APPENDIX E
(Normative)
Phase-Shifting Transformers

EA Definition

For definition of a phase-shifting transformer, see Section 2,

E.2 Types Defined

Phase-shifling transformers are considered to be of the same type if they @fe roduced by the same
manufacturer, bear the manufacturer's same type designation, are of the same ﬁenmal design, and have
the same relationship of parts. They shall have the same phasor diagram gﬁdgi(beﬁubstantially equivalent
in the following respects to be grouped as one type for approval tests: ¢ -

(1) Rated volts per turn
(2) Length, cross section, and shape of magnetic circuit

(3) Characteristics of the core material g
(4) Arrangement of the coils with respect to the magneft&ca‘?‘@wt
{5) Relaticn of resistance of the windings to the rated,
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APPENDIX F
{Informative)
Historical Background

F.1 Preface to the First Edition (1910)

£

, Bt
in undertaking 2 years ago to formulate a meter code, it was the ambition of the Metémgomngittee of the
Association of Edison {lluminating Companies (AEIC) to produce a reliable a%-date manual

covering the many phases of electric meter practice as encountered by all compa oth large and
small. It was the Committee's belief that such a Code, if intelligently preparg ,, wouid prove of great
value not just to those actually engaged in operating meters, but also to those]] mtérested in the practices
of metering from other standpoints, namely, official, legal, etc. There was giso @?an urgent need of a
closer agreement between the manufacturers and the operating companz”és ¢3S to reasonable and
satisfactory specifications covering both operation and design. £ N & :

The deveiopment of such a Code with the collecting of the very Iarge amtunt of necessary data was
placed in the hands of the Electrical Testlng Laboratories of New Y@rk?’:and at the Briarcliff Convention of
1909 there was presented the first issue of the Code, covenng fi%uz sections and representing the first
year's work. As a means of increasing the strength and supp wpfﬁ*the work, and at the same time
avoiding duplication of effort along similar lines, it was arFangec "with the consent of the Executive
Committee of both Associations to join hands with the Me&er*ﬁ%mmlttee of the Naticnal Electric Light
Association (NELA) for the further development of thﬂ God Ote.” The second year's work, therefore,

represents the combined efforts of the Meter Commitiees Wb, two Associations.

The Code to date as here presented inciudes with minor avisions and corrections those sections which
have been presented in the reports at the 1909 Ediﬁdﬁsz»{»}ﬁhvention -and the 1910 NELA Convention, and
also two entirely new sections. It is hoped that itynay f'md its place among reliabfe books of reference in
the hands of those responsible for, and interesteduin, fhe purchase, instaliation, and operation of electric
meters.

autd be covered, and it is only to be expected that, with

A considerable amount of ground stil r;;;gar
changes and improvements in the art, re¥isiofis must from time to time become necessary, but it is the

intention of the Committees to contlnu&%the‘Work to its jogical conclusion.

While the Code is naturaliy based umﬂ smentifc and technical principles, the commercial side of
metering has been constantly k‘égat“?mkmmd as of very great importance, and it is believed that due
consideration has been given t&thls ‘Phase of the problem.

Although the work has been ;rect_ed very closely by the two Committees, the burden of the undertaking
has been carried by the Ee;c?eéggal Testing Laboratories, to which full credit should be given.

conduct of the work and to W.W. Crawford, aiso of the Laboraiories, for the zeal and discrimination
which he has dlspiayed meprepanng the drafts of the Code for the Committee’s consideration.

The Comm:ttees waiild also acknowledge most gratefully the hearty and vaiuable cooperation of the
manufacturing companies and particularly that of F.P. Cox and L.T. Robinson of the General Electric
Company, /and+William Bradshaw of the Westinghouse Electric and Manufacturing Company. !t is the
earnest geﬁ pf the Committees that the Code may prove its value to all of those interested in the
prems%commermal measurement of electrical energy and may contribute to the advancement of the art.
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Committee personnel £
AEIC NELA
J. W. Cowiles, Chairman G. A. Sawing, Cha!rmaﬁfwg!
O. J. Bushnell W. H. Fellows 4y
George Ross Green W.E. McCoy “«»%}
J. T. Hutchings N
S. G. Rhodes

‘F.2  Preface to the Second Edition (1922)

This edition of the Code for Electricity Meters is a revised and com;ﬁiete\c’e’?hpllanon of the sections
issued separately during the past 5 years. The revision and arrangemer& here have been under the
supervision of the Meter Committees of the Asscciation of Ed@eﬂ lllum:natmg Companies and the
National Electric Light Association. o

Advantage was taken of the printing of the Code in complete forr%‘t&make such revisions in the text and
to add such new matter as appeared desirable. The Electﬁﬁahﬂ'estng Laboratories joined with the
Committees in this revision and compilation as they did In thérgrlgma! preparation of the various sections
of the Code, and this revised edition has their approval. oy

The Code for Electrlcrty Meters has been generall;‘W a%%epfed as a standard of reference for meter
practice, Its revision, compietion, and appearance q;n ape velume enhance its value for this purpose.,

;;

Commlfn e pérsonnel

AEIC NELA
S. G. Rhodes, Chairman 0. J. Bushnell, Chairman
0. J. Bushneili W. M. Fellows
J. W. Cowles W. E. McCoy
George Ross Green F. A. Vaughn
J. T. Hutchings W. L. Wadsworth

G. A. Sawin

F3  Preface to the ThirdkEdition (1928)

This edition of the Codegfér%ectnmty Meters is a completely revised and rearranged compllanon of the
Second Edition, issuedidn 1912, and the section on demand meters, issued in 192C. The 1912-20 edition
of the Code was apgrov&& an American Standard by the American Engineering Standards Committee
in July 1922 (01%9% The present revision has been made under the joint sponsorship of the
Association of @tsd‘ﬁ uminating Companies, the National Electric Light Association, and the US
National Buread of.Standards by a Sectional Committee representing all interested organizations, in
accordance with the Procedure established by the American Engineering Standards Committee for the
revision of @ifﬁencan Standards.

i E
The spgﬁsmrMereby express their appreciation to the members of the Sectional Committee and their
assocrat gﬁfor the painstaking and careful manner in which the revision was carried out.

A p i nary draft was presented at a meseting of the Sectional Commitiee on Aprit 1, 1926, This draft
was dpproved in general outiine, and referred to an editorial committee consisting of Messrs Brooks,
’ﬁﬁ’umer Doyle, Fellows, Hill, Koemg Meyer, and Praft. This committee carefully reviewed the draft,




agreed upon a standard form and arrangement, and appointed H. Koenig, the Secretary of the Sectlonal
Committee, to prepare the final draft for the printer. A considerable amount of material appearsngWhe
Second Edition has been omitted, particularly the circuit diagrams in Section VI, all of Sestnon IX, and
the maintenance paragraphs of Section X. The sections of chapters have been renumbered, 'Ehe em:tted
material is fully covered in the Handbook for Electrical Metermen, where it now propertybelo

This Code, as revised, was submitted in galley-proof form to all the members of the S&;ct:oaﬁ Commlttee
for final approval by letter ballot, and it was then formally approved by each of the: {sponsors. The
sponsors, acting jointly, presented the Code o the American Engineering Stanci%ds “‘Committee for
approval as American Standard, and it was so approved February 20, 1928. A;s?’% :

Committee personnel

W. M. Bradshaw F. Hoimes

Q. J. Bushneil F. A. Kartak

F. P. Cox H. Koenig

Burleigh Currier R. C. Lanphier )

E. D. Doyle F. V. Magalhaes A % C R. Vanneman
R. W. Easton Alexander Maxwell

W. L. Wadswaorth

The Sectional Commitiee was formally arganized March 12
Doyle, Secretary, later succeeded by H. Koenig.

Committee. These subcommittees were: 4
4:“ %5{
(M Acceptance Specifications: F. V. Magaihaes“;Chalrman A J, Allen, W. M. Bradshaw, H. B.
Brooks, 0.J. Bushnell, C.J. Clarke, C. I. Hall ¥, & Holtz, C. H. Ingalls, A. E. Knowlton, W. H. Pratt

(2) Installation and Maintenance Methads: B Currier, Chairman; A. S. Albright, A. J. Allen, W. H.

Fellows, R. C. Fryer, E. E. Hill, Cf .-"hgalls A. G. Tumbull, W. L. Wadsworth

(3) Standards: E. d. Doyle, Chalrm‘an A;‘S Alpright, C. J. Clarke, H. G. Hamann, E. E. Hill

{4) Definitions: J. F. Meyer, Ch@;rman W H. Feliows, F. C. Holtz, F. A. Kartak, C. H. Sharp

F.4 Preface to the Fourtha&dimon (1941)

This fourth edition of the Cocie *fqr “Electricity Meters was prepared by Sectional Committee C12 of the
American Standards AssO ‘a‘tlon The sponsors were the National Bureau of Standards, and the
American Standards Association — Electric Light and power Group (the Association of Edison
illuminating Compames and the Edison Electric Institute).

%?812 which prepared the revision was as follows:.

J. Franklin Meyer, Chairman
H. C. Koenig, Secretary

0. K. Coleman R. E. Johnson
Stanley 8. Green N. 8. Meyers

C. B. Hayden R. H. Nexsen
E. E. Hill W. M. Pratt

F. C. Hoitz
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The work of revision was divided into six major sections and was done by the lfg;ﬂlowir%d six
subcommittees: &
M Definitions: R. D. Bennett, Chairman; H. B. Brooks, P. G. Elliott, W. H. Fellowgf%#g.* bhnson,
E. E. Kline, W. H. Pratt 5 W E
(2) Standards and Metering: H. B. Brooks, Chairman; A. s. Albright, W. M. Bragshaw, F. E. Davis,
Jr., F. C. Holtz, H. C. Koenig, G. R. Sturtevant i i
' £
4

*Aukiligry Devices: W. C.
afmpton, E. E. Hill, H. C.

i

(3) Specifications for Acceptance of Types of Electricity Meters ang'
Wagner, Chairman; W..M, Bradshaw, H. B, Brooks, A. B. Craig, W. R.
Koenig, R. H. Nexsen, W. H. Pratt

(4) Instaliation Methods and Watthour Meter Test Methods: O.K,#Coleman, Chairman; A. P. Gooed,

Stanley S. Green, C. B, Hayden, N. S. Meyers, L. D. Price
(5)  Laboratory and Service Tests: P. L. Helland, Chairmany 4, S. Cruikshank, P. G. Elliott, J. H.
Goss, E.E.Hill, J. C. Langdell, F. L. Pavey : i

{8) Demand Meters: A. J. Allen, Chairman; F. C. Holtz,f
A. R. Rutter, W. C. Wagner, W, H. Witherow

F.5 Preface to the Fifth Edition {1965)

Following the issuance of the Fourth Edition of the gb;dqlgof’"r Electricity meters in 1941, a modification of
periodic test schedules {Paragraph 827 -- changing fhafgst period to 86 months for ac meters rated to 12
kVA) was issued as an American War Standard%onha?févember 5, 1942. This change was approved by
ASA as an American Standard in 1947. In 1957, Atflerican Standard Code for Electricity Meters, C12-

1947, and American Standard Revisions o the Coge for Electricity Meters, C12a-1947, were reaffirmed.

Many improvements and innovations in m‘é“tgs%ﬁﬁd their auxiliary equipment, and in metering practices,
have taken place since the Fourth Edition ‘&f the Code was issued. These develapments were taken into
account in preparing the present edi;fon. Fﬁ? the first time, the Code recognizes that statistical methods
may be applied to in-service testing af melers to reveal where testing and maintenance effort should be
directed; and guidance is offered Mﬁy’fhe selection of sound statistica!l procedures. The other sections
of the Code have also been brgaﬁ%ﬁgﬁ ‘and largely rewritten to cover other phases of electricity metering
in line with the present state Qf; he art.

2
Tt

s :
Finally, it should be noted that the’name of this standard has been changed to American Standard Code
for Electricity Metering,g&hg%mmiﬁee believed that this title more accurately described the content of

the standard. %
VR

This edition of tﬁhg&ﬁméerican Standard Code for Electricity Metering was prepared by Sectional

Committee C12.40f tHegAmerican Standards Association. The sponsors are the National Bureau of

Standards and@thé%gison Electric institute.

F. K. Harris, Chairman
A.T. Higgins, Secretary

H. W, Keiley G. B. M. Robertson
J. D. McKechnie F. H. Rogers
W. J. Piper R. 3. Smith
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W. C. Downing, Jr. R. E. Purucker L. O. Steger |

J. W. Dye A. W. Rauth G. P. Steinmietzs

P. W. Hale R. A. Road G. J. Yanda #

H. H. Hunter

Liaison Members: L. V. Hung

J. M. Vanderleck

The work of revision was done by a number of task forces, and was rewevgedﬁy the Sectional
Committee. These task forces and their assignments were as follows: S

{1 Definitions: W. J. Piper
(2) Measurement of Power and Energy: D. T. Canfield
{3} Standards: F. K. Harris, Chairman; E. F. Blair A
{4) Acceptance of New Types of Meters: G. B. M. Robertson, Chaifman; I'. D. Barnes, E. F. Blair,
J.D.  McKechnie, R. A. Road, R. S, Smith "‘““-‘; )
(9) Watthour meter Test Methods: P. W. Hale, Chairman; Js Ande‘rson T. D. Barnes, W. C.
Downing,  Jr., H. W. Kelley, J. B. McKechnie, E. C. Nuesse, R. A“f“R@ad F. H. Rogers
() Installatlon Requirements: H. w. Kelley, Chairman; E. B., H‘lcgs H: H. Hunter, L. H. Keever, R. E.
Purucker, A. W. Rauth, L. O, Steger %’%
(7) instrument Transformers and Auxiiary Devices: J
D'Entremeont,
B. L. Dunfee, W. H. Farrington, M. W. Keliey e
(8) In-Service Tests of Watthour Meters: H. H. Hunfér‘“@halrman F. K. Harris, A. L. Hobson, C. L.
Lucal, J. D, McKechnie, C. V. Morey, R. E. Pum“@ker&F H. Rogers, L. O. Steger, G. Wey
(9) Demand Meters (Acceptance, Test Methods, In-Service Tests); G. J. Yanda, Chairman; R. V.
- _Adams, W. C. Downing, Jr., P. W. Hale, F.M."Hoppe, W. J. Piper, R. A. Road, R. J. Stowel
(10) Editorial; G. B. M. Robertson, Chairman; ﬁ Arngerson, P. W. Hale, F. K. Harris, A. T. Higgins, H.
H. Hunter, H. W. Kelley, F. H. Rogers. G. J. Yagda

N
l;)')“é{».

F.6  Preface to the Sixth Edition (1 9*25) r

A number of significant advances have bée '""ade in the design of watthour meters, in the verification of
their accuracy, and in demand metering, ssnce the Fifth Edition of this Code was issued in 1965.
Improvements in bearings and mechanicat construction, and new sealing techniques that exclude dust
have made modern meters remagkgaigﬁ,stable as well as accurate. Sampling methods of in-service
testing sanctioned by the 1965 Cag "j’r'qaye been shown o be economical and effective,

A new form of auxiliary device% Qwn as a pulse recorder, has come into general use during the past 16
years. It records, on magnetlc et‘a@aper tape, pulses received from pulse initiators installed on watthour or
other integrating meters. l tapes are processed by automated equipment using computer techniques,
thus reducing human errors, and speeding up accounting and data-interpretation processes for both

customer billing and suwey mstallatnons

These developmems asswell as others have been taken into account in this edilion of the Code.
Recommended penodmtest intervals for modern meters have been lengthened, and sampling methods
have been extended. to additional kinds of meters. In addition, performance requirements have been
incorporated for the new types of pulse devices and for the standard waithour meters used as references
to maintaing chatthour or to test other meters. Many other changes have been made.

This stamd%rd’ s a revision of American National standard Code far Electricity Metering. C12-1965. The
secretanaf of American National Standards Committee C12 is heid by the Edison Electric institute and
the Nafi gé”’}’ Bureau of Standards.

his &%ﬁdard was processed and approved for submittal to ANSI by the American National Standards
# Committee on Code for Electricity metering, C12. Committee approval of the Standard does not
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necessarily imply that all committee members voted for its approval. At the time it agprov%thls
standard, The C12 Committee had the following members:




F. L. Hermach, Chairman

A. T. Higgins, Secretary
J. Anderson A. Fini T.
J. C. Arnold* L. M. Hoidaway+ . G
E. L. Barker B. E. Kibbe C.
D. B. Berry F. G. Kuhn R. A.
E. F. Blair F. J. Levitsky E.W. &c
H. L. Colbeth D. McAutiff % Steger§
C. R. Collinsworth W.

E. Osborn : J M. Vanderleck

*Replaced Mr. Holdaway in September, 1974
+Deceased, July, 1974
§Until retirement in April, 1973.

The work of revision was done by a number of subcommittees, and wae@rewewed by the C12 Standards
Committee. The assignments of these subcommittees were as fql ows:

(1 Definitions, and (2) Measurement of Power and Eneagm%j; F. Blair, Chairman; R. 8. Turgel, J.

M. Vanderleck, A. Yenkelun -

{3) Standards and Standardizing Equipment; F. L. H m‘“a&‘h,?Chalrman M. F. Borleis, W. E. Osborn,

J. Roth, E. W. Schwarz, D. M. Smith

(4) Acceptance of New Types of Watthour Meters#BaFif, Charrman J. Anderson, D. B. Berry, E. F.
Biair, M. F. Borleis, C.R. Colinsworth, F. G. }@%hn 3. McAuliff, G. F. Walsh

(5) Watthour meter Test Metheds: F. J. Levitgky, Bhaifman; J. Anderson, E. F, Blair, T. J. Pearson

(8} installation Regquirements; B. E. Kibbe, Chalrman D. Berry, A. Browne, M. A. Frederickscn, L.

M. Holdaway, H. W. Redecker “%s

{7) Instrument transformers and Auxiliary Devuces T. J. Pearson, Chairman; B. L. Dunfee, F. A
Fragola, J. Landry, R. Stetson By

(8) In-Service Tests of Watthour Meters; FP*»L Colbeth Chairman; E. L. Barker, M. A. Frederickson,

J. Keever, J. C. Liewehr, B. Renz, C‘&FﬁRlederer J. Suridis

(9) Demand Meter and Pulse Dévices: C. R. Collinsworth, Chairman, E. C. Benbow, H. A

Duckworth, R. Hopkins, S.C. McCoium, CiF. Riederer, C. Ringaid, R. J. Stowell, G. F. Waish

(10) Editorial: R. A. Road, Chai J. Anderson, F. L. Hermach, A. T, Higgins, F. J..Levitsky, W. E.
Osbom, C. F. Rlederer +

F.7  Foreword to the S&ve th Edltlon (1982)

(This Foreword is not 3, pad of ANSI C12.1-1982, American National Standard Code for Electricity
Metering.)

This standard has neen eniarged to include performance specifications for a new class of seif-contained
watthour meters \mth créased load range. The speclf ications for a new class of self—contamed watthour

improve clan;gy The section on standarc watthour meters has also been revised to take account of the
types of meigrsmhlch have come into mere wudespread use dunng the last few years. Numerous other

Sm&ﬁ‘?lgiﬁ“the C12 Committes has assumed responsibility for developing additional standards related
to ﬂ‘ig;C@He for Electricity Metering, some of which were formerly issued by other organizations. By
providifly mechanical and cther specifications, generally not directly related to performance, these
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:li’i;hg_ .
known as C12, has now been redesignated C12.1. The other standards issued by the C12 Cgmmiﬁgg’are

listed below, - &

F‘% 435?;
C12.4-1978, - American National Standard for Mechanical Demand Registers.§ - i
C12.5-1978, American National Standard for Thermal Demand Meters. o
C12.6-1978, American National Standard for Marking and Arrangemenf’"*of’ emminal for
Phase-Shifting Devices Used in Metering. ™,

C12.7-1982, American National Standard for Test Swilches for Transformer—Rared A%ters
C12.10-1978, American National Standard for Watthour Meters.
C12.11-1978, American National Standard for Instrument Transformers foréMﬁfQ\nng Purposes, 15 kV

and Less.
C12.14-1982, American National Standard for Magnetic Tape Pulse Raco
This standard was developed by the American National Standards; Commlttee on Electricity Meterlng,
€12, for full consensus approval as an American National Standard Suggestions for improving this
standard are welcome. They should be sent to the American, atibnal Standards Institute, 1430
Broadway, New York, NY 10018, ‘qa%

u,rs:f'for Electricity Meters.

The Secretariat of the American National Standards Comayt ‘&.‘”“C’IZ on Electricity Metering is held by
the Institute of Electrical and Elactronics Engineers and tha;l“&atlonai Bureau of Standards. At the time
this standard was processed and approved, the C12 Comﬁﬁm has the following members;
mw%ﬁ
R. 8. Turgel, Chalrman
V. Condello, Becretary

Anderson Bt
C. Arnold, Jr.
B. Berry

C. Bush

R. Collinsworth
C. Drew

M. Faser :
R. Fowler W, e
F. J. Levitsky gy
J. C. Liewehr
A. Loika

D. McAuliff

J.
J.
D.
W,
C.
T.

. Mueller
F|ederer

Walsh




