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Course Topics

Welcome to Basics of AC Drives. This course 
covers the following topics:
Chapter 1 – Introduction
• Overview
• Mechanical Basics
Chapter 2 – AC Motor and Drive Basics
• AC Motor Basics
• AC Drive Basics
Chapter 3 – AC Drives
• AC Drive Hardware
• AC Drive Operation
Chapter 4 – AC Drive Applications
• Application Considerations
• Application Types
Final Exam
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If you do not have an understanding of basic electrical 
concepts, you should complete Basics of Electricity before 
attempting this course.
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Chapter 1 – Introduction

This chapter covers the following 
topics:

• Overview

• Mechanical Basics
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Trademarks

Siemens is a trademark of Siemens AG. Product names mentioned may be  trademarks or registered 
trademarks of their respective companies.

National Electrical Code® and NEC® are registered trademarks of the National Fire Protection 
Association, Quincy, MA 02169.

NEMA® is a registered trademark and service mark of the National Electrical Manufacturer’s 
Association, Rosslyn, VA 22209.

Underwriters Laboratories Inc.® and UL® are registered trademarks of Underwriters Laboratories, Inc.,
Northbrook, IL 60062-2026.

Other trademarks are the property of their respective owners.
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Course Objectives

Upon completion of this course you will be able to…
• Explain the concepts of force, torque, angular speed, acceleration, and inertia
• Explain the difference between work and power
• Convert horsepower to kilowatts and vice versa 
• Calculate synchronous speed and slip percentage
• Describe the interrelationships for the following factors: V/Hz, torque, flux, and working current
• Describe the basic functions of the following AC drive circuits: converter, DC link, and inverter
• Describe the operation of the following AC drive components: diode, SCR, and IGBT
• Explain how varying the pulse width and frequency of a PWM inverter affects motor speed
• List several ways that an AC drive can stop its associated motor
• Explain the difference between single-quadrant and four-quadrant operation
• Explain the advantage of a regenerative AC drive design
• Briefly describe each of the following AC drive control types: linear voltage/frequency, quadratic 

voltage/frequency, multi-point voltage/frequency, and vector control
• Identify various additional circuits and components that are often included in an AC drive configuration
• Describe common ratings for AC drive enclosures
• Describe the characteristics of constant torque, variable torque, and constant horsepower applications
• Describe important application considerations
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SITRAIN® Training for Industry
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Online Self-paced Learning – Programs with maximum flexibility so students can easily fit 
courses into their busy schedules

Virtual Instructor-led Learning - Classroom lectures delivered in the convenience of your 
home or office

Classroom Learning - Expert and professional instructors, proven courseware, and quality 
workstations combine for the most effective classroom experience possible at your facility or 
ours

How-to Video Library - Quick, affordable, task-based learning options for a broad range of 
automation topics for training or purchase

Simulators - World-class simulation systems available for training or purchase

This course is an example of online self-paced learning. The following learning options are available from 
the Siemens SITRAIN USA  organization and our global SITRAIN partners. For additional information: 
www.usa.siemens.com/sitrain
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What is an AC Drive?

For the purpose of this course, an AC drive is a device 
used to control the speed of an AC motor that control loads 
ranging from pumps and fans to complex machines. An AC 
drive may control other aspects of an application as well, 
but that depends on the capabilities of the drive and how it 
is applied. 

AC drives function by converting a constant AC frequency 
and voltage into a variable frequency and voltage. There 
are many types of AC drives, but this course focuses on 
low voltage (less than 1000 VAC) AC drives used with 
three-phase induction motors, the most common pairing 
used in industrial applications. 

The importance of controlling speed varies with the 
application, but, for many applications, speed control is 
critical because it affects many other aspects of a 
manufacturing process. Many processes require multiple 
AC drives functioning independently or in coordination. AC 
drives are also used in non-manufacturing applications, but 
the basic principles of operation are the same.
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Siemens Low Voltage AC Drives

Siemens’ extensive portfolio of low voltage drives offers a high level of flexibility and functionality.  
Applications range from simple frequency converter tasks to motion control tasks and from single-axis to 
multi-axis coordinated drive systems. This course does not cover specific AC drive models, but will help 
you understand basic concepts needed to prepare you for more advanced learning.
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Advantage of AC Drives
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Lower Energy Costs 
• Less Usage
• Reduce Demand
• Improved Power factor

Improved Process control 
• Speed control
• Flow control
• Pressure control
• Temperature control
• Acceleration control
• Tension control
• Torque control
• Monitoring

Increased Productivity 
• Reliability
• Smoother operation

Reduced Maintenance
• Mechanical stress
• Shock loads
• Reduced cavitation

Fewer Flow Control Devices
• Valves
• Dampers & actuators
• Inlet vanes

Lower Installation Costs
• Contactors/control relays
• Overload relays
• PID modules
• Control panel complexity

Pump

Fan

Conveyor

Energy Recovery
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Chapter 1 – Introduction

This chapter covers the following 
topics:

• Overview

• Mechanical Basics
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Force

Before discussing AC motors and drives, it is necessary to 
discuss some of the basic terminology associated with their 
operation.

In simple terms, a force is a push or pull. Force may be 
caused by electromagnetism, gravity, or a combination of 
physical means.

Net force is the vector sum of all forces that act on an 
object, including friction and gravity. When forces are 
applied in the same direction, they are added.

For example, if two 10 pound forces are applied in the 
same direction, the net force is 20 pounds. If 10 pounds of 
force is applied in one direction and 5 pounds of force is 
applied in the opposite direction, the net force is 5 pounds, 
and the object moves in the direction of the greater force. If 
10 pounds of force is applied equally in both directions, the 
net force is zero, and the object does not move.
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Torque

Torque is a twisting or turning force that causes an object to 
rotate. For example, a force applied to a point on a lever 
applies a torque at the pivot point. 

Torque is the product of force and radius (lever distance).

Torque = Force x Radius

In the English system of measurements, torque is 
measured in pound-feet (lb-ft) or pound-inches (lb-in). For 
example, if 10 lbs of force is applied to a lever 1 foot long, 
the resulting torque is 10 lb-ft.

An increase in force or radius results in a corresponding 
increase in torque. Increasing the radius to two feet, for 
example, results in 20 lb-ft of torque.
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Speed

An object in motion takes time to travel any distance. Speed 
is the ratio of the distance traveled, and the time it takes to 
travel the distance.

Linear speed is the rate at which an object travels a 
specified distance in one direction. Linear speed is 
expressed in units of distance divided by units of time.

This results in compound speed units such as miles per 
hour or meters per second (m/s). Therefore, if it takes 2 
seconds to travel 10 meters, the speed is 5 m/s.

Page 1-14



© Siemens Industry, Inc.  2016

Angular Speed

The angular speed, also called rotational speed, of a 
rotating object determines how long it takes for an object to 
rotate a specified angular distance.

Angular speed is often expressed in revolutions per minute 
(RPM). For example, an object that makes ten complete 
revolutions in one minute has a speed of 10 RPM.
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Acceleration

An increase in speed is called acceleration. Acceleration 
occurs when there is an increase in the force acting on the 
object or a reduction in its resistance to motion.

A decrease in speed is called deceleration. Deceleration 
occurs when there is a decrease in the force acting on and 
object or an increase in its resistance to motion.

For example, a rotating object can accelerate from 10 RPM 
to 20 RPM or decelerate from 20 RPM to 10 RPM.
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Inertia and Losses

Mechanical systems are subject to the law of inertia. The 
law of inertia states that an object tends to remain in its 
current state of rest or motion unless acted upon by an 
external force. This property of resistance to 
acceleration/deceleration is referred to as the moment of 
inertia. The English system unit of measurement for inertia 
is pound-feet squared.

For example, consider a machine that unwinds a large roll 
of paper. If the roll is not moving, it takes a force to 
overcome inertia and start the roll in motion. Once moving, 
it takes a force in the reverse direction to bring the roll to a 
stop.

Any system in motion has losses that drain energy from the 
system. The law of inertia is still valid, however, because 
the system will remain in motion at constant speed if energy 
is added to the system to compensate for the losses. 

Friction is one of the most significant causes of energy loss 
in a machine. Friction occurs when objects contact one 
another. For example, to move one object across the 
surface of another object, you must apply enough force to 
overcome friction. 
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Work and Power

Whenever a force causes motion, work is accomplished. 
Work is calculated by multiplying the force that causes the 
motion times the distance the force is applied.

Because work is the product of force times the distance 
applied, work can be expressed in any compound unit of 
force times distance. For example, in physics, work is 
commonly expressed in joules. 1 joule is equal to 1 newton-
meter, a force of 1 newton for a distance of 1 meter. In the 
English system of measurements, work is often expressed 
in foot-pounds (ft-lb), where 1 ft-lb equals 1 foot times 1 
pound.

Another often used quantity is power. Power is the rate of 
doing work, which is the amount of work done in a period of 
time.

Page 1-18



© Siemens Industry, Inc.  2016

Horsepower and Kilowatts

Power can be expressed in foot-pounds per second, but is 
often expressed in horsepower. This unit was defined in the 
18th century by James Watt. Watt sold steam engines and 
was asked how many horses one steam engine would 
replace. He had horses walk around a wheel that would lift 
a weight. He found that a horse would average about 
550 foot-pounds of work per second. Therefore, one 
horsepower is equal to 550 foot-pounds per second or 
33,000 foot-pounds per minute.

When applying the concept of horsepower to motors, it is 
useful to determine the amount of horsepower for a given 
amount of torque and speed. When torque is expressed in 
lb-ft and speed is expressed in RPM the formula for 
horsepower (HP) shown in the accompanying graphic can 
be used. Note that a change in torque or speed also 
changes horsepower.

AC motors manufactured in the United States are generally 
rated in horsepower, but motors manufactured in many 
other countries are rated in kilowatts (kW). Fortunately it is 
easy to convert between these units as shown in the 
accompanying graphic.
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Online Self-paced Learning

With Siemens online self-paced learning, you select the 
topics and set your own pace for completing chosen 
courses. All course material can be accessed online.
Instruction starts upon completing the purchase of a 
subscription.

You can choose from over 500 courses consisting of high-
quality graphics, on-screen text, supporting voiceover 
narration, and interactive exercises. Features include
printable course content for reference and underlined key 
vocabulary terms with definitions displayed with a simple 
mouse-over action.

Depending on the subscription purchased, you can choose 
any 10 or 25 courses or select the entire online self-paced 
course catalog.

These courses are offered 24/7/365, so you can begin your 
subscription at any time. From the date of registration,
you have one year to complete your course selections.

For additional information: www.usa.siemens.com/sitrain
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Chapter 2 – AC Motor and Drive Basics

This chapter covers the following 
topics:

• AC Motor Basics
• AC Drive Basics
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AC Motors

AC motors are used worldwide in many applications to 
transform electrical energy into mechanical energy. There 
are many types of AC motors, but this course focuses on 
three-phase AC induction motors, the most common type of 
motor used in industrial applications. 

The AC motor may be part of a pump or fan or connected 
to some other form of mechanical equipment such as a 
winder, conveyor, or mixer.

The importance of controlling speed varies with the 
application, but, for may applications, speed control is 
critical. Ultimately, what is being controlled may be, for 
example, the rate at which items or bulk quantities move on 
a conveyor or the rate at which gas or liquid flow in a pipe.

Controlling this material flow, in many instances, requires 
controlling the speed of an AC motor. An AC drive adjusts 
the speed of an AC motor to meet the needs of the 
process.

Later in this course you will learn more about AC drives, but 
first we must discuss basic AC motor concepts.
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Synchronous Speed

The speed of a three-phase AC motor is dependent on the 
speed at which the magnetic field generated by its stator 
rotates. The speed of the rotating magnetic field is referred 
to as the synchronous speed (Ns) of the motor.

Synchronous speed in RPM is equal to 120 times the 
frequency (F) in hertz (Hz), divided by the number of motor 
poles (P). For example, the synchronous speed for a two-
pole motor operated at 60 Hz is 3600 RPM. 

The accompanying table shows the synchronous speed at 
50 Hz and 60 Hz for several different motor pole numbers.
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Slip

For a three-phase AC induction motor, the rotating 
magnetic field must rotate faster than the rotor to induce 
current in the rotor. When power is first applied to the motor 
with the rotor stopped, this difference in speed is at its 
maximum, and a large amount of current is induced in the 
rotor. 

After the motor has been running long enough to get up to 
operating speed, the difference between the synchronous 
speed of the rotating magnetic field and the rotor speed is 
much smaller. This speed difference is called slip.

Slip is necessary to produce torque. Slip is also dependent 
on load. An increase in load causes the rotor to slow down, 
increasing slip. A decrease in load causes the rotor to 
speed up, decreasing slip. Slip is expressed as a 
percentage and can be calculated using the formula shown 
in the accompanying graphic. 

For example, a four-pole motor operated at 60 Hz has a 
synchronous speed of 1800 RPM. If its rotor speed at full 
load is 1765 RPM, then its full load slip is 1.9%.
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Controlling an AC Motor

There are multiple ways to control an AC motor. For 
example, a direct starter, also known as a full-voltage 
starter, switches a constant speed motor on and off. 
Because the full line voltage is supplied when the motor is 
being started, a high inrush current is applied to the motor, 
and both the motor and the controlled equipment 
experience significant mechanical shock.

A reversing starter switches a constant speed motor on and 
off in both the forward and reverse directions. Because this 
is a full-voltage starting method, in-rush current and 
mechanical shock are high.

A soft starter is a solid-state reduced-voltage starter that 
ramps the motor up to a full speed smoothly, reducing the 
in-rush current and mechanical shock. Some soft starters 
can also gradually stop a motor. Soft starters, however, 
cannot control the speed of the motor after it has reached 
full voltage.

An AC drive is also known as a variable frequency drive 
because it converts the fixed supply frequency to a variable 
frequency, variable voltage output to control the speed of 
an AC motor. AC drives save energy, reduce mechanical 
shock, and allow the user to dynamically control the speed, 
torque, and direction of the motor. Page 2-5
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NEMA Motor Designs
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Motors are designed with speed-torque characteristics to 
match the requirements of common applications. The four 
standard NEMA motor designs (A, B, C, and D) have 
different characteristics.

Because motor torque varies with speed, the relationship 
between speed and torque is often shown in a graph called 
a speed-torque curve. This curve shows the motor’s torque 
as a percentage of full-load torque over the motor’s full 
speed range when operated at rated voltage and 
frequency. The accompanying graphic shows examples of 
the speed torque curves for the four NEMA designs.

This lesson describes NEMA B, C, and D motor designs 
with emphasis on NEMA design B, the most common 
three-phase AC induction motor design.

NEMA A motors are the least common type and have a 
speed-torque curve similar to that of a NEMA B motor, but 
have higher starting torque.
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NEMA B Motor Speed-Torque Curve

Starting torque, also referred to as locked rotor torque, is 
the torque that the motor develops each time it is started at 
rated voltage and frequency. When voltage is initially 
applied to the motor’s stator, there is an instant before the 
rotor turns. At this instant, a NEMA B motor develops a 
torque approximately equal to 150% of full-load torque. For 
the 30 HP, 1765 RPM motor used in this example, that’s 
equal to 134 lb-ft of torque. 

As the motor picks up speed, torque decreases slightly until 
point B on the graph is reached. The torque available at this 
point is called pull-up torque. For a NEMA B motor, this is 
slightly lower than starting torque. 

As speed continues to increase from point B to point C, 
torque increases up to a maximum value at approximately 
200% of full-load torque. This maximum value of torque is 
referred to as breakdown torque. The 30 HP motor in this 
example has a breakdown torque of 178.6 lb-ft. 

Torque decreases rapidly as speed increases beyond 
breakdown torque until it reaches full-load torque at a 
speed slightly less than 100% of synchronous speed. Full-
load torque is developed with the motor operating at rated 
voltage, frequency, and load. 
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Matching a Motor to a Load

One way to evaluate whether the torque capabilities of a 
motor meet the torque requirements of the load is to 
compare the motor’s speed-torque curve with the speed-
torque requirements of the load.

A table, like one shown in yellow, can be used to find the 
load torque characteristics. NEMA publication MG 1 is one 
source of typical torque characteristics.
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Load Characteristics

When selecting the motor for an application, it is necessary 
to know the horsepower, torque, and speed characteristics 
of the load. Loads generally fall into one of the following 
three categories.

Variable Torque - The load increases as speed increases. 
Pumps and fans are examples.

Constant Torque - The load is essentially the same 
throughout the speed range. Hoisting gear and belt 
conveyors are examples.

Constant Horsepower - The load decreases as speed  
increases. Winders and rotary cutting machines are 
examples.
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Load Characteristics – Example Applications

The accompanying table lists examples of 
motor load applications. For each 
application, the table identifies the load 
torque characteristics as constant torque 
(CT) or variable torque (VT) and shows the 
typical speed control range.  The speed 
control range for the motor is the ratio of 
maximum speed to minimum speed.
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Motor Performance Under Load

Speed-torque curves are useful for understanding motor 
performance under load. The accompanying speed-torque 
curve shows four load examples. 

• Variable Torque Load Characteristics 1 and 2

• Constant Torque Load Characteristics 1 and 2

This motor is appropriately sized for constant torque load 1 
and variable torque load 1. In each case, the motor will 
accelerate to its rated speed.

With constant torque load 2, the motor does not have 
sufficient starting torque to turn the rotor. With variable 
torque load 2, the motor cannot reach rated speed. 

In these last two examples, the motor may overheat if it 
does not have overload protection.
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NEMA B Motor Full-Voltage Starting Current

Starting current, also referred to as locked rotor current, is 
the current supplied to the motor when the rated voltage is 
initially applied with the rotor at rest. Full-load current is the 
current supplied to the motor with the rated voltage, 
frequency, and load applied and the rotor up to speed.

• For a standard efficiency NEMA B motor, starting current 
is typically 600 to 650% of full-load current. 

• Premium efficiency NEMA B motors typically have a 
higher starting current than standard efficiency NEMA B 
motors. The starting current can be as high as 1200% of 
full load current on some NEMA B motors. NEMA A 
motors also typically have a higher starting current than 
standard NEMA B motors.

• Knowledge of the current requirements for a motor is 
critical for proper application.

• On large motors, the high starting current is reflected 
back into the power lines of the electric utility.  This can 
result in things such as voltage flicker and computer 
malfunctions.  In some systems, it can limit the ability of 
the system to meet the supply demands.

• Utilities may require the end-user to address the high 
starting currents.

.
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NEMA C motors are designed for applications that require a 
high starting torque for hard to start loads, such as heavily-
loaded conveyors, crushers, and mixers.

Despite the high starting torque, these motors have 
relatively low starting current. Slip and full-load torque are 
about the same as for a NEMA B motor. NEMA C motors 
are typically single speed motors which range in size from 
approximately 5 to 200 HP.

The accompanying speed-torque curve is for a 30 HP 
NEMA C motor with a full-load speed of 1765 RPM and a 
full-load torque of 89.3 lb-ft. In this example, the motor has 
a starting torque of 214.3 lb-ft, 240% of full-load torque, and 
a breakdown torque of 174 lb-ft. 
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The starting torque of a NEMA design D motor is 
approximately 280% of the motor’s full-load torque. This 
makes it appropriate for very hard to start applications such 
as punch presses and oil well pumps. NEMA D motors 
have no true breakdown torque. After starting, torque 
decreases until full-load torque is reached. Slip for NEMA D 
motors ranges from 5 to 13%.

The accompanying speed torque curve is for a 30 HP 
NEMA D motor with a full-load speed of 1656 RPM and a 
full load torque of 95.1 lb-ft. This motor develops 
approximately 266.3 lb-ft of starting torque.

Page 2-14
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Virtual Instructor-led Learning

Siemens virtual instructor-led courses offer you a live, 
classroom experience with the convenience and cost 
savings of online learning. These courses provide hands-on
instruction and live interaction, delivered anywhere an 
internet connection is available.

Scheduled courses are typically 10-hour agendas 
presented Monday through Friday in two-hour sessions. 
These sessions provide you with lecture, demonstration, lab 
exercises, and Q&A sessions – all presented by Siemens 
subject matter experts.

For the full course duration, you can complete assignments 
and reinforce classroom instruction using a virtual cloud-
based application providing 24/7 access to fully functional 
Siemens software such as SIMATIC STEP 7 and PLCSIM.

For additional information: www.usa.siemens.com/sitrain
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Chapter 2 – AC Motor and Drive Basics

This chapter covers the following 
topics:

• AC Motor Basics
• AC Drive Basics
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Volts Per Hertz Ratio

Many applications require the speed of an AC motor to 
vary. The easiest way to vary the speed of an AC induction 
motor is to use an AC drive to vary the applied frequency 
and voltage. Operating a motor at other than the rated 
frequency and voltage affect both motor current and torque. 

The volts per hertz (V/Hz) ratio is the ratio of applied 
voltage to applied frequency for a motor. 460 VAC is a 
common voltage rating for an industrial AC motor 
manufactured for use in the United States. These motors 
typically have a frequency rating of 60 Hz. This provides a 
7.67 V/Hz ratio.

Not every motor has a 7.67 V/Hz ratio. A 230 Volt, 60 Hz 
motor, for example, has a 3.8 V/Hz ratio. The 
accompanying graphs illustrate the constant volts per hertz 
ratio of a 460 volt, 60 Hz motor and a 230 volt, 60 Hz motor 
operated over the constant torque range. 

The V/Hz ratio affects motor flux, magnetizing current, and 
torque. If the frequency is increased without a 
corresponding increase in voltage, motor speed increases, 
but flux, magnetizing current, and torque decrease.
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Variable Speed-Torque Curves

When a NEMA B motor is started at full voltage, it develops 
approximately 150% starting torque and a high starting 
current. When the motor is controlled by an AC drive, the 
motor is started at reduced voltage and frequency. As the 
motor is brought up to speed, voltage and frequency are 
increased, and this has the effect of shifting the motor’s 
speed-torque curve to the right. The dotted lines on the 
accompanying speed-torque curve represent the portion of 
the curve not used by the drive. The drive starts and 
accelerates the motor smoothly as frequency and voltage 
are gradually increased to the desired speed. This is 
possible because an AC drive is capable of maintaining a 
constant volts per hertz ratio from approximately zero 
speed to base speed, thereby keeping flux constant.

Some applications require higher than 150% starting 
torque. This is possible if the drive and motor are 
appropriately sized. Typically drives are capable of 
producing over 100% of drive nameplate rated current for 
one minute. The drive must be sized to take into account 
the higher current requirement.
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Constant Torque and Constant Horsepower Ranges

AC motors operated with constant voltage and frequency 
have constant flux and therefore constant torque through 
the normal speed range. An AC drive is capable of 
operating a motor with constant flux from approximately 
0Hz to the motor’s rated nameplate frequency (typically 
60Hz). This is the constant torque range. The top end of 
this range is the motor’s base speed. As long as a constant 
volts per hertz ratio is maintained the motor will have 
constant torque characteristics. 

Some applications require a motor to be operated above 
base speed, but the applied voltage cannot be increased 
above the rated value for an extended time. Therefore, as 
frequency is increased, stator inductive reactance increases 
and stator current and torque decrease. The region above 
base speed is referred to as the constant horsepower range 
because any change in torque is compensated by the 
opposite change in speed.

If a motor operates in both the constant torque and 
constant horsepower ranges, constant volts per hertz and 
torque are maintained up to 60 Hz. Above 60 Hz, the volts 
per hertz ratio and torque decrease as speed increases.
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Continuous and Intermittent Torque Ranges

AC motors operating within rated values can continuously 
apply load torque. For example, the accompanying graph 
shows the continuous torque range (in green) for a typical 
AC motor. The sample motor can be operated continuously 
at 100% torque up to 60 Hz. Above 60 Hz the V/Hz ratio 
decreases and the motor cannot develop 100% torque, but 
can still be operated continuously at 25% torque at 120 Hz. 

This sample motor is also capable of operating above rated 
torque intermittently. The motor can develop as much as 
150% torque for starting, accelerating, or load transients, 
assuming that the associated drive can supply the current. 
As with the continuous torque range, the amount of torque 
that can be provided intermittently decreases above base 
speed.
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Classroom Learning

Studies indicate that when students practice what they have 
learned in a classroom setting they retain 75% of the 
lesson, as compared with lecture-only settings where
they retain just 20% of the lesson.

Our learning content is reviewed and approved by Siemens 
technical and operational experts to ensure compliance
with the highest industry, health, safety, and environmental 
standards. Siemens simulator workstations provide a safe 
and risk-free platform for job training, project testing, design 
engineering, and troubleshooting.

We combine technology and industry experience to deliver 
highly effective,  customized learning programs.
• Job targeted courses
• Hands-on learning and skill building
• System-level training approach
• Extensive schedule of classes
• Various media and course length options
• On-site and custom courses
• Multiple training center locations
• Packaged services and products

For additional information: www.usa.siemens.com/sitrain
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Chapter 3 – AC Drives

This chapter covers the following 
topics:

• AC Drive Hardware

• AC Drive Operation

Page 3-1



© Siemens Industry, Inc.  2016

Basic AC Drive Circuits

AC drive, inverter, converter and variable frequency drive 
are all terms that are often used in reference to equipment 
designed to control the speed of an AC motor. AC drives 
consist of the following sections.

Power Section
The power section of a basic AC drive circuit is composed 
of the following components.
• The rectifier, often called a converter, with power 

semiconductor devices, coverts incoming AC power to 
DC.

• The DC link with a DC link capacitor (C1) that smooths 
the DC and stores energy. Some drives also use an 
inductor in the DC link for additional filtering.

• The inverter, with power semiconductor devices, 
converts the DC power to AC for variable speed control.

Control Section
The control section includes a CPU (central processing 
unit) or control logic which is required to control the output 
of the inverter and perform a variety of other functions.

Interface Section
AC drives typically have a number of input/output 
interfaces.  These include hardwired inputs and outputs, 
communications, and operator panels.

Page 3-2



© Siemens Industry, Inc.  2016

Diodes

A diode is a semiconductor device that has two terminals, 
an anode and a cathode. There are various types of diodes, 
but diodes used in the  converter and inverter sections of 
AC drives are power devices designed to handle the current 
and voltage needed for these applications.

Diodes primarily conduct current in one direction, when the 
anode is more positive than the cathode. When the polarity 
is reversed, as long as the voltage is not above the rated 
value for the device, only a small leakage current flows.

The ability of a diode to conduct current in only one 
direction allows them to be used in rectifier circuits that 
convert AC to DC.
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Converter and DC Link

As the accompanying graphic shows, a converter section is 
designed to convert AC to DC. In this example, as is often 
the case, the input is three-phase AC.

Without the DC link capacitor, the resultant DC has 
undesirable variations, referred to as ripple. With a DC link 
capacitor, most of this ripple is removed. In essence, the 
DC link capacitor functions like a battery providing power to 
the inverter section. Unlike a battery, however, the DC link 
capacitor is continually supplied with energy by the 
converter.

Page 3-4

The amplitude of the DC link voltage VDCLink is determined 
by the line voltage, the type of voltage rectification, and the 
load.

Unregulated (uses thyristors or diodes)
No Load – VDCLink = 1.41*VLne
Partial Load – VDCLink = 1.35*VLine

Full Load – VDCLink = 1.32*VLine

Regulated (uses IGBTs) – Active Front End
VDCLink > 1.42*VLine
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Silicon Controlled Rectifiers (SCRs)

A silicon controlled rectifier (SCR) is device similar to a 
diode, but with the following three electrodes: anode, 
cathode, and gate. An SCR is one of a number of 
semiconductor devices that are referred to as thyristors. 

Like a diode, an SCR primarily conducts current in one 
direction, when the anode is sufficiently more positive than 
the cathode by an amount referred to as SCR’s breakover 
voltage.

The voltage differential required for conduction can be 
reduced by applying a pulse of current to the gate. Once 
the SCR begins conduction, it remains in conduction for the 
as long as the anode remains more positive than cathode.

The ability to control when in a half cycle an SCR begins 
conducting by the timing of a gate pulse, allows SCRs to be 
used to control the effective value of voltage applied to a 
load.

One type of SCR that offers additional control, is a gate-
turn-off SCR, also called a GTO. GTO’s not only can be 
triggered on by a gate pulse, but can also be triggered off 
by a gate pulse of the opposite polarity.
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AC Drive Power Transistors

AC drive inverter circuits often use insulated gate bipolar transistors 
(IGBTs). IGBTs provide the high switching speed necessary for modern 
inverter operation. IGBTs are capable of switching on and off several 
thousand times a second. An IGBT can turn on in less than 400 
nanoseconds and off in approximately 500 nanoseconds.

An IGBT has three leads: a gate, a collector, and an emitter. When a 
positive voltage (typically +15 VDC) is applied to the gate, the IGBT turns 
on. This is similar to closing a switch. When the IGBT is turned on, 
current flows between the collector and emitter. An IGBT is turned off by 
removing the positive voltage from the gate. During the off state, the 
IGBT gate voltage is normally held at a small negative voltage (-15 VDC) 
to prevent the device from turning on. 

Typically, each switch element is made up of an IGBT and a diode, called 
a free-wheeling diode. The free-wheeling diode protects the IGBT by 
conducting current when the IGBT turns off, and the motor’s collapsing 
magnetic field causes a current surge. This is also the path used when 
the motor is connected to an overhauling load.

An overhauling load is a load that is going faster than the speed set point. 
In this situation, the drive attempts to slow down the motor, and the motor 
becomes a generator and returns energy to the drive.
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Control Logic and Inverter

The control logic and inverter sections function to control 
the voltage and frequency applied to the AC motor. The 
accompanying graphic shows a basic AC drive with six 
IGBTs in the inverter section. The switching of each IGBT is 
controlled by the control logic. For the purpose of simplicity, 
the free-wheeling diodes are not shown.

There are a variety of ways to control the voltage and 
frequency applied to the motor. The most common 
approach is to switch the IGBTs in such as manner as to 
control the frequency and width of pulses applied to each 
motor phase. This is an approach referred to as pulse width 
modulation (PWM).
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Pulse Width Modulation

A pulse width modulation (PWM) inverter controls 
the speed of an induction motor by varying the 
frequency and pulse widths of the voltage applied 
to the motor. This is done by controlling the IGBTs 
in the inverter.

The accompanying graphic shows two 
representative PWM signals associated with a 
single phase of inverter output. The voltage and 
frequency applied to the motor is the same for 
each phase, but each phase is shifted in time in 
the same manner as a typical three-phase 
voltage.
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Interfaces

AC drives typically have additional circuits for connection to 
other devices through digital inputs and outputs, analog 
inputs and outputs, other common drive signals, operator 
panels, and communications (computer interface, PLC 
interface).

Digital inputs can be used to control the logic functions of 
the drive. Digital inputs can include signals for start/stop, 
forward/reverse, fixed speed selection, stopping methods, 
interlocking, and enabling other functions. Digital outputs 
are used to provide signals to other equipment to indicate 
drive status or operational conditions. 

Analog inputs can be used to control references for speed, 
tension, or other conditions, or to provide feedback 
representative of application conditions.  Analog outputs 
can be used to send signals representing actual conditions 
such as drive current or motor speed to display devices or 
other equipment. 

In addition to analog and digital inputs and outputs, there 
are other common drive signal connections. For example a 
PTC/KTY input is often provided for connection to a motor 
temperature sensor. 

Other typical signal connections include encoder interfaces 
for speed or position feedback and communication 
interfaces for interconnection to other devices or networks.
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Additional Hardware Components

In addition to the components discussed thus far, other 
components are also required in a typical drive application. 
Some examples are shown in the accompanying graphic 
and described below. 

• Circuit Breaker and/or Fuses - needed to meet NEC code 
requirements for protection from overloads, short circuits, and 
ground faults

• Input Contactor - used to remove power from the drive

• EMC Filter - used to reduce RFI noise and required to meet 
European standards

• Input Line Reactor - smooths power line disturbances, inrush 
current, and harmonics

• Braking Chopper (if not internally supplied) - switching device 
that controls the power applied to the dynamic braking resistor 

• Braking Resistor - resistor grid that absorbs and dissipates 
energy from the load during dynamic braking

• Output Reactor - smooths output power disturbances and 
reduces fast rise times (dv/dt) for increased motor protection

• dv/dt filter – reduces voltage peaks and fast rise times (dv/dt) 
for increased motor protection.

• Sine wave filter - reduces voltage peaks at the motor by 
filtering the drive PWM waveform to approximate a sine wave
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Multi-Axis Configurations 

The drive configurations shown thus far have been single 
axis AC/AC drives which convert an AC input to DC and 
then back again to AC to a motor or possibly multiple 
motors, but  all at the same speed.

In contrast, a multi-axis drive utilizes multiple inverters.  A 
single converter converts the AC to DC which is distributed 
along a “common” DC bus.  The inverter sections perform 
as previously described to convert DC to AC to allow for 
independent control of each motor.

The reasons for using a common DC bus design are 
discussed later in the course.
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NEMA, UL, and CSA Enclosure Types

Enclosure ratings identify an enclosure’s ability to resist 
external environmental influences. In North America, ratings 
found in the following publications are most commonly 
used.

• National Electrical Manufacturers Association (NEMA 
Standard 250)

• Underwriters Laboratories, Inc. (UL50 and UL 508)
• Canadian Standards Association (CSA Standard C22.2 

No. 94)

The rating numbers described in these publications are 
used to identify the degree of protection provided by each 
enclosure type number. UL and CSA require enclosure 
testing, but NEMA does not. The accompanying chart 
shows a summary of the degree of protection provided by 
selected enclosure types.

Page 3-12



© Siemens Industry, Inc.  2016

IEC Ingress Protection Ratings

Enclosure ingress protection (IP) rating numbers are also 
provided by the International Electrotechnical Commission 
(IEC publication 60529). These are commonly used 
international ratings.

Each rating number has two digits. The first digit represents 
the degree of protection against access to hazardous parts 
and the degree of protection from foreign objects.

The second digit represents the degree of protection from 
water.
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How-to Video Library

This extensive library of short videos was created by our 
instructional experts to meet the real-world needs of 
industry, with all levels of experience in mind. By providing
on-demand, how-to instruction in easy-to-understand bites, 
the How-to Video Library helps maintain the critical 
industrial and manufacturing knowledge and skills 
developed during instructor-led training courses. Videos are 
typically three-minutes long and conveniently available via 
any computer or mobile device with Internet access.

Learning begins once you’ve completed registration.
• Start your subscription at any time. Videos are available 

24/7/365.
• Purchase one, three, six, or 12-month subscriptions by 

technology or in one complete bundle.
• Take advantage of our most-flexible option – ultimate 

access with a full, one-year subscription.

For additional information: www.usa.siemens.com/sitrain
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Chapter 3 – AC Drives

This chapter covers the following 
topics:

• AC Drive Hardware

• AC Drive Operation
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Motoring Operation

In the accompanying speed-torque chart there are four 
quadrants defined by the directions of motor rotation and 
torque.

Motoring operation occurs when the drive operates in 
quadrants I or III, where the speed and torque arrows have 
the same direction.

Quadrant I is forward motoring or driving clockwise (CW). 
Motor torque is developed in the positive direction to drive 
the connected load at a desired speed (N). This is similar to 
driving a car forward on a flat surface from standstill to a 
desired speed. It takes more forward or motoring torque to 
accelerate the car from zero to the desired speed. Once the 
car has reached the desired speed, you can let off the 
accelerator a little. When the car comes to an incline, a little 
more gas is required to maintain speed. 

Quadrant III is reverse motoring or driving counter-
clockwise (CCW),  Reverse motoring is achieved by 
reversing the direction of the rotating magnetic field. This 
applies torque in the opposite direction than in quadrant I, 
so the motor turns in the reverse direction.
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Stopping the Motor and Its Load

In order to understand the various methods used to stop an 
AC motor and its associated load in a system controlled by 
an AC drive, it is helpful to know some basic laws of 
science. 

One of these laws, often referred to as the first law of 
thermodynamics, is that energy cannot be created or 
destroyed, only transformed from one type to another.

Another important law requires the conservation of 
momentum, which is the product of mass and velocity. This 
means is that, in order to stop a motor and its connected 
load, all of the energy of motion must be transformed to 
another type of energy. In addition, the greater the 
momentum of the motor and its load, the more energy there 
is to transform.

Because application requirements vary, a variety of braking 
methods have been developed. The accompanying table 
summarizes some of the more common methods of braking 
used with AC drives. There are additional braking methods, 
and one of these methods, dynamic braking, is explained 
later in this course.
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Regenerative Operation

The dynamics of certain loads may require four-quadrant  
operation, where torque can be applied in either direction 
regardless of the direction of motor rotation. 

Quadrants II and IV are braking quadrants because, as 
shown in the accompanying graphic, the direction of 
torque is opposite to the direction of motion.  

Torque always acts to cause the rotor to run towards 
synchronous speed. If the synchronous speed is suddenly 
reduced, negative torque is developed in the 
motor. The motor acts like a generator by converting 
mechanical energy from the shaft into electrical energy 
which is returned to the AC drive. This is similar to driving 
a car downhill. The car’s engine acts as a brake.

This type of operation is regenerative operation for the 
drive and must be considered when evaluating the drive 
for an application. 

Note that in the graphic, the regenerative energy arrow 
stops at the DC Link which has upper and lower voltage 
limits that, when exceeded, result in a drive fault.  
Dynamic braking can address this in some situations.
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Regenerative Applications

Regenerative operation is more characteristic of some 
applications than others. The accompanying table lists 
applications for which regenerative operation is common.  
Drives used in these applications must be cable of handling 
regenerative energy. 
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Dynamic Braking

Dynamic braking is also referred to as pulsed-resistor 
braking. The accompanying graphic shows an AC drive with 
a dynamic braking circuit composed of R1 and a switching 
transistor that is controlled by the control logic. 

The converting rectifier diodes supply current in only one 
direction. When the load attempts to go faster than the set 
motor speed, a condition referred to as an overhauling load 
(Quadrants II or IV), the motor generates electrical energy 
back to the DC link.

Regeneration also occurs if the load is stopped quicker than 
it would normally stop in a non-powered state.

As the voltage on the DC link capacitor increases during 
regeneration, the braking transistor switches on to dissipate 
the energy across the resistor and decrease the DC link 
voltage.

During normal operation (motoring quadrants I and III) the 
dynamic braking circuit is turned off. 

Another way to handle the regenerative energy is to utilize 
a regenerative-capable converter.
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Regenerative-Capable Single Axis AC Drive

Many AC drives have a converter section that uses diodes 
to rectify the incoming alternating current. These designs 
are simple and inexpensive, but they are not designed to 
return energy to the source when the motor is operating as 
a generator. 

There are a variety of additional converter designs and 
some of these designs regenerate current to the supply 
when the motor is operating as a generator.

For example, a Siemens fundamental frequency front end 
(F3E) converter is an example of a regenerative-capable 
drive. An F3E converter incorporates both IGBTs and 
diodes. When the drive is providing power to the motor, the 
diodes provide DC current to the DC link. When the motor 
is operating as a generator, the IGBTs in the converter 
return energy to the supply.

F3E converters are used in industrial applications where 
regeneration is needed, but the need for clean power is not 
critical.
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Common DC Bus and Regeneration

As previously discussed, a common DC bus drive system 
has multiple sections which provide power to a common DC 
bus. The converter section can be regenerative or non-
regenerative.

The accompanying graphic shows one converter supplying 
four inverters, each powering its own motor. In this 
example, the converter and inverters are capable of 
regenerative operation. When any motor is functioning as a 
generator, it returns energy to the DC bus through its 
inverter. This reduces the energy needed from the AC 
supply. If the energy provided from one or more motors 
during regeneration is more than sufficient to power the 
remaining motors, the unused energy is returned through 
the converter to the AC supply.

The accompanying graphic also lists potential advantages 
of this type of configuration.
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Active Front End (Active Infeed) Converter

Another converter design uses an active front end, 
sometimes called active infeed. This design also returns 
power to the supply during regeneration and uses both 
diodes and IGBTs in the active line module that includes 
the DC link. However, the active front end design also has 
an active filter, called an active interface module, on the 
supply side of the active line module.

The active interface module significantly reduces harmonic 
distortion during both motor and generation operation. For 
this reason, active front end converters are used for 
regenerative applications where it is necessary to meet 
clean power specifications, such as IEEE standard 519 
requirements for low harmonic distortion.

Active Front End designs are available for both single axis 
and multi-axis operation.  For the multi-axis design, the 
Active Front End Converter will regenerate energy to the 
line side when the regenerative energy from the motors 
exceeds the energy required by the motoring loads.  
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Control Modes

Page 3-25

As previously discussed, pulse width modulation 
(PWM) provides variable voltage and frequency for 
control of a motor.  However, there are various 
control modes that can be used to determine the 
PWM output. The following control modes are 
commonly used.

• V/Hz control
• Vector  control without a sensor, also called 

sensorless vector control.
• Vector Control with a sensor, also called closed-

loop vector control.
• Torque control without a sensor
• Torque control with a sensor

The control mode selected determines how the 
IGBTs are operated to produce the PWM output 
and affects the ability of a drive to control motor 
speed, especially at low speeds.
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Control Modes - Volts/Hertz Control

Linear voltage/frequency control is the simplest type of control. 
Using a 460 VAC, 60 Hz motor as an example, motor speed is 
controlled by varying the amplitude and frequency of voltage 
applied to the motor while maintaining a constant 
voltage/frequency ratio from 0 and 60 Hz. This type of control 
is suitable for a wide range of applications, but it is not the best 
choice for applications requiring good torque control at low 
speeds, more precise speed regulation, or high dynamic 
performance.

Quadratic, or parabolic, voltage/frequency control is a mode of 
operation with a voltage/frequency characteristic that matches 
the torque requirements of simple fan and pump applications. 
For such applications, the starting torque is low and a relatively 
low voltage can be applied at low frequencies, but the load 
increases in a non-linear fashion requiring a corresponding 
increase in the voltage/frequency ratio.

When even more customization of the voltage/frequency 
characteristic is required, some drives provide the capability for 
multi-point voltage/frequency control. Multi-point, or 
programmable, voltage/frequency control allows for multiple 
programmable variations from the linear V/Hz characteristic to 
compensate for specific motor and machine torque 
characteristic variations Page 3-26
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Control Modes - Vector Control

Vector control is used when an application demands highly 
accurate speed control, maximum dynamic response, or speed 
regulation that is load-independent. There are two types of 
vector control: closed-loop vector control, often referred to 
simply as vector control (VC), and sensorless vector control 
(SLVC). Both utilize a motor model in the drive for estimating 
and regulating the motor’s magnetizing current (Id) and working 
current (Iq).

Closed-loop vector control requires a speed sensor, typically a 
pulse encoder, to provide speed feedback and produces the 
best speed regulation at all speeds. This method can provide 
full torque control even at zero speed.

Sensorless vector control uses internal computer algorithms 
based upon a mathematical motor model to provide excellent 
speed regulation and dynamic performance. As the name 
implies, sensorless vector control achieves this performance 
without motor speed feedback from an encoder or other speed 
sensor. When motor speed is calculated at very low speeds, 
based on a small counter electromotive force (CEMF) and 
known corrections for stator resistance, slight variations in 
stator resistance and other parameters have an effect on the 
speed calculation. This makes sensorless vector control less 
effective below a few hertz than closed-loop vector control.
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Control quality depends on the quality of the motor 
model, which is based on precise knowledge of a 
motor’s rotating magnetic field.
• The motor model must be precisely tuned to the 

connected motor.
• Tuning is part of the commissioning process.
• Motor nameplate data is entered as first part of 

commissioning.
• The converter measures motor characteristics at 

stand still and during motor rotation.
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Simulators

Engineered to provide a real-world experience, Siemens 
simulators are fully functional, ready-to-use systems
available in a variety of configurations.

System-level design makes the simulators an invaluable 
tool for program testing and debugging, reinforcing learning, 
shop floor troubleshooting, and more. With portable 
construction and hard-shell cases, they can be easily 
transported. Custom-built systems are also available.

For additional information: www.usa.siemens.com/sitrain
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Chapter 4 – AC Drive Applications

This chapter covers the following 
topics:

• Application Considerations

• Application Types
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AC Motor and Drive Application Considerations

An AC drive may have more capability than its motor. Drives can run at 
higher frequencies than may be suitable for a motor and can run at speeds 
too low for self-cooled motors to develop sufficient air flow. Therefore, It is 
important to carefully match the motor and drive to the application.

Harmonics, voltage spikes, and voltage rise times of AC drives are not 
identical. Some AC drives have more sophisticated filters and other 
components designed to minimize undesirable heating and insulation 
damage to the motor. This must be considered when selecting an AC 
drive/motor combination. 

Distance from the drive to the motor must also be taken into consideration. 
All motor cables have line-to-line and line-to-ground capacitance. The 
longer the cable, the greater the capacitance. Some types of cables, such 
as shielded cables or cables in metal conduit, have greater capacitance. 
Spikes occur on the output of AC drives because of the charging current in 
the cable capacitance. Higher voltage (460 VAC) and higher capacitance 
(longer cables) result in higher current spikes. Voltage spikes caused by 
long cable lengths can potentially shorten the life of the AC drive and 
motor.

A high efficiency motor with a 1.15 service factor is recommended when 
used with an AC drive. However, the service factor must be reduced to 1.0 
because of the additional heat created by the harmonics produced by the 
drive. 
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Overload Ratings

Many applications require an AC drive to handle short-time 
overloads that occur when the load torque required is greater 
than the continuous torque rating for the drive. Examples of the 
situations in which a short-time overload can occur include:

• To overcome breakaway torque during starting
• To accelerate the load
• To handle shock loads and other rapid changes in a process
• To ramp speed down rapidly in emergency stop situations

For AC drives to have the ability to handle short-time overloads, 
they must not reach the limit of their thermal capacity during 
normal operation.

Overloads are typically specified for variable torque, constant 
torque, and high performance applications.

As shown in the accompanying examples, overload ratings for 
AC drives typically specify the overload percentage and duration 
for both low overloads and high overloads.
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Derating Considerations

AC drives have published standard ratings based upon 
specific environmental conditions (temperature, airflow, 
humidity, altitude, etc.) and operating conditions (base 
carrier frequency, overload considerations, etc.)

When the drives are required to operate outside of the 
standard values, it is often necessary to derate the output 
of the drive.  The accompanying graphic identifies some of 
the conditions that can require derating. Additionally, there 
are published specification boundaries that cannot be 
exceeded.
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Additional Application Considerations

Page 4-5

• Motor Specifications – Motors used with AC drives should comply with NEMA MG1 Part 31 
inverter duty or have equivalent capabilities.

• Motor Lead Length  – The drive manufacturer’s published data concerning the allowable distance 
between drive and motor should be consistently observed.

• Overload considerations – Overload profiles that go beyond the standard high and low overload 
ratings must be evaluated in the drive selection process.

• Harmonics to the Line – All six-pulse drives generate harmonics to the line. The harmonic 
distortion level can be 25 to 50%.  Standards such as IEEE 519 and end-user specifications often 
limit the value to less than 5%.  It is important to understand and address this requirement.

• Machine Safety Considerations  - All relevant safety requirements must be applied to limit the 
potential for injury or damage during normal operation and in the event of failure of a machine or 
component.

• Arc Flash – Arc flash safety must be addressed to ensure a safe working area.
• Interface Capabilities – How a drive interfaces with the plant communications system is an 

important consideration.
• Support Capability – The ability of a drive manufacturer to provide service and support is also a 

critical consideration.
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Totally Integrated Automation (TIA)

Totally Integrated Automation (TIA) is more than a concept. 
TIA is a design strategy developed by Siemens that 
emphasizes the seamless integration of automation, 
networking, drives, and control products.

The TIA strategy is the cornerstone of development for a 
wide variety of Siemens products. Siemens drive products 
are important elements of TIA.

TIA is important not just because it simplifies the 
engineering, startup, and maintenance of systems that 
utilize Siemens products, but also because it lowers the life-
cycle costs for these systems.

Additionally, by reducing the time needed for the 
engineering and startup of systems, TIA helps Siemens 
customers reduce time to market and improve overall 
financial performance.
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Chapter 4 – AC Drive Applications

This chapter covers the following 
topics:

• Application Considerations

• Application Types
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Variable Torque Applications

Variable torque loads are loads that require an increase in 
torque as speed increases. For these loads, horsepower 
also increases with speed. Fans and pumps are examples 
of variable torque loads.

One type of pump is a centrifugal pump. Within a centrifugal 
pump, an impeller is rotated by a motor attached to the 
pump. The rotating impeller develops pressure (referred to 
as head) to move the fluid being pumped.

According to what are referred to in hydraulics as the laws 
of affinity, for a given impeller diameter, the flow is 
proportional to the shaft speed, the head is proportional to 
the square of the shaft speed, and the power applied is 
proportional to the cube of the shaft speed.

These laws of affinity show how energy can be saved by 
operating centrifugal pumps and fans at optimum efficiency.
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Torque, HP, and Speed

For a centrifugal pump, as with a constant torque 
application, the speed of the motor increases with 
frequency. However, as described by the laws of affinity, 
the required torque is proportional to the square of the 
speed, and the required horsepower is proportional to the 
cube of the speed.  The reduction in horsepower results in 
energy savings.  This explains why the quadratic 
voltage/frequency response discussed earlier in this course 
is ideal for this type of application. 

The accompanying graphic shows the typical torque and 
horsepower required for a centrifugal pump application. The 
speed of the pump is limited to the speed that the motor 
can provide at rated frequency. This is because the drive 
cannot increase voltage above the rated value. Therefore, 
the motor cannot supply the torque required to exceed the 
rated speed.

Fan applications are also variable torque applications. 
Increasing the speed of the fan increases air flow and 
pressure, requiring the motor to work harder. This requires 
a non-linear increase in working current because the 
required torque increases with the square of the current.
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Constant Torque Applications

The term constant torque implies that the torque required to 
keep the load running is the same throughout the speed 
range; however, this is not exactly correct.

In this context, constant torque refers to the motor’s ability 
to maintain constant flux. The actual torque produced does 
vary with the load and peak torques in excess of the rated 
continuous torque can occur at any speed.

One example of a constant torque load is a conveyor. 
Conveyors are found in all sorts of applications and 
environments and vary widely in terms of their capabilities.
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Constant Torque Conveyor Applications

Many conveyors are made up of belts, which support the load; 
drums or pulleys, which support the belts and maintain tension; 
and idlers, which support the belts and loads.

Keep in mind that many conveyors can have multiple sections 
and some sections may need to run at different speeds than 
others. For these applications, multiple AC drive-motor 
combinations are used with the drives networked for coordination.

The speed of the conveyor can be increased by increasing the 
frequency applied to the motor. Torque, however, is dependent 
on flux and working current. Because flux is inversely proportional 
to frequency, both flux and torque decrease as frequency 
increases, unless voltage is also increased.

An AC drive can maintain constant flux up to base speed by 
maintaining a constant voltage/frequency ratio. During 
acceleration, however, working current increases causing a 
temporary increase in torque. Once the new speed is reached, 
both working current and torque settle back to nominal running 
values.

Keep in mind that the motor can only provide constant torque up 
to rated frequency. If the frequency applied to the motor is 
increased above the rated value, the voltage/frequency ratio and 
torque decrease.
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Constant Horsepower Applications

Constant horsepower applications require a constant force 
as the radius changes. One example is a winder 
application. For such an application, the radius increases as 
material is added to a roll. Similarly, in an unwinding 
application, the radius decreases as material is removed. In 
either case, the tension on the material must be controlled.

Another constant horsepower application is a lathe spindle. 
The rotating motion of the workpiece being machined on a 
lathe is controlled by a spindle drive. The spindle drive must 
maintain a constant surface speed as material is removed 
from the workpiece. This requires the motor speed to 
increase as the radius of the workpiece is reduced. In 
addition, as the radius of the workpiece decreases, 
because torque is the product of the force applied times the 
radius, the torque required by the load also decreases.

As a result of this inverse relationship between the load 
torque required and the motor speed, the motor can be 
operated above base speed. Because horsepower is 
proportional to the product of torque times speed, the range 
above base speed is referred to as the constant 
horsepower range. 
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Complex Applications

In addition to the basic applications discussed in this 
course, there are many complex applications. Most of these 
complex applications incorporate multiple motors and 
drives. In many cases, these applications require a 
coordination of control to ensure that the proper speed and 
tension is maintained in all phases of the application.

For example, the accompanying graphic shows a portion of 
a spinning machine for producing synthetic fibers. In such 
an application, various motors run the extruder, spinning 
pumps, preparation rolls, godets, traversing devices, and 
winders. In order for this operation to function properly, the 
operation of multiple drives must be coordinated.

There are many other examples of applications that offer 
similar or even greater complexity. In order to determine the 
appropriate drives for use in such an application a number 
of factors must be considered. In addition to the basic 
application engineering issues, factors such as 
commonality of design, reliability,  technical support, and 
employee training must be considered.
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SITRAIN® Training for Industry
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Online Self-paced Learning – Programs with maximum flexibility so students can easily fit 
courses into their busy schedules

Virtual Instructor-led Learning - Classroom lectures delivered in the convenience of your 
home or office

Classroom Learning - Expert and professional instructors, proven courseware, and quality 
workstations combine for the most effective classroom experience possible at your facility or 
ours

How-to Video Library - Quick, affordable, task-based learning options for a broad range of 
automation topics for training or purchase

Simulators - World-class simulation systems available for training or purchase

This course is an example of online self-paced learning. The following learning options are available from 
the Siemens SITRAIN USA  organization and our global SITRAIN partners. For additional information: 
www.usa.siemens.com/sitrain .
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SITRAIN World

From the basics to advanced specialist skills, Siemens 
SITRAIN courses deliver extensive expertise directly from 
the manufacturer and encompass the entire spectrum of 
Siemens Industry products and systems.

Worldwide, SITRAIN courses are available in over 200 
locations in over 60 countries.

For additional information including a SITRAIN world map 
and SITRAIN contacts worldwide: 
http://sitrain.automation.siemens.com/sitrainworld/Default.aspx
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