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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may
mandate compliance.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make ar. s
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of u.a
information contained herein, or assume any liability or responsibility for any use, or the results of suct. usc. of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcuntrestors,
consultants, or other assignees represent that use of this publication would not infringe upon privately ow.>ed rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institcte to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no repre. entation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability. o1 -2 »0nsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with \‘hich 'his publication may
conflict.

API publications are published to facilitate the broad availability of proven, so.=u engineering and operating
practices. These publications are not intended to obviate the need fur ¢ pplying sound engineering judgment
regarding when and where these publications should be utilized. The formuic 1oriand publication of API publications
is not intended in any way to inhibit anyone from using any other practic 3s.

Any manufacturer marking equipment or materials in conformance \ith \ne marking requirements of an API standard
is solely responsible for complying with all the applicable recuirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to tr.» =pplicable API standard.

Classified areas may vary depending on the location. ccditicns, equipment, and substances involved in any given
situation. Users of this Standard should consult with-the ap propriate authorities having jurisdiction.

Users of this Standard should not rely exclusive'v o1 the information contained in this document. Sound business,
scientific, engineering, and safety judgment shc:ild be used in employing the information contained herein.

API is not undertaking to meet the duues of employers, manufacturers, or suppliers to warn and properly train and
equip their employees, and others 2x}. 1se 4, concerning health and safety risks and precautions, nor undertaking their
obligations to comply with authoritic s having jurisdiction.

Information concerning safety 2r.d health risks and proper precautions with respect to particular materials and
conditions should be oF::ined fro.n the employer, the manufacturer or supplier of that material, or the material safety
data sheet.

Where applicak'e, authorities having jurisdiction should be consulted.
Work sites ond eq uipment operations may differ. Users are solely responsible for assessing their specific equipment

and pren‘ses in Getermining the appropriateness of applying the Standard. At all times users should employ sound
busi‘ies =, scientific, engineering, and judgment safety when using this Standard.

“All ri ghts reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2014 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not reauirod . order
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a stanacrd.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensiire ~orropriate notification and
participation in the developmental process and is designated as an API sicidar!. Questions concerning the
interpretation of the content of this publication or comments and questions concen =y the procedures under which
this publication was developed should be directed in writing to the Diecior of Standards, American Petroleum
Institute, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001. \7 2quests for permission to reproduce or
translate all or any part of the material published herein should also.be ¢ ddressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or witi drawn at least every five years. A one-time
extension of up to two years may be added to this review cycle Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A caw '~y of API publications and materials is published
annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be subniitie. to the Standards Department, API, 200 Massachusetts
Avenue, Suite 1100, Washington, DC 20001, stziiu-:ras Qapi.org.


https://www.stdhive.com/standards/api-std-541-r2021-pdf/

Contents

Page
1 1= = - 1
R T T o o - 1
1.2 Alternative DesSigNS. . ... oot i i i i it a e 1
1.3 Dimensions and Standards ........ ...ttt ittt r ey .
1.4 Conflicting Requirements. . . ... ... i i i it a st e st a e aaa et .2
2 Normative References. . .......c.cc ittt it ittt st s e et tnn s nnnnnsennenns D . 2
3 Terms and Definitions. . . .. ... i i it it i i sttt s s n s s e e s 6
4 Basic Design . ... ..o e e 4, W MU 8
R I 1Y 3 = - | 8
4.2 Electrical Design . . ... cci ittt it e i e 10
4.3 Winding and Insulation Systems. . . ......... ... . i i e e e 14
44 Mechanical Design .. .........iiiiiiitiii it ia it aaa e nanranannns ) 16
5 o o =77 o ] 4 1= Y 5 O T 40
5.1 Terminal BoXeS ........viiiiiiiieittnneereeesnnnnsseasnnnnn trresnannsnnnnnesesnnnnnnns 40
5.2 Winding Temperature Detectors . ... ....... .. ittt ettt et a e 42
5.3 Bearing Temperature Detectors. . ......................... . e e aaee ey 42
5.4 Space Heaters ............iiiiiiiiiiiiii ittt e i e e et 42
5.5 Screens and FIlters . ... ..o i ittt ittt ittt ree e et s s e e atannnnnnss st nnnnn 43
5.6 Alarms and Control Devices for Motor Protection .... .. . ... .ttt ettt rnnnnns 43
5.7 GroundConnectors. .........covieiiirererrnrnn . 44
5.8 Vibration Detectors . ...ttt ittt it ittt s s ntnna s aan sy 44
6 Inspection, Testing, and Preparation for Shipment. .. ....... ... ... .. ... ... ... i i it 45
Tt TR € - 3 = - 45
07 11T « 7= e 1 o o R S 46
6.3 Final Testing. . ... ..ot et i ittt ettt et e e e e aa e e 47
6.4 Preparation for Shipment. .. ... ... . .. i i i i i et et it et 61
7 Guarantee and Warranty. . . .. ... .. i it i e 62
8 B =Y T Lo o = 0 - 1 - 63
- R o o Yo == | 63
8.3 Contract Data. ........ ..ttt it tttnnanananssassestterannannnnananssat e annnns 65
8.5 Drawings........ A 66
8.6 Final Data ......... ...ttt ittt ittt eannnsssassnnnsnnssesssnsnsnnnessnnnnnnnns 68
8.7 INStructioNn Mr. 1als. . . it i it i ittt e i e r e ey 68
ANNEX A Datacheuts ... . ittt ittt e s st a st s, 70
Annex B V=andor JDrawing and Data Requirements ... ...ttt et e 97
AnNnex & TR asheet GUIdE. .. ...ttt iit ittt ettt tstannnnnnnnnnssssesennnnnnnnnnnnns 101
Anne.: D Prccedure for Determination of ResidualUnbalance .............cc i i i i i e 144
~Anne  E Procedure and Guidance for Determining the Allowable Resultant Vector Change During
AHeat RUN TSt . ... i i i i ittt ittt sttt e e anann s eenannnnnnneeennnas 152
2anex F Alternate Criteria for Defining a Well Damped Resonance...............c.iiiiiinnnnnnnns 155
Annex G ACStatorForm Coil Data. . ........cciiiiiiii ittt i ittt e e enasnn s nnnnnnnnes 157
=71 o] 1o T | = o] 1)/ 160


https://www.stdhive.com/standards/api-std-541-r2021-pdf/

Contents

Page
Figures
1 Typical Rotor Mode Shapes . ... ..ottt i it et et e e e e e aaranaraeanenenns 27
2 Shaft Vibration Limits (Metric Units, Relative to Bearing Housing Using Noncontact Vibration

Probes) for All Hydrodynamic Sleeve Bearing Machines with the Machine Securely Fastened
toaMassive Foundation. .......... ..ot i i e e e 19

3 Shaft Vibration Limits (U.S. Customary Units, Relative to Bearing Housing Using Noncon?act

Vibration Probes) for All Hydrodynamic Sleeve Bearing Machines with the Machine Securei;:

Fastened to a Massive Foundation. . ...ttt ittt st e e 49
4 Bearing Housing Radial and Axial Vibration Limits (Metric Units) for Sleeve and An.”ric.'or

Bearing Machines with the Machine Securely Fastened to a Massive Foundation .... ............ 50
5 Bearing Housing Radial and Axial Vibration Limits (U.S. Customary Units) for Sl eve and

Antifriction Bearing Machines with the Machine Securely Fastened to a Massivc Foundation ... ... 50
6  Adjacent Core ..........cciiiiiitii i iy S 57
D.1 (Blank) Residual Unbalance Worksheet........................... . U7 ) 146
D.2 (Blank) Residual Unbalance Polar Plot Worksheet. .............. . .. .. 147
D.3 Sample Residual Unbalance Worksheet for LeftPlane .............. .. .. . i i, 148
D.4 Sample Residual Unbalance Polar Plot Worksheet forLeftPlane ........... ... ... .cciiiiat.. 149
D.5 Sample Residual Unbalance Worksheet for RightPlane .... .. ... ... ... ... ... ... ... ..... 150
D.6 Sample Residual Unbalance Polar Plot Worksheet forRigh Plan .............................. 151
E.1 Example of a Polar Plot Complying with 6.3.3.13 ... . . 0l i i e e i e ns 153
E.2 Example of a Polar Plot Not Complying with 6.3.3.13. .. .. ... ... ... i i 153
E.3 Example of a Polar Plot Not Complying with 6.3.3.12. . ... ... ... ... .. it 154
E.4 Possible Option if a Motor Fails Basic Specification “reria ................. ... ... it 154
F.1 Evaluation of Amplification Factor (AF) from Speed AmplitudePlots . .......................... 156
Tables
1 Voltage Ratings for Three Phase B0 HZ o /StemMs .. ... . ittt ii it e st r e eaenanenns 1"
2  Voltage Ratings for Three Phase oM H.- Sy stems (British Standards) ............................ 1
3  Voltage Ratings for Three Phase 30 .'zSystems (General) . . .. ... inirinnrnnnnn. 1"
4  Starting Capabilities .. ...... 0 . .. e e 13
5 Machine Enclosures and Courr: spondmg NEMA or IEC Specifications ........................... 17
6 Maximum Severity of Deec's ir Castings . ... .......coiiiiiirirnii et ea e araiaarenaeanns 47
7 DC Test Voltages for Ins\ 'ation Resistance and Determination of PolarizationIndex............... 52
8 DC High-Potential Tast lohage Levels .. ........ ...ttt i et e enaaaanrannnns 59

v


https://www.stdhive.com/standards/api-std-541-r2021-pdf/

Form-wound Squirrel Cage Induction Motors—
375 kW (500 Horsepower) and Larger

1 General

1.1 Scope

1.1.1 This standard covers the minimum requirements for special purpose form-wound squirrel ceqge inducion
motors 375 kW (500 hp) and larger for use in petroleum, chemical, and other industry applications. Th:z stcndard can
also be used for induction generators by substituting “generator” for “motor” where applicable.

Notes following a paragraph in Sections 1 through 8 are informational only and are not enfor =ab.> «us part of this
standard.

NOTE A special purpose machine typically has one or more of the following characteristics:

1) is in an application for which the equipment is designed for uninterrupted, continuous ¢ >erzuon in critical service, and for
which there is usually no installed spare equipment;

2) is larger than 2250 kW (3000 hp) for speeds 1800 rpm and below;

3) is rated 600 kW (800 hp) or greater for two pole (3000 rpm or 3600 rpr-; .nac. ines of totally enclosed construction, or rated
930 kW (1250 hp) or greater for two pole machines of open or guardec <on truction (including machines with WP-I or WP-II
type enclosures);

4) drives a high-inertia load (in excess of the load Wk? listed in IEMA MG 1, Part 20);

5) uses an adjustable speed drive (ASD) as a source of bower;

6) is an induction generator;

7) is a vertical machine rated 375 kW (50C hp) »r-greater; or

8) operates in abnormally hostile environn' 2nts.

A round bullet (e) at the beginning of a naragraph indicates that either a decision is required or further information is

to be provided by the purchases . 1. s nformation shall be indicated on the datasheets (see Annex A); otherwise, it
shall be stated in the quotatinn reauest or in the order.

A diamond bullet (#) at the s =it of a paragraph indicates additional requirements for motors applied with ASDs.

1.1.2 This standai ! reyuires the purchaser to specify details and features. The purchaser shall complete the
datasheets in Anncx A.

NOTE ©. Guidance for completion of the datasheets is provided in Annex C.
1.2 ; lteinauve Designs

Tho vendor may offer alternative designs (see 8.1.9).

1.3 Dimensions and Standards

1.3.1 Both the metric (Sl) and U.S. customary (USC) system of units and dimensions are used in this standard.
Data, drawings, and hardware (including fasteners) related to equipment supplied to this standard shall use the

1
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