  Evidence of electric current pitting may also 
appear on the thrust collar and on the shaft journals.  In extreme cases, a unit crash occurs, 
with follow-on rubs, metal gouging and melting.  An accompanying factor in a crash is often 
high current welding of the tilt pads to their housings or melting of the bearing sleeve to its 
housing.  Electrical currents that melt steel at casing or housing interfaces may be 
unrelated to the rotor, bearings and seals and yet they provide evidence that sizable 
currents can circulate in the casing or other parts. 
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II.  CONDUCT AN INSPECTION 

The exact relationship between rotating machinery performance, stray currents and 
magnetism is often difficult to ascertain, as it is “the chicken or the egg” dilemma.  An 
indisputable fact is that when uncontrolled magnetism or shaft currents exist, there is the 
potential for current damage.  With this potential for generating currents, all that is required 
for current to flow is to have a complementary circuit established.  Such a circuit can result 
from excessive vibration, rotor-to-stator rubs, thrusting, surge, over temperature, lubricating 
or seal oil insufficiency, dirt, etc.  In any case, it is wise (and sometimes necessary) to 
conduct a thorough inspection at shutdown.  It is certainly preferable for the shutdown to be 
scheduled rather than forced; however, forced shutdowns because of shaft current damage 
should require careful attention to the magnetism present.  Experience may be required in 
identifying the tracks, frosting or pitting that may be found.  Some measures available to 
aid in preventing and identifying shaft current damage are listed in the following sections. 

SECTIONS III-VI.  RECOGNITION AND ANALYSIS: 

III.  ELECTROSTATIC 

Stray currents from electrostatic sources are the same as static electricity that one 
experiences from a comb rubbed on a sweater, or the charge picked up by the body 
walking across a carpet on an especially dry day.  In rotating machinery, however, the 
sources are more similar to the Van de Graf generator found in physics laboratories.  The 
most common is the charge separation of wet steam passing across the turbine blades.  
There are many other sources for static electricity, including high velocity lubricating oil in 
pipes and filters, charge separation in the process products, friction excited currents from 
rubs of certain materials, etc.  Static electricity effects show up as frosting on the bearings 
and are usually distributed over the trailing portion of the bearing oil film surface.  The shaft 
voltage has a saw-tooth pattern from gradual charge build-up, with sudden discharge in a 
repeating pattern.  Electrostatic-produced current does not require a closed loop in which 
to flow within the rotating machinery.  However, the charge separated from the steam, or 
other source of generation, must follow a return path to a region of charge neutralization or 
equalization, which could be the piping, the condenser, a cooler, the oil reservoir, etc.  An 
effective way is to shunt this current harmlessly, bypassing the areas of possible damage, 
and conducting it directly from the rotor to the plant electrical ground grid.  It is important to 
make certain that all plant equipment and machinery is bonded securely electrically to this 
same electrical ground grid.  A reliable shaft grounding brush properly applied and 
monitored will achieve this.  With the brush current monitored accurately and regularly, the 
brush’s continued performance can be assured. 

IV.  ELECTROMAGNETIC 

There are many sources for electromagnetic current generation.  These originate with 
either residual magnetism in the rotating machinery itself or in the structure or piping, or 
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from an electrical machine that is a part of the train, such as a motor or generator.  To 
illustrate the basic principles, consider the elementary permanent type magnet.  A larger, 
more powerful version can exist in rotating machinery.  It will consist of residual magnetism 
in magnetically hard members that have been subjected to induced magnetic fields from 
actions such as magnetic particle inspection, welding, etc. Electromagnetism can also be 
produced from electrical current looping around the magnet’s path.  In either case, one or 
another form of elementary generator (such as the Faraday disk or a homopolar generator) 
can result, producing electric currents.  A more classical multipole-type generator can also 
result, producing alternating currents.  Lesser known causes for electromagnetic field and 
current generation include magnetostriction, where magnetism creates stress and vice 
versa.  The magnetism flows in a closed loop and causes damage where it crosses an air 
gap or oil film.  Most measured shaft voltages have a truly chaotic appearance.  In fact, the 
measured shaft voltage trace looks like amplified noise, whether it be from electrostatic or 
residual magnetic causes.  There is usually a greater power potential in electromagnetic 
current generation compared to static current generation.  It also has a persistence such 
that pits caused by its current become continuous in a wandering pattern, often referred to 
as “worm tracks”.  Frosting or pitting in a babbitt surface can become joined and are seen 
to spawn spark tracks.  On the facing journal or thrust collar there is also pitting, with 
severity befitting an electromagnetic type heavy power source.  An interesting pattern of 
frosting is created by electric currents in anti-friction bearings, both ball and roller types.  
The pattern, commonly referred to as “fluting", often shows as frosting or pitting lines on the 
bearing surface. 

V.  ELECTROMAGNETIC TYPE 1--THROUGH CURRENTS 

Spark tracks (as opposed to local circulating currents due to through flux) are caused 
by through currents that distribute themselves across the bearing width.  The effect upon 
the shaft journal is also pitting spread over the width of the bearing track.  It sometimes 
appears at the seal locations as well.  It has a powerful effect, often eating completely 
through the bearing babbitt layer and attacks the shell material, made of steel, with equal 
ease. 

VI.  ELECTROMAGNETIC TYPE 2--THROUGH FLUX 

While it may seem that through currents pose a greater danger than does through 
magnetic flux, this is not necessarily true.  Local circulating currents resulting from through 
flux often produce strange and very severe effects.  The predominant mechanism that 
causes this to occur is relatively simple.  Whether the source of magnetomotive force that 
produces the flux comes from rotating or stationary parts seems to make little difference.  
Current thus produced crosses the oil film at one edge of the bearing, gear, or seal.  It then 
passes axially in that member to the opposite edge where it recrosses the oil film and 
returns to the original end, closing a current loop.  An obvious effect is for frosting and 
spark tracks to appear at the contact surface outside edges.  A frosting or pitting condition 
often occurs at the adjacent surface of the rotating member.  In the extreme, current tracks 
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appear across the outside surfaces of the bearing, apparently indicating presence of 
magnetic “blow out” or very high frequency currents.  High magnetic “through flux” in a very 
localized pattern, such as that which would result from a magnetic base placed on a journal 
or thrust collar, can create high local currents and gouging of the babbitt in that area. 

SECTIONS VII-IX.  CORRECTIVE MEASURES: 

VII-1, VIII-2 and IX-3.  Add Reliable Shaft Grounding Brush 

The value of a shaft brush has been regarded with varying amounts of interest over the 
years.  However, they are regularly placed on utility generators where their presence is 
considered important, especially the users who experience problems due to electrical 
currents or who spend an inordinate amount of time maintaining conventional brushes.  
Rotating machinery has employed various brushes, extending from the conventional carbon 
brushes, copper strap brushes, slotted rod brushes and wire filament brushes of various 
types.  The use of gold alloy filament brushes is currently demonstrating the best 
performance.  It is important that the active element be insulated electrically from its body, 
which is permanently mounted.  It is necessary to have good access for maintenance and 
to have a cable running from the brush to ground for ease of current monitoring.  This 
combination, with the brush current and shaft voltage accurately monitored, has proved to 
be very effective in preventing shaft damage by providing reliable grounding of the shaft. 

VII-2, VIII-3 and IX-4.  Add a Voltage-Current Monitor 

Without a monitor in the brush grounding cable it is impossible to know how well the 
brush is performing.  A conventional voltmeter provides little useful information since it 
displays only average or rms values and does not indicate the voltage spikes that are 
primarily responsible for electrical breakdown across the oil film.  An oscilloscope is 
awkward to use in a field installation.  And, because of the noisy and erratic character of 
the shaft current and voltage traces, no two technicians will perceive and interpret the 
display uniformly.  Even the data collectors that record accurate time and frequency traces 
cannot be expected to detect transient conditions, as will the recordings obtained from a 
Voltage Current Monitor.  Such a monitor should provide continuous recordings with 
accuracy and consistency in determining the trace peaks and averages for trending and 
awareness of transients.  It should also fulfill explosion-proof needs as required.  The 
Voltage-Current Monitor should serve as a brush disconnect means during brush 
maintenance and is a protective enclosure for a cable grounding resistor or shunt.  As 
such, it will not only serve as a current measuring shunt, but will also control the amount of 
brush current to a reasonable value while limiting the shaft voltage to a safe value, 
preventing breakdown and current discharge through the oil film.  Shaft voltage controllers 
are also available to the industry that are active in nature.  They employ three brushes and 
function to accurately sense the shaft voltage and immediately inject counter-acting 
charges, clamping the shaft voltage to zero.  While these may clamp the local shaft voltage 
to zero, they will not provide optimum overall shaft grounding and monitoring sensitivity. 
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VII-3, VII-4.  Eliminate Static Current Producing Factors 

Eliminating the static current producing factor is specific to the equipment, processes, 
oil system, etc.  Little can be said here except to alert the user to the causes, some of 
which are listed in Section III above, with wet steam in turbines being a major offender.  An 
operating indication of wet steam, and possible blade erosion, is an increase in current in 
the Voltage Current Monitor.  This can usually be corrected by increase the turbine steam 
inlet temperature.  Obviously, elimination of static shaft currents will also prevent their 
inducing electromagnetism by virtue of their paths encircling the shaft. 

VII-5 and VIII-6. Bond All Casings, Oil Pipes, Etc., Solidly to Electrical Ground 

Electrical ground bonding action required is obvious, but its importance is often not 
taken seriously.  For example, the normal casing partings, pipe flanges, mounting feet, etc., 
are assumed to be adequately grounded because of their heavy mechanical assembly.  
From an electrical stray current standpoint, these connections are usually not adequate as 
there is a corrosive or other non-conducting film at the interface.  This may cause stray 
currents to take an alternate route, carrying them through the shaft system to bearings, 
seals, etc.  Solid bonding is also important if there is lightning or other static discharge 
currents, as well as electrical faults that may occur and take a path through the shaft system 
to ground. 

VIII-1 and IX-1.  Demagnetize Thoroughly 

To demagnetize thoroughly, it is necessary to completely disassemble all train 
elements and to reduce magnetism to less than 2 gauss on all active surfaces, such as 
bearings, shaft, seals, etc.  Other non-active parts have to be reduced to values in the 
range of 4 to 10 gauss, depending upon their location in the assembled train.  
Demagnetizing (degaussing) of relatively soft magnetic steel components is simple as they 
do not retain high levels of residual magnetism, while degaussing of magnetically hard 
steel components often can present a challenge.  To reduce magnetism to the lowest levels 
possible, a controlled or automatic program of magnetic down-cycling is needed, 
especially for large equipment and all components that are thicker than ½ inch.  An accurate 
record should be kept of the initial and final survey magnetism values.  It is also important 
to recheck items degaussed at completion to ensure that undesirable levels of magnetism 
have not been inadvertently produced or released during the degaussing process.  

VIII-6.  Insulate Bearings 

Since the 1920’s, all large electrical machines have at least one of their bearings 
insulated to prevent the passage of currents through them or down the trains.  A real 
problem will develop with shaft currents on most electrical machinery if this insulation is 
omitted or defeated.  The latter often occurs when temperature detectors, vibration pick-
ups, etc., bypass the bearing insulation, establishing a path for current through the bearing.  
Checks of the bearing insulation integrity should be made at every outage and should be 
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one of the first things to check if there is damage or maloperation.  Electrically insulating 
bearings, as practiced in electrical machinery, is difficult, if not impossible, to adapt to 
most mechanical rotating machinery because of the high speeds and temperatures, as well 
as the need for close-running product seals and reliable control of the lateral critical speed 
map.  It is therefore very important that magnetic surveys and degaussing be conducted at 
each outage. 

VIII-5.  Insulate Couplings 

When electrical currents pass along the shaft system from one unit to another, a 
positive blockage can be provided by insulating the couplings.  While this is sometimes not 
a practical or an easy task, it is often an effective means to stop shaft system axial 
currents.  Because it is very thin, coupling electrical insulation is not usually effective in 
preventing magnetic fields from passing along the shaft system.  Sometimes using a 
nonmagnetic coupling or spool piece will suffice. 

IX-2, IX-5. Eliminate the Source of Magnetism and/or Place Non-Magnetic Material 
in Flux Path 

There are two primary causes of shaft current and magnetism in electrical machinery.  
One comes from distortions or asymmetries in the machine’s main and intentional 
magnetic circuit.  This is a function of the unit’s design and construction.  Use of segmental 
laminations can lead to “through flux” problems unless they are prevented at the design and 
construction stages.  The other is the possibility of the rotor or stator winding looping the 
shaft-stator magnetic circuit.  This is also a function of the design and manufacture of the 
unit, but can sometimes be field-corrected by rerouting the electrical cable leads.  An 
alternative correction is to place non-magnetic material of substantial lengths into the 
magnetic circuit to interrupt and reduce the “through flux” value.  This is an expensive 
alternative that is effective in all rotating machinery when no other way to reduce through 
magnetism can be utilized. 

CONCLUSION 

This presentation has concentrated on shaft current damage and its prevention in 
rotating machinery.  There has been no consideration of other effects, such as energy 
consumption by magnetic fields due to eddy currents captured within the machinery.  These 
can lessen the unit’s performance, especially the efficiency and operating temperature.  
There is also no reference to the effect of unit magnetism causing erratic shaft vibration 
sensor readings. This usually appears as increased electrical run-out, and can increase as 
unit speed and load increases.  At this time, there is preliminary evidence that by 
monitoring shaft currents and voltages, optimum settings for operating parameters can be 
made.  As more is understood about the nature of shaft currents, and the preventative 
steps are implemented at increasing numbers of facilities world-wide, our engineering 
focus can turn from crisis recovery to the study and implementation of these and other 
issues related to shaft voltages and currents. 
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