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and Uptime KPIs

Mechanical plants need constant monitoring 
Mechanical plants are complex organizations of motors, pumps, air 
handlers, conveyors and an endless array of machinery.  Even though the 
individual components vary by industry and purpose, the designs have 
much in common.  Significant thought goes into the organization, perfor-
mance, energy efficiency, and the control of these systems.  In spite of 
everyone’s best efforts to design a well-functioning plant, surprises still 
emerge which affect performance and plant uptime reliability.  

Historically, motors were specified at power levels well above the needs 
of the plant, which contributes to highly reliable operation over long 
periods of time, but this over-design strategy is not an energy efficient 
approach.  Better matching motors to their power requirements yield 
significant electrical power cost savings, but there are risks for the mo-
tor with this approach.

The world continues to adopt motor driven equipment as it simplifies 
operations and drives toward automation.  As the demand for electrical 
power increases, high-growth facilities run the risk of hitting the lim-
its of the electrical service available at that site.  For those facilities 
pushing the limits of their electrical service, reducing electrical power 
consumption translates into more production lines operating within a 
factory, or more servers running in a data center.
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Adopting “green” motors saves energy, but increases the risk of  over-
heating.  The industry is getting “greener” improving electrical efficiency 
and rapidly moving away from oversized motors.  A motor with a horse-
power rating closely matched its load requirements suffers from other 
issues.  Without proper management, these issues inevitably lead to 
thermal overloads that damage the motor’s insulation triggering prema-
ture aging and motor burnout.  Some of these issues include starting the 
motor too frequently, locked shaft overcurrent and high inertial loads, as 
well as electrical power service issues such as single-phasing and under 
voltage.  Green motors bring great benefits but also require close atten-
tion to their management. 

The act of starting a motor can result in thermal overload.  Electric 
motors produce high torque when started.  This extra torque is helpful in 
getting pumps going and conveyor lines moving.  The unfortunate down-
side of this extra torque is that the electrical current in the motor wind-
ings is exceptionally high compared to a normally running motor.  These 
starting currents cause significant heating and can generate internal 
temperatures well above the thermal limits of the insulation if the motor 
is stopped and started several times in quick succession.  As long as the 
startup action does not overheat the motor there is no issue.  If the mo-
tor is started several times in succession without allowing adequate time 
for the motor to cool, severe insulation damage can occur.  Even with to-
day’s high-temperature insulation ratings, frequent starts and stops can 
cause severe motor damage, especially when the plant employs “green” 
motors.

Monitoring temperature protects equipment
The key to avoiding thermal damage is no secret; just monitor equipment 
temperature.  Allowing the motor time to cool between restarts is key to 
preventing thermal damage from frequent restarts.  Many motor manu-
facturers specify the maximum allowable number of restarts per hour to 
avoid thermal damage.  Starting a motor more often than the manufac-
turer’s specification can lead to insulation overheating which then leads 
to electrical shorts within the windings that trigger catastrophic motor 
failure and burnout.   

It is difficult to estimate equipment temperature without a temperature 
sensor.  It can also be very difficult to wait 30 minutes for a line restart 
since every minute that the line is down is another minute of lost profit.  

RFM3250 rugged temperature sensors
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Many motors manufactured before 1960 were forced to operate at lower 
temperatures because they were built using lower thermal limit insu-
lation.  These motors were typically specified with power levels much 
higher than their running load requirements, which helped keep their 
operating temperatures lower.  The external case temperature of a pre-
1960 motor might only be warm or slightly hot to the touch.   

Modern motors are manufactured with much more durable insulation and 
are usually specified with limits more closely aligned to their running 
loads.  These motors often operate with elevated external temperatures 
that are at or near the boiling temperature and can be quite dangerous 
to touch.  Using a temperature sensor is the only safe and accurate way 
to measure motor temperature.  Sensors help identify when equipment is 
operating as expected.    

Sensors: The key to improving efficiency
Rather than using your hand to guess at temperatures, a better solution 
is to know the motor, pump and bearing temperatures with certainty us-
ing sensors.  Sensors allow accurately measurement of temperature.  At 
a basic level, sensors tell you if equipment is operating within its normal 
ranges, or if the equipment needs your attention.  Trusted sensor data 
can affect and guide your next move.  

It’s natural to assume that a mechanical plant 
was originally designed with all the sensors 
needed to manage and control normal opera-
tions.  That was most likely the thinking when 
the plant was first built, but a plant is always 
evolving.  Equipment has aged, high-power mo-
tors have been replaced with “green” motors 
to save energy and lower operational costs, and 
surprises emerged that were not obvious at the 
outset.  External changes can also affect the 
mechanical plant, such as the quality of the 
electrical service and its reliability.  

The very improvements that drive efficiency 
can also make the equipment more susceptible 
to thermal damage.   Concepts like the maxi-
mum number of restarts per hour may not have 
even been a consideration when the mechani-
cal plant was designed and built, but they can 
certainly turn into a key consideration affecting 
uptime KPIs and cost efficiency.

Temperature sensors monitor motor temperatures and bearing health
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Data changes your view of root cause
By monitoring more measurable parameters with sensors, you will be 
better equipped to operate and manage your plant.  Sensors increase 
awareness of risks and deliver alerts to potentially damaging conditions.  
You may even be able to detect pending failure conditions and schedule 
preventative maintenance before failures stop operations.  

For example, a motor that keeps tripping out and taking the plant down 
might seem like the root of the problem; a situation that seems to be 
calling for a costly motor replacement.  A better approach uses sensors 
to monitor more parameters and report actual status.  With better data 
in hand, you might find that the tripping motor has been running hotter 
than usual or that the electrical service is slightly under-voltage.  The 
frequently tripping motor might be the cause of your issues, or it might 
simply be the leading indicator of trouble elsewhere.

Sensors allow you to discriminate between cause and effect.  They also 
give you the opportunity to tackle issues proactively.  What you learn 
from even a simple spot check using a portable sensing and monitoring 
system may lead you to completely different approach.  Installation of a 
continuous real-time monitoring system is an option if finer data gran-
ularity is needed.  In cases where the electrical service is known to be 
unstable, perhaps sensitive manufacturing might be rescheduled to occur 
when the electrical grid is under less stress and might be more reliable.  

How do sensors empower data insights?
For motors, pumps and other mechanical elements, knowing the oper-
ating temperature is essential to detecting out-of-range situations that 
need your attention.  

One strategy is to install convenient sensors and then to capture a 
temperature baseline during normal operations.  When the operating 
temperature of an individual piece of equipment exceeds this baseline, 
then it’s time to start looking for the cause.  Maybe it’s a bearing; maybe 
it’s the electrical service, or perhaps the motor’s insulation is already 
damaged.  

Early warning of pending failures allows sensitive operations to be 
delayed or rescheduled.  Either of these options is probably better than 
just waiting for an unscheduled failure.  

It’s common to deploy sensors as part of a large planned IoT effort.  New 
options are now available that can be installed and operated by the 
maintenance team.  Large IoT installations take time to plan, contract 
and construct, so you might want to employ a spot check predictive 
maintenance system to access temperature data and form insights now.  

 
Why wait? 

Access critical 
plant data  

today
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Take your first predictive maintenance steps
RFMicron predictive maintenance temperature monitoring system deliv-
ers real-world mechanical plant data.  Faster data means faster, more in-
sightful, action for your team.  The system includes wireless temperature 
sensors built using Smart Passive Sensing™ technology.  These wireless 
sensors are mounted directly to complex equipment using the integrated 
adhesive strip.  

The system includes a powerful handheld reader suitable for mainte-
nance teams to check equipment status as needed.  The sensors get their 
power from the wireless signal sent by from the reader; so sensors are 
battery-free and maintenance-free.  

The reader comes with pre-loaded monitoring software.  The sensors are 
easily registered by the system so that you’re ready to measure tem-
perature right out of the box.  Since the readers and the sensors have 
undergone extensive compatibility testing, you’re assured of accuracy 
and compatibility.  

The system allows maintenance teams to survey the plant state once a 
month, or once every hour depending on risks 
and downtime costs.  An upgrade to fixed read-
ers allows continuous monitoring of the same 
wireless sensors used by the portable kit.  

Whatever your predictive maintenance needs 
might be, a temperature monitoring system is 
the key to getting the most out of your me-
chanical plant.

RFM5104 Predictive Maintenance Temperature Monitor System
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Risks to equipment come from several sources
Equipment issues spring from a range of sources: starting the motor, stopping and starting the motor too fre-
quently, locked shaft overcurrent, high inertial loads and bearing damage, as well as issues with the electri-
cal power service such as single-phasing and under voltage.  Modern “green” motors bring greatly improved 
efficiency but also require close attention to their management.

Starting an electric motor - causes large electrical currents to flow in the motor windings.  At start, the shaft 
speed is zero, and the motor currents are at their highest.  This current is beneficial since it generates mas-
sive torque which is needed to get the motor spinning, but these high currents also rapidly heat the motor 
windings.  For systems that start and run reliably, the starting currents and their rapid heating effects are not 
an issue.  The motor will likely enjoy its normal life expectancy.

Frequent starts and stops - can cause the internal motor temperature to build up and eventually damage the 
winding insulation.   
 
Locked shaft conditions - occur when a fan or conveyor line jams.  Much like motor start conditions, the 
current in motor windings increases dramatically when the shaft is jammed.  Internal temperature can very 
quickly reach damaging levels.  

High inertial loads - result when large objects move onto a conveyor line or in various types of pumping oper-
ations.  The motor will be under a high-current heating condition until that large object or flows are moving 
at their proper speed.  High inertial-loads can cause insulation overheating and motor damage.

Bearing damage – results from lubrication failures, but also from failed electrical insulation.  Once motor 
winding insulation begins to fail, electrical current can be shunted through the motor housing and shaft.  This 
current seeks the easiest path to ground, which is often through the bearings.  Current flows through bear-
ings cause pitting and early bearing failure.

Single-phasing – results when electrical power is lost in one of phases of the three-phase motor.  The motor 
will continue to operate with only two phases.  The power imbalance causes higher current flow that can 
trigger overheating.

Under voltage – results when the electrical voltage is lower than required for the motor.  Under voltage is an 
issue in facilities that operate at the limits of their electrical service.  Under voltage causes current increases 
that can trigger overheating and damage.

©2018  Axzon and RFMicron, Inc.  All rights reserved.  Reproduction in part or in whole is prohibited without prior written consent of the copyright owner.  The information presented in 
this document does not form part of any quotation or contract, is believed to be accurate and reliable and may be changed without notice.  Axzon, RFMicron, and RFMicron, Inc. as well 
as the product and service names mentioned herein are the registered trademarks of RFMicron, Inc.  All other trademarks are the property of their respective owners.  RFMicron, Austin 
Texas, USA.

Get ahead of the next crisis!   
Visit www.RFMicron.com/predictive-maintenance


