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Abstract: AC adjustable speed drive (ASD) systems rated above 375 kW and above 750 V 
output voltage as used in petrochemical and similar applications are applicable to this standard. 
Performance requirements for an ASD system including, but not limited to, input transformer or 
reactor as required, power electronics, control interfaces, cooling system, switchgear, and motor 
are covered. Requirements for power quality, engineering analysis, start-up assistance, training, 
and spare parts are also included. Certain items such as the motor, switchgear, or transformer 
may be excluded from the scope of vendor supply if specified in the data sheets; any special 
requirements for the excluded equipment shall be given by the system vendor. 
 
Keywords: adjustable speed, IEEE 1566™, large drives 
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IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards 
Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents 

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. 
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE. 
While IEEE administers the process and establishes rules to promote fairness in the consensus development 
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the 
soundness of any judgments contained in its standards. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.” 
Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related 
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved 
and issued is subject to change brought about through developments in the state of the art and comments 
received from users of the standard.  

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his 
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as 
appropriate, seek the advice of a competent professional in determining the appropriateness of a given 
IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: 
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Translations  

The IEEE consensus development process involves the review of documents in English only. In the event 
that an IEEE standard is translated, only the English version published by IEEE should be considered the 
approved IEEE standard. 
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Official statements  

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE.  

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice 
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a 
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a 
consensus of concerned interests, it is important that any responses to comments and questions also receive 
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and 
Standards Coordinating Committees are not able to provide an instant response to comments or questions 
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not 
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

Laws and regulations  

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws. 
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These 
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization, 
and the promotion of engineering practices and methods. By making these documents available for use and 
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the 
documents. 

Photocopies  

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 
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Updating of IEEE Standards documents  

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten 
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although 
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to 
determine that they have the latest edition of any IEEE standard. 

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at 
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE-SA Website at 
http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to 
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant 
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the 
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may 
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without 
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of 
any unfair discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely 
their own responsibility. Further information may be obtained from the IEEE Standards Association. 
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Introduction 

This introduction is not part of IEEE Std 1566™-2015, IEEE Standard for Performance of Adjustable-Speed AC 
Drives Rated 375 kW and Larger. 

IEEE Std 1566-2005 has been revised to address technology changes as well as working experience with 
the standard. 

The need for a performance standard for ASD systems was perceived as a means to reduce confusion when 
specifying large drive systems for petrochemical and similar applications. Therefore, the work of this 
document was started in 2000. Input was received from users, manufacturers, and consultants in the 
industry. 
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IEEE Standard for Performance of Adjustable-Speed AC Drives Rated 

375 kW and Larger 

 

 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, 

health, or environmental protection, or ensure against interference with or from other devices or 

networks. Implementers of IEEE Standards documents are responsible for determining and 

complying with all appropriate safety, security, environmental, health, and interference protection 

practices and all applicable laws and regulations. 

 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html. 

 

 

1. Overview 

 

1.1 Scope 

 

This standard applies to ac adjustable-speed drive (ASD) systems rated above 375 kW and above 750 

V output voltage as used in petrochemical and similar applications. It covers the performance 

requirements for an ASD system including, but not limited to, input transformer or reactor as 

required, power electronics, control interfaces, cooling system, switchgear, and motor. Requirements 

for power quality, engineering analysis, start-up assistance, training, and spare parts are also 

included. Certain items such as the motor, switchgear, or transformer may be excluded from the 

scope of vendor supply if specified in the data sheets; the system vendor shall specify any special 

requirements for the excluded equipment. 
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1.2 Purpose 

 

The purpose of this standard is to assist users in defining the required performance of a drive system 

in clear terms. It is not intended to specify a particular technology that must be followed. It is 

intended to be used with the data sheets given provided in Annex A and Annex B. 

 

 

1.3 Application 

 

The drive system will be used to start, accelerate, and control the speed of a motor-driven load. 

When specified, the ASD shall be capable of achieving synchronization with the utility power 

system and connecting the motor directly to this system. The ASD supplier shall define the 

requirements for matching the motor and ASD to the load and the ASD, including input transformer 

if required, to the power system such that they operate as a system with no unsatisfactory transient, 

torsional, heating, or power-quality problems. The ASD system shall be suitable for the service 

conditions described in the data sheets, including the ambient temperature and humidity conditions; 

altitude; input power-supply voltage and minimum and maximum short-circuit capacities of the 

source; and auxiliary power-supply voltage. 

 

Unless otherwise specified, the ASD and all related parts shall be suitable for a minimum of five 

years of continuous operation. with a minimum availability of 99.8% over a five-year run. The 

vendor shall identify any redundancy requirements necessary to meet this end. The vendor shall 

provide an expected mean time between failures (MTBF) and mean time to repair (MTTR) for the 

ASD under the listed service conditions, based on known experience. The vendor shall list all 

components that are expected to require replacement in a 20-year operating life. For the purposes of 

reliability predictions, MTBF parameters shall be verified by analysis and supported by field 

experience. 

 

 NOTE 1—To achieve a continuous run time of five years, power electronic (PE) equipment should 

be designed to achieve an MTBF of not less than eight years. NAVSO P-3641A and NAVSEA TE000-

AB-GTP-010 are potential references for design and de-rating guidelines. See also IEEE Std 1413™.
1
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NOTE 2—For purposes of reliability and availability data, a failure is considered not to be a set point 

related event that requires an unscheduled shutdown of the ASD. This excludes external events such 

as process, power supply, building air conditioning and maintenance/operator error. 

 

Power electronic (PE) equipment shall be designed to achieve a MTTR of 1 h or less for replacement 

of the part. The maximum time to repair shall not exceed 3 h at the 95% confidence level. Repair 

times shall include the time required for detection, isolation, disassembly, unit replacement, 

reassembly, alignment, verification of repair, setup, and return to operation. The above times 

assume that spare parts and competent personnel are on hand. 

 

NOTE 3—“Isolation” and “return to operation” involve equipment, processes and procedures 

external to and not within the scope of the ASD system. If these functions add appreciable time to 

the repair process, this additional time should be factored into the above MTTR numbers. 

 

Components utilized in the ASDs covered by this standard shall comply with the appropriate 

standards for these components and shall be used in accordance with their recognized ratings and 

other limitations of use. 

 

A component need not comply with a specific requirement in referenced component standards as 

follows: 

 

— Those that involve a feature or characteristic not needed in the application of the component 

in the product covered in this standard, or 

 

 — That is Those that are superseded by a requirement in this standard 

 

 

 

 

 

1 
Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 
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The drive system and all its components shall be designed and manufactured for a minimum service 

life of 20 years. This shall include availability of spare parts and appropriately trained field-service 

personnel. Required maintenance and frequency to achieve this service life shall be clearly 

documented. 

 

 

2. Normative references 

 

The following referenced documents are indispensable for the application of this document. (i.e., 

they must be understood and used, so each referenced document is cited in text and its relationship 

to this document is explained). For dated references, only the edition cited applies. For undated 

references, the latest edition of the referenced document (including any amendments or corrigenda) 

applies. 

 

ANSI/ABMA 9-1990, Load Ratings and Fatigue Life for Ball Bearings. 
2
 

 

ANSI C84.1-1995 (Reaff 2005), Electric Power Systems and Equipment—Voltage Ratings (60 Hz).  

 

API 541-2003, Form-Wound Squirrel-Cage Induction Motors—500 Horsepower and Larger.
3
 

 

API 546 1997, Brushless Synchronous Machines—500 kVA and Larger. 

 

IEC 61800-3:2004, Adjustable Speed Electrical Power Drive Systems—EMC Requirements and 

Specific Test Methods.
4
 

 

2
ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, 

New York, NY 10036, USA (http://www.ansi.org/). 

 

3
API publications are available from the Publications Section, American Petroleum Institute, 1200 L Street NW, Washington, DC 

20005, USA (http://www.api.org/). 

 

4
IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue 

de Varembe, CH-1211, Genève 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States 

from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA. 
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IEC 61800-5-1-2003, Adjustable Speed Electrical Power Drive Systems—Part 5-1: Safety 

Requirements— Electrical, Thermal, and Energy. 

 

IEEE Std 112™-2004, IEEE Standard Test Procedure for Polyphase Induction Motors and 

Generators.
5, 6

 

 

IEEE Std 115™ 1995 (Reaff 2002), IEEE Guide: Test Procedures for Synchronous Machines—Part I: 

Acceptance and Performance Testing—Part II: Test Procedures and Parameter Determination for 

Dynamic Analysis. 

 

IEEE Std 519™-1992, IEEE Recommended Practices and Requirements for Harmonic Control in 

Electrical Power Systems. 

 

IEEE Std 519.1™, IEEE Guide for Applying Harmonic Limits on Power Systems. 

 

IEEE Std 841™ 2001, IEEE Standard for Petroleum and Chemical Industry—Severe Duty Totally 

Enclosed Fan-Cooled (TEFC) Squirrel Cage Induction Motors—Up to and Including 370 kW (500 

hp). 

 

IEEE Std 1250, IEEE Guide for Identifying and Improving Voltage Quality in Power Systems 

 

IEEE 1564™, IEEE Guide for Voltage Sag Indices. 

 

IEEE Std C57.18.10™,1998 (Reaff 2003), IEEE Standard Practices and Requirements for 

Semiconductor Power Rectifier Transformers. 

 

 

5
The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 

 

6
IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, 

NJ 133108854, USA (http://standards.ieee.org/). 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:16:22 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1566-2015

http://standards.ieee.org/
http://www.avadocuments.com/doc/ieee-1566-2015
http://www.avadocuments.com/doc/ieee-1566-2015


IEEE Std C57.110™,1998 (Reaff 2004), IEEE Recommended Practice for Establishing Transformer 

Capability When Supplying Nonsinusoidal Load Currents. 

 

NEMA MG 1 2003, Motors and Generators.
7
 

 

NEMA TR 1-1993 (R2000), Transformers, Regulators, and Reactors. 

 

NFPA 70, 2005 Edition, National Electrical Code® (NEC®).
8,9

 

 

UL 347 1993 (Revised 2000),, 5th edition, 2009, High Voltage Industrial Control Equipment.
10

 

 

 

 

 

 

 

 

 

 

 

 

7
NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112, USA 

(http://global.ihs.com/). 

 

8
National Electrical Code, NEC, NFPA 70 are registered trademarks of the National Fire Protection Association, Inc. 

 

9NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Battery march Park, P.O. Box 

9101,Quincy, MA 02269-9101, USA (http://www.nfpa.org/). 

 

10
UL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112, USA 

(http://global.ihs.com/). 
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3. Definitions, acronyms and abbreviations 

 

3.1 Definitions 

 

For the purposes of this standard document, the following terms and definitions apply. The 

Authoritative Dictionary of IEEE Standards Terms [B3]
9
 Dictionary Online should be referenced 

consulted for terms not defined in this clause.
11

 

 

3.2 adjustable-speed drive (ASD) system: An interconnected combination of equipment that 

provides a means of adjusting the speed of a mechanical load coupled to a motor. A drive system 

consists of a drive and auxiliary electrical apparatus. 

 

3.1 L10 bearing life (anti-friction bearing): The duration in hours required for a sample of 

bearings to have a 10% failure rate, when loaded at specified force and speed. 

 

NOTE—Refer to ANSI/ABMA 9 for a discussion of L10 life.
12

 

 

 

 

 

 

 

 

9
The numbers in brackets correspond to those of the bibliography in Annex D. 

 

11
IEEE Standards Dictionary Online subscription is available at: 

http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 

 

12
Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to 

implement this standard. 
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3.2 Acronyms and abbreviations 

 

ASD adjustable-speed drive 

 

BIL basic insulation level 

 

CMV common-mode voltage 

 

FLC FLC 

 

Hipot high-potential 

 

I/O input-output 

 

MTBF mean time between failures 

 

MTTR mean time to repair 

 

MV medium voltage 

 

NC normally closed 

 

NO normally open 

 

PCC point of common coupling 

 

PE power electronic 

 

UPS uninterruptible power supply 

 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 19:16:22 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1566-2015

http://www.avadocuments.com/doc/ieee-1566-2015
http://www.avadocuments.com/doc/ieee-1566-2015


4. Safety 

 

4.1 General 

 

During normal operation and for a single fault condition, the drive shall not pose a risk of fire, 

electric shock, or injury to operating or maintenance personnel. National and local codes and 

regulations as listed in the data sheets shall be considered during design, construction, installation, 

and testing. Service entry requirements are not covered by this standard. 

 

 

4.2 ASD construction requirements 

 

4.2.1 Enclosure 

 

The drive enclosure shall withstand all normal mechanical and environmental stresses due to 

handling and installation. The enclosure shall provide protection for operating personnel, 

preventing access to live parts. The enclosure shall confine a bolted fault at the available short-circuit 

energy. The enclosure shall provide dedicated user terminals for power and control connections. 

 

Removable or hinged parts shall be provided with a means for firmly securing them in place. The 

removable parts shall have the mechanical strength to maintain their shape when open or removed. 

Provisions for handling each section shall be provided. 

 

Indoor equipment shall have a minimum IP21 degree of protection. Other enclosure types shall be 

specified in the data sheets. 
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4.2.2 External grounding and bonding 

 

Metallic enclosures shall have provision for permanently connected grounding. All metal parts that 

may become energized shall be permanently and effectively grounded. 

 

Unless prohibited by the application, the following conditions apply: 

 

— External grounding and bonding conductors shall have an ampacity of at least 200 A. 

  

 — The connection means of grounding conductors shall comprise pressure terminal connectors. 

  

 —  Bolts and screws shall have at least four threads engaged in metal parts. 

 

 — The metal cases of panel-mounted electrical parts shall be bonded. 

 

 — The secondary windings of control and sensing transformers shall be grounded. 

 

 — Hinges shall not be used for bonding doors. 

 

 —  Hinged covers of doors containing electrical components shall be grounded using a separate 

strap or ground wire installed across the hinge to the main support frame. 

 

— In the absence of a grounding switch, the drive and input–-output (I/O) terminals shall have 

the capability to readily attach personal safety grounds to exposed conductors. 

 

 

4.2.3 Isolation and interlocking 

 

Medium-voltage (MV) circuits shall have the following supplementary protection for operating and 

maintenance personnel. 
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When specified in the data sheets, an incoming unit shall be provided with an externally operable 

MV isolating means with position indication and the following features: 

 

— It shall be operated from a location that will safeguard the operator from the hazards of 

electrocution and arc blast. 

 

— It shall provide visible evidence of isolation with the door closed. 

 

— It shall be rated for the specified continuous and overload currents
,
 and coordinated with the 

specified short-circuit currents. 

 

— It shall be interlocked via primary and secondary means to prevent opening if it lacks 

sufficient interrupting capability to open expected load currents. 

 

— It shall be possible to lock the disconnect in the off position with a padlock. 

 

— Interlocking shall prevent access to energized MV power circuits and operation of the 

isolator when the door is open. 

 

 

4.2.4 Spacing and barriers 

 

Spacing between energized parts, and between energized parts and ground, shall be equal to or 

exceed those listed in Table 15 of UL 347-1993., 5th edition.
13

 

 

When clearances do not meet those requirements, insulated barriers shall be used. The barriers shall 

be non-hygroscopic, have adequate fire resistance, plus mechanical and electrical strength for the 

particular application. 

 

13
For information on references, see Clause 2. 
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Barriers shall be used between main power and low-voltage circuits where these occur in the same 

compartment. Where clearances and creepage distances allow, the barriers may be grounded metal. 

Appropriate warning labels shall be prominently installed on these compartments. 

 

 

4.2.5 Capacitor discharge 

 

Means shall be provided to dissipate the stored electrical energy following drive deenergization. 

There shall be no charged circuit holding more than 50 V (dc) after a time (not to exceed 5 min) 

indicated by the manufacturer. There shall be warning labels indicating the dissipation time. 

 

 

4.2.6 Cautionary labels 

 

Caution, warning, and danger labels using appropriate language or graphic symbols shall be 

prominently displayed. 

 

 

5. Unit construction 

 

5.1 ASD structure 

 

The ASD (and attached switchgear, reactor, and transformer, as applicable) shall form a rigid self - 

supporting structure suitable for floor mounting and be suitable for the environmental conditions 

listed in the data sheet (Annex A). All power-cable entries shall include adequate cable spreading 

and bending space in accordance with the applicable local codes, for example, the National Electrical 

Code® (NEC®) (NFPA 70, 2005 Edition) with allowance for cable terminations, including stress 

cones and shielding, as listed on the data sheets. 
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Enclosures shall have provision for grounding. Multi-compartment equipment shall provide a 

ground bus, which shall have an ampacity at least that of the incoming equipment grounding 

conductor (see NEC Table 250.122, National Electrical Code). All points of connection between the 

ground bus, equipment-grounding conductor, and structural assemblies shall be free of 

nonconducting material, such as paint. Structural members of adjacent compartments shall be 

securely bolted together or equipped with bonding jumpers (which, where used, shall have 

ampacity at least that of the equipment grounding conductor or 200 A, whichever is greater). 

 

All bus bars shall be copper, braced for the fault level at the particular location. They shall be 

protected against corrosion in the specified atmosphere. The bus bars shall be of sufficient size to 

carry the stated ampacity without exceeding a 65 °C temperature rise based on a 40 °C ambient 

temperature. 

 

The ASD controls and low-voltage customer end-user terminal blocks shall be in a separate 

compartment that can be accessed during drive operation. 

 

Field wiring terminals shall be clearly marked and a wiring diagram shall be provided. 

 

Test points and terminals shall be accessible from the front of the enclosure without removal of any 

adjacent component. The vendor shall state if rear access is required for service of any components 

and identify which components require rear access. 

 

When specified, electronic boards shall have conformal coating applied. 

 

 

5.2 Insulation 

 

Insulation separating components energized at power voltages including those of liquid cooling 

systems shall be designed to limit partial discharges to a nondestructive level under worst-case 

design operating conditions. 

 

All insulation materials shall be of non-hygroscopic type and shall be class 105 °C or better. 
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5.3 Nameplate 

 

The ASD shall be provided, at a minimum, with a clearly visible nameplate that shall have the 

following punched or laser-etched information: 

 

— Number of phases 

 

— Nominal input voltage and frequency with maximum/minimum variation 

 

— Auxiliary power requirements 

 

— Nominal input current 

 

— Nominal output current with service factor 

 

— Output frequency range (constant torque/variable torque/constant power) 

 

— Nominal efficiency at 100% load and speed 

 

— Maximum/minimum ambient operating and storage temperature and humidity 

 

— Nominal weight (with coolant when applicable) 

 

— Replaceable component maximum weights 

 

— Model and serial numbers 

 

— Date and location of final assembly 

 

— Maximum short-circuit rating 
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5.4 Rectifier 

 

The rectifier shall be constructed such that all components or modules can be serviced or replaced 

from the front of the drive by no more than two people without disassembly of other components or 

modules. Any special tools required shall be listed and included as a separate item in the quotation. 

 

The rectifier shall be protected against incoming surge voltages. The vendor shall state which means 

are used to provide this protection. 

 

The purchaser shall specify the need for rectifier redundancy in the data sheets. If “N–1” (N minus 

one) redundancy of power devices is not required, with the loss of one device in any leg the drive 

shall shut down. If redundancy is required, the drive shall not shut down but will continue to 

operate safely with the loss of one power device in any leg. This condition shall be annunciated. 

 

Control and feedback signals shall be brought to the power devices via means that provide complete 

isolation or similar means to prevent any single-point failure resulting in excessive voltage being 

imposed on the control system. 

 

If an uncontrolled bridge is used, the vendor shall state which means are used to prevent 

overcurrent during energization and during line transients. 

 

 

5.5 DC link 

 

If the unit is a current-source drive, the reactors may be mounted outdoors, if necessary for heat-loss 

considerations, in a weatherproof enclosure. The vendor shall specify the winding material and 

whether the reactors are air-or iron-cored. 

 

If the drive is a voltage-source unit, the dc link capacitors shall have discharge circuits or bleed 

resistors to reduce the voltage on a de-energized capacitor in accordance with 4.2.5. 
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In the data sheet, the vendor shall define the required capacitor replacement frequency with the 

input voltage variations defined in Clause 6. 

 

 

5.6 Inverter 

 

The inverter shall be constructed such that all components or modules can be serviced or replaced 

from the front of the drive by no more than two people without disassembly of other components or 

modules. Any special tools required shall be included and listed in the proposal. 

 

The purchaser shall specify the need for inverter redundancy in the data sheets. If “N–1” (N minus 

one) redundancy of power devices is not required, with the loss of one device in any leg the drive 

shall safely shut down. If redundancy is required, the drive shall not shut down but shall continue to 

operate safely with the loss of one power device in any leg. This condition shall be annunciated. 

 

Control and feedback signals shall be brought to the power devices via means that provide complete 

isolation or similar means to prevent any single-point failure resulting in excessive voltage being 

imposed on the control system. 

 

Output filter capacitors, if used, shall have voltage ratings at least 20% higher than the maximum 

expected rms voltage at the drive output. They shall have discharge circuits or bleed resistors to 

reduce the voltage on a de-energized capacitor in accordance with 4.2.5. 

 

 

5.7 Modular system 

 

For ASDs that use a system built from modules comprising a rectifier, dc link, and inverter, each 

individual portion of a module shall meet the requirements described previously for the rectifier, dc 

link, and inverter. Each module shall be removable and replaceable by no more than two people. 
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6. Adjustable speed operation 

 

6.1 Power supply 

 

The ASD supply power will either come directly from the utility or from an owner-supplied three-

phase transformer. Power-supply data is included in the data sheets. In addition, there shall be a 

separate, owner-supplied three-phase auxiliary-power source to power fans or pumps, and a single-

phase control power source. Any other power supplies required shall be listed by the vendor. If an 

input transformer is supplied, then a tertiary winding may be supplied to feed all auxiliary devices 

and control requirements. 

 

Unless otherwise specified in the data sheets, the owner shall provide only a single the low-voltage 

feeders listed above and the vendor shall provide the necessary devices that are required for all 

auxiliary equipment contained within the ASD. Additionally, power for external output logic shall 

be provided by the end user. 

 

When specified in the data sheets, auxiliary devices requiring motor starters shall be powered from 

the owner’s motor control center (MCC) at the site. All control signals for auxiliary devices shall 

then be prewired to terminal blocks for field connection to owner-supplied MCCs. 

 

 

6.2 Harmonics 

 

The ASD system-generated harmonics shall meet the purchaser-supplied input harmonic 

specifications throughout the purchaser-specified operating speed and torque range. Unless 

otherwise specified, it shall be the vendor's responsibility to design and supply all equipment and 

filters that will be required. In the data sheet, the vendor shall supply information as to how this will 

be done. The purchaser shall be responsible for providing the vendor with the power-system 

characteristics and requirements. 
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6.3 Capacity 

 

The ASD shall start, accelerate, and operate the motor through the specified speed and load range 

with an input voltage variation of ±10% from nominal and an input frequency variation of ±5% from 

nominal. With input voltages between 90% and 100% of nominal, available output torque shall be 

100% of nominal. that required by the load.  

 

The drive shall be capable of a continuous capacity of at least 110% of motor full-load current. It 

shall have an additional 10% overload capacity (i.e., 120% motor full-load current) at rated ambient 

temperature for 1 m every 10 min. 

 

NOTE 1—In cases where the anticipated load is close to the design of the drive system, it is 

advisable to factor in an extended continuous capacity of 10% (110% continuous capacity) to achieve 

the required torque with a reduced voltage as described above. In those cases where margin beyond 

that required by the load and other contingencies have already been factored into the drive train and 

it is possible to achieve the required load torque with a voltage reduction, normal continuous 

capacity without additional margin may be all that is required. 

 

NOTE 2—A voltage increase coupled with a frequency decrease to the extreme maximum/minimum 

levels specified in the above paragraph is not a valid condition since the flux ratio must remain the 

same. 

 

Depending on the circumstances described above, the drive shall be specified for either normal 

continuous capacity of 100% of motor FLC (FLC) or extended continuous capacity of 110% of motor 

FLC as specified in Annex A. In either case, the drive shall have an additional 10% starting overload 

capacity beyond the continuous capacity at rated ambient temperature for one minute out of every 

ten minutes. 

 

NOTE 3—A drive with normal continuous capacity operates at 100% full-load continuously and 

110% motor FLC for one minute out of ten minutes as short-term overload. A drive with extended 

continuous capacity can operate at 110% motor FLC continuously and 120% of motor FLC for 1 min 

out of the 10 min. 
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Drives specified for constant torque applications often require additional short-term overload 

capacity. This occurs frequently enough that ASD manufacturers typically offer heavy-duty drives 

that are designed to operate at 100% of motor FLC continuously and 150% of motor FLC for one 

minute out of every ten minutes in order to address starting overload conditions. However, there 

are situations where the heavy-duty profile is not sufficient and a custom defined starting overload 

requirement can be required. For these special applications, the drive output current-time profile 

must be specified. Information required by the drive manufacturer in these cases includes the 

starting overload magnitude in terms of torque or current as well as the duration and duty cycle of 

the overload in order that the supplier can perform a custom thermal evaluation to meet the 

requirements specific to the application. This information is to to provided in Annex A. 

 

NOTE 4—Also note that the motor will need to be designed so as to have sufficient breakdown 

torque with margin to achieve the required torque. 

 

NOTE 5—Bypass operation is covered in 7.4. 

 

 

6.4 Performance 

 

When multiple-quadrant operation of the combined ASD/motor system is specified, the ASD vendor 

shall cooperate with the motor and driven equipment vendors to design and build a system to meet 

the specified dynamic performance. 

 

If devices, such as tachometers, temperature sensors, etc., are required to meet system performance 

requirements, the vendor shall specify these devices in the proposal. The devices shall be approved 

for operation in the electrical area classification of the motor operation. 

 

 

6.5 Grounding 

 

The drive system shall be designed to operate with the power system configured and grounded as 

listed in the data sheets. 
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6.6 Rating of supply 

 

The drive system shall operate with the three-phase supply system rated at the steady-state 

apparent power and voltage with a short-circuit capacity as specified on the data sheet (Annex A). 

 

 

6.7 Transient over-voltages 

 

The ASD system shall operate reliably and without interruption when subjected to occasional 

converter input power-supply overvoltage transients of total peak transient plus supply magnitude 

(2.8 times the nominal rms line-to-line supply voltage) with a rise time of 0.1 μs and base width of 70 

μs, as shown in Figure 1. Overvoltage protection devices may be required. 

 

NOTE— External protection should be provided by the end user to deal with more severe instances 

of over-voltage, e.g., lightning protection, surge suppression. 

 

 

 

 

 

 

 

 

 

 

Figure 1—Instantaneous voltage transient (figure not to scale) 
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6.8 Voltage sags 

 

Unless otherwise specified, the drive system shall ride through and maintain control of the motor 

during a three-phase an input power-and/or control supply voltage sag down to 65% of nominal on 

one or more phases for a duration of 500 ms as shown in Figure 2. Ride through is further explained 

in 6.9 ASD supply voltage ride through 

 

Voltage sag is defined as an event in voltage and/or frequency deviation from the ASD nominal 

voltage and frequency with applicable tolerance band defined by ANSI C84.1 or IEEE Std 1250. IEEE 

Std 1564 is also an applicable reference. 

 

The sag event could be any phase-to-phase, any phase-to-ground, any phase-to-neutral, multiple 

phases, multiple phase-to-ground, or multiple phase-to-neutral. 

 

 

 

 

 

 

 

 

 

 

Figure 2—Voltage sag (figure not to scale) 
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6.9 ASD supply voltage ride through 

 

The intent of this requirement is to achieve safe and predictable operation during a power and/or 

control supply voltage sag or loss event (severe sag). 

 

The sag event could be: any phase-to-phase, any phase-to-ground, any phase-to-neutral, multiple 

phases, multiple phase-to-ground, or multiple phase-to-neutral. 

 

It is necessary to establish the reclose strategies being used by the utility because multiple reclose 

cycles may interact with ASD voltage sensing logic. It is also necessary to establish the time limits 

available for restart with the process engineer. 

 

For voltage sags outside the specified tolerance band, the ASD shall be provided with power sensing 

and logic circuits to restart the ASD system when nominal voltage is restored provided that: 

 

— The ASD is specified for voltage sag ride through capability. 

 

 — The process equipment is configured to send a logic command to the ASD to restart capable 

to accommodate recovery conditions that may vary from moment to moment as process 

conditions change. 

 

 — The dc link “soft” charging circuit can be reinstated to prevent high inrush current as voltage 

returns to normal levels. 

 

An attempt to restart the ASD shall either catch the spinning motor and reaccelerate it to the speed 

required by the system logic or restart the motor from standstill. 

 

NOTE 1—For applications that include fan drives or other high inertia loads it may be possible, if 

suitable to the process, to extract energy from the rotating system to maintain system operation. 
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