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STATUS AND OUTLOOK FOR METRIC CONVERSION OF STANDARDS
THE VIEWS OF NINE SELECTED MAJOR

STANDARDS DEVELOPMENT BOD IES

EXECUITIVE SUMMARY

Sections 6.4, 6.5 and 6.6 of the Metric Conversion Act (14 Stat.
339; 15 U.S.C. 204-5) call for encouraging the development of
inetric standards and also for encouraging industry and standards
writers to maintain and enhance the current acceptability of
superior U.S. technology and products during the transition
period to metric.

The Board has proceeded to examine the standards process to
determine a practical and appropriate course of action to satisfy
the requirements set forth in the Act.

The Board has interviewed major Federal Government and private
sector standards developing bodies, has conducted a survey covering
over 400 U.S. standards developing bodies, and is in the process
of surveying standards and specifications developing groups
within the Federal Government to test a strategy for measuring
progress in metric standards development in government and
industry.

This Interim Report describes the interviews the U.S. Metric
Board staff conducted with the nine selected major standards
developing bodies that historically have developed a predominant
proportion of U.S. voluntary consensus standards, and details the
findings from these interviews. The nine standards bodies were
suggested by the American National Standards Institute and the
American Society for Testing and Materials. The interviews were
conducted in the period April 1981 through January 1982. This
Interim Report as well as other interim reports and information
will be used by the U.S. Metric Board in considering
recomnnendat ions.

The following are the major findings from the interviews:

(1) Metrication is not recognized as a major issue or problem
for standards developing organizations.

(2) Several barriers to the development and use of metric stan-
dards exist and have been cited by standards developers. At
present, the greatest barrier Is simply the lack of demand for
such standards. A significant barrier to metrication is com-
petitively priced items or systems, whether in government or
industry. Early costs of metric versions of products may be
significantly higher than for ineh-pound versions. An additional
barrier is the dual maintenance (service tools, parts, and
training of personnel) costs resulting from the initial conver-
sion which would be expected to last for some period after
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conversion. Some coneerns related to safety from the development
and use of metric standards were cited. Present use of inch-
pound standards by regulatory agencies has not served as a signi-
ficant barrier to the development and use of "metric" versions of
standards.

(3) Standards development organizations react to market demand
for their standards. Although the Department of Defense has
announced a target date of 1990 for having necessary military
metric standards available, there is at present no clearly arti-
culated pressing demand for metric standards from industry,
government agencies, or other users of standards.

(4) Standards developing organizations acknowledge the need for
raising awareness among both the standards users and standards
writing organizations of the advantage of continuous attention to
consideration of hard metric in new product design, and espe-
cially in new technology areas.

(5) Standards work normally follows technology and reflects con-
sensus on design and manufacturing processes. The language of
the Metric Conversion Act can be interpreted to recommend antici-
patory conversion of standards to support planned future
conversion. Since metric standards represent a dimensional or
measurement unit change only, such advance conversion of stan-
dards is probably technically feasible in most industries, but
some experts feel strongly that metric development and conversion
of standards which are not based on experience of prior use,
testing and evaluation are highly questionable. In addition,
since metric conversion appears to be proceeding incrementally and
not by major sector coordinated industry-wide timetables it is
unlikely that industry will support anticipatory development of
metric standards. A national commitment to convert to the metric
system, of course, would lead to industry support for anticipa-
tory development of metric standards.

(6) For Federal agencies to have a real impact on the pace of
metric standards development, agencies would have to specify
metric in procurement, which would lead to some significant extra
Cost.

(7) Some organizations are concerned about the threat of foreign
origin standards displacing U.S. non-metric standards but most
standards writing organizations do not view this as a major
problem. The standards bodies cited no cases where "foreign
origin" international standards have replaced U.S. originated
defacto or recognized 4nternational standards because these U.S.
standards are not metric. Other factors, such as different power
system voltage and frequency requirements, are far more important
considerations for international acceptance of U.S. standards
than whether or not a standard Is in metric units.

2



(8) All of the interviewed standards organizations indicated that
as yet the fact that U.S. standards are not metric has not been a
substantial deterrent to international acceptance of U.S. Inch-
pound standards.

(9) Standards developers generally felt that they have the
infrastructure in place to respond to a significant increase in
demand for the development of metric standards should such a
demand develop.

(10) Because of the wide variety of industry economic factors and
technology, a single strategy for encouragement of anticipatory
conversion of standards is difficult to develop.

(11) There are mixed feelings about the value of a national
metric "log" or status report on conversion of standards. There
is a feeling that if metrication is merely drifting along as it
is now, such a log would not be of much value except in the
aerospace area. However, in the event of a national conversion
or an industry-wide decision to go metric, a metric log would be
useful.

Our investigation of the impact of increasing metric usage on
standards producers leads us to conclude that conversion by U.S.
industry to metric is proceeding relatively slowly. While
some inconvenience may result from lack of convenient and timely
availability of new "hard metric" U.S. standards, other economic
and social factors are far more significant considerations in the
decision to convert manufacturing processes or products to
metric.

3
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STATUS AND OUTLOOK FOR METRIC CONVERSION OF STANDARDS
THE VIEWS OF NINE SELECTED MAJOR

STANDARDS DEVELOPMENT BODIES

I. INTRODUCTION

The U.S. Metric Board was established by the Metrie Conversion Act of
1975 "which declares a national policy of coordinating the increasing
use of the metric system in the United States, and to establish a U.S.
Metric Board to coordinate the voluntary conversion to the metric
system".

After considerable delay in Senate confirmation of 17 Board members

the Board finally was established in 1978 and has been active in
programs of research, coordination and planning, information and
education. The Board is dedicated to assisting groups wishing to con-
vert voluntarily to the metric system in the most cost-efficient and
least disruptive manner possible.

Although the enabling legislation which created this agency is called
the "Metric Conversion Act," conversion in the country is entirely
voluntary. Congress established no deadline for It. Thus, the Board

has no compulsory power and no mandate to promote conversion to the
metric system.

The Board's job is to educate, inform and assist those parties
who make a voluntary decision to convert. Because conversion is
occurring voluntarily on a company-by-company and industry-by-
industry basis, it is difficult to predict when, if ever, the
metric system might become the predominant means of measurement
in the United States. It may take ten years, or much longer, or
it may never occur on a completely voluntary basis. Some view
this as a serious flaw in the law and have coninunicated their
concern to the U.S. Metric Board. Others believe that a "laissez
faire" approach is best for the U.S. economy.

i. BRIEF REVIEW OF STANDARDS PORTION OF THE ACT

Three sections of the Metric Conversion Act deal directly with stan-
dards (a copy of the three sections of the Act is in appendix A).

Briefly, the United States Metric Board is required to:

6(4) encourage organizations to rapidly develop engineering stan-
dards on a metric basis and to take advantage of simplification
opportunities, rationalization, etc.

6(5) encourage retention in new metric language of U.S.
standards, designs, conventions, etc., which

1. embody superior technology, and
2. are now Internationally accepted

4



6(6) work with the Department of State, international
organizations, foreign governments, %to. to:

I. seek international acceptance of U.S. stantards, and
2. encourage retention of equivalent, customary uflits in inter-
national standards during U.S. conversion.

Ill. EARLY STANDARDS ACTIVITIES OF THE BOARD

The first two years of the Board's existence were not very active ones
as far as standards matters were concerned. The Board did send letters
dated March 22, 1979 to 400 standards writing organizations to tell
them about the standards sections of the Act and of its desire to
cooperate with them.

On December 12, 1979, the Standards Liaison Committee of the U.S.
Metric Board agreed to have the staff gather background information
and make recommendations for development of a "standards strategy" to
meet the requirements of the three sections of the Act that deal with
standards. In order to define the problem, and plan a strategy, the
Board staff initially visited the following organizations:

American National Standards Institute

American National Metric Council (ANMC), and the ANMI Ad Hoe
Standards Task Group

American Society for Testing and Materials

Dr. Howard Forman, then Deputy Assistant Secretary of Comnerce
for Product Standards, and Chairman of the Interagency Committee
on Standards Policy

The Metric Standards Subcommittee of the Interagency Committee on
Standards Policy (the staff regularly participates in meetings of
this Subcommittee)

Metric Commission Canada, the Canadian Standards Association,
and the Standards Council of Canada

National Standards Association

IV. STANDARDS STRATEGY

Based on information collected from these visits, the Board staff
developed a strategy for collecting information on a systematic
basis from U.S. standards developing bodies, both in the public
and private sectors, in order to make recomnendations to the
Board on how to meet the requirements of the Metric Conversion
Act. The staff recommendations on information collection were
approved by the USMB Standards Liaison Conmnittee at its November
20, 1980 meeting. These activities were in three parts:

il i . . ... . .M . .. i .. . W -- .. . . . .' . .. .. IH . .. . .. . .. I I ... II 5
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1. The Board explored how it might define the term standards as
meant by Congress. After some initial work on a global task of making
a complete taxonomic analysis of the world of standards, the Board
came to the conclusion that with the resources available it should
find a way to simplify the task. The staff settled on use of an
already established Federal Material and End Item breakdown structure
known as the Federal Cataloging System. The initial effort the staff
made was to investigate the feasibility of initially using the
Department of Defense portion of the approximately 700 Federal Supply
Classes (FSC), groups and areas as a pilot classification system by
which the U.S. Metric Board might monitor public and private metric
conversion activities and associated supporting standards work. Under
this concept the 100 FSC assignee/preparing activities that write the
standards for items in each FSC would be asked to provide metric sta-
tus and outlook information in their annual standardization reports.
The Board would ask that the reports would not only indicate firm in-
house plans and funded projects but would also indicate the federal
technical experts' best information about planned private sector con-
version activity and plans for development of metric standards. The
results of this survey will be published in late FY82.

2. A brief survey of the over 400 standards development organizations
listed in the November 1980 list "U. S. Organizations Represented in
the Collection of Standards Maintained by the National Bureau of
Standards" was conducted. A survey questionnaire was mailed to those
organizations under a memo dated May 20, 1981. Questions included:

a. Does your organization have a formal policy on metrication?

b. What units does your organization use in technical
publications, and its codes and standards?

The purpose was to get a general impression on the extent to which
standards bodies have official metric policies, what their policies
generally require, and the extent of metric usage in standards and
codes. The results are given in the report entitled "Status of Metric
Conversion, A Survey of U.S. Standards Writing Organizations",
issued in 1982.

3. Finally, the Board staff conducted interviews with the following
standards developing/writing organizations using the Interview Guide
shown in appendix B:

1. Aerospace Industries Association on May 4, 1981
2. American Concrete Institute on April 29 and 30, 1981
3. American Society for Testing and Materials (preliminary

meetings on June 26, 1980 and July 31, 1980) and letter dated
September 30, 1981 sunining up ASTM answers to interview guide

4. The American Society of Mechanical Engineers on May 12, 1981
5. Institute of Electrical and Electronics Engineers on May It,

1 1981
6. National Electrical Manufacturers Association on December 9,

1981

7. National Fire Protection Association (letter reply dated
March 19, 1981

8. Society of Automotive Engineers on April 21, 1981
9. Underwriters' Laboratories on January 4, 1982

6
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These nine organizations were suggested by the American National
Standards Institute and the American Society for Testing and Materials
and are thought to be intimately knowledgeable about the processes
involved in development of a wide ipectrum of engineering standards.

The draft report of the findings were sent to the above standards orga-
nizations by letter dated March 19, 1982 asking for comments.

The findings in this report as well as the findings from the other two
reports cited above, along with information from the American National
Standards Institute, and other sources cited on page 5 are forming the
background for any U.S. Metric Board recommendatlons to be considered
at the Board meeting in July 1982.

V. BACKGROUND ON THE NINE INTERVIEWED STANDARDS ORGANIZATIONS.

American Concrete Institute (ACI).

The ACI* is devoted to the solution of technical problems related to
the design, construction, and maintenance of concrete and reinforced
concrete structures and to the dissemination of information in this
field. Standards conmnittee efforts have produced standards, recom-
mended practices, design handbooks, codes, and reports in every impor-
tant area of concrete technology. There are about 100 technical
committees.

There are currently about 30 ACT standards concerning just about every
area of concrete practice. Perhaps the most important standard
published by AC! is 318-77, "Building Code Requirements for Reinforced
Concrete". Of the four model building codes, three reference the Code
and one copies most of it. This Code is soft converted; also there is
a list of metric equivalents in the back of the publication. The next
revision is due in 1983. There will be a metric version available at
that time but it is uncertain whether it will be in published or
manuscript form. The Code is translated into several other languages.
It is used as the basis for the concrete portion of the building codes
of many other countries, such as Canada and New Zealand. Other ACI
standards cover such areas as concrete pipe, structural plain concrete
for buildings, concrete chimneys, concrete pavements and bases, and
concrete masonry.

Policy on the use of metric units in standards is shown in the ACI
Policy statement in appendix C (paragraph 3.4.5 from the ACT
Technical Committee Manual-June 1979). Some AC! standards on propor-
tioning concrete contain metric examples for ito foreign membership
(Comnittee 211 standards).

Aerospace Industries Association of America. Inc. (AIA).

AIA is the national trade association representing the principal cor-
porations involved in the research, development, and manufacture of

*Acronyms for the standards bodies are listed in appendix E.
Acronyms are used throughout the rest of this report.7



aircraft, space vehicles, missiles and related 'quipment. One of the
many functions of the association is providing d forum for
establishing industry consensus on standardization and standardization
management issues.

The primary AIA committee responsible for developing standards is the
National Aerospace Standards Cornmittee (NASC). Since 1938, the NASC
has developed more than 2600 standards for airframe fasteners and
other mechanical parts. Personnel from the defense services, Defense
Industrial Supply Center and Defense Electronics Supply Center par-
ticipate actively in the preparation of HAS standards, and liaison is
maintained with FAA, NASA, AIA Canada and the airlines. HAS standards
are developed on the basis of user requirements, although coordination
is accomplished with suppliers and other materially affected
interests.

The AIA position is to have metric standards prepared to meet market
needs -- a state of "informed readiness." To date, over 130 metric
NAS standards have been published. Two metric guidance documents
prepared by the NASC have been coordinated widely throughout the
aerospace industry: AS 10000, "NA Documents Preparation and
Maintenance in Sl (Metric) Units," and NAS 10001, "Preferred Metric
Units for Aerospace."

As secretariat of the Aerospace Sector Committee of the American
National Metric Council, AIA sponsors a coordinating log tracking
development of metric standards relating to aerospace.

AIA also provides the international secretariat for Technical
Committee 20, the Aircraft and Space Vehicles standards body of the
International Organization for Standardization (ISO).

American Society for Testing and Materials (AS TM).

ASTM is a nonprofit corporation formed for the development of stan-
dards on the characteristics and performance of materials, products,
systems, and services and the promotion of related knowledge. In ASTM
terminology, standards include test methods, definitions, recomnuended
practices, classifications, and specifications. ASTM has some 6600
standards developed by 137 main conmnittees and 1920 subcommittees.
The Committees function under definite regulations governing the per-
sonnel and methods of procedure. The standards conmmittees themselves
determine the technical scope, content, and requirements of the
standards, but the standards must conform to certain formats. For
ease of reference, the standards are published in collective form and
each is also issued in a separate pamphlet form. ABTM publishes the
Book of ASTM Standards in 48 volumes annually in various months of the
year. Of its 6600 standards, only 66 were hard metric as of April 2,
1982; however the number of hard metric standards has been increasing
rapidly each year. All ASTM metric module standards are denoted by an
upper case "M". The ASTM metric policy is in appendix C. A list of
ASTM (Hard) Metric Standards is in appendix D.

ASTM is the developer and publisher of ASTM E 380-82, Standard for
Metric Practice. This standard was developed by consensus procedures
ia"UijisiT ' - ce for application of the modernized metric system
(SI) in the United States. The standard also has an extensive list of

conversion factors to provide equivalent values in S units for

8
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miscellaneous units of measure. ASTM also publishes "Use of Metric
(SI) Units in ASTM Standards" as Part H of Form and Stvle for ASTM
Standards, June 1980 (copy in appendix C). These instruc!tons are to
guide technical committees in the writing of ASTM standards using SI
by following AS'TM E 380 and its approved supplementary metric practice
guides.

The American SocietX of Mechanical Engineers (ASME).

The development of codes and standards is an important part of ASME's
activity in promoting the art and science of mechanical engineering.
For nearly 100 years, the Society has pioneered the development of
Codes, Standards, and related Certification Programs. Presently, over
7000 engineers and related scientists participate in ASME Codes and
Standards activities. There are Committees on Standardization, Safety
Standards, Boiler and Pressure Vessels, Performance Test Codes, and
International Standards. ASME has published:

(1) ASME Orientation and Guide for Use of SI (Metric) Units, 1978
(2) ASME Text Booklet, SI Units in Strength of Materials, 1976
(3) ASME Text Booklet, SI Units in Dynamics, 1976
(4) ASME Text Booklet, Sl Units in Thermodynamics, 1976
(5) ASME Text Booklet, SI Units in Fluid Mechanics, 1976
(6) ASME Text Booklet, SI Units in Kinematics, 1976
(7) ASME Guide for Metrication of Codes and Standards

SI (Metric) Units
(8) ASME Text Booklet, SI Units in Heat Transfer, 1977
(9) ASME Text Booklet, Sl Units in Vibration, 1976

(10) ASME Steam Tables in SI (Metric) Units
For Instructional Use, 1977

(11) Steam Charts, SI (Metric) and U.S. Customary Units, 1976
(12) Transactions of Technical Conference on Metric

Mechanical Fasteners, 1975.

The ASME also has a Metric Policy developed by the Special
Conmmittee of the Council on Metric System and issued on May 4,
1977; a copy is in appendix C.

ASME has 462 separate committees which have effected 1150 codes
and standards. ASME publishes a number of metric modular stan-
dards such as in the B-18 fastener, screw thread, and B-32 sizes
(e.g., sheet thicknesses, tubing sizes) areas. Most of the ASME
metric standards are in areas where there is significant inter-
national trade. Until recently, there was insufficient need for
a hard metric version of the ASME Boiler and Pressure Vessel Code
and industry would not support the metric version. The Code Is
not a one time effort - every six months, both the SI and custo-
mary versions would have to be updated. A soft conversion of the
Code would not have been a satisfactory solution to the need for
a metric version of the Boiler Code. There are about 300 engi-
neers and allied scientists involved in maintaining the Code.
However, one of the 22 parts of the Code now has a metric
counterpart. The staff engineers will continue to prepare hard

9
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metric parts of the Code with the intent of publishing a complete
metric Code by October 1, 1983. At present, the customary ver-
sion is used worldwide. The Code is an international standard
under the GAI Code. There are engineers and allied scientists
romrn many countries who participate in the development and main-

tenance of the Code.

Institute of Electrical and Electronics Engineers (IEEE).

Standards activities within the Institute are entrusted to the
Standards Board which is responsible for final approval of IEEE
standards and for representing the IEEE in matters relating to
units and standards. The Standards Board is responsible for
authorization and coordination of standards projects within the
Institute. The work of preparing IEEE standards is carried out
within the Technical Committees of the 31 groups and societies
within the Institute. There are presently about 450 IEEE stan-
dards covering electrical and electronie equipment, test
methods, units, symbols, definitions, and rating methods. In
addition, there are about 250 projects underway for the develop-
ment of new standards.

While the major portion of IEEE membership is within the United
States, the Institute is international in character, and its
standards activities are neither limited to U.S. members, nor are
its standards generated for the exclusive use of the U.S. engi-
-.ering community.

Most IEEE standards are in metric already. Most IEEE standards are
concerned with systems and non-dimensional standards. The IEEE is the
developer and publisher of IEEE Standard 268-1982, IEEE Standard
Metric Practice. This standard was developed by consensus procedures
ad-gTives guidice for application of the modernized metric system
(SI) in the United States. The standard also has an extensive list of
conversion factors to provide equivalent values in SI units for
miscellaneous units of measure.

National Electrical Manufacturers Association (NEA).

NEMA is the "Nation's largest trade association for manufacturers of
products used in the generation, transmission, distribution, control
and end-use of electricity". NEMA deals with heavy electrical
equipment like motors and generators, rather than electronics or home
appliances. N]'4A is a leading developer of voluntary standards (some
200). It is concerned about the quality and reliability of members'
products, and safety in manufacture and use. A large part of the work
of any NEMA Subdivision is keeping its standards current and ensuring
that new voluntary standards are developed when needed. Many NERA
Subdivisions also participate in other standards - making
organizations, both national and international. The Increasing impor-
tance of international standards makes NMA's participation in the
International Electrotechnical Commission (IEC) vit&l to industry.
NEMA activities are divided into 75 product sectors (wire, generators,

10



and circuit breakers are examples). Every company member has one vote
on each of the conmittees. These sectors have technical committees
which write draft standards. The draft standards are voted upon by
the sector before it goes to the Codes and Standards Committee for
publication approval. The NE4A staff also reviews the standards
before publication to make sure procedures have been followed. The
Codes and Standards Committee is a committee of 25 senior members from
NEMA companies (e.g., director of standards in a company). Many of
the technical committees have members who are active on IlB technical
committees, and therefore are quite familiar with IEC activities.
They try to harmonize IEC and NHEMA standards to prevent
inconsistencies. The NEMA Metric Conversion Subcommittee of the Codes
and Standards Committee wrote the NIA metric policy statement dated
June 3, 1976 (copy in appendix C). This Subcommittee has not met much
lately. NEMA has provided the Chairman and the Secretary of the MI
Electrical Goods Sector Committee.

NEMA has a list of "Metricated NEMA Standards" dated August 14, 1981
(copy in appendix D). One standard is hard converted into metric
modules, and three are "SI units only". The rest of the 41 standards
on the list are "fully metrieated, in that they use metric units of
measurement consistently". NEMA has a set of "Legal Guidelines for
Metrication of NEMA Standards" (copy in appendix C).

National Fire Protection Association (NFPA).

The NFPA is a nonprofit, technical and education organization to pro-
mote science and improve the methods of fire protection. One of
the main functions of NFPA is in the standards making field under
which codes, standards, and recommended practices are developed as
guides to engineering protection for reducing loss of life and
property by fire. The standards activity is handled by 162
committees and sectional committees whose membership is comprised of
approximately 2100 individuals representing qualified international,
national and regional organizations, NFPA sections or technical
cornmittees. Fire safety has broad applications and the standards for-
mulated and adopted by the Association cover a wide range of subjects.
The standards are combined and published yearly as National Fire Codes
which include volumes in such areas as Gases, Building Construction
and Facilities, and Electrical (including the National Electrical
Code). There are over 200 standards published in the National Fire
Codes.

These codes and standards are nationally recognized and widely adopted
by the Federal, state and local governments. Being an international
organization with members in more than 80 countries, NFPA is involved
in international standards programs in ISO and the Canadian Electrical
Code Committee. NFPA is by far the largest publisher of standards in
the fire field, but does not write product standards per se. The
impact of NFPA standards on the marketplace pertains primarily to
installation practices rather than product specifications. NFPA has
issued a directive to soft convert all of its standards within five
years.
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Societ L of Automotive Engineers (SAE).

SAE is considered the second largest developer of standards behind
ASTM. It develops about 500 standards per year mostly in the area of
vehicles (construction equipment, snowmobiles, underwater vehicles,
as well as on-the-road and aerospace vehicles). It has been active in
safety, environmental, and fuel economy standards (for example, there
are 32 standards on truck fuel efficiency alone). SAE has been
involved in screw thread standards since almost the turn of the
century. It has been involved in physical characteristics and com-
position of materials standards. Many SAE standards are adopted for
non-vehicular uses (e.g., drawing standards).

Most SAE standards are highly technical. In many cases the necessary
data is not quite adequate to write a standard and thus it is
necessary to have research programs to develop the technology. SAE
often cooperates with company research programs; these programs are
not involved in proprietary development or activity. SBAE has
worked closely with government agencies and has served as a forum for
government and industry.

There are roughly 600 SAE cormittees which are grouped under seven
councils. The councils approve the standards. All councils and many
committees have metric advisory subconmnittees. SAE also has a metric
committee. SAE standard J916, "Rules for SAE Use of Sl Metric Units"
(copy in appendix C) is a SAE Recommended Practice. The SAE Statement
of Metric Policy is also in appendix C. SAE has been a leader in the
development of metric standards (for the farm equipment industry, for
example). SAE has a series of standards on aerospace materials which
have parallel customary and metric versions. However, there are
other customary standards where metric parallels will not be available
for some time because expensive testing is required.

Underwriters' Lab oraites, Inc. (UL).

UL is a not-for-profit organization established to evaluate eleetri-
cal and mechanical products, building materials, construction systems,
fire protection equipment, and marine products, to determine that
their design provides for reduction of the risk of injury to persons
and damage to property incident to their use; to identify such pro-
ducts correctly through a system of marking that permits their
recognition by consumers, authorities having jurisdiction, and others;
and to establish, through contractual arrangements with manufacturers
for UL's audit of production, conformance of the products with appli-
cable requirements. Federal, state, and municipal authorities, plant
operators, architects, building owners and users may either accept or
require listing or classification by UL as a condition of their
recognition of devices, systems, and materials having a bearing upon
life and fire hazards, and upon theft and accident prevention.

UL is divided into several engineering departments, each dealing with
distinct and separate subjects as follows: electrical; heating,
air-conditioning, and refrigeration; casualty and chemical hazards;
burglary protection and signaling; fire protection; and marine. Each
of these departments has prepared standards providing specifications
and requirements for construction and performance under test and
actual use of systems, materials, and appliances of numerous classes
submitted to the laboratories.
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UL has issued more than 450 standards for safety based on sound engi-
neering principles, actual experience, and an appreciation of the
problems of manufacturing, installation, and utility. These standards
for safety are the result of years of research and collaboration by
engineers, manufacturers, consumers, and recognized specialists in
many fields, including the members of the five UL Engineering Councils
and its Consumer Advisory Council. UL standards are not developed by
the Committee jroethod. UL standards and requirements represent the
basis upon which UL's registered marking may be affixed to complying
products by subscribers to UL's services.

A catalog listing all available UL standards for safety is published
twice each year. Many of the UL standards are recognized as American
National Standards by the American National Standards Institute.

Since 1972, UL has provided "soft" SI metric units in its standards.
The standards reflect the preferences of the industries concerned with
the standards. If the industries involved, individually or
collectively, express a need for the development of "hard" metric
standards, UL would have no difficulty responding to the need. This
has already occurred in several UL standards.

VI. FINDINGS

Queetion 1. For each of your comnittees what do the erceive as the
main barriers or reasons ?or ntdj gnerctandardiF

At present, the greatest barrier to the development and use of metric
standards is simply the lack of demand for such standards. Standards
development organizations see themselves as suppliers reacting to the
marketplace. The Government, industry, trade groups and other users
of standards determine the demand for standards. Several of the
interviewed organizations (e.g., SAE, ASTM, ASME) said that until top
technical management in an industry makes the decision to go metric,
metrication, Including development of metric standards, will not
progress in that industry. UL said that there is no barrier or reason
for not developing metric standards - only a lack of need.

When metric standards are needed, the standards developers say they
can and will react. Of 6600 ASTM standards, only 66 as of April 1, 1982,
were in hard metric dimensions; however, the number of hard metric
standards has been Increasing rapidly each year because the demand is
growing.

For each of the organizations, the committees of the organizations
determine the requirements for standards, including metric
requirements, not the society headquarters staff. (UL however, is an
exception since it does not develop standards by the committee method;

* it develops standards for each product category investigated by UL).
The people on the committees represent Industrial firms, government
agencies, and other affected interests. Until those industries vr
agencies determine the need for metric, metric module standards will
not be developed. When it makes economic sense to develop and use
metric standards, industry will do so. For example, farm equipment is
designed in metric because its design, manufacture, and use is a world
market as automobiles are. One standards body said that "metrication
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has lost steam because of bad economic conditions; people are afraid
of the costs of aetrication."O

A signifieant barrier to metrication is buying the cost effective item
or system, whether in government or industry. For example, DoD direc-
tives say buy the most cost effective item. The early acquisition
cost may be significantly higher for a metric version during the first
few years of its life in a predominant non-metric environment even
though total life cycle cost may be less for the metric version after
the environment in which it then exists makes it less "special" than
its inch-pound equivalent. Even though the life cycle costs over say
30 years may be less for the metric version, industry or government
"cannot be completely logical in this". The long term savings of a
metric design often are not of sufficient magnitude to overcome the
higher initial cost barrier. Since there is a strong feeling among
those interviewed that the U.S. eventually will go metric, the comnit-
tees and staffs are on the alert to considering hard metric standards.
But, at present "we all have to be in the real world and go with the
need. We will be there with metric standards whenever they are
needed".

Another reason cited was the difficulty in developing metric parts
standards when the system or product design standards are not metric.
Much time is required to develop design standards and then a long time
is required to validate them. NFPA standards may contain, references
to other standards which are not in metric; for example, a table of
wire sizes and the capacity of those wire sizes. The Committee would
not change the table unless the wire industry converted completely to
metric sizes. This has not happened as yet. IEEE points out that the
hard conversion of the very common electrical wiring conductors - 10,
12, and 14 AMT - should be recognized as a major problem. Electrical
conductor hard metric size conversion presents problems in such areas
as:

a) compression connector assembly tools are sensitive to wire
diameter,

b) existing requirements limit the current per unit eross sec-
tion of wire,

e) overcurrent protection device ratings are coordinated with
existing AWO wire sizes, and

d) electrical appliance current demands are coordinated with
branch circuit ratings (and Indirectly to wire size).

The lack of metric sizes for basic components and materials such as
lumber, concrete blocks, sheet metal, and reinforcing bars also pre-
sent barriers to hard conversion in many areas. (ASTM, however, has
come out with ASIMASlSM "Deformed and Plain Billet Steel Bars for
Concrete Reinforcement").

*U.S. Metric Board funded research studies have shown that this is a
common perception. However, these studies have shown that the actual
conversion costs of companies now making metric products have been
nominal. For example, one principal finding from the report "The
Consequences of Metric Conversion for Small Manufacturers", a report
funded by the U.S. Metric Board and released in 19S2 is "Investments
in conversion are routine, Insubstantial, and difficult to isolate
from other business costs. As such, metrication costs pale in com-
parison to small businesses' concerns with inflation, energy and
material costs, interest rates, and general economic conditions."
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Several standards organizations cited concerns related to safety from
the conversion of standards. For example, the S-7 Committee on
Cockpits of SAE has been very concerned about conversion.
"Metrication is not a case of merely putting new faces on dials; the
whole thinking process has to be changed." In spite of these
problems, there is the recognition by the Committee that some metric
standards may be needed.

One standards organization said that a perceived barrier to the devel-
opment of metric standards is the feeling that adoption and use of
metric standards makes it easier for foreign competition to enter the
U.S. market.

Finally, AIA says that the major barrier to developing metric stan-
dards is the philosophical one of writing standards before the needs
arise. Standards work generally follows technology because there is
more confidence in standards which have been developed with a history
of hardware use and test data. However, it is possible to translate
inch-pound experiences into metric and it is feasible to manage metric
standards development to support planned product conversion to metric.
Even though feasible, however, certain equipment applications such as
aircraft and weapon systems may impose costly qualification testing
requirements on new metric parts. With a few exceptions, there is no
support in industry for such anticipatory conversion of standards to
metric.

Standards !eveloping organizations acknowledge the need for raising
awareness among both the standards users and standards writing organi-
zations of the advantage of continuous attention to consideration of
hard metric in new product design, and especially in new technology

4 areas (e.g. solar energy).

question 2. What impact on the development and use of metric
standards do is see-Irom the Tssunee- - -Tieular A-119?

The OR1 Circular No. A-119 was issued by the Office of Management and
Budget on January 17, 1980. The Circular stated that "It is the
general policy of the Federal Government to:

a. Rely on voluntary standards both domestic and international
with respect to Federal procurement, whenever feasible and con-
sistent with law and regulation pursuant to law;

b. Participate in voluntary standards bodies when such par-
ticipation is in the public interest and is compatible with
agencies' missions, authorities, priorities, and budget
limitations. Such participation, however, is limited to those
voluntary bodies that conduct their standards activities in

S- accordance with the criteria listed in paragraph 6c (of the
Circular), unless such participation is required by law; and

* c. Coordinate agency participation in voluntary standards bodies
so that (I) the most effective use is made of Federal agency
representatives; and (2) the views expressed by such represen-
tatives are in the public interest and, as a minimum, do not
conflict with the interests aiid established views of Federal
agencies.
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The Department of C'omerce on April 29, 1981, postponed the effective
date of the Implementation Procedures for the Circular. Since that
time, OMB has been developing a proposed revision of the Circular. it
was too late to remove the question from the Interview Questionnaire
sent to the nine standards bodies. The Report includes the views of
the standards organizations expressed in response to this question.

The consensus of the standards organizations was that the
issuance of the OMB Circular A-119, if ever implemented, will
have virtually no impact, one way or another, on development of
metric standards versus inch-pound standards. The OMB Circular
is neutral on which units are used. The Circular deals with coor-
dination of standards in general and with due process. The American
Society of Mechanical Engineers believes that the Circular will cause
Federal participants to follow the GATT Standards Code; but the GATT
Code does not specify the units to be used. The National Electrical
Manufacturers Association felt that the fact that the Department of
Defense will be relying more and more on industry standards and that
it has shown an interest in metric standards may have some effect in
this case.

Question 3. Does present use of inch-Round standards by regulatorya~ene:es serve as a barrier to develo~ment and' use o?-the-"metric"

versions of these standards? What are some exam1eles? For eaiif

y2u eommittee areas " what can be done to remove -se barrier

The standards developing bodies generally felt that present use of
inch-pound standards by regulatory agencies has not served as a signi- -

ficant barrier to the development and use of "metric" versions of
these standards. Generally, if a consensus of industry wants to use
netric standards and metric-sized products, these bodies believe that
the regulatory bodies would be willing to adapt.

Most regulatory standards involve test methods (e.g., SAE brake hose
standards are recognized by the Commonwealth of Pennsylvania), or human
factor standards, both of which are relatively easy to change.
Government regulations have usually followed industry practice.
Several standards bodies mentioned that agency preference for one
measurement system over the other often is due not to agency policy,
but to the preference of individual officials - this can be a slight
barrier to development and use of metric standards. In the event of
conversion which affects a regulatory agency, some metric training
will need to be given to regulatory personnel.

An official in one standards organization said he could give 100 cases
of "regulatory" barriers but that in many cases such stated barriers
are really excuses for not updating standards. Actual regulatory
barriers "may affect one standard in 500."

There are no existing mechanisms for systematically collecting infor-

mation on regulatory barriers to the development and use of metric
standards. There seems to be no in-house need for such collection
since the standards developers react to the needs of the marketplace.
However, several examples of regulatory barriers were cited:

16



The Louisiana Offshore Oil Port, Inc. (LOOP, Inc.)
reported at the December 1980 meeting of the U.S.
Metric Board that it had designed its total facility
and systems in metric but that several
Federal, State, and local building code and environmen-
tal bodies would not accept reporting in metric units.

The Society of Automotive Engineers told of its model
of a human being used in design, evaluation and test of
cars giving eye and human parts locations. If SAE went
metric on the model, the Federal agencies would not be
able to use the data. Every automotive design must
meet and be consistent with the requirements of the
model.

Airline pilots and the Federal Aviation Administration
have resisted metrication of operational standards such
as airplane separation distances for safety reasons.
The ICAO Annex 5 on air operations, which is not min-
datory but followed by most countries, is considering
metric distances but does not have an agreed-upon
replacement for the foot. The FAA has to respond to
proposed changes and it is a sensitive matter because
of the certification of aircraft (supporting documents
for certification are in inch-pound) and perceived safety
problems. Because of the long life of aircraft, the
aircraft industry is concerned with certification
requirements in metric units.

The inch-pound Boiler and Pressure Vessel Code is the
current standard. Until an alternative SI version of
the Code is completed by ASME (scheduled for October 1,
1983), the inch-pound version is required for
satisfying ASME requirements.

The use of inch-pound standards by building code regu-
latory bodies could become a barrier to the development and
use of metric codes and standards. Since there appears
to be no significant metric construction in the U.S.,
however, there has been little demand for metric
standards. There are no known examples where codes
have prevented metric construction. It is felt,
though, that if and when Lhe construction industry
wants to go metric, the codes and standards groups and
regulatory bodies would move with industry wishes as
long as safety and public interest requirements are
accommodated.

There are standards-based regulations on electrical
machinery set forth by the Occupational Safety and Health
Administration (OSIA) and the Consumer Product Safety
Commission (CPSC). NNE1A believes that even though
standards conversion could be tedious and time
consuming, OSHA and CPSC would be willing to go along,
again as long as the public interest is accommodated.
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The National Fire Protection Association believes that
the use of inch-pound standards by regulatory agencies
does serve as a barrier. NFPA standards are widely
adopted as regulations by government agencies at all
levels for purposes of regulating public safety. At
the local level, the regulations are promulgated by the
fire service, the electrical inspection departments,
building officials, and the like. Those regulatory
authorities have not been particularly interested in
metric standards. "Until the enforcing authorities are
resigned to the use of metric units, this barrier will
continue to be prevalent. It is a matter of
educat ion".

Both UL and IEEE agree that up to now, regulatory agencies
have not been a barrier. No examples can be recalled by
them. They feel that regulatory agencies generally are not
concerned with which measurement system is used as long as
requirements and features are met. If either the industry
or the regulatory agency wanted metric, the other probably
would accept metric as long as there were coordination of
the conversion. Very little of the National Electrical Code
is written around dimensional requirements, and these
requirements can be easily changed to metric in the view of
IEEE. This Code is adopted by most states. In the event of
a conversion, inspectors would have to get metric measuring
devices for some purposes (for measurement of clearances
from electrical power and communication overhead lines,
etc). Both systems are arbitrary: identify the need, set
the requirements, and use either system for measuring to see
if requirements are met. It is likely that in the event of
a conversion, a grandfather clause would be incorporated to
allow maintenance of existing inch-pound facilities, but
require metric only after a certain date. If regulatory
agencies change, there would be need for some metric
training for inspectors.

question 4. What domestic impact have you seen and do you expect
to-see-{o u__ e-_-met'ic - --urement sp cfTlatons and equip
ment standards b NAMO and other treaty organizaitoi? How are
these impact adi - o r e Ipe te-5 fect-c =Our
coTTes .. .

Most of the standards organizations have seen no domestic
impact from use of metric procurement specifications and
equipment standards by NATO and other treaty organizations.
These organizations believe either that their constituencies
(1) are little affected directly by NATO and other treaty
organizations, even though some of their products may be
involved, (2) can operate in a metric environment anyway
(e.g., electronics), or (3) do not write product standards.
These include ASME, NFPA, IEEE, ASTW, ACI, HM and UL.
These bodies can think of few examples: for example, NEU4A
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mentioned high temperature wire for aircraft. SAE believes
that if metric is put into Federal procurement specification
documents because of treaty requirements (or other reasons),
industries would quickly change and the standards developers
would change with the marketplace demand. IEEE said that
even if connectors, etc. were in metric, there is no
guarantee that they would be accepted worldwide; these are
standardization problems, not metric problems.

The Aerospace Industries Association said that it has not
seen much NATO metric procurement activity yet, but NATO is
looking to metric in establishing preferred standards. Once
the NATO list of preferred standards is developed, there may
be an impact from metrication. The "second source" and
maintenance could be problems. According to AIA, the
Defense Department and NATO are working toward a two-way
street in procurement in that both sides of the Atlantic
have equal opportunity for contracting to build systems.
With regard to standards, NAO's order of preference is
international standards (ISO, IEC), then regional standards,
lastly national standards. For this reason, U.S. national
standards fall last in order of precedence. AIA feels that
so far an adequate mechanism does not exist for getting
industry input into NATO matters.

ASTM suggested in its response that the Department of
Defense, a large user of ASTM standards, state its belief on
the domestic impact from use by NA'T) of metric procurement
specifications and equipment standards. In response to a
letter to the Defense Department, Mr. Howard B. Ellsworth,
DoD Metric Coordinator, in a letter dated January 27, 1982,
said:

The U.S., in coordination with the other members
of NATO's AC/301 Committee, is looking at
Standardization Agreements (STANAGs) as well as
like documents developed by the IEC and ISO.
From these we are developing a family of metric
documents whose review and approval schedules
will be handled through the AC/301 Committee.

Since the U.S. will be an integral part of the
approval process, we will use these approved
documents in solicitations to U.S. industry for

goods and services for co-production programs.
I have asked that ANMC sector conversion plans
list the significant standards and
specifications that need to reflect metric
criteria in order that these plans can succeed,
including a priority structure. ANNE has agreed.

Thus, with competent federal representatives and
advisors on sector coiivittees reviewing such
listings, it seems probable to me that use of
internationally-coordinated documents can readily
be applied to contracts when both U.S. industry
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and the Federal Government agree that their
incorporation into competitive/negotiated
acquisitions is proper as prescribed under
Fede.al Acquisition Regulations (FAR).

Using this coordinated approach, impact on our
domestic industry should have no more impact
than DoD's current use of documents listed in
the Department of Defense Index of Specifications
and Standards (DODISS).

question 5. Would the issuance of a olicy and coordinated time-
Table for Fderal-Government-wie aVai a I Met TNsnd

would ~ ~ ~ ~ S aaet obyn etnd schedule se in titbe Minodert

ards similar to the s i n hedlenset t tahdr5@ T
memo allow each of your conmittees to eve osetifcmtics
more easily? The memorandum is the so-ci edPerry memorandum issued

on sMarch an 19 Per r U*!F .- - A- cT T IS Tn a ndix c B ati t achedt o ite
Interview GuidTi-

The standards developing bodies generally believe that agencies
would have to go beyond setting schedules or timetables in order to
see substantial progress in the development of metric standards. To
have a real impact, agencies would have to specify metrics in
procurement. "In Federal procurement, lowest price wins and that
usually leaves metric out." If agencies purchase only metric
products, standards developing bodies together with the industries
involved will respond with development of metric standards.

SAE feels that if high level Federal representatives met with SAP
councils and justified metrication, there would be metrication results.
Such justification could be given to such groups as the Air Transport
Association, Aerospace Industries Association and Aerospace Council of
SAE.

ASME believes a Federal timetable for metrication would be
undesirable. The control should be with the standards writing commit-
tees and these corrmittees will move when industry top management makes
a commitment. As far as the Perry memorandum (issued March 7, 1980
from William J. Perry, Under Secretary of Defense for Research and
Engineering) is concerned, if the Defense Department describes in the
future that all p rts will be purchased in metric by 1990, ASME will
cooperate in writing standards. It was felt that a Federal timetable
on availability of metric standards for consumer products would not be
productive.

AIA believes the Perry memo is affecting its constituency in a very
general way in that it helps get resources to work on metric
standards. Within DoD, both the Air Force and the Defense Industrial
Supply Center have put forth a management plan in response to the
Perry memo. It is estimated that within these two organizations,
about one-third of the standards are obsolete, about one-third are not
measurement sensitive, and about one-third will have metric versions
prepared by the Defense Department or industry. The AIA's National
Aerospace Standards Committee is working with DOD to set priorities
for change.
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AIA believes its constituency would object to a national timetable on
metrication, but would probably not object to a timetable limited to
standards. It is doubtful that the aerospace industry will ever have
a conversion plan, unless there were good reasons such as the European
Community cutting off all inch-pound imports by a certain date. The

airlines are against conversion. The main place where the Federal
government can pace aerospace metrication is through the Defense
Department. Until the Defense Department institutes a positive firm
requirement that it will pay costs of metrication, metrication is a
disadvantage in the procurement area.

The remaining organizations believe that a Perry-type memo will have
little impact in that it would not provide any more incentive than
exists now. Many agencies such as the Tennessee Valley Authority,
Department of Housing and Urban Development, General Services
Administration, and the military housing groups basically follow com-
mercial practice. Many standards bodies have soft converted, or are
soft converting, their standards and, therefore, believe they already
meet the requirements of a Perry-type memo.

Question 6. How could each of your committees effectively respond to
a i Tif iant diemand ?or thie-devel I ~ent of metric standards? Would

-ouneed increased support in the Toi oT experts! How-much more?
Increased travel 5U22Ori t or art -- i ~at-s? Would development of coor-
dinated national timetables supported by in ustry euse!ul? Could

tour corrnittees respond w ithout tiTomlindustry agreemnentf!-

All of the standards developers felt that they have the infrastructure
in place to respond to a significant increase in the development of
metric standards. However, the standards bodies would need the
backing of top management in industry before embarking on anticipatory
metric standards preparation efforts. Federal representation is
welcomed by standards bodies generally but they would be against
direct Federal funding support for increased metrication efforts. It
was also generally felt that additional experts or travel mon..v wil.
not hasten the process of developing standards. It takes eshm3 the sanli&
period of time to develop a metric-based standard as an incf pound
based standard. It is still emphasized that industry would have to
have the support of top management in order for committees to undertake
the extra work of developing significant numbers of metric-based
standards. But the standards bodies would be able to respond.

Several organizations pointed out the need for some new expertise if
significant numbers of metric standards were to be developed. New
physical requirements would need to be developed. UL said that addi-
tional expertise would be needed to develop "hard" metric requirements
relating to safety since these could result in different values to
those currently in effect. Also, in any large scale conversion of
standards, there could be some problem of proliferation of metric

- terms (improper metric practice such as use of kilogram-force instead
- of newton), but this is seen as controllable.
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Several standards bodies (e.g., ASME) said that there is a waiting
list of people willing to serve on coninittees; therefore there would
be committee members available to work on conversion efforts. Several
others (e.g., UL) say most of their work is done by correspondence.
In some cases where metrication of standards is getting underway,
there may be some need for additional travel to describe what has to be
done. Establishing metric dimensions is not a significant problem,
but the decision to use hard metric is a problem.

Question 7. For each of your committees is there a significant risk
o r ToreTn or in -a n .orTrna

Ne~-caor recognized iiinterna3iiT-oaiTi-naiRs eause thee U.S.stii--
dards are not "met iT ,,-. --TrTerTi - a r--'j e-a- -..

Up to the present, standards organizations have cited no cases where

"foreign origin" international standards have replaced U.S. - origi-

nated defacto or recognized international standards because these U.S.
standards are not metric. Metric versus non-metric has not been a
significant concern as far as international acceptance is concerned.
For example, NEMA reported that different voltage, frequencies, insu-
lation requirements, mechanical practices, and certification require-
ments are far more important considerations for international
acceptance than whether or not a standard is in metric units. For
example, the Europeans subdivide voltage for transformers differently
than the United States does. Several organizations mentioned cases
where U.S. representatives had trouble getting U.S. standards adopted
internationally. But, in no case did these problems involve which
measurement system to use. It is a standards problem rather than a
metric problem. The standards organizations believe that its stan-
dards have had good acceptance worldwide.

ASTM pointed out that there is a problem of definition of a metric
standard. ASTM says that its standards all have SI units per Part
H of the "Form and Style for ASTM Standards". The standards of most
of the other interviewed organizations either have dual units and
notation or conversion tables if they are not "metric" already.

It is generally recognized that there will be a slow increase in
metric standards as time goes on because it is the predominant
measurement system in the world. Therefore, several standards bodies
were more concerned than others about risk from foreign origin stan-
dards replacing U.S. standards as international standards. There is
some risk here since the world is calling for metric standards. For
example, several companies have been telling SAE that they cannot
provide replacement parts for imported items beeause of a lack of
U.S. products made to international (metric) standards. The vehicle
support industry is of tremendous size (bearings, generators, etc.)
and there is a lack of industry standards there (e.g., brake fluid
lines in trucks, fuses in Japanese cars). U.S. companies would like
to make these parts, but cannot because standards do not exist.
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ACI feels that in the future there may be some probability of replace-
ment of U.S. standards by other standards in Middle East countries,
because U.S. standards are not in metric. However, no specific stan-
dards can at this point be identified. When U.S. construction com-
panies work in developing countries, they usually have to work in
metric units and this could be a slight disadvantage in competing with
construction companies from Germany, Italy, Japan and elsewhere.
Otherwise, concrete is a low-cost, heavy, local type of product, and
therefore is not shipped over great distances.

AI definitely has a concern here since there is active movement in
the European Association of Aerospace Manufacturers (AECMA) for deve-
lopment of a complete line of metric standards. AECMA is a consortium
of nine European standards bodies to develop coimmon aerospace
standards. AIA is working with AECMA and they have agreed "to adopt some
of yours if you adopt some of ours". Both recognize that the
International Organization for Standards (ISO) is very cumbersome and
slow in developing standards (e.g., takes about seven years to develop
a standard). NATO has encouraged AIA and AECMA to get together. If
ISO ever gets involved in developing parts standards, then replacement
of U.S. originated standards by foreign regional or foreign origin
international standards would become a real problem. AIA has been
trying to keep its parts standards compatible with ISO Committee
Standards. ISO Cormittee TC-20 standards have been concerned mostly
with vocabulary agreements, environmental conditions for operations,
interface areas, and design parameters to date. But, the Europeans
and AECMA are pushing for ISO parts standards. However, compromise
factors, etc. do work against hardware standards at the leading edge
of technology.

AIA wants its Standard 3610, "Specification for Cargo Unit Load
Devices", adopted as an ISO standard. A metric version may be
required. ISO Technical Comnittee TC-20 chose the AECMA format for
aircraft materials standards. ISO has not published these standards
yet, but the impact is that the U.S. is losing some battles.

With regard to the second question, many ISO standards specify less
stringent requirements than comparable U.S. standards. This is a par-
ticular concern in high technology areas such as aerospace. If inter-
national standards replaced U.S. standards, parts manufacturers would
have to change engineering documents and there could also be a compro-
mise of product quality.

The Europeans and Soviets are looking to ISO to develop metric parts
standards. Most European metric aerospace standards were developed by
DIN, but it is not as complete a set as the U.S. The Soviet standards
body (GOST) has about 83,000 standards compared with 28,000 voluntary
U.S. standards and 40,000 DOD standards and specifications. The AIA
is making a comprehensive study to see what problem areas exist. In
ISO Committee TC-20, Aircraft and Space Vehicles, the Soviets are not
submitting an appreciable number of proposed standards whereas the US
and AECJvIA are. The Japanese do not participate in TC-20 and are not
involved to a great extent in aerospace standardization at present.
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Others of the interviewed standards bodies appear to believe that the
future risks are minimal. NFPA says it has submitted some of its
standards to ISO for consideration. When an NFPA standard is
accepted by the ISO committee, the standard is made metric by the
Comnittee, and this has not been a problem for NFPA. IEEE believes
that by the year 2000, U.S. standards In the electrical/electronics
area will be compatible with International Electrotechnieal
Commission (JEC) standards, but that there probably is little chance
that foreign origin standards will replace U.S. standards because of
metric. There probably will be some compromise between U.S. and
foreign standards (in areas of connectors and adaptors, for example).

NEMA says that there has been a tendency for Third World countries to
use IEC standards whenever possible, rather than U.S. standards. This
has little to do with which units are used, however. If U.S. bodies
make substantive changes in standards for international
considerations, metric probably will be incorporated. "But metric or
not is not enough of a consideration to revise the standards. There
will be a gradual increase in the number of metric standards." NEgA
also pointed out that rarely is there a "no-overlap standard between
an IEC standard and a national standard." For example, it might take
three IEC standards to cover what one NIA standard on transformers
covers.

All the interviewed standards bodies work with international standards
bodies and therefore can monitor what is happening and work to
encourage international acceptance of their standards. It is the cost
of participation in international standards work and other standar-
dization problems, rather than metric or non-metric, which may work
against U.S. interests. The standards developers are aware of the
European Community requirements on metric labeling and carton readings
as stated in the Directive (1979-12-20) of the Council of the European
Communities on the approximation of the laws of the Member States
relating to the units of measurement (Official Journal of the European
Communities, No. L39, 1980-02-15, page 40).

qustion 8. For each of your committee areas, what are examples of
u.S. - o triii-itandards frT-h aii-te alT suP eror bu
have not been trieT ToTn iTTaccegi -eeause the are notL'rt-'e"?

a. Internat ionall_ accepted

ii. defacto

b.--Acceptedbyinternational organluations

1 __egally

ii. defacto

This question really involves two questions. It involves the matter
of whether or not U.S. standards are technologically superior; and
secondly, whether or not U.S. standards have been accepted inter-

nationally because they are not metric. It was pointed out that there
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is a problem of defining "technologically superior." It is felt that
when standards are issued, they reflect the current state of the
science, technology, or art at that point in time. Obviously, U.S.
committees feel that their standards are technologically superior, but
these are matters that are argued at the ISO or IfEC committee level.

All of the standards organizations interviewed indicated that as yet
the fact that U.S. standards are not metric has not been a deterrent
to international acceptance. No examples due to measurement system
used could be conclusively cited. The common feeling is that in terms
of getting U.S. standards accepted, "metric is not the problem; it is
the cost of participating as U.S. representatives on ISO Committees",
and "metric is only one small facet of a big problem."

Comments from several organizations are cited. AIA does not know of
examples where U.S. - originated standards have not been inter-
nationally accepted because they are not metric. Currently, world
aerospace usage is inch-pound, following the U.S. lead. For example,
U.S. inch practices in bearings are accepted worldwide, but ISO is
trying to develop metric standards in this area. The ISO proposal has
two columns -preferred inch-pound and preferred metric. The AIA
approach has been to get agreement on metric preferences early. If it
comes to the point where ISO standards are contractually required, the
U.S. will have to fight for its positions more strongly. For that
reason part (b.) of the question is of serious concern. AIA has in
the past felt that ISO parts standards are way down the road but it is
re-evaluating this feeling.

SAE standards tend to be in advanced technology areas, and tend to be
generally superior in the international sphere. They cannot think of
any U.S. originated standards which are superior but not accepted
because of metric. ISO is willing to accept soft metric standards,
but considers hard metric standards more acceptable. SAE standard
J517 on hydraulic fittings is a defacto international standard even
though it is soft metric. SAE believes that quite a few of its stan-
dards will be accepted by ISO. Also European Community regulations
often reference SAE standards.

Since SAE gets draft standards from other countries, there are rarely
any surprises. Because it takes so long for international standards to
be developed, U.S. representatives on ISO committees have enough time
to get their standards ready. "Metric is not the problem, it is the
cost of participating as U.S. representatives on ISO committees." So
far it has not been a significant problem but, in the future, parts
may be designed in Japan and produced here and problems can arise.
But this is not a metric problem.

IEEE knows of no products where its standards have not been accepted
because of measurement units used (most are metric anyway). There is
argument of which transmission system is better (60 hertz versus 50
hertz) but both systems are based on metric units. There are a number
of IEEH standards which are accepted defacto. None are accepted
legally outside of the U.S. except for some in several Caribbean
countries; also some are accepted in Canada on a voluntary basis.
Quite a number are accepted defacto by IEC.
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ACI Committees do not know of any cases where U.S. standards which
are technologically superior have not been internationally accepted
because they are not metric. ISO is developing a building code for
rules on design of concrete structures similar to ACI standard 318.77.
ISO is starting with a draft from the European Concrete Committee
instead of 318.77. However, metric or lack of it has had very little
to do with the decision. It was a political decision, and if they
cited metric as a reason, it would merely be an excuse.

Question 9. Would a national metric "log" or status report of stan-
darsTTnc IudT~r, tIo-se21 nne-,,iuiiuF-r3vieTo nt i-approV-ed) con-
talnino the folowing t_.21 of information be useful to your

2Lganization,_to-your coumittees, or-th users of your committees'
standiadiT--___--

a. What information should the log contain to be most useful?oexai e :-

o Standards P1anned. under develoe aproyed.

" U.S. standards usable in a metric environment.

o U.S. originated standards internationally_aeepted.

o Other information? Pleasesuggest format or content or

b. If a standards lol would be useful, who should develop and
Tr Fn-T i- T-e-T o

The standards bodies believe that If metrication is merely drifting
along as it is now, such a log would not be of much value except in
the aerospace area. The AIA has been developing a log which now lists
890 standards. Twice a year, AIA asks the preparing activities the
status of standards. The preparing activities are in the Defense
Department, SAE, AIA, and a few others such as the Tire and Rim
Association. AIA is not looking at broader standards such as the ASIN
standards.

It is generally felt that individual companies as well as :-ctor con-
version committees would find a log useful in the beginning of a
national conversion effort as the standards bodies would be developing
a family of standards. One group (AIM) felt that such a log would be
useful only for published standards; several bodies felt that such a log
would not be useful because standards are already predominantly metric
(IEEE) or adequate communication with affected parties already exists
(ACI). Most of the bodies who believed that a metric log would be
useful believed that ANSI and the National Bureau of Standards (N8S)
would be the proper place to develop and maintain the log.
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NFPA raised the question of how a metric standard is defined. In its
work a metric standard is simply a standard that contains units which
are given in the metric system. If this is so, NFPA believes that a
national metric log or status report would not be particularly
helpful.

SAE said that there are two parties to consider, the standards develo-
pers and the standards users. It was felt that the ANMO Sector
Committees would find logs useful. For standards developers, a log
would be useful in the beginning as they are developing a conversion
plan, but would not be useful after that. SAE cannot speak for stan-
dards users. There is a need to ask users about the usefulness of a
log; they would have more of an economic interest in the log. By
definition, a log would be useful for users but it is hard to tell who
users of standards are. SAE does not verify use of its standards.
SAE does, however, run a survey every five years to determine what
should be done with its standards.

NEMA and UL believe that in the event of a national conversion or an
industry wide decision to go metric, a national log would be helpful
in that it would show what others are doing. Such a log would help
define the scope, minimize overlapping standards, avoid duplication of
efforts, and assist in establishing a standards developing timetable.
For example, in the electrical area there is a whole spectrum of parts
and processes from the generating station all the way to the electri-
cal appliances. Changes would have to be coordinated throughout the
whole system, and a log would help in this effort.

Most of the bodies felt that NBS would be the logical place for the
development and maintenance of a metric standards log. The OMB
Circular A119 provides for a central Federal government sponsored
office that would maintain a roster of all U.S. standards and it is
assumed that this roster would include those standards under develop-
ment in addition to those already approved. SAE felt that ANMC should
have an interest in maintaining the metric log. NEMA felt that the
ANSI "Standards Action" section of the ANSI Reporter may be an
appropriate vehicle to show metric stanaiF3Tr n-process of
development. It is understood that ANSI is working on a list of all
draft standards. ASTM suggested that since a metric log might be
viewed as a coordinating effort, then possible candidates would be
ANSI or possible the ANMC. All organizations recognized that a metric
standards log would not be financially self supporting. Several of
the organizations said they would be willing subscribers.

ASTM said that its Part 48 of the Annual Book of ASTM Standards is its
subject index and numerical list. Each year, it shows which standards
are "M" (metric) standards. It could be incorporated in any national
log.

AIA feels that the U.S. Metric Board could be a big help in encouraging
a wider national metric log. Certainly the Board could not maintain
the log, but it could encourage someone to do it. Since the aerospace
log is not a big seller, it is doubtful whether a national log would be
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economically viable. Outside support, such as time devoted by AMU
sector conunittee people, would probably be needed. There is need for
a conmon format and a willingness to focus on industry needs. AIA
felt that the log needs to be done on a sector basis with a focus on
priorities. ANtMIC at present has neither the funds nor the staff.

A Final Word

Our investigation of the impact of increasing metric usage on stan-
dards producers leads us to conclude that conversion by U.S. industry
to metric is proceeding relatively slowly and that while some incon-
venience may result from lack of convenient and timely availability of
new "hard metric" U.S. standards, other economic and social factors
are far more significant considerations in the decision to convert
manufacturing processes or products to metric.
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Public Law 94-1b8
94th Congress, H. R. 8674

December 23, 1975

OV- SWAPPENDIX A

To declare a natumial pulley of coiordiuating tihe increasing un of the inetfleI
syntem In the United Statep. amid to etahissh a United states Metric at4
to cenrdinate the voluntary von 'erion to the mnetricaystms.

Be it enacted by tMe Senate and iotue of Representatives of the
United States of Ameyica in Congiress assembled, That this Act may
be cited as the "Metric Conversion Act of 19759".

Poicy Siev. &. It shall be thme function of the Board to tievise ad earry out.
imnplementaim. a broad progrmm of piumming. coordination. Awil Public editeation. con-
Is USC 205..e siatent with other national policy and interests, with the aim of impl.

menting the policy set fothl in this Act. In carrying out this progriam,
the Board shal-

(4) encourage activities of standardization organizations to
develop or revipe, as rapidly as practicable, engineering standards
on a metric measurement basis, and to take sAvantage of oppor-
tunities to promote (A) rationalization or simplification of rela-
tionships, (11) improvements of design, (C) reduction of size
variations, (D) increases in economy, and (E) where feasible,
the eicient use of energy and the conservation of natural
resources;

of(5) encourage the retention, in new metric language Standards,
ofthose United States engineering designs, practices, and conven-

tions that are internationally accepted or that embody superior
technology;

(6) consult and cooperate with foreign governiments, and inter-
governmental organizations, in collaboration with the Departmlent
of State, and, through appropriate member bodies, with private
international organizations, which ame or become concerned with
the encouragement and coordination of increased use of metric
measurement units or engineering standards based on such units,
or both. Such consultation shall include efforts, where apropriate,
to gain international recognition for nietric standsa proposed
by the United States, and, during the Vnited States conversion,
to encour, retiion of. equivalent customary units, usually
by way oIf dual dimensions, in% international standards, or
recomnmendat ions;



APPENDIX B

November 21, 1980

Interview Questionnaire
for Selected Standards Organizations

Questions relating primarily to Section 6(4)

1. For each of your committees, what do they perceive as the
main barriers or reasons for not developing metric standards?

2. What impact on the development and use of metric standards do

you see from the issuance of OKB Circular A-119 (copy

attached)?

3. Does present use of inch-pound standards by regulatory agen-
cies serve as a barrier to development and use of the

*metric* versions of these standards? What are some

examples? For each of your committee areas, what can be done

to remove these barriers?

4. What domestic impact have you seen and do you exrect to see

from use of metric procurement specifications and equipment

standards by NATO and other treaty organizations? How are

these impacts affecting or expected to affect each of your

committees?

S. Would the issuance of a policy and coordinated timetable for

Federal Government-wide availability of metric standards

similar to the policy and schedule set in the attached DoD

memo allow each of your committees to develop metric stan-

dards more easily?
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Standards Questionnaire Draft, dated 11/4/80

6. How could each of your committees effectively respond to a

significant demand for the development of metric standards?

Would you need increased support in the form of experts? How

much more? Increased travel support for participants? Would

development of coordinated national timetables supported by

industry be useful? Could your committees respond without

this formal industry agreement?

Question Relating Primarily to Section 6(5)

7. For each of your committees, is there a significant risk of

"foreign origin" international standards replacing U.S.-

originated defacto or recognized international standards

because these U.S. standards are not "metric"? If inter-

national standards replaced U.S. standards, what effect would

there be on your industry areas?

Question Relating Primarily to Section 6(6)

8. For each of your committee areas, what are examples of

U.S.-originated standards which are techologically superior,

but have not been internationally accepted because they are

not "metric"?

a. Internationally accepted

i. legally

ii. defacto

ii
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Standards Questionnaire Draft, dated 11/4/80

b. Accepted by international organizations

i. legally

ii. defacto

Question Relating to Sections 6(4), 6(5), and 6(6)

9. Would a national metric "logm or status report of standards

(including those planned, under development, and approved)

containing the following types of information be useful to

your organization, to your committees, or the users of your

committee's standards?

a. What information should the log contain to be most

useful? For example:

o Standards planned, under development, approved.

o U.S. standards usable in a metric environment.

o U.S.-originated standards internationally accepted:

o Other information? Please suggest format or con-

tent or both.

b. If a standards log would be useful, who should develop

and maintain the log?
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THE: UNDER SECRETARI OF DEFENSE

WASNINGT70t. 0 C 20301

*ESEARCM AND 7 l
EOWGINCC.ftNr

)EMOKANDUX'0 FOR THE ASSIS.ANT SECRETARY OF THE ARMY (RESEARCH, DEVELOPMENT AND
ACQUISITION)

THE ASSIbTANT SECRETARY OF THE NAVY (RESEARCH, ENGINEERING AND
SYSTEMS)

.THE ASSI3TANT SECRETARY OF THE AIR FORCE (RESEARCH, DEVELOPMENT
AND LOGISTICS)

THE DIRECTORS OF DEFENSE AGENCIES

SUBJECT: Metric Specifications and Standards

Achieving effective NATO standardization requires that we utilize the metric

system in design of new weapon systems and equipments to the maximum practical
extent because all other NATO countries are metric users. This is a principal
basis for metric policies layed out in DoD Directive 4120.18, "Use of the Metric

System of Measurement." It has not been practical for many recent programs to
employ metric measurements due in large part to unavailability of metric specifi-
cations and standards.

The availability of such specifications and standards is a key factor in any

decision to use the metric system in new design. Progress in developing metric
specifications and standards has been extremely slow, and national standardiza-
tion bodies have not moved as fast as we had hoped.

To provide a firm date on which future plans can be based. I am establishing a

target date of 1 January 1990 for availability of a complete spectrum of metric
specifications and standards which can be used in place of the 40.000 documents
listed in the DoD Index of Specifications and Standards. Initial emphasis will
be placed on documents for common hardware items, materials, engineering practices

and other common areas.

I would appreciate it if you would:

e Begin scheduling preparation of metric specifications and standards on

an accelerated basis at the earliest practical date, emphasizing common areas
where the private sector cannot or will not prepare the documents.

* Participate with national standardization activities of the private
sector in preparation of metric documents and assume a fair share of the work-

load.

* Adjust five-year standardization plans (DoD Standardization Manual 4120.3M)

accordingly.
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APPENDIX C

Lxcrpts taktvn f ro thy.

Azuucvricaii Concrete InstittLe

T'EC11iCA1. CO TUTTLE MA\.1.L

(June 1979)

3.4.5 Metric Units

All ACI publications shall show the values for all quantities in the
International System of Measurement (SI). The International System
is the currently reconn-ended form of the metric system and the ACI
Board has set a target date of 1983 for availability of standards
in the SI system. Where the work on which a publication was based
was performed in U.S. customary units, both sets of units should be
shown (See Appendix A3).

The Board of Direction has stated "The latest ASTIM E380 Standard
Metric Guide is adopted for use within the Institute as a means for
implementing SI." ASTM E380, *Standard for Metric Practice" is
available from ACI or ASTM headquarters.
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PART H
USE OF METRIC (SI) UNITS IN ASTM STANDARDS

Hi. Scope should be rounded to the proper number of significant figures

HI1.1 These instructions are to guide technical committees as described in the section on Rules for Conversion and Round-

in the writing of ASTM standards using the International ing of E 380. No attempt should be made to change to different

Systems of Units (SI) by following ASTM Standard E 380 for values that are used or may be adopted by other countries, ex-
Metric Practice and its approved supplementary metric practice cept as covered in 112.5 below.
guides. Each part of the Annual Book oASTM Standards con- H2.5 In standards that have alternative or optional pro-
tains an excerpt in the Related Material section. ASTM d 380 cedures based on apparatus graduated or dimensioned in either
appears in its entirety in Part 41, General Test Methods, and is inch-pound or SI units, converted values need n' be included.
also available as a complete separate publication. Additional If the optional procedures or dimensions produce equally ac-
guidanc abe a obtained from Committee E-43 on Metric ceptable results, the options may be shown similarly to conver-
Practice. sions using the word "or" rather than parentheses: for example.

in a 2-in. gage length metal tension test specimen, the gage
length may be shown as 2 in. or 50 mm.

H2. Rules for Introducing SI Units H2.6 A specific equivalent, for example, 1.00 in. (25.4

H2.1 SI units (of measurement shall be included in all mm), need be inserted only the first time it occurs in each

ASTM standards that do not contain a companion standard in paragraph of a standard.
H2.7 When a standard specifies that results should be ex-

"hard" metric units. (Si units as used in this rule include cer- H27Weastnrdpcieshtrsussoldbex
ard etinits.Sunits assed in tpressed in an inch-pound unit in a general sense, the preferred
H2.2 t ach technical committee shall have the option of giv- SI unit should be stated. For example, "Report the twist of

ng preference te SI or inch-pound units yarns in twists per inch (or twists per metre)" not ".. in twists

H2.2.1 When preference is given to St units, the inch- per inch (25.4 mm)."

pound units may be either omitted or given in parentheses. H2.8 For methods of including SI equivalents in tables, see

H2.2.2 When preference is given to inch-pound units the S Section S3.
equivalent shall be given in parentheses, or in a supplementary H2.9 On simple illustrations the SI equivalents may be in-
tablent cluded in parentheses. On more complicated illustrations the

H2.3 The system of units to be ued in referee decisions dimensions are preferably indicated by letters and the cor-
H2.3Thesysem f uitsto e ued n rfere dcisons responding inch-pound and SI units shown in an accomipanying

shall, in doubtful cases, be stated in the scope of each standard. tesee inth e ase of chts or grap acales
Examlesof sch tatment ar as ollws:table (see H4.4). In the case of charts or graphs. dual scalesExamples of such statements are as follows:

may be used to advantage.
i._ rhe values stated in inch-pound units are too be regarded as the H2. 10 The need for SI equivalents can be avoided in the

standard case of tolerances if the limits are expressed in percent.
1.4 1ht values given in parentheses are provided for informatiOn H2.11 In converting standard sieve sizes. use the metric

purposes only. values given it. Table I of Specification E Ii. for Wire-Cloth

H2.4 The calculated SI equivalent for an inch-pound value Sieves for Testing Purposes.
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USE OF METRIC (SI) UNITS

H13. Ilfteduvcing S11 Units In Tebbe

H3.1I Cuse 1. Liieird Tubular Magenl- Provide SI equivalents in tables in pellmnthes or in
separate column% as illustrated below:

TABLE 0 Mechanical PrsipenicA, of Small-Diameter and Light-Wall Trubing (Counveter Sians)

Yield Strengh Elongatimn in
Tensile Strength. (0.2% offset).0 2 in. or 50 mm. Rockwell Hardnss

Condition psi (MPA) min. psi (tdh) min. % (or Eque salmU

Nickel

Annealed"s 75(00 (S IS) max IS (lOS5) 33 3 70 max
Half-hard' 8O000(550) min 40000 (27S) 12 S 7510890
Full-hard1  95 WO0(W5) min 75 0(515) 4 0,11111oC.30

Low-Carbon Nickel

Annealed') 70000 (485) man 12 OW (85) .35 5062 ina
Half-hard' '0 000 (495) min 30000(205) 12 3701.365
Full-hardo &S 000 (S95) min 65000(450) 4 *81)to a 9

4 Not applicable to outside diameters under t in. (3.2 mmn) and wall thickness under 0"015 in. (0.36 mm)l.
"See 14.3.
Hardness value%. indicative of tensile strength. are shown for information only. All tests are subject to confirma-
tion by tension tests. For hardness conversions see Hardness Conversion Tables E 140.

1 'Trhi% condition is sometimes designated as -No. I Temper."
rhis condition is. sometimes designated as "No. 2 Temper.-
['his condition is sometimes designated as "No. 3 Tem~per."-

TABLE 0 Typical Properties

Yield Point in Compression
Tensile Strength Elongation (0. 1% offset)

Density, in in.or-----~-- Hardness.
Mg'n,1 psi MPa 25 mm psi MPIN NH

518 29500 205 0.5 28500 195 a5
6.2 34000 235 1 30000 2us 90
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USE OF METRIC (SI) UNITS

H3.2 Case 2. One or Two Large Tables- When the size of a table and limitations of space (on the
printed page) make it impractical to expand the table to include SI equivalents, the table should be
duplicated in inch-pound units and SI units as shown below. If this procedure will result in increasing
the standard by more than three pages, apply Case 3 or Case 4 as applicable.

TABLE 0 Water Pressure Ratings at 236C (736F) for Schedule 80 ABS Plastic Pipe

SI Units

Pressure Ratings, MPa

Nominal ABS120K ABSI210 ARS1316 ABS2112
Pipe Si/e.

in. Unthreaded Threaded Unthreaded Threaded Unthreaded Threaded Unthreaded Threaded

1* ... ... ... ... 6.8 3.4 ... ...
1 4 ... ... ..... 6.2 3.1 ... ...
I M ... ... 5.0 2.5
1" 2.3 1.2 2.9 1.4 4.7 2.3 3.6 1.8
1 1.9 1.0 2.3 1.2 3.8 1.9 3.0 1.5
I 1.7 0.9 2.2 1.1 3.4 1.7 2.7 1.311/4 1.4 0.7 1.8 0.9 2.9 1.4 2.3 1.1

I "2 I.1 0.6 1.6 O. 2.6 1.3 2.0 I.0
2 1.1 0.6 1.4 0.7 2.2 1.1 1.7 0.9
212? 12 0.6 1.4 0.7 2.3 1.2 1.9 0.9
.1 1.0 0.5 1.3 0.6 2.1 1.0 1.6 0.8
'11/2 1.0 0.5 1.2 0.6 1.4 1.0 1.5 0.8
4 0.9 0.4 I.1 0.6 1.8 0.9 1.4 0.7
5 0.8 0.4 1.0 0.5 I.l 0.8 1.2 0.6
6 t.11 0.4 1.0 0.5 1.5 0.8 1.2 0.6
- 0.7 0.3 0.8 0.4 1.4 0.7 1.0 0.5

I0 0.6 0.3 0.8 0.4 1.3 0.6 1.0 0.5
12 0. 0.3 0.8 0.4 1.2 0.6 1.0 0.5

Inch-Pound Units

Pressure Ratings. psi

Numinal AUS 120 AS1210 ABS1316 ABS2112
PipeSue. " . . ...

in. Unthrcadcd Threaded Unthreaded Threaded Unthreaded Threaded Unthreaded 'Threaded

% . ... 990 490 ...
/ ....... .. 0 450 . ..

I/.. 7,10 370
,2 .140 170 420 210 6 340 530 260
1,4 2180 140 340 170 550 280 430 210

I 250 130 320 160 500 250 390 200
11 210 I00 260 130 420 210 330 160
11/ 190 90 240 120 380 190 290 IO
2 160 W0 200 100 320 160 250 130
2"12 170 WO 210 I10 340 170 270 130
.1 ISO 70 190 90 300 ISO 230 120

140 70 170 90 2180 140 220 I10
4 130 h0 160 80 260 130 200 100
5 120 t0 140 70 230 120 180 90
h 110 bO 140 70 220 110 170 90
I 1 I00 5 120 60 200 too 150 80
t0 90 50 120 60 190 90 150 70
12 90 S0 110 60 to 90 140 70
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USE OF METRIC (SI) UNITS

H3.3 Case 3. Extensive Tabular Material-When the number of tables requiring duplication of SI
equivalents. as in Cast 2. would increase the size of the printed staniard by more than thme paes.
prepare a summary appendix listing all of the units that appear in the variou tabls, as shown in Ap-
pendix X I of the example below. If this procedure would mauk in an Increa of th- standmd by more
than one page. apply Case 4.

XI. SI EQUIVALrMrS

X I. Table XI contains the SI equivalents of the inch-pound units used in the body of the stan-
dard.

TABLE XI Sl EQUIVALENTS

Inches to Millimetms

in. mm in. mm in. mm

0.015 0.38 0.350 8.89 0.967 25.07
0.020 0.51 0.375 9.52 1.000 25.40
0.028 0.71 0.383 9.73 1.128 28.65
0.038 0.97 0.431 10.95 1.178 29.92
0.044 1. 12 0.437 11.10 1.270 32.26
0.050 1.27 0.487 12.37 1.410 35.61
0.0.% 1.42 0.500 12.70 1.571 39.90
0.064 1.63 0.540 13.72 1.963 49.6I
0.07I I.80 0.612 15.55 2..5% 59.64
0.143 3.3 0.625 I5.16 2.749 1.9.82
0141 4.8& 0.700 17.78 3.142 79.81
0 23 h.07 0.750 19.05 3.544 90.02
0 262 6.65 0.790 20.07 .1.990 101.35
0 28b .26 0.1875 22.22 4.430 112.S2
0334 8.48 0.889 22.56

Square Inches to Square Centimelm
in. CM ¢11,.2

+  col in.2 Cult

0.11 0. ?1 0.44 2.114 I .00 6.45
0.20 1.29 0.60 3.87 1.27 0.19
0..11 2.00 0.79 5.10 1.56 10.016

Pounds per Foot to Kilogram per Mime

Ib/fl klg,,m Ib/ft kl/nt ib/ft kgBs

0.176 056%0 1.302 2.-M 3.33 4.9b
0.W4 0.411 2.044 3.042 4.3031 6.403
1.043 1.S52 2.670 3.97/3 5.313 7.411111

Pounds-Forme per Square lch to Meapasa

psi Mpa Ms 111

S0000 345 80oo 00
to 000 41S
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USE OF METRIC (SI) UNITS

H. 1-34 ('use 4. Uinial Number ofLarge Tables- When Cas.e 1. 2. o(r3do not apply because of the
%vet and number of1 tables, include the pertinent conversion factors in a footnote under each table. as
in the~ fiillouing illum.riation:

Table 0

Noinale Test Pressure. psi"
oupic Wall mass.

N~inal 1)ianicle.r. I hicknes. Plain End. Weight Schedule Butt-
SiA,. in. I in. ,A lb/fts C'lam No. Welded Grade A Grade B

20 2.() 0.250 S2.73 10. 70 40 800

0.1 46.960 . ... 7. 50 650

0.438 91.51 .... 800 900
0.469 97.83 ... .. 80 950
0.5(0) 104.13 XS 310 .. 00 1000
0.594 123.11 40...0 1100 1200
0.B12 166.40 60 .. 1500 1700
I 03l 208.87 .. 10 .. 1900 2200
I.281 256.10 ... 00 2300 2700
1.500 296.37 .. 120 ... 2700 2800
1.750 341.10 .. 140 ... 2800 2800
1.969 379.17 . .. 160 2800 2800

24 24.000) 0. 254) MA.I 10 .. 400 454)
0.2h1 71.1h .. 400) A)0

0(.344 86.91 %. bw& (0
()..751 94.62 SID I 10 S.50 (150
(I.40h It02.31 fix() 700
((.43% 110.22 (1650 750o
.4h9 17.86 .700 825- ((5.00 125.49 X 50 900
05.%2 140.M8 . 0 . 5. 1000
0).688 171.24 40 .. 1000 1200
0(.91K 231.03 .. 1400 1600
().%49 238.85S 60 ... 1500 1700
1 214 296i.58 90 .. 80 2100
1 ;11 30.39 100 . 2300 2700)
1 M12 429.19 12o1 2700 2800
2.IW.2 4113.12 14() .. 2800 2800
2 .144 S.42.14 160 ) 2800 2800

2t, 2,(0( (N)5 6M. 75 350 400
((.2m1 77.8 IM. . 390 450
((312 M5.6 N) 10 . 430 .00
01.144 94.2h 40 V 5)60h
11 1'5 102..1 ST.D 5.20 610(
0406. 11). 4M w 5.6(-A6
((438h (19,51' 610 710
(I(464 127.88h ... .. 50h 760
()(5.00 1.36.1' XS 20 ... 090 8101
0.5.2 152.68 . ... 780 410

I In 21.A Inni (viwdi

"I lb tIv 14M 64 kg tit

1I. Caw ( i. . / tflAp.Itfod(/ S10111/1 luh/,*s Rer.r..,ggu a Citonhimarion tp( T%,( tor Affure fj/ thc
/4 ri-cf-ilg C aws - WISC( a %I.Indard urntairis vinlt %mail tahle% and %cveral ful-page table%. repre-
willin~g a1 vtinb n of tslhe prceding( caw~%. inert t SI equivmIenI% in the smllah ales and a~lpph
fhi: rtIi: lr Caw. 2 ibrsuatgh 4. ;1. applicable, for the rmnaining tahb".
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USE OF METRIC (SI) UNITS

H64. Sabmsttal . Si Equlvahbsl 1e H4.1I For teat material show the SI equivalent in the margin
Ezbihg Sumdub of a mupriat or photocM.~ as ilisaftd below:

Noa- The examplers that follow show ptieference given to inch.
pound unit% When preference is given to !I., these units ame inserted
hefore the inch-pound units and the latter are shown in parethese.

12. Length

12.1 CaUlms otherwise specilead the
lextsof railatampeure of 07

(er.3".Fc ,g,.) ~ Cshe" be U1! o-c for those
sections in which the weight per yard

I E!cPtiineLrd-guard nulls
e..02 bl be juo 3 uaWes other-

tua ,. i~n>@ 60 and 62-fIt Pi$ exep
that on 15 ' of the order avazia-

tinor'nia.4  be allowed; nor more ,**

AT1Iiaj-i'~n_.30aad 32ftnd rm-eIIt~

Uoa of tn. will be allowed
(io - :.3 Sborte aenvs Varying by I 't,

(0 3i dcown to 4-0 1ft for plain- and grooved-
(t 2.a- gre aitsd 24 ft for girder-guard

,~U~Yto the exteat of 10
(r3 ., by weight of each dlam on the

114.2 For tables insert the SI equivalents when there is sufficient spcea illustrated bellow:

gIO. 2 7.1. :3

0. 1 21.0

to.''~) 5 2.6

40

- -V . - - -



USE OF METRIC (SI) UNITS

H4.3 For tables where space does not permit the S1 H4.4 For ew illustrations it is preferable to indicate the
equivalents to be written in, retype the table. dilmeolam with kltmers, as illustrated below:

2400 lb f tO0 Ib lOOkg .45 k
AJ

7 - a -rj

E--7- H .

Isometric View
of

Liftling Pftoet

Ir

Table of Dimension%

ii1. mm in. mm

Dinivnmon 'olerance Dimension Tolcrance Dimension Tolerance Dimension Tolerance

A 11 1 7117 13 J 3 1/ 76 13
B 24 .' 610 I3 K 04 A 32 3
( I4 8' 4'3 13 M 2 1/ 51 3
Ih) ' • 13 N 3114 /.S 6
1 2h, 724 13 P 41,, 1,4 114 6

F 4 " 13 19 Q 112 1 216 13
(, 20 SON 13 R 41/. 1/ 114 13
H I"'. '., 444 13

FIG. 0 Standard Jumbo Ingot
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USE OF METRIC (SI) UNITS

114.5 For existing illustrations a tabulation of SI equivalents may be inserted beneath the illstion. a illustrated below:

*-W~l. WALL 1IMICK
J1I ACTAIION

'utL~kNI'S 06 GASVFT

i ALka 1 11tIFI Art THKtN SS~

r.4CMAti Or GASKt I

7).Z IAti (')VtA A'*9ILATf I'.R

WA,1VAll L)1.% Pltif(ARIO 01 SIGN tdo' IIS i THAN Vj
Of ANdGE SMW Of 0Pt Alt 594(1 AND COVER ME ASU~f oON

- *CASI Vtill OP AOItED054L
r~'---~-' NM r Or LIQ5 $MAN fIKI A

SkW sl ()MOOA 6a PINiE /,

DIitc I ION o
(.ASKtl? ROtAWIN

/W T 81 SIA RINP(W ItL K
\ssOR WArm RIG.ID (ON(RI I P'(R

* ICATCH PA I0Q Pt( MEN t

* I 1 * 'SAnt

1, "4 '' 3' 4 6 71/ 20 211 M0 Ihp
mm" 6.4 12.7 25.4 fit 102 152 190 5011 711 1270 746 W

1 16. 0 L4)% Angek% Abrasion Tsing Macine

HS. Permissble Exception to 51 Unis H5.1.1 If approved for use in Standard E .380 for Metric
H15.1 Certain non-SI units have been widely used in Practice, or

engineering practice and will be permitted in ASTM standards H5.1.2 If approved for use in a Supplementary Metric
without addition of SI units in parentheses only under the Practice Guide pupated in accordance with the racommienda-
Iolhmt Ing condiions: tions of Couunkee E-43 on Metric Proictice.
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ASTM. 1916 bce St.. Phladephheo PA 19103 (215) 299-5400

20 February 1981

CIRCULAR LETTER NO. 655

TO: Technical Committee Officers

SUBJECT: Supplementary Metric Practice Guides

Committee E-43 on Metric Practice has balloted the enclosed
document entitled Recommendations for Preparation and Issuance
of "Supplementary Metric Practice Guides" which they have
submitted to the Committee on Standards.

The intent of the document is to serve as a basis for revising
"Part H Use of Metric (SI) Units in ASTM Standards" of the
June 1980 Form and Style for ASTM Standards (Blue Book).

The Committee on Standards would like to have comments on the
document for the COS Task Force on revising the "Blue Book".

Please comment to me at Headquarters prior to June 1, 1981.

Sincerely,

G.0. Atkinson
Vice President
Standards Development

GOA/kd
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9/30/80

RECOMMENDATIONS FOR PREPARATION AND ISSURANCE OF
"SUPPLEMENTARY METRIC PRACTICE GUIDES*

1. SCOPE
1.1 This document establishes guidelines and recommenda-

tions for preparing Supplementary Metric Practice
Guides. These guides will provide for metric prac-
tices specifically related to ASTN Standards over
which a committee has jurisdiction.

2. RESPONSIBILITY FOR PREPARATION
2.1 Each ASTM committee, if it deems necessary, should

prepare a Supplementary Metric Practice Guide to min-
imize deviations from ASTM E 380 and encourage the
selection and consistent use of preferred units and
numbers.

2.2 Supplementary Metric Practice Guides may be prepared
by any ASTM subcommittee when approved by the respon-
sible ASTM Main Committee.

3. REQUIREMENTS FOR PREPARATION
3.1 Supplementary Metric Practice Guides are to be pre-

pared in accordance with these recommendations.

3.2 The supplementary Metric Practice Guides are limited
to areas related to the ,-tandards under the jurisdic-
tion of the ASTM committ,-e that prepares the guide.

3.3 Consideration should be given to coordinate metric
practice with committees having related standards.

4. RECOMMENDED UNITS
4.1 Each Supplementary Metric Practice Guide should in-

clude the SI units, preferred prefixes, and preferred
numbers related to the subject or field involved.

4.2 The Supplementary Metric Practice Guide should include
conversion factors for converting inch-pound and other
non-SI units to the recommended SI units. Base, sup-
plementary, and derived unit conversion factors which
are already in ASTM E 380 should be kept to a minimum.

4.3 Committee E-43 should be contacted for additional help
needed beyond that provided in ASTM E 380.

- -.



5. PRECISION, ACCURACY AND TOLERANCES
5.1 The recommended precision (number of decimal places or

number of significant figures) and tolerances for
specific sizes and properties may be included in the
guide.

5.2 The recommended precision shall maintain the same de-
gree of precision that was implied in the original
value or the accuracy necessary for interdependencies
between values.

6. ROUNDING
6.1 A recommended rounding practice for the specified

quantities should be considered for inclusion in the
guide.

7. PROCEDURE FOR USING THE GUIDE
7.1 A Supplementary Metric Practice Guide should contain

guidelines, procedures, or recommendations for using
the guide in developing new metric standards, or con-
verting old standards to SI units or in other tech-
nical work of the Committee including:

a) Recommendations as to which SI unit (and prefix)
is to be used for each particular application.
(See Sec. 4.1)

b) Proper use of non SI units that are applicable
and unique to the special field covered by the
guide.

c) Explanation or precautions involving special
practices (See Sec. 8.1) or conversion factors
(See Sec. 4.2), if applicable

d) Rounding practice together with percentage varia-
tion, when applicable.

e) Recommended precision for specified sizes, when
applicable.

8. SPECIAL PRACTICES
8.1 Recognition of and provision for special practices ap-

plicable and unique to the field covered by the Sup-
plementary Metric Practice Guide may be included.
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9. RESPONSIBILITY FOR REVIEW
9.1 Supplementary Metric Practice Guides prepared by Sub-

committees shall be submitted to Committee E-43 by the
responsible ASTM main Committee.

9.2 Committee E-43 is responsible for a timely* review, in
accordance with its scope, of submitted Supplementary
Metric Practice Guides prior to publication to ensure
compliance with ASTM E 380 and the special units and
the practices in Section 7 and 8 as above.

9.3 Each committee should designate an individual to act
as liaison with Committee E-43 during review of a Sup-
plementary Metric Practice Guide.

10. PUBLICATION
10.1 Supplementary Metric Practice Guides will be published

in the related materials section ("gray pages') as
supplements to ASTM E 380 in the appropriate part of
the Annual Book of ASTM Standards.

10.2 Supplementary Metric Practice Guides must be identi-
fied by title and the phrase "Committee Supple-
ment to E 380", for example, "Abbrevateil Metric Prac-
tice Guide for the Roofing Industry/Committee D-8 Sup-
plement to E 380" and will not be assigned an ASTM
designation number unless the responsible ASTM Commit-
tee makes a special request to the Committee on Stan-
dards (COS) including the justification why an ASTh
designation number is needed. In the latter case, the
Metric Practice Guide will be published as a standard
in the appropriate part of the Annual Book of AST1!
Standards and include the phrase wCommittee 'Sup-
plement to E 380."

* To be agreed upon between E-43 and submitting committee on
document-by-document basis.

KP/df
6355S
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The American Society of Mechanical EngineersI Unitecl Engineering Center/345 E. 47th St., New York. N.Y. 10017/212 644-7722

P-9. 1

COUrCZ, POLIy

The Society supports a coordinated voluntary national proven of con-
version to the Intermttions System ot ftaswemnt. ASM vill coop-
perate vitt other orpsniations and sooleties In iaploints this
policy. The ASU Interpretation of S Is contained in "ASW Guide
S1-i, ASM Orientation and Oulde for Use of SI-b6trIc".

All works. papers and periodicals published by the Society shall re-
quire uitlst to be In the Internatlonal System (S). Customary units
my also be included.

The Council directs the Policy Board. Codes and Standards to &ssore
that Codes and Standards shall be published In S1 units at the ap-
proprIato elm as determined by industry, government, public and
society needs consistent with national plans for eoordizmting and
nanaging developmnt of S Standards.

Responsibility, Specal Comittee of the Council on 1 .twi Systoem

Adopted October 214, 1975
Revised April 22. 1977
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Mo'o
No. 79

June 3, 1976

GUIDELINES FOR METRIC CONVERSION OF NEMA STANDARDS

This document is prepared by the NEMA Metric Subcommittee
as a tool to help all the NEMA Sections in converting their
standards to metric. The following points may not be complete
uut are some of the important considerations in this conversion
process.

1. Each Section snould determine the timetable for the
standards pertaining to the equipment in their product scope.

2. All standards should be identified which should be
converted. r'any of these standards may be outside of the control
of the Section and should be brought to the attention of the
proper standards authority.

3. Priorities must. be established for the conversion of the
Section standards.

4. A decision must be made as to whether the conversion will
be nard or soft. The reasons for this change should be carefully
considered.

5. The Section should consider the impact of its changes on
other NEMA Sections for the use of this equipment in their product,
and similarly, the impact of these changes on the products within
its own Section.

6. The interface of pruducts is an important consideration,
since most electrical products are used in conjunction with other
electrical products.

7. All NEMA Standards will follow the metric practice as
shown in Z210.1 (latest edition).
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8. Consideration should be given to the applicable ISO or
IEC standards. It is not mandatory to follow these international
standards, but appropriate sections may be used.

9. A method should be determined for tolerancing to provide
interchangeability of products.

10. Metric standards for sheet metal thicknesse and bar
stock have been approved by ANSI and are now listed. (532.3 and
B32.4). These new dimensions should be considered.

11. A program should be implemented to notify the users and
other NEMA Sections on the implications of the changeover to
metrics in the new or revised standard.

Approved by Metric Conversion Subcommittee on April 21, 1976.

Aproved by the Federal Product Regulations Committee on April 28
1976.

A proved by the Codes and Standards Comittee on MY 17-18, 1976.

49

.... -i - '..~........



Legal Guidelines For Metrication Of
NEMA Standards

Metricizing NEMA Standards can present risks of liability
under the antitrust laws. Standardization itself is legal, but
it is illegal to use it as part of a price-fixing scheme, to
exclude competitors from the field, to curtail production or
otherwise to restrain trade.

To comply with the foregoing legal requirements NEMA
standardization activities must be carried on in accord with
the guidelines listed below. These guidelines are divided into
two categories: general and special. Each category of guide-
lines is equally important, but the heading "special" is included
to emphasize concerns particular to the metric conversion process.

General Guidelines

i. Voluntary Adherence to Standards. Adherence or non-
adherence to a NEMA Standard must be left to the individual
discretion of every manufacturer unaffected by agreements,
understanaings or direction of any type by the Association or
among manufacturers.

2. Engineering and Technical Considerations. NEMA activity
in the field of standardization shall be confined to the definition
of the engineering and technical characteristics of electrical
products within the scope of NEMA.

3. Commercial Standards. NEMA Standards shall not include
provisions which are a part of the commercial relationship between
the manufacturer and the purchaser such as warranties, allocation
of the risk of loss, conditions of acceptance or rejection, or
the determination of which party is to provide certain services
incidental to the installation of a standard item.

4. Standard Practice. The statement that a certain method
or procedure shall be the "standard practice" or any similar
statement snould be examined carefully before inclusion in NEMA
Standards. The statement must be shown to refer to an engineer-
ing or technical method or procedure and not constitute a recom-
mendation or statement of what the actual procedures of the
various manufacturers should be.

5. "Special" Products. NENA Standards shall not include
statements to the effect that certain items are to be considered
as "special" or some similar term which might infer a difference
between the production policies, and consequently the prices#
covering such items and those covering other items.

EMS'0



6. Minimums and Maximums. If a standard is framed to
specify a technically adequate level of performance or character-
istic it should be phrased in suca a way as to not constitute a
ceiling preventing the development of a superior product.
N ormally this will be accomplished by specifying the technically
adequate level as a minimum. In the case of certain undesirable
characteristics such as leakage current or radio influence
voltage, the technically adequate level will be expressed as
a maximum.

In some cases, however, where the minimum or maximum of
a whole class is inappropriate due to the complexity of the
relationship among the various characteristics of the product
or because of other valid technical or engineering reasons, it
is permissible to fix on specific or "preferred" ratings. A
NEMA Standard must present an adequate number of ratings so
that the field is adequately covered and no exclusion or
restriction takes place.

7. Exclusion of Products. NEMA Standards should be drawn
so as to include all technically adequate equipment in the field;
that is, all products which fall within the definitions or the
criteria of the standard. They must not unjustifiably exclude
the products of any member or non-member manufacturer. If a
standard incidentally excludes a certain product, however, solely
because it is considered dangerous or inadequate on engineering
or technical grounds, no question is raised.

8. Patented Items. NEMA Standards should include items
whose production is covered by patents only if the patent holder
agrees to and does make available to any interested and qualified
person a license on reasonable terms. NEMA Standards should not
be drawn so as intentionally to exclude patented items.

9. Accessories. Normally NEMA Standards do not include
standards for accessories. Standards for accessories require
particularly close scrutiny because of the prevalent suspicion
of the promotion of inessential accessories. Such standards
must be completely justified by engineering and technical con-
siderations, and must be limited to matters genuinely needed
for the proper and safe operation of the NENA product which is
the subject of the Standards Publication.

10. A roval by Counsel. Since the substance of standards
differs, a NEMA Standards shall be approved by NEMA Counsel
for compliance with NEMA policies and the law prior to their
adoption.

Special Guidelines

I. Decision to Metricize Standards. A decision to metricize
a NEMA Standard should be made in the Informed judgement of each
NEMA Subdivision unaffected by anticompetitive motives. Decisions
to convert MENA Standards into metric standards, whether through
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a "soft" or "aard" conversion, prompted by considerations of
stimulating international competition, fostering technical
change or furthering governmental policy announced in the
Metric Conversion Act should not present antitrust problems.

2. Conduct of Meetings. At NEMA meetings, there can be
no discussion of prices, costs, sales or production quotas,
territories, allocations, boycotts, identified individual
company statistics, inventories, warranties, guarantees, or
other terms and condition of sale and any other similar topics.

It is appropriate during metrication of NEMA Standards to
discuss tecnnical matters, priorities for development of metric
standards and voluntary timetables for the standards covering
electrical products within the Subdivisions' stated scope.
However, tnere can be no discussion of when an industry or
members of an industry should as a group manufacture products
according to NEMA Metric Standards.

3. Effective Date. The effective date of a NEMA (Metric)
Standard is the date of its approval by the Codes and Standards
Committee. When such approval is subject to the assent of one
or more Subdivisions, the effective date is the date of the
meeting of the Codes and Standards Committee at which the assent
of all such Subdivisions is reported.

4. User Input. NEMA Subdivisions formulating NEMA Metric
Standards should avail themselves of the widest possible user
input in shaping new or revised standards. The process of
obtaining user input should include coordination with other
standards organizations and affected parties. Serious con-
sideration should be given to inviting members of industry,
users, and other parties to NEMA meetings to express views on
proposed metric standards.

A corollary to this general requirement for user input in
NE hA Metric Standards is that the availability of NEMA's appeals
procedures should be made known when disagreements arise con-
cerning the contents of a NEMA Metric Standard.

5. Relations With The Metric Board. The Metric Conversion
Act of 1975 provides for the establishment of a governmental body
whose general functions are planning, coordination and public
education with the aim of furthering the increasing use of the
metric system in tne United States. NEMA and its Subdivisions
may engage in some contacts with the Metric Board consistent with
NEMA policies and the Board's functions.

The participation of a government body in conduct that
violates the antitrust laws is generally no defense to such
conduct. Because particular activities oT-the Metric Board
may have antitrust risks connected with them, each NEMA Sub-
division should consult with Counsel prior to taking any action
regarding contacts with the Metric Board.
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President
Codes and Standards Committee
Federal Products Regulations Committee
metric Conversion Subommuittee
subdivision Secretaries
Engineering & Safety Regulations Depaztiunt
NEMA Counsel
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SAE STATEMENT OF METRIC POLICY

The Society of Automotive Engineers recognizes the rapid growth
of metric usage, particularly in the industries it serves. It is
the policy of SAE to change to the modern metric system (S) in a
manner and on a schedule that is in harmony with the provisions
of the U.S. Metric Conversion Act of 1975, and that best serves
the interests of SAE members and the public at large.

To assure good communications during this period of transition in
measurement, SAE will -

o include SI units, with customary units where necessary,
in all SAE publications - technical papers, special
publications, transactions, standards and related
reports.

o encourage the use of SI units in preferred position in
SAE publications and publish reports and papers using
only SI units where judgment indicates that old units
are not needed by the users.

o take steps to gradually phase out the use of old units
when they are no longer necessary, with a goal of comple-
tion by 1985.

Considering the influence of measurement systems on standards and
the urgent need for good international standards by the
industries served, SAE will -

o consider internationai needs in SAE standards
development, preparing standards with international use
in mind.

o promote suitable U.S. standards for worldwide use, and
accept and use suitable international standards.

o encourage SAE committees to work and think in metric,
using SI as a basis for new standards wherever interface
with existing standards permits.

o encourage using the change to SI as a basis for
simplifying and reducing variety in existing standards
during the revision process, wherever existing rela-
tionships are not adversely affected.

Approved by the SAE Board of Director
December 2, 1976
Editorial correction 3/3/77
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NOTE: Appendices of SAE J916, "Rules for SAE Use of SI (Metric units" are not
attached here.

RULES FOR SAE USE OF SI (METRIC) UNITS-
SAE J916 JUN80 SAE Recommeanded Practice

f H.p i "! 'I,- '.1t~. .. .. ,..i..A . - t.,,,i . soppir- ..n- i'96. Qt , rnad by Mrivc Adliosyo C~o J... I 51111

I. Introdutions- - In the spring of 1969 the SAE Board of Directors issued a 2.3 Recognized Derived Units of SI with Special Names
statement that " AE will include SI' units in SAE Standards and other'Ui smol oml

tcnclreports." Much investigation has attended the determination of a SorbedftY --grayni (ymbl Fo/mul

unis o masue or se sicemeasurement practice all over the world ist bobddose -ga G)Jk
%ornc degree in a %tate of transition. Engineering use of measturement units in Activity (of a radionuclide) -becquerel (Bq) I/s. 0*
nearly every metric country of the world, and in all of those nations adopting Celsius temiperature -degree Celsius (*C)
metric units, is confronted with the struggle between the noncoherent techni- dose equivalent -sievert6 (Sr) J/kg
cal metric units, such as kilogram-force and calorie, and the SI units, such as electric capacitance -farad (F) C/V
newton and joule. electric conductance -siemens; (S) A/V

This document establishes the ruleis for the use of SI units in SAE reports,11 electric inductance -henry (H) Wb/A
including specifications and standards. It must be remembered that a techni.- electric psotential diff. -volt (V) W/A

- al committee may produce its reports in any units it feels are prome for the electric resistance -ohm (02) NIA
users- U. S. inch-pound, SI, or other metric. However, if the units used do energy, work -joule (J) Nitr
not conform so tile Units Approved for SAE Use (see paragraph 2), they must forcc -- newiton (N) kg. inm/ s2

*be followed by SI units in parentheses. frequency -hertz (Hz) I0, -1
Throughout* this document. SI is intended tos include recognized SI units as illuminance -- lux (lx) lm/m 2

ettablished by the international General Conferrence on Weights and Mes. luminous flux -lumen (Im) cd ' sr
tiures.' (CGPM) and a limited number of other tinits that are not formal SI magnetic flux -- weber (Wb) V s
units. magnetic flux density -- tesa (T) Wb/m'

Thewe oither onito; are all included in the American National Standard power -watt (W) .1/s
7210 1. 'Standard for Metric Practice" in "The M4etic Sysseni of Measure- pressure or stress -pascal (Pa) NIm'
ment" issued by the Siecretaryuof'Gmmertc in th- 10- 26-77 Federal Register, quantity of electricity -- oulomb, (C) A'sa
and in ISO 1000. the worldwide document for use by all ISO-' committees. See Z210.1 paragraph 2. for more complete description.

By careful contact with other countries, the eneral Conference, and ISO, 2.4 Other Units that May be Used with SI
this document will he updated as often as necessary ito keep the use of SI units Lnqria blin SAE reports As nearly as possible in hArniony with the units that will be !Lniy nts~bl
Adopted for United States and world use. plan angle -degree (*) (decimal divisions preferred)

2. LaUits s'a~t'~ SAE Vior- -All SAE. documtents produced under the time -mnute (min). hour (h), day (d), week, and year
Board of Directors' directive to) 'include SI units" must utilize as applicable mass -mretric ton (t)

- ' 2.1 Base Ut..s of SI area -hectare (ha)
____Unit__ (wNybol) sound presture level -decibel (dB)

Qyuntiy Iuitvolume -iter 4 (L)'
lensgth - nicter" (mn) navsitation velocity -- knot (kn)&
max, - kilogram (kg) distance -nautical mile Inmi)'

* -tiroe necond (%) When these units are used, they need not be followed by SI unit, unless it
eeti tric curent - snpere (A) suits the purpose uuf the dluctiment.

:ltrtnedvonainc temperature kelvin (Ki The liter which the Genersi COnference established as a special nAme for
amini of substans-e mole Imol) the cobic: decimeter, is approved for SAF use, normally for fluid measurrment
luitious internasy candela (id) only, and the only prefixed use allowed is mL.

2.2 Suspplemnentary Unitit of %Il In the case of tine, comniittees are urged to lse the second and its multi-
~~3~ntii' lnt_(ynsioltplea, but the units given above ame pernmitted.

- -- -- 'he unit nmetric ton (exactly I Mg) is in wide use but should be limited tit
plane angle radian (rad) comimercial description of vehicle mart, or freigt nasas. and no prefix is
s~ pherical anitle - ierachani (%r) permitted.

' I i 1 9 7 6 t h eC 2 P Mo d e c i d e d t h a t t h se d e fs g w e C e l t i u s i ' s sA % e^ 1 4 1 n a ie f t r h e lle t s i i . t .

'SI Dir Iniormalt,,ual Siysiem t tf Pollto (i vnient, lnri toniiial I roffmatll abbreviate,lI he used toi exilus'ss ('eltius temper-ature For fosiiuA wee paiirapi Ia
-St ill all iangtiasu- - the ts,,-rn one-fut .,ueil "Approved by sX;l'M in 1974i
0 C(:("M Resiulutu,,tuand, Rrcu,iucrunlstns ni a",ublitsu-d in NS Special Puabl~iitut it, 1979 ihe r'PM approsved the symbthu tI.' lot liter and itius reoniientid I,,

it) Ikhe linterflit~nml Syiieit .,I t1nt. tSt Welt, Aituerian sew. lbs alternative symboit'I' will Atlm. be usetd dsring a iatii't.
Ik e Internaioinal Orgtanitatun fle Siaiidarstisoni~u penusit

0"rec" spellingt is also used "Ablisreviastit, sot a symbol,



measurement. different units In the former. the unit of work results from unit force moving
2.5 Other derived units thatt are formerd fiiti those units and derived through Unit djSltnCe In the letter, chars no implication of moveentn, and

units ind;Ated abovc are also acceptableL l,ie example, the WI unit dmigna.- unit force its at right angles to the lever arm of unit length. This would be
tion for electric field strength i% V/m: however, it is Also expressed in terms of readily seen if vctorcs were Incorporated in the unit symbols. For thewe
basse units as kg' - i (s'* A) or kg nam s '- A 1. Likewise, torque and bending reasons. it is important to expresa work or energy in joules and moment of
inorrent N -insl may also be expressed as kq ni'/s' or kg -ms. fo. rce or torque in newton mreters. no joules.

3. Units Nat A4pproved for Use as SI- (ravlstric force units, such 5.3 Use of Prefizes
kilogram-force, or kilogram-force per square millimeter, which have been 5.3.1 Use of prefixes representing 10 raised to a power which is a multiple
cgrrmun in %omne countries. muiist not be used in SAE reports. Similarly. of 3 is recomntended. In the cose (a petefixed units which carry exponrents, such
41lone. bar. angcstrcm, and dyne are not SI units and arm not to be used. as untts of area and volume, this may not be practical, however, and any listed

(Isseser. as st~std in Section 1, thts restrictin does not preclude use of prefix may be used.
-I, units where a Committee 011131ders them to be the proper units for she 5.3.2 Compound prefixeig, such as milli-mtcro, are never used.
j"Isr' of the report. and provided they are followed with approved 81 units in 5.3.3 In general. prefixes in the denominator of acompound unit should be o
Parenthieses avoided escept for established usage. (Since the kilogram is a base unit of SI,

4. l.itiaping P'ejzas-Table I lists the prefixes to be used with 51 wiita, use of leg in the denominator is niot contrary to this guidance.)
&ise" ne the rules given in Section 5. 5.3.4 When expreesing a quantity by a niumrierical value and a unit, prefixes

_______________________________________ should preferably be chosen so that the numerical value lies between 0. 1 and
TAKEi I-St UIT PMIS 1000. This is. of course, not true where certain multiples and units have been

agreed to for particular rise, such as kPa for pressure. or where tabular use
Multiles and Sebagltipba Proises Symbl ideitd11n titil~ requires the Name unit sit a series, even though this me~ans exceeding the

-- - preferred range of 0.1-10t0.ti one sale 5.3.5 The prefix becomes a part of the symbol or name with no separation
101) tw -" (meganewton, MN).
1012 . le 5.3.6 Errors its e~assohni cats be minimized if all quantities are expressed
106 Maga In mas in $1units, and pefixes are replaced by powers of 1.
t03 kilo &ltWe 5.3.7 With SI units of higher order, such -n gir to-, the prelix is also
102 hats h bhl.e
1o ds d 'b* raised to the stame order; for example. I mm3 is (10-1 In); or 100mo.
to-i des it dnsi 3.4 Symbotls aski Abbreviations
t0O2 CoWA c santi 5.4.1 Durrt,.ciaoi-The distinction between unit symbols and unit abbre- 0
10:1w r Hart viationss is not always recognized, particularly with certain U. S. inch-pound

106P 
ii

I0 1 o o' units of meaisurement. The symbols for some U. S. units are also abbreviationst
PR Ipats (ft, in. yd). In many cases the unit symbol and the abbreviation ame not the

10is#4D *MI same (such as unit symbol ft'/min and abbreviation cfm; unit symbol A and
______0_____ is___ I________ abbreviation amp; unit symbol in3 and abbreviation cu in). A positive dis-

tinction can be made between unit symbols and unit abbreviations. The SI
5. Rut" for Car of Units unit symbol desigation is the same in all languages. Abbreviations we

5.1 Requirements of this document establish the use of SI units in one of conventional reptiesetations of words ogr names in a particular language; they
the following manners: may be differen t in differenct languages.

5.1.1 As regular unit.s followied by other unit, in parentheses. 5.4.2 Unire System Coiieosrrsow-Unit symbols are letters or groups of c
5 1.2 In parentheses following other units, lettees predominantly from the English alphabet representing the units in
5. 1 3 As regular nnits where presently usable by the ser, in which case ni) which physical quantities are measured (mn fuir mtter, W -h for watthour).

i'ntts need be added in parentheses. Non-Etsglishi alphabet unit synmbols are (2) for ohm. (') for the plane anglie
5 1 4 . drspecial circumstances it is permissible to deviate from these degree or used with the (Aaliun ( VU) temperature scale, and (pt) for the prefix -

i tles. 'we Appendix B. micro. All unit symbols are printed in Roman (upright) type.
5.2 SI units must be those shown in Appendix A or their decimal multi- 5.4.3 Upons Systeot. Si.P:- Unit symbols are, in general, shown as lower 0

pies. except as covered in paragraph 6.2. Itt case of need for other units the ease letters. If, however, the symbol is derived from a proper name, it or the
Metric Adsvisory Committee of the SAE Technical Board should be consulted. atitgfUntNte-m.ofutsr ewcptlsdexpttth
If unit, for q114ntities not included in Appendix A and not clearly ctovered by begmingisfirrggnsixeir intits. idiirsuedin uit nas eiilid iffapei
:.ArAgpaph 6 2 are required, the above commit tee should be contacted for nsae; far gampie. degree Fahifrnheit L) Comrpougnd unit astr ame fussed with a space
guidance. fer praduct and tis word "per"~ fur quitiint. Prisfginal ba ePasn of the weed: ampre

An apparent anomaly exists in the use of th: joule for work (J = N -m) and (A). milliampere (mLA), sampiee seeaed (A* as). rage per atned (in/s),

* ASIS 2-AMM ION AND SYMMS P UNITS 01M THAN 9

tii MnmSyblAbeavisthe L40 MNoa -P Abbm@ota

brok hogiloo bhp righ paund-fiatin in-110
aloig rino ,nit hegignfiin -
cndlepower ep WAS. par issue mob, imy

cvbrc Seal par Mnute I Sl/rig elm Wtei (Ono@.)
csb~c Scat per second fttI CIS o" *va

Cycle par monute c -ni . in pm na-logrt ad
Cycle per Second c I cps part pee tades pg
cycle c pit Pt
dogree Fahrenherl Pound

Sowt to Peand-sets, per i/it s
Seat per giinoe St~mmo paus-sri prfaow per wieigil t's tsuarei leskst -"
fear pord-oe16 Sto II p dts Poe
frottiof gi ls01111r aip W4 hiat wpet

0gas- OWi 4"0
gust sia ital esl,ne win readea Par -MO Oalts ow
gote par tosewgls mul sh*"le pop issue no sa

Olth ofmfniy"a vb
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fir-st Irtcri (whsere injr than our) is an uppar caser letter (11.1. Wb. Jij A*'n mttous wil ita&. Thus, in speaking (if a person's wright. i lie tquantit v relf't ted
exceptioni to the almive ix-rinlis the uppaer case It. to. represent the unit later to1 is mass.
becaue of the itarlnisiun that tan is lair bet wren the lower case unit Symbol (1) Bec~ause: of this dual useor, it is wise- to avoid the ltain weight. except under
;andl the number ,at, I I r iruossiances in which its me.aning is com~pletely clear. 'Wen the term isusd

I1 he iar style most i t- lolloil liii SI unit svinliols and prefixes even in it is inalinrtant to know whether mittaor laicer is intended, and tagu Stj Nitetn,
.4, lii-.it in s where All other cIet iii) is uppel case ( such Asi technical draw- pirtaperiv as clarified in the first pArAgraph itf this Section, using kilogramit tio
treat) Thie only exc-eptin Allowed is liii coimputer asnd machinc displays with mn and newtos for force.
hitntert character sets. Fait symbols foir usa- lit systems with limited character &.2 Many units for rates are nait shorwn in Appendix A. but %huruld Ix-
Ses, refer ito ANSI X3.501 or ISO) 2915. r'lse symbols for limited character sets derived from approved units. F'or example. the proper unit lir mtass per unit

iit net be used when the Available chiAractcr Srt permits the use of the timte is kg/s.
prperesymnbols As. given herein 6&3 Expressions that can be stated as a ratio ol the saioe unit, such A~S

5.4.4 QUIANTIFY SY1101111t s- Unit symbols must riot be confused with queen. 0.006 inch per inch, Should be changed it, a designation at a fttiniStuch as
lily symbols. Quantity symbols are single letters representing the mniaitude 1.00)6: 1. Where an expression might be shown in two different units one of'
lit physical quantties I for electric current. e foir charge of an electr-on) anid which is a multiple of the other, reduce the expression to a common unit andc
are established in -'pper or lower case that must always be msaintained (f- show it as a ratio. Example: 1.50 in per ftI = 0. 125 ft per ft. Express as A cdiii
frequency. P- force, in-- mass. M - moment of force). t~~:I

Quantity symbol-. are single letters of the English or Greek alphabet. and 6.4 It has been itnternatio~nally reconmtmended that pressure units them-
;are- printed in italic (slantiog) ty~pe 'elves should not be nmodified to indliciate whether the pressure is asbsiailk ( that
........5 AnnasRvAriiiss .Abbreviatioans are shourtenedl formts of words in is, above zero) or gee (that is, above atmospheric pressure). If. therefoie, thse

plarAls fitrmed lit various ways thtat have been accepted and established l-ontext leraveo; any doubt as t) which as meant, thae word prorsrure msust be
(ANSI YIll. T[hor) are generally lettcrs; from the word being abbreviated, qualified appropriately.
except where the abbre-viatioan ist taken from ano~ther language (no for ntimber. F~or example:
Ilb for potund). Altreviatsions ;are tiever to be- used when a mrathematicAl )fka"o
rilirattin sign is involived. unless the abbreviation is also the symbol..............At a gage presstore iof 20kaai

5 4.6 Svianot n#, n Corousrijg (1Firsn)n I Itr-s" -Cmon (derived) .at ant absolute pressure of 95 ia" or
(tnitls (gosti lute a tntraia iprsin hr-aompound nt.nld reached an absolute pressure of 95 kPa".

lii- srolocii ( ), it muist not hr repeati-d in the ,uAror expressiton. In complicated etc.
cAst-s. negativle Isiwr% aor parentheses should be used. For example, write; 7. (ometiesm Terhoaliqae-CAttnv-ruonitsf quantities beliseern system' ofl
tir % or in's 2 balt not i's'ls or write kg' m(s-1'A) or kg 'tns -A abut linus involves careful determnration of the numnber aof Significant digits to lhe
not kg'omti s'i A. re-tained. *ro convert "I quart of oil" to **0.9463529 liter of oil" is. iof c-orse'.

5A4.7 P[ tRsAt -'rhe form tof symbols and abbreviations is the same fair noresensee because the intended accurtacy of the value does nail warrant emcpri-ss-
singular hir plural t I lin. 10 in. 1 q, 27 s). iitg the conversion in this fashion.

5.4.8 Periods are not used after symbols oir abbreviations. The same abbre- This section provides information to be used as a guide in the consersirn of
viatin is used fair related noutn. verb, adverb. etc. (inclusion, include, inclu- qjuilntities specified in SAE Standards. lit certain eircutisAnces, eason.% 015
siae ar- all abbreviated incl). When these crtles woiuld cause confusion, spell exist for usinig other guidaunce. For example, in the case of interchaiigeable
oaut the word, Words, it four Irtiers air less arn not abbreviated. dimensios (on engineering drawings, a inure specific Atpproachb is oattli-d ii

5.4.10 When writing Aantnity. a Space shotuld hi' left between the numeri- SAF J390, Dual Dimensioning, although the methods given here will usuallN.
cal val ue and a ulit symbol -for example, write :15. mmr, not 35mm. An produce the samte results.

cepcitiiin na-cur% wahen the symbails fur degreer of'planer anglecorcdegrece (uesitis All conversion%. toi lie logically established, mast depend upon an inrtndedl
,d are eaised. in which case the space is ontitted l25*Ct liretisiin (if the original quantity--erither inmplied by a specifac tolerance, ,aim r

5.5 Miscellaneoust the nature (if the quantity. '[tsr fiist stiep in consversion is not cscablisi Chis
S-5.1 With nainal sales that are nit nicasirements but are names ftir precision.

ill-il. tno converrtiaon shiould ha- made: fair examtple. 1,4-20) UNC thread, I in 7.1 Precision of a Value - -It is absolutely necessary to dctermnte zIll- all-
nririr-. 2 x 4 lumber teotetl! pecisioin of a valiue befor clinveestiog.

" ,2 1[lie drctttial marker used hi- SAE us the deal on the line I.) fair The intended precision oif a svaloe should relate to tilt' numb', i-f sigtit, Ill

quilrtti tito' i cit her U S rusitimr o onr SI units. digits shown. The implied pee-iruirn is pius lir minus icinc-half tunt oi ti Laust

is., liate"I the rrldrug iaf iiiinbr-rs, having live or lolle digits, the digits sigarsttti ant dligit in whit-l the vaute as state-il1Ibis- is truie It-s it tii.c% lot

f,,olil he lilac ed tit gelup oilif three ur laratedtl lv Aace intead offa comma. aisuititd to have betut raoundetd frnt a gir-ier tiuttubet (if dims ;tid oine-half
l-Iinttt5I laioth to, the alli and to the tight of thi- dei-imarl point lit the catte ao(ifii tait* fhe last aignitiaant digit retained is thu- limit iif rror rslotii ltii
fori digits. thle spat ig is iaptionAl 'Ibhis sityli- ab - scoinfusiaon caused by riountding Four example-. the number 2 1-4 nisy have biets roiuinde-d frottit u

the lise rlsewbi-re oilt iet comma iii express the decimial marker, niumber betwe-en 2.13!1 And 2.145. Whelt trounded ra 11,it, A qoUAntitio shoruld

l-ar examople. use alwayst lit expressed with ibis itasplutaoiif pecisioin in mnd. For iist.im-ct-

1 ') eo 15:12 iitsiead of 1,532 2.14 in impliest a precision of t0) l'ii since the last significant digit is ill

1315'41 816 instead rif 112,41,816i utits (if 0.01 ill.

ofitt 761. 788 Ifi instead aif 1183 .7fa 711816 ~ Two problems inierit-rec with this, however-
(a) Quantities mar- be expresserd in tdigits whit-I art niot inteltud t I

5 5.3 Surface rairghtiexis exparesed in micetiiiches %haauld he converted to signiifia-ant. The dimension 1 18175 atl May he- A VCr% pI-a ise rllu ill s f-li 11im'
miroetr (#a4 aligitt ili e forhplatce signiificasnt. iw it niay in some cases, lie ;Ai ll

.aLnear dimiensions tt cngbegv ii'ring drawings will etastoaihy be giin decttAl111atan (if a rough dimension alli, in wihitlis cast- the dinteistie ii
in millinieters regardtless aif length. giveis with toot many decimal isalt es relative it) its intended pces-isiiin

LI re tna-iuldprueifS r o leg slt cfr fmti (lit Quantities miay fie expeesard iotmitting sigificat rentis. ihc dtiiie-
&I~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~srt hepiooadeatr fS rmte;lAorrCfr fmrrv 111'2 t mtav meati shout 2 in". air it lt;%\. li far-i. me-an a \ mr Iii o-ori

engineering units a, tilt litiprater anti dvlit aieis liii nist and force. The a-xpnei-aot wich shoiuld be rattrti 2.tsltt ta. lii the latter r-.tsi. whilte -
kalogr-am as restrttarI ii. the unit o f iass, The new-trais tile tunt Of force anal Addedt ,eeos Arrtit- notsgoitiaat an t-si ililui iiu h- vs,ili t he\- at- sets- aikiud,
shoiiuld lie used li p late r .f the kili grii lorte Her lii-rwtatn intead of the can iii rort-ssig flie prolivr iiitentdedral pi'aiiln
kilt ore -fa ira-c shiotldali hu r aisai iii a iirtint iuis which include force-. for IttrI~ri ~ acsaytrd-rain-atapssiraeiillrl r' 5

exaniple, pressure ire trrs (N 'ii P'at. enertgy N' m = n 1 and power la-faire a iltrtng llti% cani tsu~llV lie titione by usinif knorwledge oif the citllilt
IN -m % = W) slt a-eir inforairtion on the act ura-, of merasuring eqipmntt

Cotsderable ii nfiasti iiiesisis in thi' late iftihr frot sa right tag meats either If art iravy oif niasairensent is ktnown. this will pots tiea A o.nvenicui lowa a-
fortc i ir lia-i liitt the precision afifthe dimensin, and in some a ia s; tit lie 11,eoanl basis

- i %c Iiiientif tt a s. rtl- i-rio uichb tirt .i ho.d% i~al sids orati a hiarce related Ii.li t vablasthttg it.- The implied psrecision shiould nver lie snaiallr-i t han Owa
,rj grAs aar. whtt Ii 1.uns* i lillor i'tid 511.1r Wei gIa. 1 11s11 lo imeari faaie alsar at 1urar v- tf measuiremsent

%Aries ( Iliserveil s Iahicts dillr, lisv it r5' at 'dr , ilIaints (in the earth's A~ tailaraence on a ditonesast swill give A quid tidaatimn if t hi- inttitilrl

I irfrtntatu pwirio
t 

a-st'o-ia tI tlle tnnrc ilti ial twisstoy I ut~ l..lltgiiIeprecisiont will. itf ,-out-e. be tuch smalkr thtan the
In~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ ~~~alrn , eoi ~ rdt%-vivi%-trIrosrlh snal laslnn tl-A Al toentiuti of 1.6j5 ± 0111113 iii aoiiaislo, as intenide-d to be quite

pim5.1 eAnal flt- prectison implie~d by the nunirrersfosigificatit digits is crrct
I hr itrr %tto lit .sltldt ir hoo t ount~iilu Rasw iti tt,iitoaut equaal ins the luotal II Ofirait are, toail 0(101 in). A dit'etion of 4.625 :t 0.125 lit is obi'arul a

.i, ei . i-n-rh fte til diff'erent mtter The use of thatmandths of an inch to exp-'s A totlerane- of
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1. 12

25 in is probablv the result (if decimalization (it fractions, amid the expession Round to 131.76mm (closest to original)
is probably IN-tier %%ritten 4 Ws -t I). 12, with .33' imiplied precision of ±0.005 (b) Dimension stated to inciamu
(total implied pircision 1)301 in) U'hr cuunistau' es. however, should be exam-. Round to 131 77 nmm (rounded up)
ined and judqori applied (c) Dimension stated an intaxsnm

-% rule fi thkoib often helpful tot dleterotioin iimplied precision of a toler- Round to 131.76mm (rounded duumstil
.itird %AIlIe .ssu1 1, 1IC i .Itioe-ienth of the tolerancer Since the imrplied Similarly, a tolermanced quantity may be rounded as in item (a). However, if

1in-.-- - ac~er' salic should he iii greater than that of the orgial, critical it may be first converted to limits and each limit rounded in the
od'i.it-.. fh. 41 11- dividt-e hi 1t). ronuiled. and the proper signifi. appropriate fashion depending on the nature of the individual limit. For

ri'-1 *r diwi ,. (I * -it, 13 '.oi lred VAlti- .nd converted toleranee such absolute maintenance oftheoriginal limits. the upper linit should be rounded
t.L 'ini w iili r. mon 30 is not3 itiliied thati is. Such that the la s ,nPft  down and the lower limit rounded up. (This is nmethod B described in ANSI

.,I diit It 3.33iid Is in units tic lamister th ti -ne-tenth the convened total Z210 .1.)
t* a , e Tgisitte~ Csmsiumio-The Si unit for temperature is the kelvin. SAE

IX .MPE 2%) ~ I pi llernceis 0 sidivdedby 0 si-a~ co- will usehaelvlnsprincipally for thernodynamics, but the Celsius' Itemperature
r ted is Aboutr 20 7 kPa. rhe %sAlue (200) psi converted is 1 378 .9514 ±L scale will alsm be commonl y used.

Ini.4-1 '355 kPa which should he rounded tot units of l~kPa, since l~kPa The Celsius scale is related to the kelvin scale as follows:
;, the largesi unit smaller than one-tenth the Lonverted tolerance. The conver- One degreCelsius equals one kelvin exactly. Celsitustemperature (t.,.i

rinhould IN- I111) 1 100 kPA. related to kelvin temperature (Ta) as follows:
LXA-MNll'. !,5 *i0)1 oz of alcohol. Tolerance is 0.2 ot, one-tenth of toler-

Anc' ii 0012.q. con~verted is about 3.6cm3
t. The converted value Tic 273.15 + I.(

739( 4 -~ 2 957 utl') should he rounded to units of 0.1 cm-' and becomes The Celsius sale is related to the Fahrenheit scale as follows:
>59 3 - 10 c(tit' One degree Celsius equals % of a degree Fahrenheit. exactly. Celsius

-0 (:nnsrsmn Procedure In the set tioto; that follo~w, the "total im- temperature (t.4 ,) is related to Fahrenheit temperature (t.,) as follows:
plIied *r seti - r ,.sd tit paritraph 7 I is referred to as I.".'C 32)

7 2 1 Fir irtle-rntitr-I I'l
7, 2 (,' n-rt the iinension. lIP, and the tolerance if any, by the accurate General guidance for converting tolerances from degrees Fahrenheit to

oinsttsiwn f,vt.,r iven in this document or ANSI Z210.1. kmelvins or degrees Celsius is given below:
2 , :h-~- the ..rriallesi mniiber of deci-nals to retain, such that the last __________________________________________

digiftaidi in units equal to ur smaller than the coniverted TIP.
72 1 RO11uI .H -it this auumber of decirnils by the following rules: eavarsisa of Tsinpsseun Tlsiuias, Seinmuotmsi

- 2 4 1 Wtieir the digit neat bevond the last digit to be retained is less

1 ho1, i. the Li digit tetained should not be changed. Example: 4.46325 if lsbinm, -F 11s16seg. K ar *C
,'''n-led t-, thirc pl33.u cs ssoul,3 he 4 463

7 Where the diolits beyond the last digit to be retained amount to ±~.
more- than ti fllowed by -c-ros. the last digit retaiined should be increased by i±5 ±3
on,. Example 8i 376,52 if'rounded to three places would be 8.377. :tic =5.5

2.4 1 %%:.ere the digit next beyond the last digit to be retained is ±3 :!:.5
±L20 ±331* sih -). the- list digit retained, if even, is unchanged; but if odd, the last ±=211 2:14

digit cs increwii.1 his onie Example 4.365(5. becomes 4.36 when rounded to
two, place, I 41 1.ls becones 4.36 when rounded.

721 lxi&ott r, Normally. temperatures expressed in a whole number .sf dege Fahrienheitt
2 * ) I2. I 'r pwilrei '2 15 psi shuuld be convertedto the nearest f3.5kelvin (or degree Celsius). As withother

I W.1 'isdint i, tfisl Asir quantities, the number of signihicant digits to retain will depend upon implied
lii.il tolteiamin~isti. ivisded os, 1t) ts 3 pm converted eqnsals accuri.3V of the origitijl dimiension, for example:

2tt.611 kPa. fo~r I'll' use 30 kl'A 100 4- S*F- implied accuracy esionated to be 2*F.
L nits i. tise. tit kid' 37.7777 = 2.7777*U rounds to 318 ± 3*C.
10 233 1 . psi etlliils 1 '478.9514 :t 103.421 355 kPa, round to 1000 t 50*F imtplied accuracy estimated to be 20*F

I13 0 306I kPa 537.7777 2 27.7777*( rounds to 540 ± 30-C.
2 '2 A st iIiang rod 6 in long 9. 8aigiqvy e

F.-. fltroiifTIP Assume intended precision =/, in, TIP = Y in Amnerican Society for resting and Materials, 1916 Race St., Philadelphia,
C,'rioitid TI)' '/, x 25.4 = 3.17 min PA 19103.
1 ivis t,. &se. I mom Amierican National Standards Institute (ANSI), 3430 Broadway. New
, tr q i: uals 152.4 nmm. round it 152mmn York, NY fools1.

2~ i 1 wNo psi tensile strength Standard for Metric: Practice (ANSI Z210.1I and ASTM E.380).
Estiinite of lIP 400 psi front nature of use and precison of Amierican Nationtal Standards Institute.

mesuiring equipment ANSI X3.50, Representationts for U. S. Customary, SI, and Other
(o.serted TIP 2.11 mpa Units it be Used in Systems with Limited Character Sets.
Units to use, I MPA Intor-national Organisation for Standardization," Geneva, Swittzerlandl:
5(K K) psi equals 344 717 85 MPa., rocund to 345 MP& ISO 3(300 SI Units and Recommendastions for the Use of their Multi-

72 5 4 5. lb.1 in length pins and of Certain Other Units.
Est imate of TIP 0 Of I in (significant digits judged correct) IS0 2955, Infarination Processing-Reprsentationsi of SI told Other
Converted TIP 0.02%4 mms Units lomr Use in Systems with Limited Charcer Sets.
Units to use. 0.01 mm Superintendent of Documents. U. S. Govern ment Printing Offiee Wsh.
5 16.int equast 131.1402 mmn round to 131.14man ington, DC 20402.

7 2 5.5 1-1 125 in length National Bureau of Standards, NIS Special Publication 330, Die Inter.
Estimtnei if TIP 0 06 in from nature of use national System of Units (SI).
Coniterted TlIP 1.524 mm National Bureau of Standards, Washington, DC 20234
Units to use I mim Federal Register Notice of 10-26-77. HIS Letter Cicular LCIO78 The
12 125 in equals .107.975 min, round to, W041mm Metric System of Measurement a issued by the Secretary or Casnmerem

72 -1 In drAlitig with tuilranced quantities -.r quantities that establish
imuts. the ro.unintg tnms he required in one dire, tioin otily When Maimm or
-srnt are %.pei if id Amid jtmdgmnt shows that tiese, terms are mandatory, a
ii."M!i'im qu)~tiim, mrust be riitided si~m tssait! and a niinimumn rounded

Iw &i he Itilluiwitg iliitrattons show roundinif of a dimenrsion to two
14;ona plm t% nder different circumstances.

Dimnrsion monverted to 1:1 1 's mm "The ter su -Celslus" offic:ially replasd 4Cnsigrack" to elimainaete eaonfiation with
Round to twri deimiral places French nistric drelmalived angular weswA nt (a "grad" or "gfradei" is 1% of a right

simple, and a -ctegffrad" wr "conitirmie" Is IS of a "wed").
.11 Normal dimnlsion, untfolerainced IsAvimilmie fii t V 4 front Assertioa Nstional 8Sandss& Itmitute

-. ~--- -= .~w b-,-e - ~ -.-- 6---



APPENDIX 0

ASTM (HARD) METRIC STANDARDS

A ]CqM - 77 Spec. for Steel, Carbon, Cold-Rolled Strip (Metric)

A 227M - 80 Spec. for Steel Wire, Cold Drcwn for Mechanical
Springs (Metric)

A 3251 - 79 Spec. for High-Strength Bolts for Structural Joints
(Metric)

A 407M - 80 Spec. for Steel Wire, Cold Drawn, for Coiled-Type
Springs (Metric)

A 417M - 80 Spec. for Steel Wire, Cold Drawn, for Zig-zag
Square-Formed and Sinuous-Type Upholstery Spring
Units (Metric)

A 446M - 80 Spec. for Steel Sheet, Zinc-Coated (Galvanized) by
the Hot-Dip Process, Structural (Physical) Quality
(Metric)

A 510M - 77 Spec. for General Requirements for Wire Rods and
Coarse Round Wire, Carbon Steel (Metric)

A 525M - 80 Spec. for Steel Sheet, Zinc-Coated (Galvanized) by
the Hot-Dip Pr6cess, General Requirements (Metric)

A 563M - 80 Spec. for Carbon and Alloy Steel Nuts (Metric)

A 568M - 77 Spec. for Steel, Carbon and High-Strength Low-Alloy
Hot-Rolled Sheet, Hot-Rolled Strip, and Cold-Rolled
Sheet, General Requirements (Metric)

A 574M - 80 Spec. for Alloy Steel Socket-Head Cap Screws
(Metric)

A 615M - 81b Spec. for Deformed and Plain Billet-Steel Bars for
Concrete Reinforcement (Metric)

A 619/A 619M-82 Spec. for Steel Sheet, Carbon, Cold-Rolled, Drawing
Quality

A 620/A 620M-82 Spec. for Steel Sheet, Carbon, Cold-Rolled, Drawing
Quality, Special Killed

A 621/A 621M-82 Spec. for Steel Sheet and Strip, Carbon,
Hot-Rolled, Drawing Quality

- A E22/A 622M-82 Spec. for Steel Sheet and Strip, Carbon Hot-Rolled,
Drawing Quality, Special Killed

A (2JM - 78 Spec. for General Requirements for Tin Mill
Products (Metric)
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A 624M - 79 Spec. for Tin Plate, Single-Reduced Electrolytic
(Metric)

A 626M - 79 Spec. for Tin Plate, Double-Reduced Electrolytic
(Metric)

A 635M - 81 Spec. for Steel Sheet and Strip, Carbon (0.15%
max), Hot-Rolled Commercial Quality,
Heavy-Thickness Coils (Formerly Plate) (Metric)

A 680/A 680M-81 Spec, for Steel, High Carbon, Strip, Cold-Rolled
Hard, Untempered Quality

A 682M - 77 Spec. for Steel, High-Carbon, Strip, Cold-Rolled,
Spring Quality, General Requirements (Metric)

A 684/A 684M-81 Spec. for Steel, High Carbon, Strip, Cold-Rolled
Soft, Untempered Quality

A 749M - 77 Spec. for Steel, Carbon, and High--Strength,
Low-Alloy, Hot-Rolled Strip, General Requirements
(Metric)

)

B 16M - 82 Spec. for Free-CuEting Brass Rod, Bar, and Shapes
(Metric)

B 21M - 82 Spec. for Naval Brass, Rod, Bar, and Shapes (Metric).

B 133M - 82 Spec. for Copper, Rod, Bar, and Shapes (Metric)

B 139M - 82 Spec. for Phosphor Bronze Rod, Bar and Shapes
(Metric)

B 140M - 80 Spec. for Copper-Zinc-Lead (Leaded Red Brass or
Hardware Bronze) Rod, Bar, and Shapes (Metric)

B 151M - 81 Spec. for Copper-Nickel-Zinc Alloy (Nickel Silver)

and Copper-Nickel Rod and Bar (Metric)

B 159M - 82 Spec. for Phosphor Bronze Wire (Metric)

B 196M - 81 Spec. for Copper-Beryllium Alloy Rod and Bar
(Metric)

B 197M - 81 Spec. for Copper-Beryllium Alloy Wire (Metric)

B 209M - 82 Spec. for Aluminum-Alloy Sheet and Plate (Metric)

B 210M - 82 Spec. for Aluminum-Alloy Drawn Seamless Tubes
(Metric)

B 211M - 82 Spec. for Aluminum-Alloy Bar, Rod, and Wire (Metric)
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B 221M - 82 Spec. for Aluminum-Alloy Extruded Bars, Rods, Wire,
Shapes, and Tubes (Metric)

B 234M - 82 Spec. for Aluminum-Alloy Drawn Seamless Tubes for
Condenser and Heat Exchanger (Metric)

B 247M - 80 Spec. for Aluminum-Alloy Die and Hand Forgings
(Metric)

B 248M - 80 Spec. for General Requirements for Wrought Copper
and Copper-Alloy Plate, Sheet, Strip, and Rolled
Bar (Metric)

B 24911 - 82 Spec. for General Requirements for Wrought Copper
and Copper-Alloy Rod, Bar, and Shapes (Metric)

B 250M - 79 Spec. for General Requirements for Wrought
Copper-Alloy Wire (Metric)

B 251M - 81 Spec. for General Requirements for Wrought Seamless
Copper and Copper-Alloy Tube (Metric)

B 491M - 82 Spec. for Aluminum and Alpminum-Alloy Extruded
Round Tubes for General Purpose Applications
(Metric)

B 557M - 81 Tension Testing Wrought and Cast Aluminum- and
Magnesium-Alloy Products (Metric)

B 666M - 80 Practice for Identification Marking of Aluminum
Products (Metric)

C 14M - 81 Spec. for Concrete Sewer, Storm Drain, and Culvert
Pipe (Metric)

C 76M - 82 Spec. for Reinforced Concrete Culvert Storm Drain,
and Sewer Pipe (Metric)

C 1181.1 - 81 Spec. for Concrete Pipe for Irrigation or Drainage
(Metric)

C 361M - 78 Spec. for Reinforced Concrete Low-Heat Pressure
Pipe (Metric)

C 412M - 81a Spec. for Concrete Drain Tile (Metric)

C 443M - 81a Spec. for Joints for Circular Concrete Sewer and
Culvert Pipe, Using Rubber Gaskets (Metric)

C 444M - 80a Spec. for Perforated Concrete Pipe (Metric)
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C 478M - 82 Spec. for Precast Reinforced Concrete Manhole
Sections (Metric)

C 497M - 82 Testing Concrete Pipe, Sections, or Tile (Metric)

C 505M - 80a Spec. for Nonreinforced Concrete Irrigation Pipe
with Rubber Gasket Joints (Metric)

C 506M - 81a Spec. for Reinforced Concrete Arch Culvert, Storm
Drain, and Sewer Pipe (Metric)

C 507M - Bla Spec. for Reinforced Concrete Elliptical Culvert,
Storm Drain, and Sewer Pipe (Metric)

C 654M - 80a Spec. for Porous Concrete Pipe (Metric)

C 655M - 81 Spec. for Reinforced Concrete D-Load Culvert, Storm
Drain, and Sewer Pipe (Metric)

C 789M - 81 Spec. for Precast Reinforced Concrete Box Sections
for Culverts, Storm Drains, and Sewers (Metric)

C 850M - 81 Precast Reinforced Concrete Box Sections for
Culverts, Storm Drains and Sewers with Less than
0.6 m of Cover Subjected to Highway Loadings
(Metric)

C 877M - 80 Spec. for External Sealing Bands for Noncircular
Concrete Sewer, Storm Drain, and Culvert Pipe
(Metric)

C 923M - 80 Spec. for Resilient Connectors Between Reinforced
Concrete Manhole Structures and Pipes (Metric)

C 924M - Practice for Low-Pressure Air Test of Concrete Pipe
Sewer Lines

C 969N - 82 Practice for Infiltration and Exfiltration
Acceptance Testing of Installed Precast Concrete
Pipe Sewer Lines (Metric)

D 638M - 81 Test for Tensile Properties of Plastics (Metric)

D 790M - 81 Test for Flexural Properties of Plastics and
Electrical Insulation Materials (Metric)

D 885M - 79 Testing Tire Cords, Tire Cord Fabrics, and
Irdustrial Filament Yarns Made from Man-Made
Organic-Base Fibers (Metric)

D 2860M - Test for Adhesion of Pressure-Sensitive Tape to
Fiberboard at 90-deg Angle and Constant Stress
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D 2970M -80 Testing Tire Cords, Tire Cord Fabrics, and
industrial Yarns Made from Glass Filaments (Metric)

D 3330M4 81 Test for Peel Adhesion of Pressure-Sensitive Tape
at 180-Deg. Angle (Metric)

F 467M - 80 Spec. for Nonferrous Nuts for General Use (Metric)

F 468M - 80 Spec. for Nonferrous Bolts, Hex Cap Screws, and
Studs for General Use (Metric)

1295D-tj i
04/13/82
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August 14, 1981
APPENDIX D Files: 7.01.2

3.1M

METRICATED NEMA STANDARDS

The following NEMA Standards Publications are fully metricated,
in that they use metric units of measurement consistently. Partially-
metricated Standards (such as those which express temperature in
degrees Celsius but otherwise use customary units) are not listed.
Likewise, Standards that are not dimension-sensitive, such as those
limited to general definitions or symbols, are not listed.

Unless otherwise noted, the publications are "soft" converted
(customary measurements algebraically translated to metric equi-
valents) and dual-dimensioned, the customary units listed first with
SI equivalents following in parentheses.

"Hard" indicates hard conversion, or selection of measured

quantities in rational metric magnitudes.

"SI Preferred" indicates that SI units are listed first, with
customary units in parentheses.

BCI-1979 Bituminous Fiber Duct for SI Preferred
Underground Installation

CB1-1977 Brushes for Electrical
Machines

CG1-1980 Manufactured Graphite
Electrodes

CG2-1969 Graphite Electrolytic
(R1974, Electrodes
1980)

DC2-1976 Quick Connect Terminals

DC3-1978 Low-voltage Room Thermostats SI Preferred

DC12-1979 Hot-water Immersion Controls SI Preferred

DC13-1979 Line-voltage Integrally SI Preferred
Mounted Thermostats for
Electric Heaters

DC15-1979 Line-voltage Room Thermostats SI Preferred

EWl-1971 Electric Arc-welding Note 1
(R1976) Apparatus

EW3-1976 Semiautomatic Wire Feed
Systems for Arc Welding

IB4-1979 Determination of Amperehour Note 1
and Watthour Capacity of
Lead-acid Industrial
Storage Batteries for
Stationary Service
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IB5-1979 Life Testing of Lead-acid Note 1
Industrial Storage
Batteries for Stationary
Service

IB7-1970 Testing Arrestor Vents SI Units Only
Used on Lead-acid
Industrial Storage
Batteries for Stationary
Service

111-1976 Digital Panel Instruipents Hard, SI Preferred

NUl-1980 Performance Measurements SI Units Only
of Scintillation Cameras

PV5-1976 Constant-potential-type Note 1
Electric Utility
(Semiconductor Static
Converter) Battery Chargers

PVI-1971 Thyristor Power Supplies Note 1
For Metal Rolling Mill
Main Drives

R12-1966 General-purpose and Note 1
(R1971, Communication Battery
1976) Chargers

R13-1962 Semiconductor Rectifier Note 1
(R1971, Units Used as Power Supplies
1976) of 300kW or Less

R19-1968 Silicon Rectifier Units for Note 1
(R1973) Transportation Power

Supplies

TC2-1978 Electrical Plastic Tubing
(EPT) and Conduit (EPC-40
and EPC-80)

TC3-1978 PVC Fittings for Use With
Rigid PVC Conduit and
Tubing

TC5-1978 Corrugated Polyolefin
Coilable Plastic
Utilities Duct

TC6-1978 PVC and ABS Plastic
Utilities Duct for
Underground Installation

TC7-1978 Smooth-wall Coilable
Polyethylene Electrical
Plastic Duct
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TC8-1978 Extra-strength PVC
Plastic Utilities Duct
for Underground
Installation

TC9-1978 Fittings for ABS and
PVC Plastic Utilities
Duct for Underground
Installation

TCIO-1978 PVC and ABS Plastic
Communications Duct
for Underground

TR1-1980 Transformers, Regulators
and Reactors

TR27-1965 Commercial, Institutional Note I
(R1971, and Industrial Dry-type
1976) Transformers

TR98-1976 Guide for Loading Oil- Note 1
immersed Power Trans-
formers with 650 Average
Winding Rise

WC2-1980 Steel Armor and Associated
Coverings for Impregnated-
paper-insulated Cables

WC3-1980 Rubber-insulated Wire and
Cable for the Transmission
and Distribution of
Electrical Energy

WC4-1976 Varnished-cloth-insulated
Wire and Cable for the
Transmission and Distribution
of Electrical Energy

WC5-1973 Thermoplastic-insulated
(R1979) Wire and Cable for the

Transmission and Distri-
bution of Electrical Energy

WC7-1971 Cross-linked-thermosetting-
(R1976) polyethylene-insulated Wire

and Cable for the Transmission
and Distribution of Electric
Energy

WC8-1976 Ethylene-propylene-rubber-
insulated Wire and Cable
for the Transmission and
Distribution of Electrical
Energy
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XR5-1974 Measurement of Dimensions SI Units Only
(R1979) of Focal Spots of

Diagnostic X-ray Tubes

XR7-1979 High-voltage X-ray Cables SI Preferred
and Receptacles

250-1979 Enclosures for Electrical SI Preferred
Equipment (1000 Volts
Maximum)

NOTE:

1. Standard is inherently "metricated" in that it uses
only common technical units such as degrees Celsius,
volts, amperes, decibels, etc. which are common to
both the customary and metric systems of measurement.
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Appendix R

Acronyms for Organizations Used in This Report.

ACI American Concrete Institute

AECNA Euro 1 ean Assoeiation of Aerospace
Manufacturers

AIA Aerospace Industries Association - *

of America

ANMC American National Metric Council

ANSI American National Standards
Institute

ASME The American Society of Mechanical
Engineers

ASTM American Society for Testing and

Materials

DOD Department of Defense

IEC International Electrotechnical
Commnission

IEEE Institute of Electrical and
'Electronics Engineers

ISO International Organization for
Standardization

NBS National Bureau of Standards

; NEMA National Electrical Manufacturers
Association

NFPA National Fire Protection

Association

SAE Society of Automotive Engineers

UL Underwriters' Laboratories,
Incorporated

USMB United States Metric Board
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