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Technical Brief 

Magnetism and Stray Currents in Rotating Machinery 

P.I. Nippes1 

The case for elimination of stray currents and magnetism in Turbomachinery is being recognized as an 
issue to be dealt with in industries that design and operate rotating machinery. Of main concern are 
bearings, seals, gears, couplings, etc. Resulting problems extend from surface damage to unit crashes. It 
is important to recognize the symptoms, to heed the warnings and to enact preventive and corrective 
measures. Recommendations are to eliminate or minimize the source, and to bond the machinery to 
ground, especially the shaft, with a reliable shaft brush and a qualified current monitor. Information and 
guidance are provided from MPS job files covering some of the 200 installations visited in the past 
15 years. 

Introduction 

Catastrophic bearing failures in rotating electrical machinery in the early 1900's were found to be caused 
by an imbalance in magnetism and electric circuits causing stray currents. Clear problem identification, 
adequate explanations and problem correction were presented by engineers at that time. Periodic 
reappearance over the years of identical bearing damage and failures in rotating electrical machinery has 
been attributed to advances in technology, design and materials, as well as the lack of application of 
preventive measures. 

In recent years, however, electric current damage has appeared in new and unexpected situations. A prime 
example is that problems are not limited to shaft systems with electrical machines but also to trains made 
up of purely mechanical units. The majority of new cases are produced either electrically by harmonics of 
rectifier or inverter-supplied windings, electro magnetically by residual magnetism or electro statically by 
electric charge separation in the steam, oil, process fluid, etc. Some occurrences are attributed to advances 
in technology as units are larger (up to 1500 megawatts) and turn at considerably higher speeds (up to 
15,000 RPM and higher). Other important factors are advances made in areas such as materials (high 
alloy steels for shafts and casings), unit components (unconventional seals, bearings, gears, couplings, 
oils), testing (magnetic particle inspection), and welding. 

The problem of stray currents from electrostatic charge build-up is addressed by both controlling the 
source of generation and by diverting possible remaining current around sensitive items such as bearings 
and seals. The problem with respect to magnetically generated stray currents is sometimes illusive as 
there is no certainty that the presence of high magnetism will produce damage from shaft currents. It is an 
indisputable fact, however, that when high magnetism or uncontrolled shaft voltages exist, there is the 
potential for electric current damage. Electrostatic currents, if not drained away, can build shaft voltages 
to the point of discharge, usually across the bearings or seals. Electromagnetic -generated voltages require 
a closed electric circuit for current to flow. In either case, initiating factors can be oil film breakdown due 
to excessive shaft voltage, high vibration, rotor-to-stator rubs, thrusting, surge, over temperature, 
lubricating oil insufficiency, dirt, etc. 
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It is important to conduct a thorough inspection and magnetic survey of the components and assemblies at 
shutdown. Even when damage is determined to be from electrostatic causes, careful attention should be 
paid to the presence of possible magnetism. 

Experience and references are useful in identifying tracks, frosting or pitting when it is found. A guide for 
identifying shaft current damage and making corrections is provided in the following sections. It has been 
found that the corrective measures recommended are effective in controlling shaft current damage and in 
improving rotating machinery operation. 

Stray Current Generation 

Common configurations of magnets, electromagnets 
and electrostatics capable of voltage generation are the 
Faraday disk or homopolar generator (Fig. 1), the AC 
generator (Fig. 2), and the electrostatic generator 
(Fig. 3). That these exist in rotating machinery, either 
singly or in combinations, can be ascertained from 
damage patterns and accompanying circumstances 
encountered on the machinery. Where and when these 
may occur and what effects they may produce are not 
always clear. How they can be detected, quantized and 
controlled, and their effects minimized, is often the job 
of the engineer, who may find that they present a 
challenge. 

Electrical Machinery 

The presence of stray currents in electrical machinery 
can be easily understood, since by design there are 
very intense magnetic fields in the core section that 
serve as primary energy transfer between electrical and 
rotational means. It is to be expected that a certain 
amount of magnetism may stray from the main core, 
unless preventive measures are taken. The results can 
range from disastrous failure to mild pitting and/or 
blackening of the lubricating oil. There are limits to the 
amount of leakage fields that may be tolerated. This 
requires that certain rules be observed in the design, 
construction and installation of the unit. These include 
the following three important considerations: 

1. Insulate electrically and ensure installed integrity 
of the bearing and seal insulation. This places a 
positive barrier, preventing bearing through-
current flow on: 

(a) The outboard bearing on single drive-shaft 
units. 
(b) Multiple bearings on dual drive-shaft 

units. 
(c) Hydrogen or other close-running seals. 
(d) Couplings, when insulation need is 

determined. 
 

 

Fig. 1   Homopolar or Faraday disk 

 

Fig. 2    AC Generator Action 

 

Fig. 3    Electrostatic Generator Action 



Journal of Engineering for Gas Turbines and Power JANUARY 1996, Vol. 118 

2. Avoid encircling the shaft with electrical windings to limit currents to less than 1000 ampere-
turns. (True for DC machines as well.)  Controls the level of magnetism passing through the 
bearing, seals, etc. 

3. Design AC machine stator cores that avoid the following:  Limits the amount of axially generated 
shaft magnetism and/or voltage that may produce currents in bearings. 

(a) When the stator is split into equal sections, 
A = 2 x sections/poles; if A is odd. 

(b) When symmetrical, segmental laminations are half-lapped,  
A = segments/circle/poles; if A is odd. (True for DC machine armatures as well.) 

(c) When the slots/(pole pair) is an odd integer. 

These considerations apply to well-built 
symmetric magnetic cores and electrical 
circuits. Clearly, any unbalance or asymmetry 
in the construction, or as may develop in 
assembly, service, or repair, may also generate 
stray magnetism and/or stray currents. Shaft 
voltage traces from these causes are invariably 
sinusoidal in nature at the rotational or power 
frequency plus harmonics, and this usually 
distinguishes them from electrostatic or 
residual magnetic-generated voltages (Fig. 4). 

Residual Magnetic 

There are many possible residual magnetic 
sources for electromagnetic current 
generation. These are in the rotating 
machinery or in the structure or piping, or 
from another machine on the line, any of 
which act as permanent magnets. Usually 
involved are alloy steels that are 
magnetically hard and have been subjected 
to induced magnetic fields from actions such 
as magnetic particle inspection, magnetic 
chucks, welding, etc. Magnetic -generated 
currents are persistent. Pits they cause can 
become continuous in a wandering pattern, 
producing “spark tracks” on babbitted 
surfaces as (Fig. 5) with pitting on journal or 
thrust collars (Fig. 6). A “fluting” pattern or 
frosting is created by electric current and 
magnetism in anti-friction bearings, both 
ball and roller types. 

Spark frosting and tracks due to through-
currents are spread generally over the width 
of the affected surface, being concentrated 
in the zone of minimum oil film. Its 
powerful effect often eats completely 
through the 

 

 

Fig. 4    Electrical Machine Shaft Voltage 

 

Fig. 5  60x magnification of bearing current pitting and 
spark tracks 

 

Fig. 6  Shaft journal current frosting 
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babbitt layer and attacks the shell material with equal 
ease. The measured shaft voltage wave shape is highly 
irregular, appearing as if it were high-level noise. 
Peaks can reach hundreds of volts (Fig. 7). 

Spark frosting and tracks occur at the extremities of 
the affected surface from through flux. Here the 
current crosses the oil film at one bearing edge, 
traverses to the opposite bearing edge, where it 
re-crosses the oil film and returns along the surface, 
closing the current loop, producing current pitting at 
the edges of the contact surfaces. Current sometimes 
passes over the outside surfaces of the bearing, 
indicating that it is of very high frequency. 

Electrostatic 

Stray currents from electrostatic sources are the same 
as static electricity, which one experiences from a 
comb rubbed on a sweater or the charge picked up 
when a person walks across a carpet on an especially 
dry day. Common to steam turbines is charge 
separation in the steam itself. 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 shows 
up as frosting due to current discharges at either close 
gaps or contact points of oil film surfaces. The shaft 
voltage has but one polarity and measured traces exhibit a saw-tooth pattern (Fig. 8).  This can be 
described as a gradual charge build-up to voltages reaching as high as several hundred volts with 
discharges in a variably discontinuous, repeating pattern. Static current searches out a means to equalize 
the charge. In doing so, it will 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. Solid ground bonding of all units 
and their components minimizes errant and possibly destructive current return paths. 

Recommendations  

At the time of unit shutdown, perform 
inspection, identification, correction of 
shaft current damage, and removal of 
residual magnetism. In checking for 
residual magnetism, it is important to 
employ a versatile and reliable gauss 
meter. It will be found that an analog, 
auto-ranging type provides the best 
accuracy and efficiency in making 
measurements. Record readings in gauss 
for comparison with readings before and 
after degaussing and at a later shutdown. 

Based upon field experience, and to ensure safe levels of magnetism, maximum permissible gauss levels 
are shown in Table  1. 

 

Fig. 7  Residual  Shaft Voltage 

 

Fig. 7  Electrostatic Shaft Voltage 

 
 
2 gauss: Bearing components, including pads and 

retainers, journals, thrust disc, seals, gears and 
coupling teeth. 

4 gauss: Bearing housings. 

6 gauss: Mid-shaft and wheel areas, diaphragms, etc. 

10 
gauss: 

Components remote from minimum clearance 
areas, such as casings, pipings, etc. 

Table 1  Maximum allowable residual magnetic field levels, 
as measured in open air 
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Higher levels may be encountered at corners and edges up to 1.5 to 2.5 times. Magnetism will increase by 
factors of hundreds to thousands in an assembled unit, which is akin to placing a keeper onto a horseshoe 
magnet. At speeds exceeding 3000 rpm, thousands of gauss will generate troublesome voltages. It has 
been found that damaging shaft currents can occur if open-air magnetism exceeds the limiting values of 
Table 1 materially. 

To remove magnetism, degaussing of shafts and steel sections thicker than ½ inch requires programmed 
down-cycling or magnetic massaging, as is available with the Auto Degauss. 

A reliable shaft condition indicator, such as the VCM, will monitor electrical current in the cable of the 
shaft grounding brush and the shaft voltage at a selected location. Local display, as well as transmitted 
readings to the control room, provides a means for trending shaft conditions that relate to shaft electrical 
conditions, and also supply valuable predictive/preventative maintenance information. 

The process described above deals only with damage aspects of shaft currents and magnetism. There are 
other important items, such as continuous power loss due to circulating eddy currents (especially in thick 
frames and casings), and the affinity of magnetized parts for attracting metallic particles and chips, known 
to cause problems in the bearings, seals, etc. 

Conclusion 

It is recommended that diligence be employed in locating and assessing possible shaft current damage. By 
following corrective and preventive measures with respect to electrical machine design, construction and 
maintenance, reduction of residual magnetism and the prevention of electrostatic charging of the shaft, 
resulting damage and forced outages can be averted. 

An effective way to shunt shaft current harmlessly from the unit is to conduct it from the rotor to ground 
and to be certain that plant equipment and machinery are all electrically bonded to ground. An effective 
brush properly applied eliminates or averts shaft current damage, and with the brush current monitored 
accurately and regularly, valuable operational and preventive predictive information is obtained. 
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