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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons engaged
in the development and approval of the document at the time it was developed. Consensus does not
necessarily mean that there is unanimous agreement among every person participating in the development
of this document.

The National Electrical Manufacturers Association (NEMA) standards and guideline publications, of which
the document contained herein is one, are developed through a voluntary consensus 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. While NEMA administers the process anu
establishes rules to promote fairness in the development of consensus, it does not write the docume ~t and
it does not independently test, evaluate, or verify the accuracy or completeness of any informatic~ or *he
soundness of any judgments contained in its standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any natui > wratsoever,
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, application, or reliance on this document. NEMA disclaims and mat s no guaranty or
warranty, expressed or implied, as to the accuracy or completeness of any inforr.:atior »ublished herein,
and disclaims and makes no warranty that the information in this document will “ulfili any ,f your particular
purposes or needs. NEMA does not undertake to guarantee the performan~e < any ~dividual manufacturer
or seller’s products or services by virtue of this standard or guide.

In publishing and making this document available, NEMA is not undcte king to render professional or other
services for or on behalf of any person or entity, nor is NEMA unde:*aki.»q to perform any duty owed by any
person or entity to someone else. Anyone using this document soul! rely on his or her own independent
judgment or, as appropriate, seek the advice of a compe.>nt proicssional in determining the exercise of
reasonable care in any given circumstances. Information anu ather 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 | olicc. or enforce compliance with the contents of this
document. NEMA does not certify, test, or insp2cu products, designs, or installations for safety or health
purposes. Any certification or other staterci:* o/ .ompliance with any health or safety—related information
in this document shall not be attributable = NF.MA and is solely the responsibility of the certifier or maker
of the statement.
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Foreword

Proposals for modification or improvement of this standard are welcome. They should be sent to 1300
North 17t Street, Suite 900, Arlington, VA 22209 or sent via the NEMA website (http://www.nema.org).

By publication of this standard, no position is taken with respect to the validity of any such claim(s) or of
any patent rights in connection therewith. If a patent holder has filed a statement of willingness to grant «
license under these rights on reasonable and non-discriminatory terms and conditions to applicants
desiring to obtain such a license, then details may be obtained from the Secretary, or the NEMA \ ebs'te.

This standard was originally developed by the NEMA BS-SM Working Group and announred*o A 'Sl
(PINS) under the NEMA ESM1-7 designation. NEMA changed its designation policy in 20z anc
subsequently changed the designation of the entire ESM1 standards series to SM 31000.

Main contributors were:

Daniel Aljadeff
Henry Alton

Dave Bovankovich
Nathaniel Crutcher
Craig Denson

Don McComas
Aaron Parker

Panoramic Power / Centrica

Triacta Power Solutions \_P,
a Division of Metergy Solu‘i ..2= Inc.

Quadlogic Controls.Cc 'no ation
Continental Co~*ro\ Systems, LLC
DENT Instrume:.:g, Inc.

Eaton

Szimeix2r Electric

© 2022 National Electrical Manufacturers Association


http://www.nema.org/
https://www.nema.org/standards/patent-disclosure-policy
https://www.stdhive.com/standards/nema-sm-31000-7-2021-pdf/

ANSI/NEMA SM 31000-7-2021

Page ii
CONTENTS
L 0T =T o |
K= o7 4o B 7= 1= - 1 1
R B o] o 1= TSP RPN 1
1.2 NOrMAtivVe REFEIENCES ......coi ittt e e et e e s s ee e e sneeeaeens 1
1.3 INfOrmMative REFEIENCES ......coueiiiiie et e et e e e sbee e e s snteee e 1
R B 1= 11 o) o < RSP 2
L g B = 10 o = o PP UPPP PP PPPP z
L O ¥ 4 =101 BST=1 o Yo T SRR 2
1.4.3 Current Sensor, Voltage OutpUL............ooiiiiiii e e .2
1.4.4  Current TransSfOrMEr ... ... e e e e e s . 2
1.45  Marked Ratio .....c..eeeiiiiieiiee e P A 2
1.4.6  Nominal AcCuracy Percentage ..........coouiuiiiiiiiiiiiiiiie et et 2
L A O 111 o1V g e Y- To 1 oo [ TP PP SRR 2
1.4.8 Phase Angle of @ CUITENt SENSON.......ccoiiiiiiiiiiiee e e 2
1.4.9 Primary Operating FrEQUENCY ........cooiuiiiiiiiee it s e e e e s eeaa e 2
1.4.10 Rated INput CUIMENt ... ) S S 3
1.4.11 Rated OULPUL.....cceviiiiieeeeecee e e o e 3
1.4.12 Sensor ACCUraCY Class .........uuuiiiieiiiiiiiiieiee e eeee s e e e st e e e e e e st reeeaa e e 3
Section 2 General ReqUIrements............ccccccciiiiiriiniinnnsssssssssssssssssr sesed ssssssssssssssssssssssssssssssssssssssssssssssssnsnns 4
2t T |V = (T 1= S O e RSP PR 4
211  Recommended Secondary OUIPULS ........ccooiuie/aiiiiei i 4
2.2 DOCUMENTALION .oiiiiiiiiiei et e ettt e e e e a e 4
Section 3 Performance Requirements and Test Procedui s ... .....cccccciririiicininnsssssssssssssssssssssssssssssssnes 5
3.1 ACCUIACY ClaSSES ..cuuviiiiiiiiiii et et ettt s e e e e e 5
3.2 CUITENt SENSOT TYPES .eiiiiiiiiiiiitiee ettt ettt ettt et s bt e s bt e e s aab e e e anre e e e eanee 5
3.3 Current Sensor OUIPUL LOAAING ...ccoiiiiiieiiiiie et 5
3.4 TESHNG OVEIVIEW ..coiiiiiiiiiiiiie et ettt et e b e e et e e s b b e e e e b e e e e eaeee 6
3.4.1  Test Condition TOIEBraNCES ... ..ii oiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e eas 6
3.5 Gain AN Phase TeSES ...cciiuiiiees 00 it i ittt ettt e et e e e e e et e e s et e e s e nte e e s esteeeeannreeeeennes 6
G T T |V (1] o] (=T = To [ =T oy Y =] £ 8
3.7 Effect of Variation of OUIPUE LOAGIIY coeeviiiiiiie ettt a e e e 8
3.8 Temperature Variation......... ...ttt et e e e e e e e e e e e e e e e eeee e et e eeeeeeeeeeeeees 8
3.8.1  Allowable Erre=froin Temperature Variation............ccuvveeiie i 8
3.9 EMC ReqUIrEMENES & N7 TASES .uiiiiiiiiiiiiiiieiieee et e e et e e e e e e et e e e e e e e e s e e e e e e e e e seannreaeeeas 9
3.9.1  Current E~nso:. Tesign Type EMC Immunity TeStS .......cueveieiiiiiiiiiiiiiee e, 10
3.9.2 Active Current Sensor Design Type EMC Immunity Tests ......ocveveiiiiieiiiiiiieee, 10
Annex A Voltage L utp: it Current Sensors (VCS) For Parallel Applications.......cccccccvvecccieeeennnnn. 12
N T o (=110 o 12
A.2 VCS Parai2l Function EXplanation ............cocuiiiiiiii ittt 12
A.3 VCET PaAllel APPlICALIONS....cciii it e e e e e e e e e e e e e e e s e aaeeaaaeeeaans 13
A4 VCS FaralleliNng RUIES ......oeiiiiiee it e et e e e e s e st e e e e e s s e ennnreeeaaaeeeaans 13
Figu.es
17ioure A-1 Paralleling of Voltage Output CUrrent SENSOIS .........oeeviiiiiiiiiiiiiiie e 12

© 2022 National Electrical Manufacturers Association


https://www.stdhive.com/standards/nema-sm-31000-7-2021-pdf/

ANSI/NEMA SM 31000-7-2021
Page iii

Tables
Table 1 Test Condition TOIErANCES. .........ooi it e e e e e e e eneee 6
Table 2 AC Accuracy Class (Cs) Limits and Test Levels ..........cooiiiiiiiiiiiiie e 7
Table 3 DC Accuracy Class (Cs) Limits and Test LEVEIS ........ccooiuiiiiiiiiiiiciee e 7
Table 4 Example of Accuracy Class LIMItS ........oouiiiiiiiiiiii e 8
Table 5 Example Error Limits for Class 0.5M ............uuuuiiiiiiiiiiiiiiiiieiieeeeieeeeeeeeeeeeesessesseeeeeeerereeereeeeeeerreee. 9
Table 6 Active Current Sensor Design Type EMC Immunity Tests ... 10

© 2022 National Electrical Manufacturers Association


https://www.stdhive.com/standards/nema-sm-31000-7-2021-pdf/

ANSI/NEMA SM 31000-7-2021
Page iv

< This page intentionza!'ly 'eit olank. >

© 2022 National Electrical Manufacturers Association


https://www.stdhive.com/standards/nema-sm-31000-7-2021-pdf/

11

ANSI/NEMA SM 31000-7-2021
Page 1

Section 1
General

Scope

SM 31000-7 covers metrological requirements and associated testing for current sensors used with
electrical energy submeters. The standard applies to multiple sensor technologies with a variety of
outputs. These sensors enable current measurement for AC and DC energy submetering.

The standard applies to indoor and outdoor applications and covers temporary and permanently . sta''ed
sensors for AC and DC applications.

The SM 31000 standard is broken into the following parts:

“SQ@ e a0 T

1.2

SM 31000-1 General Requirements

SM 31000-2 AC Active Energy Accuracy

SM 31000-4 Additional Measurements Accuracy

SM 31000-5 DC Energy Accuracy

SM 31000-6 Power Quality Measurements and Accuracy
SM 31000-7 Current Sensor Accuracy

SM 31000-8 Demand Metering

SM 31000-9 Field Testing

SM 31000-10 Voltage Sensor Accuracy

Normative References

In addition to the requirements of this part, products cer fied to this standard shall also meet applicable
requirements from the following other SM 31000 parts.

a.
b.

1.3

aoow

SM 31000-1 General Requirements
SM 31000-2 AC Active Energy Accurac !

Informative References

Canadian Electricity and Gas 'nsp.=ction Act (R.S. 1985, c. E-4), subsection 9(4)

Canadian Electricity and Gea2 1 spection Regulations (SOR/86-131), subsection 12(1)

CAN/CSA/IEC-61869/(.673869-1:14 Instrument transformers — Part 1: General requirements

CAN/CSA/IEC-618FJ/C . 1£69-2:14 Instrument transformers — Part 2: Additional requirements for

current transformers

CAN/CSA/IEC:518.9/C61869-4:14 Instrument transformers — Part 4: Additional requirements for

combined transturiers

IEC 6004+ 8:2002-37: Instrument transformers — Part 8: Electronic current transformers

IEEC CL7.15-2008: IEEE Standard Requirements for Instrument Transformers

mA Curer: transformer references

1. Measurement Canada, LMB-EG-07: Specifications for Approval of Type of Electricity Meters,
Instrument Transformers and Auxiliary Devices

2. Measurement Canada, S-E-07: Specifications for the Approval of Measuring Instrument
‘(ransformers
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