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SECTION 1: MOTOR AND DRIVE SYSTEM BASICS

Overview
Electric motors, taken together, make up the single larg-
est end use of electricity in the United States. In the U.S. 
manufacturing sector, electric motors used for machine 
drives such as pumps, conveyors, compressors, fans, mix-
ers, grinders, and other materials handling or processing 
equipment account for about 54% of electricity con-
sumption. Additional energy is consumed in HVAC and 
refrigeration equipment. Electric motors provide efficient, 
reliable, long-lasting service, and most require compara-
tively little maintenance. Despite these advantages, how-
ever, they can be inefficient and costly to operate if they 
are not properly selected and maintained. Industrial plants 
can avoid unnecessary increases in energy consumption, 
maintenance, and costs by selecting motors that are well 
suited to their applications and making sure that they are 
well maintained.

A Systems Approach
Cost-effective operation and maintenance of a motor 
and drive system requires attention not just to individual 
pieces of equipment but to the system as a whole. A sys-
tems approach analyzes both the supply and demand sides 
of the system and how they interact, essentially shifting 
the focus from individual components to total system per-
formance. Operators can sometimes be so focused on the 
immediate demands of their equipment that they overlook 
the ways in which the system’s parameters are affecting 
that equipment.

A common engineering approach is to break down a 
system into its basic components or modules, optimize 
the selection or design of those components, and then 
assemble the system. An advantage of this approach is that 
it is simple. A disadvantage is that this approach ignores 
the interaction of the components. For example, sizing a 
motor so that it is larger than necessary—essentially giv-
ing it a safety factor—ensures that the motor can provide 
enough torque to meet the needs of the application. How-
ever, an oversized motor can create performance problems 
with the driven equipment, especially in turbomachinery 
such as fans or pumps. In certain circumstances, an over-
sized motor can compromise the reliability of both the 
components and the entire system.

In a component approach, the engineer employs a particu-
lar design condition to specify a component. In a sys-
tems approach, the engineer evaluates the entire system 
to determine how end-use requirements can be provided 
most effectively and efficiently. Focusing on systems 
means expanding possibilities, from looking for one piece 
of equipment that can meet worst-case requirements to 
evaluating whether components can be configured to 
maintain high performance over the entire range of operat-
ing conditions.

A basic premise of a systems approach is that industrial 
systems usually do not operate under one condition all the 
time. Motor and drive system loads often vary according 
to cyclical production demands, environmental conditions, 
changes in customer requirements, and so on. To optimize 
system performance, the engineer must configure the sys-
tem to avoid inefficiencies and energy losses. For exam-
ple, motors that typically run at more than one-half to full 
load usually operate much more efficiently than they do 
at less than one-half load or into their service factor . The 
service factor of an alternating-current (AC) motor is a 
multiplier which, when applied to the rated motor horse-
power (hp), indicates a permissible loading for operation 
under usual service conditions. Though operation within 
the service factor is permissible, it is not recommended 
because a motor operating at any service factor greater 
than 1 will have a reduced life expectancy. Common 
service factor values are 1.10 and 1.15. Other avoidable 
losses occur when throttling valves or dampers are used 
for flow regulation.

For example, suppose that a motor-driven pump supplies 
water to several heat exchangers and has a flow require-
ment that the system piping and heat exchangers were 
designed to handle. The pump was specified according to 
the requirements of this flow condition. However, actual 
operating conditions can vary according to the season, the 
time of day, and the production rate. To handle the need 
for variable flow rates, the system is equipped with throt-
tling valves and recirculation bypass lines. This equipment 
provides the desired flow regulation, but at the expense of 
wasted energy.
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Similarly, many fan systems have variable air-delivery 
requirements. A common practice is to size the fan so 
that it meets the highest expected load and use inlet guide 
vanes or discharge dampers to restrict airflow during 
periods of low demand. However, one of the least efficient 
methods of controlling flow is to use discharge damp-
ers. Consequently, although the system provides adequate 
airflow, the lack of a drive to control the motor’s speed 
(and thus airflow) can cause system operating costs to be 
significantly higher than necessary.

In addition to increasing energy costs, an inefficient motor 
and drive system often increases maintenance costs. When 
systems do not operate efficiently, thermal and mechani-
cal energy losses must be dissipated by piping, struc-
tures, dampers, and valves. Additional system stresses 
can accelerate wear and create loads for which the system 
was not originally designed. For example, in a pump-
ing system, excess flow energy must be dissipated across 
throttle valves or through bypass valves, or it must be 
absorbed by the piping and support structure. As a result, 
all of this equipment can degrade more easily. Throttle 
and bypass valves can require seat repair, and piping and 
support structures can develop cracks and leak as a result 
of fatigue loads. Repairing or replacing this equipment can 
be costly.

In addition, inefficient system operation in an industrial 
plant can create poor working conditions such as high 
levels of noise and excessive heat. High noise levels can 
be the result of flow noise, structural vibrations, or sim-
ply normal equipment operation. In addition, inefficient 
systems often add heat to the workplace. This added heat 
often must be removed by the facility’s heating, ventilat-
ing, and air-conditioning (HVAC) system, further increas-
ing total operating costs.

Indications of Poor System Design
Taking a component-based approach to industrial system 
design and operation tends to increase facility costs and 
maintenance requirements, and reduce reliability. How-
ever, the problems associated with a poorly designed 
system—high energy costs, the need for frequent mainte-
nance, and poor system performance—can be corrected, as 
indicated in the following paragraphs.

High Energy Costs
High energy costs can be the result of inefficient system 
design as well as inefficient motor operation. Not select-
ing or designing a proper motor and drive system for the 
application can also lead to power quality problems, such 
as voltage sags, harmonics, and a low-power factor.

Frequent Maintenance
Equipment that is not properly matched to the require-
ments of the application tends to need more mainte-
nance. The primary causes of increased maintenance 
requirements are the added stresses on the system and 
the increased heat that accompanies inefficient opera-
tion. Ironically, system designers often specify oversized 
motors, drives, and end-use equipment to improve reli-
ability. An oversized motor might be more reliable, but it 
might also make other parts of the system less reliable. A 
more effective way of ensuring high reliability is to design 
a system and specify system components so that the sys-
tem’s operating efficiency is high over the full range of 
operating conditions.

Poor System Performance
Operating a motor and drive system that was not prop-
erly selected for its application can result in poor overall 
system performance. Poor system performance is a major 
cause of increases in maintenance and decreases in reli-
ability. Common indications include abrupt or frequent 
system starts and stops, high noise levels, and hot work 
environments. In many material handling systems, the 
work-in-process moves roughly from one work station 
to the next. The banging that often accompanies sudden 
accelerations and decelerations is symptomatic of stress 
on the motor and drive system. The consequences of this 
stress can be more frequent maintenance and poor operat-
ing efficiency.

High noise levels due to cavitation or recirculation flows 
are common in fluid systems with oversized or misapplied 
pumps. Because energy losses in fluid flow often dissipate 
as noise, systems with large flow losses tend to be loud.

Types of Electric Motors
To ensure that motors are applied properly, it is essential 
to understand the various types of motors and their operat-
ing characteristics. Electric motors fall into two classes, 
based on the power supply: AC or direct current (DC). 
The most common types of industrial motors are shown in 
Figure 1.
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Figure 1. Types of motors

AC motors can be single-phase or polyphase. In terms of 
quantity, single-phase motors are the most common type, 
mainly because many small motors are used for residential 
and commercial applications in which single-phase power 
is readily available. However, several operating constraints 
on these motors limit their widespread use in industrial 
applications. Integral single-phase induction motors tend 
to pull large, starting currents relative to the motor’s size. 
In general, they operate less efficiently than three-phase 
motors of comparable size, and are not available in a wide 
range of synchronous speeds or in ratings above 15 hp.

In contrast, polyphase motors are used widely in industrial 
applications. Polyphase motors can be found in almost 
every industrial process, and they often operate continu-
ously to support production processes. These motors can 
achieve high efficiencies with favorable torque and current 
characteristics. The effectiveness and low cost of three-
phase motors are major reasons why three-phase power is 
used so widely in industry. In terms of energy consump-
tion and efficiency improvement opportunities, three-
phase motor systems predominate. Therefore, they are the 
main focus of this sourcebook.

Direct-Current Motors
DC power was central to Thomas Edison’s vision of how 
electricity should be supplied. Because of their competi-
tive advantages, however, AC power and AC motors soon 
became the industry favorite. Despite the predominance of 
three-phase AC motors, DC power has advantages in cer-
tain industrial applications and is still widely used.

The advantages of DC motors include excellent speed con-
trol and the ability to provide high torque at low speeds. 
However, a majority of DC motors use brushes to transfer 
electrical power to the motor armature. Brush assemblies 
not only require a larger motor, they can also increase 
maintenance requirements. As brushes wear, they create a 
housekeeping problem by generating carbon dust. Brushes 
are also sensitive to contamination, especially in machines 
that contain silicone materials, and they must be replaced 
periodically.

Because electric power is supplied as AC, additional 
equipment that generates DC power, such as motor gener-
ator sets or silicon-controlled rectifier controls, are needed 
to run DC machines. Small electronically commutated per-
manent-magnet (ECPM) or brushless-DC motors provide 
variable speed capability and are in widespread use in low 
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horsepower, general purpose applications. Because batter-
ies supply direct current, DC motors have an advantage in 
applications in which the motor is supplied by a DC bus 
as part of an uninterruptible power system. Although these 
applications are somewhat specialized, they could increase 
as industry becomes more sensitive to power quality prob-
lems and more aware of the high cost of interruptions in 
production.

There are four principal classes of DC motors:  series 
wound, shunt wound, compound wound, and permanent 
magnet. Series-wound, shunt-wound, and compound-
wound motors all require brushes to supply current to the 
stator. The differences between these motors are based on 
how the stator (field frame) and the rotor (armature) are 
connected.

Series Motor. In a series motor, as the name implies, the 
fields and armature are connected in series, and the same 
current passes through both. In this configuration, torque 
increases in proportion to the square of the increase in cur-
rent. This relationship is true until the magnetic strength 
of the motor is reached, which is a condition known as 
saturation. Beyond saturation, any load increase is directly 
proportional to an increase in current.

Compound Motor. A compound motor is a combination 
of a series- and a shunt-wound motor  (a shunt-wound 
motor has field and armature circuits connected in paral-
lel). A compound motor has two basic circuit branches: in 
one branch, a shunt-field circuit wraps around the stator, 
and in the other branch a series circuit includes both the 
series fields and the armature. A key operating charac-
teristic of this type of motor is that it can handle sudden 
increases in loads without a great change in speed.

Permanent Magnet. Permanent-magnet (PM) motors 
rely on inherently magnetic materials—such as alloys of 
cobalt, nickel, iron, and titanium—to create a magnetic 
field. PM motors can range up to 600 hp in size. They can 
be constructed in several different ways, and some ver-
sions operate with AC power. However, most industrial 
PM motors are brushless DC types. An ECPM motor is a 
type of brushless-DC motor having speed and torque con-
trol. ECPM motors can use single-phase AC input power 
and convert it into three-phase operation. And ECPM 
motors use electromagnetic-force sensing to determine 
rotor position and perform the commutation function. 
Because of their design, ECPMs do not exhibit the brush 
wear and noise associated with typical DC motors.

PM motors have certain performance advantages over 
AC-induction motors, especially in applications with 
wide variations in load and speed. PM motors can main-
tain relatively high efficiencies at low motor loads and, 
like other DC motors, they can provide high torque at low 
motor speeds. Because they do not require brushes, using 
PM motors avoids many of the operating and maintenance 
problems normally associated with DC motors. Advances 
in PM motor technology have made this type competitive 
with the more commonly used induction motor/variable 
frequency drive (VFD) combination, in many applica-
tions. A drawback of PM motors is their tendency to 
accumulate magnetic contaminants, even when the motor 
is idle.

Alternating-Current Motors
AC motors are the most widely used in the industry. Indus-
try’s preference for AC motors springs from their simplic-
ity, low cost, and efficiency. There are two primary types 
of AC motors:  induction (also referred to as asynchro-
nous) and synchronous. With the exception of wound-rotor 
motors that have slip rings, the rotors of induction motors 
are not physically connected to any external circuits; 
instead, the excitation current is induced by a magnetic 
field. In synchronous rotors, the excitation current is fed 
directly to the rotor by means of brushes and slip rings or a 
rectifier bridge (brushless excitation). Induction motors are 
widely used because of their simple design, rugged con-
struction, relatively low cost, and characteristically long 
operating life. Synchronous motors, on the other hand, 
have some useful advantages and are used in more special-
ized applications.

In both types of motors, the stator circuit creates a 
magnetic field that rotates at a synchronous speed. This 
speed depends on the number of poles and the frequency 
of the electricity supply; and it is determined by the 
following equation:

For example, in a 60-Hz system, the stator field in a two-
pole motor rotates at 3,600 revolutions per minute (RPM), 
the field in a four-pole motor rotates at 1,800 RPM, and 
the field in a six-pole motor rotates at 1,200 RPM.

Synchronous speed = 

120 × frequency [hertz (Hz)]
 number of poles
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An important operating difference between induction 
motors and synchronous motors is that induction motors 
operate at somewhat less than synchronous speed. The dif-
ference between the actual speed and synchronous speed 
is known as slip. Synchronous motors operate without slip 
at synchronous speed.

Induction Motors. Induction motors include squirrel-cage 
and wound-rotor types. Induction motors rely on a 
magnetic field to transfer electromagnetic energy to the 
rotor. The induced currents in the rotor create a magnetic 
field that interacts with the stator field. The speed of the 
rotor’s magnetic field is slightly less than that of the stator 
(this difference is the slip). As the load on the motor 
increases, the slip also increases. The full-load speed is 
typically shown on the motor nameplate. A typical 
induction motor is shown in Figure 2.

Squirrel-Cage Motors. The most common type of indus-
trial motor is the squirrel-cage induction motor. The name 
derives from the similarity between the rotor and the type 
of wire wheel commonly found in pet cages at the time 
this motor was first developed (see Figure 3). Rotor bars 
are either welded or cast to two circular end rings, forming 
a circuit with very little resistance.

Advantages of this type of motor include the following:

• Low cost

• Low maintenance

• High reliability

• A fairly wide range of torque and slip characteristics.

Because squirrel-cage induction motors can be designed 
and built to have a relatively wide range of torque and 
slip characteristics, the National Electrical Manufacturer 
Association has developed a set of classifications for these 
motors. These classifications help engineers and design-
ers select the right motors for applications that require 
certain starting torques, operating torques, and slip rates. 
For more on these motor classifications, see “Efficiency 
Opportunity No. 4: Selecting the Right Motor” in Section 
2 of this sourcebook.

Fan Cover
(Hood)

Stator (Windings)

Bracket
(End Bell)

SealConduit
Box Cover

Fan

Frame Bearings

Motor
Shaft

Conduit
Box

Rotor

Figure 2. Induction motor 
 Illustration from Leeson Electric Corporation

Rotor Bars

End Rings

Figure 3. Squirrel-cage rotor
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Wound-Rotor Motors. Another type of induction motor 
is the wound rotor. In this type, either bars are inserted 
into the rotor or wires are wound into slots in the rotor. In 
wound rotors, current is induced in the rotor, and the resis-
tance of the rotor circuit is varied by adding or removing 
external resistance to control torque and speed. An impor-
tant operating characteristic of these motors is the ability 
to adjust speed and torque characteristics by controlling 
the amount of resistance in the rotor circuit.

Characteristics of this type of motor include the following:

• Excellent speed control

• High-starting torque

• Low-starting current

• Ability to handle high-inertia loads (squirrel-cage
induction motor slip losses would be too large and
could overheat rotors)

• Ability to handle frequent starts and stops

• Ability to operate at reduced speeds for long periods.

Synchronous Motors. These motors, as their name 
implies, operate at the same speed as the rotating magnetic 
field. Although they are more expensive to purchase and 
maintain, they can be 1% to 2% more efficient—depend-
ing on motor size—than induction motors. They can also 
add a leading power factor component to a distribution 
system, which makes them attractive to many industrial 
facilities. In fact, synchronous motors are occasionally 
operated without a load, as synchronous condensers, just 
to increase a facility’s power factor.

In industrial synchronous motors, an external supply of 
DC power is usually supplied to the rotor by a set of slip 
rings and brushes. In newer models, brushless excita-
tion systems and PM generators are built into the rotor. 
Because the direct current does not change the polarity, 
the rotor needs a separate squirrel-cage winding during 
starts. But once the rotor approaches operating speed, the 
squirrel-cage winding becomes inoperative; as the direct 
current is applied, the rotor speed is pulled into synchron-
icity with the rotating magnetic field created by the stator.

Switched-Reluctance Motors. Switched-reluctance 
(SR) motors have several performance, efficiency, and 
cost advantages that should encourage their use in an 
increasing number of applications. SR motors do not have 
magnets or rotor windings. Their simple, rugged design 
also provides higher reliability. Important advantages of 
SR motors include exceptional feedback and flexibility in 
speed and torque control.

SR motors operate much like an electromagnetic coil. The 
stator contains poles that, when energized, create a mag-
netic field that pulls the nearest pole on the rotor toward it. 
Consequently, the performance of SR motors is largely a 
function of the power electronics that control the sequenc-
ing of pole energizations. SR motors have characteristi-
cally high power-to-weight ratios and are well suited 
for vehicle applications. Their torque and speed-control 
characteristics also make them suitable for pump and fan 
applications in which power is highly sensitive to operat-
ing speed. In the past, the disadvantages of SR motors 
included torque ripple (pole-to-pole variations in torque) 
and higher operating noise; however, improvements have 
been made in these areas.

SR motor technology was initially developed in the 19th 
century, but limitations in power electronics technology 
made this type of motor impractical. Later developments 
in power electronics improved their performance and low-
ered their costs, increasing their applicability. However, 
the cost of the power modules often offsets the lower cost 
of the SR motor itself. The modules are relatively special-
ized, often generating four-phase power.

Improvements in power electronics have made both PM 
and SR motors and similar systems much more suitable 
for many applications. Despite the many advantages of 
these motor systems, the most common type of industrial 
motor is still the squirrel-cage induction type. Because 
motors are indispensable to plant operations, facilities 
tend to resist using a new motor technology if the current 
system is performing adequately. Adopting better operat-
ing practices or incorporating better controls into existing 
induction motor systems incurs less risk and can result in 
the same levels of efficiency and performance that new 
motor technologies exhibit. For additional information on 
PM and SR motors, see the “Advanced Motor Technolo-
gies” chapter in the U.S. Department of Energy (DOE) 
Advanced Manufacturing Office’s (AMO’s) Premium 
Efficiency Motor Selection and Application Guide.1

1 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 
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Motor Operating Characteristics
The most important motor operating characteristics are 
horsepower, operating speed (measured in RPM), and 
torque. These are related by the following equation:

Motor performance depends on how well these operating 
characteristics match the load. The load on a motor is not 
always constant, and the response of the motor to changes 
in load is a fundamental factor in selecting the right motor 
for an application. For more on this, see “Efficiency 
Opportunity No. 4: Selecting the Right Motor” in Section 
2 of this sourcebook.

Voltages
The motor voltage must match the rated system supply 
voltage. A mismatch between the motor voltage and the 
system voltage can result in severe operating problems 
and, in some cases, immediate failure. However, this type 
of problem is not common. Operating a motor when the 
system voltage varies significantly from its rated level is 
a more critical concern. And problems like these are often 
the result of a distribution system problem such as three-
phase voltage unbalance, voltage outages, sags, surges, 
and overvoltage or undervoltage.

Motor performance is significantly affected when a motor 
operates at voltages +/–10% or more from its rated volt-
age. See “Efficiency Opportunity No. 6: Addressing In-
Plant Electrical Distribution and Power Quality Issues” in 
Section 2 of this sourcebook. A facility that experiences 
wide swings in voltage will probably have an abundance 
of power quality problems, including poor motor opera-
tion. If that is the case, the facility’s distribution system 
should be reviewed. For additional information on trouble-
shooting and tuning your in-plant distribution system, see 
“The Plant Electrical Distribution System” chapter in the 
AMO’s Premium Efficiency Motor Selection and Applica-
tion Guide.2 

2 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 

Horsepower
The horsepower rating of a motor indicates its brake or 
shaft horsepower output. A motor should be able to sup-
port the power requirements of the load without being 
oversized or undersized. The motor’s horsepower rating 
should ensure that the motor does not operate into its ser-
vice factor or below 40% of full-load for long periods (see 
Figure 4). Motor torque and speed are important additional 
considerations in determining a motor’s ability to oper-
ate effectively and efficiently. The responsiveness of the 
motor in starting and operating is critical and should be 
considered concurrently with its horsepower.

Engineers should be careful not to oversize a motor just to 
satisfy a speed or torque requirement. Oversized motors 
tend to incur higher starter, protection, initial purchase, 
maintenance, and operating costs (including costs for 
power factor correction). A systems approach to motor 
selection is an effective way of ensuring adequate, 
cost-effective operation.

hp = torque (ft − lb) × RPM
5,252
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Figure 4. Typical motor part-load efficiency curve 
(Adapted from A. Bonnet, IEEE Trans. 36:1, Fig. 26, Jan. 2000)
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Speed
The speed of an electric motor is an important element 
that depends on many factors. The operating speed of a 
DC motor depends on the type of motor, the strength of 
the magnetic field, and the load. The operating speed of 
an AC motor depends on the rotor type, the number of 
poles, the frequency of the power supply, and slip charac-
teristics. Synchronous AC motors operate at the speed of 
the rotating magnetic field; most induction motors operate 
within 1% to 3% of this speed, depending on the motor’s 
slip characteristics.

Common AC motor synchronous speeds are 3,600, 1,800, 
1,200, 900, and 600 RPM. Many applications require 
speeds different from these, however, so AC motors are 
usually combined with various types of speed adjustment 
devices. These devices include gears, belts, eddy-current 
couplings, hydraulic couplings, VFDs, etc. Two-speed 
AC motors can operate at multiple speeds by using sepa-
rate windings within the same motor or by using a single 
winding with an external switch that changes the number 
of poles.

An important consideration is whether the speed must be 
constant or variable. In constant-speed applications, gears 
or belts can provide fixed-speed ratios between the motor 
and the driven equipment. Variable speed applications can 
be served by multiple-speed motors or drive systems with 
adjustable speed ratios. Belt and gear efficiency measures 
are discussed in the “System Efficiency Improvement 
Opportunities” chapter of AMO’s Continuous Energy 
Improvement in Motor Driven Systems.3

Adjustable Speed Motors. Many applications that are 
currently served by constant-speed motors are well suited 
for variable speed control. For example, in many pumping 
and fan system applications, flow is controlled by using 
restrictive devices such as throttling valves or dampers, or 
through the use of recirculation bypass methods. Although 
these flow-control methods have advantages, speed control 
is often a more efficient and cost-effective option for many 
systems.

Similarly, in many material handling systems, adjust-
able speed drives (ASDs) can increase system efficiency 
and improve system reliability. For example, in many 
conveyor systems, lines are controlled by energizing and 
de-energizing a series of motors. These frequent starts 

3 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 

and shutdowns are tough on motors and line components 
because of repeated stresses from starting currents, and 
acceleration and deceleration of mechanical components. 
Using ASDs can smooth out line motion for more efficient 
and effective operation.

Some motors have inherent speed control capabilities. For 
example, DC motors have excellent speed and torque con-
trol characteristics, and are often used when high torque 
at low speeds is required. The speed adjustments of DC 
motors can be as much as 20:1, and they can operate at 5% 
to 7% of the motor’s base speed (some can even operate 
at 0 RPM). Some AC motors can also be used in speed 
adjustment situations. Wound-rotor motors can have speed 
ratios of as much as 20:1 by changing the resistance in the 
rotor circuit.

Another common method of controlling speed is to use 
induction motors combined with pulse-width modulated 
variable frequency drives (VFDs). Induction motors are 
widely used in industrial applications because of their 
inherent advantages in terms of cost, reliability, availabil-
ity, and low maintenance requirements. Mechanics and 
operators are usually familiar with these motors, which 
facilitate repair and maintenance tasks.

Combining an in-service motor with a VFD provides facil-
ities with an effective speed control technology that does 
not require the use of a different type of motor. However, 
not all in-service induction motors can be combined with a 
VFD; engineers should evaluate motors and load require-
ments on a case-by-case basis to see if such combina-
tions are feasible. Misapplying VFDs to in-service motors 
can prevent expected energy savings from materializing, 
or can quickly cause motor failures. Moreover, some 
motor-driven machines have speed-dependent lubrication 
systems, and these must be considered in any assessment 
associated with changes in speed. For additional informa-
tion on VFD retrofits, voltage overshoots, and bearing 
currents, refer to the “Motor Interactions with Adjustable 
Speed Drives” and “Inverter Duty Motor Design Features” 
sections of AMO’s Premium Efficiency Motor Selection 
and Application Guide.4 

Induction motors with VFDs are increasingly being used 
in applications that once featured DC motors. Although 
DC motors still have some operating advantages in low-
speed, high-torque applications, the added complexity 
associated with operating and maintaining a DC motor 

4 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 
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system is an important factor behind the increasing num-
bers of induction motor/VFD systems. See “Efficiency 
Opportunity No. 5: Using Variable Frequency Drives” in 
Section 2 of this sourcebook. Also refer to AMO’s Energy 
Tips sheet Minimize Adverse Motor and Adjustable Speed 
Drive Interactions,5 and the “Use Adjustable Speed Drives 
for Applications with Variable Flow Requirements” sec-
tion of AMO’s Continuous Energy Improvement in Motor 
Driven Systems.6

Another speed-control option is to use an AC motor with 
an intermediate drive device that allows adjustable speed 
ratios. Eddy-current and hydraulic couplings allow vary-
ing degrees of slip between the driver and the driven 
equipment to achieve the desired output speed. In eddy-
current couplings, the motor slip and rotational speed are 
controlled by adjusting the strength of the magnetic field 
in the coupling. In hydraulic couplings, a pump similar to 
the one used in automobile transmissions allows fluid to 
recirculate rather than perform mechanical work. Draw-
backs to these devices include relatively low efficiency, 
compared to that of other speed-control devices, and high 
maintenance costs. For additional information, refer to 
AMO’s motor Energy Tips sheets: Is it Cost-Effective to 
Replace Old Eddy-Current Drives?7 and Magnetically 
Coupled Adjustable Speed Motor Drives.8 

Multiple-Speed Motors. Multiple-speed motors are 
another speed-control option. AC motors can be built to 
operate at different, discrete speeds using two principal 
approaches. First, these motors can be constructed with 
multiple windings, one for each speed. Such motors are 
usually two-speed, but they can be built to run at three 
or four speeds. Motors with different sets of windings, 
(such as cooling tower fan-drive motors) are used in many 
cooling system applications, so they can operate at differ-
ent speeds when ambient conditions (temperature and/or 
humidity) change. In general, these motors are less efficient 
because of the effects of the additional windings. Sec-
ond, in many multiple-speed motors, a single winding can 
be controlled with a starter that allows the winding to be 
reconfigured into different speeds (with a ratio of only 2:1).

5 www.eere.energy.gov/manufacturing/tech_deployment/pdfs/ 
motor_tipsheet15.pdf

6 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 
7 www.nrel.gov/docs/fy13osti/56009.pdf
8 www.eere.energy.gov/manufacturing/tech_deployment/pdfs/ 

motor_tip_sheet13.pdf

A principal advantage of multiple-speed motors is their 
ability to operate at different speeds using a compact 
motor/drive assembly. Floor space is often at a premium, 
and multiple-speed motors are space savers. Alterna-
tive speed-control options often take up space, must be 
inserted between the motor and the driven equipment, and 
require additional maintenance.

Torque
Torque is the rotational force that a motor applies to its 
driven equipment and a fundamental factor in motor 
performance. The torque capacity of a motor depends on 
many design characteristics. Figure 5 shows a speed-
torque curve for a typical induction motor. Starting- or 
locked-rotor torque is the steady-state torque developed by 
the motor when it is first energized, and it is the same 
torque generated during locked rotor and stall conditions. 
This torque value is important because, even if a motor 
has sufficient horsepower, it could overheat before 
reaching operating speed if it cannot accelerate the load 
from resting state.
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Pull-up torque is the minimum torque that the electric 
motor develops when it runs from zero to full-load speed 
(before it reaches the breakdown torque point). Full-
load torque is the torque produced by the motor at rated 
horsepower and speed. Motors sometimes exceed full-load 
torque during changes in the load; however, sustained 
operation above full-load torque can reduce the operating 
life of a motor. Breakdown torque is the maximum torque 
that the motor can generate without an abrupt drop in 
speed. If the load exceeds this torque, the motor will stall, 
causing it to rapidly overheat and risking insulation failure 
if it is not properly protected.

Load Characteristics
There are four basic types of loads:

• Variable torque

• Constant torque

• Constant horsepower

• Cyclic loads.

The most common type of load has variable torque charac-
teristics, in which horsepower and torque vary with respect 
to speed. For example, in centrifugal pumps and fans, 
torque varies according to the square of speed.

In a constant-torque load, the torque is independent of 
speed. Common applications include conveyor systems, 
hoists, and cranes. For example, conveying a 500-pound 
load along an assembly line requires the same amount of 
torque whether it is moving at a constant speed of 5 feet 
per minute or 10 feet per minute. Although horsepower 
varies linearly with respect to speed, torque is constant.

In other types of equipment that require a constant 
torque—such as centrifugal air compressors, positive 
displacement pumps, and positive displacement blowers—
the relationship between flow and power is linear. This 
means that energy savings due to reduced flow operation 
are reduced when compared to variable torque pumps and 
fans. Some energy-saving measures, such as using ASDs, 
can also save energy with these other systems. However, 
significant energy savings occur only in certain applica-
tions, such as rotary-screw compressors with variable 
loads. In addition, many common design and operating 
practices tend to reduce system efficiencies, particularly 
with respect to compressed air systems.

In a constant horsepower load, the torque increases with 
decreasing speed and vice versa. A good example of this 
type of load is a winding machine in which the torque 
increases as the roll thickness builds up and the rotational 
speed slows down. Machine tools such as lathes and cut-
ting machines also display these operating characteristics.

A cyclic load is one in which the torque changes sig-
nificantly within a cycle or over a series of cycles. An 
example is an oil well pump; in this application, the down-
stroke of the pump piston requires much less force than 
the upstroke. Also, some air compressors and refrigera-
tion system compressors have cyclic load characteristics; 
they tend to shut down and start up in response to system 
pressures.

Load inertia refers to the resistance of the load to changes 
in speed. Applications that have high load inertia tend to 
require high starting torques. Load inertia is commonly 
referred to by the term Wk2. Examples of loads with high 
inertia are large fans and machines with flywheels, such as 
punch presses. The ratio of load inertia to motor torque has 
a strong effect on the responsiveness of the motor system 
to changes in the load.Affinity Laws

Flowfinal  =  Flowinitial

Pressurefinal  =  Pressureinitial

Powerfinal  =  Powerinitial

RPMinitial

RPMfinal( )
RPMinitial

RPMfinal( )

RPMinitial

RPMfinal( )

2

3
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Matching Motors and Drives to 
Their Applications
To select the proper motor for a particular application, the 
engineer needs to consider the basic requirements of the 
service. These include the load profile, environmental con-
ditions, the importance of operating flexibility, and reli-
ability requirements. About 60% of the energy consumed 
by industrial motor-driven applications is used to drive 
pumps, fans, and compressors. Within these applications, 
centrifugal pumps and fans share some common relation-
ships between speed (commonly measured in RPM), flow, 
pressure, and power; these are known as affinity laws (see 
sidebar).

One important implication of these laws is that power con-
sumption is highly sensitive to operating speed. Increas-
ing the speed of a fan or a pump requires a relatively large 
increase in the power required to drive it. For example, 
doubling the speed of the machine requires eight times 
more power. Similarly, decreasing the speed of a fan or 
pump removes a significant load from the motor.

The pump performance curve shown in Figure 6 illustrates 
the relationship between power and speed. The operating 
point is the intersection between the system curve and the 
pump’s performance curve. To achieve the desired operat-
ing flow with a fixed-speed pump, a throttle valve is used 
to control flow. The throttle valve increases the pressure 
in the pipe and takes pump performance to Point A on the 
original performance curve. Opening the throttle valve 
drops the pressure.

The input power to the pump-drive motor is proportional 
to the product of the flow and head at the operating point. 
Note how the amount of pressure supplied by the pump 
is dramatically reduced by slowing its rotational speed. 
Reducing the pump’s speed with an ASD takes the pump 
to operating Point B. Although operating Point B pro-
vides the same desired flow rate, it does so with reduced 
pressure and power requirements. At Point B, the pump 
operates much more efficiently, thus saving energy. There 
is no longer a large pressure drop across the throttle valve, 
so maintenance requirements, system noise, and system 
vibration are reduced. Additional examples of this rela-
tionship are shown in figures 7 and 8.
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Replacing a control valve with an ASD can increase 
system efficiency and provide significant energy savings. 
Note that in Figure 7, 100 energy units are supplied to the 
system; however, in Figure 8, the ASD system does the 
same work while requiring only 80 energy units. With the 
ASD, much less energy is lost across the throttle valve 
because the pump generates less flow.

Pumps
Centrifugal pumps are the type most commonly used, 
primarily because they are low in cost, simple to operate, 

reliable, and easy to maintain. In addition, they have rela-
tively long operating lives.

System designers and engineers need to understand spe-
cific system operating conditions to size a centrifugal 
pump correctly. Many engineers tend to be conservative 
in estimating system requirements, and they often increase 
the size of the centrifugal pump and motor to accommo-
date design uncertainties, potential capacity expansions, 
and increases in friction losses due to system fouling 
and changes over time in pipe surface roughness. How-
ever, this approach often leads to oversized pump/motor 
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assemblies. Oversizing can increase throttling and its 
associated energy losses, resulting in increased operating 
costs and maintenance requirements, and reduced system 
reliability because of added stresses on the system.

Pumping systems often operate inefficiently because of 
poor flow-control practices. Flow-control options include 
throttle valves, bypass valves, multiple-speed pumps, 
parallel pump configurations, and pumps coupled to 
ASDs. Each flow-control method has advantages and 
drawbacks, depending on the particular application. When 
they are incorporated properly into a system, these meth-
ods provide adequate and efficient flow control. How-
ever, improper design or use can increase system costs 
significantly.

ASDs help to match the flow energy delivered to the 
system to the system’s actual need. In pumping systems, 
VFDs are by far the most commonly used adjustable speed 
option. Reducing the pump speed proportionally reduces 
the flow while exponentially reducing the power require-
ment. Although installing VFDs can result in substantial 
energy savings, VFDs are not suitable for all applications, 
particularly those in which pumps operate against high 
static (or elevation) head. Static-lift pumping applications 
are discussed in the “System Efficiency Improvement 
Opportunities” chapter of AMO’s Continuous Energy 
Improvement in Motor Driven Systems.9

A useful tool for evaluating potential pumping sys-
tem improvements is the Pumping System Assessment 
Tool (PSAT).10 Developed with the support of the DOE 
Advanced Manufacturing Office (AMO), formerly the 
Industrial Technologies Program (ITP), and available at no 
charge to users, the PSAT software helps the user evaluate 
pumping systems to determine which pumps offer the best 
efficiency improvement opportunities. A screening process 
identifies pump applications that are worth investigat-
ing further, and PSAT prompts the user to acquire data 
for detailed analysis. For more information on PSAT and 
on properly matching pumps to system requirements, see 
Improving Pumping System Performance: A Sourcebook 
for Industry.11

9 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 
10 www.eere.energy.gov/manufacturing/tech_deployment/software_psat.html
11 www.eere.energy.gov/manufacturing/tech_deployment/pdfs/pump.pdf

Fans
A fan characteristics or performance curve is a plot of 
possible pressure and delivered flow operating points 
(Figure 9). The intersection of the fan performance and 
system curves defines the actual fan operating point. The 
operating point indicates the flow rate [cubic feet per min-
ute (cfm)] that the fan will deliver at the indicated static 
pressure [inches of water gauge (in-wg)]. Based on the 
way that they impart flow energy to the airstream, fans can 
be grouped into two fundamental classifications: axial fans 
and centrifugal fans.

Axial fans move air along the axis of a fan, much like a 
propeller. Centrifugal fans use a rotating impeller to accel-
erate air outward. This acceleration increases the kinetic 
energy of the airstream, which translates into an increase 
in pressure. These differences have several implications 
with respect to motors. Axial fans usually operate at 
higher speeds and, in some cases, they are directly coupled 
to the motor. Centrifugal fans tend to be heavier, and they 
often have high-load inertia. This high-load inertia can 
affect a plant’s electrical distribution system, especially 
when the fans are started. However, many large fans can 
be equipped with suitable soft-start devices that avoid the 
stresses of across-the-line starts.

Most fans are driven by induction motors that operate at 
3,600, 1,800, and 1,200 RPM. Because these motor speeds 
are usually too high for direct drives, belt drives are usu-
ally used to establish the desired fan speed. Important 
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exceptions to this guideline are vaneaxial fans. These fans 
are compact, efficient, and usually equipped with small 
fan blades to minimize the stresses caused by high-rotat-
ing speeds.

Fan system designers also tend to be conservative, often 
specifying a larger fan than the system requires. However, 
oversized fans increase operating costs and can cause 
problems that are similar to those caused by oversized 
pumps. Oversized fans are often noisier than they should 
be, and they also require more maintenance.

Because required airflow rates often change according 
to temperature, production level, occupancy, or boiler 
load, fans frequently supply varying flow rates. Although 
alternative flow control measures, such as dampers and 
inlet guide vanes can be effective, often the most efficient 
option is to use a speed-control mechanism, such as a 
VFD, to adjust the fan’s output. VFDs often have inherent 
soft-start capabilities that can limit starting currents. More 
information on fan systems can be found in Improving Fan 
System Performance: A Sourcebook for Industry.12 

A useful tool for evaluating potential fan system improve-
ments is the Fan System Assessment Tool (FSAT).13 
Developed with the support of ITP (now AMO), FSAT 
software helps the user evaluate fan systems to determine 
the best improvement opportunities. A screening process 
identifies fan applications that are worth investigating 
further, and then prompts the user to acquire data for addi-
tional analysis. More information on FSAT and fan sys-
tems can be found in Improving Fan System Performance: 
A Sourcebook for Industry.14

Air Compressors
Compressed air is important to most industrial facilities. 
It is used for such applications as driving hand tools, sup-
plying pneumatic control systems, applying paints and 
coatings, and cleaning and drying parts. There are two 
principal types of air compressors:  positive displacement 
and dynamic. Positive displacement compressors are more 
commonly used than dynamic ones.

Electric motors provide power to compressors economi-
cally, reliably, and efficiently. Most compressors make 

12 www.eere.energy.gov/manufacturing/tech_deployment/pdfs/ 
fan_sourcebook.pdf

13 www.eere.energy.gov/manufacturing/tech_deployment/software_fsat.html
14 www.eere.energy.gov/manufacturing/tech_deployment/pdfs/ 

fan_sourcebook.pdf

use of standard low-voltage polyphase induction motors; 
however, in some cases, large medium-voltage motors or 
motors with a higher service factor are used. In certain 
cases, the engineer can specify an energy-efficient or pre-
mium efficiency motor when a plant is purchasing a com-
pressor or a replacement motor. The incremental cost of a 
premium efficiency motor is usually recovered in a very 
short time because of the resulting energy savings.

For most compressed air systems, demand varies widely 
from hour to hour and day to day. Changes in shifts and 
production levels, as well as downtime on nights and 
weekends, can create highly variable load-duty cycles. 
Accommodating these wide fluctuations in demand is a 
principal challenge of compressed air system design.

The rotary-screw air compressor is the type most widely 
found in industrial facilities. Using VFD options to control 
output is becoming more common; however, most control 
systems still respond to flow changes by either starting and 
stopping the air compressor, using a load/unload mecha-
nism, throttling the input, employing a variable displace-
ment device, or using some other means of operating the 
compressor at part load. A load/unload control strategy 
uses a valve or some other pressure-relieving device to 
reduce the load on the compressor drive motor so that it 
continues to operate but under lightly loaded conditions. A 
variable-displacement control strategy changes the output 
of the compressor by controlling the displacement volume.

These output-control options for motor and drive systems 
can result in frequent starts and shutdowns or motors 
operating at low loads. Frequently starting and stopping 
large AC motors can cause power quality problems for the 
electrical distribution system and can cause motors to run 
at high temperatures. In addition, part-load operation of a 
motor usually results in a low-power factor, which, if not 
corrected, can lead to utility-imposed power factor penal-
ties. For more information on compressed air applications, 
see Improving Compressed Air System Performance: A 
Sourcebook for Industry.15

A useful tool for assessing improvement opportunities in 
compressed-air systems is AIRMaster+.16 This software 
tool was developed to help users simulate existing system 
operation and test potential modifications.

15 www.eere.energy.gov/manufacturing/tech_deployment/pdfs/ 
compressed_air_sourcebook.pdf

16 www.eere.energy.gov/manufacturing/tech_deployment/software_ 
airmaster.html
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AirMaster+ provides comprehensive information on 
assessing compressed air systems, including modeling 
existing and future system upgrades; and evaluating the 
savings, interactive effects, and cost-effectiveness of mul-
tiple energy efficiency measures. By evaluating different 
operating schedules, measures that reduce compressed 
air requirements, and control strategies, AIRMaster+ can 
help users determine how best to optimize compressed air 
system performance. 

Other Applications
Motors and drives are also used in a wide range of mate-
rial handling and material processing services. These 
applications often have unique load characteristics, so they 
are somewhat difficult to describe in general terms. For 
example, material processing loads largely depend on the 
nature of the material being moved, mixed, chopped, or 
sifted. Also, these applications may be either batch-type or 
continuous, and operating priorities vary widely in each of 
those two categories.

Despite all of these differences, using a systems approach 
in designing, operating, and modifying motor and drive 
systems tends to reduce operating costs and increase 
system reliability. This approach stresses the importance 
of evaluating how different system components interact 
and how different control or sizing options can keep the 
components operating efficiently. One place to start is to 
evaluate the load-duty cycle of system components.

Load-Duty Cycles
The term load-duty cycle (LDC) refers to the amount of 
time that equipment operates at various loads relative to its 
rated capacity. An example of an LDC is shown in Figure 
10. Because motors are often specified according to worst-
case operating conditions, applications in which normal
operating loads are much smaller than the worst- case load
often force the motor to operate at part-load much of the
time. The LDCs for such motors would show a significant
number of operating hours at reduced-load levels.

This problem is actually relatively common. The United 
States Industrial Electric Motor Systems Market Opportu-
nities Assessment,17 sponsored by AMO, found that more 
than 40% of the motors in industrial applications operate 
at or below 40% of their load rating. The consequences of 
operating a motor at these load levels include poor power 
factor and low efficiency.

17 www.eere.energy.gov/manufacturing/tech_deployment/pdfs/mtrmkt.pdf

When motors operate frequently at low loads and over a 
wide range of conditions, there are often many excellent 
opportunities to optimize the entire system, save energy, 
and improve reliability by making various improve-
ments. Improvement opportunities can include replacing 
the motor with one of a more appropriate size or type, or 
installing an adjustable speed drive (or both).

In considering whether to downsize a motor, it is impor-
tant to check the LDC to avoid overloading the motor 
during peak-load conditions. This precaution is especially 
applicable in seasonal industries that experience peak 
loads only a few times each year. For example, the motor 
described in Figure 10 operates near full load about 10% 
of the time. In that case, downsizing the motor could cause 
overheating, so speed control could be a better solution.

Common Motor Selection Problems
When replacing a standard motor with a premium effi-
ciency one, it is important to pay careful attention to 
replacement motor performance parameters such as 
full-load speed and locked-rotor torque. The replacement 
motor’s performance should be as close as possible to that 
of the original motor. When replacing a motor for driven 
equipment that uses a VFD as part of the control system, 
make sure the motor is designed to be used with inverters.
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For additional information on premium efficiency motors 
and motor interactions with VFDs, refer to AMO’s Pre-
mium Efficiency Motor Selection and Application Guide.18

Electric motors are relatively inefficient when they are 
operated at very light loads, that is, below 40% of their 
rated output. They are usually most efficient when operat-
ing between 70% to 80% of rated output. A good rule of 
thumb is to size motors to operate at about 75% load. This 
will also provide a safety margin for occasional opera-
tional changes that require a higher load; problems such 
as voltage unbalance that require motor derating; and any 
errors in the calculation of the motor load.

Oversized Motors
Engineers frequently specify motors that are larger than 
needed to meet system requirements to ensure that the 
existing motor/drive assembly can support anticipated 
increases in capacity. However, the consequences of over-
sizing motors include the following:

• Lower efficiency

• Higher motor/controller costs

• Higher installation costs

• Lower power factor

• Increased operating costs.

18 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 

Poor Power Factor
Another consequence of motor oversizing is low power 
factor.  Lightly loaded motors tend to operate with a low 
power factor, and many electrical utilities impose a cost 
penalty based upon plant power factor. Power factor is 
the ratio of real power (kW)—the power used to perform 
mechanical work—to apparent power (kVA). In AC induc-
tion motors, some of the electrical energy is stored in the 
magnetic field, creating a time difference between the 
motor’s peak voltage and its peak current. When current 
and voltage are out of phase, the amount of real power 
is less than the amount of apparent electric power avail-
able [the scalar product of volts and current (amps)] in 
the in-plant electrical distribution system line. The vector 
difference between real power and the product of volts 
and amps is known as reactive power. This relationship is 
shown in Figure 11.

Reactive power creates additional I2R losses in the distri-
bution system and creates additional stress on transform-
ers. (In I2R, “I” refers to current and “R” refers to resis-
tance. Power lost due to current flow is thus the product of 
the resistance and the square of the current.) Consequently, 
utilities often assess fees for reactive power to recover the 
costs associated with losses on their distribution equip-
ment. Plants that have large motor systems often face sub-
stantial power factor penalties; therefore, many facilities 
invest in capacitors to increase their overall power factor 
and thus minimize these costs. For additional informa-
tion, refer to the “Power Factor Correction” chapter of 
AMO’s Continuous Energy Improvement in Motor Driven 
Systems.19

Undersized Motors
Another type of motor selection problem is undersizing 
the motor for the intended application. Motors should be 
sized to deliver from 75% to 100% of their rated horse-
power. The principal consequence of operating a motor 
above its rated horsepower output is a higher winding 
temperature, which shortens the life of the motor winding 
insulation. If the motor has a service factor of only 1.0, 
the motor lifetime may be as short as a few months if the 
motor is operated above rated load or operated at rated 
load when power quality problems are present.

19 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 

Real Power (kW)

Power Factor

R
eactive Pow

er (kVA
R

)

Apparent Power (kVA)

θ

Figure 11. Vector representation of power factor

Motor and Drive System Basics – E02-021

16

MOTOR AND DRIVE SYSTEM BASICS



As a rule of thumb, every 10ºC rise in winding tem-
perature reduces insulation life by half. Although motor 
efficiency drops off slightly at higher-than-rated loads, 
the increase in energy cost is usually not as severe as the 
cost associated with shorter intervals between repairs or 
replacements.

Motor Full-Load Speed
For centrifugal loads such as those imposed by fans or 
pumps, even a minor change in a motor’s full-load speed 
translates into a significant change in load and annual 
energy consumption. Fan or “affinity” laws indicate that 
the horsepower loading imposed on a motor by centrifu-
gal equipment varies as the third power or cube of its 
rotational speed. In contrast, the quantity of air or flow of 
water delivered varies linearly with speed.

Premium efficiency motors tend to operate with reduced 
“slip” or at a slightly higher speed than their standard-
efficiency counterparts. This small difference— an aver-
age of only 5 to 10 RPM for 1,800-RPM, synchronous-
speed motors—is significant. A seemingly minor 10-RPM 
increase in a motor’s full-load rotational speed from 1,760 
to 1,770 RPM can cause up to a 1.6% percent increase in 
the load placed upon the motor by the rotating equipment. 
A 20-RPM speed increase can boost both load and energy 
consumption by 3.3% percent, completely offsetting the 
energy and dollar savings expected from the purchase of a 
premium efficiency motor. For additional information on 
this topic, see the “Efficiency Gains and Motor Operating 
Speed” section of the AMO’s Premium Efficiency Motor 
Selection and Application Guide.20

20 www1.eere.energy.gov/manufacturing/tech_assistance/motors.html 

Summary
Motor and drive systems can be highly efficient and reli-
able if they are specified, configured, and maintained 
properly. However, significant performance improvement 
opportunities can often be found in systems with poorly 
sized, ill-configured, or inadequately maintained motors. 
Often, most of the energy used by the motor systems in 
an industrial facility are concentrated in a few processes. 
These systems tend to feature large motors that run much 
of the time.

Energy-intensive motor and drive systems tend to be criti-
cally important to production. So, they might not often 
be considered for efficiency improvements because they 
would have to be taken out of service for modifications or 
replacement. However, because of the close relationship 
between motor efficiency, performance, reliability, process 
uptime, and productivity, it can be beneficial to imple-
ment energy efficiency measures that provide secondary 
benefits.

Often, the most important benefit of an energy efficiency 
project is an increased level of motor reliability (i.e., 
extended mean time between failures or uninterrupted 
service). Consequently, engineers, managers, and opera-
tors can give their plants an important competitive advan-
tage by using a systems approach—one that includes all 
the benefits of greater system efficiency—to assess their 
motor and drive applications.
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