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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by a consensus among persons engaged
in its development at the time it was approved. Consensus does not necessarily mean there was unanimous
agreement among every person participating in the development process.

The National Electrical Manufacturers Association (NEMA) standards and guideline publications, of which the
document herein is one, are developed through a voluntary standards development process This process
brings together volunteers and/or seeks out the views of persons who have an interest in the topic covered
by this publication. Although NEMA administers the process and establishes rules to promote fairness in the
development of consensus, it does not write the documents, nor does it independently test, evaluate, or verify
the accuracy or completeness of any information or the soundness of any judgments contained in its
standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature, whether special,
indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of,
application, or reliance on this document. NEMA disclaims and makes no guaranty or warranty, express or
implied, as to the accuracy or completeness of any information published herein, and disclaims and makes
no warranty that the information in this document will fulfill any particular purpose(s) or need(s). NEMA does
not undertake to guarantee the performance of any individual manufacturer’s or seller’s products or services
by virtue of this standard.

In publishing and making this document available, NEMA is not undertaking to render professional or other
services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed by any
person or entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining

the exercise of reasonable care in any given circumstance. Information and other standards on the topic
covered by this publication may be available from other sources, which the user may wish to consult for
additional views or information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this document.
NEMA does not certify, test, or inspect products, designs, or installations for safety or health purposes. Any
certification or other statement of compliance with any health- or safety-related information in this document
shall not be attributable to NEMA and is solely the responsibility of the certifier or maker of the statement.
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 1

Summary of Changes for MG 1-2016 Revision 1 (2018)

Changes to MG 1-2016 for Revision 1-2018 are marked by a double black line to the left of the

changed material.

" Example of change made for MG 1-2016 Revision 1-2018.

Note: Where text has been revised in more than one version, only the most recent revision is marked.

Contents

Table of Contents was revised due to added sections and repagination

Section |, Part 1

1.1

Added reference to ISO 20816

Section |, Part 7

7.3

7.4.1
742

7.5

7.6.2
Figure 7-1
7.6.3
7.7.1
7.7.2

7.8.1

7.8.5

7.9.1

Updated list of referenced documents

Revised description of bearing housing vibration

Revision to reference document numbering

Revision to expand description of measuring equipment capability

Revision to title and expanded description of resilient mounting/free suspension
Revised figure to harmonize with IEC 60034-14

Revised description of rigid mounting of horizontal and vertical machines
Revised description of shaft key aspects of measurement

Revised to prohibit use of multi-directional sensors, with note on allowable
measurement points

Revised general considerations for limits on bearing housing vibration, including
addition of 5 informational notes.

Revised to replace requirements for twice line frequency vibration of two-pole
induction machines to harmonize with IEC 60034-14

Revised general considerations for limits of relative shaft vibration

Section Il, Part 12

12.35.1

Table 12-1A

Table 12-1B

12.35.2-3

Table 12-1C
Table 12-1D

Revised to reference separate locked-rotor current tables for 60 Hz Design B fire
pump motors and 60 Hz Design B, C, and D motors other than for fire pumps

Added to specify locked-rotor current limits for 60 Hz Design B fire pump motors

Added to specify locked-rotor current limits for 60 Hz Design B, C, and D motors
other than fire pump motors, including description of the values of locked-rotor
amperes

Revised to reference separate locked-rotor current tables for 50 Hz Design B fire
pump motors and 50 Hz Design B, C, and D motors other than for fire pumps

Added to specify locked-rotor current limits for 50 Hz Design B fire pump motors

Added to specify locked-rotor current limits for 50 Hz Design B, C, and D motors
other than fire pump motors, including description of the values of locked-rotor
amperes
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 2

12.50 Revised to clarify that the motor shall meet all performance requirements of MG
1 at the voltage that appears in the Rated Voltage field; revised to clarify that
compliance with torque and nameplate nominal efficiency requirements is not
required at voltages other than in the Rated Voltage field

12.59 Revised title and text to remove the description “random wound”

12.60.1 Revised title to remove the description “random wound”

12.60.1.4 Revised text to remove the description “random wound”

12.60.2 Revised title and text to specify a voltage rating range of 601-5000 V, and that

this applies to polyphase medium motors
12.60.3 Revised title and text to indicate that requirements apply to polyphase motors
Table 12-11 Revised title to apply to 60 Hz motors; “random wound” deleted
Table 12-12 Revised title to apply to three-phase motors; “random wound” deleted
Table 12-13 Revised title to apply to motors rated 601-5000 V
Table 12-14 Revised title to delete “random wound”
Table 12-15 Revised title to delete “random wound”
Table 12-16 Revised title to apply to three-phase motors; “random wound” deleted
Table 12-17 Revised title to apply to motors rated 601-5000 V; “form wound” deleted

Section IV, Part 30
30.2.2.9 Revised title and text to describe the application of coupling capacitors

Section IV, Part 31

31.3.8 Revised to expand description of variable speed duty rating, with the addition of
footnotes 1, 2, and 3

31.4.1.1 Revised to clarify the description of the maximum temperature rise limits for
variable speed duty definite-purpose inverter-fed polyphase motors

31.4.1.2 Revised text and formula, with the addition of footnote 4

31.4.1.3 Revised text for clarity

31434 Revised title and text to describe the application of coupling capacitors

Figure 31-2 Deleted and replaced
Figure 31-3 Added

Summary of Changes for MG 1-2016 Edition

Changes for the MG 1-2016 edition, made since publication of the 2014 edition, are marked by a
black line to the left of the changed material.

I Example of change made for MG 1-2016
Section Il, Part 10
10.40.2 Addition/Revision of Superscripts.
10.40.2 Revision of Superscripts from 2 to " in items d, and e.
Section Il, Part 12
12.0 Corrected Hp rating from 120 to 125
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12.35.1 Table

Table 12-1

12.42.2
12.43

12.58.1
12.58.2

12.60
12.60.1
12.60.1.4
12.60.2

12.60.3
12.61
Table 12-14

ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 3

Revised table to include an additional column (and footnote) for Locked-Rotor
kVA Cod

Revised to including %2 Hp and by adding additional column (and Footnote) for
Locked-Rotor kVA Code.

Added notes referencing air-cooling
Added notes referencing air-cooling
Deleted Superscripts

Revised to accommodate 50 Hz efficiency ratings. Addition/Revision of
Superscripts.

Revision of title to denote Premium Efficiency
Added Rating to title and deleted paragraph as not applicable
Revised paragraph to include 60 Hz and included reference to Table 12-16.

Revised paragraph for clarity and changed premium efficient to premium
efficiency.

Revised paragraph for clarity purposes.
Relocated to follow table 12-21
Corrected table by removing strikeouts in 6 pole efficiency column

Section Il, Part 14

14.3

Addition of items 9 and 10 under letter a.

Section Il, Part 18

Table 2, 18.250 Correction of frame designations

Section Ill, Part 20

20.8
20.21.1
20.21. A
20.21.CA1
20.21.C.2
20.21.C.3

20.21.C.4
20.25.C1

Addition/Revision of notes

Addition/Revision of notes

Revision of section for inclusion of 50 Hz efficiency and clarification purposes
Revised to change premium efficient to premium efficiency

Revised to change premium efficient to premium efficiency

Revised paragraph for clarity and changed premium efficient to premium
efficiency.

Deleted paragraph as information is already covered in 20.21.C.1
Addition of Superscript 3 and associated note.

Section lll, Part 21

21.10
21.28.3

Addition of notes related to cooling air
Addition of items 9 and 10 under letter a.

Section lll, Part 23

23.25.3

Addition of items 9 and 10 under letter a.

Section lll, Part 24

24.80.3

Addition of items 9 and 10 under letter a.
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 4

Section IV, Part 31

31.1.3 Addition of items 9 and 10 under letter a.
31.4.4.2 Revision/addition of Paragraphs, notes and tables

Section IV, Part 32
32.33.3 Addition of items 9 and 10 under letter a.

Section IV, Part 32
33.4.1.2 Addition of items 9 and 10 under letter a.

Changes for MG 1-2016 are not identified. Changes made for the MG 1-2014 revision are
identified here.

Section |, Part 1

1.1 Revised text, updated, and occasionally added references
1.19.1.2 Updated references to subsections

1.27.2 Updated references to subsections

1.27.2 Added footnote

1.41.2 Reference to added clause

1.41.3 Reference to added clause

1.54 Revised and redefined

Section |, Part 4
44.8 Added subtitle

Section Il, Part 10
10.39.1 Addition of letter m to Nameplate Marking Requirement

Section Il, Part 12

12.31 Revised and added characteristics

12.58.1 Added references, revised determination of Motor Efficiency and Losses, deleted
outdated information, added footnotes

12.58.2 Added and revised to include Design N, Design L and Design M single-speed
single-phase squirrel-cage small motors, added efficiency levels to Table 12-10

12.59 Revised title to Efficiency Levels of Energy-Efficient Polyphase Squirrel-Cage
Random Wound Induction Motors Rated 600 Volts or Less at 60 Hz and added
new paragraph

12.60 Revised title to Efficiency Levels of Premium Efficiency Random Wound Electric
Motors Rated 600 Volts or Less at 60 Hz

12.60.1 Revised title to Random Wound Electric Motor, added paragraph

12.60.1.1 Added new subsection title Single-Phase Capacitor-Start Induction-Run or

Capacitor-Start Capacitor-Run Small Motors and paragraph

12.60.1.2 Added new subsection title Single-Phase Capacitor-Start Capacitor-Run Small
Motors and paragraph
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 5

12.60.1.3 Added new subsection title Polyphase Small Motors and paragraph

12.60.1.4 Added new subsection title Polyphase Medium Motors and paragraph

12.60.2 Revised 60 Hz Motors Rated Medium Voltage, 5000 Volts or Less (Form Wound)
and paragraph

12.60.3 Revised 50 Hz Motors Rated 600 Volts or Less (Random Wound), paragraph,
revised formulas, added 8-Pole category to table, revised values

12.61 Revised Table 12-11 title, revised Table 12-12, revised Table 12-13, deleted data

in Table 12-14, added Table 12-15, added Table 12-16, added Table 12-17,
added Table 12-18, added Table 12-19, added Table 12-20, added Table 12-21

Section Ill, Part 20

20.21 Addition of kW Values

20.21.1 Addition of subtitle, addition of kW Values

20.21.A Revision of referenced paragraphs

20.21.B Revised paragraph, added Table 20-A

20.21.C Revised paragraph, added Table 20-B

20.21.C.2 Revised paragraphs, added Table 20-C

20.21.C.3 Revised paragraphs, added Table 20-D

20.21.C.4 Added paragraph, added Table 20-E, Table 20-F, Table 20-G

20.25.1 Revised Nameplate Marking requirement by the addition of | (NEMA nominal
efficiency)

Section IV, Part 31

31.3.5 Simplified text
31.4.43 Revised paragraph for clarification purposes

Summary of Changes Made for the MG 1-2009 Edition, Revision 2-2011

Changes to MG 1-2009 made for Revision 2-2011 are marked by a teal line to the left of the changed
material

Note: Where text has been revised in more than one version, only the most recent is color-coded.

I Example of change made for MG 1-2011

Part |, Section |
1.41.2 Addition of or 20.21 B
1.41.3 Addition of or 20.21 C

Part 12, Section Il

12.59 Addition of Random Wound
Table 12-11 Addition of (Random Wound) to open and enclosed motor table title
Table 12-12 Removed open and enclosed motor table efficiency values for 6 pole 300-500

HP motors and added 8 pole efficiency values

Table 12-13 Removed table efficiency values for 6 pole 400, 450 and 500 HP motors and
added 8 pole efficiency values
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 6

Table 12-14 Removed efficiency values for 6 pole 400, 450 and 500 HP motors

Part 20, Section Il

20.21 Revised
20.21.A Added efficiency of polyphase squirrel cage large motors with continuous ratings
20.21.B Added efficiency levels of energy efficient polyphase squirrel-cage random wound

large induction motors
Table 20-A Addition of full load efficiency table

20.21.C Addition of efficiency level of premium efficiency large electric motors

20.21.CA1 Addition of 60 Hz motors rated 600 volts or less

Table 20-B Addition of full load premium efficiency table

20.21.C2 Addition of 60 Hz motors rated 5000 volts or less

Table 20-C Addition of full load efficiency values for 60 Hz premium efficiency of motors rated
5000 Volts or less

20.21.C.3 Addition of 50 Hz motors rated 600 volts or less

Table 20-D Addition of full load efficiency values for 50 Hz premium efficiency motors 600
volts or less

20.251 Addition of item |

Section IV, Part 30
31.1.3 Addition of items 9 and 10 under letter a.

Section IV, Part 31

31.1.3 Addition of items 9 and 10 under letter a.
31.4.4.2 Revision/addition of Paragraphs, notes and tables

Summary of Changes Made for the MG 1-2009 Edition, Revision 1-2010

Changes to MG 1-2009 for Revision 1-2010 are marked by an line to the left of the changed
material
Note: Where text has been revised in more than one version, only the most recent is color-coded.

I Example of change made for MG 1-2009, Revision 1-2010
Section |, Part 7

7.4.2 Replaced “inches” with “mils”
761 Revised text

Figure 7-1 Renamed figure

Figure 7-1 Revised text

7.81 Revised table

Figure 7-6 Deleted section

Table 7-1 Deleted section

7.8.2 Deleted section

7.8.3 Revised reference to table
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 7

7.8.4 Revised reference to table

7.8.5 Revised reference to table

7.8.6 Revised text and reference to table

7.91 Deleted section

Table 7-2 Deleted table

Table 7-3 Deleted table

Table 7-4 Added table to replace Tables 7-2 and 7-3

Section Il, Part 14
14.48 Added section

Summary of Changes for the MG 1-2009 Edition

Changes made for the MG 1-2009 edition following publication of MG 1-2006 Revision 1 on
November 20, 2007 are marked by a red line to the left of the changed material

Note: Where text has been revised in more than one version, only the most recent is color-coded.

I Example of change made for MG 1-2009

Section |, Part 1

1.1 Added: Reference to IEC 60034-30-2008
1.16 Deleted section
1.41.3 Added: Premium Efficiency Motor

Section |, Part 2

2.2 Added: “To prevent confusion with the numerals 1 and 0, the letters “I” and “O”
shall not be used.”
Updated footnote references added and revised markings
Added: Reference to 2.67 for auxiliary devices

2.60.1.2 Revised Figure 2-48B for clarity
2.67 Added: Auxiliary Devices (entire section)

Section |, Part 4

Table 4-2 Dimension revised in column 6

Section I, Part 10
Table 10-5 Adjusted table

Section Il, Part 12

12.41 In table, corrected synchronous speed of the 50 Hz machine
12.60.3 Added: Additional paragraphs, equation, and table
Table 12-14 Replaced Table 12-14
12.62 Revised 12.62a
For 12.62b and 12.62d, revised minimum insulation resistance
Added: Note

Note 2: Updated reference to 20.8
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 8

Section Il, Part 13

13.2 Revised frame size

Section Il, Part 18
18.131 Figure 18-16: Dimension revised to 5.875

Section lll, Part 20

20.18.1 Revised 20.18.1a
For 20.18.1b and 20.18.1d, revised minimum insulation resistance
20.18.2 Revised 20.18.2a
For 20.18.2b and 20.18.2d, revised minimum insulation resistance
Added: Note

Section IV, Part 30
Table 30-1 Revised footnote G.1 reference to 12.53

Summary of Changes for MG 1-2006 Revision 1

Changes made for MG 1-2006 Revision 1, published November 20, 2007 (including MG 1- 2006
Errata) are marked by a blue line to the left of the changed material

Note: Where text has been revised in more than one version, only the most recent is color-coded.
I Example of change made for MG 1-2006 Revision 1
Contents

Entire Table of Contents was revised due to added sections and repagination

Section |, Part 1

1.16 NEMA Premium® Efficiency Electric Motor

Changed TM to ® Deleted general paragraph, added:
1.16.1 60 Hz
1.16.2 50 Hz

Section |, Part 2

2.2 Terminal Markings Footnotes

2.20.2 Induction Machines

2.24 Direction of Rotation

2.60.1.1 Terminal Markings Using “T”

2.60.1.2 Terminal Markings in Accordance with IEC 60034-8 Using U,

V, W Figure 2-48B
Added figure
2.61.6 Sixth Revised text

Section |, Part 3

3.1.8 Accessories and Components Inserted sentence
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 9

Section |, Part 4

494 Parallelism of Keyseats to Shaft Centerline
495 Lateral Displacement of Keyseats

Figure 4-7 Corrected specifications

4.9.8 Shaft Extension Key(s)

Table 4-7 Corrected specifications

Section Il, Part 10 Ratings—AC Motors

10.38 Nameplate Temperature Ratings for Alternating-Current Small and Universal
Motors Corrected Reference 12.42.3

10.401 Medium Single-Phase and Polyphase Squirrel-Cage Motors Corrected references
in text and footnote 2

10.42.2 Polyphase Wound-Rotor Motors Corrected references in text

Section Il, Part 10 Ratings—DC Motors

10.66.2 Small Motors Except Those Rated 1/20 Horsepower and
Less Corrected footnote references

Section I, Part 12 Ratings Tests and Performance —AC Motors

12.42.4 Temperature Rise for Air-Cooled Machines for Ambients Lower than
40°C, but Not Below 0°C
(Added section)

12.43.2 Temperature Rise for Air-Cooled Machines for Ambients Lower than
40°C, but Not Below 0°C
(Added section)

12.60 Efficiency Level of Premium Efficiency Electric Motors (Added © throughout)
Tables 12-12 through 12-14 (Added ®)

12-13 Full-Load Efficiencies for 60 Hz NEMA Premium® Efficiency Electric Motors
(Added ®), edited table title

12.62 Machine With Encapsulated or Sealed Windings—Conformance Tests (Clarified

textin b and d)

Section Il, Part 12 Ratings Tests and Performance —DC Motors

12.67.5 Temperature Rise for Air-Cooled Machines for Ambients Lower than
40°C, but Not Below 0°C
Added section

Section Il, Part 15

15.41.2 Temperature Rise for Ambients Higher than 40°C
Added section

Section lll, Part 20

20.8.1 Machines with a 1.0 Service Factor at Rated Load Corrected reference in footnote

20.8.2 Machines with a 1.15 Service Factor at Service Factor Load Corrected reference
in footnote

20.18.1 Test for Stator Which Can Be Submerged Clarified text in b and d
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 10

20.18.2 Test for Stator Which Can Be Submerged Clarified text in b and d

Section lll, Part 20

21.10.5 Temperature Rise for Air-Cooled Motors for Ambients Lower than 40°C,
but Not Below 0°C
Deleted lower ambients in a and b

21.28.3 Unusual Service Conditions Corrected references in subclause b.
21.37 Compressor Factors

Corrected reference
21.38 Surge Capabilities of AC Windings With Form-Wound Coils

Corrected reference

Section lll, Part 23

23.9.3 Temperature Rise for Air-Cooled Machines for Ambients Lower than 40°C,
but Not Below 0°C
Added section

Section lll, Part 24

24.40.3 Temperature Rise for Air-Cooled Machines for Ambients Lower than 40°C,
but Not Below 0°C
Added section

Section IV, Part 31

31.4.1.6 Temperature Rise for Air-Cooled Machines for Ambients Lower than 40°C,
but Not Below 0°C
Added section

Section IV, Part 32

Table 32-3 Corrected reference

32.6.2 Temperature Rise for Air-Cooled Machines for Ambients Lower than 40°C,
but Not Below 0°C
Added section

32.26 Generator Terminal Housing
Added “housing”
Section IV, Part 33

33.3.2.5 Temperature Rise for Air-Cooled Machines for Ambients Lower than 40°C,
but Not Below 0°C
Added section
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 11

Summary of Changes for MG 1-2006 Edition
Changes for the MG 1-2006 edition following publication of MG 1-2003 Revision 2, are marked by
a purple line to the left of the changed material
Note: Where text has been revised in more than one version, only the most recent is color-coded.
I Example of change made for MG 1-2003 Revision 2, published as MG 1-2006
Section |, Part 1

1.1 Referenced Standards updated to reflect current editions
1.70 Nameplate Marking - Entire section added

Section |, Part 3

3.1.8 Accessories and Components Correction
3.1.11 Tests of an Assembled Group of Machines and Apparatus Correction

Section |, Part 4

441 Dimensions for Alternating-Current Foot-Mounted Machines with Single Straight-
Shaft Extension Notes correction

442 Notes correction

4.4.3 Notes correction

451 Notes correction

452 Notes correction

453 Notes

4.9.3 Bottom of Keyseat to Shaft Surface

Figure 4-7 Corrected dimension
4.9.8 Shaft Extension Key(s) correction

Section |, Part 9

9.1 Scope: Changed “electrical motors” to “machines”

9.4 Methods of Measurement updated references to ANSI standards

9.4.2 “The” (added; “Either” deleted) method specified in ANSI S12.56 may be used.
9.6.2 Corrected reference to 9.6.2b

Table 9-4  Updated ANSI standard references; added third column
Section Il, Part 10

10.39 Corrected section reference

10.39.6 Deleted

10.401 Medium Single-Phase and Polyphase Squirrel-Cage Motors corrected section
reference

10.66 Nameplate Marking correction

10.66.3 Medium Motors correction

Section Il, Part 12

12.3 High-Potential Test Voltages for Universal, Induction, and Direct- Current Motors
Corrections to Effective Test Voltage
Corrections to Note 3—80 percent
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 12

12.35 Locked-Rotor Current of 3-Phase Small and Medium Squirrel-Cage Induction
Motors
Deleted reference “60-hertz” and “rated at 230 volts”

12401 Design A and B Motors
The pull-up torque of Design A and B
Added: 60- and 50-hertz

12.40.2 Design C Motors
The pull-up torque of Design C
Added: 60- and 50-hertz, single speed, polyphase squirrel-cage medium motors

12.54 1 Normal Starting Conditions
12.54.3 Considerations for Additional Starts
Table 12-7 Squirrel-Cage Induction Motors
Revised specifications
Section I, Part 14

14.43 Aseismatic Capability
Table 14-1 Medium Motors—Polyphase Induction
Correction to conventional specifications
Section ll, Part 15
15.12 Nameplate Marking

Section Il Part 18
Added and corrected headers throughout (editorial)

» Definite Purpose Machines

* Motors for Hermetic Refrigeration Compressors

« Small Motors for Air Conditioning Condensers and Evaporator Fans

« Small Motors for Gasoline Dispensing Pumps

» Small Motors for Home Laundry Equipment

* Medium AC Polyphase Elevator Motors

* Medium AC Crane Motors

* Medium Shell-Type Motors for Woodworking and Machine- Tool Applications

18.9 Variations
updated reference to 12.44

18.27 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.41 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.52 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.74 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.101 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.111 Nameplate Marking

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 13

18.116 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.128 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.142 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.152 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.153 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.165 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.166 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.177 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.178 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.210 Variations from Rated Voltage and Rated Frequency
updated reference to 12.44

18.211 Nameplate Marking
18.216 Nameplate Marking (Revised reference)
18.225 Variations from Rated Voltage and Rated Frequency updated reference to 12.44

18.230 Dimensions and Tolerances for Alternating-Current Open and Totally Enclosed
Wound-Rotor Crane Motors Having Antifriction Bearings
Deleted note

18.247 Variations from Rated Voltage and Rated Frequency
Updated reference to 12.44

18.264 Nameplate Marking
18.269.1 AC Torque Motors
18.269.2 DC Torque Motors

Section Ill Part 20

20.5 Voltage Ratings (complete replacement of existing text)
20.7.3.1  General

20.8.5 Temperature Rise for Air-Cooled Machines for Ambients Lower than 40°C, but
Not Below 0°C
Added section

20.10.3  Motor Torques When Customer Specifies A Custom Load Curve Added
20.10.4  Motor with 4.5 pu and Lower Locked-Rotor Current Added

20.11 Load Wk? for Polyphase Squirrel-Cage Induction Motors

20.24.2  Voltage Unbalance Defined Corrected specification in example

20.25 For some examples of additional information that may be included on the
nameplate see 1.70.2.

20.25.5 Deleted
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ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 14

20.27
20.31.3
20.35.8

Embedded Temperature Detectors Revised text and dimensions in table
Units for Capability Requirements
Test Voltage Values

Section Ill Part 21

20.5
20.7.3.1
20.8.5

21.8.3.1
21.10.5

21.11
21.11.1
21.11.2
21.25

Voltage Ratings Revised specification
Voltage Ratings Added

Preferred motor output/voltage rating
Added

General

Temperature Rise for Air-Cooled Motors for Ambients Lower than 40°C,
but Not Below 0°C
Added section

Deleted text
General Added
Motor Torques When Customer Supplies Load Curve

For some examples of additional information that may be included on the
nameplate see 1.70.2.
Added

Section Ill Part 23

23.13
23.24

Efficiency

For some examples of additional information that may be included on the
nameplate see 1.70.2.
Added

Section Ill Part 24

24.61

Nameplate Marking

Section IV Part 30

30.1.3

Fig. 30-2 The Effect of Reduced Cooling On The Torque Capability At Reduced Speeds of 60

Power Factor Correction

Hz NEMA Design A and B Motors

30.2.2.2.4 Motor Torque During Operation Above Base Speed
30.2.2.8 Voltage Stress

Section IV Part 31

31.5.1

Variable Torque Applications

Section IV Part 30

32.24

Nameplate Marking Revised additional information

Section IV Part 30
33.3.2.2 Embedded Temperature Detectors

© 2021 National Electrical Manufacturers Association



Index

ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 15

Revised references throughout

Summary of Changes for MG 1-2003 Revision 1

Changes to MG 1-2003 for Revision 1-2004 are marked by a green line to the left of the changed

material

Note: Where text has been revised in more than one version, only the most recent is color-coded.

I Example of change made for MG 1-2003 Revision 1-2004

Section |, Part 5

5.1

534
5.4.1

5.6

5.7

Table 5-3
5.8.1
5.8.2.1
5822
Figure 5-1
Figure 5-2
Figure 5-3
Figure 5-4
Figure 5-5
Figure 5-6

Scope

Table 5-1

Indication of Degree of Protection
General Requirements for Tests
Tests for First Characteristic Numeral
Test and Acceptance Conditions for First Characteristic Numeral
Test Conditions

Allowable Water Leakage

Post Water Electrical Test

Standard Test Finger Notes

Added

Added

Added

Added

Added

Section Il, Part 12

12.51.1
Table 12-4

12.51.2
12.58.2

General-Purpose Alternating-Current Motors of the Open Type

NOTE: *In the case of polyphase squirrel-cage motors, these service factors apply only to
Design A, B, and C motors.

Other Motors
Efficiency of Polyphase Squirrel-Cage Medium Motors with Continuous Ratings

Section Il DC Small and Medium Motors

Added Header (editorial) to odd pages

Section Il, Part 14

14.3

Unusual Service Conditions
b. Operation where: (revised text)

1. There is excessive departure from rated voltage or frequency, or both
(see 12.44 for alternating current motors and 12.68 for direct-current motors)

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Summary of Changes, Page 16

3. The alternating-current supply voltage is unbalanced by more than 1 percent
(see 12.45 and 14.36)

14.42.1 Application of V-Belt Sheaves To Alternating Current Motors Having Antifriction
Bearings

14.42.2 Dimensions

14.42.2.1 Selected Motor Ratings

14.42.2.2 Other Motor Ratings

14.42.3 Radial Overhung Load Limitations

Table 14-1 NOTE: The width of the sheave shall be not greater than that required to transmit the
indicated horsepower but in no case shall it be wider than 2(N-W) - 0.25.

Table 14-1A Added 2004
Section Ill, Part 20
20.17.2 Test Voltage—Primary Windings Footnote

Section lll, Part 21
21.35.1 Undamped Natural Frequency

Section IV, Part 30

30.0 Scope

30.2.2.2.2 Torque Derating Based on Reduction in Cooling

30.2.2.2.4 Motor Torque During Operation Above Base Speed

Figure 30-4 NOTE:

Figure 30-4 NOTE: a. Standard NEMA Design A and B motors in frames per Part 13.

Index

Revised references on pages 3, 4, 5

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Pagei
Contents
FOF@WOIA ...ttt e e oottt et e e oo a bbb e e et e e e e e e bbb b e e e e e e e e s nbbe e e e e e e e e anbnreees Iv
Section | General Standards Applying to All Machines
Part 1 Referenced Standards and Definitions ....................co e 1-1
1.1 Referenced Standards.............coviiiiinie e 11
[ 1= 10 11 4o USSR 1-5
Classification According to SIze ............coooiiiiiiii e 1-5
1.2 IMEBCIINE ..ttt ettt ettt sttt et be e te st e st et et sae e b aenea 1-5
1.3 Small (Fractional) MACKhINE .............cviiiiiieece et 1-5
1.4 Medium (Integral) MacChing ............ccooovioiioiiicec e 1-5
1.4.1  Alternating-Current Medium Machine ..............ccoooooieiiiieiieneeeeeee 1-5
1.4.2  Direct-Current Medium Maching.........c.ccooeoiriieiiiiiceceeeet e 1-5
Table 1-1  Alternating Current Medium Machine ..............ccoccooeveiniiiciieeee 1-5
1.5 Large MACKINE ........oveiiiiie ettt ettt b e eb ettt e ta st esb et beebeereeaas 1-6
1.5.1  Alternating-Current Large Machine .................cooooiiiiiiiicceeeceeeeeeeee 1-6
1.5.2 Direct-Current Large Maching............ccoooveiiineineieeiereeee e 1-6
Classification According to Application ... 1-6
1.6 General PUIPOSE IMOTOT ........c.oouiiiiieiiiieeieee ettt ettt ettt e eaeeae e eaeeaneanas 1-6
1.6.1  General-Purpose Alternating-Current Motor.............ccccoooveeeeiieiieieeeeeeeeeeee. 1-6
1.6.2  General-Purpose Direct-Current Small Motor...........ccoccooi i, 1-6
1.7 GeNneral-PurpPoSe GENEIALON ...........ccveoviiie ettt ettt eve e eaeeanens 1-6
1.8 INAUSTrIAl SMaAIl MOTOT ..ottt sttt ese e 1-6
1.9 Industrial Direct-Current Medium MOOF...........ccooiiiiiiiieeee e 1-7
1.10  Industrial Direct-Current GENEIator ...........ccocveiiieieeiiiieiee ettt es 1-7
1.1 DefiNite-PUrPOSE MOTOK ..........coiieiiieeieeeee ettt easens 1-7
112 General INAUSEIIal MOTOIS ......c..oiiiiieiree et 1-7
1.13  Metal ROHING Mill MOTOIS .....oviiiieiieee ettt e 1-7
1.14  Reversing HOt Mill MOTOIS .......cc.ooiiiiiieecece ettt e ve e 1-7
1.15  SPeCial-PurPoSE MOTOK .........ooiieice ettt ettt re v 1-7
1R G I 7= 1= (= SRR 1-7
Classification According to Electrical TYPe.............ccccooiiiiiiiiiiicceeeee s 1-8
TAT  GENEIAL .ttt sttt et ettt s ettt et ea ettt ettt ete st e st et et eteeteneeseseneas 1-8
171 EIECHIC MOOF ...ttt et 1-8
1.17.2 ElECHIC GENEIAtON ..ottt ettt 1-8
1.17.3  EleCtric MACNINES ......ooueeiieeeee et 1-8
1.18  Alternating-Current MOTOIS..........cc.ooi ittt eb e eb b eseessessenes 1-8

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page ii

1.18.1  INAUCHION MOTOT ...t 1-8

1.18.2 SYNChIroNOUS IMOTOF ......cooiiieiieiieieeeeee ettt 1-9

1.18.3  SerieS-WouNd MOOF..........coviiiiiieieee ettt 1-9

1.19  POIYPNASE IMOLOIS......oceiiiiiiece ettt et re et e ab e et steesbeesseeasessnens 1-9
1.19.1 Design Letters of Polyphase Squirrel-Cage Medium Motors .............c..ccocuveueeneee. 1-9

1.20  SiNGIE-Phase MOOIS.........c.ooiiiiieiiieeeet ettt sttt e 1-10
1.20.1 Design Letters of Single-Phase Small Motors ..........ccccoovveieinenieiceeee, 1-10

1.20.2 Design Letters of Single-Phase Medium Motors............ccocevieireneinienieeceee, 1-10

1.20.3 Single-Phase Squirrel-Cage MOtOrS..........ccoovvirieiiiieirereeee e 1-10

1.20.4 Single-Phase Wound-Rotor MOtOrS...........c.ocoeiiiiiieieceeece e 1-11

1.21 UNIVEISAl MOTOTS.......eee ettt et be st ebe et nt et e e e aesaesaesbeeaea 1-12
1.21.1  SerieS-WouNd MOLOT.......c.coiriiiiiieiieee et 1-12

1.21.2 Compensated Series-Wound MOtOr .............ccooieiiiiiiieceeece e 1-12

1.22  Alternating-Current GENEIaOrS ...........c.oouvivieiieieeeeeeeeeee ettt 1-12
1.22.1  INAUCLION GENEIALON .......ooiiiiieiiie et 1-12

1.22.2 SyNChronOUS GENETALON ...........cccivieuiiiiieiieieieiiieiettete et eb e e ese e 1-12

1.23  DireCt-CUrrent MOLOIS .......ciiieieiiieieieieet ettt sttt sttt b et besaesesseneetens 1-12
1.23.1  Shunt-WouNd MOTOF........c.ooiiiiiiiieieee ettt 1-12

1.23.2  SerieS-WOUNA MOTOT ..........ccoriiiiiieiiriiiee ettt ese e 1-13

1.23.3 Compound-WouNd MOTOT...........c.ccoiiiiiiiiiiietieee et 1-13

1.23.4 Permanent Magnet MOLOr ...........ccuoviiiiiiiieiiiieieceee et 1-13

1.24  DireCt-CuIrent GENEIALOIS .......cveuiiieietiieeieierteeetet ettt ete sttt etesteseteste e eseaeseeseneesesseseesesaennesens 1-13
1.24.1 Shunt-Wound GENEIator ..........cccieiriiiiieiiii sttt sttt sb et aese e 1-13

1.24.2 Compound-Wound GENEIAtOr ...........c.ccuieuieuieiieiieiieiieieieiei et sa e 1-13
Classification According to Environmental Protection and Methods of Cooling.................... 1-13
1.25  Open Maching (IPO0, ICOT) ......ocouiiiieieiieieieeeeteet ettt 1-13
1.25.1 Dripproof Maching (IP12, ICOT) .....ccooiieiiieicieteeteteteei et 1-14

1.25.2 Splash-Proof Machine (IP13, IC01) .....ccocueiiiiieieei e 1-14

1.25.3 Semi-Guarded Maching (IC01) ......cccoueirieeiicieeeeeeeeeee et 1-14

1.25.4 Guarded Maching (ICOM).......ccooieiiieieieeieieet et 1-14

Figure 1-1 Probe for Hazardous Rotating Parts...........c.cccocevieviivininicieeeee, 1-14

Figure 1-2 Probe for Film-Coated WIr€ ..........c.ccoovieioieiceeeeeeeeeeeeeeeee e 1-15

Figure 1-3  Articulated Probe for Uninsulated Live Metal Parts............c.cccccceineinnne. 1-15

1.25.5 Dripproof Guarded Maching (IC01) ........ccoeieieiiieieieeceeeeeee e 1-16

1.25.6 Open Independently Ventilated Machine (IC0B) .............cccocoveveieveieieiceeee, 1-16

1.25.7 Open Pipe-Ventilated Machine .............ccoocooioiiiiiiiiicieeeeeeeee s 1-16

1.25.8 Weather-Protected Machine..............ccocooeiiiiiiice e 1-16

1.26  Totally ENclosed MacChing .........ccoooiiiiiiiiiic et st 1-16
1.26.1 Totally Enclosed Nonventilated Machine (IC410) ..........cccocveieieieiievieieieeeiees 1-16

1.26.2 Totally Enclosed Fan-Cooled Machine..............cccoovieiiinnieeeeeeeeeee 1-16

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page iii

1.26.3 Totally Enclosed Fan-Cooled Guarded Machine (IC411) ......ccccoeeveveeeiennnnene. 1-17

1.26.4 Totally Enclosed Pipe-Ventilated Machinge (IP44) ...........ccccoooeoeeeieececeeeea 1-17

1.26.5 Totally Enclosed Water-Cooled Machine (IP54) ..........c.cccooviveieceeiecieneeee e, 1-17

1.26.6 Water-Proof Maching (IP55).........c.ccocieiiiiiiiiieieeietee et 1-17

1.26.7 Totally Enclosed Air-to-Water-Cooled Machine (IP54)..........ccccooveoeieeceennnnn. 1-17

1.26.8 Totally Enclosed Air-to-Air-Cooled Machine (IP54) ..........c.ccoooevvevieiievienieneenn, 1-17

1.26.9 Totally Enclosed Air-Over Machine (IP54, [C417) ........cccooeoe oo 1-17

1.26.10 Explosion-Proof Maching .............c.oooouiiiioioiieiieeee e 1-18

1.26.11 Dust-Ignition-Proof Machine ...t 1-18

1.27  Machine With Encapsulated or Sealed Windings............cccooeoeiioioiiieiceceeeeeeee 1-18
1.27.1 Machine with Moisture Resistant Windings............cccooevveiiiciiiiiiceeeeee, 1-18

1.27.2 Machine with Sealed WINAINGS ........ccoceviiriiieiciceeeeeee e 1-18
Classification According to Variability of Speed ..............ccoooiiiiii 1-18
1.30  ConStant-Speed MOLOT ..........c.coiiuiiieiieeeeeeeeee ettt ettt ereeae e eae s 1-18
1.31  Varying-Speed MOOK .........ccvoiiieieee ettt b e eb e ebeeneessesnans 1-18
1.32  Adjustable-Speed MOLOF ..........ccoouieiiiieicieieeee ettt ebaere s eenens 1-19
1.33  Base Speed of an Adjustable-Speed MOLOr ............cooouiiieiioieieeceeeeeeeeeeeeeeea 1-19
1.34  Adjustable Varying-Speed MOTOr ............ccoiiriiiiiiirieieeeeee et 1-19
1.35  MUIISPEEA MOTOK .......oiiiiiieiiei ettt ettt r et ebeeaesteessessess e s ensessessesseeneas 1-19
Rating, Performance, and Test ........ ... 1-19
140  Rating of @ MACKINE ........c.cooiiiiiiie ettt s 1-19
U40:1 ~nContinlidusRating 2 1. AMamazfa ctrrrore. A oo miatimzt. ... 1-19

1.40.2 Short-Time RaAtiNg ........cccoovieiiiieieieieie ettt er b bt e ene e 1-19

TAAT  EFfICIENCY .ottt ettt sttt ettt ettt eb et ettt eteesene s 1-19
TAAT T GENETAL ...ttt ettt b e 1-19

1.41.2 Energy Efficient Polyphase Squirrel-Cage Induction Motor.............cccccevrennene. 1-20

1.41.3 Premium EffiCienCy MOOT...........cvoviiieiieieeeeeceeeeeee e 1-20

1.42  Service FACIOr—AC MOLOTS ........cceiriiieiieieeietiieteie ettt sttt nseseenn 1-20
1.43  Speed Regulation 0f DC MOOIS ..........ccocciiiiiiiiieicctieeee ettt 1-20
1.43.1 Percent Compounding of Direct-Current Machines ..............ccccccovevveeeeeiceecnnn, 1-20

1.44  Voltage Regulation of Direct-Current GENerators ............c.cccooeeeeiiieieiieceeeeeeeee 1-20
1.45  Secondary Voltage of Wound-Rotor MOtOrS............ccociiieiiieiiieieceecce et 1-20
1.46  FUIFLOAA TOMQUE ...ttt ettt b e ettt et eesseersesbaesaeesaeennas 1-20
1.47  Locked-Rotor Torque (Static TOrQUE).........ooveviiieiieeeeeceeteeeeeeeee et 1-20
T8  PUFUD TOFQUE ...ttt ettt ettt e ete vt eetaeeteesreereennas 1-21
T.49  PUSNOVEN TOIQUE ..ottt ettt ettt ettt ebe b e e tbeeta e teesbeesseessesssessaesseeneas 1-21
1.50  BreakKdOWN TOMQUE ........cuieeiieieiieeeeetieeee sttt ettt ettt be b e te e tsesteesbeesseessesbaesaeesnas 1-21
1.51 PUIFOUL TOFQUE ..ottt ettt ete et et e e ere s 1-21
1.52  PUIEIN TOMGUE .ottt eb st eb et eb e ss et se s ebesnasens 1-21

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page iv

1.53  LOCKEA-ROLOr CUITENE ...ttt sttt 1-21
1.54  INO-LOAA CUIMENT.....c.iiiiieieiiieieteee ettt ettt et sttt se et sa et st esesseneesensens 1-21
1.55 TemMPErature TESIS .......ooviiiceeeeeeee ettt ettt 1-21
1.56 AmDbDIENt TEMPEIAtUIE .......c.oieieieeeeee ettt et aeenes 1-21
1.57  HIgh-Potential TeSS.......ccoiiiiiee et ens 1-22
1.58  Starting Capacitance for a Capacitor Motor .............ccccviieieieiiieeee e 1-22
1.59  Radial Magnetic Pull and Axial Centering FOrce .........cccooovevoiioeeieieeeeeeeeeeeee 1-22
1.59.1 Radial MagnetiC PUIl..........ccooiiiiiiiiieiceeeee et 1-22

1.59.2 Axial Centering FOICE .......ccoovioiiiieieieeee ettt ennens 1-22

1.60  Induction Motor Time CONSIANTS .........c.ccooviiiiieieieeeee et 1-22
T80T GENETAL ...ttt a ettt b e e e 1-22

1.60.2 Open-Circuit AC Time Constant..........c..ccoovviiiiiiiiicceeeee e 1-22

1.60.3 Short-Circuit AC Time COoNStant..........ccoceirieieiieieeeee e 1-22

1.60.4 Short-Circuit DC Time ConStant...........cccoiiieiiinieiieieieeee e 1-22

1.60.5 XIRRAUO ...oouiieieiieiie ettt sttt b e se st sese e eenens 1-22

1.60.6 Definitions (S€e FIQUIre 1-4).........cvoiirieieeeeeeeeeeee e 1-23

Figure 1-4  EQUIvalent CirCUIt...........cooiiiiieeeeeeeee e 1-23
Complete Machines and Parts................ccoooiiiiiiiiiiiiiiiee et e e e e 1-23
1.61  Synchronous Generator—ComMPIEte ..........cccooi i 1-23
1.81.1 BEHEA TYPE ..oiiiiieiicei ettt st bbbttt ne 1-23

1.61.2 ENGINE TYPE .ottt ettt ettt ss e s e beessesaessesaessessensesseeseeseens 1-23

1.61.3 COUPIEA TYPE ..ottt ettt b st esaesaessenae 1-23

1.62  Direct-Current Generator—COomPIEte............coovoiiiiiiiiiccce e 1-24
1.62.1 BelEA TYPE ..ottt ettt st ettt esa bt ebesbe b eae e 1-24

1.62.2 ENQINE TYPE..onioiieiiieiieieeieett ettt ettt ettt b e b e bt s esseseessessessesseesenne e 1-24

1.82.3 COUPIEA ...ttt ettt b et b st ne 1-24

1.63  Face and Flange MOUNTING .......c.uiiiiiiiiiii e 1-24
1.63.1 TYPE C FACE ..ottt ettt ettt b e b eb e b et eaeeneens 1-24

1.63.2 TYPE D FIANGE ...ttt st b et b e st eeaas 1-24

1.63.3 TYPE P FIANGE ...ttt ettt ettt be e 1-24
Classification of Insulation Systems................oooo e 1-24
1.65  Insulation System DefiNed ..........c.ccooirieiiiiieice e 1-24
1.65.1 Coail Insulation with itS ACCESSONIES .......coccevieiriiieicieeeee e 1-24

1.65.2 Connection and Winding Support Insulation.............cccoeveniiieininineeee 1-25

1.65.3 Associated Structural Parts .............cccoeiiirieiieneeceeeeee e 1-25

1.66  Classification of Insulation SYStEMS ..........coooviiiiiiiieee e 1-25

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page v
L E Y o= 1 E= T T=Y o TSR 1-26
1.70  Nameplate Marking ........c.ocveoiiirieiiciece ettt be bt a e aeenas 1-26
1.70.1T NAMEPIAIE ...ttt ettt 1-26
1.70.2 Additional Nameplate Markings .........ccooeeviiiiiiieniieiice e 1-26
1.71 €00 LB ...ttt sttt ettt sttt ettt ea ettt eteebeneas 1-26
1.72  Thermal ProteCIOr. ..o et sttt 1-27
1.73  Thermally ProteCted..........coomiiiioiiieceeee ettt 1-27
1.74  Over Temperature Prote€CHON .............ooiiieieeeeeeeeee et 1-27
1.75  Part-Winding Start IMOTOF ..........ccvoiiiiiiicceeee ettt bbb et eeeeaneseas 1-27
1.76  Star (Wye) Start, Delta RUN MOTOT ............ooooiiiiiee e 1-27
177 CONSTANT FIUX ottt ettt ettt sttt sttt e be e se st esesaeneesensens 1-27
1.78  Deviation FACOF .....c.oouiiiiiieee ettt sttt sttt st 1-27
1.79  Marking Abbreviations for Machings ...............ccooueiiiioiiiiieeeeeeeee e 1-27
Section |
General Standards Applying to All Machines
Part 2 Terminal MarkiNgS ...........oouiiiiiiiiiiiiiiieieeeeeeeeee et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeaeeeeeeeseaeaeaeaas 2-1
GENETAL ..ottt ettt ettt ettt et n R R b st h st ne b et st st b e ebe st eseebenens 2-1
2.1 Location of Terminal Markings ............cccocieirieiiiieieiiniiee ettt et e eseeseens 2-1
2.2 Terminal IMArKiNgS .....c.oocieiiiiiieee ettt ettt et et ebeeas e eab e s s eteesssesseessesaeesseesseerseessesseenns 2-1
2.3 Direction Of ROTALON ......cooiiiiiiicee ettt sttt eseeaen 2-2
2.3.1  Alternating-Current Machings ............ccccooiiiiiiiiiiice e 2-2
2.3.2  Direct-Current MachingS ...........ccccivviiiiiiiiiiii ettt st 2-2
2.3.3  MOtOr-GeNErator SEtS........ccccveirieirieieiieieiee ettt ettt sttt ese s 2-2
DC MOtors and GENEIALOIS .............ooiiiiiiiiiiiiiiie ettt et e et e e st e e s sntte e e anneeaesnneeeas 2-3
2.10  Terminal MarkiNgS.........oouioiieieeieiicieeieee ettt ettt st et ae e eraesteesse e b e esaeeteesbeesseesseassesseens 2-3
2001 GENEIAL ...ttt ettt bbbttt b ettt e be b et se e e 2-3
2.10.2 Armature Leads ..ottt 2-3
2.10.3 Armature Leads—Direction of Rotation ............cccccooeiniiiiiinnieee 2-3
211  Terminal Markings for Dual Voltage Shunt Fields ............ccccooivininiiiiiiiceceeee e, 2-3
Figure 2-1 Separately Excited Shunt Field Winding for Series-Parallel
D TUE= 1IN o] | =T [ 2-3
212 Direction of ROTALON ......cociiiieiicee ettt st s ese s 2-4
2.12.1 DireCt-Current MOLOIS ........cccueirieieieieiieiet ettt sttt ese e 2-4
2.12.2 Direct-Current GENErators ..ottt e 2-4
2.12.3 REVErsSe FUNCHON ......oouiiiieee ettt 2-4
2.13  Connection Diagrams with Terminal Markings for Direct-Current Motors ........................ 2-4

Figure 2-2  Shunt Motor—Counterclockwise Rotation Facing End Opposite Drive
End, Clockwise Rotation Facing Drive End...........c.ccoooooiiiiiiiiieee 2-5

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page vi
Figure 2-3  Shunt Motor—Clockwise Rotation Facing End Opposite Drive End,
Counterclockwise Rotation Facing Drive End ..........c.ccooooeiiiiicieiciee. 2-5
Figure 2-4 Compound or Stabilized Shunt Motor—Counterclockwise Rotation
Facing End Opposite Drive End, Clockwise Rotation Facing Drive End .. 2-5
Figure 2-5  Compound or Stabilized Shunt Motor—Clockwise Rotation Facing End
Opposite Drive End, Counterclockwise Rotation Facing Drive End ........ 2-6
Figure 2-6  Series Motor—Counterclockwise Rotation Facing End Opposite
Drive End, Clockwise Rotation Facing Drive End .............ccccoeveviinieviennnene 2-6
Figure 2-7  Series Motor—Clockwise Rotation Facing End Opposite Drive End,
Counter-Clockwise Rotation Facing Drive End............cccccoovvvieviiniiniecieeee, 2-6
Figure 2-8 Permanent Magnet Motor—Counterclockwise Rotation Facing
End Opposite Drive End, Clockwise Rotation Facing Drive End ............... 2-7
Figure 2-9  Permanent Magnet Motor—Clockwise Rotation Facing End
Opposite Drive End, Counterclockwise Rotation Facing Drive End .......... 2-7
214  Connection Diagrams with Terminal Markings for Direct-Current Generators.................. 2-8
Figure 2-10  Shunt Generator—Clockwise Rotation Facing End Opposite
Drive End, Counterclockwise Rotation Facing Drive End .......................... 2-9
Figure 2-11  Shunt Generator—Counterclockwise Rotation Facing End Opposite
Drive End, Clockwise Rotation Facing Drive End ............cccooeovivvieiieenne 2-9
Figure 2-12 Compound Generator—Clockwise Rotation Facing End Opposite
Drive End, Counterclockwise Rotation Facing Drive End ........................ 2-9
Figure 2-13 Compound Generator—Counterclockwise Rotation Facing End
Opposite Drive End, Clockwise Rotation Facing Drive End...................... 2-10
AC MOotors and GENEIFAtOKS .......... ...ttt e et et e e e e e e e teeeae e e e e s e eeeeaaeeaaannnneeeaaeaaanns 2-10
2.20  Numerals on Terminals of Alternating-Current Polyphase Machines.................ccccoc....... 2-10
2.20.1 Synchronous MacChines...........cccireiiiirieiiieee e 2-10
2.20.2 INAUCHION MACKINES ......ccuiiiiiie it 2-10
2.21 Definition of Phase SEQUENCE ...........c.oouooiioieeeeeeeeeeeee e 2-10
2.22  PRASE SEQUENCE ......oouvieeeeeteeeee ettt ettt ettt ettt te et e et e erteetaeeaeeereeanas 2-10
2.23  Direction of Rotation of PRaSOrS ..........cccciieiiiieieiceeeee et 2-11
Figure 2-14  Rotation Of PhaSOrS..........c.ooviiiiiieeeieeeeceeeeeeee e 2-11
2.24  Direction of ROIGLON ......c.cooiiiiiee e 2-11
AC Generators and Synchronous MOtOrS ..o 2-11
2.25 Reversal of Rotation, Polarity and Phase Sequence..............cccccooovvieiiiiiiciiieieieeee e 2-11
2.30  Connections and Terminal Markings-Alternating—Current Generators and
Synchronous Motors—Three-Phase and Single-Phase............ccccocoooieiiiiieienieieee, 2-12
Figure 2-15  SINGIE-PRaSE.......cc.coioiiiiieieeeeeee et 2-12
SiNGIE-Phase MOTOIS ............ooiiiiii et rbae e saneee s 2-12
240 GENEIAI ..ottt b ettt et s a et bt te bt se s et ebesaeneesensens 2-12
2.40.1 DUBI VORAGE ...oouieeieieieieee ettt ettt ettt b e eb e b e eae et ereeneees 2-12

Figure 2-16

DUAI VOIAGE.....c.eioiiceeceee et e 2-13

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page vii
2.40.2 SiNGIE VORAGE......cuioiiiieiieieieeeee ettt ettt sa e sbe b b eae e 2-13
Figure 2-17  SiNGIE VOIRAGE.........ccvooeieeceeeeeee e 2-13
2.41  Terminal Markings Identified by CoOlOr............cccooiiieiiiiieceeeee e 2-13
2.42  Auxiliary Devices Within MOTOr...........ooviiiiiiic e e 2-14
2.43  Auxiliary Devices External to MOtOr...........ccooviiiiiiiiceeeee e 2-14
2.44  Marking of Rigidly Mounted TerminalS...........ccooce oot 2-14
2.45 Internal Auxiliary Devices Permanently Connected to Rigidly Mounted Terminals........ 2-14
2.46  General Principles for Terminal Markings for Single-Phase Motors............cccccceoieinai. 2-14
2.46.1 FirSEPIINCIPIE ...t e 2-14
2.46.2 SeCONA PrINCIPIE ....ovieieieieeee ettt et 2-14
2.46.3 Third PriNCIPIE. ..ottt st 2-15
2.47  Schematic Diagrams for Split-Phase Motors—Single Voltage—Reversible.................... 2-16
2.47.1 Without Thermal Protector.............coooiiiiiiee e 2-16
2.47.2 With Thermal ProteCtor ... 2-16
2.48  Schematic Diagrams for Capacitor-Start Motors—Reversible .............ccccccvevevininininn. 2-17
2.48.1 Single-Voltage Capacitor-Start Motors—Reversible...............cccoooveeveeeciieennnn.. 2-17
2.48.1.1 Without Thermal ProtecCtor..............oooiiiiiieeee e 2-17
2.48.1.2  With Thermal ProteCtor ........cccooeiiiiiiicecieeeeee e 2-17
2.48.2 Dual-Voltage Capacitor-Start Motors—Reversible ................ccccoevivivviciciene, 2-18
2.49  Schematic Diagrams for Two-Value Capacitor Motors—Single Voltage—Reversible ..2-22
2.49.1 Without Thermal ProteCtor............covirieiiiiiiiiesec e 2-22
2.49.2 With Thermal ProteCtor ...........ooooiiiiieee e 2-23
2.50 Schematic Diagrams for Permanent-Split Capacitor Motors—
Single Voltage—REVEISIDIE ...........ooviiieieceeeeeeee e 2-24
2.51 Schematic Diagrams for Universal Motors—Single Voltage............cccoceveieievievienieniennn, 2-25
Figure 2-44A NON-REVEISIDIE ........cooviiiieiieeee et 2-25
Figure 2-44B REVEISIDIE. ........c.ccoooviiiieiee et 2-25
2.52  Schematic Diagrams for Repulsion, Repulsion-Start Induction, and
Repulsion-INAUCION MOTOIS ..........ooiiiiiieeeceee ettt e 2-26
Figure 2-45a, 2-45b Reversible by Shifting Brushes — Single Voltage...............c.......... 2-26
Figure 2-46a. 2-56b Single Voltage — Externally Reversible .............ccoccvvvviiieiiinnnnen. 2-26
2.53  Shaded-Pole Motors — TWO SPEEA...........coveiiiiieiieieceeeeeeeeeee e 2-27
Figure 2-47 Polyphase INduction MOOIS ..........cccoovieiieiiiiieieieieeee e 2-27
Polyphase INduction MOtOrS ... e 2-27
2.60  General Principles for Terminal Markings for Polyphase Induction Motors..................... 2-27
2.60.1 Method Of Marking .........ccccccoeeuioiniiiniiiiccec et 2-27
Figure 2-48A Clockwise Rotating Spiral with T1 at the Outer End .........c..c.ccoovveieenen. 2-27
Figure 2-48B Clockwise Rotating Spiral with U1 at the Outer End, Same as 2-48A
Except Using Terminal Markings in Accordance with IEC 60034-8. ....... 2-28
2.60.2 Three-Phase, TWO Speed MOOIS........c..oouieiiiriiiieeeeeeeeee e 2-28

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page viii

2.60.3 TWO-Phase MOTOIS.......cc.cciiiieiiiieiee ettt s 2-28
2.61  Terminal Markings for Three-Phase Single-Speed Induction Motors..............cccccevene. 2-29
2611 FIrS ettt ettt ettt na s 2-29
2.67.2 SECONG ...ttt ettt ettt bttt et e b e et a st e s b enb et b eneeneesenes 2-29
2.671.3 TRIF oottt ettt ettt se b s et b st b et s s eseeaeesenes 2-29
2674 FOUMN ..ottt ettt ettt 2-29
2815 FiftNecciece ettt et a ettt benes 2-29
26718 SIXEN ..ottt b et b s en et ens 2-29
2.62  Terminal Markings for Y- and Delta-Connected Dual Voltage Motors ...............ccco....... 2-30
2.63  Terminal Markings for Three-Phase Two-Speed Single-Winding Induction Motors ...... 2-30
2.64  Terminal Markings for Y- and Delta-Connected Three-Phase Two-Speed
SiNGIE-WINAING MOTOTS .......oviitiieiceeeeee ettt eae s 2-30
Figure 2-57  Terminal Markings for Two Circuits Per Phase, Delta Connected........... 2-33
Figure 2-58 Variable Torque Motors for One or More Windings ..........cccccoeeveeereeneene. 2-34
Figure 2-59 Constant Torque Motors for Single Winding Only ..........c.cccoevveviiieieneenene. 2-34
Figure 2-60 Constant Torque Motors for Two or More Independent Windings.......... 2-34
Figure 2-61 Constant Horsepower Motors for Two or More Independent Windings ..2-34
Figure 2-62 Constant Horsepower Motors for Single Winding Only ..............ccccocuee..... 2-35
Figure 2-63 Three-Speed Motor Using Three Windings............ccccvvoveviecieiecienienieceee, 2-35
Figure 2-64 Four-Speed Motor Using Two Windings ..........ccoocvvieiiieieciiieieeece e 2-36
2.65  Terminal Markings for Three-Phase Induction Motors Having Two or More
Synchronous Speeds Obtained from Two or More Independent Windings .................... 2-36
2.65.1 Each Independent Winding Giving One Speed ..........cccocvveeiiiiieiiiiiieee i 2-36
2.65.2 Each Independent Winding Reconnectable to Give Two
SYNCHrONOUS SPEEAS ....covoviiiiiiiiieeeet ettt eteesaenas 2-36
2.65.3 Two or More Independent Windings At Least One of Which Gives One
Synchronous Speed and the Other Winding Gives Two
SYNChIONOUS SPEEAS ....ovoviiiieiieieieeet ettt st e 2-37
Figure 2-65 Three-Speed Motor Using TWo WindiNgsS.........ccccevivvreirinieininieeeeeeseenae 2-37
2.66  Terminal Markings of The Rotors of Wound-Rotor Induction Motors ...............c.cccceee... 2-38
Figure 2-66 Three-Phase Wound ROtOr ...t 2-38
Figure 2-67 Two-Phase Wound ROTOr ...........ccvoiiiiiiiccee e 2-38
AUXITTANY D@VICES ...ttt ettt e s et e et et e e e aabe e e e snneee s 2-38
2.67  Terminal MarkiNgS.........ccioieiieiiieieeieeeete ettt ettt te b e e e ete e baesbeebessaesaeesseesneennas 2-38
2,671 GENEIAI ...ttt ettt 2-38
2.67.2 Auxiliary terminal marking rules .............ooveiieiioiiciiee e 2-38
2.67.3 Examples of Marking ...........cccoooveiioieoieoceeeeeee ettt 2-39
Figure 2-68 Single-phase, single VOltage...........ccocoeieiiieiiieceee e 2-39
Figure 2-69  Single-phase dual VOIage............c.ooeivioiiiiiiieeeeeeeeeeeee e 2-39
Figure 2-70 Three-phase, Single VOItage ..........cccoooviiieiiiieeee s 2-39
Figure 2-71  Y-Connected, Dual Voltage ...........ccoovieieiieiieieieieieee e 2-40

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page ix
Figure 2-72 Delta-Connected, Dual Voltage............cccocveieieieieiiieeeeeeeeene 2-40
Figure 2-73  TWO-lead dEVICES.........ccieiieiiiciieeeteee ettt s 2-41
Figure 2-74 Three-lead devices of type RT .......ccocoeiiieieiiieeeee e 2-41
Figure 2-75 Four-lead devices of type RT ......c.oooiioiiiiieeeeeeee e 2-41
Figure 2-76  SWitCh CONNECLIONS ..........cooiiiiieeeeeeee e 2-41
Section |
General Standards Applying to All Machines
Part 3 High-Potential TestS ..o e 3-1
3.1 High-Potential TeSES.......ccvoiiieiceee et st 3-1
BT SAIBIY et 3-1
31,2 DEfiNIION.....cuiiiieiee ettt enes 3-1
313 PrOCEAUIE ..ottt ettt e ettt ste et e enseets e saesaeenseennas 3-1
314 TeSEVORAGE ..ottt 3-1
3.1.5 Condition of Machine to be Tested.........cccoiriiiieiii e 3-1
3.1.6  Duration of Application of Test Voltage ............ccooveieiiiieieieececeeeeeee 3-2
3.1.7 Points of Application of Test VOItage ........c..coovieiiiiiiiieeeeeeee e 3-2
3.1.8 Accessories and COMPONENLS .........ccooiiiiriiiieiiiiieie ettt aessessens 3-2
3.1.9  Evaluation of Dielectric Failure...............cccoiniiiiineicicieeceieie e 3-2
3.1.10 [Initial Test at Destination...........ccocioiiiiie e 3-3
3.1.11 Tests of an Assembled Group of Machines and Apparatus ...............cccccveuvenne.e. 3-3
3.1.12 Additional Tests Made After Installation ............cccocciiiiiiiiiiii e, 3-3
Section |
General Standards Applying to All Machines
Part 4 Dimensions, Tolerances, and MouNnting ........ccccccccirirrrririrrssssssssss e 4-1
4.1 Letter Symbols for DImension Sheets ...t 4-1
Table 4-1 Letter Symbols for Dimension Sheets ..........ccocoeiviiiiiiiciieeeeee, 4-1
Figure 4-1 Letter Symbols for Foot-Mounted Machines—Side View............................ 4-6
Figure 4-2 Letter Symbols for Foot-Mounted Machines—Drive End View .................. 4-7
Figure 4-3  Letter Symbols for Type C Face-Mounting Foot

or Footless Machine............coooiiiii e 4-8

Figure 4-4  Letter Symbols for Type D Flange-Mounting Foot
or Footless MacChines...........c.ooiiiiii e 4-9
Figure 4-5  Letter Symbols for Vertical Machines.........c..ccocoeevieiiieciiciiieieeeee e, 4-10
4.2 System for Designating FramesS............ccooiviiiiieiei e 4-11
4.2.1  Frame NUMDEIS ......coiiiiieee ettt s 4-11
Table 4-2 Machine Frame NUMDErNG ........ccocoeiieiiieececeeeee e 4-11
4.2.2  Frame LEtters ..o e 4-12
4.3 Motor Mounting and Terminal Housing Location............c.cccoceviiviinieneie e, 4-14
Figure 4-6  Machine Assembly SYmboIS...........ccccooiiiiiiiiieicieeeee e 4-15

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page x

4.5

4.6
4.7
4.8
4.9

4.10

4.4.1 Dimensions for Alternating-Current Foot-Mounted Machines with
Single Straight-Shaft EXIENSION .........cccoooiiiiiiiee e 4-16

4.4.2 Shaft Extensions and Key Dimensions for Alternating-Current-Foot-Mounted
Machines with Single Tapered or Double Straight/Tapered

Shaft EXIENSION ....ooviiiiciiciece ettt sttt ne e 4-18
4.4.3 Shaft Extension Diameters and Key Dimensions for Alternating-Current

Motors Built In Frames Larger than the 449T Frames .........ccccooeveveeiiieiennen. 4-20
4.4.4 Dimensions for Type C Face-Mounting Foot or Footless Alternating-

CUITENE IMOOTS ...ttt ettt 4-20
445 Dimensions for Type FC Face Mounting for Accessories on End Opposite

Drive End of Alternating-Current Motors ............ccoovevvieiciiieiceceeeceeeee 4-21
4.4.6 Dimensions for Type D Flange-Mounting Foot or Footless

Alternating-Current MOTOIS .........cccooverieiiiiiiceeeeeeee e 4-23

DimensionsS—DC MaCRINES ........cooeiiiiieiieieieee ettt ebe s nan 4-24

4.5.1 Dimensions for Direct-Current Small Motors with Single Straight

Shaft EXEENSION ..ottt ettt sttt sttt s ne st 4-24
4.5.2 Dimensions for Foot-Mounted Industrial Direct-Current Machines..................... 4-24
4.5.3 Dimensions for Foot-Mounted Industrial Direct-Current Motors ......................... 4-28
454 Dimensions for Type C Face-Mounting Direct-Current Small Motors................ 4-30
4.5.5 Dimensions for Type C Face-Mounting Industrial Direct-Current Motors.......... 4-30
4.5.6 Dimensions for Type C Face-Mounting Industrial Direct-Current Motors.......... 4-31
4.5.7 Dimensions for Type D Flange-Mounting Industrial Direct-Current Motors ...... 4-32
4.5.8 Base Dimensions for Types P and PH Vertical Solid-Shaft Industrial
DIreCt-CUTENt MOLOIS ...ttt ettt ettt bt bt te s e eaens 4-33
Shaft Extension Diameters for Universal MOtOrS............ccooviviiviiriiiiieice e 4-33
Tolerance Limits in DIMENSIONS ........ooiiiiiiieiiie et 4-34
Knockout and Clearance Hole Diameter for Machine Terminal Boxes............c.ccccccou.... 4-34
Tolerances on Shaft Extension Diameters and Keyseats...........cccccoveieieiecieniinienicnienenn, 4-34
4.9.1 Shaft EXtension Diameter.........ccoooiviiiiiiieiece e e 4-34
4.9.2  Keyseat Width........c.ccooiiiiiieieeee ettt 4-34
4.9.3 Bottom of Keyseat to Shaft Surface..............ccooeieiieiiieeee, 4-35
4.9.4 Parallelism of Keyseats to Shaft Centerline................ccooooiiiiieiicceee, 4-35
4.9.5 Lateral Displacement of Keyseats .............ccoooveieieieiiiieieieeeeee e 4-35
4.9.6 Diameters and Keyseat DIMENSIONS ............ccecveieiiiiiiiniieice e 4-35
4.9.7  Shaft RUNOUL ..ottt sbe s 4-36
Figure 4-7 Keyseat Lateral Displacement and Parallelism ...........cccccoooeveiiiieciennnen. 4-36
Table 4-3 Cylindrical Shaft Extension Diameters and Keyseat Dimensions

fOr SQUAE KEBYS ... 4-37
4.9.8 Shaft EXENSION KEY(S)...oouioieeeieeieeieeeeeeeeeeeeee ettt 4-38
Ring Groove Shaft Keyseats for Vertical Shaft Motors.............cccoeeeiiiieciiiiieeeeee, 4-38
Table 4-4 Dimensions and Tolerances for Ring Groove Keyseats ...........c.ccccceeeeenn. 4-38

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xi
4.1 Method of Measurement of Shaft Runout and of Eccentricity and Face Runout

Of MOUNEING SUMACES .....c.ooiiiiieeeeee ettt et b e ebe b eae e 4-38
4111 Shaft RUNOUL ..ottt s 4-38
412  Tolerances for Type C Face Mounting and Type D Flange Mounting Motors ................ 4-39
Table 4-5 Maximum Eccentricity of Mounting Rabbet...............c.cccooooviiiiiie 4-39
Table 4-6 Maximum Eccentricity of Mounting Rabbet...............c.ccooooiiiiiie 4-39
414  Mounting BOIS OF STUAS .....c.ooiiiiiiieie ettt eneas 4-39
Figure 4-8  Shaft RUNOUL ............cooviiii e 4-39
Figure 4-9  Shaft RUNOUL ............cooviiii e 4-39
Figure 4-10 Eccentricity and Face Runout of Mounting Surfaces...........cccccecveveninnne. 4-40
4.15  Method to Check Coplanarity of Feet of Fully Assembled Motors.............ccccccoveureveennaen. 4-40
416  Method of Measurement of Shaft Extension Parallelism to Foot Plane........................... 4-40
417  Measurement of Bearing TemMPErature .............oocovvieieiiiiieieieeesie e 4-41
418  Terminal Connections for SMall MOtOrS...........ccooiiiriiiiiieieeeeteee e 4-41
4.18.1 TermiNal LEaAS.......oo ittt e 4-41
4.18.2 Blade TerminalS .......ccccooeiiiiieiiieeee ettt s 4-41
4.19  Motor Terminal HOUSINGS ........ooviiiieieceiceceee ettt st v et a e sae e 4-41
4.19.1 Small and Medium MOLOTS .......ccccooiiiiiiirieieieeieeet ettt et 4-41
4.19.2 DIMENSIONS ....coviiiiiiiiiieiiete ettt ettt ettt ta e e eteesee s et esseebaeseeseessessessessessesessenseeseens 4-42
Table 4-6 Type Il Terminal Housing Unsupported and Insulated Terminations ...... 4-45

Figure 4-11  Type |l Machine Terminal Housing Stand-Off-Insulator-Supported
Insulated or Uninsulated Terminations.............cccccoiiiiiiiinieeeeeee, 4-46
4.20  Grounding Means for Field WIriNg ........cccocooiiriieiiese s 4-47
Table 4-7 Minimum Size Grounding Conductor Termination ...............ccccoeveiernae. 4-48

Section |
General Standards Applying to All Machines
Part 5 Rotating Electrical Machines—Classification of Degrees of Protection

Provided by Enclosures for Rotating Machines .....................cccooiii e 5-1
5.1 S0P ettt ettt et et et et e et et e eteeaeeas et et et aere s 5-1
5.2 DESIGNALION ......oviiieiieieieeece ettt ettt et ettt sttt be bt e eteeteeta e st esb et enaesbeereenas 5-1
5.2.1 Single Characteristic NUMEral..............ccooooioioiiiiiiceeeeeeee e 5-1
5.2.2 Supplementary LEHErS .......c.ooooviiioiieee e 5-1
5.2.3 Example of DeSIgNation ...........ccocioiiiiiiiiiiieieee ettt enens 5-2
524 Most Frequently USEd ...ttt 5-2
5.3 Degrees of Protection—First Characteristic Numeral.............c.ccoocooioiiiiiciceeeee, 5-2
5.3.1 Indication of Degree of Prote€Ction ..........c.ccooevieiiieieiiieieeee e 5-2
5.3.2 Compliance to Indicated Degree of Protection ...........c.ccccoovioiiiiiiieciceceeee, 5-2
5.3.3  EXIErNal FANS ... 5-3
5.3.4  Drain HOIES ..ottt st 5-3
Table 5-1 Degrees of Protection Indicated by the First Characteristic Numeral........ 5-4

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xii

54

5.5
5.6
5.7

5.8

5.9

Section |

Degrees of Protection—Second Characteristic Numeral ................ccccoooeiiiieieninecee, 5-5
5.4.1 Indication of Degree of Prot€Ction .............ccocoovieviiiiiieieceeeeece e 5-5
5.4.2 Compliance to Indicated Degree of Protection ...........cccccoeoe i 5-5
Table 5-2 Degrees of Protection Indicated by the Second Characteristic

NUMETAL ..ottt ettt nes 5-6
MAIKING .ottt e ettt ettt ettt e e ae e be e beeabeese e b e eabeesbeesbeeaeebaesteesbeerneaaeas 5-6
General Requirements fOr TESTS .......c.viviiiiieeceeceeeee e 5-7
Tests for First Characteristic NUMeral.............cccoooieiiiieiieceeeeeeee e 5-7
Table 5-3 Test and Acceptance Conditions for First Characteristics Numeral .......... 5-8
Tests for Second Characteristic NUMEral ..........ccocoveiiiieinineeeeee e 5-10
5.8.1  TeSt CONAIIONS.....c.ooieiiiiieiiieietiet ettt ettt s e be et senseseenes 5-10
Table 5-4 Test Conditions for Second Characteristic Numeral ............c.cccococvvveiennee. 5-11
5.8.2 Acceptance CONItIONS............coviiuieiiiiiiiieceee ettt e 5-14
Requirements and Tests for Open Weather-Protected Machines ...........ccccccoeeeieinan. 5-14
Figure 5-1 Standard TeSt FINGEI ........o.o o 5-15
Figure 5-2 Equipment to Prove Protection Against Dust..............cccocveevviecievienieneenne, 5-16
Figure 5-3 Equipment to Prove Protection Against Dripping Water.............c..cc.......... 5-17

Figure 5-4 Equipment to Prove Protection Against Spraying and Splashing Water

Shown with Spraying Holes in the Case of

Second Characteristic Numeral 3 ............ccooooiiiiieiiiineieeeeeeee 5-18
Figure 5-5 Hand-Held Equipment to Prove Protection Against Spraying and

SPIashing Water .........cooveiiiiee e 5-19
Figure 5-6  Standard Nozzle for HOSE TeStS .......c.ocovoiiieiiiiiieeeeeeeeeeeeee 5-20
Appendix A Most Frequently Used Degrees of Protection for Electrical Machines ....5-20

General Standards Applying to All Machines

Part 6 Rotating Electrical Machines—Methods of Cooling (Ic Code) ...............ccccciiiieeiiiiinneen. 6-1
6.1 S COPE .ottt ettt et ert et ettt eeaeeeteeteeateeteeeteereenteeraan 6-1
6.2 DEIINILIONS ..ottt sttt ettt ettt ettt e sseseete s et e eb et eseesenaesesaeneas 6-1

B.2.1  COOING . ..ottt ettt ettt ettt et te et ettt ete e 6-1
B.2.2  COO0NANT ...ttt ettt ettt eaenes 6-1
6.2.3  Primary COOIANt.........cooiiieieeieeeeceee ettt 6-1
6.2.4  Secondary COOlaNTt ..........c.coooviiiiieieice et 6-1
6.2.5  FiINAl COOIANT ..ottt 6-1
6.2.6  SUrouUNding MEAIUM .........ccoiiiiiiiieieee ettt et et ae e eanens 6-2
6.2.7  RemMOte MEAIUM ....oouiiiiiiee ettt et ene e 6-2
6.2.8 Direct Cooled Winding (Inner Cooled Winding)..........c.cccoevvieiiieieieieieieieeie e 6-2
6.2.9 Indirect Cooled WINAING ........c.ccoiiiiuieieeeeeeeeeeee ettt e e 6-2
L2 LI o =T (] =T o 1= TR 6-2
B.2.11 PP, DUCK......ooeieeeeeeee ettt ettt aeeanes 6-2

© 2021 National Electrical Manufacturers Association



6.3

6.4

6.5

6.6

6.7

Section |

ANSI/NEMA MG 1-2016 (Revised 2018)
Page xiii

B.2.12 OPEN CICUIL...c.veiei ettt et ettt ettt et et v e eetae e ereeereennas 6-2
6.2.13  ClOSEA CIICUIL ....cvitiieeiieiietit ettt sbe et se b e be e s e 6-2
6.2.14 Piped or DUCLEd CIrCUIL ........c.ooovieiiieececeeceeeeeee et 6-2
6.2.15 Stand-by or Emergency Cooling System...........ccooviiiiiiiceieeceeceeeeeeeeea 6-3
6.2.16 Integral COMPONENT ...........ccoooiiiiiieeeee et 6-3
6.2.17 Machine-Mounted COMPONENT...........c.c.ooviiiiiiiiiieeeee e 6-3
6.2.18 Separate COMPONENT .........c.ocviiieieiee ettt re s 6-3
6.2.19 Dependent Circulation COMPONENL ...........c.ooiiieiiiiiieeeeeeeee e 6-3
6.2.20 Independent Circulation CompoNeNt.............c..ocieiieiiieiiiieeeceeee e 6-3
DeSIgNAtioN SYSIEIM .....ocuiiiiiieeeeeeee ettt ettt et ene 6-3
6.3.1  Arrangement 0f the € COdE .........coouiiuieiieeeeeeeceeee e 6-3
6.3.2 Application of DeSIgNations ............cccciivieiiiiiiie i 6-4
6.3.4 Designation of Different Circuit Arrangements for Different Parts

OF @IMACKINE ...ttt sttt bbbt e neenennas 6-5
6.3.5 Designation of Direct Cooled WiNding .............ccccoecieieienienieieiececeeeeeieieiens 6-5
6.3.6  Designation of Stand-by or Emergency Cooling Conditions...........c..cccccceieieneanin. 6-5
6.3.7 Combined DeSIigNatioNS ...........ccccieuieiieieeieeceeeeeee et 6-5
6.3.8 Replacement of Characteristic NUmMerals..............ccocooeviniiiiiiieiceeeee e 6-5
6.3.9 Examples of Designations and SKetches ...........c.cccooooviiiiiiiciiiiiceeeeee 6-5
Characteristic Numeral for Circuit Arrangement..............c.ccoooiiiiviiiiieeeee e 6-6
Table 6-1 Circuit ArrangemeENnt ...........coociiiiiiiieeee ettt eb et eaens 6-6
Characteristic letters for CoOlant. .............oiriiiiiieieecee e 6-7
Table 6-2 Coolantze2 o0l M.ogsss o atzranneg. A 0o ot Etamdt . 6-7
Characteristic Numeral for Method of Movement............ccoooiiiniieeee 6-7
Table 6-3 Method of MOVEMENL ..........c.cooiiieieieee e 6-8
Commonly Used DeSIGNatioNS ...........c.oooiviiuiiieieeeeeeeeeeeeee ettt 6-8
6.7.1  General Information on the Tables ... 6-8
Table 6-4 Examples of Open Circuit Using Surrounding or Remote Medium* ........ 6-10

Table 6-5 Examples of Primary Circuits Closed, Secondary Circuits Open Using
Surrounding MediUum ..........c.ooioiiiiiieeceeeee e 6-11

Table 6-6 Examples of Primary Circuits Closed, Secondary Circuits Open
Using Remote or Surrounding Medium............ccccovveeiivininieieieieeee 6-12

General Standards Applying to All Machines

Part 7 Mechanical Vibration—Measurement, Evaluation, and Limits ........cccccvvrviriieecvirieeecnenes 71
71 S0P ettt ettt ettt et et et e et e et et e eteeaeern et et et aere s 7-1
7.2 ODJECL ..ttt ettt b ettt s et s sttt s s 7-1
7.3 REEIENCES ...ttt s 7-1
7.4 Measurement QUANTILY .........coooiiiiie et 7-1

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xiv

7.5
7.6

7.7

7.8

7.9

7.4.1 Bearing Housing Vibration ..............ccocueieiiiiieniiiiciicieteeieiet e eanens 7-1
7.4.2 Relative Shaft Vibration.........cccooiieiiineieeceeeeee e 7-1
Measurement EQUIPMENT ..........coo ittt et 7-2
MaChing MOUNTING ..o ettt es ettt eee e 7-2
40 T B € 1= 1= = OO OO U TUUU R RU APPSR 7-2
7.6.2 Resilient Mounting/Free SUSPENSION ........c.ccovvieiiiiieieieiete e 7-2
Figure 7-1 Minimum Elastic Displacement as a Function of Nominal Speed............. 7-3
7.6.3  RIGId MOUNTING ..ottt ettt et b e senee 7-4
7.6.3.1 Horizontal Machings ... 7-4
7.6.3.2 Vertical MaChinesS.......ooo i 7-4
7.6.3.3 Rigid Mounting of Horizontal and Vertical Machines on Massive Foundation....7-4
7.6.3.4 Rigid Mounting of Horizontal and Vertical Machines on Test Floor Stand ......... 7-5
7.6.4  Active Environment Determination ...........cccooeoiirriiiniiee e 7-5
Conditions of MEaSUIEMENT ...........ciiiiiiiieiee et enes 7-5
TT7 A SNALKEY oottt sr e sttt ettt b ere s 7-5
7.7.2 Measurement Points for VIibration .............ccccecieiieiiinieieeeeeeceee e 7-5
7.7.2.1 Bearing HOUSING ......c.ciiiiiiiiietiie ettt 7-5
7.7 2RSS St el ot S ... 7-5
7.7.3 Operating ConAItiONS .........c..ooiiiiiiiiiieeeeeeeeeeete ettt 7-5
A £ T TR 1= 1= S 7-5
A A B o =Y U ] o P SO 7-5
7.7.3.3 Operating SPEEA ......ceoiiiiiiiieiiii ettt 7-6
Figure 7-2 Preferred Points of Measurement Applicable to One or Both Ends

Of the Machine..... ..o e 7-6
Figure 7-3 Measurement Points for Those Ends of Machines Where Measurements

Per Figure 7-2 are Not Possible Without Disassembly of Parts................. 7-7
Figure 7-4 Measurement Points for Pedestal Bearings..........c.ccccocoeveiiiivcecceccene 7-7
Figure 7-5 Preferred Circumferential Position of Transducers for the

Measurement of Relative Shaft Displacement..............cccooooovviiiiiicieeeennn, 7-8
7.7.4  Vibration Transducer MOUNtING ..........cccooviiiiiiiiiiceceeeeeee e 7-8
Limits of Bearing Housing Vibration ..............c.ccoooiiiioiiiiiee e 7-8
T80 GBNEIAN ...ttt ettt ettt ettt et s ettt b et ns s esenn 7-8
Table 7-1 Unfiltered Housing Vibration Limits..........c.cccoeiviiininiiieeeceeeee 7-9
7.8.2 Vibration Limits for Standard Machines (Deleted).............ccccoeovvvveciniiienenenienen, 7-10
7.8.3 Vibration Limits for Special Machines (Deleted)............cccccoooeveiiiiiiiiciiieene, 7-10
7.8.4 Vibration Banding for Special Machines (Deleted) ...........cccceovvvvecinieiinienienienen, 7-10
7.8.5 Twice Line Frequency Vibration of Two-Pole Induction Machines..................... 7-10
7.8.6  AXIAl VIDration.......c.ccocoiiiiieiiicice ettt sttt et s ebe e 7-10
Limits of Relative Shaft Vibration ..o 7-10
7291 GENEIAN ...ttt ettt et sttt e b ettt ettt e st eseebennas 7-10

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xv
7.9.2  Shaft Vibration LIMits..........coooiiiiiiie s 7-11
Table 7-2 (DEIBLEA) ...ttt 7-11
7.9.3 Special Machines (Deleted)............cooueieiiieneiieecec e 7-11
Table 7-3 (22112 (=T | PR 7-11
Table 7-4 Shaft Vibration LimitS .........ccoeiiirieeiieieicece e 7-11
Section |
General Standards Applying to All Machines

Part 9 Rotating Electrical Machines—Sound Power Limits and Measurement Procedures .....9-1
9.1 S COPIE ettt ettt et et et et e et e tteteeaeeas et et e eraere s 9-1
9.2 GBNETAL ...ttt ettt sttt ettt b et ben et b st et e ss s seneenensenen 9-1
9.3 REFEIENCES ...ttt ettt ettt b et et saenea 9-1
9.4 Methods Of MEASUMEMENT ........ccocuiiiiiieieiieee ettt ettt enes 9-1
9.5 TEST CONAITIONS ...t ettt ettt b b se b b e e b e s eneebenaens 9-2
9.5.1  Maching MOUNTING........cooiiiiieieieee ettt ettt sbeebesreere s e 9-2
9.5.2 TestOperating CONAItiONS ..........ccooiiiiiiieieiceceeeee et 9-2
9.6 SOUNA POWET LEVEL ...ttt ettt st b e e enesaens 9-3
9.7 Determination of Sound Pressure Level .............ccoco i 9-3
Table 9-1 Maximum A-Weighted Sound Power Levels, Lwa (dB), at No-Load........... 9-4

Table 9-2 Maximum A-weighted Sound Power Levels Lwa (dB) of Drip-Proof
Industrial Direct-Current Motors, at No-Load ...........cccceevveveinicieiieeee, 9-6

Section Il

Table 9-3 Incremental Expected Increase Over No-Load Condition, in A-
Weighted Sound Power Levels AlLwa (dB) , for Rated Load Condition
for Single-Speed, Three-Phase, Squirrel-Cage, Induction Motors ............ 9-6

Table 9-4 Overview of Standards for the Determination of Sound Power
LeVElS OFf MOLOTS ... e e 9-7

Small (Fractional) and Medium (Integral) Machines

Part 10 Ratings—AC Small and Medium Motors ..............ccccviiiii i 10-1
FOL0 SCOPE e ettt ettt ettt ettt ettt eaeereenes 10-1
TO.30  VORAGES ..ottt ettt ettt sttt e te st e st e st e b e besbeebeebeeseeseeseessensansessensensansens 10-1
T0.3T  FrEQUEBNCIES. ....c.oiieieeiiiee ettt ettt ettt ste et e e b e st e saeesbeesbeensesaeesaeenseesns 10-1

10.31.1 Alternating-Current MOTOIS .........c.oovevieriiei it 10-1
10.31.2 UNIVErSal MOLOIS ..ottt s 10-1
Table 10-1  Horsepower and Speed Ratings, Small Induction Motors......................... 10-2
10.32 Horsepower and Speed RatiNgS ..........cccoiiiiiiiieiecee e eanens 10-2
10.32.1 Small Induction Motors, Except Permanent-Split Capacitor Motors
Rated 1/3 Horsepower and Smaller and Shaded-Pole Motors .................... 10-2
10.32.2 Small Induction Motors, Permanent-Split Capacitor Motors Rated 1/3
Horsepower and Smaller and Shaded-Pole Motors ............ccccooeeieieiinn. 10-2

Table 10-2  Horsepower and Speed Ratings, Permanent-Split Capacitor and
Shaded Pole MOLOIS ........ccoiiieecece et 10-3

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xvi

10.33

10.34

10.35
10.36
10.37

10.38

10.39

10.40

10.32.3 Single-Phase Medium MOtOrS ...........cooveieieieieieiccceeee et 10-3
Table 10-3 Horsepower and Speed Ratings, Medium Motors .............ccocoeeveevieiiniennnn. 10-4
10.32.4 Polyphase Medium Induction Motors............c.ccoeveieveniene i 10-4
Table 10-4 Horsepower and Speed Ratings, Polyphase Medium

INAUCHION MOTOTS.......ouiiiieiiiie et 10-5
10.32.5 UNIVErsal MOTOIS .......c.oiiiiee ettt 10-6
Horsepower Ratings of Multispeed MOtOrS ...........ccccooeiiiiieiiieeeeee e 10-6
10.33.1 Constant HOFSEPOWET .........c.oouviiieiiceieeeceeeeteeeet ettt 10-6
10.33.2 CoNSTANT TOIQUE ...ttt et enneas 10-6
10.33.3 Variable TOIQUE ........c.eiieiieeeeeeeeeee ettt 10-6
Basis of HOrsepower RatiNg ...........c.ooiiviiiiiiiiicieeeeeeee et 10-6
10.34.1 Basis Of RAtING .......oooiieieeeeeee et 10-6
10.34.2 TEMPEIATUIE ...ttt ae e 10-6
10.34.3 Minimum BreakdOwn TOIQUE .........cocveeiiiieiecie et 10-6
Table 10-5  Breakdown Torque for Single Phase Induction Motors, Except

Shaded-Pole and Permanent-Split Capacitor Motors..............c.ccoceenee. 10-7
Table 10-6  Breakdown Torque for Shaded-Pole and Permanent-Split
Capacitor Motors for Fan and Pump Applications............c..cccoeveveenienne. 10-9

Secondary Data for Wound-Rotor MOtOrsS ...........ccooieviiiiiiiieceeeeeeeee e 10-10
Time Ratings for Single-Phase and Polyphase Induction Motors...........cccccccoovvieenene. 10-10
Code Letters (for LOCKEd-ROtOr KVA) .......ooiiiiieiiiiniieeesieesieteie e 10-10
10.37.1 Nameplate Marking...........ccooouiiiiiiiiiie e e 10-10
10.37.2 Letter Designation ..........cco. oo e 10-10
10.37.3 MURISPEEA IMOLOIS ...ttt e 10-11
10.37.4 SiNGle-SPeed MOLOIS .......c.ooeiieiieeeeeeeee e 10-11
10.37.5 Broad- or Dual-Voltage MOtOrS ...........cccoevieiiiiiieieieieieee e 10-11
10.37.6 Dual-FrequencCy MOOIS ..........ccoiiiiieiice e 10-11
10.37.7 Part-Winding-Start Motors .............cc.ooooiiieiccceceeeeeeee e 10-11
Nameplate Temperature Ratings for Alternating-Current Small and
UNIVEISAl MOTOIS........oiiiice ettt e 10-11
Nameplate Marking for Alternating-Current Small and Universal Motors...................... 10-11
10.39.1 Alternating-Current Single-Phase and Polyphase Squirrel-Cage

Motors, Except Those Included in 10.39.2, 10.39.3, and 10.394 ............. 10-12
10.39.2 Motors Rated Less Than 1/20 HOrSE€POWET ............ccoeveeeveeeeceeceieieeeeenn, 10-12
10.39.3 UNIVErsal MOTOIS ..ot 10-13
10.39.4 Motors Intended for Assembly in a Device Having its Own Markings ...... 10-13
Nameplate Marking for Medium Single-Phase and Polyphase Induction Motors......... 10-14
10.40.1 Medium Single-Phase and Polyphase Squirrel-Cage Motors.................... 10-14
10.40.2 Polyphase Wound-Rotor MOtOrs ..........cccoeieieiiiiiiiece e 10-15

© 2021 National Electrical Manufacturers Association



Section Il

ANSI/NEMA MG 1-2016 (Revised 2018)
Page xvii

Small (Fractional) and Medium (Integral) Machines

Part 10 Ratings—DC Small and Medium Machines ..................cccccoo i, 10-17
TO.0 SCOPE ettt et ettt et et et ete e te e teereens 10-17
10.60  Basis Of RAING.......ccooiiiiiieieieie ettt sttt et be b e b e bt eas 10-17

10.60.1 SMAIMOLOTS ...ttt b e ene s 10-17
10.60.2 MEdiUM MOLOTS.......ouiiiieiiiiee et 10-17
10.61 Power Supply Identification for Direct-Current Medium Motors ............ccccevveveviieinnnen. 10-17
10.61.1 Supplies Designated by a Single Letter...........c.ccoooooiiiiieiceeeeee, 10-17
10.61.2 Other SUPPIY TYPES ..c.eviieiieieieeteee ettt eb v eb et ens 10-17
10.62 Horsepower, Speed, and Voltage Ratings ...........c.ccoeveieiiiiiiiiee e 10-18
10.62.1 Direct-Current Small MOtOrS.........ccoooirieiiiieiiieeeeeee e 10-18
Table 10-7  Motor Ratings for Operation from Rectified Power Supplies................... 10-19
10.62.2 Industrial Direct-Current MOtors...........ccoveieiriieieeeeeee e 10-19

Table 10-8  Horsepower, Speed, and Voltage Ratings for Industrial Direct-Current
Motors—180 Volts Armature Voltage Rating, Power Supply K.............. 10-20
10.63 Nameplate Time RatiNg.......cccooiiiieiiiieceeeee bbb 10-20
10.64 Time Rating for Intermittent, Periodic, and Varying Duty ...........ccccccoovieiiiieiiiieieiceee, 10-20
10.65 Nameplate Maximum Ambient Temperature and Insulation System Class .................. 10-20

10.66

Section Il

Table 10-9  Horsepower, Speed, and Voltage Ratings for Industrial Direct-Current
Motors—240 Volts Armature Voltage Rating,
Power Supply A, C, D, OF E ....ccooiiiieeeeeeeeee e 10-21

Table 10-10 Horsepower, Speed, and Voltage Ratings for Industrial Direct Current
Motors—500 or 550 Volts Armature Voltage Rating,

Power SUPPlY A, C, 08 D ..o 10-22
Nameplate Marking .......coooiiiii e 10-22
10.66.1 Small Motors Rated 1/20 Horsepower and LessS..........ccccccvveveeeecicnnneen, 10-22
10.66.2 Small Motors Except Those Rated 1/20 Horsepower and Less .............. 10-23
10.66.3 Y [ Yo 1100 g T 1Y (o) (o = S 10-23

Small (Fractional) and Medium (Integral) Machines

Part 12 Tests and Performance—AC and DC MOTOrS .......cccccooerrieimerrscmee e ece e 121
12.1 SCOPE ...ttt ettt ettt ettt e etteeteeete et e et e et eteete et e eaeeereen 12-1
12.2  High-Potential Test—Safety Precautions and Test Procedure .........c..c.ccccceevevievininennnen. 12-1
12.3  High-Potential Test Voltages for Universal, Induction, and

DireCt-CUITENt MOTOIS......oi ittt e e st e e s sneaeeesneneeas 12-1
12.4  Production High-Potential Testing of Small Motors............cccooeviieiniiieiiieiceeeeee 12-2
12.41 Dielectric Test EQUIPMENt........c.oooiiii e 12-3
12.4.2 Evaluation of Insulation Systems by a Dielectric Test.............ccccceeieienennn. 12-3
12.5  Repetitive Surge Test for Small and Medium Motors ...........cccoeveeieiiiiicicicecee e 12-3
12.6 Mechanical VIDration............oo ettt 12-4

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xviii

12.7  Bearing Losses—Vertical PUMP MOLOIS ........coooiiiiiiiiiiieieeieieteeee e 12-4
Part 12 Tests and Performance—AC MOtOrS ... 12-4
T2.0 SCOPE o ettt ettt ettt et et e et e e teete e eaeeat et et e etenteeteeaea 12-4
12.30  TeSEMETNOAS ...ttt enea 12-4
12.31  Performance CharacteriStiCS ..o 12-4
12.32 Torque Characteristics of Single-Phase General-Purpose Induction Motors.................. 12-5
12.32.1 BreakdOwWn TOFQUE .......ooueeiieieceeee ettt 12-5
12.32.2 Locked-Rotor Torque of Small Motors..........ccooveveeiecieiieeeeeeeceee e 12-5
12.32.3 Locked-Rotor Torque of Medium MOotOrsS...........cc.covevviviioiciciceeceeeeee 12-6
12.32.4 Pull-Up Torque of Medium MOLOIS ............ccooiiieiiiecceeeeeceeeeeeeea 12-6
12.33 Locked-Rotor Current of Single-Phase Small Motors...........cccooeeivieieieieiiieieieee 12-6
12.33.1 Design O and Design N MOOTS ........cccocoovieiiiiieeeeeeeeeee e 12-6
12.33.2 General-Purpose MOLOIS .........ccooviouiiieicieeeeeee e 12-6
12.34 Locked-Rotor Current of Single-Phase Medium Motors, Designs L and M..................... 12-7
12.35 Locked-Rotor Current of 3-Phase Small and Medium Squirrel-Cage
INAUCHION IMOTOTS ...ttt b ettt ene e 12-7
12.35.1 60 Hertz Design B Fire Pump Motors at 230 VoIts ........cccceoeevviciiici 12-7
12.35.2 60 Hertz Design B, C, and D Motors at 230 VOItS........c.cccovevveievenieeeene, 12-7
Table 12-1A  Maximum Locked-Rotor Current (and Maximum Locked-Rotor kVA Code)
for 60 Hz Design B Motors at 230 Volts—
Applicable to Fire Pump MOtOrS ........ccoovviiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeae e 12-8
Table 12-1B  Maximum Locked-Rotor Current (and Maximum Locked-Rotor kVA Code)
for 60 Hz Design B, C, and D Motors at 230 Volts—
Excluding Fire PUmMP MOTOrS .......ccuuiiiiiiiiiiiiie it 12-9
12.35.3 50 Hertz Design B Fire Pump Motors at 380 VOlts ..........c.cccoeevievieieeiinn, 12-10
12.35.4 50 Hertz Design B, C, and D Motors at 380 VOIts..........cccooevvreieineiennnee. 12-10
Table 12-1C Maximum Locked-Rotor Current (and Maximum Locked-Rotor kVA Code)
for 50 Hz Design B Motors at 380 Volts—
Applicable to Fire Pump Motors ... 12-11
Table 12-1D Maximum Locked-Rotor Current (and Maximum Locked-Rotor kVA Code)
for 50 Hz Design B, C, and D Motors at 380 Volts—
Excluding Fire PUmp MOtOrS ...........uuuuiiiiiiiiiiiiiiiiiiiiiiiieieieieveeveveveveeeeeees 12-12
12.36 Instantaneous Peak Value of Inrush Current ..o 12-12
12.37 Torque Characteristics of Polyphase Small Motors ............ccccooovieiiiiieicieeeee, 12-13
12.38 Locked-Rotor Torque of Single-Speed Polyphase Squirrel-Cage Medium Motors
With ContinUOUS RaAINGS.....c.coviiiiiiiciieeeee et bbb eeaenaas 12-13
12.38.1 Design A and B MOLOIS ........oouieiiiiiiicieee e 12-13
Table 12-2 Locked-Rotor Torque of Design A and B, 60 and 50 Hertz
Single-Speed Polyphase Squirrel-Cage Medium Motors ............c..c.c......... 12-13
12.38.2 DESIgN C MOLOIS ....cvovieiiiiiiieieteteeteet ettt ettt sb et sbe s eteeneeseenis 12-14
Table 12-3 Locked-Rotor Torque of Design C MOtOrS ........c..ccoovvevieeieveieieeeeeeeeae 12-14
12.38.3 DeSIgN D MOLOIS ....ovovieiiiiiiieieieteeett ettt ettt sb ettt ese s e 12-14

© 2021 National Electrical Manufacturers Association



12.39

12.40

12.41

12.42

12.43

12.44

12.45
12.46
12.47
12.48
12.49
12.50

12.51

12.52

ANSI/NEMA MG 1-2016 (Revised 2018)

Page xix

Breakdown Torque of Single-Speed Polyphase Squirrel-Cage Medium Motors
With ContinUOUS RaAINGS.....cc.coviiiiiiciieeeee e bbb eeseeaenaas 12-14
12.39.1 Design A and B MOLOIS ........oouieieiiiiieiee e e 12-14
12.39.2 DESIgN C MOLOIS ....ccoevieiiiiiiieieeteteteet ettt ettt sb e ebeebe s ete s eseens 12-15
Pull-Up Torque of Single-Speed Polyphase Squirrel-Cage Medium Motors
With ContinUOUS RaAtINGS ........coioiiieeeee et 12-15
12.401 Design A and B MOLOIS .........ccocieiiieieiecieeeie e 12-15
12.40.2 DESIgN C MOLOIS ....cvevviiiiiiiieiietetettetet ettt ettt sb et sbe b steeneeseenis 12-16
Breakdown Torque of Polyphase Wound-Rotor Medium Motors
With ContinUOUS RaAtINGS ........cciiiiiieeeeeee et 12-16
Temperature Rise for Small and Universal Motors ............ccccoevevieiiiiicciicieeeee e, 12-17
12.421 Alternating-Current Small Motors—Motor Nameplates Marked with

Insulation System Designation and Ambient Temperature ........................ 12-17
12.42.2 UNIVErsal MOTOIS .......c.oiiiee et 12-18
12.42.3 Temperature Rise for Ambients Higher than 40°C ............ccccooeiireeiinnin. 12-18
12.42.4 Temperature Rise for Air-Cooled Machines for Ambients

Lower than 40°C, but Not Below 0°C™ ........ccoiiiiiieeee e 12-18
Temperature Rise for Medium Single-Phase and Polyphase Induction Motors ........... 12-19
12.431 Temperature Rise for Ambients Higher than 40°C ............ccccoooveneeeinne. 12-20
12.43.2 Temperature Rise for Air-Cooled Machines for Ambients

Lower than 40°C, but Not Below 0°C™ ..o 12-20
Variation From Rated Voltage and Rated FrequencCy .................ccoocoecieieieieiciesieee e, 12-21
12.44 1 RUNNING .ottt sae et etn st b e s e sbeebesaeeseeeas 12-21
12.44.2 SEAMTING .ttt 12-22
Voltage UNDAIaNCe............coooe ettt ettt et a st et st e s e b esaerenas 12-22
Variation From Rated SPEEA ..........c.ooouiiiiiiiciieeeeeeeeee e 12-22
Nameplate Amperes—Alternating-Current Medium Motors ............ccccooovevevieiiceeecenis 12-22
Occasional EXCESS CUIMENL.........couiiiiiiiee ettt sttt st 12-22
SEAI TIMIE ettt ettt e et s bttt e bbb e s s s etesesenenn e 12-22
Performance of Small and Medium Polyphase Motors with Single, Dual, or
Broad Range Voltage Rating .......ocovvvviviiiiiiii 12-23
Service Factor of Alternating-Current Motors............ccocoocieieiiienienece e 12-23
12.51.1 General-Purpose Alternating-Current Motors of the Open Type. ............... 12-23
Table 12-4  ServiCe FaCIOrS ......coocooiiiiiieieee e 12-23
12.51.2 Other MOTOFS ... 12-24
OVErSPEEdS fOr IMOLOIS ...ttt eas e eaeas 12-24
12.52.1 Squirrel-Cage and Wound-Rotor Motors............c.ccocvevevieieecieeeeeeeee 12-24
12.52.2 General-Purpose Squirrel-Cage Induction Motors............ccoceeveeveeieneeiennee, 12-24

Table 12-5  Continuous Speed Capability for General-Purpose Squirrel-Cage
Induction Motors In Direct Coupled Applications, Except Those
MOtOrs in Table 12-6.......cc.ooviiiieieee e

12.52.3 General-Purpose Design A and B Direct-Coupled Squirrel-Cage
INAUCHION IMOTOIS ...ttt et nees

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xx

12.53
12.54

12.55

12.56

12.57

12.58

12.59

12.60

12.52.4 Alternating-Current Series and Universal Motors ............ccccccvvvevneniecnnne.

Table 12-6  Continuous Speed Capability for General-Purpose Design A and B
Direct Coupled (Ts Shaft for Motors Above The 250 Frame Size)
Squirrel-Cage INnduction MOtOrsS ............coooveieiiiiieeeeeee e

Machine Sound (Medium Induction MOtOrS)..........cccieieiiieiiiiiee s
NUMDET Of STAMS ...ttt se e
12.54 1 Normal Starting Conditions............ccovveviiiieiiieieeee e
Table 12-7  Squirrel-Cage Induction Motors ............ccccveeieviiviniieiieeceeeee e,
12.54.2 Other than Normal Starting Conditions............cccccoeieiiiiieieiceeeee,
12.54.3 Considerations for Additional Starts............ccccceveeineniniee e,
Routine Tests for Polyphase Medium Induction Motors.............cccooevieriininnenecee,
12.55.1 Method Of TESHING .....cvoeiiieeee e
12.55.2 Typical Tests on Completely Assembled Motors ............cccceeveievieneninienen.
12.55.3 Typical of Tests on Motors Not Completely Assembled .............................
Thermal Protection of Medium MOTOIS ..........cooeiierieiieieiiiceeee e
12.56.1 Winding TemMPErature .........coooiiiiieieieeee et
Table 12-8  WiIinding TeMPEratures ............ccooeeviieiiieieieieeeese e
Table 12-9  Winding Temperature Under Locked-Rotor Conditions, Degrees C .....
12.56.2 THIP CUITENT .....oiiiiiieiicieie ettt ettt te st ete e eaeete st esa et e ssessesbesbesseesesseessesseneas

Overtemperature Protection of Medium Motors Not Meeting the Definition of
“Thermally ProteCted” ....... ..ottt ettt

12.57.1 Type 1—Winding Running and Locked-Rotor Overtemperature

PrOteCHION ..cooiiii s
12.57.2 Type 2—Winding Running Overtemperature Protection.............ccccoceeeuenne.
12.57.3 Type 3—Winding Overtemperature Protection, Nonspecific Type............
EfICIENCY .ottt ettt et ettt ettt et
12.58.1 Determination of Motor Efficiency and LOSSES ...........ccccveveievevieieniiiene,
12.58.2 Efficiency of Squirrel-Cage Small and Medium Motors with

ContiNUOUS RALINGS ......c.ooviiiiieeeeeeeee e
Table 12-10 EffiCIENCY LEVEIS .......c.ooieieieieeee et
Efficiency Levels of Energy-Efficient Polyphase Squirrel-Cage Random
Wound Induction Motors Rated 600 Volts or Less at 60 Hz ...........ccocoveineieinenncee,
Efficiency Levels of Premium Efficiency Electric MOtors ..............ccoooeieieiicieceeeeece
12.60.1 Electric Motors Rated 600 VOIS Or LeSS ......coccoeoiiiiiiiiieceeeeeeee e
12.60.1.1  Single-Phase Capacitor-Start Induction-Run Small Motors .......................
12.60.1.2 Single-Phase Capacitor-Start Capacitor-Run Small Motors ....................
12.60.1.3 Polyphase Small MOtOrs...........coveeiiiiiiiiiiieee e
12.60.1.4 Polyphase Medium MOtOrS ..........ccuiiiiiiiiiiic e
12.60.2 60 Hz Polyphase Medium Motors Rated 601-5000 Volts...........................
12.60.3 50 Hz Polyphase Motors Rated 600 Volts or Less ........ccccoeeevvevivveiieenennen.
Table 12-11  Full-Load Efficiencies of 60 Hz Energy-Efficient Motors ........................

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxi
Table 12-12 Full-Load Efficiencies for 60 Hz Premium Efficiency Polyphase Electric
Motors Rated 600 Volts or Less (Random Wound) ............ccccoevereienn. 12-39
Table 12-13 Full-Load Efficiencies for 60 Hz Premium Efficiency Polyphase Medium
Electric Motors Rated 601 t0 5000 VOIS .........ccocoiiiiiiiiieeee e 12-41
Table 12-14 Full-Load Efficiencies for 50 Hz Premium Efficiency Polyphase Electric
Motors Rated 600 VOIS OF LESS........cccoiveirinieirereeeceeeeeeee 12-42
Table 12-15 - KW Full-Load Efficiencies of 60 Hz Energy-Efficient Motors .................. 12-43
Table 12-16 - KW Full-Load Efficiencies for 60 Hz Premium Efficiency Polyphase
Electric Motors Rated 600 Volts or Less.........ccocooveiieieneiece 12-45
Table 12-17 - KW Full-Load Efficiencies for 60 Hz Premium Efficiency Polyphase Medium
Electric Motors Rated 601 to 5000 VOItS ........cccccvireinieininieeene, 12-47
Table 12-18 - KW Full-Load Efficiencies for 50 Hz Premium Efficiency Electric
Motors Rated 600 Volts or Less (Random Wound) .............cc.c........ 12-48
Table 12-19 Premium Efficiency Levels for Capacitor-Start/Induction-Run
Single-Phase 48 and 56 Frame Motors ............ccccoooveiiieicecieeececeee 12-49
Table 12-20 Premium Efficiency Levels for Capacitor-Start/Capacitor-Run
Single-Phase 48 and 56 Frame Motors ...........cccooveeiiiiiicieieeee e, 12-50
Table 12-21 Premium Efficiency Levels for Three-Phase Induction 48 and 56
Frame MOOIS.......cooiiiiiie e 12-51
12.61 Report of Test for Tests on Induction Motors............cccooveviiiiiiciecciceeeeeee 12-51
12.62 Machine with Encapsulated or Sealed Windings—Conformance Tests.............c......... 12-51
12.63 Machine with Moisture Resistant Windings—Conformance Test ..........c.cccccoevevevrnn. 12-52
Part 12 Tests and Performance—DC Small and Medium Motors ................cccoooveeiiiiieniinne.n. 12-53
T2.0 SCOPE ...ttt ettt a ettt ettt en ettt e heebeebeeteeteentera et et esenbe b e 12-53
12.65 [NesfiMethads Hilecirical Manuracturers. Associafion........ 12-53
12.66  TESE POWET SUPPIY c.oovieiceeeeee ettt et et ens 12-53
12.66.1 SMAIMOLOTS ...t 12-53
12.66.2 MEdiUM MOLOTS.......cuiiiiieiiiieee e 12-53
12.66.2.1 Low-Ripple Power Supplies—Power SUpply A .......c.cooeviieieieeeeeeee, 12-53
12.66.2.2 Other Rectifier Power SUPPlIES ......ooiiieeiiiiiieiee e 12-53
12.66.2.3 Power Supply CharacteristiCs .........coooeeiiiiiiiie e 12-53
Figure 12-1  Test POWETr SUPPIES ....ocuooviieieeeeeeeeeee et 12-54
12.66.2.4 Supplies Designated by a Single Letter ..........ccooiiiiiiiiee, 12-54
12.67 TeMPEIALUIE RISE .......ocuviieeieieeeeeeee ettt ettt e et e e et e eteeeteereeraeeneea 12-55
12.67.1 Direct-Current Small MOtOrS.........ccoirieiiiieicieeieee e 12-55
12.67.2 Continuous-Time-Rated Direct-Current Medium Motors ...........cccccoeveneneee. 12-56
12.67.3 Short-Time-Rated Direct-Current Medium Motors...........cccceoeveveinencnennn. 12-56
12.67.4 Temperature Rise for Ambients Higher than 40°C ..............ccooooiiieiin. 12-57
12.67.5 Temperature Rise for Air-Cooled Machines for Ambients
Lower than 40°C, but Not Below 0°C..........ccoivieiiiieiiceeeeeeee e, 12-57
12.68 Variation from Rated VOIRAGE ........ccvooiiiieieeeee e 12-58
12.69 Variation in Speed DUE t0 LOAA ...........c.ooviiiieeeee e 12-58

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxii

12.70

12.71
12.72
12.73
12.74

12.75
12.76
12.77
12.78

12.79
12.80
12.81
12.82

Section Il

12.69.1 Straight-Shunt-Wound, Stabilized-Shunt-Wound, and

Permanent-Magnet Direct-Current MOtors...........cccoovvvieiiieicieieieeee 12-58
12.69.2 Compound-Wound Direct-Current Motors ............cccooeieiiieiceceeee 12-59
Variation in Base Speed Due to Heating ..........c.oovvieieieiiiiie e 12-59
12.70.1 Speed Variation with Temperature.............coooeeeeeiieciceieeeeeee e, 12-59
12.70.2 Resistance Variation with Temperature..............cccoooieoiiviviciiie e, 12-59
Variation from Rated SPEEA ..o 12-59
Momentary Overload Capacity..........cccveieieieieieieieeeete ettt ev bt esaesnens 12-60
Successful COMMUEATION ........oiiiiiiiie e e 12-60
OVErspPEEdS fOr IMOLOIS .......oviceiieeeceeeeee ettt ettt et ere e 12-60
12.74 1 Shunt-Wound MOLOIS .........cccoieiiieieee e 12-60
12.74.2 Compound-Wound Motors Having Speed Regulation of 35

PerCent OF LESS ... e 12-60
12.74.3 Series-Wound Motors and Compound-Wound Motors Having

Speed Regulation Great Than 35 Percent...........ccccoiiiiiiii e, 12-60
Field Data for Direct-Current MOTOIS ...........ccooirieiiieieicece e 12-60
Routine Tests on Medium Direct-Current Motors ............ccceivieeiienieineieeseeeee e 12-61
Report of test form for direct-current machings ............c..ccooooieiiiiiiiccc e 12-61
EfICIENCY ..ot ettt ettt et ettt ettt ere s 12-61
12.78.1 Type A POWET SUPPHES ......oovvieiiiieceeicieeeeeeee e 12-61
12.78.2 Other POWETr SUPPLIES ....oovvevieiiiieiiieeiecieeteeeee e 12-62
STADIITY oottt ettt ettt et et sttt ea et se b sttt ne s ens 12-62
Over Temperature Protection of Medium Direct-Current Motors ...................cocovevenene. 12-62
Data for DireCt-Current MOTOIS ..........c.cocioiiiiieieii ettt ettt te e esnesnens 12-63
Machine Sound of Direct-Current Medium MOTOrS.............ccooeieiiinieinieiceree e 12-63

Small (Fractional) and Medium (Integral) Machines

Part 13 Frame Assignments for Alternating Current Integral

Horsepower INduction MOtOrS...............oooiiiiii e
T30 S COPE o ettt ettt ettt et e e ete e eaeete et et et e nteereaaea
13.1 Frame Designations for Single-Phase Design L, Horizontal, and Vertical

13.2

13.3

13.4

Motors, 60 Hertz, Class B Insulation System, Open Type, 1.15 Service
Factor, 230 VOIS @Nd LESS ..ot

Frame Designations for Polyphase, Squirrel-Cage, Designs A and B, Horizontal
and Vertical Motors, 60 Hertz, Class B Insulation System, Open Type,
1.15 Service Factor, 575 VOIS @nd LESS ......ccocvvieirieieieieiceeeeteee et

Frame Designations for Polyphase, Squirrel-Cage, Designs A and B,
Horizontal and Vertical Motors, 60 Hertz, Class B Insulation System,
Totally Enclosed Fan-Cooled Type, 1.0 Service Factor, 575 Volts and Less .................

Frame Designations for Polyphase, Squirrel-Cage, Design C, Horizontal and
Vertical Motors, 60 Hertz, Class B Insulation System, Open Type,
1.15 Service Factor, 575 VOIS @Nd LESS ......ccoovvieirieieieieice ettt

© 2021 National Electrical Manufacturers Association



13.5

Section Il

ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxiii

Frame Designations for Polyphase, Squirrel-Cage, Design C, Horizontal and
Vertical Motors, 60 Hertz, Class B Insulation System, Totally Enclosed Fan-
Cooled Type, 1.0 Service Factor, 575 Volts and Less.........ccocevveviviieieieieieieieeee 13-5

Small (Fractional) and Medium (Integral) Machines

Part 14 Application Data—AC and DC Small and Medium Machines ......................cccoc. 14-1
TA.0 SCOPE ..ottt ettt et ettt e re ettt et et e eaeereens 14-1
14.1 Proper Selection of APPAratus ............ccoouioiiiiiee et 14-1

PN o] o [Tz T Te o T 7 | - LS 14-2
14.2  Usual Service CONAItIONS .......c.ooueieiiiiiieiiieeee et 14-2

14.2.1 Environmental Conditions...........cccooveiiiieiniiie e 14-2
14.2.2 Operating ConditioNS...........coccieiiiiiriiieee et 14-2
14.3  Unusual Service CONAItIONS.........c.cuviririiriiiiiieeeee et 14-2
144 TempPerature RISE........c.oouiiiiiee ettt et e e sreeaaeeae e eaeeneenns 14-3
14.4 1 Ambient Temperature at Altitudes for Rated Temperature Rise.................. 14-3
14.4.2 Motors with Service Factor ... 14-4
14.4.3 Temperature Rise at Sea Level..............oooeviiiiiiiiiieeeeeeeeee 14-4
14.4.4 Preferred Values of Altitude for Rating Motors...............cccocveiiiiieiinieiee 14-4
14.5 Short-Time Rated Electrical Machinges..............ccoooiioiiiiiiii e 14-4
14.6 Direction Of ROTALON ......cooiiiiiiiiciceeee et sttt 14-4
14.7 Application of Pulleys, Sheaves, Sprockets, and Gears on Motor Shafts ....................... 14-5
14.7.1 MountindEX1CAL. . VAANUIACIIIYSrS. A SSQCLATION. ................ 14-5
14.7.2 Minimum Pitch Diameter for Drives Other Than V-Belt..........ccccccceveeinennn. 14-5
14.7.3 Maximum Speed of Drive COmMpPoNENts............cccoovveeeierieceieeee e 14-5
14.8 Through-Bolt MOUNTING ......ocveiiiiiieicece ettt sens 14-5
14.9 ROAENT Prot@CHION.......eie ettt 14-6

Section Il

Small (Fractional) and Medium (Integral) Machines

Part 14 Application Data—AC Small and Medium Motors................cccccooiiiiiiiii i, 14-7
14.0 SCOPE .ttt ettt ettt ete et e et e et e eeteeete et e eat e et eteeteeteerteereens 14-7
14.30 Effects of Variation of Voltage and Frequency Upon the Performance

OF INAUCHION IMOTOTS ...ttt st sb e ene e 14-7
14.30.1 GENETAL ...ttt ettt 14-7
14.30.2 Effects of Variation in Voltage on Temperature...........c.cccocoeveieiecinvieniennnne 14-7
14.30.3 Effect of Variation in Voltage on Power Factor..............c.coooveveiieiciicien 14-7
14.30.4 Effect of Variation in Voltage on Starting Torques...........cccooevvivieeeieiennn. 14-7
14.30.5 Effect of Variation in Voltage on SHp.........cccocoooeiiiiniiieeeee 14-7
14.30.6 Effects of Variation in FreqQUEeNCY............cccccoouiiieieieeeeeeeeeeeeeeeeeea 14-8
14.30.7 Effect of Variations in Both Voltage and Frequency ............cccooevvvveiveennnne 14-8

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxiv

14.31
14.32

14.33
14.34

14.35

14.36

14.37

14.38
14.39

14.40
14.41

14.30.8 Effect on Special-Purpose or Small Motors ..........c.cooevveeiiieiiiceeceeee. 14-8
Machines Operating on an Ungrounded System............ccccooovoviiiiiicicicieeceeeeee, 14-8
Operation of Alternating Current Motors from Variable-Frequency or

Variable-Voltage Power Supplies, or BOth ...........c.cooiiiiiiiieeeeeeee e 14-8
14.32.1 PEIfOrMEANCE ..ottt e 14-8
14.32.2 Shaft VOIAGES ......c.ooeeieieee e 14-9
Effects of Voltages Over 600 Volts on the Performance of Low-Voltage Motors ........... 14-9
Operation of General-Purpose Alternating-Current Polyphase, 2-, 4-, 6-, and

8-Pole, 60-Hertz Medium Induction Motors Operated on 50 Hertz..............c..ccccooevenai. 14-9
14.34.1 SPEEA ...t ettt bbbt et e et re e 14-10
14.34.2 TOFQUES ..ottt et ettt et et ettt teeeve et e et e teeteeaeeaeeas 14-10
14.34.3 LoCKed-ROtor CUITENT.........ceeiiieiieiieee e 14-10
14.34.4 SEIVICE FACION ...ttt 14-10
14.34.5 Temperature RIS .........c.oov i 14-10
Operation of 230-Volt Induction Motors on 208-Volt Systems.........c.ccocevevieiireiennene 14-10
14.35.1 GBNETAL ...ttt bbbt ne e e 14-10
14.35.2 Nameplate Marking of Useable @ 200 V ........ccccooveivieiiieieieeeee e 14-10
14.35.3 Effects on Performance of Motor............ccocoeiiieiiiiiie e, 14-10
Effects of Unbalanced Voltages on The Performance of Polyphase

INAUCTION IMOLOTS ... ettt ettt e et be e seeens 14-11
Figure 14-1 Medium Motor Derating Factor Due to Unbalanced Voltage................... 14-11
14.36.1 Effect on Performance—General ............cccooveivieiiniieiiienieeeeeeeeees 14-11
14.36.2 Unbalance DEfiNEA ..........cooviouiiieieeeeeeeeeeeee e 14-11
14.36.3 TOPQUES .ttt ettt ettt eb et s teese e st est e st esbesseebesseeseere e 14-12
14.36.4 FUl-LOAA SPEEA.......oouiieiiiieietieeeette ettt 14-12
14.36.5 CUITENES ..ottt e be et b e eseebe e esesens 14-12
Application of Alternating-Current Motors With Service Factors..........c.ccoeevviveneennene. 14-12
14.37.1 GBNETAL ...ttt ettt b et b b e e 14-12
14.37.2 Temperature Rise—Medium Alternating-Current Motors .............cc.c.......... 14-12
14.37.3 Temperature Rise—Small Alternating-Current Motors ...........ccccoeeeeenrnen. 14-12
Characteristics of Part-Winding-Start Polyphase Induction Motors............cccccccveneeeee. 14-12
Coupling End-Play and Rotor Float for Horizontal Alternating-Current Motors ............ 14-13
14.39.1 Preferred Ratings for Motors with Ball Bearings ............ccccoooveoveeeecieeene 14-13
14.39.2 Limits for Motors with Sleeve Bearing ..........cccccocvevvevinieiiecicieeeeee 14-13
14.39.3 Drawing and Shaft Markings ..........c.cccooeiieiiiiieeeeceeeeee e 14-13
Output Speeds for Medium Gear Motors of Parallel Construction............c.c.cooeveeuenneane. 14-14
Application of Medium Alternating-Current Squirrel-Cage Machines

With Sealed WINAINGS ......cooviiiieie ettt eb e es s s s eee 14-14
14.41.1 Usual Service CONitioNS.........ccooveivirieiriiieieicieeeeteree et 14-14
14.41.2 Unusual Service ConditionsS ..........ccocevieiiiiieiienieieieeee e 14-15

© 2021 National Electrical Manufacturers Association



14.42

14.43

14.44

14.45
14.46
14.47
14.48

Section Il

ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxv
14.41.3 Hazardous LOCAtIONS..........ccoiiirieiiieee e 14-15
Application of V-Belt Sheaves to Alternating Current Motors Having
ANLIfrICHON BEAMNGS ......vevieeeeeeeeeeeeee ettt ettt et ettt 14-15
14.421 DIMENSIONS ...ttt ettt et b et ebeeneens 14-15
14.42.2 Radial Overhung Load Limitations ............cccocoevieievieieneciceeeee 14-15
Aseismatic Capability.......c.ccooevieriiei bbbt eee 14-15
Table 14-1  Medium Motors—Polyphase Induction ..............c.ccooviivinciineneneeee, 14-16
Table 14-1A Shaft Loading for AC Induction Horizontal Motors with Ball
Bearings - Maximum Radial Overhung Load, in Pounds, at
Center of N-W DIimMENSION .........ccccoeuiieiiriiieiiieieeiee et 14-18
Power Factor of Three-Phase, Squirrel-Cage, Medium Motors with
ContiNUOUS RALINGS .......oviiiiiiceieeeee et ettt eeaeeaeas 14-18
14.44 1 Determination of Power Factor from Nameplate Data .................c.............. 14-18
14.44 2 Determination of Capacitor Rating for Correcting Power Factor to
DESIred VAlIUE ..ot 14-19
14.44.3 Determination of Corrected Power Factor for Specified
Capacitor RAtING ........ccooiiieieieieieee ettt ettt 14-19

14.44 .4 Application of Power Factor Correction Capacitors on Power Systems...14-20
14.44.5 Application of Power Factor Correction Capacitors on Motors

Operated from Electronic Power Supply ...........cccoovveiiieiiiiecieieeeee e 14-20
Bus Transfer or RECIOSING...........oovooviiiiiee ettt 14-20
Rotor Inertia for Dynamic BraKing ............coooiioioiioiieiieecee et 14-20
Effects of Load on Motor EffiCiENCY ...........ccooiiviiiiiiiiic s 14-20
Reed Frequency of Vertical Machings .............cooooviiioiiiiieeeeeeeeeeee e 14-20

Figure 14-2  Typical Efficiency Versus Load Curves for 1800-Rpm Three-Phase
60-Hertz Design B Squirrel-Cage Induction Motors............cccccceveevreneneene. 14-21

Small (Fractional) and Medium (Integral) Machines

Part 14 Application Data—DC Small and Medium Motors....................ccoeciiiiiieciiicciiiee e, 14-23
TA.0 SCOPE ..ttt ettt ettt ettt ettt et e e teeteeae ettt et et e nteeteere e 14-23
14.60 Operation of Small Motors on Rectified Alternating Current..............ccccoevevevieienienennnn. 14-23

14.60.1 GENEIAL......oveieieeeet ettt 14-23
14.60.2 FOMM FACLON ...ttt 14-23
Table 14-2  Recommended Rated Form Factors ..., 14-24
14.61 Operation of Direct-Current Medium Motors On Rectified Alternating Current............. 14-24
14.62 Armature CUrrent RIPPIE .....ovv ottt 14-25
14.63 Operation on a Variable-Voltage Power SUPPIY ........ccocveieieieniinieiieecieeee e 14-25
14.64 Shunt Field Heating at Standstill................ccooeieiiiiiiiiiceceeeee 14-26
14.65 BeariNg CUIMENES .....c.ooviiiiieiieiiceeeet ettt ettt ettt b ete e beeteeseessessebesbesseeseeae e 14-26
14.66 Effect of 50-Hertz Alternating-Current Power FrequenCy............cccccveveieieieiienienieeeenens 14-26
14.67 Application of Overhung Loads to Motor Shafts ............cccocveeeiiiiiciceeee, 14-27
14.67 1 LIMITALIONS ... 14-27

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxvi

14.68

Section Il

Figure 14-3  Shaft Loading for DC Motors Having “At” Frame Designation—

Radial Overhung Load—End of Shaft.............cccoooeiiiiiiiie, 1
14.67.2 VoBEIEDIIVES ...ttt sttt st 1
14.67.3 Applications Other Than V-Belts ...........cccoovievieieiiiieceeeeeeee e 1
14.67.4 GBNETAL ...ttt b ettt n e ens 1
Rate of Change of Armature CUITENT ............c.ooviiiiiiiiceee e 1

Small (Fractional) and Medium (Integral) Machines

Part 15 DC GENEIatOrS .........ooiiii ittt e e e e e et e e e e e e e e e enteeeee e e e e e nneeeeeeaeeeaannneees
5.0 SCOPE ettt ettt e et et et et eaeereenes
15.10 Kilowatt, Speed, and Voltage RatingS..........cccccooioiioiiiiiecceeeeeeee e

15.10.1 Standard RatiNgS ........c.oooviiiiie e

Table 15-1  Kilowatt, Speed, and Voltage Ratings...........ccocceviviiiinieieieieieiee,

15.10.2 EXCIEIS ..ttt
15.11 Nameplate Time Rating, Maximum Ambient Temperature, and

INSUIAtION SYSIEM ClaSS ...ocuiiiiiieiie ettt eb b easesnens
15.12  Nameplate Marking ........c.oovioiiiieiiciecece ettt e b et beenas

Tests and PerfOrM@AaNnCe ............c.ooiiiiiiiii ittt e e et e e st b e e e e be e e e s enbeeeesneeeaeans
15.40 TeSEMEINOAS ..ottt sttt es s ssesbesbensenseeneas
15.41 TempPerature RISE.........ocoioiiiiiiieicece et ettt b e e s taesaeesseennas

15.41.1 Temperature Rise for Maximum Ambient of 40°C ............ccooveevieeeieicea.
15.41.2 Temperature Rise for Ambients Higher than 40°C ............c.ccocvoveveeienene.

15.41.3 Temperature Rise for Air-Cooled Machines for Ambients
Lower than 40°C, but Not Below 0°C..........ccocoiiiiiiiiic e
15.42  Successful CoMMUEALION ........coiiiiiiieie et
15,43 OVEIIOAQ ...ttt sttt sttt ettt e st ne et e
15.44 Voltage Variation Due to HEating...........ccoooiiieiiiiceeeeeeeeeee e
15.45  Flat COMPOUNGING ......cociiiiiieiiiieieieie ettt ettt ettt et etaesaessessessessessessesseesens
15.46 Testfor REQUIGLION ..........cooiiiiieee ettt eb e ebeesaennes
15.47 Overspeeds fOr GENETALOIS ...........ccoiuiiuiieieeeeeeeeee ettt eeanens
15.48 High-Potential TESt.......c.ociiiiieieee ettt ebeere s esnens
15.48.1 Safety Precautions and Test Procedure.............c.ccooeeieieieieieiiieeeee e
15.48.2 TESEVORAGE.....ooiiceeee e
15,49  ROULING TESES ...eiiiiiiieee ettt ettt s ettt et s se bt ebe e
15.50 Field Data for Direct-Current Generators..............cccoeoeeireinenieenereeeee e
15.51 RePOrt Of TESTFOIMM....ocoiiiieiieiee ettt ae e
15.52  EffiICIENCY oottt ettt b et b e bt eteeneesb e b benbeerens

MaNUFACTUNING ...t e e e b e e e
15.60 Direction of ROTALION .......ccooviiiiiieiiee ettt e
15.61 Equalizer Leads of Direct-Current GENErators.............cccoecveeveievieciciieeeeeeeeeee e

© 2021 National Electrical Manufacturers Association



Section Il

ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxvii

Small (Fractional) and Medium (Integral) Machines

Part 18 Definite Purpose Machines ... 18-1
18.1 SCOPE ..ttt ettt ete ettt e tteeteeete et e eateeateteeteeteerteereen 18-1
Motors for Hermetic Refrigeration Compressors ..............ccocccviiiiieiiiiciiii e, 18-1
18.2  Classification According to Electrical TYPE........ccoouiiuioiiieeeeeeeeee e 18-1
L 1] 1T £ PP PP PR 18-2
18.3  Volage RAtINGS ...c.ooviiiiececee ettt ettt ss s e sbe b eseenens 18-2
18.3.1 SiNGIE-Phase MOTOIS ..........cooviiieieceee et 18-2
18.3.2 Polyphase Induction MOTOrS ...........cccooiiiiiiiiie e 18-2
T84 FIrEQUENCIES. .......eieeeeeeee ettt ettt et ettt et et et e et e ereeeteeteeteeaeeeaeereenns 18-2
18.5  SPEEA RALNGS ....oviiieiicieeee ettt ettt ettt sbeebeeaeeteesaessesbessessesbenaeas 18-2
Tests and PerfOrManCe ............ooooiiiiiiiiiiieee ettt e e s e e aneee s 18-2
18.6  Operating TEMPEIATUIE ...........ccoouiieeeeeeeeeeeeee ettt veeaea 18-2
18.7  Breakdown torque and locked-rotor current of 60-hertz hermetic motors ....................... 18-2
18.7.1 BreakdOWn TOFQUE .......oouviviieeeeeee e e 18-2
18.7.2 Locked-Rotor CUITENT.........coiiiiiiiee e 18-2
18.8  High-Potential TeSt.........ccooioiiiiiiieeee ettt 18-4
18.9  Variations from Rated Voltage and Rated Frequency ...........c.ccccoceiiiiineinienieeee 18-4
18.10 Direction of ROTALON .....ccoouiiiiiiiiiiee e e 18-4
18.11 Terminal Lead MarkingS........c.ccveoiieiiiiiiiieie ettt ettt ve e aee e 18-4
18.12 Method of Test for Cleanliness of Single-Phase Hermetic Motors Having Stator
Diameters of 6.292 Inches and Smaller............ccocvoiieieiiieieeceeee et 18-4
18.121 SEALOIS ..ot b bbb seeraens 18-5
18.12.2 ROTOIS ..ottt eb e bt sa et et ss et e b e b e s e ene e 18-5
18.13 Method of Test for Cleanliness of Hermetic Motors Having Stator Diameters of
8.777 INChES @Nd SMAIIET ..ottt esenan 18-5
18.13.1 PUIMPOSE ...ttt st e be e na s s 18-5
18.13.2 DESCIIPION ...ttt 18-5
18.13.3 SAMPIE STOTAGE ..ottt ettt 18-5
18.13.4 EQUIPMENT ...ttt 18-5
18.13.5 PrOCEAUIE. ...ttt eeene 18-6
ManUFaCtUNING ... e e 18-7
18.14 Rotor Bore Diameters and Keyway Dimensions for 60-Hertz Hermetic Motors ............. 18-7
18.15 Dimensions for 60-Hertz Hermetic MOtOrsS ..........ccoooveiriiieieeceeee e 18-7
18.16  FOrming Of ENA WG ......oouoieieieeeeeeeeeeee ettt eaea 18-8
18.17 Thermal Protectors Assembled on or in End Windings of Hermetic Motors ................... 18-8
18.18 Lettering of Dimensions for Hermetic Motors for Hermetic Compressors ....................... 18-9
Figure 18-1 Lettering of DIMENSIONS .........cc.ooviiiiiiiieiceceeeeeeeee e 18-10

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxviii

Small Motors for Shaft-Mounted Fans and Blowers....................ccooiii e 18-11
18.19 Classification According to Electrical TYPE......ccccvvieieieiiieieieeeee e 18-11
[ 1] Vo 1= 18-11
18.20  VORAGE RALNGS ...oocviiiiitieee ettt st r e ab e st beesseessessnens 18-11

18.201 SiNgle-Phase MOTOrS ........c.coooiiiiiiececec e 18-11
18.20.2 Polyphase INduction MOOIS ..........ccoovivieiiiniiiiciieieeeie e 18-11
T18.21  FrEQUEBNCIES. ....c.oeceiiiiee ettt ettt e b e e s te et sbeeaaeeaeesseesbeesseesaesreans 18-11
18.22 Horsepower and Speed RatiNgS ..........cooovoiiiioiioiie e 18-11
18.22.1 SiNgle-Speed MOLOIS .......ccooviiiiiiieee e 18-11
18.22.2 TWO-SPEEA MOLOIS ...ttt 18-11
Tests and PerfOrManCe ............ooooiiiiiiiiiiie et e 18-12
18.23  TempPerature RISE.........ccooiiiiiiiee ettt sbe e s aa e aeesbeeaeeree e 18-12
18.24 Basis Of HOrsepower RatiNG ..........ccociiieiiiiiiiiiieee ettt 18-12
18.25 Maximum Locked-Rotor Current—Single-Phase ..........c.cccooevevieiiiiieiiieeeee e 18-12
18.26  HIgh-Potential TeSIS......ccoioiiiieee ettt e 18-12
18.27 Variations from Rated Voltage and Rated Frequency ...........c.ccccooeevieieieieicicceceeenn, 18-12
18.28 Direction of ROAtION .......ccoiiiiiiiiiicciee et eb s 18-12
ManNUFACTUNING ... et e et e et e e e sbreeeea 18-12
18.29 General MechaniCal FEAtUIES ............cccciiiviiiiiiieiee et 18-12
18.30 Dimensions and Lettering of Dimensions for Motors for Shaft-Mounted
FANS @Nd BIOWETS.........oiiieeee ettt ettt s et ae et eaeeaeesens 18-13
18.31  Terminal MarkiNgS .......ooooieiiiiee ettt ettt ettt e 18-13
18.32 ITerminal Lead'Lengths. e L e L Ll b R L Rl 2 L N Al A 18-13
Figure 18-2  Motors With Base........c.covoviiiioiic e 18-13
Figure 18-3 Motors Without Base (P Dimension 4.38 Inches and Larger) ................ 18-14
Figure 18-4 Motors Without Base (P Dimension Smaller Than 4.38 Inches)............ 18-14

Small Motors for Belted Fans and Blowers Built in Frames 56 and Smaller ....................... 18-15
18.33 Classification According to Electrical TYPE........ccooiouieuieiieeeeeeeeeee e 18-15
[ 1] Vo 1=, 18-15
18.34  Voltage RatiNGS ......covoovieiiiieiccee ettt sttt ettt sb e b sse s ne s 18-15

18.34.1 SiNgle-Phase MOTOrS ........c.coooiiiiiiecece e 18-15
18.34.2 Polyphase MOLOIS .........ccvoiiiiiceecece e 18-15
T18.35  FrEQUEBNCIES. ....c.oeceiieiee ettt et e sttt e e aaeeaeeesaenteesbessnenreens 18-15
18.36 Horsepower and Speed RatiNgS ..........ccccoiiiiiiiieiecie e 18-15
18.36.1 SiNgle-Speed MOLOIS .......ccoooveiiiiiieee e 18-15
18.36.2 TWO-SPEEA MOLOIS ...t 18-15
Tests and PerfOrManCe ............ooooiiiiiiiiiie et e e e 18-16
18.37  TemMPErature RISE.........coviouiieieeeee ettt ettt ae e eaeeaeens 18-16
18.38 Basis of HOrsepower RatiNg ..........ccooieiiiiiiiiiieieeee ettt 18-16

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxix
18.39 Maximum Locked-Rotor CUITENT ..........ccooiviiiieeieee e 18-16
18.40 High-Potential TeSt.........ooiiiiieieee et bbb s e 18-16
18.41 Variations from Rated Voltage and Rated Frequency ...........c.ccccoceieieieieicicceceeree, 18-16
18.42 Direction of ROTALION .......cooviiiiieicee e st 18-16
ManNUFaCtUNING ... et e b e e sbre e e 18-16
18.43 General Mechanical Features ............ococvviviiiiieieee e 18-16
18.44 Lettering of Dimensions for Motors for Belted Fans and Blowers..............cccccccoveuvenene. 18-17
Figure 18-5 Lettering of DIMENSIONS .........ccoooviiiiiiiiciceeeeee e 18-17
18.45 Classification According to Electrical TYPe........cccoovviiieieieieieeeeeee e 18-17
RATINGS ..o ettt e e b e e b e e e e e aabeeeeaae 18-17
18.46  VORAGE RAUNGS ....oooviiiiiieee ettt st r e te e beesseessessnens 18-17
T84T FrEQUENCIES. ....c.oeceieeiee ettt ettt e be et e s ta e te e b e e sbeeaeeeseesteessessaesreans 18-17
18.48 Horsepower and Speed RatiNgS ..........ccccvoiiiiiiiie it 18-17
18.48.1 Horsepower RatingS ........cooiiiiiiiiiiee s 18-18
18.48.2 SPEEA RALINGS ...ttt 18-18
Tests and PerfOrManCe ............ooooiiiiiiiiiiie et e e e e 18-18
18.49  TemMPErature RISE........cccooiiiiiiiiiiiiiieiiieti ettt ettt eb e ee ettt essess e b e aseseesesseeseessans 18-18
18.50 Basis of HOrsepower RaAtiNGS ........ccoiiieiiiiiieiiieiisieee ettt ens 18-18
18.51  HIgh-Potential TeSIS......cciiiiiiie ettt 18-18
18.52 Variations from Rated Voltage and Rated Frequency ..............cccccocievieiiieicieccccee, 18-18
18.53 Variation from Rated SPEEA ............oooiiiiiiiieeeeeeeeeee et 18-18
18.54 Terminal Markings—Multispeed Shaded-Pole Motors ...........cccccovevvineininciieeee 18-19
MaNUFACTUNING .......ooiiiii ettt sttt e et e e e ettt e e sbeeeeeeaneeeeens 18-19
18.55  Terminal MarkiNgS.........couioiieieiieiieieeteete sttt ettt et steesbe s e eabeesaeeteesbeesseessensnen 18-19
18.56 Terminal Lead LengthS........c.cooooviiiiiiiiiicccee et sttt 18-19
18.57 General Mechanical Features ... e 18-19
18.58 Terminal Markings for Non-Pole-Changing Multispeed Single-Voltage Nonreversible
Permanent-Split Capacitor Motors and Shaded Pole Motors............cccocveveevecveeviciecnnne, 18-20
Figure 18-6a Terminal MarkingsS..........couviiiiiiiiiiee e 18-20
Figure 18-6b Terminal MarkingsS..........cooiiiiiiiiii e 18-20
Figure 18-6¢ Terminal MarkingS..........cuoiiuiiiiiiiie e 18-20
Figure 18-6d Terminal MarkingsS..........couviiiiiiiiiieee e 18-20
Figure 18-6E Terminal MarkingsS..........couviiiiiiiiiieee e 18-21
Figure 18-6F Terminal MarkingsS..........cooiiiiiiiiiiiciie e 18-21
18.59 Dimensions of Shaded-Pole and Permanent-Split Capacitor Motors Having
A P Dimension 4.38 INChes and Larger ..........ccocvevieiiiiieiieiieieieieieie et 18-21
Figure 18-7  DIMENSIONS.......ccviciieiicieeeeteeeeee ettt ettt ettt s aeesaeereaas 18-22
18.60 Dimensions of Shaded-Pole and Permanent Split Capacitor Motors Having
A P Dimension Smaller Than 4.38 INChES.........cccooueieirieiiiiccce e 18-23

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxx
18.61 Dimensions for Lug Mounting for Shaded-Pole and Permanent-Split
LOF=ToT= Tod ) (o] g \Y (o] (o] = U TP TTPURTRT 18-23
Figure 18-8 Motors Having P Dimension Smaller Than 4.38 Inches.......................... 18-23
Figure 18-9 Lug Mounting DIMENSIONS .........ccceevieiiiiiiieiieieieieee et 18-23
ApPPLication Data......... ... e e e e e e e e e e e nnnees 18-23
18.62 NamMEPIAte CUIMENL........coiiiieieeeeee ettt ettt 18-23
18.63 Effect of Variation From Rated Voltage Upon Operating Speed...........c.cccooveevievieieneanen. 18-24
18.64  INSUIAtION TESHING .....ooviiiiieiieieieee ettt sttt b b b e sbesbesbeereeeas 18-24
18.64 .1 TeSt CONAItIONS ..o 18-24
18.64.2 TESTIMETNOM ...ttt 18-25
18.65  Service CONAItIONS .......cooieiiieieiicieteeee ettt et st b et sbe e nee 18-25
Figure 18-10 Typical Shaded-Pole Speed-Torque Curve Showing Expected
Speed Variation Due to Manufacturing and Voltage Variations ............. 18-26
Figure 18-11 Typical Permanent-Split Capacitor Speed-Torque Curve
Showing Expected Speed Variation Due to Manufacturing
and Voltage Variations ..o 18-27
Small Motors for SUMP PUMPS ..........oooiiiii e a e 18-28
18.66 Classification According to Electrical TYPE......c.covoouiouieuieieieeeeeee e 18-28
L= 11 Vo L= O e OPPPPPOPPRN 18-28
18.67  Voltage RAtiNGS ......ooiviiieii ettt ettt st 18-28
T18.68  FrEOQUENCIES. ....cviiiiiiiiiiecieiie ettt et a e e e e s ta e aeeabe e s e eaeeeseebeessessaesseans 18-28
18.69 Horsepower and Speed RatiNgS .........ccocooiiiiiiioi e 18-28
18.69.1 HOrsepower RatiNGS ......c.oouiieiiiieiieee e e 18-28
18.69.2 Speed RatiNgS ...c.ocviieeeiie e 18-28
Tests and PerfOrManCe ............ooooiiiiiiiiiiie e e e e e 18-28
18.70  TempPerature RISE.........ccoooiiiiiiiee ettt ettt e be e s aa e aeesbeeaeeaeens 18-29
18.71 Basis of HOrsepower RatiNGS .........cocvoiiiiieieieieieee et 18-29
18.72  Torque CharacteriStiCS ...........ooiiiuiiiieecece ettt 18-29
18.73  High-Potential TeSIS......ccoioiiieeee ettt 18-29
18.74 Variations from Rated Voltage and Rated Frequency ...........c.ccccooeieieiiieicicceceeren, 18-29
18.75 Direction of ROIALION .......c.oiiiiiiee e e 18-29
ManUFaCtUNING ... et e e e snre e e 18-30
18.76 General MechaniCal FEAtUIES ...........cocoeiieiiiicieeeeeee ettt 18-30
18.77 Dimensions for Sump Pump Motors, TYpe K........ccooioiiieieeeeeeeeeeeeeeeeeee 18-30
18.78 Frame Number and Frame SuffiX Letter ..o 18-30
Figure 18-12 Sump Pump Motor DIMENSIONS ............cccoeiiieieieecieee et 18-31
Small Motors for Gasoline Dispensing PUMPS .............ccceeiiiiiiiiiiiiiiece e 18-32
18.79 Classification According to Electrical TYPe........ccooooiiieieieieeeeeeeeeeee e 18-32
L 1] 1 Vo L= O PP PRP PRSIt 18-32
18.80  VOlage RatiNGS ......coviiiiiiiiieiceeeeee ettt ettt ettt et b st e s 18-32

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxxi

18.80.1 SiNgle-Phase MOTOrS ........c.coooiiiiiie e 18-32

18.80.2 Polyphase INdUction MOOIS ..........ccovviiiiiiieiiiieiceeieie e 18-32

T8.81  FrEQUEBNCIES. ..ottt ettt et e st te b e e saeeaeessaesteessessaesreans 18-32
18.82 Horsepower and Speed RatiNgS .........ccooovoiiiiiiioiieceee et 18-32
18.82.1 HOrsepower RatiNgS ........ccoiiiiiiieieeeseee e 18-32

18.82.2 Speed RatiNGS .....coviiiiiieeeee s 18-32

Tests and PerfOrManCe ............ooooiiiiiiiiiiie et e 18-33
18.83  TempPerature RISE.........ccooooiiiiieiieee ettt e e e s aa e aeesbeeneeree e 18-33
18.84 Basis of HOrsepower RatiNgS .........cccvoiiiiieieieieieee et 18-33
18.85 LOCKEA-ROIOr TOMQUE ......ooviieiiiee ettt ettt eae e eaeereenrens 18-33
18.86  LOCKEA-ROLOr CUITENT .......ouiiieieiiieeeet ettt e 18-34
18.87  HIgh-Potential TeSt........coooeiieee ettt et r et 18-34
18.88 Variations From Rated Voltage and Rated Frequency ...........c.cccocoecieiiiiieienieniciee, 18-34
18.89 Direction of ROIALION ..o e 18-34
MaNUFACTUNING .....ooooiiii e e e e e e e e et e e e e e e e e sebabeeeeaeesaannes 18-34
18.90 General MechaniCal FEAtUIES ............cccvvivieiiieieiece et 18-34
18.91 Frame Number and Frame SuffiX Letter .........ccoooooviviiiiiciiiieee e 18-35
18.92 Dimensions for Gasoline Dispensing Pump Motors, Type G .........cccccevvevieievieniineeinne 18-35
Figure 18-13 Dimensions for Type G Gasoline Dispensing Pump Motors................... 18-35

Small Motors for Oil BUINEIS ...............ooiiiiiiiiiiii et e a e e e 18-36
18.93 Classification According to Electrical TYPe.......ccccoverviieirineieeseeeeeee e 18-36
RATINGS ..ottt e e e abeeeeaae 18-36
18.94  VoIage RAUNGS .....oovviiiieieee ettt ettt beesbeessessnens 18-36
T18.95  FrEQUEBNCIES.....c..ooeiieiee ettt et e st te et e e aeeteesseesteessesssenreans 18-36
18.96 Horsepower and Speed RatiNgS ..........ccocvoiiiiiiini it 18-36
18.96.1 HOrsepower RatiNgS ........ccooioiiiiieieieeceeee e 18-36

18.96.2 SPEEd RALINGS ...t 18-36

Tests and PerfOrManCe ............ooooiiiiiiiiiii e e 18-37
18.97  TemMPErature RISE..........cvoouiiiiieee ettt et e a e e e ereeaeens 18-37
18.98 Basis Of HOrsepower RatiNg ..........ccociviiiiiiiiiiiieetee ettt 18-37
18.99 Locked-Rotor CharacteriStiCs ..........cvvveirerieieieeeeee e 18-37
18.100 High-Potential TeSt........coooiieiieeeeee et st b e 18-37
18.101 Variations from Rated Voltage and Rated Frequency .............cccoceieieiiieieieienieeee, 18-38
18.102 Direction of ROIALION .......c.oiiiiiiieee e e e 18-38
MaNUFACTUIING .....ooooiiii e e e e e e e e et e e e e e e e e sebareeeeaeesaannes 18-38
18.103 General MechaniCal FEAtUIES ............cccuvivieiiiiieieee et 18-38
Figure 18-14 Mechanical Features for Oil Burner Motor Construction ..............c......... 18-38

18.104 Dimensions for Face-Mounting Motors for Oil Burners, Types Mand N ....................... 18-39
T8.105 TOIBIANCES ...ttt ettt ettt ettt a e te ettt e be bt e st et e e et e benseee e ee 18-39

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxxii

18.106 Frame Number and Frame Suffix Letter ..o 18-39
Small Motors for Home Laundry EqQuUIpment ... 18-39
18.107 Classification According to Electrical TYPe........c.ccoooiiiiiieieieeeeeeeeeeee e 18-39
[ 1] 4T 1= 18-39
18.108 Volage RAINGS ......oovioiiiiiieeceee ettt ettt ettt sb et ss b e s seese e 18-39
T18.109 FrEQUENCIES. ..ottt ettt e te e ettt eteeseereeesseeteeteenseereens 18-40
18.110 Horsepower and Speed RatiNgS ..........c.covoiiiiiiioiiecee et 18-40
18.110.1  Horsepower RatiNgS .........ccioiiiiiiiiiiieieceeeeeteee ettt e 18-40
18.110.2  RAUNGS c.eovieiieieiiee ettt sttt ettt senas 18-40

18.111 Nameplate Marking ............ccocieviiriereieee ettt b e beeseeseens 18-40
Tests and PerfOrManCe ............ooooiiiiiiiiiiie et e e e e 18-40
18.112 TempPerature RISE..........couioiiiieiieee ettt ettt e be e ea e s ra e aeesbeeneereens 18-40
18.113 Basis of HOrsepower RatiNG ..........ccocioiiiiiieiiiiieee ettt 18-41
18.114 Maximum Locked-Rotor CUITENT..........ccooiviiiiieieee e 18-41
18.115 High-Potential TeSt........coooeiieeeee ettt 18-41
18.116 Variations From Rated Voltage and Rated Frequency ..........cccccovvevieiiciesecvieeeeeiens 18-41
MaNUFACTUNING ......oooiiiii bbb e e e e 18-41
18.117 General Mechanical FEatUres .............ccoooiiiiiiiiiiccice et 18-41
18.118 Dimensions for Motors for Home Laundry Equipment............c.cccocooiiiiiiiiiccicceeeee 18-41
Figure 18-15 Motor DIMENSIONS .....coiiuiiiiiiieiicie et 18-42
Motors for Jet PUMPS .. ... ettt e e e e et e e e e e 18-42
18.119 Classification According to Electrical TYPe.......cccociveiiiriiieiieeercec e 18-42
RAEINGS ..ottt e e e e e e e 18-42
18.120 VORAGE RALNGS ..ottt st r e eaa et beesseessessnens 18-42
18.120.1  Single-Phase MOTOrS ..........ccooieiiiiiiecece et 18-42
18.120.2  Polyphase Induction MOtOrS .........c.ccovuieiiiiieiicieieeee e 18-43

T8.12T FrEQUENCIES. ... oottt sttt e e st e e aeesbeesbeesseeseesaeesseenbeessenssenseans 18-43
18.122 Horsepower, Speed, and Service Factor Ratings ...........cccocoeevieiiiiiciceeeeeee 18-43
Test and Performance ... e 18-43
18.123 TemMPErature RISE.........coviouiiiieeeeee ettt ettt e ae e eaeeaeens 18-43
18.124 Basis of HOrsepower RatiNgG ..........ccocviiviiiiiiieiieieeeeeee e 18-44
18.125 Torque CharacteriSHCS ..........c.oovivuioiiiieeiceceee et e 18-44
18.126 Maximum Locked-Rotor CUITENT ...........coiviiiieeieee e 18-44
18.127 High-Potential TeSt.........coiiiiieieee ettt bbb b ens 18-44
18.128 Variations from Rated Voltage and Rated Frequency ...........c.cccccoeieieieiciciececeerene, 18-44
18.129 Direction of ROTALION .......c.ooviiiiiieiee e st e 18-44
MaNUFaCTUNING ... ettt e e e e 18-44
18.130 General Mechanical Features ............ccocvviiiiiicieee e 18-44
18.131 Dimension for Face-Mounted Motors for Jet PUMPS ..........ccoooooiiiiiiiiiceeeceee, 18-45

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxxiii

Figure 18-16 Face-Mounted Jet Pump Motor Dimensions.............ccococveieiecienienieenennns 18-45

Figure 18-17 Face-Mounted Jet Pump Motor Dimensions.............ccccecveveiecienieneenenns 18-46

18.132 Frame Number and Frame Suffix Letter ............ccoviveiniieiiieeeeeeeeee e 18-46
Small Motors for Coolant PUMPS ..o 18-46
18.133 Classification According to Electrical TYPe........cccocvviiieieieieieeecee e 18-46
RATINGS ..o ettt e e b e e b e e e e e aabeeeeaae 18-47
18.134 VORAGE RALINGS ..ottt st aaeste e beesseessessnens 18-47
18.134.1  Single-Phase MOTOIS ..........coovoiiiieieeee e 18-47
18.134.2  Polyphase Induction MOtOrS ..........ccoevieiiiiiieiieieeeeee e 18-47
18.134.3  Direct-current MOLOrS..........coeiiiieiieetcee e 18-47

T18.135 FrEQUEBNCIES. ..ottt ettt et e te et be et e eaeeesaesbeesbessnesreans 18-47
18.136 Horsepower and Speed RatiNgS .........ccooovoiiiiiiioiieceee e 18-48
Tests and PerformancCe .......... ..o e 18-49
18.137 TemMPErature RISE.........coviciiiiieeeee ettt et eaeeaeens 18-49
18.138 Basis of HOrsepower RatiNg ..........ccocoovieiiiiiiiiiieceieeee e 18-49
18.139 Torque CharacteriStiCS ..........c.oouivuiiiiieiceeeeeee et e 18-49
18.140 Maximum Locked-Rotor CUITENt............ccocieiiviiiiiiiie it 18-49
18.141 High-Potential TeSt.......cooioiiiiet e e 18-49
18.142 Variations from Rated Voltage and Rated Frequency ...........c.ccccoceiivieiiicieiccecceeene, 18-49
18.143 Direction Of ROTALION ....ccocuiiiiiiiiieicec et sttt 18-49
ManNUFaCTUNING ... ettt e e et e e s b e e e sbeeeeea 18-50
18.144 General Mechanical FEatUres ...........c.ccooiiiiiiiiiiicece e 18-50
Submersible Motors for Deep Well Pumps—4-Inch ..............ccccooiiiii e 18-50
18.145 Classification According to Electrical TYPe........cccoooiiiiiieieeeeeeeeeeeeeee e 18-50
RATINGS ..ottt e et e b e e e e st e e e e e aabeee e e 18-50
18.146 VOlage RAtINGS ......oovieiieiieee ettt sttt ettt et ess e bese s 18-50
18.146.1  Single-Phase MOTOIS ..........coovoiiiieieee e 18-50
18.146.2  Polyphase INduction MOtOIS..........ccooiiiiiiiiciceeeee e 18-50

T8.147 FrEQUENCIES. .....c..eeeeieeeeeee ettt ettt e te e e tt e teeeteeaeeaeeesseteeseenaeereens 18-51
18.148 Horsepower and Speed RatiNgS ..........cccvoieiiiiiie it 18-51
18.148.1  Horsepower RatiNgS .........ccioiiiiioiieiieie ettt e 18-51
18.148.2  SPEEA RAUNGS ....c.viiiiieiceeteeeee ettt 18-51

Tests and Performance .......... ..o e 18-51
18.149 Basis of HOrsepower RaAtiNG ..........ccocieiiiiiiiiiieieei ettt 18-51
18.150 LOCKEA-ROLOr CUITENT .......cuiiieieiiieeeet ettt s b e 18-51
18.150.1  Single-Phase Small MOtOrS ...........c.ocvoieieicieeeeieeeee e 18-51
18.150.2  Single-Phase Medium MOOrS ...........cccoeiiieieiiieeeee e 18-51
18.150.3  Three-Phase Medium MOtOrS...........coooeirinirinieesieeet e 18-51

18.151 High-Potential TeSt........coi ottt 18-51

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxxiv

18.152 Variation from Rated Voltage at Control BOX ...........ccocveieieieieiieiececeeeeeeeieiens 18-51
18.153 Variation From Rated FreqUENCY ............ccvciiiiiiiiiiietete ettt 18-52
18.154 Direction of ROTALION .......c.ooviiiiieicee e st s 18-52
18.155 THIUSE CAPACIY.....cieiiieieiiieietecec ettt sttt ettt et sa et b seesesaesensens 18-52
ManUFaCtUNING ... et e e e e e bre e e 18-52
18.156 Terminal Lead MarkinNgS.........ccoveviieiieiiiieiieieietet ettt sbe s sae e et esnennens 18-52
18.157 General MechaniCal FEAtUIES ............cccovivieiiiieieee et 18-52
Figure 18-18 General Mechanical Features .............cccooveveieiiieeicececeeeeeeeeeeea 18-53
Submersible Motors for Deep Well Pumps—6-Inch ... 18-54
18.158 Classification According to Electrical TYPe........ccoovviiieiiieieieeeee e 18-54
[ 1] Vo 1= 18-54
18.159 VORAGE RALINGS ..ottt s r e aa e te e beesseessesseens 18-54
18.159.1  Single-Phase MOTOrS ..........ccoooieiiiiieece e 18-54
18.159.2  Polyphase Induction MOtOrS ..........ccevuieiiiiieiieieieeee e 18-54

T8.160 FreQUENCIES. .......eceiiiiiiee ettt ettt et e e s tt e teesbeeaaeeaeessaesteesseesaesreans 18-54
18.161 Horsepower and Speed RatiNgS ..........c.oovoiiiiiiioiiieceee e 18-54
18.161.1  Horsepower RatiNgS ........c.coceveiiiiieiieiiiieisiesieiese st 18-54
18.161.2  Speed RaAiNGS ....ccuouiiirieiiiieiieiie ettt 18-54

Tests and PerfOrManCe ...........cooiiiiiiiiiii ettt e e s e e e e e aae e e e 18-54
18.162 Basis for Horsepower Rating...........ccoooiiiiiiiiiiiiiciiceee s 18-54
18.163 LOCKEA-ROLOr CUITENT .......ouiiiiieiiieieee ettt ettt ettt 18-55
18.164 High-Potential TeSt.......ccooioiiieiiee e 18-55
18.165 Variation From Rated Voltage At Control BOX .........cccooveviieoecieeeeeeeeeeee 18-55
18.166 Variation From Rated FreqUENCY ..ottt 18-55
18.167 Direction of ROIALON ......cc.ciiiie e e 18-55
18.168 ThruSt CaAPACIY....c.ccvioiieiieiieieieie ettt er ettt et est b e b ebeeseeseebeeseens 18-55
MaNUFACTUIING .....ooooiiii e e e e e e e e e e e et e e e e e e e e snbabaeeeaeesaaanes 18-56
18.169 Terminal Lead MarkingS.........couieiiiiiiieiieie ettt ettt et v et saeesteeneenne e 18-56
18.170 General Mechanical FEatures ............ccocviriiiiieieee e 18-56
Figure 18-19 General Mechanical Features .............oceveieiiiiiiniicecceeeeeeee s 18-56
Submersible Motors for Deep Well Pumps—38-Inch ....................ccooiii e, 18-57
18.171 Classification According to Electrical TYPe........cccooooviiieiieieeeeeeeeeeeeeee e 18-57
RALINGS ..ottt sb st ettt bbb beeteeteeteetbetbenbenbensens 18-57
18172 Volage RALINGS ......ooviiiieiiee ettt sttt ettt ss et s b b se s 18-57
T8.173 FrEQUEBNCIES. ....c.oeceiieiee ettt ettt e be e e s ta e bt e sbeesaeeaeeessesteessessaesreens 18-57
18.174 Horsepower and Speed RatiNgS ..........cooovoiiiiiiioiieceeeceeee e 18-57
18.174.1  HOrsepower RatiNgS ........c.covoiiieieiiieieeeeeeee ettt s 18-57
18.174.2  SPEEA RALINGS ....oviiiiiiiieeeee ettt sttt esneneas 18-57

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xxxv

Tests and Performance .......... ..ot 18-57
18.175 LOCKEA-ROtOr CUITENT .......eiiiieiiiee et st 18-57
18.176 High-Potential TeSt........coi ottt b e 18-58
18.177 Variation From Rated Voltage At Control BOX .........cccooveiiiioiciececeeceeeeee 18-58
18.178 Variation From Rated FreqQUENCY ...........ccooiviiiiiiiice ettt 18-58
18.179 Direction of ROIALON ..ot e 18-58
18.180 ThrUST CAPACITY.....c.ccviivieieieeeeeeeeee ettt ettt ettt e eaeeaeeae e 18-58
18.181 General Mechanical FEAtUIES ............cccuvioiiiiieieiceee et 18-58
Figure 18-20 General Mechanical Features ..............ccoceviiierienieeeiececeeeee e 18-59
Medium DC EIevator MOLOrS ... sms e sms e smn e e s mmmn e 18-59
18.182 Classification ACCOrdiNg t0 TYPE .....ocuiiuiieieieeeeeeeee e 18-59
18.182.1  ClasS DH ..ottt aes 18-59
18.182.2  ClASS DL..uuiiiieieeieiieet ettt sttt seees 18-59
RATINGS ..o ettt et e e b e e et e e e abeeeeaae 18-59
18.183 VOlage RaAINGS ....ooviieiiceeieeee et ettt b e st te et e beesseessessnens 18-59
18.184 Horsepower and Speed RatiNgS ..........c.covoiiiiiiioiiecece e 18-60
18.184.1  ClasS DH ..ottt sens 18-60
18.184.2  ClAaSS DL...oueiceieicieiiiieteiciie ettt sttt s et nen s sanes 18-60

18.185 Basis Of RAING ........ccuoiiiiiii ettt beseebe e e 18-60
18.185.1  ClasS DH .oeiiiiiiieceee ettt sttt esenn 18-60
18.185.2  ClASS DL...uieieieiieeeie ettt sttt et seeas 18-60

18.186 Nameplate MarkingsS .........ooiiiiiieiie ettt 18-60
Tests and PerfOrmMancCe ...t 18-61
18.187 Acceleration and Deceleration Capacity ............cccccoeiiieieeeieieieeeeeeeee e 18-61
18.188 Variation in Speed DU t0 LOAd .........c.ooovieiiiiieeeeceeeeee et 18-61
18.188.1  ClasS DH ...ttt nens 18-61
18.188.2  ClasSS DL ..ouiiceieiieiieeieietet ettt ees 18-61

18.189 Variation From Rated SPEEd .............cooiiiiiiiieeeeee e 18-61
18.190 Variation in Speed Due TO Heating ..........cccooevieiiiiiiiiieeeeeeee e 18-61
18.190.1  Open-Loop Control SYSIEM ........ccocieiiieiiieieieeeeee e 18-61
18.190.2  Closed-Loop Control System ...........ccooioieieieeeeeeceeeee e 18-61

18.191 High-Potential TeSt........coooiieeeeee ettt et 18-61
18.192 TemMPErature RISE.........ccooouiiiieeeeee ettt e aeeeae e eaeeaeens 18-61
Motor-Generator Sets for DC Elevator Motors ... 18-62
[ 1] Vo 1= 18-62
18.193 Basis Of RAIING ........cooiiiiiieieeeeee ettt et 18-62
18.193.1 TIME RAING...c.iiiiiiiiiieeeee ettt eb e et eaeeaaenes 18-62
18.193.2  Relation to Elevator MOtOr ...........cceiiiieiiecee e 18-62

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxxvi

18.194 Generator Voltage RatingS ........ccooiiiiiiiiieieeeeee et 18-62
181941 VAIUE ...ttt b st s e eb s s enens 18-62
18.194.2 MaximUuM ValUE...........coriiuiiiiieieiesieeeet ettt ebe s e ese e 18-62

Tests and PerfOrManCe ............oooiiiiiiiiiiie et e e e 18-63

18.195 Variation in Voltage Due to Heating ..........cccccovereiiieiiiciceceeeee e 18-63

18.195.1  Open-Loop Control SYSIEM ........ccociviiieiiieieieeee e 18-63
18.195.2  Closed-Loop Control System ...........ccooioieiiiieeeeeceeeee e 18-63

T8.196 OVEIIOAM ..ottt ettt et bttt seete e e e be st ebess e e sesseseeseneens 18-63

18.197 High-Potential TeSt........cooieieieieeeee ettt 18-63

18.198 Variation from Rated VOIAGE ........ccuooiiiieieeeeeeee e 18-63

18.199 Variation from Rated FreqQUENCY ..........c.coooiiiiiieeeceee e 18-63

18.200 Combined Variation of Voltage and FreqQUENCY ............ccocveveevieiieiiciieieeeeeeeeeeeee 18-63

18.201 TeMPEratUre RISE.......c.oooveieieeeeee ettt ettt ettt eeve s 18-63

18.201.1  INAUCLION MOLOFS.....c.iiiiiiiieec e 18-63

18.201.2  Direct-Current Adjustable-Voltage Generators............c.ccccovevveeieiieecieniennnn, 18-63

Medium AC Polyphase Elevator MOtOrs .................oocoiiiiiiiiii e 18-64
18.202 Classification According to Electrical TYPe........cccveivirieiniiniiieicscisenieeeee e 18-64
18. 2025 NENNA HI RSN S . Sl oW | T . ............... 18-64

18020292 AR, .. et I el [V oo rey | o . ................. 18-64

18.202.3  AHS oottt et sttt e a ettt na et et et ten s eseeteneas 18-64

L= 1] Vo L= PSSP PP PPPPPP PRSI 18-64

18.203 Basis of Rating—Elevator MOtOrS ............cooiiiiiiiiie e 18-64

18.204 VO AGE RAUINGS ....ooviieiiceieeeeee ettt ettt et sa e te e beesseessassnens 18-65

T8.205 FrEOQUEBNCY ......oooiieieeee ettt ettt ettt st e b e et e s te e sae e b e eseeesseseebeesseeseereens 18-65

18.206 Horsepower and Speed RatingsS ..........cccviiiiiiiiiiieeeee et 18-65

Tests and PerformancCe ... e e 18-65

18.207 Locked-Rotor Torque for Single-Speed Squirrel-Cage Elevator Motors....................... 18-65

18.208 Time-Temperature RatiNg ........c.coooiiiiiiieicece ettt e 18-65

18.209 High-Potential TeSt.........cci ittt bbb s es 18-65

18.210 Variations From Rated Voltage and Rated Frequency ............ccccocoeieiniiieienieniciee, 18-66

MaNUFACTUIING .....ooooiiii e e e e e e e e e e e et e e e e e e e e snbabaeeeaeesaaanes 18-66

18.211 Nameplate Marking .........oocveoiiiieiieiee ettt st b e sbe s eee 18-66

Medium AC Crane MOLOLS ...t e e e e e e e e e e e e e e e e e nnnees 18-66

L 1] 1T L= O P PP PRP PRSI 18-66

18.212 VOIAGE RAINGS ....ooviieiiceieeee ettt ettt sbe st teeteebeesseessesnens 18-66

T18.213 FrEQUEBNCIES.......c.oeoeiieiiie ettt ettt e be e s ta e teenbeeaseeaeesseesbeessessaesseans 18-66

18.214 Horsepower and Speed RatingS ..........ccoooiiiiiiiiniiiiceeeee e 18-67

18.215 Secondary Data for Wound-Rotor Crane MOtOrs ...........c.ccecevieveieeiiicicieieieieiee e 18-68

18.216 Nameplate Marking .........ccovoviiiiiiiiee ettt et b e sve s sene 18-68

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxxvii

18.217 Frame Sizes for Two- and Three-Phase 60-Hertz Open and Totally Enclosed

Wound-Rotor Crane Motors Having Class B Insulation Systems..............cccccccveveneneene. 18-69
Tests and Performance .......... ..o e 18-69
18.218 TiME RANGS ...ttt te b e as e e e sraebeebeesseessereens 18-69
18.219 TempPerature RISE..........ccoiiiiiiiee ettt ettt be e a e s aa e aeesbeeaeeaeens 18-69
18.220 BreakKdOWN TOMGUE ........cvieeieieeeee ettt ettt ettt et ettt et e eveeaaeeveeeteeseesseeneen 18-69
18.220.1  MINIMUM ValUE.......coiiiiiiiieieee e e 18-69
18.221.2 Maximum ValUE.........cooveiiiiieiiieiieieieieieet ettt ee 18-69
18.222 High-Potential TeSt........ccoooiii ettt et r e 18-70
T8.223 OVEISPEEAS ...ttt e et e ettt eete e eae et e eteeeteeeteeeteeaeeeteeeseereeseeraeereens 18-70
18.224 PlIUGQING ..eviiiieitiieieetieie ettt ettt ettt e st e eteete et eae e st esb e sesbessessasbesseeseeseessessessessessessensessensas 18-70
18.225 Variations from Rated Voltage and Rated Frequency ............cccccoooioieiiicieciccceceee, 18-70
18.226 ROULING TOSTS ..ttt a ettt be e eees 18-70
18.227 BalancCe Of MOLOIS .......c.oiiiieiieet et ettt st 18-70
18.228 BEAINGS ..o cuieieiiieece ettt ettt ettt et b et bbbttt ne et bt b tbensenbenbe b enns 18-70
18.229 Dimensions for Alternating-Current Wound-Rotor Open and Totally Enclosed
CranNE MOLOTS ...ttt sttt ettt et s s et e be et eb et esesaeneesesseneesensens 18-70
Figure 18-21 Dimensions for Open and Totally Enclosed Crane Motors..................... 18-71
18.230 Dimensions and Tolerances for Alternating-Current Open and Totally
Enclosed Wound-Rotor Crane Motors Having Antifriction Bearings .............ccccccceeee. 18-71
Medium Shell-Type Motors for Woodworking and Machine-Tool Applications .................. 18-73
18.231 Definition of Shell-TYPe MOTOT ........c..cooiiiiiiiieeeeeeee ettt 18-73
18.232 Temperature Rise—Shell-Type MOLOr .........c.ooovioiiiiieiieieeeeeeeeeeee et 18-73
18.233 Temperature Rise for 60-Hertz Shell-Type Motors Operated on 50-Hertz ...................... 18-73
18.234 Operation at Other Frequencies—Shell-Type MoOtors...........cccoevevieieiiieieieieieieeee s 18-73
18.235 Ratings and Dimensions for Shell-Type MOtOrS............cooooviiiieeieececececeeeeeeeee e 18-73
18.235.1 Rotor Bore and Keyway Dimensions, Three-Phase 60-Hertz
40°C Open Motors, 208, 220, 440, and 550 VOIts ..........ccocoveeveeriiicieen 18-73
18.235.1.1 Straight Rotor Bore MOLOIS.........c.cooieiiiieieieieieieee et 18-74
18.235.1.2 Tapered ROtOr BOIES.........cc.ooviiiieeeeeeeee ettt 18-74
18.235.2 BH and BJ Dimensions in Inches, Open Type Three-Phase 60-Hertz
40°C Continuous, 208, 220, 440, and 550 VOIS .........ccccovvevrivreiieeee 18-75
18.236 Lettering for dimension sheets for shell-type motors ..........c.ccooeeiiiiiiiiiceeceee, 18-75
Figure 18-22 Dimension Sheet Lettering..........occoovviviiiiieiiieeee e 18-76
Medium AC Squirrel-Cage Induction Motors for Vertical Turbine Pump Applications ...... 18-77

18.237 Dimension for Type Vp Vertical Solid-Shaft, Single-Phase and Polyphase, Direct
Connected Squirrel-Cage Induction Motors for Vertical Turbine Pump Applications...18-77

Figure 18-23 Dimensions for Motors for Vertical Turbine Pump Applications.............. 18-78
18.238 Dimensions for Type P and Ph Alternating-Current Squirrel-Cage Vertical

Hollow-Shaft Motors for Vertical Turbine Pump Applications ............ccccccoeeiievviiienienenn 18-78

18.238.1  Base DIMENSIONS .......cc.oiieiiiieiiieiee et 18-79

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxxviii

18.238.2 Coupling DIMENSIONS .......cccoeieieieieiesieeie ettt ettt ebaeseessessessenes 18-80
Medium AC Squirrel-Cage Induction Motors for Close-Coupled Pumps...................occcceeee. 18-81
[ 1] Vo 1= 18-81
18.239 VORAGE RALINGS ...c.oocviiiiieee ettt st r e b et beesseessessnens 18-81
T18.240 FrEQUENCIES. .......eoeeeeeieeeeeeee ettt ettt e te e ettt eteeteeaeeerseteeteenneereens 18-81
18.241 Nameplate MarkingS .........c.cccocveieiiiriiiieieteieteiee ettt ettt ss s b e s ebeeseeseeseeseens 18-81
18.242 Nameplate Time RaAtiNgS.......c.ooviiiiie ettt 18-81
Tests and PerfOrManCe ............ooooiiiiiiiiiie et e s e e aae e e e 18-81
18.243 TemMPErature RISE..........cooouiiiieieee ettt ettt et e ae e aeeaeeeaeeaeens 18-81
T8.244 TOIQUES ...ttt ettt ettt ettt e e e et e et e et e teeeteeteeateeteeeteeeaeeateeaseessereereeaseessereens 18-81
18.245 LOCKEA-ROLOr CUITENES .....cvoviieiiiiieietee ettt 18-81
18.246 High-Potential TeSt........coooiieieeeeeee et s 18-81
18.247 Variations from Rated Voltage and Rated Frequency .............cccccoeieieieieiecieieieieen, 18-81
18.248 Balance Of MOTOIS ..ottt ettt sttt et st 18-81
MaNUFACTUIING .....ooooiiii e e e e e e e e e et e e e e e e e sbareeeeaeesaannes 18-82
18.249 Frame ASSIGNMENTS ......couiiiiiiiiecteeee ettt et ve et beeaseeteesrsesbeebeesaeseeans 18-82
18.250 Dimensions for Types JM and JP Alternating-Current Face-Mounting Close-
Coupled Pump Motors Having Antifriction Bearings .............c..covveeeeeieeeeeeeeeeeeeennns 18-82
Figure 18-24 Dimensions for Pump Motors Having Antifriction Bearings .................... 18-82
Table 1 Of 18.250 ...ttt st b et eaenas 18-83
Table 2 OF 18.250 .......ouiiiieeeiiiee ettt s et eaenas 18-85

18.251 Dimensions for Type LP and LPH Vertical Solid-Shaft Single-Phase and
Polyphase Direct-Connected Squirrel-Cage Induction Motors (Having The
Thrust Bearing in the Motor) for Chemical Process In-Line Pump Applications........... 18-87

Figure 18-25 Dimensions of Induction Motors for Chemical Process
In-Line Pump AppliCationS ........c.ooovieiiiiciiceecece e 18-89

18.252 Dimensions for Type Hp and Hph Vertical Solid-Shaft Single-Phase and
Polyphase Direct-Connected Squirrel-Cage Induction Motors for Process and

In-Line Pump AppliCatIoNS ........coooiiiii e 18-89

Figure 18-26 Dimensions of Induction Motors for Process and
In-Line Pump AppliCations ...........covouiiiiieeceeceeee e 18-91
DC Permanent-Magnet Tachometer Generators for Control Systems ..................c....c......... 18-92
18.253 Classification According to Electrical TYPe........c.coooviouieieieeeeeeeeeeeeee e 18-92
18.254 Classification According to Output Voltage Rating...........ccccovvviviiiiiiiiicieieeeee 18-92
L 1] 1T L= OO PP PPN 18-92
18.255 Output VOItage RAINGS .....c.ooviiiiieeieeee ettt 18-92
18.256 CUITENE RALING......citiietitiieicieei ettt bbb e se s beseebe s e 18-92
18.257 SPEEA RALINGS ....ceviviiiiieiiee ettt ettt ettt s eb e sttt ss b sbe b essessesessenas 18-92
Tests and PerformancCe .......... ..o e 18-92
18.258 TESEMELNOAS ..ottt sb et s s et saens 18-92
18.259 TempPerature RISE..........ccooiiiiiiiee ettt b et sbe e ae s aa e aeesbeeneeaeens 18-92

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xxxix

18.260 Variation from Rated Output VoItage ...........cccceviieiieiiiiiieiceeeeee e 18-93
18.260.1  High-Volage TYPE ...ccoioiieieieieeeee ettt enas 18-93
18.260.2  LOW-VORAGE TYPE ..ceeiiiiiiee ettt ettt s eve e 18-93

18.261 High-Potential TeSTS.......ccoooiiiiiiceeee ettt e eanens 18-93
T8.261.1  TEST ittt bttt 18-93
18.261.2  APPLICALION. ... 18-93

18.262 OVEISPEEA.......o oottt ettt ettt ettt ettt et et eeae et e eseessesseseeasen e s e eseereenas 18-93

18.263 Performance CharaCteriStiCS .........ccocvviviiiiiiieiceeeee e 18-93
18.263.1  High-Volage TYPE ...cceooiiiieieeeeee ettt enas 18-93
18.263.2  LOW-VOIAGE TYPE ...oooiiiieiieiieieeieetete ettt ev b v s ese e enes 18-94

MaNUFACTUNING .....ooooiiii e e e e e e e e et e e e e e e e e sebabeeeeaeesaannes 18-94

18.264 Nameplate Marking ........c.oocueoiiiiiiiieiice ettt v e ee e st beesbe s eee 18-94
18.264.1  High-Volage TYPE ...ccuioiieieiieeeeee ettt enas 18-94
18.264.2  LOW-VOIAGE TYPE ....ooviiieiieiieieieieetetee ettt bbb vt eneesaenes 18-94

18.265 Direction of ROTALON .......c.cciiiiieiiiee e s 18-95

18.266 General MechaniCal FEAtUIES ............c.ccovivieiiieieiceee et 18-95
18.266.1  High-Voltage TYPE ...c.oouiieiiriiieiiiieiieieiciseste et 18-95
18.266.2  LOW-VOIAGE TYPE ....cueiimiiiiriiieiiieeeestese ettt 18-95

18.267 Terminal MarkiNgS.......c.coceiiiiiiiiee ettt ettt e saesaa e ste e te e b e enaeeaeeereesseessensnens 18-95

LI e 18 L= 1 e o T PRSP 18-95

18.268 DEFINILION ...ttt st s ettt esesen e esese et s eneesesesenenas 18-95

18.269 Nameplate MarkingS .........ooiiiiiieiie et 18-95
18.269.1  AC TOrque MOTOIS........cuoiuiiiieeieeeee e 18-95
18.269.2  DC TOrqUE MOLOIS ...ttt 18-96

Small Motors for Carbonator PUMPS ... e 18-96
18.270 Classification According to Electrical TYPe .......ccoocviviiieieiieieieeeeeeee e 18-96

[ 1] Vo 1=, 18-96

18.271 VORAGE RALNGS ..ottt st b e b et beesbeessessnens 18-96

T8.272 FrEQUENCIES. .......e ettt ettt e ae e et eeteeeteeeaeeaeeesseteeteenseereens 18-96

18.273 Horsepower and Speed RatiNgS ..........cccvoieiiiiine it 18-96
18.273.1  Horsepower RatiNgS ..........ccoioiiiiiiiiiiieieceeetee ettt e 18-96
18.273.2  SPEEA RAUNGS ...t e 18-96

Tests and Performance .......... ..o 18-97

18.274 TemMPErature RISE..........cviouiiiieeeee ettt ettt aeeeaeeaeens 18-97

18.275 Basis of HOrsepower RatiNg ..........ccooiiuieiiiiiieeieeieeee et 18-97

18.276 High-Potential TeSt........coooiieieeeee et et 18-97

18.277 Maximum Locked-Rotor Current—Single Phase...........cccccooovenininiiieiiieceeie, 18-97

18.278 Variations from Rated Voltage and Rated Frequency .............ccccoceieieieieiecieieieieee, 18-97

18.279 Direction of ROTALION .......c.oiviiiiiieicee et st e 18-97

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xI
ManNUFaCtUNING ... et e e b e e e b e e 18-97
18.280 General MechaniCal FEAtUre ...........cccoioiiiiiiieeeeee e e 18-97
18.281 Dimensions for Carbonator PUmMP MOTOTS ..........c.ocoiouieiieiieicieeeeceeeeeeeeeeee e 18-97

Section Il

Figure 18-27 Carbonator Pump Motor DIMeNnSIioNnS............cccoceeveivieieiieeeeeeceeea 18-98

Large Machines

Part 20 Large Machines—Induction Machines................cccoociiiiiiii e 20-1
201 S0P ettt ettt ettt et et et et e eteettetseae et et eteereenas 20-1
20.2  BasisS Of RANG.....cooiiiiiieeeeeee ettt ettt ettt eae s 20-1
20.3  Machine Power and Speed Ratings ..........ccooeiereiiieiiieiciceeeeeeee e 20-1
20.4  Power Ratings of Multispeed Machings.............ccccooiiiiiiiiiiieieeeee e 20-2

20.4.1 CONSEANT POWET ..ottt sttt ene 20-2
20.4.2 CoNSTANT TOIQUE ...ttt ettt ae e eenens 20-2
204.3 Variable TOIQUE ........ceiivieeeeeeeeeeee et ettt 20-2
20.4.3.1 Variable Torque LINEar....... ..o 20-2
20.4.3.2 Variable TOrquE SQUANE..........c.ooveeeeeeeeceeee et 20-3
20.5  VOIAGE RAUNGS ...eooiiiiiceeiee ettt ettt b et saesaeesbeenaeeneas 20-3
20.5.1 Voltage RatiNgS ........cviiiiiiiie e 20-3
20.5.2 Preferred Machine Power and Voltage Rating ..............cccccecveeiiieiiniineenne 20-3
20.6  FrEQUENCIES.......ootiiiieeieeee ettt ettt et et e e e eae e aeeeaeeaseessaesaenbeenseeaseessesssesseenseeanas 20-4
20.7  SEIVICE FACION ..ottt ettt ettt 20-4
20.71 Service Factor Of 1.0 ... e e se s e sb e e eeen e saennns 20-4
20.7.2 Service Factor of 1.15 ..o 20-4
20.7.3 Application of Motors with a Service Factor of 1.15.........c.cccoeeiviiiiien 20-4
Tests and PerfOrManCe ............ooooiiiiiiiiiii ettt e s ene e e e s neeeas 20-4
20.8  TemMPErature RISE........ooi ittt ettt et e ere s 20-4
20.8.1 Machines with a 1.0 Service Factor at Rated Load ............ccccoovevniniinnnnn. 20-5
20.8.2 Machines with a 1.15 Service Factor at Service Factor Load....................... 20-5
20.8.3 Temperature Rise for Ambients Higher than 40°C ..o 20-6

20.8.4 Temperature Rise for Air-Cooled Machines for Ambients
Lower than 40° C, but Not Below 0° C ........ccoooiiiiiiieeece e 20-6
20.9  Code Letters (for LOCKed-Rotor KVA) .......coooviieiiiiieeeceteceeeeee e 20-7
20,10 TOFQUE ...eeeietiieee ettt ettt ettt st ettt et s et et e be st esess e st esesseseebaseesesseseesesseseesesseneasenseseesensns 20-8
20.10.1 StanNdard TOMGUE ........c.oouiieieeeeeeeeeeeeeeee ettt ennens 20-8
20.10.2 HIGN TOIQUE ...ttt b e eb e er s 20-8
20.10.3 Motor Torques When Customer Specifies A Custom Load Curve.............. 20-9
20.10.4 Motor With 4.5 pu and Lower Locked-Rotor Current.............cccooveevievierennnnn. 20-9
20.11 Load WKk2 for Polyphase Squirrel-Cage Induction Motors..............cccceioeieiiciiceeea, 20-9
20.12  NUMDET Of SEAMS .....ooiiiiiiieee e sttt ettt 20-9

© 2021 National Electrical Manufacturers Association



20.13

20.14

20.15

20.16

20.17

20.18

20.19
20.20
20.21

ANSI/NEMA MG 1-2016 (Revised 2018)

Page xli
20.121 Starting Capability............ccooiiiiiie s 20-9
20.12.2 Additional StartS .........co.eveiiieiee s 20-10
20.12.3 INFOrmMation Plate ...........oovoiiiiieieeee e 20-10
OVEISPEEAS ...ttt ettt te e tsete e e eas et st et e e eseeseeneas 20-10
Table 20-1  Load WKk? for Polyphase Squirrel-Cage Induction Motors....................... 20-11
Variations From Rated Voltage and Rated Frequency.............ccccooveieieiecieienienieieenene, 20-13
20.14.1 RUNNING .ottt st bbb ese s s 20-13
20.14.2 STAMING ..t bbbt ene s 20-13
Operation of Induction Machines from Variable-Frequency or
Variable-Voltage Power Supplies, or Both ............ccccoooiiiiiinenieeeee 20-13
TS ettt bbbtttk st at ettt sttt ettt saenea 20-14
20.16.1 TESTMETNOAS ...t e 20-14
20.16.2 Routine Tests on Machines Completely Assembled in Factory................. 20-14
20.16.3 Routine Tests on Machines Not Completely Assembled in Factory ......... 20-14
HIgh-Potential TESES ......ccoouiiiiieieieee ettt ettt s sbe bt esaeneas 20-14
20171 Safety Precautions and Test Procedure.............c.ccooooeieiiieecicceceeceeee 20-14
20.17.2 Test Voltage—Primary WindingsS..........cccovevvieiiiiieieeeeeeeeeeeeeee e 20-14
Machine With Sealed Windings—Conformance Tests ............cccovevevveieininccieeeeee 20-15
20.18.1 Test for Stator Which Can Be Submerged............cccoooooiiiiiecieiiieeeee 20-15
20.18.2 Test for Stator Which Cannot Be Submerged .............ccocoveveveiiieeiieeen, 20-15
MACHINE SOUNG ...ttt ettt ettt eb e st ebenbes e b et eseebe e esesseneesenans 20-15
Report of Test Form for Induction Machings ............c.ccovieiiiiiieiiniicee e 20-16
Efficiencyidl LICGLLIGCAL IVIAIIUIAGLUICLIY LAV IAUIVLL ... 20-16
20.21.1 Determination of Motor Efficiency and LOSSES ........c..c.cooeveveveveieeiienne, 20-16
20.21.A Efficiency of Polyphase Squirrel-Cage Large Motors with
ContinUOUS RAtINGS .......c.ooviiiieeeeeeeee et 20-17
20.21.B Efficiency Levels of 60 Hz Energy Efficient Polyphase Squirrel-Cage
Random Wound Large Induction Motors...........ccocoviviieiiieicieieieeee 20-17
Table 20-A  Full-Load Efficiencies of 60 Hz Energy Efficient Motors
Rated 600 Volts or Less (Random Wound)...........ccccecveieieieinnrenieniennnn, 20-18
20.21.C Efficiency Level of Premium Efficiency Large Electric Motors ................... 20-18
Table 20-B  Full-Load Efficiencies for 60 Hz Premium Efficiency Electric Motors
Rated 600 Volts or Less (Random Wound)...........cccoeoveviieieiecrceneeene, 20-19
Table 20-C  Full-Load Efficiencies for 60 Hz Premium Efficiency Electric Motors
Rated 5000 Volts or Less (Form Wound) ............cccoocveieiiinienieeceeee, 20-20
Table 20-D  Full-Load Efficiencies for 50 Hz Premium Efficiency Electric Motors
Open and Enclosed Rated 600 Volts or Less (Random Wound)........... 20-21
Table 20-E KW Equivalent Full-Load Efficiencies of 60 Hz Energy Efficient Motors
Rated 600 Volts or Less (Random Wound).............ccoooveieieieiecreeneeene 20-21
Table 20-F KW Equivalent Full-Load Efficiencies for 60 Hz Premium Efficiency
Rated 600 Volts or Less (Random Wound)............ccooovevveieieiecreeneeene. 20-22

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xlii

Table 20-G KW Equivalent Full-Load Efficiencies for 60 Hz Premium Efficiency

Electric Motors Rated 5000 Volts or Less (Form Wound)....................... 20-23
20.22 Mechanical VIDration..........coooiiiieiiieee e et 20-24
20.23 Reed Frequency of Vertical Machings ............ccccooioiiiiieieeeeeeeeeeeeeeee e 20-25
20.24 Effects of Unbalanced Voltages on the Performance of Polyphase
Squirrel-Cage INdUCHON MOTOTS .........ccoeiiiiieiiicieicteee e 20-25
Figure 20-2 Polyphase Squirrel-Cage Induction Motors Derating Factor
Due to Unbalanced Voltage............cccveieieieiinieiiicce e 20-26
20.241 Effect on Performance—General ............cooovviiiiiiieiencee e 20-26
20.24.2 Voltage Unbalance Defined..............ccoooeiiiiiiiiiieeeeee e 20-26
20.24.3 TOTMQUES ..ttt sttt et sttt b st e b e st b e e esesbensesensens 20-26
20.24.4 FUl-LOAA SPEEQ.......ooiiieiiiiieee et 20-26
20.24.5 CUITENES ...ttt sttt ettt 20-26
MaNUFACTUIING .....ooooiiii e e e e e e e e e e et e e e e e e e sbnbeeeeaeesaannes 20-27
20.25 Nameplate Marking ........c.oooioiioiiiiieiice ettt e er et re s e beesbessnea 20-27
20.251 Alternating-Current Polyphase Squirrel-Cage Motors...........cccceevvevvevenenne. 20-27
20.25.2 Polyphase Wound-Rotor MOtOrs ...........ccoeieieieiiiiiee e 20-27
20.25.3 Polyphase Squirrel-Cage Generators ...........c.ccooveveeevieeceeeeeieeeeee 20-28
20.25.4 Polyphase Wound-Rotor Generators...............c.cocoeeeeeiiiiieeeeeeeeee 20-28
20.26 Motor terminal housings and DOXES..........ccccviiiiiieiiiieee e 20-28
20.26.1 BOX DIMENSIONS ..ottt ettt ettt eie e ess et sae st ebeebeeeeeseenas 20-28
20.26.2 Accessory Lead Terminations.............ccoccveeuieiiieiieiecieeceeece e 20-28
20.26.3 Lead Terminations of Accessories Operating at 50 Volts or Less............ 20-28
Table 20-3  Type | Terminal Housing: Unsupported and Insulated Terminations ....20-29
20.27 Embedded Temperature DeteCtors ...........ccooviiiiiiiiieiceeeee e 20-29
Figure 20-3 Type Il Machine Terminal Housing Standoff—Insulator-Supported
Insulated or Uninsulated Terminations.............ccocooiiiiiieieieneee e 20-31
Application Data...............ooooo i ——————————————— 20-31
20.28  Service CONAItIONS ......cooiiiiiieiie ettt ettt st nee 20-31
20.28.1 GENETAL ... e 20-31
20.28.2 Usual Service CONitioNS..........cooveiverieiiiiieeieeiieeeetetee e 20-32
20.28.3 Unusual Service ConditionsS ..........cccceeieiiiieineieiieieceee e 20-32
20.29 End Play and Rotor Float for Coupled Sleeve Bearing Horizontal
INAUCHION MACKINES ...ttt saenes 20-33
20.29.1 GENETAL ...t 20-33
20.29.2 LiMIES ettt ettt ettt bens 20-33
20.29.3 Marking REQUIrEMENTES ........ccviiiiiiiiecececee e 20-33
20.30 Pulsating Stator Current in Induction MOtOrS ............cccoocieiiiivieniiice e 20-33
20.31  Aseismatic Capability..........cccoereiieiiiicieeeee bbb 20-33
20.31.1 GBNETAL ...ttt ettt b et b ne e 20-33

© 2021 National Electrical Manufacturers Association



20.32
20.33

20.34
20.35

20.36
20.37

Section Il

ANSI/NEMA MG 1-2016 (Revised 2018)
Page xliii

20.31.2 Frequency Response SPecCtrum ............cccoeveieieieiiiieniecece e 20-34
20.31.3 Units for Capability Requirements.............ccccoevieiiviineneeeceeee e 20-34
20.31.4 Recommended Peak Acceleration Limits ..o 20-34
Belt, Chain, and Gear DIiVE ..........cccirieiiiiiee ettt 20-34
Bus Transfer or RECIOSING.........c.cooooiiiiiieicieieieeeee ettt esnesans 20-35
20.331 Slow Transfer or RECIOSING ........cccooviiiiiiiiieieieieeeeeee e 20-35
20.33.2 Fast Transfer or RECIOSING .........coooviiioiiiiieececeeeeeeeeeee e 20-35
Power Factor COMTECHION ........c.ccovieiiiiicieiiee ettt ettt s 20-35
Surge Capabilities of AC Windings With Form-Wound Coils............cccccocvevievinieneiennne. 20-36
20.35.1 GENETAL ... 20-36
20.35.2 SUIGE SOUICES ...ttt ettt ettt et tn et et esseneenee 20-36
20.35.3 Factors Influencing Magnitude and Rise Time ............ccccooveveveiecccneenene, 20-36
20.35.4 SUIGE Prot@CHON ..ottt 20-37
20.35.5 Surge Withstand Capability for Standard Machines.............ccocooevvrennnnnee. 20-37
20.35.6 Special Surge Withstand Capability .............cccooeeieieieiieceeee, 20-37
20.35.7 TESHNG ..ottt ettt bt s e ens 20-37
20.35.8 Test Voltage ValUEs ..ot 20-37
Machines Operating on an Ungrounded SyStem...........ccccocviiriiiiinieneneeeeseeeeee 20-37
Occasional EXCESS CUIMENL....cccc.iiiiieiciiieietieceeieiete ettt st sre e s s s ese e sesbesn s 20-38

Large Machines

Part 21 Large Machines—Synchronous Motors .................cccooiiiiiii e 21-1
RATINGS ..o ettt 21-1
211 S0P ettt ettt ettt ettt e ettetteteere et et et e ereenas 21-1
21.2  BasisS Of RANG.....c.ooiiiioieeeeeee ettt ettt eaeeaeeae s 21-1
21.3  Horsepower and Speed RatiNgS ..........cccoiieiiieieiecie et 21-2
214 POWET FACION ...ttt ettt bttt st 21-2
215 VORAGE RANGS ....ooiiceiiceieeee et ettt et b et ta e saeesbeenaeeaeas 21-2

21.5.1 Volage RatiNgS .....cvooeiiiiiee et 21-2
21.5.2 Preferred Motor Output/Voltage Rating ...........ccoceevevieviniiiiiiieieieeee 21-3
278 FrEQUENCIES.......ooveeeeeeeeeeeeeeee ettt ettt ettt ete e te et e etteensenaeeeaeenes 21-3
21.7  EXCHAtON VORAQE.........i ittt st eaeas 21-3
218 SEIVICE FACION ..ottt ettt e et s be et s b eane 21-3
21.8.1 Service Factor of 1.0 ..o 21-4
21.8.2 Service Factor of 1.15 ..o 21-4
21.8.3 Application of Motor with 1.15 Service Factor ............ccccocvvevieviieeieeeee, 214
21.9  Typical kW Ratings of Exciters for 60-Hertz Synchronous Motors .............ccccceeevrvevennne. 214
Table 21-1 1.0 Power Factor, 60-Hertz, Synchronous Motors, 1800-514 Rpm......... 21-5

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xliv

Table 21-2 0.8 Power Factor, 60-Hertz, Synchronous Motors, 1800-514 Rpm......... 21-6
Table 21-3 1.0 Power Factor, 60-Hertz, Synchronous Motors, 450-150 Rpm........... 21-8
Table 21-4 0.8 Power Factor, 60-Hertz, Synchronous Motors, 450-150 Rpm........... 21-9
Tests and PerfOrManCe ............ooooiiiiiiiiiiie et e 21-10
21.10 Temperature Rise—Synchronous MOtOrS ............ccccveieieiiiiieniiece e 21-10
21.101 Machines with 1.0 Service Factor at Rated Load ...........cccccoevvevvrerennnne. 21-11
21.10.2 Machines with 1.15 Service Factor at Service Factor Load ....................... 21-11
21.10.3 Temperature Rise for Ambients Higher than 40°C ...........c.coccooiiiineenn. 21-12
21.10.4 Temperature Rise for Altitudes Greater than 3300 Feet (1000 Meters)...21-12

21.10.5 Temperature Rise for Air-Cooled Motors for Ambients
Lower than 40°C, but Not Below 0°C........cccoiiiiiieieeceeeee e 21-12
2107 TOFQUES ...ttt ettt b et b et s et et e b s st es st sebes e s b ess e s s ese s esese s esesessenas 21-13
21.11.1 GBNETAL ...t 21-13
21.11.2 Torques When Customer Supplies Load Curve..........ccccoeveevveiecvvccneencenen. 21-13
2112 NOIMal WKZ O LOAU.........c.iieieiiieieiiieieie ettt st senas 21-14
Table 21-5  TOrque ValUES.........ccooouiiieeiiceeeeee ettt e 21-14
21,13 NUMDET Of STAMS ..ottt s e 21-14
21.131 Starting Capability ............cccooiiiieiiii e 21-14
21.13.2 AddItioNal STAMS ......voviirieiec s 21-14
21.13.3 INformation Plate ..o 21-15
2114 EffICIEBNCY .neoviiiiceieeeee ettt b ettt n e b n b e be e se s e e 21-15
2115 OVEISPEEA ...ttt ettt ettt ettt et et et e e seeteete sttt esbesbensensense e 21-15
21.16 Operation at Other Than Rated Power Factors..............cccccooiiiiiiiiiiiiciieee e 21-16
21.16.1 Operation of an 0.8 Power-factor Motor at 1.0 Power-factor ..................... 21-16
21.16.2 Operation of a 1.0 Power-factor Motor at 0.8 Power-factor........................ 21-16
21.17 Variations From Rated Voltage and Rated Frequency ...........ccccocoeeieieiiieienienicee, 21-16
21171 RUNNING .ottt ettt et ettt ae b ebesae s eeas 2117
21.17.2 SEAMING .ttt 2117
21.18 Operation of Synchronous Motors from Variable-Frequency Power Supplies.............. 21-17
Table 21-6  Normal Wk? of Load in Lb-Ft ...........cccooirieieiieieeeeeeie, 2117
21.19 Specification Form for Slip-Ring Synchronous Motors .............cccooeeieciiiiiicienierecee, 21-21
21.20 Specification Form for Brushless Synchronous Motors...........ccccocieieiieciccecceceee, 21-22
21.21  ROULING TOSS .ttt sttt ettt s ae e 21-23
21.211 Motors Not Completely Assembled in the Factory...........cccccoevevecieeiennnnnene. 21-23
21.21.2 Motors Completely Assembled in the Factory............ccccooveiiieiininne, 21-23
21.22  High-Potential TeSIS......ccoioiioiiieeee et v et 21-23
21.221 Safety Precautions and Test Procedure.............c.ccoooveieiiieecicceeeeeeeee 21-23
21.22.2 Test Voltage—Armature Windings ..........cccocuevieiinieninieieieieieeeeeeeeeee s 21-23
21.22.3 Test Voltage—Field Windings, Motors with Slip Rings ........c.cccoccevieinien. 21-23

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xlv
21.22.4 Test Voltage—Assembled Brushless Motor Field Winding and
Exciter Armature Winding .........cocooieveieciee e 21-23
21.22.5 Test Voltage—Brushless Exciter Field Winding .............cccoceeveviivineneiene. 21-24
21.23  MACHINE SOUNG.....oiiiiiiiiieiiiitetee ettt be b se b sa s e sse e sensens 21-24
21.24  Mechanical VIDration.............ouoiiiie e e 21-24
ManNUFaCtUNING ... et e b e e sbre e e 21-24
21.25 Nameplate Marketing..........ccooeeeiiiiiiicieeeee et eb e b b esa s eeee 21-24
21.26 Motor Terminal Housings and BOXES ........cc.cooviiiiiiiniieiiceceeeee e 21-25
21.26.1 BOX DIMENSIONS ...ttt ettt sttt esenes 21-25
21.26.2 Accessory Lead Terminations............ccoevvieieiiieieniecee e 21-25
21.26.3 Lead Terminations of Accessories Operating at 50 Volts of Less ........... 21-25
Table 21-7  Type | Terminal Housing Unsupported and Insulated Terminations .....21-26
Figure 21-1  Type Il Motor Terminal Housing Standoff-Insulator-Supported
Insulated or Uninsulated Terminations.............ccocooiiiiiiinieieneeee 21-27
21.27 Embedded DEteCLOrS ..........cooiiiieieee ettt e 21-27
ApPPLication Data......... ... e e e e e e e e e nneees 21-27
21.28  Service CONAItIONS .......cooieiiiiieieeieeeeee sttt et e ebe e nesbe e esenes 21-27
21.28.1 GENETAL ..ottt b s bbbt be e ne e 21-27
21.28.2 Usual Service ConditioNS..........ccccveviiiiieiiiiiiieieieieieie et 21-28
21.28.3 Unusual Service Conditions ..........ccoveieiieieiieieieieieesesre e 21-28
21.29 Effects of Unbalanced Voltages on the Performance of Polyphase
SYNCHIONOUS MOTOTS .......ooviiiiii ettt et 21-29
Figure 21-2  Polyphase Synchronous Motor Derating Factor Due to
Unbalanced VORAgE.........c..oviiiiee et 21-29
21.291 Effect on Performance ...........coooiiiiiiiee e 21-30
21.29.2 Voltage Unbalance Defined............ccooieiiiininiieee e 21-30
21.30 Coupling End Play and Rotor Float for Horizontal Motors ..............ccccooveveieeeeeieene, 21-30
21.31 Belt, Chain, and GEar DIiVE .........ccccoereieiiiei ettt et 21-30
21.32 Pulsating Armature CUIMTENT ..o st 21-30
21.33 Torque Pulsations During Starting of Synchronous Motors............cccccceviveninieieienas 21-31
21.34 Bus Transfer 0r RECIOSING........c.ccoouiiuioieieeeeeee ettt ees 21-31
21.34.1 Slow Transfer or RECIOSING ........ccoouiiviiiiiieeeeeeeceee e 21-31
21.34.2 Fast Transfer or RECIOSING .......c.ccooviiiiiiniieicecceceee e 21-31
21.34.3 Bus Transfer ProCedure ...t 21-32
21.35 Calculation of Natural Frequency of Synchronous Machines Direct-Connected to
Reciprocating Machinery...........oco it 21-32
21.35.1 Undamped Natural FreqQUENCY .........cccioviiiiiiieiceeeeeeeee e 21-32
21.35.2 Synchronizing Torque Coefficient, Pr.......cccoooiviniiiinieeeee 21-32
21.35.3 Factors INfluencing Pr.........c.ooiiiiiiiiiee e 21-33
21.36 Typical Torque ReqUIFEMENTS ........cciiiiiiiiciicieeee ettt ere e 21-33

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xlvi

21.37
21.38
21.39
21.40

Section Il

Table 21-8  Typical Torque Requirements for Synchronous Motor Applications......21-34
COMPIESSOI FACLOIS ..ottt ettt ere e 21-38
Surge Capabilities of AC Windings with Form-Wound COilS ...........cccooeveieieiecieeenn. 21-39
Machines Operating on an Ungrounded System ..o 21-39
Occasional EXCESS CUIMENL.........coiiiiiiieee ettt ettt st 21-39
Table 21-9  ComPpPressor FACIOIS ..........coioiiiiieeeceeeeeete e 21-40

Large Machines

Part 23 Large Machines—DC Motors Larger Than 1.25 Horsepower Per Rpm

(0] oT=1 o T I/ < - T USSP 23-1
L0 F- L= 1 o7 1T o PSR 23-1
23.1 SCOPE .ttt ettt ettt et e et et e e eteeeteeteeat et eteeteeteeateareens 23-1
23.2  General INAUSTIIal MOTOTS .........coiiiieiiiieieiiee ettt sb et st ssene e 23-1
23.3  Metal RoOIING Mill MOTOIS ......cviiiiiieiece ettt et esnns 23-1

23.3.1 Class N Metal Rolling Mill MOTOIS ...........ccooiiiiiiieieieeeee e 23-1
23.3.2 Class S Metal Rolling Mill MOTOIS ...........cocoeieiiiceeeeeeeteeeeee e 23-1
23.4  Reversing Hot Mill MOTOIS .......ccoiiiiiiiiiiicisie et 23-1
L= 11 Vo L= PP PR 23-2
23.5  BasisS Of RANG........coiiiiiiiei ettt ettt 23-2
23.6  Horsepower, Speed, and Voltage Ratings ...........cccovvvieiiiiiiiiiiieeee e 23-2
23.6.1 General Industrial Motors and Metal Rolling Mill Motors, Classes N and S.......23-2
TADIE 23T ettt ettt ettt n e en ettt s s s s ens 23-3
23.6.2 Reversing Hot Mill MOTOFS...........coviiiiiieeeee e 23-4
TADIE 232 ...ttt bttt ettt n e ens 23-4
23.7  Speed Ratings by Field Control for 250-Volt Direct-Current Motors...........cc.ccccecvrvrvenenee. 23-5
Table 23-3  General Industrial Motors (See 23.2) and Metal Rolling Mill Motors,
Class N (S€E 23.3) ....ccicieieieieieeeee ettt sttt et et saenees 23-5
Table 23-4  Metal Rolling Mill Motors, Class S (Se€ 23.3).....ccccevveveeieeieeeeeeeeeeeie 23-5
23.8  Speed Ratings by Field Control for 500- or 700-Volt Direct-Current Motors................... 23-6
Table 23-5  General Industrial Motors (See Mg 23.2) and Metal Rolling Mill
Motors, Class N (S€€ 23.3)......cueiieiiieieeete et 23-6
Table 23-6  Metal Rolling Mill Motors, Class S (Se€ 23.3).....cccoeoveveieeiceeeeeeeeeeie 23-7
Table 23-7  Reversing Hot Mill Motors (S€€ 23.4) ......c.ccoevieeeieiieiieieieieieieeeeee 23-8
Tests and Performance ........ ... 23-9
23.9  TemPerature RISE..........oi ittt st b et ta e st ebeennas 23-9
(Table) Observable Temperature Rises, Degrees C ..........cccocvevivieinieieieieieeene 23-10
(Table) Observable Temperature Rises, Degrees Continued .............cccccoevevvevienecennne. 23-11
23.9.1 Temperature Rise for Ambients Higher than 40°C ............c.cccooioiiieiinn. 23-12

23.9.2 Temperature Rise for Altitudes Greater than 3300 Feet (1000 Meters)...23-12

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page xlvii

23.9.3 Temperature Rise for Air-Cooled Machines for Ambients
Lower than 40° C, but Not Below 0°C.........ccoiieininiiiceceeeeee e 23-12
23.10 Overload Capability..........c.ocooouieiiiiiieieeeee et ettt 23-13
23.101 General Industrial MOtOrs ..ot 23-13
23.10.2 Metal Rolling Mill Motors (Excluding Reversing Hot Mill Motors)—
Open, Forced- Ventilated, and Totally Enclosed Water-Air-Cooled ........ 23-13
23.10.3 Reversing Hot Mill Motors—Forced-Ventilated and Totally Enclosed
Water-Air-COOoled ...........cviiiiiiiieeee et 23-14
23.11  Momentary Load CapaCity ..........coooouieiiuieiieeeeeeeeeee ettt 23-14
23.12  Successful ComMMUEALION .........ccooiiiiiieiee e 23-15
2313 EffICIEBNCY eeovieieeeeeee et ettt bbb s b ene 23-15
23.14 Typical Reversal Time of Reversing Hot Mill MOtOrS ..........c.ccoovioiiieiiieiceeeeeeee, 23-16
23.15 Impact Speed Drop of A Direct-Current Motor............ccoooieiiiiicicceceeeeeeeeeeee 23-16
23.16 Overspeed 23-16
23.17 Variation from Rated VOIAGE ...........coouiimiieeeeeeee e 23-16
23171 Steady State .....ccooiiiiic e 23-16
23.17.2 Transient Voltages of Microsecond Duration..............cccooevveveviiveceeecenn. 23-16
23.18 Field Data for Direct-Current MOTOTS ...........ccooivieiiieieieiece e 23-17
23.19  ROUINE TESS ..ottt et b s bbbt sbe e 23-17
23.20 High-Potential TeSt........cc.ioiiiiiiceee ettt ev e 23-17
23.20.1 Safety Precautions and Test Procedure.............c..cccoooooeiiieiiieeeeeeeee 23-17
23.20.2 TESEVORAGE ....c.e it 23-18
23.21  Mechanical VIDration............o e e 23-18
23.22 Method of Measuring the Motor Vibration ... 23-18
23.23 Conditions of Test for Speed Regulation ..............ccccoieiiiiienienieee e 23-18
MaNUFACTUIING .....ooooiiiie e e e e e e e e e e et e e e e e e e sbareeeeaeesaanes 23-18
23.24 Nameplate Marking ........c.oooioiioiiiieiiee ettt sr et s re s e sbeebessaea 23-18
ApPPLIcation Data......... ... e e e e e e e e e e e nneees 23-18
23.25  ServiCe CONAItIONS .......cooieiiieieieeieeeeee ettt ettt e ebe e esesbe e esenee 23-18
23.25.1 GBNETAL ...ttt bbbt be e ne e e 23-18
23.25.2 Usual Service CONitioNS...........coueiriririiiieiicree e 23-19
23.25.3 Unusual Service ConditionsS ..........cocoeveiiiiieineieeeeee e 23-19
23.26 Operation of Direct-Current Motors on Rectified Alternating Current............................. 23-20
23.26.1 GENETAL ... 23-20
23.26.2 Operation on Power Supply with Ripple ..........c.coooieiiiiiieeeeee, 23-20
23.26.3 Bearing CUITENES .......c.ooeiiieieeeeeeeeeee ettt 23-21
23.27 Operation of Direct-Current Motors Below Base Speed by Reduced
ArMAUIE VOIRAGE .....oviiieieee ettt ettt b bbbt ns 23-21
23.28 Rate of Change of Load CUITENT............cooiiiiiee e 23-21

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xlviii

Section Il

Large Machines

Part 24 Large Machines—DC Generators Larger Than 1.0 Kilowatt ........................cccs 24-1
Per Rpm, Open Type Classification ..................ccoooiiiii e 24-1
241 S0P ettt ettt et ettt e eteetteteeae et et et e ereenas 24-1
24.2  General INdustrial GENErators ..........cooueiiiiiiiieeeee ettt s 24-1
24.3  Metal Rolling Mill GENEIAtOrS ........cccoieiiieieieiee ettt bbb esnens 24-1
24.4  Reversing Hot Mill GENEIALOrS ............c.oouveiiiieeeeeeieeece ettt 24-1
L 111 Vo T USUPUPPPPNE 24-1
249  BasisS Of RANG.....ccoiiiiiiieieeeee ettt ettt eb et b ettt st b s sbesreeae s 24-1
2410 Kilowatt, Speed, and Voltage RatingS..........cccooeiviiiiiiiieieeeeeee e 24-1
Table 24-1  Kilowatt, Speed, and Voltage Ratings for DD Generators
Larger Than 1.0 Kilowatt Per Rpm, Open Type.......ccccovevevevveciecrieecreene. 24-2
Tests and PerfOrMaNnCe ...........cc.ooiiiiiiiiii ettt e st e e e s b e e s snteeeesneeeaeans 24-2
2440 TemPerature RISE........ooi ittt ettt ettt ere s 24-2
(Table) Observable Temperature Rises, Degrees C ...........ccocevevivieieieieieieieeen, 24-3
(Table) Observable Temperature Rises, Degrees C ...........ccoveveeieiieeeeeeieieeeeeea, 24-4
24.401 Temperature Rise for Ambients Higher than 40°C ............c.ccoooveeieieiinenn. 24-5
24.40.2 Temperature Rise for Altitudes Greater than 3300 Feet (1000 Meters).....24-5
24.40.3 Temperature Rise for Air-Cooled Machines for Ambients Lower
than 40° C, but Not BElOW 0°C ........ccoooiiiiiiiieieieeeeese s 24-5
24.41  Overload Capability..........ccooiieiiiiicieeieeee ettt 24-6
24.411 General Industrial GeNerators.............coeieiviiiiiiiic e 24-6
24.41.2 Metal Rolling Mill Generators (Excluding Reversing Hot Mill Generators)—
Open, Forced-Ventilated, and Totally Enclosed Water-Air-Cooled............. 24-6
24.41.3 Reversing Hot Mill Generators—Forced-Ventilated and Totally Enclosed
Water-Air-COO0lEd ..........coiiiiiiieieeet et 24-6
24.42 Momentary Load CapacCity ..........ccoovoiiiiioiiieiceieeceeeeeeeee et eaea 24-7
24.43 Successful COMMUEATION ......cociiiiiei ettt eeens 24-7
24.44  Output at Reduced VOIagE...........cccoiiiiiieieieieeeee ettt esnens 24-7
24 45 EffiICIENCY .ouvoiiiiiieie ettt ettt ettt ettt b e b beeheeteeteestessensensenbeebens 24-7
24,46  OVEISPEEA.....coieiceieeeeeeeeeeeeee ettt et ettt ettt e ae et ettt et et e eae et 24-8
24 47 Field Data for Direct-Current GENErators.............c.ccvveeveiieiniinieeee ettt 24-8
24,48 ROULINE TOSIS ..ottt sttt sttt sttt st 24-9
2449  High POtential TESES.....ccoooiiiiiieiiieeteee ettt ettt besbesbesreene s 24-9
24.49.1 Safety Precautions and Test Procedure.............c..ccoooooeiieiieceeececeeeee 24-9
24.49.2 TESEVORAGE......oiiceei e 24-9
2450 Conditions of Tests for Voltage Regulation ..............ccccoooviiiieiinininieceeeeeene 24-9
24.51 Mechanical VIDration...........cooiiiieiiieee e et 24-9

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page xlix

ManUFaCTUNING ... e e 24-9

24.61 Nameplate Marking ..........cccccooviviiieieie ettt sttt esb et es bbb sseeseeseeseesaans 24-9

Application Data.................ooo i ——————————————— 24-10

24.80  Service CONAItIONS .......ccooieuiiiieieeieieeeee ettt ettt e eb e aesbe e esenee 24-10

24.80.1 GENETAL ...t 24-10

24.80.2 Usual Service CoNitioNS...........ocueiviririiiieereeeeee e 24-10

24.80.3 Unusual Service ConditionsS ..........cocovieiiireieeeieieeeee e 24-10

24.81 Rate of Change of Load CUITENT............c.ooviiiie e 24-11

24.82 Successful Parallel Operation of GENerators...........cccoooovvveeieieciececeeeeeeeeee e 24-11
24.83 Operation of Direct-Current Generators in Parallel With Rectified

Alternating-Voltage PoOWer SUPPIY .......c.coeieiiiiiiiieceeeee et 24-11

24.83.1 GBNETAL ...ttt bbb bttt nea e 24-12

24.83.2 Operation in Parallel with Power Supply with Ripple...........cccooviviiiiienn. 24-12

24.83.3 Bearing CUIMENES .......ccooviiiiiiiieeceeee ettt eb et ens 24-12

24.84  COMPOUNING......ccciiiiiiieiiieiteete ettt ettt et et e sbe e eteeteeteeseestessessessessessesseessessassassessessensensenns 24-12

24.84.1 Flat CompouNdiNg.........c.ccoiouioiiiieeeeeeeeceeee et 24-12

24.84.2 ONET ..ttt sttt et b e 24-12

Section IV

Performance Standards Applying to All Machines

Part 30 Application Considerations for Constant Speed Motors Used on a Sinusoidal
Bus with Harmonic Content and General Purpose Motors Used with Adjustable

Voltage or Adjustable Frequency Controls or Both .................cccccoiiiiiiii e, 30-1
B0.0 SCOPE ..ottt ettt ettt ae s 30-1
30.1  Application Considerations for Constant Speed Motors Used on a Sinusoidal Bus

With HarmoniC CONTENT ........coouiieiieieeee ettt ns 30-1
30.1.1 EffICIENCY ..ot 30-1
30.1.2 Derating for Harmonic Content ............c.ccooieiiieieieieieeeeeeeeeeiens 30-1
Figure 30-1 Derating Curve for Harmonic Voltages ............ccccoovieiiicieeciceeeeeea 30-2
30.1.3 Power Factor COrreCtion ..............c.ocueieieiiniiiicicieiee ettt 30-2
30.2  General Purpose Motors Used with Adjustable Voltage or Adjustable Frequency

CONLrOIS OF BON ...ttt 30-3
30.2.1 DEfiNItIONS ... e e 30-3
30.2.2 Application Considerations............c.cccooieieiiieiceeeeeeeeeee e 30-5
Figure 30-2 Effect of Reduced Cooling on the Torque Capability at Reduced

Speeds of 60 Hz NEMA Design A and B Motors............cccccooeeeieeeeeneenn. 30-7
Figure 30-3 Examples of Torque Derating of NEMA Motors When Used with

Adjustable Frequency Controls ............ccocveieieieieieniinec e 30-8
Figure 30-4 Torque Capability Above Base Speed .........cccceevivieiieiiceeiceeeeeeee. 30-9
Table 30-1  Maximum Safe Operating Speeds for Direct-Coupled Motors

7= 1 o PSR 30-10
Figure 30-5 Typical Voltage Response at Motor Terminal ..............cccccocvevieveneeninnns 30-14

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page |

Section IV

Performance Standards Applying to All Machines

Part 31 Definite Purpose Inverter-Fed Polyphase Motors................ccccoviiiiiiiiiiiiiiee e, 31-1
BT.0 SCOPE ettt ettt ettt ettt ettt ettt e ae s 31-1
31.1 SErVICE CONAITIONS ..ottt ettt bbb ne st e 31-1

31.1.1 GENETAL ...ttt ettt 31-1
31.1.2 Usual Service CONAItIONS. ........ccccveirieiiiieiieieeeeeieie et 31-1
31.1.3 Unusual Service ConditioNS ..........ccoeciiirieieenieieeeeeeeee e 31-1
31.1.4 Operation in Hazardous (Classified) Locations ..............ccccecvecvevievienenennnenne 31-2
31.2 Dimensions, Tolerances, and Mounting for Frame Designations ..............cccceeoeveninninen. 31-3
313 RAIING ..ottt sttt n et b st be b st et neebensene 31-3
31.3.1 Basis Of RAtING .......ooovieiieieeeeeeee et 31-3
Figure 31-1  Basis Of RaAtiNG......c.ccooiiiiieeee e 31-3
31.3.2 Base Horsepower and Speed Ratings............cccocevieiviiniiieicicieeceeeee 31-3
Table 31-1  Preferred Horsepower and Speed Ratings ............ccccceveveiceeciicceieene 31-4
31.3.3 SPEEA RANGE ...t 31-4
31.3.4 [V o] | = To [T NPT 31-4
31.3.5 NUMDEr Of PRASES ...t 31-5
31.3.6 Direction of ROtALON ......cocioiiiieieiiic et 31-5
31.3.7 SEIVICE FACION ...t 31-5
31.3.8 DIULY ettt ettt n e bt se st e s 31-5
314 PeIfOIMANCE.....ciitiiiiitieiieiieieieee ettt ettt ettt ettt sst st et e s e s s eaeeaeebeeseessessenbessessesaeens 31-6
31.4.1 Temperature RIS ........cccooiiiieiicieece e s 31-6
Table 31-2  Temperature RiSE.........c.coooiioiiiiiceeee ettt 31-7
Figure 31-2 Load/Speed Cycle for Variable Speed Duty for Which Thermal
Equilibrium |s Reached at Each Load/Speed Segment................c.cc.c....... 31-9

Figure 31-3 Load/Speed Cycle for Periodic Duty (Variable Speed Duty for Which
Thermal Equilibrium Is Not Reached at Each Load/Speed Segment) ..31-10

31.4.2 TOPQUE .ot ettt ettt et te ettt e ae e et e ae et et e teeteeee e 31-11
31.4.3 Operating Limitations ............covoovieiioiiiceeeeee e 31-12
314.4 Insulation Considerations ..o 31-13

Table 31-3  Examples of Minimum Acceptable Single Amplitude Zero-to-Peak
Line-to-Line Withstand and PD-Free Voltages Measured at the
Motor Terminals for Common Rated Voltages ...........cccccvvevveeeeicinnnnneen. 31-14

Table 31-4  Peak-to-Peak Values of Test Voltage (Sinusoidal or Impulse Voltage
with a Fall Time =210 us for the Trailing Edge) for Common Rated
Voltages and Their Corresponding Zero-to-Peak Values of PD-Free
VORAGE . ..ot ettt 31-15

Table 31-5  Peak-to-Peak Values of Test Voltage (Impulse with a Fall Time of
< 10 ps for the Trailing Edge) for Common Rated Voltages and their
Corresponding Zero-to-Peak Values of PD-Free Voltage....................... 31-15

3145 Resonances, Sound, Vibration .............ccccooviiiiiiieeeeeee 31-16

© 2021 National Electrical Manufacturers Association



31.5

31.6

31.7

Section IV

ANSI/NEMA MG 1-2016 (Revised 2018)

Page li
31.4.5.1 LCT=T =T o= | RS SS 31-16
31.4.5.2 Sound and Vibration ... 31-17
31.4.5.3 Torsional Considerations ...........ccecveivieeieienieieiee et 31-17
31.4.6 Bearing Lubrication at Low and High Speeds ............cccooooiiieiivcceeee 31-17
Nameplate Marking ...........cocvoieiiiiiieiee ettt ettt be b e ebe b ete s 31-17
31.5.1 Variable Torque ApPlICatioNnS ............coooviiieiiiiceeeceee e 31-17
31.5.2 Other APPlICALIONS.........c.ooiieieeeeeeeeeeeee e 31-18
LIS TSSOSO 31-18
31.6.1 TEStMELNOT ... 31-18
31.6.2 ROULINE TESES ..o e 31-18
31.6.3 Performance TESES ..o 31-19
ACCESSOIY MOUNTING ......ootiiiiiiicie ettt ettt be s e ebeersereebeesseesnens 31-19

Performance Standards Applying to All Machines

Part 32 Synchronous Generators (Exclusive of Generators Covered by ANSI Standards

C50.12, C50.13, C50.14, and C50.15 Above 5000 KVA) ...........cccooiiiiiiiienienienee e 32-1
L 1] 4 Vo T 32-1
321 SCOPENNEN SN V... e AT NSRRI ..........oeeneenrnens 321
32.2  BasiS Of RANG .......ccooiiiiiiiiii ettt ettt b e se e 32-1
32.2  Kilovolt-Ampere (KVA) and (KW) RatiNgS ........c.cooooviiiiiiiiciceeeeeeee e 32-1

Table 32-1 Kilovolt-Ampere and Kilowatt Ratings............cc.coveviiviiiiiiierieieee e 32-1
32.3  SPEEA RALNGS ... et 32-2
Table 32-2 SPeed RaAtINGS .......ccvoiiieieeeeeeeeeee ettt et 32-2
324 VOIAGE RAUNGS ...oooviieiiceeceee ettt ettt e aa e re et te e eaneareans 32-3
32.4.1 Voltage Ratings for 60 Hz Circuits, VOIS .........ccooooieiiiiieieeeeee 32-3
32.4.2 Voltage Ratings for 50 Hz Circuits, VOIS .........ccccooevivieiiiiiieieeeeee, 32-3
324.3 EXCItation VORAQES .......ooveeieieeeeeee e 32-3
32.5  FTEQUENCIES......ooctiiieeieecteeeeeete ettt et ettt ettt e et e s be e b e esbessaesaeesaeesseessesssesseanseesseessenseens 32-3
32.6 TemMPErature RISE.........coioiiiiiieciiceeee ettt ettt ve et et e ere e ers e s e abeennesneans 32-3
Table 32-3  Temperature RISE...........cooooiiiiieieeeeeee e 32-4
32 Tt OO SE TSP 32-5

32.6.1 Temperature Rise for Air-Cooled Machines for Ambients
Lower Than 40°C, But Not Below 0°C* ........ccocioiniiiinncinecineecsceeee 32-5
32.7  Maximum Momentary OVErlOads ............ccccoiiiiiiiiiieeciece et 32-6
32.8  Overload Capability............coooiiiiieeee e 32-6
32.9  Occasional EXCESS CUIMENL........ccoeuiiiiiiireeireet ettt ettt 32-6
32.10  Maximum Deviation FaCOr .............c.ccveiiiiiiiiiccc et 32-6

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page lii

32.11 Telephone Influence Factor (Tif)........coeiiireireeeee e 32-6

Table 32-4  Tif—According to the 1960 Single Frequency Weighting ........................ 32-7

3212 EffICIBNCY oottt ettt b bttt nb s st s bbb e 32-8

32.13  Short-CircUit REQUIFEMENTS........c.ooiiiiieceiee ettt 32-8

32.14 Continuous Current UnbalanCe.............covivieiiiiiiiiiee e 32-9

32.15 Operation with Non-Linear or Asymmetric LOads..........cccccocvevievieneciininecieieieeieieveins 32-9

3216 OVEISPEEAS ...ttt ettt ettt ettt e e e te et e et e et aeeeteeteerteeaeereenns 32-10

32.17 Variation from Rated VORAGE ...........c.coiiuioiiiiieeeeeeee e 32-10

32.17.1 Broad Voltage RanNge ..o 32-10

32.17.2 Discrete VOIAGE .......coooveiiieieee e 32-10

32.18 Synchronous Generator Voltage Regulation (Voltage Dip) ......ccoceeeivenvinenceeeee, 32-10

32.18.1 GENETAL ...t 32-10

32.18.2 DEfiNItIONS ...o.vvieiieieeeee et 32-11

Figure 32-1 Generator Transient Voltage Versus Time for Sudden Load Change...32-11

32.18.3 Voltage Recorder Performance ............ccocveveieieieniinicciecceeeeeeee e 32-12

32.18.4 EXQMPIES ...ttt et 32-12

Figure 32-2 Generator Transient Voltage Versus Time for Sudden Load Change...32-13

32.18.5 Motor Starting LO@dS ..........ooeiririiiiiiceeee e 32-13

Figure 32-3 Performance Curves (Pf < 0.3) (Step Loading) ..........cccooveeveevececieeeen 32-14

32.19 Performance Specification FOMMS.............ccooiiiiiiiiiicieeeeee e 32-15

32.19.1 Slip-ring Synchronous Generators ................cccooooiiioceiieee e 32-15

32.19.2 Brushless Synchronous Generators ...........c.coceieiiiiieicieneieiee e 32-16

32.20 ROULINE FACIOrY TESS ..ottt eeeens 32-17

32.20.1 Generators Not Completely Assembled in the Factory ...........c.cccocveveinn. 32-17

32.20.2 Generators Completely Assembled in the Factory ........c.ccccceeeeeeineenen, 32-17

32.21  High-Potential TeSIS.....c.ooioiieiiiiciee et 32-17

32.21.1 Safety Precautions and Test Procedures............ccccoveveieieieieienieneneenn, 32-17

32.21.2 Test Voltage—Armature WindingsS..........ccccoeieviieeiiieiieeceeeeeee e 32-17

32.21.3 Test Voltage—Field Windings, Generators with Slip Rings ....................... 32-18
32.21.4 Test Voltage—Assembled Brushless Generator Field Winding and

Exciter Armature Winding..........cccccoovveievinieieiececeeee e 32-18

32.21.5 Test Voltage—Brushless Exciter Field Winding...........ccccoceoviveinineincnns 32-18

32.22 Machine Sound Synchronous (GENerators)...........ccceeeieieieieieiienieneie e 32-18

32.22.1 SoUNd QUAENILY ... 32-18

32.22.2 Sound MEaSUIEMENT ..........ccciviiieiiieiieieee et 32-19

32.23  VIBratioN .....oooiiiiiiiicee ettt ettt ettt b ettt enns 32-19

Manufacturing Data................oooiiiiiii e 32-19

32.24 Nameplate MarkiNg .......coooveiieiieie ettt ettt e ere e s re e aeeaeereeersese e 32-19

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page liii

32.25 Shaft EXIENSION KEY .......ooviiiiicee ettt 32-20
32.26 Generator Terminal HOUSING .......c.cccooviiiiiiriiiiciieieieieiet ettt et 32-20
32.27 Embedded Temperature DeteCtOrS ..........ccooiioviiiieeiieeceeceeeeeee e 32-21
Application Data.................ooo o ————————————————— 32-21
32.29  Parallel OPeration............ccooiouiiuioieieeeeeee ettt ettt et ens 32-21
32.30 Calculation of Natural FreQUENCY.............cccviiiieiiieieieeee e 32-21
32.31 Torsional VIDIation .........c.ccccoiiiinieiiieicnecire ettt ettt 32-21
32.32 Machines Operating on an Ungrounded System.............cc.ccveveviiieieiciiceeeeeeee 32-21
32.33  Service CONAItIONS ....c.cueiiieiiiieieriet ettt sttt 32-22

32.33.1 GENETAL ...ttt ettt 32-22

32.33.2 Usual Service ConditionS.........c..ceoiirieirrieiiieieieerieiei et 32-22

32.33.3 Unusual Service ConditioNs .........c.ccoccerieerinieinineeinriccneeeeneeeereeveseseneeeas 32-22
32.34  Neutral GroOUNGING .......ccooiiiieiiieiieieieiete ettt b e ev b ebeesaeseessessessesseeseeseeseeseees 32-23
32.35  Stand-DY GENEIAtOr. .......ccovieiieii ettt sttt sb e sb b b seeseenas 32-23
32.36 Grounding Means for Field WIrNgG ...........covoiiioieieeeeeeceeeeeeeeeeeee e 32-23

Table 32-5 Minimum Size Grounding Conductor Termination ...................cc.ccocvnee.. 32-24

Section IV
Performance Standards Applying to All Machines

Part 33 Definite Purpose Synchronous Generators for Generating Set Applications ............. 33-1
33.0  SCOPE ettt bttt ettt et ettt be et e te st eta st s besbensenbe e 33-1
33.1 DEFINITIONS ...ttt ettt ettt et ettt eereeaea 33-1

33.1.1 Rated OUIPUE POWET .......c.ooviieiiiieeeeecee e 33-1
33.1.2 Rated Speed of Rotation N ..........coooviiiiiii e 33-2
33.1.3  VOHAGE TEIMS ..ottt sttt besbesbesseeaeens 33-2
Figure 33-1 Generator Transient Voltage Versus Time for Sudden Load Change.....33-4
33.1.4 Performance CIaSSES ........ccovrieirieieiiiiieiiieieeetee ettt esessese e sessesas 33-5
33.2  RAUNGS .ottt b et a e sae e b e et et e eaeesbeeabeeabeeaeenreens 33-6
33.2.1 POWET FACION ...ttt 33-6
33.2.2 Kilovolt-Ampere (kVA) and Kilowatt (kW) Ratings .........c.cccooveveviiicieiieeeeee 33-6
Table 33-1  Kilovolt-Ampere and Kilowatt Ratings ...........cccoccoeieinieieieieieieieee, 33-6
33.2.3  SPEEU. ...ttt b et st ae sttt neeneaas 33-7
Table 33-2  Speed RaAtiNGS .....c.oovioiieieeeeeeeeee e 33-7
33.2.4  VORAGE. ...ttt ettt ettt b e ea ettt st st sb et e nbeebeeaeenas 33-7
33.2.5 FIEAUENCIES ..ottt ettt et et ettt et e te et ets e teeereeaeeaeeas 33-8
33.3  PEITOMMIENCE. ..ottt ettt b s be e seebe e e 33-8
33.3.1 Voltage and Frequency Variation .............cccoocooieiiiiiiieieeceee e 33-8
33.3.2 Limits of Temperature and Temperature RisSe..........c..cccoovevvveiieiiececiccieeee. 33-9

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)

Page liv

33.4

33.5

Table 33-3  Temperature RISE...........cov oot 33-10
33.3.3 Special Load CoNAitioNS ..........ccocuiiuieieieeeceeeeeeeeee et 33-12
33.3.4 POWEr QUAIILY ....c.oveieieietieee et e 33-13
Table 33-4  TIF, — according to the 1960 single frequency weighting ...................... 33-15
Table 33-5 Harmonic Weighting Factors for Thf..............ccoooooiiiiiiiieeeee, 33-16
Figure 33-2 Weighting Curve for Computing Thf ..........ccccoiiiiiiiiiceeee e 33-17
Table 33-6  Electromagnetic Disturbance Limits for Brushless Generators .............. 33-19
Table 33-7  Electromagnetic Disturbance Limits for Generators with Brushes......... 33-19
33.3.5 OVEISPEEA......oeeieeeeee ettt ettt et ettt 33-19
33.3.6  MAChiNg SOUN..........ccoriiieiieieiiiee ettt sa et b ese s enn s 33-20
33.3.7  LINEAr ViIbration .........ccooiiiiiiieie ettt e 33-20
33.3.8 TSN .ocviieieiieieeece ettt ettt b b ettt esa st et e sbeebesaeeaeas 33-20
33.3.9 Performance Specification FOrMS ..........c.ccoooiiiiiiiiiieceeeeeeee e 33-23
33.3.9.1 Slip-Ring Synchronous Generator Rating ............cccooevveiviinieiincieeeeee, 33-23
33.3.9.2 Brushless Synchronous Generator Rating...........cocooeoiiveinenenniecee 33-24
APPHCALIONS ...ttt bttt bttt ns 33-25
33.4.1 Service CONAItIONS ......ocuouiiiiieiiieee ettt st 33-25
33.4.2 Transient Voltage Performance .............cccooieuiiieicieieeeeeeeeeeeeeeeee 33-27
Figure 33-3 Generator Transient Voltage Versus Time for Sudden Load Change...33-28
Figure 33-4 Performance Curves (Pf< 0.3) (Step Loading) ........cccccevevvineeneneennnne 33-30
33.4.3 Torsional VIbration ............cooo it 33-31
33.4.4 Generator GroUNdiNG.........ccocooiiiiiiie ettt ettt sttt st eee e 33-31
33.4.5 CyCliC IrMEGUIAIITY ....c.eeui ittt st 33-32
33.4.6  APPlICAtion Criteria..........ccveiiiiiie i 33-32
MaNUFACIUNING ...ttt ettt te et ettt re e e eaeeae s 33-34
33.5.1 Nameplate Marking..........ccoooieiiioiieiieeeeece et 33-34
33.5.2 Terminal HOUSINGS ......c.coveiiiieiiiet ettt bbb ebe e essesaenas 33-35

© 2021 National Electrical Manufacturers Association



ANSI/NEMA MG 1-2016 (Revised 2018)
Page Iv

Foreword

The standards appearing in this publication have been developed by the Motor and Generator Section
and approved for publication as standards of the National Electrical Manufacturers Association. They are
intended to assist users in the proper selection and application of motors and generators. These
standards are revised periodically to provide for changes in user needs, advances in technology, and
changing economic trends. All persons having experience in the selection, use, or manufacture of
electric motors and generators are encouraged to submit recommendations that will improve the
usefulness of these standards. Inquiries, comments, and proposed or recommended revisions should be
submitted to the Motor and Generator Section by contacting:

Senior Technical Director, Operations
National Electrical Manufacturers Association
1300 North 17th Street, Suite 900

Rosslyn, VA 22209

The best judgment of the Motor and Generator Section on the performance and construction of motors
and generators is represented in these standards. They are based upon sound engineering principles,
research, and records of test and field experience. Also involved is an appreciation of the problems of
manufacture, installation, and use derived from consultation with and information obtained from
manufacturers, users, inspection authorities, and others having specialized experience. For machines
intended for general applications, information as to user needs was determined by the individual
companies through normal commercial contact with users. For some motors intended for definite
applications, the organizations that participated in the development of the standards are listed at the
beginning of those definite-purpose motor standards.

Practical information concerning performance, safety, test, construction, and manufacture of alternating-
current and direct-current motors and generators within the product scopes defined in the applicable
section or sections of this publication is provided in these standards. Although some definite-purpose
motors and generators are included, the standards do not apply to machines such as generators and
traction motors for railroads, motors for mining locomotives, arc-welding generators, automotive
accessory and toy motors and generators, machines mounted on airborne craft, etc.

In the preparation and revision of these standards, consideration has been given to the work of other
organizations whose standards are in any way related to motors and generators. Credit is hereby given
to all those standards organizations that may have been helpful in the preparation of this volume.

NEMA MG 1-2016 (Revised 2018) is a revision of MG 1-2014. Prior to publication, the NEMA Standards
and Authorized Engineering Information appearing in this publication unchanged since the preceding
edition were reaffirmed by the Motor and Generator Section.

The standards or guidelines presented in a NEMA standards publication are considered technically
sound at the time they are approved for publication. They are not a substitute for a product seller’s or
user’s own judgment with respect to the particular product referenced in the standard or guideline, and
NEMA does not undertake to guaranty the performance of any individual manufacturer’s products by
virtue of this standard or guide. Thus, NEMA expressly disclaims any responsibility for damages arising
from the use, application, or reliance by others on the information contained in these standards or
guidelines.
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This standards publication was developed by the Motor and Generator Section. Section approval of the
standard does not necessarily imply that all section members voted for its approval or participated in its
development. At the time it was approved, the Motor and Generator Section was composed of the
following members:

ABB Motors and Mechanical, Inc.—Fort Smith, AR
Bluffton Motor Works—BiIuffton, IN
Brook Crompton North America—Toronto, ON
Cummins, Inc.—Minneapolis, MN
GE Industrial Motors, a Wolong Company—Houston, TX
Nidec Motor Corporation—Saint Louis, MO
NORD Gear Corporation—Waunakee, WI
Regal Rexnord—Beloit, WI, composed of:
Electra-Gear—Union Grove, WI
Leeson Electric—Grafton, WI
Lincoln Motors—Cleveland, OH
Marathon Electric Manufacturing Corporation—Wausau, WiI
SEW-Eurodrive, Inc.—Lyman, SC
Siemens Industry, Inc.—Norcross, GA
Sterling Electric, Inc.—Indianapolis, IN
Tatung Electric Company of America—Tustin, CA
Techtop Industries, Inc.—Peachtree Corners, GA
TECO-Westinghouse Motor Co.—Round Rock, TX
Toshiba International Corporation—Houston, TX
Turntide Technologies—Sunnyvale, CA
WEG Electric Motor Corp.—Duluth, GA
Worldwide Electric Corporation—Rochester, NY
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