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Abstract - IEEE Std 1566, Standard for Performance of
Adjustable Speed AC Drives Rated 375 kW and Larger, was
written by users, consultants and manufacturers to provide a
common performance standard for large adjustable speed AC
drives. The standard is a stand alone document which lists
the performance requirements of all aspects of an adjustable
speed drive system. It includes data sheets for the purchaser
and the user plus some tutorial information. It is expected
that the use of the standard will lead to less confusion and
work in selection of drives, plus eventually a more durable
drive system.

Index Terms - Large AC Drives, Adjustable Speed Drive,
ASD, Standards

I. INTRODUCTION

IEEE Standard 1566: Standard for Performance of
Adjustable Speed Drives Rated 375 kW and larger, has been
written to assist users, consultants and manufacturers of large
adjustable speed drives (ASDs). Users and consultants can
use it to specify a high quality drive system and more easily
compare proposals, while manufacturers have a standard
specification which will make their proposals easier to
produce and compare.
The standard is written to specify required performance of a

drive system as used in process industries, and it defines the
basic requirements for drive operation. In most areas it does
not specify technology to be used to achieve the performance
requirements. It specifies some demanding requirements,
which will likely not be met in all instances by all suppliers.
While most manufacturers are constantly looking to improve
their product designs which should involve soliciting feedback
from their customers, this document will also serve to outline
what is important to users and help to direct improvement in
currently available drive designs.
The standard uses data sheets to define particular

requirements and equipment offerings. Users are strongly
encouraged to fill in the appropriate sections of these data
sheets so that vendors know exactly what is required of their
product And vendors are strongly encouraged to complete the
applicable sections of the data sheet so users will know
exactly what is being offered.
The standard consolidates various existing drive standards

so that it can be used as a stand alone document without
having reference other standards. Other required references
are given in the document itself. It should also act as a guide

for those specifying drives for the first time as well and
provide a useful reference for more experienced users.

It provides industry wide alignment of terms that are
commonly used in drive discussions as well as descriptions of
common drive functions and requirements. During the course
of discussions held in the making of this document, it was
apparent that these definitions and descriptions plus the roles
and responsibilities in the creation of a drive system required
clarification.

II. HISTORY

Adjustable Speed Drives have been used in process
applications for some time on applications into many tens of
MW and from below 300 rpm up to about 20000 rpm. Some
of the reasons for this are improved process control, improved
process efficiency due to reduced fluid throttling, ease of
starting on weak power systems, avoidance of the need for
gearboxes in some cases, and smooth process operation. An
indication of the increasing use of ASDs is shown in Fig. 1
below, using data from one vendor.
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Fig. 1 Drives Built per Year

However, some concerns have arisen with applications
over time. Among the concerns are relatively low reliability
when compared with other less complex industrial electrical
components such as switchgear and transformers; difficulty in
getting service and parts for equipment that is over 10 years
old due to the rapid changes driven by ASD development;
engineering costs and time spent during the application and
selection process; problems with the interface between the
ASD, utility and the driven motor and process; plus difficulty in
determining the exact application requirements.

In an attempt to pursue improvements in these directions
and facilitate specifying, bidding, purchasing and application
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of drive systems, a group comprising users, vendors and
consultants was formed. Work started in 2000 on an IEEE
standard for large ASDs. There were meetings at
conferences as well as a number of web conferences, with 22
drafts being prepared before the document was balloted in
early 2005. After ballot review, further revisions to the
document and two recirculation ballots, the standard was
approved in late 2005 and published in 2006.

III. REQUIREMENTS OF THE STANDARD

* Harmonics generation
* Controls
* Transfer to and from fixed speed operation
* Drive cooling
* Associated switchgear, transformer and motor
* System coordination
* Testing
* Startup
* Spares and continued support

IEEE recognizes 3 levels of requirements in the standards
program. A Guide is the first level and gives ways of
achieving an objective. The word "may" is commonly used in
Guides. A Recommended Practice is the next level and
considers that there is more than one way to achieve
something. However it often recommends a preferred
method using the word "should" extensively. A Standard
gives specific requirements without allowing alternatives,
using the word "shall" to describe requirements. The working
group (WG) chose to generate a standard for this document,
so as to define requirements as closely as possible.
From experience in similar situations, the WG felt that

some features of IEEE 1566 should include:

1. As far as practical, it should be a performance
standard. The technologies used by drive vendors
vary significantly between vendors, and future
technology trends are not predictable with any
certainty. A prescriptive document could hinder
development by limiting new technologies, and it was
felt that as far as possible it was preferable to specify
performance requirements, leaving the method of
achievement to qualified vendors.

2. It must be usable as a specification by a user either as
is, or with only a minor overlay. This means that a
purchaser should not have to generate a voluminous
extra document to specify a drive.

3 It should use data sheets for both the purchaser and
vendor. This should clarify what is wanted and offered,
to help reduce misunderstandings.

4. It should encourage improvement in ASD performance
and reliability by providing direction for users,
consultants and manufacturers alike in system design.

The WG believes that the IEEE Std 1566 has achieved
these requirements. As a first edition, there are probably
areas that could have been better covered, and the WG
welcomes constructive suggestions for improvement.

IV. CONTENTS OF STANDARD

Some areas covered by the standard are listed below.
Some of the key issues in these areas will be discussed in
following sections of the paper:

0

0

0

0

0

0

Enclosure requirements
Safety
Grounding and bonding
Solid state power component ratings
Load capabilities
Performance during power disturbances

Some of these issues will be discussed further below.
The standard references various other standards, both

North American based and IEC as required. There should
be minimal requirements for users to specify further
documents. In addition, the standard provides some tutorial
information to assist purchasers decide what should be
specified.

V. ADJUSTABLE SPEED DRIVES
A. Developments

ASDs for pump control in industrial processes have
been used for about 30 years. Improved process efficiency
and reduced installation and maintenance costs along with
many other benefits are justification for ASDs to become the
main control element used in a wide variety of applications.
These applications range from pumps, compressors and
fans to more challenging installations such as conveyors.
The continuously reducing footprint as shown in Fig. 2 has
helped gain broader acceptance of ASDs for many
applications.
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Fig. 2 Evolution of Drive Volume

Today, the AC ASD has mostly displaced other
alternatives such as wound rotor and DC drive systems
originally employed for certain tasks. This has primarily
been due to the effort by manufacturers to develop a broad
spectrum of AC drives sufficient to meet the wide range of
units required, from fractional horsepower up to thousands
of horsepower along with associated improvement in
reliability, cost effectiveness and user friendliness. There is
no question that great strides have been made particularly
in the areas of performance, reliability and ease of use
since the introduction of the first ASD but additional work is
warranted and continues. Much of this advancement has
been driven by one particular aspect - silicon. The
advances in semiconductor technology which have occurred
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since initial implementation have led to vast improvements
in processing speeds and memory storage needed for drive
control as well as the extension of switching device power
device ratings. These advancements allow for larger drive
designs with improved control and reliability to be realized.

B. Control

Present day technology has provided a tremendous
increase in processing and data storage capability. Original
units had capabilities in terms of kHz and kilobytes while
present systems are in terms of GHz and gigabytes. This
increased processing and data storage capability when taken
to ASD drive control allows extremely complex firing
techniques and protection schemes to be realized which
serve to produce better harmonic compliance, increased
performance and diagnostics and enhanced user friendliness.
The information which can be taken from an ASD for process
control along with diagnostics and troubleshooting is
extensive. A drive failure can now be identified to the
component level and the events prior to and after the event
can be trended to determine factors, both internal and
external to the equipment, which may have contributed to the
failure. In addition to the advancements in information
processing, leading manufacturers are also adopting a
broader perspective to the ASD installation overall, providing
the end user programmable options which allow for
operational contingencies. Early drive development focused
on the protection of the drive itself. However some of the
more recent innovation in control concepts is toward failure
mode and effect analysis and contingency scenarios where
the drive is able to take corrective measures or allow
alternative operation in the event of a process or system
upset to avoid interruption of the process. This is of particular
importance to the user. While the drive itself is a substantial
capital investment, the processes which these drives control
are likely to be critical to the user and their operation. The
impact of an immediate shutdown of the process without
advance notice may be far greater than the cost of or risk to
the ASD system itself.

C. Power Semiconductors

While the improvements in technology allow for better
utilization of switching techniques, user interface and drive
control, the greatest factor in drive development is
undoubtedly the ongoing development of power
semiconductors. When a new drive design is being
considered, one of the first steps, if not the first, is to look at
the available semiconductors available to the designer along
with their characteristics and limitations. Switching devices
have come a long way from the original diodes and silicon
controlled rectifiers (SCRs) which are still in use today.

In recent years, the most notable advancement has been
with respect to new devices that have been developed
leveraging on these initial designs. These devices are
capable of not only being switched on but the time at which
conduction can be terminated or switched off can also be
controlled. This ability has allowed the implementation of
pulse width modulated switching techniques that serve to
more closely approximate a sine wave and effectively reduce
harmonic distortion which is one of the primary considerations

when using drive technolo

Fig. 3 IGBT device cross section

As of yet, the ideal semiconductor which would have
unlimited switching capability, require no gate drive
components and not have associated switching losses has
not been produced. However the increasing world demand for
ASDs continues to drive semiconductor development. Until
then, device limitations and characteristics ultimately define
the ASD design which may be achieved.

The predominant devices in use at the time of writing, in
addition to the previously mentioned diode and SCR, are the
insulated gate bipolar transistor (IGBT) (refer to Fig. 3) and
the gate commutated thyristor (GCT) (refer to Fig. 4) due to
their availability and range of voltage and current capability.
The gate turn off thyristor (GTO) is now being replaced by the
GCT and is being used less often.
The key device criteria which will ultimately determine the

overall drive topology and available ratings are the device
voltage and current ratings. Refer to Fig. 5 for an assessment
of available devices to the market as of late 2005.

Further to this, the manner in which the devices may be
utilized - series or parallel, the device failure in time (FIT)
rate, failure mode for the device shorted or open rupturing or
non-rupturing, and the device construction will play a major
role in drive packaging.
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Fig. 5 - Device Availability November 2005 [2]

It is apparent that the drive topologies and designs which
are currently available are the result of numerous design
factors coming together, the improvement in semiconductors,
the techniques which are utilized with these devices, and the
specific innovation and direction taken by different
manufacturers. This has led to a variety of drive topologies
each with their own specific strengths and limitations being
available to the user. However this also indicates the need
for a base design standard which provides the minimum
requirements for industry as defined by users and
manufacturers. This allows the user to evaluate the use of a
specific design as first meeting his absolute needs and then
evaluating further on additional factors leaving the door open
for manufacturers in terms of innovation and design beyond
these fundamental requirements.

D Safety

The enclosure and internals of a drive must prevent injury to
operators or maintenance people when they are performing
their normal duties. To that end the enclosure is required to
prevent access to live parts of the main power circuit and to
be able to withstand bolted internal faults. If power capacitors
are used they shall have discharge resistors, and interlocks
shall prevent access until all voltages have declined to a safe
level. Control circuits must be arranged so that
measurements can be safely taken while the drive is
operating. Cooling water pumps must be safely changeable
without shutting down the drive.

E. Durability

The WG felt that long term durability and availability of the
drive was essential. Most other major industrial electrical
items such as large motors, transformers and switchgear
have a life of at least 20 years, and it was believed that a
similar figure was desirable for a drive. Present experience
with large drives has not always been satisfactory in this area.
The standard lists a 20 year service life with 5 years
continuous operation between shutdowns and requires
vendors to list what spare parts will be necessary to achieve
this figure. Availability of trained service people during this
period is also required. These requirements have probably
not been generally met at this time. However the WG also

recognized that there is a tradeoff much like other electronic
devices such as computers that the user must consider. With
the rapid changes in technology, the next generations of
drives will see further improvements in size, cost and
performance such as has been the case with computers
where it would no longer be practical to service and maintain
a computer of a 20 year old vintage.

F. Performance

The drive must be able to accelerate the load and provide
full output power continuously with input voltages between
90% and 110% of nominal. In addition it shall provide 110%
motor full load current continuously with a short time overload
capacity of 110% continuous rating (i.e. 120% motor full load
current) for 1 minute in every 10. The WG's experience has
been that many process applications have load requirements
that change from those originally expected, and these output
requirements will reduce the need for replacing drives when
new requirements arise, plus generally give a cooler running
and probably more durable drive.
Redundancy of solid state components ("N-1") is listed as

an option. If it is selected, the drive will not shut down on a
failed device or module but will actuate an alarm and continue
operating. Redundancy is one of the more common
approaches taken to address a larger subject which is fault
avoidance in general. One of the areas where there has been
a disconnect in the past between manufacturers and users is
with respect to protection. Suppliers of ASDs tend to focus
on protecting their product. Their goal had been to protect the
ASD from damage at all costs, preferring to shutdown the
process rather than subject the ASD to less than ideal
conditions. However the cost to the end user if an application
shuts down in mid process can be very significant and in fact,
could be far more than the cost of repairing the ASD.
Manufacturers are realizing this, and recent enhancements in
some drive products are towards options which allow the
drive take corrective action rather than shut down. There are
obvious benefits to providing these options to the owner and
should be considered when making a choice. Examples of
such options include operation with the loss of a device at
reduced capacity, reducing switching patterns to lessen drive
losses perhaps to allow for continued operation in the event of
a cooling system malfunction. The above items are examples
where the user can choose an option to allow continued
operation at his discretion.

G. Power Quality

Power Quality in the standard covers both what the drive
does to the power system, and what power system situations
the drive should withstand. IEEE Std 519 [3] is used as the
default harmonic generation standard, with the purchaser
specifying such items as the telephone interference level,
point of common coupling, and any extra requirements.
Acceptable levels of electromagnetic interference and radio
frequency Interference are also specified. In this area it
should be noted that over the last 20 years the input and
output harmonic currents produced by a drive have been
dramatically reduced so that where total harmonic distortion
(THD) of the current was about 25% with early models,
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design improvements have reduced it to less than 5%. This
has greatly reduced utility and motor problems.
The standard also requires that the drive design be more

tolerant of disturbances. The requirements include
satisfactory operation on transient over-voltages (2.8 x
nominal voltage with a 0.1 microsecond rise time); voltage
sags (65% nominal for 500 milliseconds); total loss of voltage
(total loss for 2 seconds, after which the drive will bring the
motor back to original speed setting); voltage swells (1 15% for
0.5 second); the switching of nearby capacitor banks (a
decaying transient with a frequency between 300 Hz and 800
Hz); total harmonic voltage distortion of 10% with a crest
factor of 2.5, and a specified notch level); and unbalance (3%
continuously).The requirements are made with the intent of
specifying performance that most industrial users need. In
many cases this will require input surge protection and a UPS
for the control power.

H. Interfaces

The requirements for drive system interface with the outside
world vary significantly between users. The technology
available for control and communication is steadily
developing. Therefore the standard has been written to allow
various control and communication options without specifying
the methods any more than necessary.

I. Drive Cooling

The two most common ways of cooling drives are air and
liquid methods. Smaller drives can be cooled by fans moving
air over the components, but the higher forward drop and
switching losses of larger drives make liquid cooling more
practical for larger units. In addition the drive's environment
(temperature, dust etc.) affects the cooling method selected.

In critical applications, redundant fans are recommended for
air cooled applications with the failure of a single fan causing
a changeover to the other unit plus an alarm annunciation. In
addition an automatic fan changeover every 30 days is
required. No shutdown is permitted during a fan changeover.
A fan motor L10 bearing life of 50000 hours is required.
Replaceable air filters are also required.
Modern liquid cooled drives use either de-ionized water or a

de-ionized water/glycol mixture for coolant. In addition to
being cooled the liquid must be filtered and kept at a low
conductivity. Most de-ionizing systems work in the bypass
mode, only working on a small portion of the liquid. The filter
and deionizer must be changeable while the drive is
operating, which means valves must be included to isolate the
removable components. A conductivity monitor is required to
determine when the deionizer requires replacement. In
addition, it shall be possible to top up the coolant reservoir
without shutting down the drive. These requirements
essentially mean the cooling system must be in a cubicle that
can be accessed while the drive is operating and that the
plumbing be arranged to avoid air locks after a changeover.
The coolant is pumped to either a liquid/air or a liquid/liquid

heat exchanger. The drive pumps and any heat exchanger
pumps and fans should be redundant and changeable with
the drive running. There is also a requirement for the pump
motors to have a bearing L10 life of 50000 hours to minimize
the number of pump changes.

J. Serviceability

One of the requirements of a drive operating in industrial
situations is that it must be easy to service. To that end, the
standard requires all test points and terminals to be easily
accessible from the front of the drive, and any devices or
modules that are likely to require changing shall be removable
from the front by two people.
To assist troubleshooting, storage and annunciation of

alarms and shutdown data is necessary. In many cases this
information can be made available to a remote location by a
digital link, and this is encouraged.

K. Synchronous MotorApplications

On some larger or slower speed applications, a drive is
required to control the speed of a synchronous motor. In
these cases a power supply for the motor excitation is usually
included as part of the package. At standstill the regular DC
field arrangement of a brushless exciter will not work, since
there is no change of flux in the exciter armature when the
armature is stationary. Therefore a controllable AC power
supply to the exciter stator is usually supplied so the flux in
the exciter armature will be changing, which induces voltage
in the exciter rotor at zero speed.

L. Data Sheets

The WG believed it is essential that the purchaser tell the
vendor exactly what is required and that the vendor tell the
purchaser exactly what is being offered or supplied.
Therefore to reduce confusion, purchaser and vendor data
sheets are included that cover the requirements and offerings.
The other benefit which this approach provides is that it

should put all options for an ASD system solution on the
same basis so that relative costs can be assessed.

VI. ADJUSTABLE SPEED DRIVE SYSTEMS

A. Drives versus Drive Systems

An ASD in the context of IEEE Std. 1566 essentially
comprises the equipment required to take a fixed frequency
and voltage input from the facility power system and convert it
into a controllable frequency and voltage output. The
standard defines an ASD System as: "An interconnected
combination of equipment that provides a means of adjusting
the speed of a mechanical load coupled to a motor."
Therefore a drive system comprises the drive plus auxiliary
apparatus such as switchgear, transformer, and motor.
The standard gives requirements for the associated

switchgear, transformer or reactor, and motor and outlines the
requirements for interconnecting these components as parts
of the drive system.

B. Incoming Switchgear

The drive vendor may or may not be required to supply
the switchgear associated with the drive. If the vendor does
not supply the switchgear, he should specify any particular
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