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2. What does the VCM do? 1. Introduction 

To meet the various needs of industry, 
simplicity has been maintained to the extent 
possible, while still providing critical and 
valuable information to the Engineers and 
Operators. It is a passive system that collects 
and normalizes shaft voltage and brush 
current data. Inevitably, the matter on how 
and where to apply shaft brushes arises. Just 
as important is the issue on how and where 
to measure quantities.  

Measuring shaft voltages and grounding 
brush currents have attracted little interest in 
the past.  Only individuals with curiosity or 
who had experienced damage from shaft 
currents would take it seriously. The damage 
consisted of electrical pitting, frosting, 
tracking and melting of metallic parts of 
bearings, gears, couplings, seals and in other 
areas as well. More recently there has been a 
dramatic increase in making these 
measurements.  Work in pursuit of locating 
and limiting shaft current damage for the 
past 18 years has led the Author’s Company 
to development of products useful in 
locating and correcting the causes of this 
damage. One of these products, the Voltage 
Current Monitor (VCM), addresses the need 
to measure current in shaft grounding 
brushes to ensure that they are working and 
to measure how much current they are carry-
ing. This need was expressed to the Author 
by Mr. John Sohre, Turbomachinery 
Consultant, who has developed shaft 
grounding brushes. Ultimately this has been 
engineered into a scientific data-gathering 
instrument that is yielding information far 
beyond that originally intended. Its applica-
tion to installed machinery has been found 
to be very revealing. The information it logs 
is proving to be very valuable for use in unit 
operation and in predictive and preventive 
maintenance. Following is a brief status 
report on progress and continuing develop-
ment of the VCM’s. 

It was also necessary to provide explo-
sion-proof as well as intrinsically safe units 
needed for some applications. First 
developed was a simple instrument, the 
VCM-C, which is a battery-powered unit 
with a push-to-read feature. It is well suited 
for rugged-duty industrial applications 
where continuous recording of the readings 
is not needed and where it is permissible to 
momentarily disconnect the shaft grounding 
brush to make shaft voltage readings. 

A unit was also developed for large and 
critical machine applications, the VCM-E. It 
is separately powered and displays continu-
ously, locally and remotely via 4-20 mA 
signals. It also alarms for minimum 
grounding brush current (brush not working) 
and excess of maximum damage threshold 
for shaft voltage (bearing or seal damage 
may occur). 

Both units employ a current shunt in the 
grounding brush cable to ground for current 
sensing and both are available in weather-
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proof and UL explosion-proof enclosures, 
including CENELEC European Community 
approval. All employ the same basic circuit 
design philosophy to derive useful variables, 
and these are described in function below. 

3. How should the VCM be used? 
Monitoring performance of a rotating 

machine is the sole function of either the 
VCM-C or the VCM-E. The value of the 
readings depends primarily upon the use of 
dependable, low-resistance contact brushes, 
as well as proper application and connec-
tions. If non-dependable brushes are used, 
the VCM will let you know, as readings will 
be erratic or inconsistent.  

Once dependable brushes are in use, 
monitoring unit performance becomes 
consistent and very useful. Continuous 
monitoring via the 4-20 mA signals offers 
the most meaningful data. However, regular 
logging of manual readings can also reveal 
important information, but will not capture 
momentary occurrences. It is important to 
log trends to establish benchmarks for 
noting future deviations. Charts may be used 
to help analyze readings. It is always impor-
tant to investigate unusual trends as shaft 
voltage and grounding brush currents may 
be precursors to developing conditions in 
the unit. Close examination of other unit 
sensors is important when inconsistencies 
are indicated by shaft voltage and current 
sensors. Changes in vibration and tempera-
tures are expected to follow, should a 
serious problem be developing. In any case, 
a plan of action or at least caution should be 
developed and adhered to. 

4. How should the VCM be applied? 
Proper ground bonding is very impor-

tant, and equally important is that no 
grounding may be performed on bearings or 
brackets that are intentionally insulated to 

block a current flow path. No consideration 
is made for the bonding type grounding of 
the units to which the grounding brushes and 
VCM’s are applied as this is beyond the 
scope of this presentation. 

The simplest of applications is to place 
the VCM-C into the grounding cable of a 
dependable brush, and then readings should 
be logged for all displayed variables on a 
regular basis. Multiple brushes and VCM-
C’s may be appropriate on units having 
gears or insulated couplings. 

Application of the VCM-E requires 
more planning and care, as proper applica-
tion should entail using a shaft grounding 
and a voltage sensing brush as well. Dual 
brushes should be applied on large and 
critical machines to allow for maintaining 
the brushes during operation and still 
maintaining low resistance shaft grounding. 
These may be arranged with a switch box 
and one VCM-E, as is shown on Figure 1. 
There is a growing interest and use of dual 
VCM-E’s, one for each of the two 
grounding brushes. This has the advantage 
of providing for two sensing brush locations, 
and these may be usefully employed at the 
ends, or critical zones of the unit, similar to 
that shown in Figure 2. 

5. How does the VCM work? 
The basic circuit function of the VCM’s 

is to reduce a complex and confusing trace 
of either voltage or current into meaningful 
information that can be read and recorded 
for ease of understanding and comparison. 
An example is shown in Figure 3. The upper 
trace is that as would be recorded on an 
oscilloscope. In order to consider adequately 
both direct and alternating components of 
the original trace, the lower half is flopped 
to the top. This trace is then analyzed and 
continuous values for the peak and average 
are either displayed or converted to 4-20 mA 
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signals for continuous recording on a slow 
time basis. The way the VCM circuitry con-
denses actual data results in no loss of perti-
nent information as all peaks are captured 
and recorded on a slow time basis. 

6. Examples of recorded output 
Figures 4, 5 and 6 show in-plant record-

ings of the 4-20 mA signals from VCM-E’s, 
representative of the resulting reductions 
from circuitry described in Section 5. These 
employ the application of brushes and 
VCM-E’s, as shown in Figure 1. On 
Figure 4, the peak voltage is held to less 
than 70 mV and the brush grounding current 
varies between 2 and 3 amperes. The volt-
age and current traces basically follow one 
another in shape. Figure 5 was taken on the 
same unit as Figure 4 but at a later time. 
They are in the same reading ranges and 
follow one another, except for one instance 
where the voltage trace dips and becomes 
wider while the current remains constant, 
but also with a wider trace. Figure 6 shows 
erratic performance of the shaft grounding 
current and a definite widening of the trace. 
This was an unusual burst in the otherwise 
steady trace and is the kind of information 
that should alert the operator and engineers 
to be especially observant for other develop-
ing trends in the unit. 

7. Value of the output to the 
Engineer and the Operator 
Further development and time are 

required for relating the VCM trace varia-
tions to unit performance; however, the 
value of this information cannot be under-
estimated in these times when planned/ 
predictive maintenance and unit life 
extension are valued so highly. Based upon 
experiences to date, charts (Figures 7 and 8) 
have been constructed listing VCM readings 
projected to reveal normal shaft conditions 
for various known causes of the voltages 

and currents. These should not be taken as 
Gospel; however, they can serve as a guide. 
Additional charts will show patterns 
expected for early development of different 
types of problems. They will be confirmed 
only after accumulation of operating experi-
ence and relevant incidences. 

8. Conclusion 
The VCM instruments have developed 

progressively from an indicator on shaft 
grounding brush performance into a 
scientific data gathering instrument that is 
yielding information far beyond that 
originally intended. Its application to 
installed machinery has been found to be 
very revealing. The information it logs is 
proving to be very valuable for use in unit 
operation and in predictive and preventive 
maintenance. Users should benefit materi-
ally as they investigate unusual trends in 
shaft voltage and grounding brush currents 
as these may be precursors to developing 
problems. Interpretative charts for identify-
ing different types of problems are becom-
ing available, with improved dependability 
based upon confirmation from in-service 
experiences. 
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