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Public Law 94-168
_____ 

94th Congress, H. k. 8674
December Z3, 1975

Ta d.deie a natlensl poHe, of ceerdinatlor the Iaem~ ns use of the mettle
System I~ the Usgtad $1.t... . asid to eel. Wish a United Stab Mettle Board
to coordinate th, voI~ntary cull l-eru iO. tO the mettle system.

B. is enacted by Ma Senate end House of llep rewitativea of the
United State., of America in Congress assembled, That this Act ui&y M.Otc Cem-
b. cited as the “Metric Conv ersion Act of 19Th”. ~~~~os

Sac. 2. The Congress finds as follows : .11975.
• (1) The United States was an original signatory party to the IS USC 205*

1875 Treaty of the Meter (20 Stat. 709), which established the ~~~~~

• Genera l Conference of Weights a4d Measures, the International IS USC 20$..
Committee of Weights and Measures and the international Bureau

• 
• of Weights and Measures.

(2) Although tile use of metric measurement standards in the
United States has been authorized by law since 1866 (Act of
July 28 1866; 14 Stat. 3~9), this Nation today is the only
industrially developed nat ion which has not established a national
policy of committing itself and taking steps to facihtat, con-
version to the metric system.

Sac. 3. It is therefore declared that the policy of the United States 15 t~~C 20~~.• shall be to coordinate and plan the increas ing use of the metric
in the United States and to establish a United States Metric
to coordinate the voluntary conversion to the metric system.

Soc. 4. As used in this Act, the term—
(1) “Board” means the Unikd States Metric Board, established 13 USC 20$c.

under section 5 of this Act;
(2) “engineering standard” means a standard which prescribes

(A) a concise set of conditions and requirements that. must be
atisfied by a material, product, process. procedure, convention,
or test method ; and (13) th~ physical, functional, perforn..w e
and/or conformance characteristics thereof;

(3) “international standard or recommendation” means an
engineering standard or recommendation which is (A) formu-
lated and promulgated by an international organization and (B)
recommended for adoption by individual nations as a national
standard ; and

(4) “metric system of measurement” means the tnternationa1~Srtem of Units as established by the General Conference of
IS eights and Measures in 1960 and as interpreted or modified for
the United States by the Secret ary of Commerce.

Sac. 5. (a) There is established, in accordance with this section, an ustt.d s~~~independent instrumentality to be known as a United States Metric MIOIO Board.Board. Eetablidunent.
(b) The Board shall consist of 17 individuals, as follows: IS USC 2054.

(1) the Chairman.a qualified individual who sh all be appointed Meniboihtp.
~y the l’reaident, by and with the advice and consent of the
Senate;

(2) sixteen members who shall be appointed by the President,
by and with the advice anti consent of the Senate, on the follow.

• lug hasia-

B-2
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Pu b. Law 94—168 December 23 , 1975

(A) one to be selected from lists of qualified individuals
recommended by engineers and organizations representative

• of eng ineering inte iest s;
(B) one to be seiccted from lists of qualifi ed ind ividual s

recommended by scientists, the scientifi c and techn ical com-
munity, and organizations representative of scientists and
technicians ;

(C) one to be selected from a list of qualified individuals
recommended by t h e  National Amociation of Manufacturers
or its successor;

( I)) one ts be selected from lists of qualified individuals
recommended by the l’nited States Chamber of Commerce,

• or its succe~~or, retailers. and other commercial organizations ;
(E) two to be selected from lists of qualifIed individuals

recommended by t he American Federatio n of Labor and Con-
gress of Indust rial organizations or its successor, who are
representative of workers directl y affected by metr ic con-
version , and by other organi zations representing labor;

• (F) one to be selected from a list, of qualified individuals
recommended by the Xat ona l Governors Conference, the
National Cou ncil of State Lagislatures, and organizations
representative of State end local government ;

(0) two to be selected front lists of qualified individuals rec-
ommended by organizations representative of small business;

.4 (H) one to be selected f rom lists of qualified individua ls
representative of the construction industry ;

(I ) one to be selected from a list of qualified individuals
• recommended by the National Conference on Weights and

Measures and standards niaking organizations;
(J) one to he selected from fists of qua lified individu als

recommended by educators. the educational community, and
organizations representative of educational interests; and

• (K) fou r at-large members to represent consumers and
other interests deemed suitable by the President and who• shall bequahified individuals.

Tmm ~~ As used in this subsection, each “list” shal l include the iiames of at ,
tfl ce. least three individuals for each app licable vacancy, The ternis of office

o’ members of the Board first taking office s~ial1 expire as desig.
nated by the Preside nt at tl~’ time of nomination ; live at the end of

• the 2d year: five at the end of the 4th year : and six at the end of the
6th year. The term of othee of the (‘Imir man of such Board shall be• 6 years. Members. including t h e  Chairman. nitty be appointed to an
addit ional term of U years. in t h e  same maimer as the original appoint.
,ncnt , Successors to iite n slwr s of siu~j ,  14n;iri h shal l lie ap 1ioinled in the

• sanie mann er as th e orig inal m e m bers mimimi slush1 have  terms of offices
expiring 6 yea rs fruit, t In ’ date of expiration of t h e  ternis for uhich
their predecessors were appointe d . .‘tnv insl ividiiitl appointe d to flU a

• vacancy occurring pr ior to th e exp iru t ion of any ter m of oilier shall be
Qiotuni , app ointed for the remainder of that  term . Beginiiiiag 4 ’i day s after

• the date of incorpora t ion of t h e  Hoa rd. six mcmsulw ,s of such Hoard
shall constitute a quorum for the transaction of any (unstion of the

• Bowl.• (e) Unless ot her~rise provided by the Congress. the Jlonrs l shall have• no coinltnhiovy 
~~~~~~~~~~~~(d) The Board shall erase to exist. when the Congress. by law,

dctcrnti,ws tha t its mission has bccii iwen,n~ilisbeil.
See. ii. I t shall be the ftsni ’t inn of the Board to sh’vise nitul carry out,

• 
‘ l.nients.doa. a broad program of planning. coordinat ion. and public i’disess s ion, ion.

B—3
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• December 23 , 1975 Pub . Law 94-168

sistent. with ot her national policy and interests , ti mth the aim of imple.
menting the policy set fort h in t h is Act. in carry ing out this progr am,
the ijoa rd shaU—

• (1) consult with and take into account the interests, vie%’s,
and conversmii costs of United State s commerce and industry,
including small business ; science; engineering ; labor; education
consumers ; government. agencic~ at t h e  Federal. State., and local
level; nat iona lly recognized standard s develop ing and coordinat-
ing organizat ions; metric conversion planning and coordinating
groups; and such other individuals or groups as are considered
appropria te b

y 
the Ihuard to the carry ing out of t Im e purposes

of this Act. lhe Board shall take into account activities undcr-
way in the private and public sectors, so as not to dup licate un-
necessarily such acti vities ; • . -

(2) provide for appropr iate procedu res whereby various
groups, under the auspices of the Board, may formulate , and rec-

• oinmcnd or suggest, to the Board specific prograrrs for coordinat-
• . ing conversion in each industry am id segment thereof and specific

dimensions anti confi gurat ions in the metric system and in other
measurements for genera l use. Such pmgnims, dimensions, and
configurat ions shalt be consistent with tA)  the needs, intereSts,
and capabilities of manufacturers (large and small), supp liers,
labor , consumers, educators, and other interested groups , and (B)
the nat ional interest ;

(3) publicize , in an app i opriste manm,er, proposed programs ~~~~~~~~and provide an opportunity for interested groups or individuals sad hwtap.
• to submit cont inents on such programs. At the request of inter-

• ested parties, the Board, in its discretion, may hold hearings with
regard to such programs. Such comments and hearings may be
considered by the Board ;

(4) encourage activities of standardization organizations to
develop or revise, as rap idly as practic able, engineer ing standards
on a metric measur ement basis, and to take advantage of oppor-
tun ities to promote (A)  r ationalization or simp lifi cation of rela-
tionshi ps, (B)  improvements of design, (C) reduction of size

a • 
• variations, (D) increases in economy, and (E) where feasible,

• • the efficient use of energy and the conservation of natur al
resourceS;

(5) encourage the retention, in new metric langeage standards,
of those United States engineering designs, practices, and conven-
tions that are internationall y accepted or that embody superior
technology ;

(6) consult and coopera tes with f oreign governments, and inter - coaazze*doa
governmental orga muzatmons, in collaboration with the I)epar t ment sad coop-

A of Stat e, and , through appropriate m ember bodies, with private erWoa.
international or ganizations , which arc or become concerned with
the encouragem ent and coordination of increased use of metric
measurement units or engineering standards based on such units,
or both. Such consultation shall include efforts , wher e appropriate,
to gain international recognit ion for metric standards proposed
by the United States , and , during t h e  United States conversIon ,
to encourage r etentiOn of equivalent custmnarv units, usually
by way of dual dim ensions, in interna tiona l standards or
recommendations;

(7) assist th. public th rough information and education pubUc
• progr ams, to become familiar with the meaning and applicabilit y 1 n a ~ou - 

-

of metric terms and measures in daily life. Such programs shall sad e~ ics-
include— ~oa pso$nzns.
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(A) public information programs conducted by the
Board, through th is use of newspapers, magazines, radio,
television, and other media , and through talks before appro-
priate citizens groups, and tr ade and public organization s;

(B) counseling and consul tation by the Secretary of Health,
Education , and Welfare ; the Secretary of Labor; the Admin-
istrator of the Small Business Adm inist ration ; and the Direc-

• tor of the National Science Foundation , with educational
associations, State and local educational agencies, labor edu-
cation committees, apprentice tra ining committees, and other
interested groups. in order to assure I i )  that the metric sys-

• tern of measurement is included in the curriculum of the
Nation s educational institutions , and ( i i )  that teachers and
other appropriate personnel are properly trained to teach the
metric system of measurement ;

(C) consultation by th e Secretary o~ Commerce with the
National Conference of Weights and Measures in order to
assur e that State and local wei ghts ar id measures officials are
(I ) appropriatel y involved in metric con version activitie s and
(ii ) assisted in their effo rts to bringtbout timel y amendments

• to weights and measures laws; and
(D) such other public informa t ion activities, by any Fed-

eral agency in su pport of this Act, as relate to the mission
of such agency ;

(8) collect, anal yze, and publish infor mation about the ext~ent of
usage of metric measurements; ecaluste the costs and benefits of
metric usage ; and make efforts to minimize any adver se effects
resulting from increasing metric usage ;

~~rwsys. (9) conduct research, includ ing approp riate surveys ; publish the
P~.commsm,. results of such research: and recommend to th e Congress and to
daUons sa the President such action as mav be appropriate to dea l with any
CoaVen sad unresolved problems, issues, and questions associated with metgc
Presdant. conversion, or usage. such problems. issues, and quest ions nay in-

clude, but are not limited to, the impact on workers (such as
costs of tools and train ing) and on different occupations and in-
dustr ies, possible increased costs to consumers, time impact on
society and the economy, effects on small business , the impact on
the internation al tra de position of the United States , the nppro~priateness of and methods for using proc ure ment by the Federal
Government as a means to effect conversion to the metr ic system,
the proper conversion or tr ansition period in pa rticular sectors of
society, and consequences for national defense :

Rsport ~~ (10) submit annually to the Congress and to time President a
Coopess sad report on its activities. }aeh such re port shall inclu de a status
Pred dent- report on the conversion process as wel l as project ions for the con-

vers ion process. Such report may include recoimimmiendations cov-
ering any Ie~ isIa tion or executive action needed to imp lement the
the programs of convers ion accepted by t Im e Boa rd. Time liouri l may
also submit such other reports and recommendations as it deems
necessary; and

R~~~~Tt se (11) submint to the Congress and to the P resident. not later
Coe~~~n sad than 1 year after the. date of enactment of the Act mim akin g spprt~pria tiomis for carr vimig out this Act . * report oft  he need to 1nut id~an effective stniet mu nil mimechimmn i sm n for comivrr tiug eth4oImum ry it iiits

to metric m in u s in statutes. regulations, am i d  otlice laws at a l l  levelS
of governnwnt. on a cix ril iImatNl mmmii i  t itimel v hmasi ~~ . in n’slxmse to
voluntary conversion progniums adopted an ti iniplcnmenteil by
various sectors of society under time amp iuvs au th wit l i t  lie approval

B-S
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of the Board. If the Board determines that such a need exist s, such
report shall include recommendations as to appropriate and effec-
tive means for establish ing and imp lement ing such a mechanism.

Szc, 1’. In carrying out its duti es u nder th is Act, the Board may’—.
(1) estabhi.sh an Executive Committee , and such other commit- Commt tt.es~

tees as it (leema desirable; ~5tZb3ishn)ent,
(2) establish such committees and advisory panels as it deems IS USC 2051.

necessary to work with the various sectors of the Nation ’s econ-
omy and wit h Federa l and State governmental agencies in the
development and imp lementation of detailed conversion plans for
those sectors, The Board may reimburs e, to the extent authorized
by law , th e members of such committees ;

(3) conduct hearings at such times and places as it deems Hsu~ p.
appropriate;

(4) enter into contracts , in accordance with the Federal CoD~ac~.
Propert y and Administ ra tive Services Act of 11)49, as amended
(40 U.S.C. 471 ct seq.), with Federal or State agencies , private
firms, institutions, and individuals for the conduct of research or
surveys, the preparation of reports , and other activities necessary
to the discharge of its duties ;

(5) delegate to the Executive Director such authority as it
deems advisable; and

(0) perform such ether acts as may be necessary to carry out the
duties prescribed by this Act.

Sec. 8. (a) The Boa rd may accept. hold, administer , and uti lize GI1~ and
gifts, donations , and bequests of property, both real and personal, and beqiieiO.

• personal services, for the purpose of aiding or facilitating the work 15 USC 205g.
of the Board. Gifts and bequests of money, and the proceeds from the
sale of any other property received as gi ft s or bequests, shall be
deposited in the Treasury in a separate fund and shall be disbursed
u pon order of the Board.

(b) For purpose of Feder al income, estate, and g ft taxation , prop-
city accepted under subsection (a) of this section shall be considered
as a gift or benuest to or for the use of the United State s.

(e) Upon the request of the Board , the Secretary of the Treasury
• may invest and reinvest, in securities of the United States, any moneyl

contained in the fund authorized in subsection (a) of this section.
Income accruing from such securities, and from any other property
accepted to the credit of such fund, shall be disbursed upon the order
of the Board.

(d) Funds not expended by the Board as of the date when it ceases Unexpsnd.d
to exist, in accordance with section ~(d) of this Act, shall revert to ~~~~
the Treasury of the l~nited States as of such date.

Sv.c. ~u. Members of the Boar d whr are not in the regu lar fu li-tim e CompeasadOO.
• .mpioy of the United State s ~I mall. whi le attendin g meetings or con- 15 USC 20~~.

ferenees of the Board or while otherwise engu grd in the business of
the Board, be entitled to receive c’nn rn ensation at. a rate not to exceed
th e dail y rat e cu rrently being paid grade S of the General Schedule
(under section 534~ of t itle .‘~. United States Code). including t r .&vcl- S USC $332
time. While so serving, on tin ’ business of the Board a way from their note.
homes or regular places of h,t usiness . membe rs of tIme Board may be TraVel
allowed travel expemises. mneluil ing per diem in lieu of subsistence, ~~ expenses.
authorir.etl by section ~~(u:l of t i t l e  5. United States (‘nile. for persons
employed intermittently in the (‘tovernment service. Pay nuent s under
t h i i ~~ section sha ll not re nulm ’r m embers of the Board enm~iloyeea or
oIiieial~ of the United States for any purpose. Mi’mnlw rs of t I m e Board
who are in time emp loy of the l’nit I9 l States shall be entitled to travel

• expenses when travel ing on the business of the Board.

• B-6 
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Exicutive Sw. 10. (a) Time Board shal l appoint a qms a liliu’ d individual to serve
Db’sctor, as time Executive Director of time Board at. time pleasure of the Board.
appointm ent. The Executive Director , subject to time direction of time Hoard, shall
IS USC 2051. be responsmWc to the Board and shall carry out the metric conversion

prograuui, pursuant to tIme provisions of this .tct and time policies estab-
lished by the Board.

(b) ‘Di15 Executive Director of time Board simaU serve full time and
be subject to the provisions of chapter 51 arid subchapter III of chap-

S USC 5101 ter 53 of title 5, Unit ed States Cods. Time annual salary of time Ezecu-
St ~~~~. tir e Director shall umot exceed level I ll of the Executive Schedule
S’U~C S33I. under section 5314 of such tit le.

(c) Time Hoa rd may appoint and ix the compensation of such staff
personnel mis nmav be nects.’.ary to car ry out time provisions of this Act
in accord ance with tim e provisions of chapter 51 and subchapter III
of chapter33 of titl e 5, United States Code.

Expsz~ and (4) The Board nma v (1) employ expe rts amid consultants or organi..
coanilta~~. zations timereo f , as authorized by section 310’.) of title 5. United State.

Code; (~ ) compensate individ u als so emp loyed at rates not in excess
of the rate currently being paid grade 1i~ of time Genera l Schedule
under section 5332 of such title , including t r tiveltime; and (3) may
allow such individuals , wh ile awa y from their homes or regular place.
of business, travel expe nses ( including per diem in lieu of subsistence)
as authorized by section 5T03 of such title S for persons in the Gor-
erriment service employed intermittently : Proriv/ed. however. Th at
contracts for such temporary employment may be renewed annually.

FinancIal Sac. 11. Financial and administrative services, including those
and adm lnls— related to budgeting, accounting, financial reporting, personnel , and
ttttvt , procurement . and such other sta iT services as may be needed by the
SSWICSI. Board, may be obtained by the Boa rd from the Secreta ry of t~om-IS USC 205j. ruerce or other appropriate sources in time Federal Government Pay-

ment for such services shall be made by the Board, in advance or by
reimbursement, from funds of the Board in such amounts as may be
agreed upon by the Chairman of the Board and by the source of the
mervices being rendered.

Ap~ oF1at1oa SEc. 12. There mire authorized to be appropr iated such sums as may
suth~ izatton. be necessary to carr y out the provisions of this Act. Appropviatmons
IS USC 205k. to carry out. the provisions of this Act may remain availab le for obligs-

tion and expenditure for such period or periods as uimay be specified iii
• the Acts makin g such appropriat ions,

Approved December 23 , 1975.

• IICIStAT E H1S’TO~Yi

HOUSE REPORT No. 94—369 (Comma. omi Scienc. and Technology) .
SD4ATE REPOP~T No. ~4-S0O (Comm. on Comm~~cs) .
C~~1CRESS!ONA L RECCRD , Vol. 121 (1975) i

• Sept. S, constdeped and passed Hans. .
Dec. 8, considered and passed Senate , amended , in lieu of S. 100.
D.c. *1 I-low. conetaved in Sea.mte amendment.

WEEKLY CC8~tPILAT1ON CF PRL SIDENT IA L DOCUMtNTS, Vol. I I , No. ~~:D.c. 23, Prsiid.imttal itat.m.st.
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ANNEX C

STATISTICAL DATA ON U. S. COMPANIES
WITH METRICATION EXPERIENCE
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At*IEX C

Annex C contains statistical data on a number of companies Identified
in the open literature as being In the process of converting to metric

F l or possessing significant metric capability. Where the company Is a
major Army or DoD contractor, contract awards for 1976 have been

V listed.

Major sources of data are:

1) ANMC, Metric Conversion in Engineering and Manu—
• facturing (Washington , 0. C.: ANMC), 1974.

2) 3. J. Keller & Associates, Metric system Guide.

3) ANMC, Metric Reporter, all issues from 1975 to
o date.

4) ANMC, Managing Metricatton in Business and Industry,
1976.

5) Forecasting International , Ltd., Task B Report to
DARCOM, 1978.

6) J. J. Keller & Associates, Inc., Metric Yearbook,
1977 Edition (Neenah, Wisconsin: 1977).

7) ‘1The Fortune 500 Directory of the 500 Largest
U. S. Industrial Corporations,” Fortune, May 1977.

• 8) ‘~The Fortune Directory of the Second 500 Largest
U. S. Industrial Corporations,” Fortune, June 1977.

9) Deparbuent of Defense, OASD, 100 Companies:
• •. Companies Receivinq~the Largest Dollar Volume ofMilitar y Prime Contract Awards, Fiscal Year 1976,

November 22, 1976.

The Metric System Guide, (Volume 4) referenced above contains a
section which lists manufacturers and suppliers of metric items. For
specific company listings the reader Is referred to this copyrighted
document.
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In addition to the major companies listed In the previous table, a
number of small companies are converting or have significant metric
capability. These include:

American Sign and Indicator Co.
I :  Bell Laboratories

Benrus
Gate City Steel
Information Handling Services

• Interdata, Inc.
Nordson Corporation
Pioneer Industries (N. J.)
Porter Precision Products Co.
Simplicity Pattern Co.
Sterling Manufacturing
Stetter Assoc iates
Stock Drive Parts
Universal Oil Products
Vass~retté
Wurl ltzer

Note also, we concentrated on manufacturing firms. Two of the major
2 U. S. retailers: Sears, Roebuck & Co. and Montgomery Wards & Co.,

have also announced plans to convert by the mid—l980s.
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U. S. COMPANIES WITH METRIC EXPERIENCE
(Figures are In Millions of Dollars , except Fortune Rating , for 1976)

1976 1976
Total Fortune Army DoD

Company Sales Rating Contracts Contracts

- 

1 

Addressograph Multi-
graph Corp. 573 

- 
334

All ied Chemical Corp. 2,630 82
All is Chalmers 1,519 146
Alcoa 2,924 72
American Can Co. 3,143 64
American Motors 2,315 94
Armco Steel 3,151 63
Black & Decker 748 216
Borden 3,381 59 5
Burli ngton Industries 2,285 98
Carrier International

Corp. 1,112 199
CaterpIllar 5,042 36 5
Chicago Bridge & Iron Co. 577 331
Chrsyler 15,538 10 459 469
Clark EquIpment 1,261 180 ‘ 5
Combustion Engineering

Inc. 1,831 
- 

125
Coca Cola 3,033 69 4

4 Control Data Corp. 1,331 173 27 122
Deere 3,134 66

• 

• 
Dr. Pepper 138 790 (1975)
Dupont (E l.) 8,361 16 62
Eaton 1,808 127
Electra/Midland Corp. 1,724 128
Exxon Research & 

*Engineering Corp. 48,631 1 245
FMC 2,298 97 173 118 

-

Ford Motor Co. 28,840 3 134 285

*Total Company.
Subsidiary of N. A. Phillips .
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U. S. Companies with Metric Experience (Continued)

I
1976 1976
Total Fortune Army DoD

- 
. Company Sales Rating Contracts Contracts

4
GE 15,697 9 103 1,347
General Mills, Inc. 2,645 81

• General Motors 47,181 2 . 138 345
Goodyear Tire & Rubber 5,791 23 12 119
Gruninan 1,502 148 19 982
Heinz, H. J. 1,882 119
Hewlett-Packard 1,112 200 8 44
Honeywell, Inc. 2,495 88 57 386
Ingersoll-Rand 1,922 117
Inland Steel 2,388 92
IBM 16,304 8 46 256
International Harvester 5,488 27 22

• 

- 

Litton Industries 3,365 60 73 978
McDonnel Douglas 3,544 ST 232 2,465
Motorola 1,494 149 16 89
Munslngwear 100 960(1975)
Northrup 1,265 179 24 1,480

• Pfizer, Inc. 1,888 118
Pepsi Co. 2,727 77
Pitney Bowes 539 347
Polaroid 950 239

• Proctor & Gamble 6 ,513 19 - 54
RCA 5,329 31 61 330
Rockwell InternatIonal 5,220 34 23 966
Singer 2,126 105 10 191
Sperry Rand 3,203 62 30 506
Seven—Up Co. 214 615(1975)
3M Co. 3,514 53
Timken Co. 884 253
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U. S. Companies with Metric Experience (Continued)

1976 1976
Total Fortune Army DoDCompany Sales ~at 1ng Contracts Contracts

TRW, Inc. 2,929 71 21 292
Union Carbide 6 ,346 21 •

Upjohn Co. 1,026 220 
- 

-

U. S. Steel 8,604 14
Xerox 4,404 40 14
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• ANMC SECTOR CONVERSION PLANS

Annex D contains copies of several of the ANMC Sector Plans
revealed at the ANMC Metric Planning Forum in Apri l 1978. Sector
plans Included in this annex are:

• Highway Vehicles Sector (2.04)

Electrical Goods Sector (2.08) 
-

Construction and Agricultural Equipment
Sector (2.05)

Instrument Sector

D-2
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ANNEX E

DoD DIRECTIVE 4120.18
-c USE OF THE METRIC SYSTEM OF MEASUREMENT
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Departmc~iit of Dofonse Directive

I SUBJECT Usc of the Metrtc System of Measurement

Refs : (a) Deputy Secretary of Defense Memorandum, “Use of
the Metric Sys tc n of Measurement ,” Jui~e 1.0,1 1975 (hereby cancelled)

(b) Met ric Conversion Act of 1975 , 15 U.S.C. 205a-k
1 (P1.. 94— 168)

(c) DoD Instruction 5000.2, “The Decis ion Coordina :in~- 
. Paper (DCP) and the Defense Systc~s Acquisiti~n

Review Council (DSI RC) , ” January 2 1, 1.975
• 

• 
(d) American Society for Tasting and Materials E280

(also numbered ANSI Z210.1 and IEEE Std 2o8)
Standard for Metric Practice , of the issua
listed in the DoD Index of Specifications and

‘Th Standa rds• 
(e) DoD Directive 4120.3, “Dapartment of Defense

Standardization Program,” June 6, 1973

I. PURPOSE

This Directive es tabl Ishes policies for the use of the
metric system of measurement within the Department of
Defense.

• II. CANCELLATION

- Reference (a) is hereby superscded and cancelled.

• III. APPLICABILITY

The provisions of this Directive app ly to the Office of
the Secre tary of Defens e, the Joint Chiefs of Staff , the
Mili tary Departments , and Defense A encics (hereinafter
referred to collectively as “DoD Components”) .

IV. BACKCROL!ND AND CBJ E~TIV~S

• A. Reference (b) es tablishes a nationa l policy of
coordinating th~ increasing use of the metric system

O in the United States. Many Defense -related indus-

- 
tries have converted or are p lanning conversion from

E-2 
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4
.3 U. S. customary inch-pound meusurcu:cnL s~ sLcm to rjet:ric

mcasurcl,cnts. The Dci’;ittmcni of Defense must be ,tI,Ic to
accept such conversion with minimum uose and disruption oL
operations .

B. Use of the met r ic  system w i l l  hel p fo~tcr st~ndardj;~;:~~cn
wi th t u r  a l l ies  and thus p r t ~ot e int.e rc harz ~~ca b i I i t y  and
in teroperabi l i ty , f,icil it a tc  jo in t  ~t i lit~ ry ~ rudu~. t ivn
programs, and simp lify supp ly opetation~.

C. Consideration of metric usage i~ especially appropriate ~nthe design of new Depz~rtment of Defense Materiel where
metric products are expected to be in comuon use at the tim~t
of production release.

D. Generally, it is recognized that industry will take the ~.ead
in the changeover and the DoD Components will keep pace by
adopting con ncrcially available metric items wherever
economically and technically pcacticable. 

.J V. POLICIES . • 
-

A. The Department of Defense will consider the use of the
• metric system in al]. of its activities consistent with

operational, econotuical, technical, and safety requir~~~nt. .

B. The metric system will be considered for use in all now
designs. When it is deemed not to be in the best interest
of the DoD to provide metric design, justification shall be
provided. Further, it will be considered in the procure-

• mane of all supplies and services. In general, the metric
system will be adopted for the following:

1. Where there is a specific military need such as for
. materiel to ~e used jointly with NATO and other allied

nations.

2. Militaiy materiel which h~s potential for significant• foreign sales or joint production prcgrams.

3. Areas where industry has made significant progress in
metric conversion and production facilities are
available .

4. Areas where defense-industry preparedness or dcfer.se
product ion readiness may be enhanced .

5. Other areas which offer an economic, operationa l, or
other advanta ;o or when no disadvantag e is incurred.

E—3
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o
C. Physical ar.d operatior’.l i nterfaces t’otw~cn m~tr~c itc!.ca~J U. ~~~.

cu~tcr.~.rv iicm~ will t~ dezi~ncd to r.c.~ .re t L t  t -~ r - -~~~~li~~.’
and int~rc!~era t~ilit~’ will not bc ad.-er~ c1y affected.

D. Exis t i: . .  d~:i~:ns d~~:c-nsioncd in U. 5. customary unite will be
converted to matric units or.ly if determir.cd to he necessary cr

• advanta~~ou~. Unncccz~~ry retrofit uf existinC systems with newmetric c~mucnents will he avoided where both the new metric ~~dexistixi . units are intcrc~iangeable and ~.ntcropera~le. cr::.~ll~ ,
the system of measurement in which an item is originally designed

- will be retained for the life of the item.

• E. During the metric transi tion phase hybrid c~etric and U. S. cu~tnm-ary desi~ris will be necessary and acceptable. Materiel compor.ents,
parts , subassemblies , and semifabricated materials which are of
commercial design will te specified in metric units or.l~’ ~:hcn
economically available and technicall:? adequate or when it is
otherwise sp3cificall~ determined to be in the best interest of

• the Department of Defense. Bulk materials vii]. be specified and
accepted in metric units when it is ex edient or economic to do so.

• F. Defense Systems Acquisition Review Council (DSARc ) reviews and
associated Decision Coordinating Papers will address the use of

• • metric units of measurement or reasons for their nonuse (DOD
• Instruction 5000.2, reference (a)).

G. Technical reports , studies, and position papers (except those
pertaining to items dizr.ensioned in U. S. customary units) vii].
include metric units of measurement in addition to or in lieu of
U. S. customary units . With respect to extsting contracts , this
requirement applies only if such documentation can be obtained
without an increase in contract costs.

H. P~o~~ar~atr.g and bud~et~ng actions will include resources required
to support the DcD effort in converting to the use of metric units .
Use of the metric system wIll be identifIed and planned so tha t
costs can be included in the budget cycle on an orderly basis .

I. The International System of Units (SI ) described in reference (d)
will be the metric system used by the DoD.

• J .  Representatives of the DeDartment of Defense will partIcipate in
the development of national and international standards usin.~ themetric system, to the extent indicated by DoD interest. IZ~~ 0 and
other internaticr.al metric standards will ~c used to the mtxim~~
practical extent. However, if a U. S. Standard is esta~.iIanc dwith greater definition and restrLction than a prevailin~ inter-national standard, the U. S. Standard will apply.
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IC. ~npha~is will b~ pl~ ’cd on ~~epinr rn~ wtt~t th~ conv~ r~.1ot ;
or devclnp~~nt of sp’~c1Ficat 1~~r~~, rtandards , and other
gcncr~l pu&pu.~ tc~c~tpi~’~Ll drzta. .~~K11 the 1L~ I th qu.~~t ior ’ .

.. • • 
•

is a mtlLtary tt1.~ w~~~out a co~r::r•rrii1. co’nit.:r; t rt . the
Preparing ~~ivjt.y t~ j lJ. a~3SWfl’! a it’~ .Orshi!) z oL. in •~evelop-
ment of the a.’plicnblc metric doc~~~.~:. ’~~as the r.e.2d art~~~.

L. When purchasi~.~ new o~utp~~nt , DoD Co~~or.ents ar~ ~~~~~~~~~to spoctfy fca-u~’es whic~i wtll allow direct rs ~~~~~~~~~ 1i~terms of SI units or both SI and U. 5. customary unIts. Us~
of conversion kits is also encouraCed.

M. Training in metric practices and usage will be provided to
those personnel wi~ose duties require such knowl~ dgc .

N. Use of dual dinsr.sions (t . e . ,  bot~~metric and U. S. customa y
dimens ions ) on drawings will be avoided unless it is deter-
mined in specific Instances that such usage will be beneft-

7 

cial. However, the use of tables on the docuznent to translate
dimensions from one system of measurement to the other is
acceptable.

VI. RES~~)i SI3ILIT~~ S

A. The Pssistan . Secretary of Defer.se (Instal~.aticns and Lo-
gis t ics), in coord ir.ation wIth the DIrector of Defense

• Research and ~n~ ineeting , and with the advice of the Defense
Materie]. SpecIfications an~ Sza~~ tr~s 3oar-~ ~ Directtv.~Z~l20.3, referer.ee ( e ) ) ,  will ~rovtd’~ policy and any ncc~aEwyprocedural guidance related to this DIrective .

B. The Military Departments and Defense Agencies will appoint a
• person or establIsh an offIce to coordInate metrIc activitIes

and provide advice on metric convers ion within the DoD Compo-
nent concerned.

7 VII. ~ ‘F~cTrfE DA~~ A~~ I:. :.~::~AT!C~ . 
• 

-

This Dtr~cttvc Is eff?et1;e inn.edtat~ly. ~~o copIc~ of ~~ple-
menting documents shall be forwarded to the Assistant Cecretary

• - of Defense (Installations and Logistics) within 90 days.

Deputy Secretary of

E-5 .
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AR 700-1• (J) A*IIY REOULA rloNi IIEADQUARTEIIS
- 

DEPARTMENT OF TIlE ARMYI . No. 700—1 J WA*ng~ aTOw, DC 7 Jiffle 1077
7 LOGISTICS

- • Army Conversion to the Metric System of Measurement
(International System of Units (SI))

ElTectice 1 July 1977
• This regulation establishes policies and responsibilities for Depart ?ncnl of the :trsriy concerslon

to the Metric System of .lfcasurement (International System of Units (SI)). Local limited
• supplementation is permitted, but is not required. It supplements are issued, Army stair

•gencies and major Arm!, commands will furnish one copy oF each uithin 60 days from date
oF publication to HQD~t (DA.1IA-PP3I-31) WAS!! DC 20310 and DAflCOJI (DRCQ.4-PC) 5001• Eisenhower Avenue, Alexandria, Virginia 22333; other commands will furnish one copy of

• each to the next higher headquarters.
~~

. 
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• 2.POLICY
General ____ 2—1

• Dcilgn 2—2
• • Acquisition — 2—3Existing designs.  2—4I’ /‘~~\ Technical documents..  _______ 2—s
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~ 
) Programing and budgeting. 

I ~~~~~~~~ Spcc7flcations and standard~ 2—7Training 
-— :4 I Dual dimensioning —— 2—9• , Amnnzx. TIlE DEPARTMENT OP ARMY METRIC ADVISORY GROUP
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‘ 
• • CHAPTER 1‘ :~ ~~~~

. ‘ • • • •

• GENEI~AL
I i ’

— -

• 1—I. Background , a. Tim Metric Conversion Act 1—3. Scope. Tlils r~~i*lation is applicable to all
of 10T5, 13 U.S.C. 203 a—k (FL O&—1GS), estab- Axmy units, organizations, installations, corn.
lishci1 a national policy of coordinating the in. mends, anti activities, including the National
creasing use of the metric system of m easurement Guard and US Army lieserve.
(Interaational Sy.tcnt of Units (SI) ) in the 1—I. Explanation of terms. In addition to the
United Statce. deSnitions in ~~~ 310-.i3, the foUowin~ eaplana-

b. Department of Dcfcnsc Directive 41~!O.18, 10 tion of terms wiil app ly to tli i.s reguL~tiun :
-

. December 1OTG, Use of the Metric System of a. Customary System of JJ’ecaeucuient. The
Measurement , established policies for the use of inch-pound system formerly and currently used

. 
4 the International System of Units (SI) within in the United States ( foot., inch, pound, horse.

• the Depa rtment of Defense (DOD), anti estab- power, 13.T.TJ., degree F ahrenheit, etc.).
• .: ]isbod the following objectives : ô. .llct4c System of .Vea.,ui~cmcnt. The Intcrna-

(1) Many Defense-related industries have tional System of Units (conunonly abbreviatcd as

customary inch—pound nteztsuremcnt system to tha Materials ( ASTM) E3SO Standani for Metric
I;.

SI. The Department of Defense must be oble to Pnteti ce, (also num bered ANSI (Amcrica n ~a-

converted or are planning conversion from the US SI) described in American Society for Testing and

accept such conversion with m inim um cost and dis- tional Standards Th.lt itute) ZiilO.1) and IEEE
• ruption of operations. (Institute of Electrical and Elcctrouics Engineers,

7 
(2) Usc of the SI will help foc~ter standardi. Standard 205), of the issue listed in the DOD In.

nation with our allies and th us promote inter. dcx of Specifications and Standards.

• • changeability and interoperability, facilitate joint • c. .llet,kation.. The act of increasing u~c of the
• military production programs, and simplify sup- metric system of mcasurczncnt..

• :~ ~
— ply operations. £ Hard Conversion. Tim process of changing

i ~ • (3) Consideration of metric usage is especial. CUston)a17 measurement units to non.equivalent
metric units which necessitates physical configura.Iy appropriate in the design of new I)epsrtinent of Lion changes outside those permitted by estab.

I - Dofcnse materiel where metric products are cx- 
lished measurement I olorances. Although this termpected to be in common use at the time of produc.

• tion release. is in general use, it is technically incol reeL when
applied to speciac itcms because no “conv~~sion ”• - (4) Generally, it is recognized that indust ry takes place ; rather, a nec~ metric item (roqnirii~g• i~ ill tak. the lend in the ch angeover, and tIU~L DOD a new part identification) is dcsigncd7creatcd to4 -

- components will keep pace by adopting comumer- i~~ l~~~ the customary item.- ciaUy available metric items wherever economi- e. lly~irid MeIrk. Conllgured.iu both metric and• cally and technically practicable. customary units of measurement.
• 1—2. Purpose. This regulation— /. Soft Conversion. The process of changing
4 • • a. I’rescrUx~s policies for Army conversion to customary units of mensurenaent to equivalent

the ST. metric units within acceptable measurement toler-
L Assigns responsibilities for direction, man- ances without changing the physical coniig~irntion.

• • egensent , and operation of the A rmy conversion l—~. Responsibilities, a. The Dcp,ity CIdof of
to the ST. • Stat! for Rcscaivh, l )erelolnneut , 21111 .~cqni~ition •

a. Implements Pul~lic Law 9-1—168, 23 Docemn- is respoIIsiI)Io for—
her 1O?5, The Metric Conversion Act of 1013, and (1) .tpprovul and prutuu) gatwn of •~~cr~l1Dipartinent of 1)cfcuso DirectIve 4120.18, 10 Army policy on conversion to the SI.
December 1076, Usa of the Metric System of (2) General &taff supervision of thu iitii)Ic.
IifcaMuIemnent. suentation of mach policies by the major Ik hl corn- -
?.*CO TIA - 1_i

• S I - 1

• •
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unuids (In coordinat ion with the Deputy Chief of Integrated, cce.t etTeetive 1)01) ~ii~igrai.& for ion-
Staff for Logistics and the Comptroller of the vorson to the SI.
Army). (d) Providing tilt Army nse,ssIs.r to the $(3) Provid ing principal and alternate mcmi- DOD Metrical ion l’nnvl of the Dcfe,ise Materiel
ber3 to the PA Metric Advisory Group (Appendi x Specifications and Sti.aul ;s rds Board (l)3[S~Th.
A). (e) Providing the Secretariat to tile P.~6. The Deputy Chief of Stnff for Logistics is Metric Advisory Group. . •

rr~iponsibie for—. (/) Arranging for DAUCOM or other —(1) Approral and promulgation of the logis- major field comnuinds to provide Army repri .
ski  portion of Army policy on conversion to the sentatirca on DOD, Federal fiovenunent anil/or$1 (In coordination with the Deputy Chief of Industry task forces, boards, or comniittee~i onStaff for Research, Development and Acquisition). metricat ion projects or operations to develop(2) Providing princi pal and alternate uteri- policy, standards, specifications. or regulations re-berg to the DA Metric Advisory Group. lasted to metric conversion.

c. The Comptroller of the Army is responsible (g) Coordinating metric activit ies and pimfor— vidling advice on metric conversion within the(1) ProvidIng policy and guidance to DA
Staff agencies and major field commands on pro. (A) Providing technical information andgraming and budgeting for the resources required 

~~~~~~~~ in support of Army.wide met ric conver.to support the Army metric conversion effort. sion activities.(2) Providing principal and alternate mem- (3) Evalua ting new or revised DOD, tIlt- •bers to the DA Metric Advisory Group. tional and/or international standards uaing the S Id. The Deputy Chief of Staff for Operations forA adoption and recommending appropriateand Plans ; The Surgeon Genera l ; and the Chief action.
I t

of Engineers are responsible for providing ~~uut- 
(4) Managing the pro gra m for conversion ofcipal and alternate members to the DA Metric 

military specifications and standards, for whidiAdvisory Group. the Army is the Assignee andlor Preparing Ar-e. The Commanding General , US Army 
~~ tivity,to thie si (A.R 700.47).ten d Development and Readiness Command is 

~~ Establishing and chairing a Departmentresponsible for— 
of the Army Metric Advisory Group. (See A p-(1) Doreloping and recommending to HQ pe~~jt A.)PA, Army policy on conversion to the SI. This is

to be done in coordination with the Chief of Engi- /. The Commanding General, US Army Train-
neers; and the Conunanding Generals of the US lug and Doctrine Command (CG TIlADOC) is
Army Train ing and Poet-ri fle Command, US resionsible for—
Army Forc es Command , US Army Conimunica - (1) Providing training ott the use of Site $ -

tions Command, and other major field commands. metric system of measurement.
(2) Establ ishing mind mnintainin~t a centra l (2) Ensurin g that all requi rement documen ts

D.t Metric 0111cc with responsibilities for — clearl y specify oper ational requireme nts that may
influence the decision on whether new materiel(a) Developing, establi~hing. and main- will be designed and configured to the SI.eaiining, an Army plan/progra m for conversion to• ~ SI. (

~
) Converting th eir mat eriel and ectititir~

(6) Reviewing and ovelual lug t he eff ive. to I lie aim et -ric s~ m t emii of mt•asuremnent. in accordance
ness of Army-wide metric conversion efforts. with tiLt) policies t’xpres,ed herein and in genernl
l(lentzf yang problems, and ini t iating and ‘or ~~ 

coniphianee with lu tIule.~ estabhi’hied lIy the
ousmending correct ire actions. Army metric conversion plan.

(a) Providing for coorihiiuifion wis is other (4) Providing, u pon reqsae~L fromus the Ceiitrmi l
muuilitary departments, (ho 1)efen.e LOgi~tic~ .tgt~n— l)A Met ric 01fli c~. tllnlrngein cut t indicator dat~i t hat
cy, and other Defense Agencies to ensure intr a serv- is required for overa ll aiua1 y~i~ of .t runy metriciee’interservke compatibility and mnuIs t~iining an eonver—i iau effort s.

14 1.tao’ne q —
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• (5) Ensuring that required metric tools and/ with the pohicico expressed herein and in gener•sl‘ / or test cqui p,nent i a availabla in (he h u h  prior to compliance ~nL$lt schedules e. tahhishi4 by. h u eissu ing metric materiel to troop miflitS. Aiii*y Junt l IC eOutytq,4j ofl plan.(6) 11ruvidiui~ principal ui,,d mult erim fe tH em— (2) l’rovidiisg, upon rcquuc~t fioun t h e  (‘eta ratbers to the 1).~.. Metric Advi~m~ Group. DA Metric Ofike, nuanagemuuciut indicator data h untg. Theater Army Coiunmndcis; The Conunauuti - is required for overall analy is of Army metricing General, US Arnsy )[ateriel Development anti conversion elTorts.

Readiness Command ; (lie Chief of Engineers; the (3) l’mvidüug train ing, n.j required, on theComnmndi aig General, 175 Auiny Cinutnunications usa of the isuetric system to their niautageinent.Command ; 115 Army Forces Command ; Surgeon scientific. tech nical trades, and administrative per.
General ; Chief of Army Reserves and Yat jonah sound wIse will not be tnt IJtNl by tho TP~ADOCGuard as applicable to the a’- igned materiel ntis- schools.
sion arc responsible for— (4) Ensuring that required metric tools antI !(1) converting their materiel and activities or test equipmeust is available in the field Prior toto the metric system of measureunent in accordance issuing metric materiel to troop units.

I
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CHAPTEU 2
POLICY

2—i. General. Poikies ~et fort h herein were e~stab. and acceptable. Materiel components, part s, blib.
• hi~hod by Dcpartrusent of Defense Directive -l1t~O.i8. assemblies, and seuuaifabrica ted materials which I

10 Decenuber 10 6, Use of the Metric System of areofconunercial designwihl bc specilied in snetrie
\lensutreuuueuut , f~ ~~ if ~,rm iuui p kuuietttati on by the units only whets econouutkahi y available ~~~ teds.
Milit ary Departm ents and DOD Agencies. nically adequate or when it is otherwise speci fically

a. The Department of the Army will consider determined to be in the best interest of tiLe l)e-
• the use of the metric systeun in all of its activities partment of Army. Bulk materials will be speci-

- i consistent with operational, economical , technical , fled and accepted in metric units when it is
and safety requIrements. expedient or economic to do so. -

6. The Department of the Army will let n- a. lThere metric and customary US items will
dustry take the lead in the conversion, however, be used together, physical and operational inter-
the Army plan and schedule for conversion will faces between the items will be designed to ensure
be closely coordinated with industry to ensure that that interchangeability and interoperability will
as. knowledgeable lead is taken and costs to the not be adversely affected.
Department of Army arc minimized. 2—3. Acquisition. When purchasing new equi p.

a. When it is determined that use of the metric moist., Army activities are encouraged to specify
system in new designs is not in the best interest features which will allow direct measurement in
of the Department of the Army, based on opera- terms of SI units or both SI and US customary
tional, economic, technical or safety considerations, units. Use of conversion kits is also cue
justification for retaining cust omary units will be 2-4. Existing designs. Exi~.ting designs tureen.
provided. sioned in US customary units will be converted

d. In general, the metric system will be adopted to metric units only if determined to be necessary
for the following: or advantageous. Unnecessary retrofit of edsliusg

(1) Where there is a specific milita ry need, systems with new metric components will ~~
such us for materiel to be used jointly wit-h NATO avoided where both the new metric and exi~t ing
and other allied nations. -

units are interchangeable and interopcrnble.
(2) Areas where industry has made signill- XormaUy. the system of measurement in which an

cant progress in metric conversion, and production item is originally designed will ho retained for the
facilities are available. life of the item.

(3) Areas where defense-industry prepared. 2—3. Technical documents. Techmnical r ip orts,
enhanced.
ness or defense production readiness may be ucies and position papers (except. I hm o~.e perta i Ti-

(4) Other areas ‘which offer an econoumsic ing to items dimen ioned in US customary units)
will include nietric units of nte: t sur etuit tut III itthihi ’operational, or other advantage, or when no dis.. (ion to (in pnrentlse.—is) or in lieu of l~~’~ euuu tmlnuryadvantage is incurred, units. ‘iVitit respect to esu-t ing ecin tuite t— . t hsi se—a. In preparing for Army nnd ..or Thfesu~o Sys-

t-emns Acquisition Review Council (.%S.S.CC and! qmremeut apphie~ only if ~uschi d ocum entation can
be obtained witbont . an incre:ss.c in contract costs.or DSAItC) reviews, Army proponents will ensure

that the .tSARC/DSAIIC anti :u--uciated Decision 2—6. Programing and budgeting. Pto~~~nsiusg
Coordinating Papers addrc~.a the use of JIAC t UC and butlgt.u i uu g  ~ctiuns will include resources re-
units of measurement or provide reasons for their 11111?d to support the A rusty effort in converting (us

the u—c of metr it sh u t — . 1~~~~~
. of the met ric systi•tnnonuse.

2—2. Design. a. Considi rutiotu of t h e  uso of the ~vi1 t lie id p ts t ili.ul n u t  i sl:sum1ut ~ I ~fl th at  (n’t~ can be
metric system is nsandatory for all now designs. ~~~~~~ in t he I unti get cycle on an orderl y buu~i~.

6. During the metric t ransition phase, hybrid 2—7. Specifications and standards. a. Reprt..cnt .
metric and ?S eu 40ma.rc des gns will L~. ~~~~~~~~~~~ at ivu.’ i,f the Th.im r t uuus . uu t cii A t iny will i’’ rI 1( 1-

T.%4 ~A ali t 2—i
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pate in the development of DOD, national , and data. When the item in question is a military item
internat iousasl slunda rd~ using t h e  nsctric system , to without a. commercial counterpart, (h u e ps’ipariusg
tho extent ituslien tod by A rmy iuilerest. use  of the activity wi lL as.irn ,tsc a leusdt~r .iui p mol e its clevs4isp .
Jutcvnat ional Sy~tczu of Units (SI), in. lieu of uncut of the applicable muse t r i c doctiusseust. as time useed
other metric systt ’mns currentl y in sue, wilt be intro— arises.
eatad by Army repr imtati ve,~ wlsen e~.~1ablu.hing 2—8. Training. Training in metric practices antiagreeuuients and international standards for miii usage will be provided, as required , to those per.tary and consmerciud equi pment. NATo and other swinel wlmo~o duties requ i re such knowledge.intcrnstio’sal metric standards will be used to tIIC 2—9. Dual dimensioning . Use of dual dimensionsmaximum practical extcnL However, if a P~ ( i.e., both metric aisd US customary dim ensions)Standard is established with greater definition . . .on drawin..s will bc avoided tus.Ic,ss itis daterinincaland restriction than a prevailing internatuonam
standard, (lie US Standard will app i~v. 

in “~~~~~ that. such usage will be hone-
6. Emphasis will be placed on keeping pace with ficial. However, the use of tables. on the docum ent

the conversion or development of spec flcatiouut , to t&.mnblate dimensions from one $3 stem of meas
stwdards, and other genera l purpoc. technical ur inent to theotheria acceptabis.

~~~~~‘?

24 1500 2745
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APPENDIX

THE DA METRI C ADVISORY GROUP
A—i. Pun p oses of tile Jlctric .1dc1~oi~y Group.

a. Periodically review mind nrse~.- Army policies, I ocedu res, and plans for
convorsion to the St.

6. Deflum specific goal~ and e&tahlbd i direction in order to lltomuoto and
attain the Dcp:urtmt~nt of ti me ..trniy s ovensil m et-n c cnnver~iun objectives.
A—2. f ltcrnF.crail~p.

a. Membershi p in the l).~. ~i1et n e  Advr .ory Group will eonsi~4- of a princi-
pal and an alternate fr ont each of the following fl.t Stat! elements and major
field commands:

(1) Deputy Chief of Staff for ilesea rds. Dt.vudopmneist , end Acquisition.
(2) Depu t y Chief of Stat! for r~~istics.
(3) Deputy Chief of Sta if for Operetin usu .. and Plans.
(4) The Comptroller of t Im e Army.
(5) The Surgeon General.
(6) Chief of Engineers.
(7) ‘US Army Materiel Development and Readiness Conuntmud (Chair.

person).
(8) US Army Training and Doctrine Conunand.
(9) The DA Central Metric Office (Secretariat) .

6. When selecting members of the Advisory Group—
(1) A reasonablo degree of permanency will be considered in view of time

long-term effects of metric conversion.
(2) The names, locations, and telephone numbers of principal and alter -

nato members will be furnished to the Chairperson of the group and any
changes will be reported promptly.
A—3. Oilier Part icipation. Attendance or participation in the activities of the
Advisory Group by Army commands, agencies, and activities ; other military
services; DoD and nonmilitary Government agencies ; educational institutions ;
industry ; and private consultants will be as required. Attendance and partici-
pation will require prior appro val of the Cha irperson , Metri c Advisory Group.
A—I. Meetings. The Metric Advisory Group will be convened a.t the discretio n
of the Chairperson.

•t
~oo- 2?4A A—i( .
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The proponent ag.ncy of this regulation Is the US Army Materiol Dev.I.p.
mini end Readiness Commend. Users are invit ed to send commen ts and
suggested Improv.n ,.nts on DA Form 2028 IR.con,rn.nd.d Changes to
Publication s and Blank Forms ) diroct to Commando, , US Army Materiel
Development and Reediness Command , ATTNm DRCQA—PC, 5001 Elsen-
how.r Avenu., Alex andria , VA 22333.

By Order of the Seereinry of the An ti7 :

BERNARD W. ROGERS
‘ General, Uniied State, A rvn ,yOrneini : OMef of StaffPAUL T. SMITH

Major General, United States Arm y
The Adjutant Genera l

DIST1IIBtJTION:
• Active Army, 4R~VG, US.LR: To be dis nibsmted in accordance with DA Form 12-OA require-

nwnts for AR, Logistics and Logistics Plnn*—& -

TAQO lISA
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ANNEX G

Rationalization , Standardization and Interoperability (RSI) Is an
important opportunity and focus for Army metrication activities .
The impact of RSI In many areas is summarized in Chapter IV “Inter-
national Activities” in the FY 1979 DoD Program for Research,
Development and Acquisition. Excerpts from this doctunent are
included below.

1. Pre sident Carter ‘a Initiative at the NATO Swm,it

At the May 1977 Sw~nit Meeting in London, Pre sident
Carter stated tha t the United States will continue
to make the Alliance the heart of our forei gn policy
and will join with its Allies in strengthening the
AllirjYtce politically, economically, and militari ly .
He further ca~itioned tha t the Alliance needs to use
limited resources wisely, particu larly in strengthen-
ing conventiona l forces. To this end, he called for
NATO countries to combine, coordinate and concert
nationa l progr oms more effective ly, find better ways
to bring new technology into the armed f orces, and
give higher priority to increasing force readi ness.

Presi dent Carter also emphasized the need for
improved cooperation by NATO countries in develop-
ment, production, and procurement of Alliance defense
equipment, calling for  a major effort to eliminate
waste and dup lication in nationa l progrøne, to
develop, produce and sell competitive defense equip-
ment, and to maintain technological excellence in all

G-2
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Allied combat f orces. In this regard , he stated
- - (1) that the United States must be. willing to
- - promote genuine two-way transat lantic trade in

defense equipment, (2)  tha t he had instructed
the Secretary of Defense to seek increased op-
portunities to buy Europe an defense equipment
where this would mean more efficient use of
Allied resources, and (3) tha t he, President
Carter , would work with Congress to this end.

Typical of these, a specia l rationalization task
fo rc e is deve loping p lans and procedur es for
harmonizing Allied R&D armaments production, as
is essentia l for achieving standa rdization or at
least interoperab ility.

2. Sp ecia l Budget Elements Relatina to NATO

Interwoven with all the other aspects of NATO
defense improvemen t, and india~enaabla to their
success at politica l ly feasible cost , is greater
inter-Allied willingness to cooperate in the
fie ld of R&D and armaments production. Pr esident
Carter stressed this aspect heavily in his third
defense initiative put forth at the NATO Swirait,
and promised fu l l  U. S. col laboration .

a. NATO Initiatives

The Congress has clearly expressed their direction
and interest through Public Low 94-361 of CI 1976.
This law stresses that the po licy of the United
States is to ... “the maxixnwn extent, initiate and
carry out procur ement procedure s that provide for
the acqui sition of equipnent which is standardized
or interoper’able with equipment of other members
of NATO.. .. ” This administration is determined to
follow that direction.

b. For eiqn Weapons Evaluation

DoD Directives require that for eign systems must
be evaluated and considered as possible alternati ves
pr ior to initiation of new U. S. developments . To
support thia evaluation requirement, we have
established Program Eiem.nts with each Service.
~~~~ pr og~~ns provide f or evaluating foreign de-
veloped weapon equip ment having poten tial for appli-
cation toward U. S. requirements thereby improving
standardization and interoperabi lity of weapon
equipment with NATO and minimiaing duplicative de-
veiopment expenditures.

G-3
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3. New Initiatives in Coop erative Ai ’ncønente Plan-
ning and Management -

a. Standardization Pac kaqea (F amilies of Weap ons)

While the NATO countries have a much stronger indus-
tria l base than the Warsaw Pact countries, we must
learn how to use it efficiently in cooperative af—
fort8. Any p lan which we evolve for cooperation in
arm~nent p roduction must recognize that NATO is a
confederation of sovereign nations each of which
has unique nationa l needs and interests . Therefore,
the problem for nationa l armament directors of NATO
nations is to determine how to cooperate in armament
progr ams to improve the military effectiveness of
NATO in a way that is compatible with each nation ‘s
legitimate economic interests.

By this concept of mutually agreed f amilies of
weap on we can achieve the military benefits of stan-
dardization, as well as the economic benefits of
shared pro duction and reduced unit coat.

b. Periodic Armaments P lanning System (PAPS)

A Periodic Az ’mcvnenta Planning System should provide
measures not only to coordinate nationa l progr ams,
but also to establish the standar dization/ inter—
operability criteria which nations can adopt in
their deve lopment programs, e.g., conino~ ap eoifi -
cationa and standards.

c. NATO Standardization Aqreemente (STA NA CS)

NATO studiea have concluded that some of the prob lems
in weap ons standardization and associated inter—
operability among forces are due to deficiencie s in
STANAGS in the basic areas of assemb lies, components,
spare parts , and materia ls (ACSM). Subsequent U. S.
etudie8 have indicated that both the quantity and
quality of STANAGS are lacking, that more STANAGS are
needed and many existing docwnanta are outdated and
unusable. NATO now has only 600 STANAGS of which 300
(approx f rra tely)  pertain to mater iel.

In order to improve this condition, during 1975, the
U. S. proposed a maj or new initiative which resulted
in the form ation of a cadre group of national materiel
standardization directors to oversee, among other
things, all activity in producing STANAGS in the ACSM
area . The group (AC/3d ) held its second meeting in

G-4 

- -
~~~~~

- -
~ 

-
~~
.—,S 

_____ 

~

--—-.---—- —



—v—--—-—-- ___ _ -- —. ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— - --— —- —~~
.—--.~~~ -.—.—-..— — ——-- — -- 

-.

I.,

November 19?? and is expected to foster the pr epa ra-
tion of STANAGS to meet the needs of NATO in the
long term as well as the near fut ure.

- - SPECIFIC PROGRESS TOWARD STANDARDIZATION AND INTEROPER4BILZTY

The primary goal of cooperatin in a~nnmnente is in-
creased military effectiveness within p robable NATO
budget constraints. The more that equipment, muti-
tions, and their logistic support are interop erab?.., -
if  not fu l l y  standardized, the more effective ly
Allied forces can operate together against the coninon
foe . Standardized or interop erable C3 (cowriwzd,
control, cor,rrtzaz ications) and interchangeable mwti-
tions in par ticular have a very high p ayoff in force
eff ectiveness .6’
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CHRYSLER CORPORATION METRIC TRA INING PROGRAM

OUR IRA! lUNG IS DESIGNED TO HAVE PEOPLE TH IN K AND FEEL ~1ETRiC.
UPON COMP LETI N G TRAI11 I NG~THE WORKER WILL BE ABLE TO WORK , DESIG N1 -

AND CALCULAT E AS EFFICIE N TLY AND CONFIDENTLY IN ‘IEFRIC UNITS AS
IN CONVENTIO NA L UN ITS . WITH PRACT I CAL WORK SHOP EXERCISES HE
WILL BE ABLE TO CONCEPTUALIZE THE SIZE OF 4 tlt4 A!1D HAVE THE
CONCEPT OF 2 5  KG RATHER THAN ALWAYS HAVI N G TO CONVERT TO SEE
IF HIS ANSWER OR DESIGN IS IN THE CORRECT IN CH RELATION BALLPARK.

ELEMENTS OF TRAI N IN G PROGRAM
. 

-

LET US NOW COVER THE NUTS AND BOLTS OF OUR TRAINING PROGR AM S
LOOKI NG AT THE CORPORATIO N AS A ~IHOLE ; liE REALIZED WE COULD
DIVIDE OUR PEOPLE I NTO THREE BASIC GROUPS , N ON—TECH N I CAL.
TECHN I CAL AND SPECIALIZED SKILLS , WITH THIS CONCEPT IN MIt 1D~
WE DESIGN ED THREE METRIC TRAI N ING PROGRAMS .

PROGRAM I — I NTRODUCTIO N AND GENERAL ORIEUT ATIOU TO THE METRIC
SYSTEM (TIME: 1 1/2 HOURS )

CANDIDATES: GENERAL OFFICE, CLERICAL AND NO N—TECHNICA L PEOPLE .
THOSE IND IVIDUALS NEED I NG AN AWARENESS AND FAMILIAR—
IZATION OF BASIC ME TRIC FUtIDA!IE:ITALS .

CONTEiff: TO INST I LL AU AWARENESS AND BASIC UND ERSTAND I NG .
WE START THE PROGRAM WITH BRIEF METRIC HISTORY .

1
H-3
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1: . CHRYSLERS POLICY . AND I N’/OLV E!IEIIT, AND GENERA L
METRIC I NFORMATIO N . AFTER WARDS A SHORT FIL iM
SHO WIN G HOW THE EN GLISH SYSTEM E’/OLVED AND THE
SIMPLICITY OF THE M ETRIC SYSTEM S

TO AID THE IN STRUCTOR IN THE METRIC DE’lOtISTRATION, ALONG WITH
THE STANDARD ARRAY OF SCALES , HEIGHT 1EASUR IUG DEVICES . WALL -

CHARTS AND POSTERS, WE BUll A FULL SIZE CUBIC METRE THAT HAS
DECIMETREI CENTIMETRE AND MILLIMETRE GRADUATIONS . WITH THE
METRE CUBE , WE CAN SHOW THE RELATIO N SHIP BETWEEN UN ITS OF 

—

LENGTH A;ID A R E A. 1~IE CAN THEN PLUCK FROM OUR METRE CUBE , A
CUBIC DE CIMETRE AND SHOW THE RELATIONSHIP TO ‘/OLUME AND MASS . -
W ITHI N A FEW MIN UTES THE LEAR NER ~AN CON CEPTUALIZE WHAT THE
METRIC SYSTEM IS ALL ABOUT . RATHER THAN BE TALKED “AT” ON
SINGLE ELEMENTS AND THEN SEEI N G THE WHO LE I THE EMPLOYEE CAN
VISUALIZE THE WHOLE AND THEN WORK TOWARD S THE ELEMENTS . I
AM SURE THIS METHOD IS NOT NEW TO MANY OF YOU . AN EXAMPLE OF
THIS CONCEPT CAN BE COMPARED TO AN INDIVIDUAL WHO HAS NEVER SEEN -

AN •~uTOM OB I LE . IF WE SHOWED HIM AN EN GINE , THEN A SEAT , THE i -

PER HAP S A MUFFLER S IT WOULD BE VERY DIFF I CULT FOR THAT I N DIVIDUAL
TO VISUALIZE WHAT WE WERE TALKING ABOUT . IT WOULD BE MUCH MORE
UHIJERSTANDABLE FOR HI M TO SEE THE AUTOMOB I LE AND THEN DISSECT
IT TO SEE THE ELEMENTS . THIS APPROACH SEEMS TO GET THE MESSAGE
ACROSS AND GIVE AN UNDERSTANDING . RATHER THAN SURFACE . MEM ORIZED
KNOWLEDGE . -

H-4 ~L.
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THIS EXERCISE IS FOLLOWED UP BY PRACT I CAL WORKSHOP . THE
EflPLOYEE RECEIVES A 150 t’1t4 SCALE AN D MEASURES HIS HAND . THE
THICK NESS OF A D HIE. ESTIMATES HEIGHT OF A DOORWAY . AND
ACTUALLY WEIGHS HIMSELF IN KILOGRAMS . WHE N OUR EMPLOYEE LEAVES ,
HE HAS A SIMPLE UND ERSTA N DING OF MET RICS ,

PROGR AM II — PROFESS I ONAL AND SK!LLED . METRIC TECH UOLOGY
(TIME : 3 HOURS )
PRERE QUIS iTE : PROGRA M I OR BASiC UN D ERSTAND I NG - :
OF METRIC SYSTEM .

CANDIDATES : DESIG N ERS . DRAFTSME! 1, TOOL MAKERS . PURCHASI N G AND
TECHNICA L ORIENTATED PEOPLE . ALL INDI V I DUALS WHO
HAV E THE NEED TO I NTERPRET ME TRIC ENGI N EER I NG
DRA WIN GS AND USE M ETRIC CON VERSIONS AND CALCULATIO N S
IN EVERYJ~\Y WORK TASKS .

CONTEITF : CANDIDATES FOR TH i S PROGRAM WILL ALREAD Y HAVE A
BASIC METRIC UNDERSTA N DIN G , THEIR KNOWLEDGE WILL
HAVE COME FROM EITHER PROGRAM I. PREVIO US WORK 

-

EXPERIE N CE OR PAST SCHOO LiN G . THEREFORE . WE
IMMED IATELY BEGI N A COMPREHE N S IVE IN -DEPTH STUDY
OF METRIC TERMINOLOGY , CON VERSIO N S . CALCULATIONS.
PROPER ROU N DING PROCEDURES , AND THE EVER SO
IMPORTANT SHORT CUTS. EMPHASIS OF IMPORTANCE - . 

-

WILL BE PLACED IN DESCE N DI N G ORDER START I NG WITH -

LIN EAR MEASUR E-lENT 1 AREA . VOLUME , WEIGHT , AND J
TEMPERATURE .

- - - 
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TO SUPPLE MENT OUR IN STRUCTOR III THE PRESENTATIO N OF MATERIAL ,
WE HAVE SELECTED TO USE UNI TE N SYSTEMS “TRA N SITIO N TO METRIC”
TRAI N ING MODULES . THESE MODULES WERE DEV ELOPED UN DER THE
DIR E CT I ON AND SU PERVISION OF THE MOTOR VEHICLE MANUFACTURERS
ASSOCIATION (f1VMA. ) M EMBERS OF MVMA IN CLUD E CHRYSLER CORPO RATION ,
AMER I CAN MOTORS . CHECKE R MOTORS ; IN TER NATIO N AL HA RVESTER , WARNER 

—

AND SWAZEY (DUPL EX D I V . ) .  AND WHITE MOTOR CORPOR AT I ON . MVMA
REALIZED THE NEED OF A STANDARDIZED METRIC PROGRA M ORIE N TAT ED
TOWA RD . AND DESIG N ED FOR THE AUTOMOTIVE IND U STRY .

THE “TRA N SITIO N TO METRIC” PROG RAM CON SIST S OF 14 EDIJ~ATiONA L
SUBJECT MODULES . EACH MODULE rs AN INDEPENDE N T PRESENTATION
WITH THIRTY LFIVE TO FIFTY 35 tii~i COLOR SLIDES AND A 10—12 !1INUTE
AUDIO CASSEUE NARRATIVE . AGAIN . I N-I SURE MANY OF YOU ARE
ALREAD Y FA M ILIAR W ITH THIS SET , -

FOR PROGRAM i r ;  OUR IN STRUCTOR WILL USE THE FIRST 6 OF THESE
MODULES WH I CH IN CLUDE: I UTROD UCT ION LI N EAR MEASURE MENT . AREA .
VOLUME . WEIGHT AND TEMPERATURE. THESE AUDIO CASSETTE PROGRAMS
ARE SUPPORTED BY BLACKBOARD IN STRU CTIO N AND PRACT I CAL WORKSHO P
EXERCISES . 

- 

-

PROGR AM I I I  — ADVANCED M ETRIC TECHNOLOGY SUPPLEMENTS
PRERE QUISITE :. PROGR AM I AND PROGRA M II OR
SUFFICIENT WORKING KNOWLEDGE OF THE METRIC SYSTEM .

CAND I DATES: ENGI N EERS . DRAFTS MEN , IN SPECTORS , THOSE IND IVIDUALS
RE QUIR IN G SPECIAL ABILITY IN HIGHLY TECHNICAL OR
UNI QUE AREA S . -

H-6
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CONTENT: A STUDY PROVIDI NG METRIC TER MIN OLOGY AND FORMULA S
TO PERFORM ADVAN CED ENGI N EERI N G AND SKILLED ASSiG N —
rlE;rr S IN SPEC IALIZED AREAS .

THIS PROGRAM ALLOWS THE SELECTIO N OF AN Y ONE ; OR COMB I NATION OF
THE 8 RE M AI N I NG MODULES OF THE UN ITE N “TRANSITIO N TO METRIC”
SET THAT I SPOKE OF EARLJER . THESE SUPPLE MENTS CO N TAI N , PRE
CI SIO N MEASURI N G IN STRU MEN TS ; M ETRIC DRAFTi N G . FORCE , POWER AND
WORK , STRESS AND STRAI N ; ETC.

THE SUPPLE MENT PROGRA M RAN GES Iii TI M E FROM 30 fl U-JUTES TO 1 HOUR .
DEPE N DI N G 01-I THE MODULE SELECTED , EACH MODULE SUPPLEMENT IS
REINFORCED WITH BLAC KB OARD EXERCISES AND PRACT I CAL WORKSHOP
EXERCISES . 

-

AFTER EACH ONE OF OUR THREE PROGRA M S. THE EMPLOYEE IS SUPPLIED
WITH A METRIC HANDBOOK WH I CII CON TAI N S PERTINE NT METRIC UIFOR JIAT ION
RELATED -TO HIS JOB I~ SUCH AS; CON’./ERS I ONS, CALCULATIONS. AND
WRITI N G TER MIN OLOGY. WITH THIS METHOD ; THE EMPLOYEE RECEIVES
THE CORRECT METRIC I NFOR MATIO N ON HIS PART I CULAR METRIC TASK.

H.7
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______  MANUFACTURING EN GINEERS 
_____

metr ic 
- metri c

PRE REQUI SITE: None -

COURSE LENGTH: 5 Two—Hour Sessions (10 Hours)

COURSE DESCRIPTION : IBM Endicott ’s metric implementation plan will
be discussed in the first session of this course. —

The manufacturing engineers will be shown how
their job responsibilities will be impacted by
the metric conversion and the importance of
education for a smooth transition during the

- 
conversion period .

This basic course will thoroughly exp~o
’re the

International System of Units (SI), s ty le  and
forma t, decimal positioning , precision x~easure—ment , and conversion of tcleranced and non-
tolcranc~d dix~ensions. Class participation
will be achieved through problem solv ing
exercises and measurement workshops.
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Sess~.on I

Introduction
• Course Content and Objectives
• Advanced Metric Courses
• l’lhy Go Me tric?
• The International System of Units (SI)

IBM Goes Me tric — V ideo Tape

Metrication At IBM Endicott
• Implem entation Plan
o Organizational Structure
o Education

- o Capital Equipment - - 

-o Hand Tools and Inspection Equ ipment

Metrication Status In The United States - 

- -

• History
o U.S. Metric Study
• Metrica tion To-Da te

- • Status of Legislation in Congress

Metrication Within The Community

Sl Units  
-
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• Supplementary
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• SI Advantages 
-
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Decimal System versus Powers Of 10
o Exponential No tation
o Base 10 Number System
• Powers of 10

Prefixes

The Base Unit Of Length - metre
o Multi ples and Submultilpes
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Dccimal Positioning - -

o Procedure
• Exerci~o~ in Decimal Posi tioning
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Area And Volume
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Problem Solving Workshop (Derived Units)

SI Conversion Approximations
• • Length

o Mass
• Temperature
• Volume
o Pressure -

Problem Solving Workshop (Conversions)

Session IV 
-

Precision Mea surement

• Stee]. Rule - 150 nun
• How to Read
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• Examples -

• Workshop

Microme ter Depth Gage — 0 to 25 mm
• How to Read

• • Examples
• Workshop

Other Measurez~cn t Instruments
o Dial Ind icators
• Dial Calipers
• Vorniors
• Dig ital Micro.noter • •
• Radius Cage
• Thickness Gage
0 Screw Pitch Gage
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ADVANCED METRICATION -
•

• MANUFACTURING ENGINEERS - 
_____

mCtflC - metric

- 
PREREQUISITE : BASIC METR ICATION FOR MANUFACTURING ENGINEERS

COURSE LENGTH: 6 Two-Hour Sessions (12 Hours) - 

- 
~

- 
-

- COURS E DESCRIPTION : The objective of this course is to teach
- manufacturing engineers how to manufacture

a metric product. To accomplish this , they
• will be exposed to the essentials necessary

for metric pre-release and manufacturing
activity. 

-

The course will also discuss how to produce
a SI metric part by using available “inch”

• • . materials and tools. They will be shown
• - how this is made possible by use of over—

lapping tolerances on the metric drawings.

Manufacturing engineers will be introduded
to drawing format , new symbols , pre f erred
numbers , threads , surface texture , limits and
f i t s, and machining capabilities. They will
also be shown what metric materials are
currently available and supplier sources.
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o Background for Forming Table
o Purpose . •

Common Usage Preferred Sizes - • 
-

• Background for Forming Table
o Basis for Common Items - 

-

— - General Drawing Symbols -

• Examples
— 

Geometric Tolerance Symbols
• Examples
• New Symbols

• • Dimens.ioning - 
• -

• 
a Correct Way of Dimensioning
0 Interpretation of Notes
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Threads — -~~~~~ •

• Compared to Customary
• Tolerance Zones

Thread Disigrtation
• New Symbols
o Special Symbols
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Preferred Thread s
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• Tolerance Class
o External and Internal
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Comparison Chart
a Reference Material for Engineers

Tap Drill And Clea rance h oles
• Drill Size for 75% Thread
• Clearance Sizes
• Supplier Information
• Released Screws

Metric Supplies Available
• o Taps

o Nuts
• Hex Key Wrenches
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Cutting Tools
o Comparison Chart
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-

o Cutters
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Overlapping Tolerances
o Sheet Metal
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o Screw Stock
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o Dowels

• o~ Washers
• Shoulder Screws •

• Precision Balls
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Surface Texture
a Terminology
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Roughness Grades
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o Comparisons
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Symbols For Direction Of Lay
• Explain •

• Show Symbols
o Intcrprctaion
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• Unspecified Surface Texture
• Formula
• Maximum Finish
• Exceptions
• Special Requirements
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o Illustration
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Machine Capabilities - 
-

a General Guidelines

Guidelines For Tolerances And Finishes
a Dr illed , -Pierced , and Tapped - 

-

o General Tolerances 
•o Drilling and Reaming

• Milling
a Lathes
• Grinding
a Boring
0 Honing and Lapping

• • a Br~a h ing

Stock Allowa r.ces
• a Reaming and Boring
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I Limits And Fits
I a Clearance
I a Transition
1 a Int ~ r~ erence
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I - Fit Descriptions
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I • Table for Hole Tolerances
I • Table for  Shaf t  Tolerances

• Illustrations
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Id , LTD., (AUSTRALIA ) METRIC TRAINING PROGRAM

The Id Metric Educat ion Panel believe that metric education in an Industrial environment is best ach ieved
by self -education, following the pr inciple of d i rec t learnin g to the level required by the job and carried out
immediately prior to the introduction of ri-v In c work methods by the wo rk group concerned .

This document is industrially or ientated, and is Intended to su ppleme nt the Australian Metric Conversion
Board (MCB) publication . Items 8 to 11 in Appendix 3 and the other Id education literature listed below.

The education literature provided by the IC! Metric Education Panel Is graded to provide Information appro -
priate for all Job levels ,
The full list of ICI Metric Education Literature is as fo llows:

1. METRIC NOTATION • (For steno graphers and typist s )

2. THINKING METRIC —

PART I — COMMON UNITS (For all staff levels requiring reasonable
know ]edge of common metric units .)

3. PART 2 — TECHNICAL UNITS (For technical and scientific staff )

4. EXERCISES IN COMMON SI UNITS (For staff receiving “Thinking Metric Part 1” .)

5. YOUR GUIDE TO SI UNITS (For issue to non -technical staff whe n “TMnking —

Metric Part 1” is withd rawn )

6. EVERYDAY METRIC UNITS (For staff requiring only a very general knowledge
- of SI Units. )

7. EXERCISES IN EVERYDAY METRIC (For staff receiving 6.)
UNITS

8. METRIC UNITS FOR PROCESS (For process operators)
OPERATORS -

9. MANUAL OF METRIC PRACTICE FOR -(For drau ghtsm en and some engineers.)
ENGINEERS AND DRAUGHTSMEN

10. METRIC TRADE NOTES
— ~LECTRICALI
— FITTING & MACHINING
— WELDING & BOILERMAKER-S -

— CARPENTRY & JOINERY
— PLUMBERS
— RIGGERS

11. METRIC NOTES FOR DRIVERS & MOTOR MECHANICS
Bulk quan tities of all publications are avai lable fro m Id Melbourn e at nomina l cost.

• Available from the Chamber of Manufactures in all States in any quantities.

It is recommended that draughtsmen and eng ineers should stud y “T hinking Metric Part I” first and complete
“ Exercises In Common SI Units ” before commenc ing the study of this manua l. For those requ irin g further
Infor matIon reference should be made to “Thinkin g Metr ic Part 2” and the literature in Appendixes 2.
It Is appr eci ated that assista nc e rr~ y be required by some empLoyees where the self education princ iple Is
applied. Id Is prov ili ng this as isi ance by means of Area Tutors wh o are readily available for consultation,
They are required to contact each i - idtvi du al in th.~t r area two weeks after the ins ’ ie of the literature and
during the week ~ ior to ‘NI’ day to :esolve any problems they m ~r have encountered. This syst em is recomm-
ended for others using IC! literature with the direct learning princip le. -
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ANNEX I
THE IMPACT OF METRICATION ON ARMY LOGISTICS FUNCTIONS

Introduction

This annex addresses the impact of metric conversion on supply,
maintenance , quality assurance , testing and evaluation , and training
elements of Army logistics .

The approach taken has been to review the entire spectrum of logis-
tics activities from the point of view of anticipated metric impact,
focusing primarily on items approved for production. In conducting
the analysis , the Fl staff has drawn heavily upon foreign and
domestic experience and appropriate Army logistics documents.

In order to verify the conclusions drawn and to supplement the
analysis , Fl representatives carried out a one day workshop at the
U. S. Army Logistics Center , Ft. Lee , Virginia. Representatives of
the ILS Management Office , Training and Education Directorate, and
Organization Directorate attended. Completed questionnaires were
also submitted by representatives of the Armaments and Missiles
Division , Troop Support Division , Tank and Automotive D1v1~ion ,
Aviation Division , Coninunications and Electronics Division of the
Materiel Directorate. The comments and Insights of the panel are
included at the end of each chapter of this annex.

1-.5
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CHAPT ER 1
IMPACT ON METRIC CONVERSION ON SUPPLY ELEMENTS

OF THE U. S. ARMY LOGISTICS FUNCTION

The purpose of this chapter is to highlight the specific impacts of
metric conversion on the supply elements of the U. S. Army logistics
function . The purpose of the discussion Is to identify broad points
of metric impact for the decision-maker.

Classes of supply, described in AR 11-8 (April 15, 1976), are as - -

follows :

Ciase I Sub8ietence including gratuitous health
and welfare items.

Class II Clothing, individual equipment, tentage,
tool sets and tool kite, hand tools,
adjn-r.nistrative, cord housekeeping supplies
and equipment. Includes items of equip-
ment, other titan pr incipa l items, pre-
scribed in authori zation/a l lovxznce tables
and items of supply (no t including repair
p zrts) .

Class III POE - P etroleum and Solid F uels. Inc ludes
bulk and packaged fuels, lubricating oila
and lubricants, petro leurti based Bp ecialty
products; solid fuels, coal and related
products.

Class IV Construction - Construction materials to
include installed equipment, cord all
fortif ication/barrier materials,

Class V Artvnunition - Anri ’,~unition of all types (in-cluding chemical, radio logica l and specialweapons ) , bombs, explosives, and mines,fuses, detona tors, pyrot echnics, missiles,• rockets, p r opeltants, and other associat editems.

1-6
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Class VI Persona l Demand Items (Nonmilitary Sales
Items) .

Class VII Maj or End Items: A fin al combination of
end products which is ready for  its
intended use (principal item); e.g.,
launchers , tanks, mobile machine shops,
vehicles.

Class VIII Medical materiel including medical
peculiar repair parts.

Class IX Repair pa rts and conrponente to inc lude
kits, assemblies and subaseera b Use,
rep arcthle and nonrepara ble, required
for maintenance support of all equipment. 

- 
- -

Class X Materiel to support nonmilitary programs ;
e.g., agri cultural and economic deve lop-
ment, not included in Classes 1-IX .

The magnitude impact of metric conversion will vary with t. ~ 

-

~ 
-

sophistication , measurement sensitivity , use and other ~. c of
the item. -

Wi thin the context of logistic functions, a mechani sm for s~~ply
support must be devised. The supply support must encompass “all
management actions and execution necessary for determining require—
ments for acquisition , cataloging, packaging, preservation, receipt,
storage, transfer, issue and disposal of both princi pal and secondary

*items .” In the following discussion , the points of metric impact
for each of these supply support elements are discussed.

Acquisiti on. In assessing the impact of metric conversion on the
acquisition of supplies , we limit the discussion mainly to acqui-
sition of primary and secondary items already certified for produc-
tion. In this context, a decision has been reached that i tems
within the various supply classes have been accepted for future
Issue to user units or individuals. The logistics supply function
Is to assure that sufficient quantities shall be acquired to meet
user needs .

As state d in AR 700—1 27 (June 1 , 1975).
1—7
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The major impact of U. S. metric conversion depends on decisions
made in relation to long life equipment. In the long run , a
decision today to build long life equipment using the customary
inch—pound system of measurement will have a potential adverse
impact on the acquisition aspect of U. S. Army supply support.
U. S. industry is rapidly converting to metric and eventually,
U. S. industrial Inch capabilities will disappear. This poses a
problem to U. S. Army supply support functions as continued use of
inch dimensioned long life equipment may eventually lead to hi gher
costs of some suppl ies.

It should be noted that the decision to use the metric instead of
the inch-pound system in the development of long life equipment
presents no new supply/acquisition problems to the U. S. Army.
Supplying unique long life systems is already handled by the current
decision mechanism and the metric-inch issue just adds another 

-
~ -

dimension to the problem of acquiring sufficient quantities of
supply items for user needs. -

The alternatives which are available to the supply support system 
—

in supplying a new piece of equipment are:

1. to stockpile parts;
2. to mothball the production line;
3. to keep the production line open by

spreading out tht. procurement time-
table ;

4. To special order parts and pay premium price.

In dealing wi th this problem , the Australian strategy has been to
stockpile parts. Their philosophy Is to buy now, while production
capability exists. U. S. industry strategy is not yet well defined .

Adoption of this strategy would require relatively accurate usage
rate data , and early and rather precise establishment of the life
cycle end date. Stockpiling will add to front end system procure-
ment costs while delayed or stretched procurement will increase
life cycle costs, especially when the effects of inflation are
considered . Increased costs of repair parts may then be great
enough to cause early phase out of a system. - 

-

1-8
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What Is critical for the U. S. Army in the acquisition of supplies ,
whether they be primary or secondary i tems, is an awareness of the
progress of metric conversion of U. S. industry and coordination of
Army activities to keep pace as appropriate. Coordination with
industry is especially pertinent in assessing the availability of
supplies normally bought “off the shelf” .

Cataloqjng. Cataloging is taken to mean the process of assigning
an identification code (e.g., part number) to each supply i tem so —

that users may order supplies . U. S. industry experience was not
examined in sufficient detail to provide insight into this question . —

With gradual conversion to metric dimensioned i tems, there is
clearly an opportunity for confusion , dupl ication , etc. The major
factors that must be dealt with are:

1. development of polic ies on the assignment of
numerical identification codes (discussed
below) and ;

2. provision of metric awareness and appropriate
technical training of affected personnel .

Regarding policy decisions on the assignment of catalog numbers ,
several options are available. The following represents the
Australian Department of Defence (Navy) policy on cataloging of
metric materiel :

Policy for cataloguing new items, straightfoz~ard:
a new catalogue nwnber is given. For materiel
which is purchased as an alterna tive to f ormerly—
used imperia l items; if  there is no variation in
dimensions, materiel or quality , then the existing
imperial item ca talogue number is applied to the
metric item; if  the variations in these properties
is not significant to the function it has to per-
form, cord is less than 5%, then the existing
number is applied. In all other cases , a new
catalogue number i3 to be alloca ted. ~

*
• Department of Defense (Navy), “Aspects Requiring Particular Attention

When Converting to SI Metric Units ” , (See Figure 16—6 , p. 104 of
Forecasting International , Ltd., DARCOM Metricatlon Final Report on
Task A: Foreign experience. Volume 1 , November 8, 1977.)
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Similar U. S. Army and Federal policies and procedures are already
establ ished for cataloging new similar and duplicate inch-pound
dimensioned items. Metrication will require policy statements, but
the mechanism for handling the decisions and implementation of cata—
loging metric supplies is already in place . Metric awareness pro-
grams and training for individuals who need more dpeth of metric

understanding to carry out their jobs may be required .

In sumary, the pol icy of concentrating on new equipment for metric
conversion will allev iate the problem . New tanks normally have a
l imi ted number of parts which are interchangeable wi th those of old
tanks. The introduction of new equipment is what increases the cata—
loging problem , not the fact that the parts do or do not have metric
dimensions. Prominent exceptions are fasteners and like items which
will require separate catalog entries for those with metric dimen-
sions.

Packaging . Packaging includes “the processes and procedures used
to protect materiel from deterioration and/or damage. It includes

*cleaning , drying , preserving , packing , marking and unitization .”

These activities are dependent on appropriate standards , specifica-
tions and drawings . There are standards and specifications for
cleaning , preserving , packaging and marking . In addition there are

drawings for packing and marking . With conversion to metric, these
standards, specifications and drawings will eventually have to be
converted. This raises the issue of soft vs. hard conversion which
will have to be resolved as appropriate for each case, where metric
conversion of an item affects packaging requirements.

The Issue of soft and hard convers ion is particularly important
with respect to standards, specification and drawings for packaging,
which ranges from cardboard cartons to freight forwarding containers.
Packaging is sensitive ot national , industrial and U. S. Army

AR 310—25, Dictionary of United States Army Terms, Apri l 12, 1977.
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decisions . Two types of conflicts could emerge ; one where a metric
dimensioned item must be packaged according to customary standards
and specifications and a second where a customary dimensioned item
must be packaged In a metric dimensioned container.

A second area of concern is the fact that the Army uses Federal
Standards , MILSTOs , MILSPECs and industry standards and specifica-

tions . This use of standards and specifications from a variety of
sources requires coordinated effort to ensure that appropriate , con—
sistent and compatible metric standards and specifications are
available when needed.

In addition , metric conversion may have other impacts. Let us
examine the packaging element in the context of the U. S. metric
environment. For example , assume the U. S. wood indus try establishes
a set of preferred, rationalized metric sizes and begins producing
wood to be used for packaging in these preferred metric sizes. To
pursue a policy of minimizing costs the Army will have to buy wood
in the preferred metric sizes. This conversion may lead to:

1. redesign of packag ing;

2. need for appropriate metric standards and
specifications for packaging;

3. new physical sizes of packaging which conflict
with storage/tran$’portation space provisions;

4. conflict between package size and the item to
be packaged.

Other impacts of metric conversion would include the potential need
for new tools and scales , and for trained personnel.

Another aspect of the problem is the potential for the General
Services Administration (GSA) or the Defense Supply Agency (DSA) to
purchase standard industry i tems that have been converted to metric.
Being unaware of this may impact on the packaging element of supply
support. This situation indicates a need for careful monitoring of
Industry activities as well as coordination wi th GSA and DSA.
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Preserving. Only minimal impacts of metrication are envisoned as
related to preserving of items. In the case of a controlled en-
vironment , requ irements on correct parameters might have to be con-
verted to SI units in the applicable standards or specifications ,
e.g., temperature requirements . Gauges and related measuring devices
might also have to be modified .

Receipt. Receipt is viewed here as the act of receivi ng supplies .
Metrication could have some Impact in relation to generating con-
fusion, requiring standardized forms to be changed and generating a
need for job-related training. Where automatic data processing is

used to record receipt of items, provisions must be made for the
acceptance of St units and item descriptors in the automated system.

Storage. Storage is taken to mean the act of storing suppl ies.
Storage facilities availabl e incl ude warehouses, dumps and parks.
Dumps and parks are essentially outdoor facilities and metric con-
version is likely to have no impact on storage in these areas,
beyond the Initial layout phase. To lay out one of these facilities
in metric units migh t require appropriate measuring devices and
minima l personnel training. On the whole , however , impacts are
deemed trivial .

Storage facilities such as warehouses and depots may be affected by
metric conversion. The potential effect of changes in packaging on
storage space has been mentioned above. Space may have to be re-
allocated and where shelving and storage spaces are not adjustable,
space may not be used as efficiently as is possible.

Another issue arises in relation to the storage of metric and Inch

dimensioned parts. Should both be stored in the same warehouse --
or in separate warehouses? Australian experience suggests that

storage of both in the same warehouse constitutes the most efficient
approach. It is their experience that effective labeling and appro-

priate training can control (if not elimina te entirely) the problems

associated with dual inventories which will be necessary during

transition.
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The need for dual inventories during the transition may require
additional space and must be planned for. Dual inventories are
probable for hardware items such as pipes , milistocks , fasteners,

etc. It shoul d be recogni zed that, in the long run , metric conver-

sion will simplify the storage/inventory problem -- as rational ized
sizes are adopted and widely used.

Transfer. In examining this element , transfer has been defined as

the physical act of moving goods from one point to another. The

impact of metric conversion on the Ii. S. Army in this area will

ul timately depend upon the decisions made by the national transpor-

tation industry. Major impacts of metric conversion will be in the

areas of shipping , especially containerized shipping , pallet sizes
and in fluid transport. The U. S. Army utilizes both public
transportation facilities and its own network for moving goods. As
rational metric package sizes become more comon, there may be
decisions in the industry to alter standard shipping containers and
pal let sizes to suit metric packaging . Regarding fluid transport,
the impact will occur over time , in metering pipel ine flow and in
relation to the eventual shift to rationalized metric pipe sizes.
The paperwork associated with transfer may also be affected.

Army transfer practices will be sensiti ve to national transporta-
tion industry metric policies and decisions . Thus , careful moni-
toring of industry and appropriate adjustment of U. S. Army
practices will be required to cope wi th the potential changes
resulting from metric conversion of the national transportation
system. 

-

Issue. Issue is taken to mean the process of responding to a requl-
sition from the user for a particular item. It is anticipated that
metric conversion will have only minimal impacts on this process.
The key impact may be the lack of familiarity with the measurement
units which is significant in the case of measurement sensitive
items , e.g., gasoline , mi lk , bags of cement. For example, a cook
must be trained in metric units so that he can requisition adequate
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amounts of foodstuffs in metric units to feed the troops . The
results of metric con”ersion , in this example , are that the cook
has a loss of experience in judging what he needs and what he gets;
menus must be changed , etc. The loss of experience and unfamiliari ty
problems will be solved with appropriate training and time.

In issuing items such as subassemblies , a mechanism must be devised
to ensure that appropriate tools are available to the user. While
this may not be a unique problem , metric conversion , especially in 

- 

-

the early phase, will create the demand for attention to the problem
of the availability of conunon metric tools and training . 

•

Panel Assessment

While precise quantitative evaluation Is not possible , it definitely
appears that metric conversion will require additional procurement
to ensure operability over the equipment life cycle. This will
entail dual stockage of some types of items with a corresponding
need for greater storage space. - The additions in volume and weight
will add to transport requirements if stocks are to be mobile.
Problems will be particularly acute with Class II and IX supplies .
This may also bring about problems with small vendors unable to con-
vert rapidly to meet requirements for supplies in metric dimensions .

In addition , conversion may narrow the supply base, either by
requiring metric dimensions in the early stages or customary units
in the latter stages. Since the Army ’s ability to infl uence industry
is limited , the problem may become sufficiently critical to cause
early phase out of old equipment in order to meet readiness criteria.
Even In the best of circumstances , the problem of supply of repair
parts for old customary dimensioned equipment will be a matter of
concern.

Difficulties in cataloging lie in the provision of current informa-
tion, a problem not peculiar to metric conversion . It will be
necessary to differentiate coninon use items by stock number. While
the impact can not be determined precisely, this additional require-
ment may cause an overflow in data storage.

1—14
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The only impact on packaging relates to changes In standards and
considerations pertaining to re-usable containers . No impact on

- .  . preserving was foreseen.

The panel recognizes that metric conversion will have similar impacts
on receipt, storage, transfer, and issue. For example the accounting
process involved in each of these areas will affect Automated Data
Processing. Additional machine time will be required . Segregation

- - of customary and metric items will be necessary and may create space,
handling or location coding problems . In time, van and pallet sizes
may have to change to accommodate metric packaging with a possible
impact on handl ing equipment. Increased stockage volume resulting

• from dual stockage will have an effect on the mobility of direct and
general support units .

The panel expressed concern about the ability of the industrial base
to meet the Army ’s dual supply demands . Inability to support the
Army’s dual supply needs will have profound effects on operational
readiness.
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CHAPTER 2

IMPACT OF METRIC CONVERSION ON MAINTENA NCE ELEMENTS
OF THE U. S. ARMY LOGISTICS FUNCTION

The impact of metrication on the maintenance function may be seen
by arraying maintenance operations against ma intenance levels (as
described in AR 750-1). Attention may be focused directly on
possible metric impact points by ind icating the applicability of
each maintenance operation to each maintenance level (e.g., major
re-work operations are performed at the depot level). This is done
In Figure 1 on the basis of analysis by Ft staff. The appl i cability
of each maintenance operation to the maintenance l evels is Indicated
by a digit (0 = not applicable , 1 = applicable , 2 = applicability
inferred); similarly, the metric impact at each operation and level
is indicated by a 1 at the intersections . The following paragraphs
provide the rationale for these judgments and discuss the nature of
metrication impacts to be expected at these intersections. As in
the preceding chapter , the discussion will be followed by a panel-

assessment of the problems . 
- -

Inspection. Inspection includes a variety of visual , tactile and
other tests and checks of the “Pass-Fail” type. Since measurement
scales are not directly involved , there would be no metric impact.

Testfnq and Servicin.~ Testing and servicing do involve measure-
ment, hence there will be a metric impact at all maintenance levels.
Metricatlon will affect training ; test, meastrement, and diagnostic
equipment (TMDE); documentation (specifications , technical manuals ,
field manuals, etc.); and (at the depot level ) test and servicing
facilities. The significance or intensity of the metric impact
will depend on the maintenance level and the nature of the i tem
being tested or serviced. Training at the organizational level ,
for instance, would include little more than metric awareness; more
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extensive training (in the use of TMDE , for example) would be

necessary for depot level personnel . The metric impact will be
minimized if the associated documentation , TMDE , and training are
coordinated and consistent. As an example , the day when technical
manuals prescribe tire pressures in kPa will pass unnoticed if
metric pressure gauges are available and people are aware of metric
pressure units .

Calibration. Calibration operations , conducted at the direct and
general support , and depot levels , will also feel the impact of
metricat ion in terms of facilities , equipment, documentation , and
training requirements . Training requirements will be at a more - -

technical l evel than would be satisfied by a metric awareness pro-
gram ; the people involved , however, should have few problems
because of their technical backgrounds . Then , too, in some areas
(e.g., electrical/electronic) the unit changes imposed by SI will be
minimal . The impact on equipment will depend on the particular
situation. Conversion tables may suffice in some cases; in others
modifications to provide SI or dual readout may be necessary; in
the worst case duplicate equipment (one in customary units , the
other in SI) may be required. In this eventuality , there would be
an adverse impact on facility space, power, and environmental
systems requirements ; mobile calibration facilities would be parti-
cularly affected.

Replacement. Metrication will have an impact on operations in-
volving replacement of parts, modules , subassemblies , and assemblies
at all maintenance levels. Training , documentation , and tools
requirements would be affected, the extent depending on the
complexity of the replacement i tem and the maintenance level doing
the work. The magnitude of the tools problem will be affected by
general policies wi th respect to hybridization and the provision of
metric tools to the field. If an interoperable metric module were
•o replace a defective inch module , for instance , the attaching

‘a-tan ers Involved might be either inch or metric; inch fasteners
uiø~a ld ~i.ph1fy the replacement if common metri c tools had not been
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Repair. Metrication will affect training , documentation , and tools
requirements for repair operations in much the same fashion as for

replacement. However, repa i r operat ions imply more complex tasks
and the need for greater expertise. Therefore, training and docu-
mentation requirements imposed by metrication would be more strin-
gent. Tools requirements would be more general -- sets of tools
(rather than individual pieces), as well as infrequently used corn—
mon metric tools. The availability of materials would also be a
factor. At some point , inch materials (including common parts,
such as fasteners) will begin to disappear, affecting the repair
of customary equipment; non-availability of metric-sized materials
early in the transition could similarly affect repair of metric
equipment.

Maj~or Re—Work. Sophisticated maintenance operations which are
performed at the depot level (overhaul , rebuild, modification ,
modernization , conversion ) will be affected by metr icat ion ,
essentially as magnitification of the impact on repair operations.
In additi on , metrication may affect the facilities and special ThDE
needed to perform these operations.

Panel Assessment

Testing activities will require dual capable TMDE equipment
and increased training effort throughout the changeover period .
Problems connected with identification of parts will be minima l ,
no differen t or greater than those currently experienced . Testing
and servicing will be dependent on the availabili ty of publica-
tions giving data in the appropriate units . Introducing metrics
In new systems or modules , wi th SI documen tation , is expected
to minimize this documentation problem. The introduction of
metric equipment will bring about a need for additional training
to ensure the correct use of tools and TMOE. The panel noted
that the level of intelligence , education , language capability ,
training , and experience of the expected volunteer force gives
reason for considerable concern in this regard.

I-19
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The calibration aspects are almost Identical to those discussed
in connection wi th testing and servicing. Another factor mentioned ,
however , concerned the difficulties arising from rarely procured

• items, especially those procured directly from commercial sources. In
this case, there may be an inability to identify overall system quan-
tities and types. Again , this is not a problem peculiar to metric
conversion but one which conversion may aggravate.

In considering repair , replacement and rework, the panel noted that
training problems similar to those discussed above are likely.
Furthermore , metrication will affect the criteria (such as cost, — I
availabilit y, timeliness) by which repair/replacement decisions
are taken.
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CHAPTER 3

IMPACT OF METRIC CONVERSION ON QUALiTY ASSURANCE AND TESTING AND
EVALUATION ELEMENTS OF THE ARMY LOGISTICS FUNCTION

The purpose of this section is to discuss the impacts of metric con—
version on the Quality Assurance (QA) and Testing and Evaluation (T&E)
elements of the U. S. Army logistics function. To the extent that
QA and T&E are related , metric impacts will be similar in each area.
This discussion first focuses on the metric impacts common to QA and
T&E activities , then unique aspects of T&E will be treated.

Definitions. In order to conduct this analysis of QA and T&E,
definitions of these two activities were required . The concepts
or definitions utilized in the analysis are as follows :

1. ~~jity Assurance: The function of management
by which conformance of materiel to contract
and specification requirements is assured. This
assurance is obtained by evaluation of production
quali ty controls and inspections exercised by
procedures, supplemen ted by direct verification
inspection of product.*

2. Test: A process b~ which data are accumulatedto serve as a basis for assessing the degree
that a system meets, exceeds, or fails to meet
the technical or operational properties ascribed
to the system.*

3. Evaluation : A subjective determination , accom-
plished jointly by the several major subordinate
commands of the utility , that is, the military
val ue, of a hardware item/system--real or con—
ceptüal--to the user.*

*AR 310.25, Dictionary of United States Army Terrs, Apri l 12, 1977.
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Analyt ic Approach. The approach used in analyzing these aspects of
the logistics function nas been to determine what inputs/mechanisms
are required to provide quality assurance and testing and evaluation
of Materiel , Services , Supplies and Data (Quality Assurance cate-
gories). The inputs/mechanisms identified are listed in Figure 2.
An analysis has been conducted to determine which of these
inputs/mechanisms would be affected by rnetrication and the type
of impact anticipated for each quality assurance category
(DoDD 4155.1). No attempt has been made to gauge magnitude of
impact of metrication; impact will vary according to which type
of material or supply item, for example, is being considered .

The inputs In Figure 2 are required for each category of activity
and for each QA category being examined . The discussion concen-
trates on major decision points and the nature of metric impacts
which could occur.

COMMON IMPACTS OF METRIC CONVERSION ON QA AND T&E

Following this framework, Figure 3 contains a binary matrix , with
an X indicating an area of potential impact due to metrication .
These potential impacts are discussed by QA category.

MATERIEL
• In our analysis of materiel QA and T&E activities , we have examined

the metric impacts for both new development and materiel in ques-
tion . In general , existing QA or T&E specifications, standards,
or requirements documents will require conversion--either hard or
soft, depending on the situation. In cases of new items in the
initial stages of acquisition , new standards , specifications and/or
requirements , in SI units , may be required .

1-22
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FIGURE 2

I11PUTS/HECHA~1ISMS REQUIRED FOR QA AND T&E

1. Specifications , standards , and/or
• requirements .
I~r 2. Procedures

3. Test equipment

4. Facil ities , incl udi ng test equipment
which is an integral part of the
structure

5. Personnel who are adequately trained
to perform the tasks required.

6. Adequate plann ing, coord inat ion and
tim ing of activities.
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If existing standards , specifications , etc. are soft converted ,
caution must be exercised to assure that conversion of a measurement
to SI does not indicate an unwarranted degree of accuracy or pre-
cision. For example , 100 ft. is 30.48 m. Two decimal place
precision which may not be necessary and may not be measurable wi th
available equipment .

Equipment. In the early phases of metric conversion , an important
aspect of pl anning will be the consideration of the availability of
appropriate measurement instruments for conducting QA and T&E
activities . Measurement instruments encompass devices ranging from
scales and rulers to large, sophisticated measurement equipment to
expendables such as pressure gauges used in ammunition testing. It
is probable that solutions to some needs are simple , e.g., use of
conversion tables or paste on labels. Some equipment may already
measure in SI and other measurement instruments may have to be
acquired . These are all aspects which should be considered and
planned for. .•

As the discussion above ind icates, soft conversion of existing Stan-
dards and specifications for QA and T&E must be considered care—

a fully to assure that unwarranted precision is not the result. If
this is not handled with c,r2, the result could be the generation
of a need for higher precision instruments for conducti ng QA and
T&E activities , in a situation where higher precision instruments
(and therefore the added costs) are not necessary.

Other impacts of metric conversion on QA or T&E equipment could in-
d u de:

• 1. Need for mod i fication of test fixtures.

• 2. Need for new calibration equipment so
that rew test equipment can be checked.

3. Revision of old Instruction/Operation
Manuals for equipment which is modified
for metric use and development of new
manuals for new metric-only equipment.
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Facilities. By definition , facilities include physical structures
and measurement and tes’~ing devices which are an integra l part of

a the structure. Thus metric conversion will have potential impacts
on facilities in much the same manner as the impacts on equipment
described above.

Personnel and Training . The introduction of new or modified test
or QA equipment and new requirements or standards will lead to a
need for personnel adequately trained in the metric system to con-
duct QA and T&E, operate equipment, and maintain equipment , facili-
ties, etc. The need for metric awareness is substantial while the
need for formal metric training will vary in relation to the
materiel , the nature of the QA or T&E task, and the background of
the personnel .

SERVICES

Services , In this context, encompass calibration and metrology
services. The impacts of metrication on QA and T&E services may
include:

• 1. The need for new or modified specifi cations ,
standards and requirements;

2. The need to acquire new SI calibration equip-
ment;

3. The need for modifi cation of existi ng facilities
or construction of new facilities ;

4. The need for trained personnel to operate and
maintain new calibration equipment.

The requirements for calibration equipment are related to the type
of QA and T&E equipment used. Thus the impact of metrication on

a calibrati on equipment Is dependent on decisions made in dealing
with T&E and QA equipment required for metrication . For example,
if a decision is made to modify existing T&E or QA equipment so
that it provides dual readouts, the impacts on calibration services
is negligible. However, if new SI only equipment is acquired , the
demands on calibrati on services will be greater.
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Currently, the National Bureau of Standards provides calibration
services to the U. S. Army. This study , however , indicates a
decline in the services provided by UBS and national metric conver-
sion may increase the burden on NBS at a time when it is unwilling
to expand calibration services . This could create additional
burdens on the U. S. Army calibration services . The magnitude of
each of these impacts is dependent upon the magnitude and pace of
chan ge over to metr ic, and decisions regarding ThDE (Test, Measure-
ment and Diagnostic Equipment).

SUPPLIES

— Supplies are stored items. At this stage of the life cycle, quality

a 
assurance activi ties are performed more frequently than are T&E
activities. Thus the discussion will focus primarily on the impact
of metrication on Supply QA; T&E impacts will be similar , but minor.

The impacts of metric conversion on QA of supplies are similar to
those described in the discussion of materiel . Metric conversion
will require appropriate QA standards and specifi cations, SI
measuring devices , and trained personnel to conduct QA tests needed
and maintain the equipment. Al so necessary may be new or modified
operating manuals and instructions. Thus when an item is pul led
out of storage for QA , testing must be conducted in the original
uni ts of measurement to ensure comparability . For customary
dimens ioned i tems , this will require the availability of appropriate
measurement equ ipment (either customary or dual readout) and the
retention of appropriately dimensioned standards and specifications ,

even after metric conversion Is wel l under way.

DATA

One of the purposes (and results) of QA and T&E is the collection
of data which can be used for a variety management purposes . For
example, historical data are used to project performance trends and
as inputs to the subsequent development of standards and specifi-
cations.
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The conversion to metrics may , at some point , affect records and
reports and cause a disconti nuity in the data base, making histori-
cal comparisons difficult. As alluded to above , data discontinuity
could be a problem in conducting QA on supplies . It will also have
an impact on the au toma ted data process i ng sys tem whi ch w i l l  have
to be programmed to accept SI inputs . As some U. S. and Australian
firms and this report have pointed out , this can lead to data field
size or data storage problems .

The problem of unwarranted precision , especially in the case of
sof t convers ion , will emerge. Policy guidelines for soft conver- 

- -

sion and data use must be developed. Attendant upon these elements
too , will be the need for metric awareness training and specific
training in some cases.

UNIQUE IMPACTS OF METRICATION ON T&E

.9 V iewed in the context of life cycle management , the impact of metri-
cation on testing and evaluation may be identified at the various

• development/operational test points . Figure 4 shows the elements
of develo pment and operational testing as described in AR 70-10.

• Areas where metricati on impacts may be expected are indicated by Xs
opposite T&E test points (DT I, DT II , etc.). The nature of these
impacts is discussed in the following paragraphs.

Design Risks. As part of the analysis of design risks to be made at
DT I , consideration would have to be given to the availability of
metric standards, specifications , and materials. Projections or
forecasts of the availab ility of these items , related to the project

development schedule, would have a significant impact on the decision
to proceed with the development as a metric design. —

4 Component Interface Problems . Component interface problems deserve

careful consideration at DI I regardless of the measuremen t system
employed. Duri ng the transition , interfacing of new wholly metric
or hybrtd product designs will require increased attention. Wholly
metric or hybrid product Improvements to existing designs will add

yet another dimension to interface problems . Interface problems can
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be expected to increase during the transition as more and more
wholl y metric or hybrid systems are introduced ; however , interface
probl ems rela ted to jo i n t manu facture/All ied use of the system may
be eased somewhat by adopting metric designs .

Production Feasibility . At DI II and Dl III the metric emphasis ,
part i cularl y early in the trans iti on , woul d be on production feasi-
bility , 1. e., the assessment of the readiness of the invo l ved
industries to manufacture the new system at acceptable levels of
production , quali-’~y, and cost. The production feasibility problem
can be expected to diminish as industrial conversion to SI
progresses. Unti l i ndustrial conversion is complete , however , the
feasibility of producing hybrid designs , wh i ch reflect the state of
industrial metrication , may be significantly better than the feasi-
bility of producing wholly metric designs .

The nature of metricati on impacts on operational testing would be
essent ial ly  the same at 01 I , 01 II , and 01 III; differences would
l ie only in the depth or level of detail involved . As Figure 4
indicates , metrication would affect several military utility criteria
and various aspects of the adequacy of doctrine and maintenance
support.

Military Utility Estimates. Metrication would affect assessment
and operational testing of the military utility (compatibility ,
interoperability , maintainability , supportability , and ~rdining
requiremen ts) of a new system i n the user ’s environm~r~t. These
considerations will inevitably increase in significance where a
new wholly metric system is to operate in conjunction with customary
equipment. The effect of new hybrid equipment could be less pre-
dictable; compromises which minimize changes for the operator might
aggravate support problems , for instance.

Adequacy of Doctrine and Maintenance Support. Metrication would
affect operational testing and evaluation of the adequacy of
maintenance support and training (i.e., Integrated Logistics Support

(ILS)) for employment of a new system. Most of the elements of ILS

(described in Figure 5) will be affected by metrication , and
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L FIGURE S

IUTEGRATED LOGISTIC SUPPORT (ILS) ELE?IEUTS

Maintenance plan. A descripti on of the
requirements and tasks to be accomplished
for achieving, restoring or maintaining
the operational capability of a materiel
system or facility .

Support and test equipment. All equipment,
mobile or fixed , required to support the
operation and maintenance of a materiel
system or facilities at all locati ons to
which a deployment is pl anned.

Supply support. All management actions and
execution necessary ~or determining require-ments for acquisition , cataloging , packaging ,
preservation , receipt, storage, transfer,
issue , and disposal of both principal and
secondary items.

Transportation and handlin g . The procedures,
equipment , and faciliti es used for packing ,
crating , handling, and transportation of
materiel system.

• Technical data. Encompasses all types of
specifications , standards, engineeri ng
drawings , instructions, reports, manuals,
tabular data , and test results used in the
devel opment , producti on, testing , use , main-
tenance, demilitarizati on , detoxification ,
and disposal of military items, equipments ,
and systems. Not included in technical data
are financial , administrative , cost and
pricing , and management data, or other infor-
mation Incidental to contract administration .

Facilities. Construction requirements to
support the materiel system involved , for
example, buildings , concrete pads, revet-
ments, roads, runways, utilities and other
peculiar requirements.
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FIGURE 5 (Continued)

Personnel and training . Personnel in the
numbers and with the skills necessary to
operate and to support a materiel system
In its operational environment. The
processes. procedures and equipment used
to train personnel in the operation and
support of a materiel system.

Logistic support resource funds. The funds
required for the identification , acquisition
and management of logistic resources.

Logistic support management information.
Information used for the analysis and for
reporting of actions taken or required to be
taken in developing or executing logistic
support plans .

Source: AR 700—127.
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would therefore be a proper concern of OT&E at all test points.
The nature and extent of the metric Impact on these elements Is
discussed throughout this report.

Panel Assessment

The panel recognized the need to synchronize QA and T&E training with
the development of new metric materiel . Interoperability , and Inter-
changeability requirements associated with hybrid materiel may impose
additional QA tasks.

Whil e the panel views the transition period as lengthy , proper a—ph —
cation of the ILS model can reduce, if not eliminate , many of the
problems which have been discussed. The ILS model , in fact, provides
the means to facilitate conversion .
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CHAPTER 4

IMPACT OF METRIC CONVERSION ON TRAiNING ELEMENTS
• OF THE U. S. ARMY LOGISTICS FUNCTIONS

In the foregoing discussions , the potential need for personnel who
are appropriately trained In metric usage has been frequently men-
tioned . In the early phases of metric conversion , this will
certainly have to be taken into account in the decision-making and
planning processes. Duri ng the later phases of conversion , younger
personnel are likely to have received metric training In public

• school and the need for special metric training will decrease. How—
ever, 15-20 years from now , the U. S. Army may have to provide
training In the inch-pound system because the U. S. education
system will be providing only metric-trained individuals. That a

• training program for the inch—pound system will be required is not
in doubt; properly trained individuals will be needed to service
customary dimensioned long life equipment which is currently In the
field. But decisions today to design and produce new long life
equipment in customary units will only extend the period over which
inch-pound training will be required. From the training point of
view, adoption of metric is highly desirable.

The preceding discussion impl ies that “metric trainlng sl has a
specific meaning. The reader should note that there are a variety
of levels of metric training and that judgments will have to be made
at each decision point as to the depth and breadth of training
required in a particular situation . “Metric awareness” , the lowest
level of metric training , is a program to develop awareness that the
metric system exists and is being used. This type of program would
be aimed at developing awareness and the same facility for use of
metrics as the average person has today wi th the Inch-pound system.
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Scope of metric training above the awareness level will , of course,
vary greatly depending upon the extent of functional metric ability
required by an individual to do his job, as well as his background
and training. Thus whil e an engineer will need a sophisticated
level 0f functional metric capability , it is likely that his back-
ground , education and training will have provided him with most
of the requisite knowledge ; additional training required will be
minimal . On the other hand , an automotive mechanic may need a
fairly substantial unders tanding of the metric system , but his
metric experience may be minimal or non-existent. Training require-
ments would , therefore, be significant.

The need for metric training that would be brought about by adoption
of a new metric design or metric measured supplies must be weighed ,
along with many other factors, in the decision process. This is a
particularly important question to consider when assessing a new
design . New designs mean new training . One question that the
decision-maker should bear in mind is: Does the adoption of metric
dimensions In the design sign ificantly increase or change the magni-
tude and/or level of training required throughout the product life
cycle?

One key to assessing training needs will be the management policy
towards metric training. DoD Directive 4120.18 addresses the
training issue as follows: “Training in metric practices and usage
will be provided to those personnel whose duties require such
knowledge.” This policy statement is broad and allows considerable
flexibility . U. S. industrial experience sL’ggests three guiding
policies which have contributed to effective, minimum cost, metric
training programs. These are:

1. ProvIde metric training only to those who need
it to carry out their jobs.

• 2. Teach only what is needed to know to perform the
job.

3. Provide training shortly before knowledge is to
be applied , on the job.

I
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Many companies also provide voluntary , after-hours training ,
available for those who are interested . U. S. Industry experience
suggests that training at all levels may best be accomplished by
the utilization of modules which can be put together to suit the
needs of the persons to be trained . The U. S. Army might also
investigate the use of commercially available modules rather than
starting from scratch . Industry—prepared modules for metric aware-
ness may be appropriate , for example.

Panel Asse ssment

The Army ’s training requirements are dependent on the extent of Army
metrication and the metric competence of Army personnel which will be
low early in the transition. During the early phase of conversion ,
perso—nel will need facility with both measurements systems, but
overtime, metric training needs should decrease. In order to assure
responsive and adequate training programs, periodic training needs
analyses must be conducted . Based on these analyses of personnel
competence and levels of competence required , metric training programs
rnust be designed and developed .

1-36

_ _  
_ _ _ _ _ _  

•

~A L
- _ 1 1_ ~~~~

___
~~

_ _
~~ ~_i_



I - 
—--

~~~~~~~~ -~~~~~~ T~~~~~~ T~~~~’ ~~~~~~~~~~~w~~~~~~~~-ir,:

CHAPTER 5

GENERAL METRICATION IMPACTS RELATED TO
U. S. ARMY LOGISTIC FUNCTIONS

The preceding sections discussed metrication impacts on specific
logistic functions. This section will attempt to paint a broader
picture of Ii. S. Army functions that could adversely impact on

• DARCOM ’s logistic activiti es, if not properly recognized and dealt
with In the planning and decision making process.

Table Organization and Equipment (TOE). While the responsibility
of U. S. Army Training and Doctri ne Command (TRADOC ) is to develop
TOE(s) for new materiel and for product improvements , metric
decisions taken by a materiel developer , wi thout proper interface
wi th TRADOC , could result in improperly organized and equipped units .
Likewise , if TRADOC fails to consider the impact of metric decisions
made by HQDA and materiel developers, on TOE(s), inappropriate
organization and inadequate equipment inventories for uni ts to be
provided metric equipment may result. While the Life Cycle System
Management Model (LCSI’lM) contains procedures to precl ude misadven-
tures, unti l metric considerations are routinely handled by all
elements within the Army , it would appear logical for any metric
decision process introduced to include , in its checklist of actions,
the question; “Has the TOE impact been evaluated by both the
materiel and combat develooers?”

New Equipment Training (NEIl. Special contractual agreements
between the materiel developed and the contractor developing the
Item may be required to ensure proper training of the test and
evaluation , user, and maintenance personnel . In this phase of the
LCSPVI, emerging training needs should be conveyed to the trainer to
enable development of metric training programs responsive to
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newly developed metric materiel or metric product improvements . In
view of 050 stress on NATO standardization , adoption of NATO-

developed materiel by the U. S. Army might provide a training pro-
gram data base uhich may simplif y NET and TRADOC training . As with
TOE, the Life Cycle System Management Model contai ns procedures
which , ~ihen done properly, should consider the matter of metric
imoacts . However , unti l comoletely se cond nature in the decision
process, It may prove advantageous during the MET phase to ask the
question: “Have the potential impacts on training program develop-
ment been evaluated by both the materiel developer and the
trainer?

Military Occupation Specialty (NOS). Interface activities between
the materiel and combat developers and the trainer resulting from
DA metric decisions must occur as early as the Prelimi nary Qualita-
tive and Quantitative Personnel Requirements Information (PQQPRI)
phase of LCSM~1. If the consequences of a metric decision are
recognized early enough in the metric transition , the PQQPRI may
provide a mechan ism for planning and scheduling training programs
with trained instructors to ensure availability of trained user,
operational , and testing and evaluation personnel . Outputs related
to training requirements , resulting from metric decisions , will also
provide important inputs to the MOS phase. As indicated in discus-
sions of LCSMM phases above , early in metric transition , It wi ll be
profitable during PQQPRI and MOS decision—making to ask: “Have the
materiel and combat developers , the trainer and DCSPER/MILPERCEN
fully eval uated the impact of the metric decision?”

A less obvious but critical aspect of the MOS phase is the need to
ensure that metric trained personnel are assigned to metric equip-
ped units . To accomplish this, the MOS qualification system must
be able to readily identify those individuals with metric training
and skills in a particular specialty . Until metric skills, at appro—
priate levels , are universal in the U. S. Army, this will be a
serious problem.
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Test, Measurement and Diagnostic Equjpment (TMDE). Long lead time
equipment constitutes a budgeting and timing problem in the LCSMM
process. A premature procurement of TMDE might result in the subse-
quent need to modify that equipment by the time materiel development
had progressed to the stage where the TMDE is required . Additionally,
the procurement of new metric or dual capable T1’4DE, will place new
demands and these must be assessed on the metrology and calibration
services.

Management. Attendant to the foregoing Is the need for management

at all levels of the U. S. Army to address the question : “What
impact will the decision to make a metric product have on my phase
of the decision-making process?” In answering this question con-
sideration would have to be given to timing/phasing , interface
problems , etc. Metrication success will be measured by and depend
on the thoroughness with which metric impacts are considered in the
LCSMM process.

For example , wh ile analyzing the problem of supply, we have examined
the problem of inventory control , which is a management problem .

Inventory control is an activity which permeates the entire supply
support element of the logistics function and would appear to be
a potential point of metric impact. However, our analysis has led
us to the conclusion that if metric impacts are properly considered
at all of the decision points discussed earlier , Inventory control
will present no unique problems in relat~on to metric conversion.

During the transition , opportunities to minimize the adverse logis-
tics impacts of dual equipage may exist at the policy level , by
keeping the metric and inch equipment, in the field , separated
organizationally or geographically. For instance , early in the
transition , particular organizational units might be solely metric
equipped . Later, when metric equipment predominates , consideration
might be given to equipping whole Armies or theaters solely with
metric.
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Panel Assessment

The panel generally concurred with the issues raised at the foregoing
discussion of general considerations . They recognized that the effect
required for LCSMM planning Is significant.

During the transition the Army must have personnel who are proficient
in both measurement systems in order to ensure operational readiness.
A facility to function well in two measurement systems has been
compared to thinking in two languages . The training implications are
significant.
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PANEL CONCUSIONS CONCERNING MOST IMPORTANT PROBLEMS
CONNECTED WITH METRIC CONVERSION

The panel was asked to move from the Individual aspects of conversion
to consider the system as a whole. From this viewpoint , the logis-
tics functions were ranked In descending order of severi ty of impact
as follows :

Maintenance4j Training
QA , T&E
Supply

No general conclusions can be drawn from this ranking because of the
small size of the panel and limited time for consideration . However ,
this ranking does represent the considered judgment of individuals
knowledgeable in the logistics field.

The panel emphasized the difficulties likely to be encountered early
in transition. Early In transition there are many uncertainties and
such great resistance to ch.in~e. As experience develops , these
problems should subside rather quickly to the l evel of the routine .

Fiscal constraints on the Army are seen as another reason to ensure
that Army conversion is conducted on a planned basis, in harmony
with national , industrial and educational sectors.

Problems areas of greatest significance to the panel relate to dual
stockage of fasteners and repair parts and to maintenance equipment

• (tools , test equipment , publications). Other considerations of
great importance are those concerned withreadiness criteria for
reserve and National Guard units and those associated with the stra-
tegic positioning of equipment and supplies , particularly outside
the U. S. Dependence on host nation contractors is not seen as a
viable solution in war time.
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Finally , top management is not involved at the present time , yet
effective conversion requires a mana gement orientation toward change.
Lack ing lnvolvem (:dt a~d prior planning , the panel is apprehensive
that over-management or crisis management may someday be imposed as
national metrjcatjon accelerates. There is a need to recognize
that metri cation is inevitable , to establish commitment to conversion
and to begin work.
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ANNEX J

GUIDELINES FOR MONITORING U. S. METRIC PROGRESS

J.l Introduction

The purpose of this annex is to outl ine the means by which the
Army can keep track of metricatlon as it progresses in the United
States so that decisions affecting the acquisition , supply and
maintenance of Army materiel can be made in the context of current
and realistic metric Information.

- First, the need for metric progress information wi th respect to
decision points in the system acquisition process will be explored.

:, This will hel p focus on the important elements of monitoring in a
conceptual way.

Next the whole monitori ng concept and process itself will be dis-
cussed in some detail. This discussion will draw on material
presented in earl ier reports and observations from the general
literature. The emphasis will be predominantly on the DA/DARCOM
organizational level , al though the Impact on other levels will be
cited in less detail.

Some reconrendations which, -If implemented , will allow the Army to
begin to monitor U. S. metric progress as a requisite step in keeping
pace with industrial metrication, will then be listed.

J.2 System Acquisition Process and Its Relationship to U. S. Metric
Progress

The need for metric Information will be directly and significantly
felt at the decision points in the DoD/Army systems acquisition

• process; it will also be felt with regard to acquisition processes
which do not fall within the purview of systems acquisition.
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Confining remarks to major systems acquisition, however , will
serve the present purpose of focusing on aspects of metrication
which relate to monitoring U.S. metric progress.

In the system acquisition process there are, of course many con-
siderations and decisions to be made. In a sense, metrics Is only
one of these considerations . However , s ince the measurement system
used (particularly a new one) undergird s and affects so many other
considerations , it warrants the attention conferred on It by
DoDD 4120.18 and AR 700—1. Metric decisions must be made at every
point in the early life of a system. Once taken, some of these
decisions (such as a decision to design in hard metric) may be
irrevocable, or changeable only at a heavy penalty in terms of costs
or delays. Furthermore, the premise from which DoDD 4120.18
emanates Is not to initiate new designs in metric if convenient,

• but rather to prescribe SI for all new designs unless demonstra-
• table reasons exist for not doing so.

Some metric conversion considerations are essentially questions of

• the suitability of an SI product or system. These concern :

o Projected Allied use of the new product or system

• o Potential for foreign sales

o Potential for foreign or joint production

o Potential to enhance defense-industry prepared-
ness or defense production readiness

U. S. metric progress is a concern here, but only secondarily; In
the main these questions can be answered with minima l knowledge of
the U. S. metric status.

There is another class of metric considerations, however, which
raises questions relating to the technological or economic feasibility
of proceeding with an SI product or system. These 1nc~ude:

o The state of metric readiness within the
industries which will develop or produce the
product or system.
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o The availability of suitable metric standards
and materials , both domestic and foreign.

o Development or production delays which might
be occasioned by a “Go Metric” decision .

o Impact of a new metric design on quality
assurance.

o Cost differential , inch vs. metric.

o Logistics implications of a new metric design .

o Impact on training requirements.

o Short and long term benefits anticipated .

These are difficult questions for several reasons: knowledge of
the situation outside the Army, as well as within it, is required;
that situation is essentially dynamic and probabalistic (e.g., a
development decision today implies production in the future--will
industry be ready then? on what terms?); metrication costs are
difficult enough to determine, what criteria should be applied to
the assessment of life-cycle benefits?

Decision-makers at all levels of the system acquisition process
will have to deal with metrication issues, some of which have been
mentioned above. Project managers and their staffs certainly, but
also reviewers at the DSARC and/or ASARC decision points , will have
to be knowledgeable of the implications of any metric project, No
less significant will be the i~upact of metric projects on normal
(opposed to project management) organizations , particularly as
the number and magnitude of metric projects increase. The logistic

• arrangements for a major and widely deployed system, for instance,
cannot fall to affect the Army’s total logistic system and those
who must manage it.

To sunriarize, the foregoing briefly presents some of the complex
metrication considerations and questions wi th which Army managers

wil l have to deal . Useful solutions and answers to many of these
questions have begun , and will continue , to originate and develop
outside the Army. The next section will explore in some detail the
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process by which the Army can monitor these developments and other
aspects of U. S. metric progress. -

J.3 Monitoring Concept and Process

We must have a concept for monitoring before we can describe a
process for its achievement. We will proceed from 2 princIples :
the monitoring task is too big for a single individual and , the

• individual with a metric problem/question is the best one to monitor
metric developments In his area of responsibility . The following
elements comprise the monitoring process in the broadest sense:

o Who will monitor whom?

o What will be monitored?

o How will monitoring be done?

J.3.l Army Organizations with Monitoring Responsibilities

Considering first who will do the monitoring , information on a
subject as basic and pervasive as a measurement system is of inter-
est to virtually everyone, although In varying degrees . The organi-
zational entities with the greatest need to know, however, are
listed below:

U. S. Army Materiel Development and Readiness
Comand (DARCOM), especially

Office of Deputy CG for Materiel
Development

DA Metric Office

DARCOM Major Subordinate Commands (MSCs)

• Program/Project/Product Managers (PMs)
• (for current metric projects and all future

• projects)

U. S. Army Training and Doctrine Command (TRADOC)

DA Office of Legislative Liaison

U. S. Army Corps of Engineers •

J- 5
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J.3.2 Entities and Developments to be Monitored

The list of entities to be monitored is extensive, but the aggrega-
tions below reduce it to manageable size ; information and develop-
ments to be monitored are also briefly described.

ENTITIES TO MONITOR DEVELOPMENTS TO MONITOR

Ii. 5. Metric Board Federal policies , regulations
(When established) and plans ; plans and proposals

of industrial sectors; social
constraints and attitudes

U. S. Congress (House Committee Federal legislation
on Science and Technology;
Senate Committee on Commerce)

Federal Interagency Committee Federal policies , regulations
on Metric Policy (If and plans; impact of national
established) metrication on Federal agencies

Other Military Services and DoD policies , directives and
Defense Agencies plans; impact of nationa l

metrIcation on Defense Depart—
• ment

State and Regional Metric Impact of state laws (weights
Coordinating Organizations and measures, land measures,

etc.) on Army activies and
operations; State metric
education policies and plans

American National Metric Industrial sector plans and
Council timetables ; Impact on Army

procurement activity; indus-
trial rationalization (pre-
ferred metric sizes and
modules)

Standards-Writing Organizations Development of U. S. and Inter-
(I SO , ANSI , etc.) national metric standards

Standards Groups of International Mil itary standards development
Military Organizations (NATO, related to materiel for Allied
CAllUS, etc.) use and/or joint production

J-6



_____________ - ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~

Trade Associations Plans for introduction of
metric material s and modules ,
preferred metric sizes, inch-
SI cost differentials; indus-
try conversion plans and
progress

Particular U. S. Companies Company conversion plans and
(vendors, suppliers , contractors) progress

The foregoing discussion is summarized In Figure J-l. Al though
some detail is lost, the relationships among monitoring organi-

• zations , and entities and developments to be monitored may be seen
at a glance . For instance , the Central DA Metric Office would
monitor the U. S. Metric Board (among others) for information con-
cerning Federal legislative proposals , policies , regulations and
plans , as well as industrial and other sector plans , proposals and r f
timetables.

Monitoring activity associated with foreign military sales and

• foreign/joint production of Allied materiel involves , in addition to
standards development , foreign legal restrictions on the importation

• of non-metric products, Including military materiel . Such restric-
tions already exist in some countries and in the European Economic
Community. These restrictions are not currently significant , but
their importance will progressively increase. Other considerations
aside, the acceptability of military materiel designed in customary

• units will become less and less assured, whereas this Impediment
will not exist for SI materiel . Army organizations involved wi th
foreign military sales or foreign/joint production of Army materiel

• should be aware of these restrictions, although it appears that
• principal monitoring responsibility lies with the Office of the

Secretary of Defense.

J.3.3 Methods of Monitoring U. S. Metric Progress

The foregoing sections have Identified appropriate Army organizations
to act as monitors, entities outside the Army which should be
monitored, and the kinds of information and insights which each can
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Office x a x x

DARCON MSCs * a a a * * a *• Program/Project/Product
Managers a * *TRAOOC * a a * a

0* Legislat Ive Liai son Office a
Corps of Engineers * * a

DEVELOPMENTS_TO_BE_MONITORED ______________________________________________
Federal Policies . Regul ations

and Plans a a
Sector Plans, Proposals,

Timetables a a a a
Social Constraints and

Attitudes * a * *Federal Legislation a
Nationa l Metric la~act on

Federa l Agencies a
DoD Policies , Directives

and Plans *
Nationa l Metric Iopact on

Defense Oepartaent a

Impact of State Metric Laws
on Arog’ * a

Metric Education Plans and
ProgreSS * a a

Impact on Army Procurement
Activity

Industrial Rationalization a *
Standards 0.velopaent and

Adopt ion a x x x  a a x
Metric Materials Availa-

bility , Preferred Sizes ,
Costs * * * a

Company Conversion Plans and
Progress * a
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provide. It rem~ins to outline the means by which the monitoring
process can be Implemented . Basically, two modes of operation are
possible: passive or active monitoring .

For the time being , the passive mode would suffice; there Is little
necessity for action , other than subscribing to various rnetrlcation
periodicals and attending a few meetings. Most agencies of the
federal government appear to be awaiting the appointment of the
U. S. Metric Board and specific guidelines from the Board. In
following this plan , the Army would be moving (some would say
drifting) in concert with the nation. The Army would avoid imposing
significant additional tasks on persons for whom metrication is not
a principal duty. However, if this plan were adopted , the Army
would probably miss many of the opportunities and advantages
presented by metricatton. The process of metrication would be
drawn out and , in the end, would be more costly and difficult.

Alternatively, the Army could assume a more active role. The Army
could establish and maintain a wide range of external contacts, not
merely as an observer, but as a participant in the standards—writing

• and rationalization activities of concern to the Army. Participa—
tion also implies active two-way communications whereby the Army,
while gaining first—hand industry information would be able to in—
form industry at the working level of Army metric planning and
needs. Participation would help reduce the transition period by

• 
~i closely coupling Army requirements with Industry ’s capabilities ;

participation would also suggest Initiatives for catalytic Army
actions and ways in which the Army might realize the benefits of
metrication. Active participation would, however, impose demands

• (time and travel funds) on the Army. These demands, would, In
• effect, represent the cost of keeping pace and having a say In

metric developments which will affect the Army.

In summary, the alternative to active participation , particularly
as the national metrication movement gains momentum, Is to simply
react to metric developments imposed by external forces which
likely will not take Army considerations Into account. We feel
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that active participation (including effective two-way comunication )
in those aspects of national metrication where the Army has an
interest is clearly indicated .

J.4 Intra-Army Communications

There is , however, one vital element still missing In the monitoring
process-—Internal communications and information exchange wi thin the
Army. Because many people must monitor the aspects of metrication
which are of general or particular Interest to others In the Army
organization , there must be an effective interchange of metric
information among all concerned. Metric developments In one industry ,
or even in one large company, will usually affect more than one Army
organization. There are a number of ways to exchange metric infor-

¶ nation among and wi thin Army organizations:

Formal Communications (Directives, Letters)

Informal Comnunications Between Metrication
Coordinators and Contacts

Publishing DIrectories of Metrication Contacts

Publishing Bulletins/Newsletters Dedicated to
Metrication

Publishing Metric Articles in Other House
Organizations

Holding Army Metrication Conferences, Seminars
• and Workshops

All of the above methods, and intra-command metrication committee
activities , are Important and useful , but unconstrained informal

F communications will best assure effectiveness. Furthermore, it
H should be clearly understood that the monitoring process, as well

as most other metrication functions , should be predominantly under-
taken by line people--those who must implement metrication in
the normal course of their responsibilities--not by dedicated staff
“metrlcators”.
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J.5 Implementation of the MonitorlnQ Process

The preceding sections have discussed the salient aspects of a
viable monitoring process. Specific recommendations for implemen-
ting the process are contained in this section. These recommenda-
tions , except the first, are directed at the organizational level
one echelon below Department of the Army.

J.5.l General

The ANMC represents by far the most important metrication contact
point at the present time. The U.S. Metric Board may eventually
assume some of Its functions , but that will occur at some time in
the future. To establish and mai ntain contact wi th national metri-
cation, it is suggested that the Army be represented on as wide a
range of sector committees as possible. Since representation on
the sector committees does require a commitment in terms of time,
travel and expense, it may not be possible , as a practical matter,
for Army representatives to serve on all committees. Therefore,
the Army should, in conjunction wi th the other Armed Services,
arrange for appropriate representation on committees of greatest
importance to the various Services. Provisions should then be
made for the rapid and sustained inter-service exchange of infor-
nation.

• J.5.2 DARCOM

DARCOM, specifically the Central DA Metric Office, will perform a
key role for the Army during the transition. The following actions
relating to monitoring metric progress are recommended:

Maintain the Directory of Metric Contacts (DARCOM
Circular 700—4 SerIes) in a complete and current
state, listing commercial as well as AUTOVON
numbers; freely distribute the directory to Inter-
ested parties outside the Army.

H Publish a DARCOM Metric Bulletin frequently, with
wide distribution .

Obtain subscriptions to ANMC ’s MetrIc Reporter
for all MSCs and PMs.

J-l 1
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Establish Army ad hoc working groups to exchange
information on government and commercial metric
conversion plans and progress in the industrial
fields of interest to the Army.

Convene a meeting of DA/DARCOM/MSC metric coordina-
tors to obtain thei r inputs to the monitori ng needs
of the Army, to propose the composition of the
above-mentioned ad hoc working groups, and to
surface other areas of interest or concern.

Assure that effective action is taken to fill infor—
nation gaps which are discovered by the ad hoc working
groups.

Encourage participation by MSCs on appropriate stan-
dards-wri ting organi zations , trade associations , and
metrication planning bodies , such as ANMC Sector Com-
mi ttees. Develop a plan for such participation , in-
cluding travel funding, wi th affected MSCs.

Convene Army and Army/industry metricatiori conferences,
seminars, and workshops as needs develop.

J.5.3 TRADOC
As the Command with primary responsibility for Army training, it
is recommended that TRADOC monitor state metric education plans and
progress, and federal policies and monetary grants therefor.

~J.5 4 Corps of Engineers

• Because of the close and continuous contact which the Corps of
Engineers (Civil Works) maintains with state activiti es, it is
recommended that the Corps of Engineers monitor metric developments

• (other than metric educational progress) in the several states
• which may affect the Army.

J.6 Summary

The need to monitor metric progress becomes evident at many decision
points In the systems acquisition process, particularly where ques-
tions arise which concern industry’s state of metric readiness , the
availability of metric standards and materials, and the short and
long term costs and benefits associated with metric decisions.

. Manifestly, many Army organizations and individu als will be required
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ANNEX K

THE IMPACT OF METRICATION ON ARMY PflULATIONS

In order to assess the potential need for modification of ARs due
to metric conversion , Fl undertook a limited survey of Army Regu-
lations. The study team selected a number of ARs which we believe
are a representative sample and give some indication of the impacts

• of metric conversion .

AR 700—1 lays down guidelines and delineates areas of• responsibility
for implementation of the metrication program within the Army. The
background to AR 700-1 is the Metric Conversion Act of 1975 and the
DoD is concerned that implementation be as smooth and as cost-effec—
tive as possible.

AR 700-1 states that representation on the DA Metric Advisory Group
shall be provided by the Deputy Chief of Staff for Research , Develop-
ment and Acquisiti on, the Deputy Chief of Staff for Logistics , the
Comptroller of the Army , the Deputy Chief of Staff for Operations
and Plans , the Surgeon General , the Chief of Engineers and the Corn—
manding General , U. S. Army Training and Doctrine Command . The

• Secretariat to the DA Metric Advisory Group and the establishment!
chairing of a DA Metric Advisory Group is the responsibility of the
Commanding General , U. S. Army Materiel Development and Readiness
Command . Various metric responsibilities of the same commands are
dealt with throughout this paper as they meet with or are affected
by other DA actions.

System acquisition is the name given to the Army process for develop—
Ing and fielding new items of equipment. It Is amalgamated Into a
management model called the “Army Life Cycle Management Model for
Army Systems” (LCMM). The LCMM serves as a guide to the acquisition
of new systems and shows the main and secondary steps which

K-2
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contribute to the development and fielding of new or improved
materiel . There are four phases in the

• 
LMCC:——

(1) Conceptual Phase
(2) Validation Phase
(3) Full Scale Development Phase
(4) Production and Deployment Phase

Each of these steps is a major point in the acquisition cycle and a
decision has to be made on each one when it is arrived at. The
Defense Systems Acquisition Review Council (DSARC ) leaves the deci-
sions to the Deputy Secretary of Defense (DEPSECDEF). On occasions,
however, ASARC (Army Systems Acquisition Review Council) is the
highest review and the final decision Is made immediately. The
decision is recommended by an In-Process Review (IPR). It will
probably be hel pful to outl ine briefly the composition of the four
stages and their part in the system acquisition .

In the Conceptual Phase, the combat development agencies closely
examine threat forecasts, technological forecasts, and joint and

- 
• Army plans to determine operational capabilities , doctrine and

specific materiel requirements which will provide Army forces with
improved capabilities . Concept formulation studies are carried out
and experimental hardware developed and evaluated to establish the

• technical , military and economic basis for proposed developments and
to ensure concept feasibility . Subsequent phases are designed to

• cope with serious technical and operational Issues, including any
• special logistics problems .

The Validation Phase consists of the steps which are necessary to
verify preliminary design and engineering , accomplish necessary plan-
ning , analyze tradeoff proposals, deal with those logistics problems

• which emerged during the Conceptual Phase, prepare the Formal
Requirements documents and prepare contracts as required for full-
scale development. This is also the stage at which prototypes may
be used to clarify cost, environmental impact, human engineering and

F operational and/or technological factors before entering full-scale
development.

K-3
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During the Ful l -Scale Development Phase, the system is developed
completely. All its support items are engineered , manufactured and
tested and the whole is assessed for its acceptability to enter the
inventory and be type—classified .

The last phase is the Production and Deployment Phase during which
the operational units are trained , equipment is obtained and distri-
buted and logistical support is dealt with . It is at this stage,
too, that product improvements are applied to the equipment where
necessary.

Usually, the Army satisfies its materiel needs by three methods:--
(1) it buys already—developed equipment which may be domestically
or foreign produced ; (2) it improves on present design and construc-
tion; and , (3) a new materiel development program is initiated . The
Army must be cost-conscious and therefore adaptation of the present
system is preferred to new purchase. The materiel design must be
flexible enough to allow for constant adaptation and modification
and the emphasis will be on simplicity , austerity and supportability .

• Clearly, system acquisition is an important and complicated process.
A wel l -defined procedure, based on extensive documentation , has been
formulated to deal wi th the matter and it becomes obvious from
examination of this procedure that a totally new measurement system

• will necessitate many changes , at least in the documentation .

As far as the DA is concerned , metrlcation Is a pervasive process
which must be catered for In all areas of operation . The effects
are felt not only upon army hardware, i.e., supplies and equipment,
but on the drawings , specifications and requirement documents which
accompany them. Practical training in the use of the new system
has to be planned , documented and carried out and throughout the
process known as system acquisition , provision for m~tricatIon must
be made.

This paper is Intended to provide guidance on and offer some examples
of the need for a metric element in a selection of Army Regulations .

K-4
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Since system acquisition is based upon or directed by these docu-
ments , it is essential that the documents define clearly the steps
to be taken to cope wi th the metric aspect.

AR 71-9: Force Development

• Materiel Objectives and Requirements

AR 71-9 states that the Commanding General of the U. S. Army Materiel
Command (CG AMC) has responsibility for:-—

“(1) f. Participating with the combat developer in
the preparation of Letters of Agreement
(LOA) to Initiate joint investigations of
promising programs.

g. Participating with the combat developer
In the preparation of Letter Requirements
for low-va lue Items.

h. Assisting combat developers in the prepara-
tion of Required Operational Capability
(ROC) and associated documentation .

I. Preparing , in coordination with the combat
developer , Outline Development Plan (01W)

• and Development Plans (UP) for both major
and non-major systems.

• j. Providing required Information and brief-
• Ings to ASARC and DSARC and attendance at

ASARC for ma teriel systems with assigned
areas.

m. Assisting combat developers in the prepara-
tion of Basis of Issue Plans (BOIP).

The purpose of the Letter of Agreement, according to AR 71-9, “Is
to ensure agreement between the combat developer on the nature and
characteristics of the proposed system and the investigations needed
to develop and validate the system concept; to define the associated
operational , technical and logistical support concepts ; and to pro-
mote synchronous interaction between the combat developer and the
materiel developer during the conduct of these investigations.”
When an LOA is approved by the Deputy Chief of Staff for Operations
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and Plans , It Is passed to U. S. Army Training and Doctrine Command .
According to AR 700-1, it is TRADOC which is responsible for
“Ensuring that all requirements documents clearly specify opera—
tional requirements that may influence the decision on whether new
materiel will be designed and configured to the SI.” It is , there-
fore, essential that the LOA include metric references where appro-
priate and these will be ~,erified by TRADOC. The LOA can then be
modified or amplified , if necessary.

Another document which must include a metric dimension is the ROC
(Required Operational Capability). According to AR 71-9, a ROC Is
a HQDA document which states concisely the minimum essential opera-
tional , technical , logistical and cost information necessary to
initiate full-scale development or procurement of a materiel system.

¶ ROCs are appropriate for both combat development and non-combat
development systems. The ROC is the direct result of the Letter of
Agreement in the case of developmental items. It is submitted to the
Deputy Chief of Staff for Operations and Plans when the operational
and technical feasibilities and the cost of a system have been
determined. AR 71-9 lays down that “all combat development ROC will
be coordinated with TRADOC” and “all comments and recommendations
from TRADOC must be Included .”

This again , relates to TRADOC ’s role as defined in AR 700-1 -

ensuring that requirements documents contain a metric a pect. It
is , of course, the responsibility of DCSOPS to approve all ROCs
after a determination of the impact of their proposed systems on the

• Army ’s operational capabilities and the “overall resource impact
(force design , personnel requirements, logistics and life cycle
costs.” In this, DCSOPS will probably be guided by the advice of
the representatives he must supply to the DA Metric Advisory Group.

• Selected ROCs are sent to the United Kingdom , Australia and Canada
for comment — this is TRADOC ’s responsibility and since the three
are metric or metric-transitioning countries, TRADOC must ensure
that the ROC does not include any metric ambiguities .

~ 
c. • __ 
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Chapter 6 of AR 71-9 deals with yet another document, the Letter
Requirement (LR). This Is defined as that document which “provides
an abbreviated procedure for acquisition of low—va lue i tems and will
be used in lieu of the ROC when applicable. ” The Letter Requirement
is drawn up by the combat developer and the materiel developer for
a proposed materiel system, total ROTE expenditure on which will not
exceed $1 million . According to the AR , the Letter Requirement
“will constitute the requirement of record for the system and will
provide the basis for budget and program control .” AR 700-1 states
that the Comptroller of the Army will advise DA staff agencies and
major field commands on budgeting wi th a view to metric efforts so
the Letter Requirement must state clearly if and where metric
effects of the system to be acquired will influence budget decisions .

When study or analysis of a system or experiment is required , a
Special Task Force (STF) or Special Study Group (SSG) is convened.
Several documents are required for this purpose, amongst them a
Letter of Instruction (Lot) which lays down the conditi ons and
objectives of the STE or SSG, a Decision Cocrdinating Paper (DCP),
a Defense Program Memorandum (DPM) and an Army Program Memorandum
(APM). A final report is issued by the STF or SSG and is distri-
buted by DCSOPS or TRADOC to appropriate commands and agencies. The
report covers areas such as systems summary, systems requirements ,
discussion of alternatives considered and relationships to other
systems. It also defines the personnel and training requirements.
TRADOC has, therefore, two direct areas of responsibility - per
AR 700—1 - “providing training on the use of the metric system of
measurement” and ensuring that the metric dimen sion is provided for
In the final report of the STE or SSG.

Cost and operational effectiveness considerations are another aspect
to be considered in the acquisitior~ of a system. While the concept
is being developed and formulated, a formal Cost and Operational •

Effectiveness Analysis (COEA) must be prepared. This will be done
by DCSOPS in coordination with CG TRADOC and presented to the STF or
SSG director as part of his study authorization. It Is for CG

K-7
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TRADOC to “request reviews of the COEA for the purpose of ensuring
proper standardization of scenario and use of adequate methodology
or for inclusion of other quality control procedures.” “TRADOC
will prepare an executive summary of the COEA to accompany the ROC

• to HQDA for approval .” This, again , is a matter for the close at-
tention of CG TRADOC, in line wi th his metric responsibilities
delineated In AR 700-1.

AR 71-2: Force Development

Basis of Issue Plan (BOIP)

There are two types of plan defined by AR 71—2: BOIP I and BOIP II.
ltie first is described in AR 71-2 as “an initial estimate covering
the planned placement of a new item of equipment and anticipated
personnel changes as indicated by the proposed requirements docu—
ment BOIP I informs all participants in the materiel acquisi—

• tion process of the planned placement of the new item of equipment
and provides HQDA with essential Information required for Initial
planning and programming computations in the Structure and Composi-
tion System. BOIP II is a complete plan projecting the organiza-
tional placement of a new item of equlpment....BOIP II includes

t planned changes in other equipment and personnel that will be neces—
sary to support the new item of equipment It can be seen,
therefore, that these two documents are an important part of the
Life Cycle System Management Model , since their function is to
“predict early in the materiel acquisition cycle for planning pur-
poses, quanti tative requirements for a new item of equipment to be
Included in Tables of Organization and Equipment (TOE), Tables of
Distribution and Allowances (IDA), Common Tables of Allowances (CIA).
The Basis of Issue Plan serves also to “predict other equipment and
personnel changes that may be necessary....to accomodate the new
item of equipment” and it “serves as a management tool for HQDA” by
“forecasting new equipment densities for procurement programming •

purposes and to identify resultant personnel changes.” The BOIP is
a management tool for combat developers for revising TOE and for •

_ _ _ _ _  _ _  
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other major commands....” The Deputy Chief of Staff for Operations
and Plans has Army General Staff responsibility for BOIP. As part
of his task, he must furnish “semiannually a list of BOIP items to
DARCOM (EARA), USACC , TSG, COE and USASA for which these agencies
are responsible so that each may determine if type classification ,
availability dates and cost projections are still valud. ” As far
as combat developers are concerned , “U. S. Army Communications
Command (USACC), U. S. Army Security Agency (USASA) and U. S. Army
Health Services Command (HSC) will develop , coordinate and submit
BOIP In accordance with parameters and guidance provided by U. S.
Army Training and Doctrine Command.” It is, then , TRADOC ’s job to
“develop, review, update and coordinate BOIP on equipment proposed
to enter the Army supply system...” Given that TRADOC provides
guidelInes for other combat developers and in view of the Command ’s
role as defined in AR 700-1 , provision should be made in the BOIP
for (a) metric clause(s). TRADOC plays a very large part in the
handling of the BOIP from initiation to completion and this document
will need careful study by the Command to comply wi th its metric
responsibility stated in 700—1 .

AR 70—47: Research and Development

Engineering for Transportability

The objective of this regulation Is to “assign responsibilities and
prescribe procedures for the administration and operation of the
Army Engineering for Transportability Program.u The responsibilities
statement of the AR allocates tasks to DCSOPS, DCSRDA and the
Commander, Military Traffic Management Command. The first must
“receive, coordinate and approve Army materiel requirements docu-
ments which require OA approval .” DCSOPS will be able to do this
In a metric context by his provision of representatives on the DA
Metric Group. The Deputy Chief of Staff for Research, Development
and Acquisition must “ensure that transportability is considered
during each phase of development and that transportability testing •

Is conducted, if required.” AR 700-1 gives DCSRDA responsibility ‘

I
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for approval and promulgation of overall Army policy on conversion
to the SI and so he will have to ensure• that the issue of metric
sized components and compatible means of transportation is covered.
The task of the CG MThC (Military Traffic Management Command) must
be borne in mind by those preparing and reviewing LOAs , LRs, ROCs,
etc., since AR 70-47 states “when considering procurement of com-
mercial materiel systems to meet Army in the field needs (MTMC must]
determine whether modifi cation is necessary to meet transportability
characteristics, including those necessary for logistics-over-the-
shore (LOTS) and airborne operations .” TRADOC, for example , is
directly implicated in 70—47 I (1) “Combat developers will - Ensure
that transportability requirements are adequately stated In the
development of military ~nd materiel requirements documents.”
TRAOOC is mentioned directly in i( s ) “Designate command and , as
appropriate , subordinate command primary and alternate transporta-
bility focal points from transportation and engineering in conjunc-
tion with the Integrated Logistics Support Program” - in j(l)

F “Val idate essential transportability characteristics to assure that
they are in accord with current doctrine,” j(2) “Coordinate with
AMC and MTMC to assure that transportability documentation , In 

•

•

conjunction with other source data, is adequate to support the
preparation of literature for training and operations.”

Appendix F of AR 70—47 contains a “Definition of transportability
problem item” and states:- “An item of equipment in ~ts proposed
shipping configuration which , because of its size, weight, or
fragile or hazardous characteristics , may be denied movement, will
require special permits or waivers and/or special equipment or
handling...” Various criteria for “problem Items” follow and
instructions for the completion of a transportability report “by
any Army activity responsible for design , development , procurement
or modification of materiel , or by their contractor, on those items
identif led as a potential transportability problem...” The report

• must contain, in part, the “configuration of the item assembled or
prepared for transportation, incl uding packaging , if required , to
Include (1) a sketch or drawing showing plan , side and end views
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with dimensions for length , width , and height , and location of
center of gravIty . (2) Weight. (3) Unusual dimensional charac-
teristics such as projections.” Decisions wi.ll have to be made on
dual or single (metric) measurements in reports to cover these items
and , as previously stated , this concerns all Army organizations in-
volved in design , development, etc. It will probably fall to TRADOC
to ensure that (1) as well as (2) and (3) are complied with as far
as documentation is concerned 1

AR 10—1 : Organization and Functions

Functions of the DoD and its Major Components

The introduction to this AR states that: “This regulation contains
information and guidance which will be used to formulate policy on
matters concerning the functions of the Department of Defense and
its major components.” In Section V , “Functions of the Military
Departments and the Military Services,” the AR emphasizes the
preparation of forces and establishment of reserves of equipment
and the maintenance in readiness of mobile reserve forces which are
trained and equipped adequately. It is also stated that departments
“assist each other in the accomplishment of their respective func-
tions, Including the provision of personnel , intelligence , training
facilities , equipment, supplies and services.” Clearly, therefore,
given the permeation of metrication wi thin the Army , all those
commands referred to in AR 700-1 will need to cooperate as
closely as possible to carry out their metric tasks and to comply
with tt~t requirements of AR 10-1. This applies particularly to the
Comptroller in providing budget support for training , to DARCOM In
providing assistance and training in metrication, to TRADOC in the
area of documentation, tools and equipment and to those referred to
in AR 700—1(g).
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AR 70-27: Research and Development

Outline Develo~ment/Plan/Oevelopment Plan/Program Memo-randum/Defense Program Memorandum/Decision Coordinating
Paper

This AR is concerned with documentation . Under “Purpose and Scope”
it is stated that the regulation “prescribes pol icy, procedures and
content for Outline Development Plan (ODP), Development Plan (UP),
and Army Program Memorandum (APM) and defines responsibilities for
processing OSD Decision Coordination Papers (DCP) and OSO-directed
Defense Program Memorandums (DPM).” It also “describes the Inter-
relationships among Outl ine Development Plans , Development Plans ,
Decision Coordinating Papers, Defense Program Memorandums, Army
Program Memorandums and the Materiel Acquisition Decision Process
(MADP) decision reviews by DSARC , ASARC and formal IPR.” This AR
relates directly to AR 71-9 mentioned at the beginning of this annex.
OCSRDA is responsible for advising the Assistant Secretary of the
Army for R&D (ASA(R&D)) “when it becomes clear that any of the
approved threshholds in an APM/DPM/DCP may be breached .” It is he,
in fact, who has complete Army Staff responsibility for ODP, DP,
APM , DPM , DCP and for coordinating all ASARC/DSARC reviews . Accord-
ing to the AR , “he will ensure that draft APM , OP and DCP, including
system costs, quantities and schedules , are compatible with resources
available to the Department of the Army. Since DCSRDA r’~u~.t super-
vise the implementation of SI policies , these documents must be
explicit about the metric aspect. The OUP , for example, “contains
the materiel system concept agreed upon by the materiel developer
and combat developer. It records program decisions.... The ODP will
be prepared....in conjunction with the Letter of Agreement. It may
be simpl ified, or portions may be omitted if not appropriate ,

• depending on the complexity and stage of the specific program.” The
OOP contains the following sections: (1) the System Concept
Summary, containing the LOA , (2) System Concept Requirements and
Anaiyses (which will treat the Concept Formulation Package (CFP) -

I 
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“a discussion of the alternatives considered and an Initial assess-
ment of environmental impact and logistic support for each alterna-
tives considered and an initial assessment of environmental impact
and logistic support for each alternative ”) (3) Plans for System
Concept Development which will attempt to relate development to
supplies availability . This Is a point at which the accessibility
of metric supplies and components should be dealt with . Another
component of the ODP is the Technical Development Plan , the essence

• of which is the specification of “product improvement of existing
components, energy efficiency....transportability and reliability ,
availability and maintainability (RAM) criteria , logistic considera—
tions , producibility engineering and planning (PEP).” There are
obvious areas of metric consideration in this section of the ODP.
The Management Plan , which follows the Technical Development Plan ,
Includes “schedule and performance measurement, risk analysis , con—
figuration management, systems engineering management , product
assurance, standardization and technical documentation ” - the latter
Implying TRADOC ’s role in SI documenting and cooperation with DARCOM
in accordance with AR 700—1 2(f) Page 1-2. Another ODP section with
metric implications is 5(c) - Plan for Personnel and Training
Requirements. “This plan will include identification of skills ,
Individual and crew—training requirements , training devices , traln
ing facilities...” Again , this is a TRADOC area of operations and
the plan should refer to metrication where appropriate. The last
section of the ODP is the Plan for Logistic Support, part of which
states “....anticipated critical supportability issues , recommended
reliability , availability and maintaina bility objectives.” Metric
issues should be considered here.

The Development Plan Is another document “which records program
decisions, contains the approved materiel requirement, and provides

• appropriate analysis of technical options and life cycle plans for
development, testing , production , training support and logistic
support of materiel Items.” Like the ODP , the DP has several sec-
tions - System Summary, System Requirements and Analyses , Plans for
System Development, Technical Development Plan , Management Plan ,

K-13
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Financial Plan , Faciliti es and Resources Plan and a Producibility
Plan. The latter “will provide the basis for assurance that tool ing
requirements for production have been established by consideration
of the most economical production rate and manufacturing processes.”
Tooling Is a major metric impact area and this Is a subject of

• particular interest to TRADOC (100—1 f(5)). Section V of the DP is
a Plan for Personnel and Training Requirements and will include
“identi fication of new skills , new equipment training requirements ,
individual and crew training requirements, training devices, train-
ing facilities ~nd associated schedules .” This will probably call
for close cooperation between DARCOM and TRADOC from the standpoints
of DARCOM ’s “maintaining an integrated , cost-effective DoD program
for conversion to the SI” and TRADOC ’s “providing training on the
use of the metric system of measurement,” and “ensuring that all
requirement documents clearly specify operational requirements....”
in line wi th AR 700-1. Section VI of the OP is the Plan for
Logistic Support. This section will include “a plan for logistic
support, Including mi lestones for verifying logistics support at
each key decision point .” AR 70—27 also states that the section

• should contain “identification of special logistic needs, updated
estimates of life cycle support costs” and a “pl an for identifica-
tion of logistic support resource requirements such as personnel
skills , training, support equipment , spares and repair parts, techni-
cal data and facilities .” All these invol ve the departments of
the DCSLOG, OCSRDA and TRADOC and the metric implications are
obvious.

The preparation of an APM (Army Program Memorandum) is the responsi-
bility of the Department for Research, Development and Acquisition .

• It is described in AR 70—27 as “an Army acquisition recording docu-
ment that presents rationale for starting , continuing , reorienting
or stopping a selected program at each critical milestone in the
materiel acquisition system.” Where It is felt that metrication
might impinge on any of these, it is probable that mention must be
made at an appropriate point.

K-14
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The DPM (Defense Program Memorandum) is similar to the APM in
content - “an acquisition recording document that presents rationale
for starting , conti nuing , reorienting or stopping a selected pro-
gram at each cri tical miles tone in the acquisition cycle.” The
purpose of this OSD-ciirected document is to establish the objectives
and evaluate those factors which affect them. “It Is the official
document which records the decision(s) of OSD staff principals. ”
The preparation of a DPM is the responsibility of an STF, SSG or
the relevant materiel developer. DPMs are reviewed by DCSRDA in
coordination with OCSOPS and DCSLOG to see If review by the ASARC is
necessary. If It is felt that such review is required , the draft
APM will be prepared by a Special Task Force or Special Study Group .
If review by the ASARC is not felt to be necessary, the DPM will be
prepared by the materiel developer. In either case, the cooperation
of the three previously mentioned commands is required and each must ~

•

bring his area of metric responsibility to bear on the document’s
preparation.

The last document mentioned in AR 70-27 Is the DCP (Decision Coor-
dinating Paper). It is “an OSD acquisition decision recording
document which presents rationale for starting , continuing , re-
orienting or stopping a selected program at each critical milestone
in the acquisition cycle. It identifes the objectives, conditions
and issues pertinent to each decision and assesses all important
factors which Influence the decision(s) of the Secretary of Defense.”
Responsibility for DCP lies with DCSRDA whose responsibility for

• “approval and promulgation of overall Army policy on conversion to
the SI” will doubtless Influence the content of the document.

AR 70-4: Research and Development

Standardization among Armies of United States, United
Kingçlom, Canada, Australia

This Army regulation is concerned with the tasks and duties arising
from standardization procedures among the above—mentioned armies
(including New Zealand). The objective of the AR Is to “enable the
military forces of the United States and its allies to operate
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together in the most effective and efficient manner and to make the
most efficient and economical use of research , development , test
and product ion resources .” Standards/standardization fall to DARCOM
according to AR 700-1 - “arrang ing for DARCOM or other major field
commands to provide army representatives on DoD, Federal Government
and/or Industry task forces, boards or committees on metrication
projects or operations to develop policy , standards , specifications
or regulations related to metric conversion .” This is an urgent
and important task, in view of the fact that the UK and Canada are
metric-transitioning countries - Australia is virtually completely 

-
•

metric in the consumer area - mili tarily, the transition will last
for an indefinite period . The Chief of R&D must provide the U. S.
Army Member of the Wash ington Standardization Program wi thin the
Ii. S. Army. It Is clear that DARCOM , too , will have to participate •

•

in this exerc ise , following on its responsibility (mentioned above)
re~erred to in AR 700-1.

Chapter 3 of AR 70-4 is entitled “Non-materiel standardization .” On
this question , some documents which will doubtless have to contain
a metric element are listed . There is for example, the QSTAG
(Quadripartite Standardization Agreement) drawn up by the Quadri-
partite Agreements Committee. A DA agency which proposes a non-
materiel subject f’r standardization must forward a draft QSTAG
(70 copies) to ACSFOR for “coordination and submittal to the QAC for
appropriate actions.” The DARCOM standards representative(s) will
probably contribute to such a document, since it is he/they who will
eva luate “new or revised DoD national and/or international standards
using the SI....”

Paragraph 3-2 deals with the “Quadripartite Armies ’ Operational Con-
cepts ” which are a key means of achieving standardizati on . Their
purpose is to guide the combat developments and research and develop-
ment efforts of the armies involved In order to attain maximum inter—
operability....” These concepts are developed for the ABCA armies
by the Quadripartite Working Group on Combat Developments . They are
drafted by the armies according to previous agreement and are

K-16
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circulated for national approval . It is probable that DARCOM will
be involved here, subject to its standardization instructions in

AR 700-1.

Chapter 4 of AR 70-4 deals with Materiel Standardization . Paragraph
4-1 , General Principles , states: “Standardization may be achieved
through coordination during the development of new materiel so that
such equipment is made compatible and/or acceptable for common use

• in the four armies. Standardization of technical procedures facili- -•

tates standardization of materiel i tems by reducing problems of
production , maintenance and spare parts.” The steps for accomplishing
the phases of the development cycle are outlined In Paragraph 4-4
and include Statements of Equipment Policy , Statements of Requirement ,
Statements of Plan of Engineering Design , Engineering Testing (the
last two , the responsibility of DCSRDA) Service Tests, Type Classi-
fication and Procurement Production and Maintenance of Agreed Degree
of Standardization . It is likely that the metric consideration will
enter into some or all of these phases and a note to that effect may
have to be added to the complet ion instructions for the documentation
of each phase.

Chapter 5 of AR 70-4 is entitled “Loan of Equipment. ” Under the
heading of “Authority,” it is stated , “Loans of equipment are

• authorized under this program for test, evaluation or other purposes
facilitating research and development.” Paragraph 5-3(a) describes
the basis for loan. Sub—section b(2) states, “These actions (i.e.
coordination , invi tation , forwarding of test reports) assume parti—

• cular importance when equipment requested is expensive or compli-
cated, when maintenance and repair parts support will be difficult
or expensive....” The plans of engineering and the test reports
may very well have to contain metric provision if, indeed , metric or
customary spares are unavailable or difficult to obtain.
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AR 70-2: Research and Development

Materiel Status Recording

AR 70—2 is a regulation which “assigns responsibilities and pre—
• scribes procedures for the uniform recording of decision and actions

pertaining to research and development, test and evaluation , type

• classification , supportability and associated activities related to
the acquisition and management of items of materiel , including off—
the—shelf equipment for the U. S. Army.” The Chief of Research ,
Oevelopment and Acquisiti on will have overal l Army General Staff
responsibility for supervising the recording of materiel status
decisions and actions and in this area , the new measurement system
will probably require note. The Comanding General , U. S. Army
Materiel Command must , according to AR 70-2, “Establish and maintain
appropriate records that will give a chronological , comprehensive
and official history of each research and development project and
i tem of equipment. When a component becomes metric dimensioned ,
this will have to be noted in the record as will the effect of
metricatiort on any R&D project.

AR 70-17: Research, Development and Acquisition

System/Program/Project/Product Management

The objectives of AR 70-17 are to “emphasize the management of and
allocation of resources (personnel , funds and facilities ) to those
programs that are most cri tical to the nation ’s defense posture or

- 

• 

most costly to the Department of the Army” and to “strengthen manage-
ment effectiveness by establishing procedures for the use of small ,

• centralized organizations which intensively manage the development,
production , Integrated Logistic Support (ILS), deployment and
materiel readiness of single items, systems, or a l imi ted number of
related items or systems, In the most efficient manner and wi thin
approved schedules and the resources available. ” Responsibility for
carrying out the instructions of this AR lie mainly with DCSRDA . He

p 

must nominate DA system coordinators to act as DA points of contact.
In as far as metricatlon is an issue in the “development, production

K-18

- _•• S •~_•S._ — —

• • S S - • ••~~ ’ ~~~~~ ~ ~ - 
I



- ~~~~~~~-
- -  - -

~~~~~~~~~~~~ •
- 

-- - ---~~~~~~~~

and Integrated Logistic Support” of a system, DCSRDA must carry out
his supervisory function in AR 70-17 in the light of his AR 700—1
mandate to approve and promulgate overall Army policy on conversion
to SI. He must review the submission of proposed Program/Project
Manager charters for metric impl ications or their Insertion where
appropriate. AR 70-17 refers to the ODP and DP (AR 70-27). These
two documents have already been discussed and the importance of
their review with the advent of metrication must be emphasized .

The documents ROC, LOA and ODP are referred to in AR 70-17, as they
apply to a Program/Project Manager. One of the documents is his
charter and where metrication is involved , it should be emphasized
again that these documents should clearly state its impingement.

‘S 

Paragraph 18 of the instructions for the Program/Project Manager
deals with his responsibility for reviewing Military Specifications/

• Standards requirements. This will probably be a follow-on of
DARCOM ’s review of standards and specifications which will require
metric adjustment.

I
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ANNEX L

PROJECT MANAGER’S CHECKLIST

Introduction

As a part of the most log ical least cost strategy of metri c conver-
s ion , this study proposes that the Army emphasize the provision of
AR 700-1 which prescribes mandatory consideration of the metric
system for all new designs . Rationale supporting this emphasis is
provided throughout the report.

While this report also recommends proceeding on all fronts at once,
there has to be a beginning point. There has to be some way of
establishing criteria , of determining where the greatest leverage
can be applied , of recognizing the points of greatest sensitivity .
The criteria of AR 70—17 establishing those systems whi ch are

• Important enough to require project management can act as a screen-
• ing device to determine where priorities lie within the development

of new designs. Those items important enough for project manage-
ment should receive more intensive scrutiny. It fol lows then , that
the DA Metric Office should work intensively wi th project managers
to achieve metric conversion . The purpose of this annex is to help
provide a foundation for that cooperation and suggest actions that
project managers might take to achieve maximum least cost conversion .

Background

Neither the Army, nor even DoD, can Infl uence U. S. Industry at large.
The problem the Army will face at any given moment is to establish
the degree to which industry has converted and then reflect that

• degree of metric conversion in requirements or procurement documents.
Again , this concept is in complete consonance with AR 700-1. To do
otherwise will necessarily Incur unnecessary costs.
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There are two possible exceptions. One is that DoD; hence DA , will
probably be willing to bear a share of unavoidable costs connected
wi th conversion . Points for particular emphasis here are the rapid
conversion of specifications and standards as well as adoption of
standard fasteners.

The other exception lies in the program for rationalization , stan-
dardization , and Interoperability . To achieve these goals , the
Army may be willing to incur additi onal costs. At the present time,
it appears that the importance attached to these objectives is so
great that necessary metric conversion will be forced almost without
respect to costs. Recognition of this motive and prior planning can
at least help reduce the penalty.

Further, It should be noted that there is a general trend toward
metric conversion in U. S. industry where exports or other inter-
national interests are present. To delay conversion in these
sectors may induce cost penalties . This point relates back to
keeping in touch with industry.

Finally, life cycle costs must be considered. Initially higher
costs for conversion may be offset by longer life and longer main-
tainability . Cost considerations are developed more fully in the
main body of the report.

Plan of Action

To reduce these general considerations to a plan of action , the
following project manager ’s checklist is provided . With the
detailed management models provided by the life cycle model and the
integrated logistics system, no attempt has been made to develop
yet one more system of management. The effort here is to relate
to those models and specify a possible framework for adoption of
metric design.

Checklist

1. Consider metric design In an explIcit manner at each
decision point of the management models.

1-3
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2. Prior to release of requirements documents, make a
go-no-go decision on metric content. It would
appear that new designs are most sensitive to metric
conversion up to the point of release of require-
ments documents. Afterwards , change orders or changes
in requirements will cause an unnecessary i ncrease
in cost. Here are some ways the project manager
would determine maximum no cost metric content or
justify funds for achieving metric conversion goals:

a. What is the current status of sped —
fications and standards? Will the
expenditure of funds result in a
more rapid conversion of specifica-
tions , standards, or fasteners there-
by lowering overall conversion costs?
(Note: The more rapidly complete
conversion can be accompl ished, the
less the overall expense. See main
body of the report.)

b. Are RSI interests great enough to
justify some conversion costs?

c. What Is the current status of industry? •

(1) The project manager could
consul t wi th the DA Metric
Office for current information
and status of the Army’s metric
conversion plans .

(2) The project manager can identify
those sector representatives who
would potentially have the most
current knowledge concerning
industry conversion. Then in con-
nection with the DAMO, he could
contact these representati ves for
specific no cost statements con-
cerning maximum metric content.
The greatest benefit would be
gained by bri nging these repre-
sentatives together for a face—
to-face meeting and Interchange
of opinions .

— (3) As an alternative which would• perhaps be more attractive, more
timely, less costly, and more
efficient, the project manager
can simply require Industry to •

L-4
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state the degree of metric
conversion it is prepared to
undertake in responding to an
RFP or other similar document.
This could be made a point of
evaluation of the proposal .
In addition , if funds specifi-
cally earmarked for conversion
are available , the project
manager could specify incremen-
tal increases. It is suggested
that this latter idea be re—
served only for high priority
items .

3. Conduct a survey of potential suppliers prior to
release of requirements documents both for degree
and manner of expressing conversion requirements.
Ensure interchange of conversion plans with poten—
tial suppliers .

4. What are life cycle costs of differing degrees of
conversion? Again , knowledge and opinion of
sector representatives will be required .

5. Have potenital benefits been identified?

6. Is industry production capability sufficient to
-

• provide the quality and quantity needed?

• 7. Are metric requirements to include provision of
special tool sets, test equipment , and color
coding of hybrid parts reflected throughout the
system? Have other system considerations such

V as training and supporting stocks of parts been
fully considered .

8. Consider dual dimensions , soft conversion .

9. Consider possible impact on delivery schedules .

10. Has top management stressed conversion?
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ANNEX M

RECOMMENDED CHANGES TO AR 700-1

• Chapter 7 developed a normative Army metrication organization to
accomplish the Army metrication mission and metrication objectives
(given in Chapter 2), and to support the recommended metricatlon
strategy developed in Chapter 5. This normative organization was
compared, in Section 6 of Chapter 7, with the current Army metrica-
tion organization as published in AR 700-1. A number of structural
discrepancies were identifi ed in this comparison. Proposed changes
to AR 700-1, to deal wi th these discrepancies, are given below. A
revised AR 700-1, incorporating the proposed changes, Is contained
In Appendix 1.

P”oposed Changes to AR 700-1

- 

AR 700-1 1
Page Paragraph Recommended Change

1-2 1-5a(3) Delete —

l-Z l-5e(1) Delete and substitute therefor:
“(1) Establishing a central Departmont of the
Army Metric Office, designating a Department
of the Army Metric Coordinator, and providing
other appropriate personnel to staff the DA
Metric Office.”

1—2 1—5e(2) Delete entirely

1—2 l-5e(3) Renumber 1-5e(2)

— 1-2 1—5e(4) Renumber 1-5e(3)

1—2 l-5e(5) Renumber l-5e(4) and add: “...Group with
responsibilities for developing and recom-
mending to HQDA, Army pol icy on conversion
to the SI. This is to be done in coordina—
tion with the Chief of Engineers ; and the
Commanding Generals of the U. S. Army Train-

• In g and Doctrine Command , U. S. Army Forces
Command, U. S. Army Communications Command, • ‘-

and other major field commands.”
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Page Paragraph Recommended Change

1—2 l-5f(3) Second word: delete “thei r” and substitute
“TRADOC” therefor.

1—3 l—5h Add new paragraph :

“h. The DA Metric Coordinator is responsible
to the Chairperson , DA Metric Advisory Group.
The DA Metric Coordinator , heading the DA
Metric Office, has responsibilities for:

(1) Developing , establishing , and
maintaining , an Army plan/
program for conversion to the
SI.

(2) Reviewing and evaluating the effec-
tiveness of Army-wide metric conver-
sion efforts, identifying problems,
and initiating and/or recommending
corrective actions.

(3) Providing for coordination with other
military departments , the Defense
Logistics Agency , and other Defense
Agencies to ensure Intraservice/inter—
service compatibility and maintaining
an integrated , cost effective DOD
program for conversion to the SI.

(4) Providing the Army member to the DOD
Metrication Steering Group.

(5) Providing the Secretariat to the DA
Metric Advisory Group.

(6) Arranging for DARCOM or other major
field commands to provide Army repre-
sentatives on DOD, Federal Government
and/or Industry task forces, boards ,
or commi ttees on metrication projects
or operations to develop policy ,

• standards , specifications , or regula-
tions related to metric conversion .

(7) Coordinating metric activities and
providing advice on metric conversion
within the Army.

(8) Providing technical information and
assistance in support of Army-wide ‘S

metric conversion activities . “

C-

~
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Page Paragraph Recommended Change

A-i A—lb. Renumber A-lc and insert new paragraph :
‘b. Develop and recommend to HQDA (Deputy - 

-
Chief of Staff for Research , Development ,
and Acquisition) Army policy on conversion
to the SI.” ~- 

-

A— I A-2a(l) Delete; renumber paragraphs (2) through (8).

A—i A-2a(9) Change to read:

“(8) The DA Metric Coordinator (provides
Secretariat).”

1 -
I
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Alt 701) I

Ait~iy R:t ~ut..~T1O~ .)E1’AWI’.\IEN’f OF TIlE A I L \ I \
No. 700— 1 - W A ~ III \GT O ? , DC

LOGISTICS

Army Convcr~ion to th e Metric Systcrn of Measurement
(Intern at ional  System of Unit s (SI))

This r~gula1ion es€ablishc~ poUck ’s and responsibilities for Departs rzcnt of the Army concersion
to the Metric •S’yste,n of Jleasurement (In lernatiwur t System of Units (SI)). Local limited
supplementation is permitted , but is not required. 1, supplements are is3ucd, Army staff
agencies and lzuTj or Ar :iiy conurr an d.s will (LirnisIL one copy of each with in  60 days from date
of publication to HQDA (D:13L-1—PPM—)I) WAS!! DC 20~7l0 and D.I1~CO3! (Dl~CQ.i—L’ C’~ 5001
Eisenhower .-Ircnue , .4lexandria, Virginia ~23~~; other coni:nands will furnish one copy of
each to the next hiqher headquarters.
CUAZ-II~I~ 1. GEsr .n.~L  ,

~~~
,,,,,,

B~ct~~~ountl — 1—i
Purpose 1—2
Scope 1—3
Explanation oC terms.... . 1—4 r- 

— __ .
~~~_ 1—5

2. POLICY FG.,ner~
j  — — _~~_- 2—1

De~i~n 2—2
Acqtii~ition —  

_ ___
~~~~~ 2—3

~~~~~~ di’~ins 2—4
Tccl,uic.ii d~cumcnts — 

ro~rawin~ and budgeting .~~~~~~~~~~~~ 2 —es

SpecU icat ioit-i and ~tandards 2—7
Training — — 2—s
Dual dim.’n~ionui g 2—9

Amxn&x. TIlE DEPARTMENT OF ARMY METRIC ADVISORY GROUP

I
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GENERAL
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b. Dt’par tn t t ’itt o f I )t• 1t ti ~.c l)it ’ec(i~ a [l~O.iS, 11) 1 iOfl of t (~t flt5 wi ll tt [) [) l y U) th is L’vgulation

Det:entbt’r lint . U~c of tIn e Met rk Sv:~t ent o f a. (.‘Su~ toln ?l ’u Sf/ -~l~’flL of ~~~~~~~~~~ The
Meiz.suz’emciil c~tahli.he.l pf)Iicir~ for t h e  us e  of inchi—potini l  ~‘y~ t e t t i  tI)I’Ot e L l V  na~l cu rren t l y  used
the Internal luntu l Sy~teni of Units (SI) wit h in in (-lie I oiled ~ LaI iS  ( b i t t . tti t ’!i. pound. iinr’~c.
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converted or are platinin -r c’utvet ’~,ion front t h e  US ~ T) (k’~’S’i’th)l’d it t  .~ n u ’riettit 5ot~ietv  for Te~tin~ and
cu stonta rv in ’S- ht — i ) outtu. i  i asaretn ent s~ st euut to the Materials (ASTM) E:~Si) Starr la~d for Met-n e
SI. The Department of Defense must be able to 1’VOI~tiCC. (nthaO tiuiiihei’e&L SN~ I ( erican Na.
a.~t’ept ~uch coriver~iott with n u in j i n t i t u  co~t anti ~~~~~~~ t~oita l St andards Inst itut ~.) Z~~O.l) and IEEE
riupt ion of operations. ( Institute of Electr it aL and Electronics Engineers,

(~~ ) t’~ of the SI ~rih1 hel p fi)— ki’ :uutilni ’di— ~ tan( 1artI ES). of the issue listed in the DOD In—
zat ion with our allies and thus pr ’)nrnte inti ’t’ - d~~~~~ of tho anti Standards.
c n ~ t ’al ,ihj rv and int e ropera idh it  V. t ac i l i t a ta  j o int - c. .lI et, ’.catwa. I he act of m ’rc a~ tng u~c of thu ~
military produc etont [)~~~~~~~~~~ 5, 3Zt (L ~~~~~~~ 

f y ~~p— Iift ( [‘IC systelui of nwasurement .
n lv onerati ”ui ~. d. Hard Cont ’v’rs~on. The proce~s of ehangiuigcustomary nicasiu rement units to non-equiva~ent(:;‘) Cousuderiuton of nuct t ’ue u~age is e~pecrnl— . . .

- . . - - metric units whieli nccessitate~ phv~ ca I conlun-tu ’a_
a pprnp r tat t’ to t h e ik’—i ~~uu of new Dttp~U’1ZtueILt of . . .- 

- twa changes outsule tho-e pcruiittcd by c~t ab.Defenso m ateriel wh ere metric i rodncts ate ex~ lished measurement toicramiecs . Aithotinli this tarotpected to be in coiniunu mt—c at 11w t u n e  of produt’. . . . . .is an general use, it is tecluucallv incorrect wlteuituon release. 
, . . app lied to specific items because no “conversion”(4) Generally , ii us recognizeul that 1tt(ks ~1vy takes place : rather, a new metric itent (requiringwill take tue lead in the changeove r, and that . DOD a new part identification) is designed/created tocomponcnt.s will keep pace by adopting conirner- rep lace the custom ary item.chilly available m etric iteuims wherevet ’ e. 000ufli- e. 11yb~’id .lletrk. Con.f gured in both metri c andca lhw ant i. ta , :hrn tcalh v i~iucticnbie. eun ~touuirv wilts of ineasu etucut .

1—2. Purpose. This m’~gulati on— 
~~
. co o’e, ’sio,m. The pt’oce~s of chang ing

it. I’tv~~rui~’s pohietes for .~niny eonver ,tnut  to eustOhttIt i’y un its of mea~ureinent to equivalent
the ~ I. inett ’k utu i t s  wit luin acceptabl e measurement toku’—

Z’. As.igTN n’~[moii ~il ih i t ies for uhit ~’et ion , utmil— anees without changing th e phuyi . ka l conl~guinm t ion.
ngt ’min ’nt. an t i  n~x ’nti ion of tin . A t’103’ en itvei ,dott 1~. . llesh,onsihiihi(ies . a, ‘I’hie I)t ’p iir v Chief oh’
to (t ic SI, Stalt fin’ fl”~’’ar di. I ) eveinptIILtkt . atui l .~.‘ij uu i ’ i t i i , t u  

—

~~
. Iotp h’ itu ’ncs l’ tth , lic Law 91—!  ii~’, 2J Decent— is i’c— pitn.— s b ht ’ for—

h n r I 9~~, The ~tktr ic  ( ‘~mvi ’i’~i~m .ti ’t of 1~17~, and ( I )  A ppi’t~~:t h nuin t  !t1’t t t t1 uI
~t~It km of ‘it t ’u ’a  I I

I)”pnrtiuvnt of 1)u ’fetm ~’u~ I)ire~:t ire 4h~O.1S, 10 . t rr t iv  in , l ’uc .v on root en dun to the sr.
J )cco,t,bc r 107G, l~~c of thu  Mel uk  System of 

~~~i) General staff supervision of th e it t i t th t ’ .
~~~ ‘ure t iten t . Itl e t I t a l  ion of ‘—,i , ’ lt polkies hr ti te i , laj n r  Ii. ’l.l t i O t i —

‘I’ .’ I i.I~~~~. I ~t 1—i
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AR 700-1.

mand s (In coordination with the Deputy f. The Commanding Cencra1,~ US Army Tra in—
Chief of Staff for Logistics and the comp ing and Doctrine Command (CC Tr.ADOC) is reiiponai—
troller of the Army). bic for——

(1) Providing tr aining on the u~ c of the
b . The Deputy Chief of Staff for Logis— metric sy sicun of meas uremen t .

tics is responsible for—— (2) En5uring that all require ment docu—
(1) Approval and promulgation of ments clearly sç’cci[y operation-u i requir~~i :i~the logistics portion of Army policy on that  may in f lu ence  the deci,.ion on wheth erconversion to the SI (In coordination with materiel will, be designed and configured to thethe Deputy Chief of Staff for Rceuarch , si.

Development and Acquisition) . (3) Converting TR.ADOC materiel and acti—(2) Providing princi pal and alter— vit ies to the metric s~’stem of measure ment in
mate members to the DA Metric Advisory accordance with the policies expre sacd herein and
Group. in general compli ance with schedules established

c. The Comptroller of the Army is re— by the Army metric conversion plan.
aponsible for—— (4) Providing, upon request from the

(1) Providing policy and guidance Central DA Metric Office , manage ment indicator
to DA Staff agencies and major field con— data that is required fnr ovcrall analysis of
stands on program ming and budgeting for the Army metric conversion efforts.
resources required to support the Army (5) Ensuring that required met ric t~” ’

metric conversion effor t. and/or test equipment is available in thc
(2) Provid ing principal and alter— prior to issuing metric materiel to troc-

mate members to the DA Metric Advisory (6) Providing principal and citcl ,&atta
Group . members to the DA Metric Advi sory Group.

d . The Deputy Chief of Staff for Opera— g. Theater Army Commands; The Commanding
tions and Plaits; The Surgeon General; and General , US Arr’.y Materiel Development and
the Chief of Eng ineers are responsible for Readiness Command; the Chief of Engineers; the
providing principal and alternate members Contianding General , US Army Communications
to the DA Metric Advisory Group. Command ; US Army Forces Command ; Surgeon General;

Chief of Army Reserves and ~.utional Guard as
e. The Command ing Cene ral , US Army ~~~ applicable to the assigned material mission are

ten d Development and Rcadinesz, Cer.:mand is re~ponsiblc for——
responsible for—— (1) Converting their materiel and acti-’

(1) Establ ishing a central Depart— vities to the metric system of measurement in
ment of the Army Metric Office , des ignating accordance with the policies expressed hereina Department of the Army Metric Coordinator , and in general compliance with schedules
and providing other appropriate personnel establish ed by the Army metric conversion plan .to st aff the DA Metric Office. (2) Providing, upon request from the(2) Evaluating new or revisec~ DOD , Central DA Metric Office , management ind icat ’:national and/or international standards data that is required for overall analysis ofusing the SI for Army adoption aid recom— Army metric conversion efforts.mending appropriate action . 

(3) Providing , training, as required ,(3) Managing the program for con— on the use of the metric system to their manage—version of military specifications and ment , scientific , technical trades , and ad—standards , for which the Army is the ministrative personnel who will not be trainedAssignee and/or Preparing Activity, to the by the TRADOC schools.SI (AR 700—47). 
(4) Ensuring that required metric tools(4) Establish Ing and chairing a and /or test equiprent is available in the field• Depart ment of tho Army Metric Advisory prior to issuing mctric materiel to troop utnits.Group with responsibilitie s for developing

and recommending to UQDA , Army policy on Ii. The PA M etric Coordin ator ic rcnpoa—
convers ion to the SI. This is to be done sible to the Chair~ernon , PA ~-:~tric Ad v t~ ary
in coordination with the Chief of Engineers; Group. The IVt ~ctric ~oord!n.it.or , hcad1 t ,-~and the Commanding Cenerais of the U~ S~ the DA M etr ic Offi ce , has rc~i’onaibilitI~ a
Army Training and Doctrine Command , U. ~ for:
Army Forces Command , U. S. Army Communica-
t ions Command , and othe r major f ield com-
mands.

1—2
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AR 700—1

(1) Developin g , establi shing , and (4) Providin g the Army member to themain taining, an Army plan/ DOD Nctrication Steering Group.
program for conversion to the
SI. (5) Providing the Secretariat to the

DA Metric Advisory Group.
(2) Reviewing and evaluating the

eff ectiveness of Army—wide (6) Arrang ing for DARCOM or other
metric conversion efforts , major field command s to provide
identify ing problems , and Army representatives on DOD ,
initiating and/or recommending Federal . Government and/or
correc tive actions. Industry task forces , boar ds, or

committees on metrication projects
(3) Provid ing for coordination with or operations to develop policy ,

other military departments , the stand a rds , specifications , or rer’i—
Defense Logistics Agency, and lations related to metric cor.’.other Defen se Agencies to

- I ensure intraservice/interservice (7) Coordinating metric activiti-~compa tibility and maintaining providing advice oa .aetric conver— -~ -
an integrated , cost effec tive a b a  within the Army .DOD program for conversion to
the SL (8) Providing technical information and

assistance in support of Acmy—vide
metric conversion activities.

A —
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POLICY

..~— l. (
~t ’ne,a I. I’.’ I ~, ts’ — .i . toil It It ,’t ’ t ’ iti V . t’I’ ,’ * ‘.—i ~t I” :,tit l t1ee

~~ lit:uI.Ie . Mat ‘a i e l  C ,,u1nitIe,tt~4, p~i ti 
... ~.uI,. A

Ii ,li u~t L ),~ L)u.tu.u~ttueut oC 1)cfemnw t)ivrcttvu I h .~O.1S. a.s~’emtiblie ~. and ieitmiftd ,r icatett ittater jah~ wlij t h
1’’ 1 )u ’~ eitil .u ’r 1~’7d. U~’ of the Mu’t n c  Sy~— iesti of si-c of ~onu,iit’rt tat utt’’igut will l~e ~~‘t~iLIeut itt mut’trie

for (liii foritu i i i ip lu t u u ’ n t a t  iotl by rit e units only whout eeoflO ltIiv ~t liv available :tnd tt’rIi.
I :t rv I )t j ..u Li uteuui ami t)( 11) .~geiu ’iu’ —. nicaii y •idu’ i1tinti . (‘I’ when it i— ti t Itet’wi t’ ~peci tiu~:i I Iy

a. Tue Depnrti ne’tit of the Anny will coitaider determined to be in the best interest of tbe 1*-
it—u ’ of the m etric system in :uIl of it~ activitie S partituent of _tnuv. J~uIk ntateri.ils will be i.peci.

consistent with operational, econot uutcal , technical, fled and accepted in metric units when it is
a flu I ~ n fety requl rwnents. expedient or economic to do so.

is. The Dep artm ent of time Artuy will let 1fl c. Where m etric and cu~totutary US it~nu~. wi l l
d im— try t ake t h e  lead in t h e  COnVe rSiOn , however, be used together , physical and operational inter- A

tI~.’ .~i tmu y l liuii :ituul ~.elicdiulc for eotuvt ’r~.uon will laces between the items will be designed to ensu re
be closely eoordin a ted with industry to ensure that that m t  changeability nnd i.nteroperabilit .y wil l
ft knowledgeable lead is ta ken and costs to the not be adversely afFected,.
Department of Army are timinimized, 2—3. Acquisition. When purchn~ing new equi p.

c. Wh en it is determined that use of the m etric memut, Army activities are encouraged to specify
system in new designs is not in the best interest features which wiU allow direct measurement in
of the Dcpartnient of the Army, based on opera- t .ms of SI units or both SI and US cnstoninrr
tional, economic. technical or sa fety consideration s, unit s. C~e of conrer.Aion kits is ai~o enrmura~ euI .
j ii~ti ti cat-i~ n for retaining customary uni ts will b~ ~~~ Existing designs. Exi?t in ir (leoif ns tl irnen -
provided. 

. sioned in US customary units will be converted
— ri. In ~c’ne-ra.l , the metric system will be adopteul 

~~ ~~~~~ tuui t ~ only i.f det eu’nmined to be net’t’- -afor t ime following: 
. or advant~igeous. Uimnec.u.~carv ret rofit of ex ist i mmi ~(1) Where there is a specific zn.tlitary need , systems with. new m.etvie components will lie

• such as for materiel to be used 3omntly with NATO avoided where both the new motric and exi- t i i tu ~an t  other allied nations. 
. units are intcrrhanru’eai,le and interopei~iIsl e.

(~~ ) 
Areas where mdustr’ has made ~~~~~~~~~~~~~ Xormau y. the svsteni of measurement in which ancant progress in metr ic conversion, and production item is originally designed will be retained for tiw

fimemli t -iu ’~ are available. 
. life of the item.

(3) Areas where defense.:ndustry piepa i-i’d- 2—3. Technical documents. Teclimuieni i’.~p”rt ..nes.s or defense production readuness mumm y be studte ~, an ti position paper~ (oxctpt- those 1.t ’rtai:m-en lanCC~. , ing to items tiii netu -io,mtu l in US cu~~t ot 1iat~v u t t i t m u )
• (4) Other areas which offer an eConom ic. .

- . ,
, , - wtll incl u de mmiet t ic u nits of nmeft sunu tmlelt * iii ~nl*1 I —operational, or other adm’antn~c. or wluu’u I ,O ulti — . , , ,tuon to (in pareuthe.—isl ni’ t t a  hen of I ~“ r t m M c , m i n t  i vadva nt a~’e u~ incurred. . . - ,

- units. With i’e~-pec t to u ’ x i — t i i t ~~ r . ’ i i ( i - , te t— , I l i i— Ly-e. In prepar ing for Arm y and or Ih ’ft ’iu ~~ Srg- .

Icin g Acqmm isit ’mon Review (‘oumu’il (_ t.$.~ftC and! qumirenwn t appltt ’e only if &uielt tluwutnen t uttio n can
or [)SAl~C) revie.w~, Arnmv proponents wil l  u ’im ~utre IN.’ n),tatiteil n’ithoiit u n  ulwre a -e in contr a ct- costs

i hat tIn’ ,~ ‘ ,\~lU .’,I)S.~1~( ;mtti i :u ,.. .w ’inh ’,l I )i~ ’i..ii, it 2—6. rrograr .uuig and budg ettn~ . Pr rn ,muii , t ~
( ‘nordinat itig I’apers mu ’ klru’~ the use t i C  lutt •I t i ~

. a uuil I ‘uuthz’ i i u , ,~ ~~i t  t in t s uu it uneltith’ ~t’~.imiti-i.s n~
units of ,iiu ’nsuiventu ’n t or provide i~’:mson~ fo~ tl ut .jr quireil ti, ‘—tt I~tH~rt th uct .~i’muy ciFoit in convert mmmii to
nonuse ~~ t. u—e or n u t  t - m . - nit i t — , I —.‘ of titu’ titP t tIC SV~ t ( ‘l it

2—2. Design. a. (‘ua —i u lu m’;ui h.ti t i C  t h e  u~~ or u il l l,~
. i li’tat ili , ’uI anti I s { attuuu’iI  so i i,at e~i— t eami Is’

i. .~~t tie su~ u’mit is n :anda I orv ft mr al l  new ult ’~ ~~~~ i i i’  ‘lit. i, -. I iii i I t , ’ I .ut~ ci (p h n i t  i ‘tile r!y I a— i— .

b. During the mnu’tric transition phase , hybrid 2—7. Spe citk ntion ~ and stand ar ds. a.
mini ri. altit I ~~ .im— $ . , t tmrv  tL . .;gtt. wil l l~’ nru’u’..ary at vt’ — ‘‘I’ ilto I iu ’p ai tiiii ’iut f . f  .~ t I i t ,% WI ))  ~‘uttli ~ -

r .t. ~’. ~~~~~~~ 2._i
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patit in the h’m’~.In1~n 1~~t of Ifl )D , fla t iottal , ami data. Witt’~ (- lie itt’rn in qtie~t ion k a mniUl :tr ii . r ti mi t t ,  u t t a t 10mm I •~t .~~t i-i l~ m t — i  img t Itt ’ Ii me t fl~~ ~~~~~~~ ( ‘iii , ( I )  Wit JO HI t~ a culi In ita ’c ia I Culinte rp~ i t . I It . ’ ‘ i t’~ m i - i t tt Ii ~ exte nt  iumih. ’atptl liv .~~ rm m’ it th ’rn —t . t ~st’ ol’ (lii’ :t . ’ t i i - j f ~ wi l l as~ t tim%. ’ a k:ulet ’—h m j 1, ilJlt ’ i i i  tl. .~ ~~~~~p•1 itteritat u ’iml ~y~t ’mut of Units (Si) ,  in lieu of nt euit  ‘‘1 tIn ’ :tpplieahk . t t t t i  n e  d ’’ctuneitt ~~ tin ’ i,, ;’tIot her ittet tim-’ —yst t ’ t i  uS lim iT. .  i t t  l y in t t — i’. in I I I ‘.‘ n. I r ma . au  ~~~ta t,’. I heY A t’i isv fl ’h )it ”~. utI :1* ~~~~ ~.I~’ut m ’~—I ZIh)L&’ditl ti! ?—~~, ‘Fm’aining. T r a i u mimu g in hl ie th - i t ’ ~~~~~~ ii’t ’~ :iit .lagt’cemiments anti iu)tei ,tgt inu tal ,t :imitI :u ’d~ for iti lh i ’ 
~ saire tri ll lict pruu ’oh ’-~f. as ri ’qitireil, to t hit~.. i~~r~

t mirv an d einuirnt .ii ’j aJ eqti I J H , l t ? t I .  X.ti’() aitti othittu ’ 
~~~~ it-lut ,m, dit f ~~ I’eq ttii ~ smu ’ h kntiicli’.hi~-.iiLtcI’tRl tt 4) iut l hlte l tic ~t at mthu ’it s n-ill be u~eiL to tIi~ 2—9. Dual dimensionj~~, Use of dtm a I t i inu ’n—j i , , isn lux iniu n u prac tica l ext ent. I however, if a I’~ • .

~ i.e., both l1Ieti’IC ailti L~ eu~~t .) t t ta r rm’is e.~tmul ,lushec~ with ~~rcater definition , , , ,-
‘ . . . tnt di-air iiuiis will be avoided iuile~s it is deternunodand rest r ietwn than a pr evai ling muter na tuonat

standard, t -lmeU3Stan ,l~~~h ‘mc ii i app ly. iii ~~~~~~ instances that such usage will bi bcne.
3. Emphasis will be placed on keeping paee witim licial. h owever , ti m e ut~c of Ltbl~~ on the d~~u:neittthe couvcrsk.n or develop m ent of s~~t~iZkatl oims . tO tratms1~ite thntcztsions fruni one sy~trnt of mea.~standards, and other gent ’ra l pmu’pst.e technica l urenm.nmt totho o t l nrj ~~~~~j mt~~~~
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APPEND IX

TilE DA METRIC ADVISORY GROUP

A—i. Purposes of the Metric Advisory Group

a. Pe riodically review and assess Army policies, procedures ,
and plans for conversion to the SI.

b. Develop and recommend to IIQDA (Deputy Chief of Staff for
Research, Development , and Acquisition) Army policy on conversion to
the SI.

c. Define specific goals and establis h direction in order to
promote and attain the Department of the Army’s overall metric conver sion
objectives .

A—2. Memb ership . 
-

a. Membership in the DA Metric Advisory Group will consist of
a principal and an alternate frets each of the following DA Staff  elements
and major field commands :

(1) Deputy Chief of Staff  for Logistics
(2) Deputy Chief of Staff  for Operations and Plans
(3) The Comptroller of the Army
(4) The Surgeon General
(5) Chief of Engineers
(6) US Army Materiel Development and Readiness

Command (Chairperson) -

(7) US Army Training and Doctrin e Command
(8) The DA Metric Coordinator (provides Secretariat)

b. When selecting members of the Advisory Croup——

(1) A reasonable degree of permanency will be considered
in view of the long—term effec ts of metric conversion.

(2) The names, loca tions , and telephone numbers of
principal and alternate members will be
furnished to the Chairperson of the group and
any changes will be reported promptly.

A—3 . Other Participation . Attendance or participation in the activities
of the Advisory Group by Army commands , agcnc ies , and act ivities ;
other military services; DOD and nonmilitary Government agencies ;
educational , institutions ; industry ; and private consultants will
be as required . Attendance and partic ipation will require prior
approval of the Chairperson , Metric Adv isory Group .

A—4. Meetings. The Metric Advisory Croup will be convened at the dis—
cretion of the Chairperson.

A-i
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