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ABSTRACT

Conversion of the United States military to the International System
of measurement units is in the very early stages. Little formal planning
has been done to articulate the management required to complete the con~-
version of operational Army and Air Force units. For those operational
forces itasked to provide continuous combat readiness throughout metrica-
tion, management problems associated with the conversion are particularly
difficult because of the nature of these assigned missions. This is the
case for the 82nd Airborne Division ready brigade force (DRB) and the
Military Airlift Command (MAC) strategic airlift system operating the
C-141 and C=5A aircraft.

Adequate treatment l;i;etrication management depends upon thorough
preplanning and skillful res;urce allocation. This paper presents a
descriptive and a graphic model for management of major events in the
changeover process in the DRB and the Ce=141/C=5A system. It includes
major personnel, hardware and interfacing considerations which will be
critical to both combat readiness and optimal measurement system conver—
sion.

Investigation shows that metrication of these forces within pre-
scribed readiness constraints is feasible but willl require centralized
management and highly decertralized execution of many conversion activi-
ties. Auccessful integration of military metrication steps to match the

pace of non-military conversion activities and thorough preparation of

small unit leaders will be key factors in conducting an optimal conversion

program.
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K{ ABSTRACT

Conversion of the United States military to the International System
of measurement units is in the very early stages. Little formal planning
has been done to articulate the management required to complete the con-
version of operational Army and Alr Force units. For those operational
forces tasked to provide continuous combat readiness throughout metrication,
naragement problems associated with the conversion are particularly difficult

because of the nature of these assigned missions. This is the case for the

82nd Airborne Division ready brigade force (DRB) and the Military Airlift
Command (MAC) strategic alrlift system operating the C~141 and C-5A aircraft.
Aequate treatment of metrication management depends upon thorough
preplanring and skillful resource allocation. This paper presents a
descriptive and a graphic model for mantgement of major events in the
changeover process in the DRB and the C-141/C-5A systém. It includes
major personnel, hardware and in‘svfacing considerations which will be
critical to both combat readiness .id optimal measurement system conversion.
Investigation shows that metrication of these forces within prescribed

readiness constraints is feasible but will require centralized manageament

and highly decentralized execution of many conversion activities. Successful

integration of military metrication steps to match the pace of non-military
conversion activities and thorough preparation of small unit leaders will

be key factors in conducting an optimal conversion prograam.
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CHAPTER I

INTRODUCTION

Concepts of measurement are basic to all modern societies and most
primitive ones. While measurement itself is seldom a subject for general
discussion, several segments of the broad topic receive heavy emphasis.
For example, much attention is given in the educational process to profi-
clency in performing arithmetic operations in units such as inches, feet,
square yards, dozens, acres, pounds, and bushels. Sclentific nersonnel
and industrial organizations devote significant resources to measuremunts
and increasing their precision. 7This refinement in exactness improves
industrial efficlency and refines and expands sclentific knowledge.

A pertinent historical dialogue has been recorded on the 1ssue of
defining and adopting an optimal system of measurement units. Use of any
particular measurement system has an extensive impact on the entire social
body. The measurement system becomes as essential part of the expression
and language of any people, and may te an asset or a llability as the
society strives to meet whatever sociological goals evolve within the
cultural framework. Most traditlonal measurement systems are evolution=
ary in nature and charge only slaly to meet the demands of technological
change and new scolnl coguiremeaus. The relative sepscitiss of the English

and metric systems to meet current needs in the United Stetes are under

extensive debate as the nation moves to conversion.
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Measurement Systems in the United States

The United States of America now operates in at least three different

measurement systems that are often integrated into one another. These are

the English system, the metric system, and the International System of Units

(s1).!

The English sytem was aptly described before the U.S. Senate in

September, 1974 asi

“.esthree thousand years old, coming about through all
kinds of rather crude and amateurish attempts at defining

standards, tut by guess and by golly and by chance and by
muddling, 1t has become a quite well defined system probahly
due, as much as anything, to the good efforts of the National
Bureau of Standards in the United States, the National Physical
Laboratory in England and the British Standards Insitution, all
of which, by the way, were formed during the first two years of
this century. The inch and the pound are ths heart of the

greatest industrial effort in the world...".
The Fnglisk system is wldely taught, accepted and used throughout the
UeSe, with most adult Americans having been ralsed and educated in this

system. In addition, anyone dealing with the nation's commercial Misi-

ness world or industrial sector becomes thoroughly conversant with the

system.
Simultaneously, the metric system is widely used in the physical

sciences, medicine, and hy selected industries. This sy=tem ho" & ivantages

of greater simplicity and manipulative ease than the Fnglish system, ™t
suffers from shortcomings described in the folowing summary:

"The metric system is certainly the junlor system, being
only 300 years old. It was estahlished and sponsored by
that great churchman, statesman, politiclan Rishop Talleyrand.

There were no controls on the system and so it became rather
prostitutedas time went on. Ita csystem, in fact, is almost as
awkward as the English system.™
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Specifically, Talleyrand's system as based upon the meter, gram and second.

In 1873 the centimeter replaced the meter as a base unit.b' The system

~ T

X !
| *.vegives rise to inconveniently small units for some important physical
quantities and 1s limited to mechanical units so does not provide for impor-

tant quantitles such as electrical and thermal units."

In the military a complex integration of these two systems is not un=-

common. Fur example, in fleld artillery disucssions, a classroom scenario

may express range in kilometers, tube size in both millimeters and inches .
(depending upon the specific piece), round velocities in feet per second,

and projectile siges in pounds. Alr Force aerial parachute delivery opera-
tions usually require the use of both metric and English systems ground maps,
; English system weather dats, nautical mileage aeronautical charts, English

5 . system measurement of drop errors. In such complex situations an individual
must be ahle to reason in more than ore measurement system or perform
mentally the appropriate mathematioal conversions or, as is most often the
case, fail to conceptualige the true meanings of the numbers being used.

; The third system of measurement is the International System of Units,
2 (SI) or "Le Systeme International d'Unites” as described in ASTM E3so-7z.6 _.‘

"The International System of Units (SI) was defined and given official status

j‘ : by the 11th General Conference of Weights and Measures, 1960-7 The United
j States participated in this conference and. adopted the standard system "
l“’ which resulted from the conference. Units of convenience such as the liter ; |
g are metric, but are not defined parts of the SI system.

|

Characteristics of SI

This system iz summariged in a special guidelines for use btulletin
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published by the Natlonal Burcau of Standardst

3 "The ST is constructed from seven “asec units for independent
k| quantities plus supplementary units for the plane angle and
solid angle. (See Tahle 1) Units fgr all other quantities
are derived from these nine units.”

TARLE 19

UNITS WHIOH FORM THE BASIS FOR THE SI SYSTEM

- - -

Quantity Name Symhol
ST Base Units

lengthesiesiossosrnsocnasianassmeter n
MASSesanesasscensasscrsnnssnssssskilogran ke
tIMeeecrersrrersessasnsssessesssSecond s
electric current.escoseesse e ampere A
thermodynamic temperature.......kelvin K
ammount of substanceesecesssrsocmole mol
luninous intensityescesesevcooosicandela cd

ST Supplementary Units
plane anflecsiessvesessesarasseradian rad
0144 Anfleseeesssvessennrsssssesteradlan ar
A1l seven tase units except the kilogram are rooted in reproducible
é‘i physi~al phenomena. This reproducibility is a particular advantage
1:3 wlithin the sclentifiec community because the bhase units can be repro-
‘;} duced anywher: in the world for calibration purposes at a relatively

minor cost. This is a specific and unique advantege in using the ST

system. The one exception, the kilogram, is based on a "cylinder of

rlatinum=iridium alloy kept hy the Tnternational Bureau of Welghts and
{ Measwres at Paris. A dunlicate in the custody of the National Rureau of

standarde nerves as the mas:s standard for the United States. This 1s

! the only hase unit still defined by an artifaot."lo Tuplication of g
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an artifact is only as precise as the equipment used to compare the original
to the copy. Therefore, in the case of the kilogram, opponents of conver-
clon to the ST system can correctly argue that the new systenm is not a
rarticular improvement over the Enelish standards in terms of accuracy of
reproducibility,

Derived units are formally defined and given special names in the ST
system. Selected derived units are shown in Figure 1 with their relation-

ships to the btase units. The examples chosen 11lustrate the capacity the “

ST system to satisfy many measurement requirements using a small mnmber of

inputs.
FIGURE 111
DERTVED UNITS WITH SPECIAL NAMES
2
Ri#s Untt 2 Pascal (N/m“)
o A
Length=neter Pre
m
Mass=kilogram Newton
kg
m/s
3 lfu F
' velscity acceleration :
-;. Tine=-second \,-.tj/] ' (J/s) 3
: : v 3
3 Pover &

E




3 1
f :
g. Despite the flexibility of derived units the exclusive use of the SI ;
E' system is 1nadequate. It does not define all the parameters needed to i
E |
i ’ describe the phenomena of modern societles. Therefore, selected units now ?
f ir existence have been approved by the International Committee of Welghts f
,; and Measures for continued use. Some are approved for use until a suitahle ;
% substitute can be defined and adopted. Others are approved for permanent ;
5% use because definition of a substitute is not anticipated. These include ‘é
-;1 both fundamental and common units of measurement. Fundamental units are ) %
; those defined in or closely related to phenomena of modern physics. Common }
%?{ units are less closely related to the world of physies, but are conveniently 2
?gl related to the size of the earth, the perlod of orbit or other well entren- é
‘ ched physical standards. Tahle 2 contalns examples of both fundamental and i
7{ common units which will continue in use after metrication. ?
3 TAILE 217
;El UNITS ATPROVED FOR CONTINUED USE ‘i
FUNDAMENTAL UNITS
i elementary charge Bohr magneton f
?i electron mass nuclear magneton é
‘ Proton mass speed of 1ight
ifj Bohr radius Planck constant :
f? Comptin wavelength of electron f
f COMMON UNITS k
nautical mile gallon
: 3

f knot curie

&Y 330 5
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3
angstrem roentgen ﬁ
standard atmosphere rad %
hectare barn :

day hour

: year

Proposed Use of the SI System in the United States

3

E- Conversion to the ST system of weights and measures in the Unlted

-

3

1 States has proceeded along two distinct and somewhat parellel paths. The
F

).

3l first path 1s, historically, one of public pollcies and debates on the

general characteristics of an official U.S. measurement system. Conversion

ZaT dNe ) S s

to a single standard system of measurement has been debated slnce the 18th
century. The recent development and relative strengths of the SI systeu

have caused a renewal of such discussion. Most natlons of the world have
chosen to use the SI system. As late ns Decenber, 1975 the Unlted States

and a few small non-industrial natlons were unique in the matter of having

no national policy for eventual adoption of the ST system on at least e

voluntary basis.13

A b111 in the House of Representatives (H. R. 11035) to articulate
national SI measurement was defeated in the House on 7 May 1974 by a vote
of 153 to 240 despite many expressions from the floor 1n support of such
a policy.iu In more recent lepiclative action the House of Representatives

and the Senate passed a bill for the adoption of the ST system which ;

President Ford signed into l'ublic lLew 94-168 on December 23, 1975. This

law articulates “...a national policy of coordinating the inercasing use

3
of the metric system in the United States..."15 The metric system cited ;ﬁ
&

el SR A bl e Sl o v Skt PR T ) e e




“means the International System of Units as established by the General

Conference of Weights and Measures in 1960..."16

This is the SI system.
The second path is one of subjective educational processes. As more
people have been exposed to a wider variety of concepts, material goods,
and services in this century, the percentage of people possessing a basic
knowledge of ST units and standards has increased. High school physical
sciences, the purchase and use of many imported goods including foodstuffs,
interaction with the medical community, travel abroad in many countries,
and conversion programs of other nations have veen some of the elements
contributing to an increased general working knowledge of SI measurement.
Thus, on at least two levels, a large portion of the population has been

increasingly exposed to the functional elements of the SI system.

The Metric Conversion Act of 1975

An understanding of Puhlic Law 94=~168 is vital to those manaring the
adoption of the ST system in any sector. The law provides that "It is
therefore declared that the policy of the United States shall be to
coordinate and plan the increasing use of the metric system in the United

States..."l7

This sets out an unambiguous policy which many parts of
both the private and puhlic sectors wanted before they started conversion
programs. The law further provide: for the establishment of a seventeen

sester Diited States Natvic Noayd ®

The function of this body is to
give high level guidance to the total conversion program.19 The law

leaves 1ittle doubt that the ST gonversion of the United States will

eventually oceur.

One characteristic common to the public law, pronouncements and

puhlications from the American National Metric Council,
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of other pro-conversion organizations is potentlally confusing. Strictly

speaking "conversion to metrie” could mean convercion to the system devel=-
oped by Talleyrand in the nineteenth century, rather than to the more eare-
, fully definerd "System Tnternationn] d'tinitec”. Although the intended
meanine is ucunlly clear, eventually thls eareless use of terms will in-
crease the potential for confusion.

In spite of the tardiness of formal legislation many economic sub-

sectors in the United States have initiated or completed indeperdent con- % -

- versions to the use of the SI system.?0 For example, about fifteen years
aco, partly as a result of consumer demand, the pharmaceutical industry
began to change internal operations and most rrmducts to ST units. For
the industry the result has been more cconomical manufacturlne, easier
personnel training, error reduction, and better standards and *rﬁmrds.?1
Tn addition, many scheels have started to teach the ST cystem, It s R
believed that ST will e irecluded 1n instruction in all statec ty 1978.

Such projects are already under way in California, T1llinois, New Jersey,

Maryland, and New Mexico.?‘?

Use of SI within the Department of Defense
¢ The Department of Defense (DoD) has recopnized the recent trend for

national conversion te the ST system, and has articulated 2 rcet of hroad

£l

policies for Dol participation in the process. The following quotation

kel g ot i

cxpresses the hasiec attitude of the 0fflee of the Secretary of Defense

toward ST conversion:

"Adoptinn of the metric system will have advantages inherent

¥ in a measurement syctem that is common among nations in addition
to 1ts well=known value in mathematical computation. In the

[ military prrspective, adoption of the metrle system and ovail-
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ability of metric standards and modules will enhance inter-
chanreability and interoperability of military equipment and
components with our allies, and at the same time facilitate
U«3. production of foreign designed equirment and cystems and
vice versa.,"”

In this came letter speeific cautlonary guidance wan addressed to DoD
agencies to preclude them from plonrering in SI conversion. “Cenerally

1t is recornized that industry wlll take the lead in the chanFeover and

e
the Services and Agencies will follow paying their fair share ¢ the costs.™

Understanding Puhlic Law O4=1(8 is vital for the military manager in-

volved in conversion., Several portions of the law are critical to DoD

conversion. First, although there is gencral talk of a ten year conversion

cycle, the law makes no mention of a projected completion date. This com-

rlicates the timine of DoD planning and demands great fiexibillty. Second,
the private sector will not be eliritle to receive financlal aid for conver=

sion under current laws. This will affect DoD procurement poliecies, enpee-

1Aly with small businercec. Third, the voluniary nature of conversion
chould preclunde  development of DoD=contractor relatlonships in which the
DoD ends up payins for the Wilk of the conversion costs for that firm as
a part of 2 major rrocurement contract.

The DoD has participated in several studies of metricatlion, it han
not entered into conversion activities with a bread based plon. DNetailed
planning hac not heen conducted for the conversion of daily operations,
nor have roliciec been artimdnted which would 1lead to decisions on how
to accommodate current Fnglish standards, materialc and weapons presently
In the inventory, or the multitude of Enelish/ST interfaces which will

bhe pencrated by conversion,
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Statement of the Prohlem

The purpose of this paper 12 to examine a portion of the nllitary
conversion process. While hoth the Army and Alr Faree now work simnl ban-
eously in beth systems, neither hac the ecapability to eonvert completely
to the ST system. Nelther has organized an ongoins management nprosram to
analy~e 2nd accommodate the impact of a national conversinn program on
military operational capability. The paper discusses the impact of conver-
sion on =pecific elements of existing Army and Air Force forces, specifi-
cally the Yrigade sized ready force of the 82nd Airborne Division (DRR)

and the Military Alrlift Command C=141 and C=5A fleet,

Military Units and Mon=Military Arenclec

The Army maintains designated forces in a high state of rerdinens for
rapid rloml deployment at the direction of the national command anthoritiec.
The 82nd Afrhorne Mvision is tasked to provide ceveral such foree pockapes
1ncluding the Divicion Ready “rigade (DRP). Tt constitutes the Army portion
of the forces in this study., The DRR nunits, tasked for rapild contincency
response, are air trancported by the USAF, Military Airlift Command organie
stratesic 2irlift assets, the C=1l1 and C-4 flects, They constitnte the
AlT ¥orce rortion of the forees in this study.

The rreat value of thesr forees lies in their responsiveness,  VYany
other militory units rererate more comnt power, but nore have +the capahility
of reactine with such a conbination of flexibility and cpeed. Maintaining
~uch resporciveness requires rareful preplanninc and intensive periodice

trainine, Tt i 11ikely that the capabilities of these units to perfomm

would be degraded durin metrication. New <tandards for support. equipment,
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civilian interfaces, operating procedures and mission hardware will have to
be carefully introduced into each of the services to prevent operating ilncom-
patibilities. This paper identifies a number of points within the 82nd
Atrborne Division and the MAC C-141/C-5A fleet which are likely to be most
affected by an incorrectly administered metrication process. Sequencing of
metrication tasks 1s studied to identify the areas which wlll need the most
nanagerial attention. Alternative approaches to conversion management are
considered.

The impact of private and puhlic agencles which are not a part of the
two uniformed services on the metrication of these units will also be
significant. For example, action by some government agencies such as the
Federal Aviation Administration is just beginning. The FAA controls amuch
of the airspace in which MAC operates this mission. Such external inTluences

are examined in the detail allowed by the current state of conversion

planning and knowledge.

Assumptions

Throughout this paper it will be assumed that:
1. The national civilian leadership will direct that the deployment
capability of the DRB will be maintained throughout metrication.
2. The nation, led by private industry and naticnal coordinating bodies,
willl proceed with vigorous conversion to the SI system over the next ten
to fifteen years.
3. As a matter of policy the Congress willl recognize the long term
benefits of metrication. It will allow the short run conversion costs
to be paid wherever they fall, and will provide DoD adequate monies to

support timely conversion. While cost is an obvious and important
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consideration, 1t will only be discuseed here to the sxtent that it provides
& parameter for avolding the most serious pitfalls of gross overduplication

of capability.

Definition of Terms

The following are the intended meanings of specific words and terms

used in this paper:

Metric Units: Units defined by the International System of Units btased
on "Le Systeme Intemtigga.l d'Unites (SI)" of the Internmational Bureau
of Weights and Measures.

Metrications Changing to uniis defined by the Internatlonal System of
Units, or conversion to SI. This paper does not use the term "conver-
sion to metric” to mean metrication.

Convexsion: The process of changing a measurerint language to
nonequivalent SI units which neccessitate physical configuration 26
changes outside thoss permitted by estahlished measurment tolerances,
This process involves changing physical dimensions of existing hardware
or uilding replaceasnt hardware to new dimensions to canform to SI

specifications.

v t The process of changing the measurement language to
equivalent SI units within accep e measurement tolerances without
changing physical configurations. This process involves changing
specification descriptions (numbers) to SI units without requiring
a change in the physical dimensions of the mardware under consideration.

Overview of the Thesis
This thesis describes the results of eaperical investigations into a

specific portion of the SI conversior protlems which are pending in the
United States. This chapter presents a btrief outline of the national

metrication program and a2 statement of the specific military conversion
protlem addressed. Chapter II presents a review of selected foreign SI

system experiences, a historical development of measurement systems in the

U.S. and a report on conversion progress in segments of the U.S. private
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sector. The DoD preparetion for metrication is discussed in some detall.
Chapter II1 describes the principal characteristics of the military units
specified for the problem, and relates these characteristics tc metrication.
Two aprroaches to conversion for the military manager are suggested. Chapter
IV presents modified PERT charts which show the sequencing and timing of
critical metrication events and activities. The relationships shown in the
PERT charts are ceveloped in detall. Chapter V enumerates specific conver-
sion management conclusions based on the discussion in chapter IV. These

should be useful to the miltary manager faced with metrication planning

and execution.
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 d HISTORICAL PERSPECTIVES

This chapter provides bistdoriesl background for the probtlem to be
‘ b studied including a commentary on the conversion experiences of several
other nations, a summary of recent U.S. metrication legislation, discus-
sion of selected metrication activities in the civilian sector, and an

analytical review of DoD metrication programs and policles.

Conversion Experiencus of Other Nations

National metrication programs have been completed or are in process
in every industrial nation in the world which had previously used the
Engliash system except the United States. A selection of observations from
these conversion experiences will illustrate some of the pitfalls that may
await the United States.
1 Japan is a classic example of a nation which converted to the metric
1. systen (not SI) with insufficlent organisation and planning. An original
comnittment to metric usage was made in 1921, well before the SI system was
formally identified. At that time three measurement systems were widely
used in Japan, nawely "...metric, English, and the traditional system besed
on the "shantu® (11.930 inches) and the 'kan' (8.267 pounds)."> The turmoil

of World War II prevented changeover during the war, and the subsequent
occupation of Japan by the United States reinforced the use of English
despite an intensive metric education p:mg::al.2 A new legal committment
to the metric system was made in a 1951 law. Conversior was finally com-

pleted in all of the major sectors of Japanese society by the 196('1'3.3
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Several lessons can be applied from the Japanese experience. First,
a significant educational advantage was reaped because of widespread use
of metric prior to its official adoption as the single national sta.nda.rd.u
This advantage reduced the requirement for metric education during the con-
version, a situation not fully enjoyed 11{ the United States. Second, the
adoption of a natlonal metric standard requires considerable direction from
the national govermment and political system to achieve the desired lolcmt'.un.5
Although this conversion charecteristic has been recognized by the U. 3.
Congress, strong administrative action has not resulted. The lcng record
of legislative debate indicates that organization and actior by the federal
government and the private sector are coming only after the U.S. has become
rore and more alone in its adherence to the English system. Third, the
Japanese experience has shown that a loose structure and a weak promotional
effort result in a more costly conversion than would be possible in a more
tightly controlled program. This lesson should motivate both the public
and private cectors toward a well=coordinated and centrelly managed metri-
cation for each sector as the changeover occurs.

Canada's program for conversion to the SI system was aptly described
b, one U.S. expert as an effort to "...study the problem to doath.“6
Although national legislaiion was passed and an extensive educational effort
was conducted, Canada continues the use of English measurement in a remark-
adly large number ot tasks. In the Lindustrisl and commerciai sectors this
may be attributed, at least in part, to Canada’s inability to operate as an
economic entity independent of the U.S.7 The high volume of trade with the
U.8. as a percentage of Canadian GNP would support this assertion.

While Japan and Canada suffered conversion difficulties, Australia
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seems to have achieved a more eftective approach. Australian natlonal

_ policles appear to have optimized a solution to their conversion protlems. ,
1 « The national prograa balance suboptimigations in calculating lead times for ﬂ
conversion, sequencing ot conversion steps, selection of time phasing,

accompanying educational effort and other pr<>grns.8 Metrication should be
completed by the 1980‘s at minimum cost and with relative ease, although the

fustralian experience still merits a word of qualirication. Trade patterms,

4 ! the industria) base, economic autarky, sige and other influences make

ll
e
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Australia's conversion problems vastly different from those of the United
States. An optimal outcome was more likely for Australia than for the

more complex and largsr case of the United States.

1 U.S: Historical Background and Legislative Activity
| Standards of measurement have been an issue within the government
and among special interest groups in the private sector since independence.

Consequently debate over measurement systems and, specifically, over

! conversion of the U.S. to the metric system is treated in a substantial ;
body of literature. In 1790 a debate was conducted in the United States, 7

Great Britain and France which addressed a major overhaul of the respective

national systems of weights and uums.9 Agreement could have yielded an 3
especially timely and unique standardization of measurement systems because g
it took place shortly after Talleyrand's exposition of the metric system.

Unfortunately the three nations falled to act in concert and lost this

unique opportunity for the infant United States. Including this first

debate, the United States has experienced a total of at least five

distinet historical phases during which the issue of a common international

netric measuremsnt system has been & recurring theno.m The two phases %

SR o b SRR Bl s e i \ailiid
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one procedural and the other substantive. The procedural objection, a valid
one, was simply that the bill wes introduced to the floor of the House under
parliamentary rules allowing only twenty minutes for debate. This led to a
bhurried, and rather incomplete discussion of the bill on the floor before a
vote was called. The substantive objection was the lack of clarity on certain
facets of the proposal. Small businesses forced into SI conversion might
have been eligible for federal aid under the then existing laws. This poss-
ibility was reised in debate, thut was not clarified by amendment to H.R.11035.
Therefore, the bill failed partly because it was an ambiguous legislative
effort.

Additional debate over H.R.11035 was directed at the total cost of
conversion. The large variance in cost figures debated showed that the
legislators did not have accurate cost information available. This seems

to have had an impact on the 1975 conversion bill which became Public Law

9k=168. The law makes no provision for federal reimbursement to those
adversely, and perhaps unfairly, forced into capital investments solely
because of metrication. This excludes the possibility of directly subsi-
dising the private sector, particularly the small business community.

The legislators were also careful and explicit in defining the "voluntary”
nature of the c:tmvera:.ou.13 In essence, the law establishes a national
policy without making it a mandatory policy. It is framed so that in

time the private sector should find an economic advantage in conforming to
the national policy. This partly explains why there is no legal time limit
for the conversion peried. The American legislative approach to metrication

may lead to unique changeover experiences for this nation since the market

o o L
3

place vill be the most important force driving us toward the 5. system.
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Metrication in the Civilian Sector

The clearing house in the United States for information and coordination

on metrication is the American National Metric Council (ANMC). The ANMC is

a nonprofit organization constituted for action as “a coordinating, planning
and information ceater for all organized elements of U.S. soclety involved
with conversion to the International Metric Syston.m As such a body the

ANMC was asked by the DoD Metrication Panel to assist in the formulation of

of a DoD/Industry Metrication Orientation Workshop, This Workshop was held
° at the Redstone Arsenal on 9-12 July 1974. There were a total of 127 parti-
cipantsy 41 Army, 33 Alr Force, 12 Navy, 17 DSA, one CSA, one Department of
Commerce, one University, one Marine Corps and 20 from industry.is A formal
document 1isting the results, conclusions and recommendations of the confer-
i a ence was not published. Subsequent formal interaction between the DoD and
the ANMC has been limited. This is understandable because some of the con-
version sectors of great concern to the DoD were only recently organiged
within the ANMC. For example, aerospace is one of the seven DoD sectors

defined by the DoD Metrication Panel. Yet, the aerospace sector of the

ANMC did not hold its first organizational meeting until 11-12 November 1975 ‘

in Washington, D.C.16 This meeting did not discuss and resolve the subtstan~ j_;

tive issues of a sequence of metricatlion events. Rather, it was an initial
step to tring tegether the components of the sector for the first time.
Eventually they will be required to modify aerospace operations and products

‘ as a result of conversion to the SI aystel.i? The most substantive outcome

of this meeting was to establish the dominant role of the Federeal Aviation

Administration in organieing the actors concerned with utilization of

American alrspace during metrication and under new SI eundu'ds.m ,, Z-‘
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< Today the aerospace industry operates an English/metric (SI) inter-

: face frequently in international cargo transportation. Usually this occurs
when SI specification cargo 1s genersted in forelgn countries and is
imported into the United States aboard alrcraft built and operated in the

English system. Such cargo handling operates from a few fixed, high volume

ports and can be controlled through a set of metric/English, English/metric
conversion steps at each affected terminal. Thus, metric or SI cargo

might enter a cargo handling facility such as that at Frankfurt, be sorted,

welghed and palletized for loading aboard a Lufthansa owned, Boeing btuilt,

: English system 747F aircraft. From that point it would typically be handled
| on English system conveyors, pallets, loaders and aircraft until discharge

| at John F. Kennedy International in New York.19 The entire situation 1s
quite unlike the case to be faced within the DoD. The latter has many
additional variables in equipment, operating locations, and other character—
istics.,

American asrospace manufacturers are moving very slowly toward SI.
Currently, "A few aerospace systems within corporations (Gruman, Hughes
Adrcraft, and Rockwell) are now being designed and fabtricated using SI
metric units as the primary dimensional lysten.zo This reluctance to con-

21 The relatively

- vert is prudent and a logical position for this industry.
QM' poor profit record of &irline companies in recent years makes them reluctant
to demand new equipment. The aerospace manufacturers have, consequently,

not been able to solve the cash flow prehlems inherent in the changeover,

and are not in a position to absorb the conversion costs.
In civilian sectors other than asrospace the pressure for SI conversion

has been quite varied. For example, the automotive industry is a leader

i
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anong heavy industries moving toward conversion.?‘ 2

Both General Motors and
Ford see early conversion as having significant profit benefits, and they
have resolved the short term cash flow problens associated with netrication.23
The pace of automotive metrication affects military metrication in two primary
ways, It works directly when the military is cast as a customer for the SI
standard automotive products. In this role the military user i1s faced with
operating many SI standard iteas of equipment. Second, an industry this
large acts as a catalyst for other military procurement processes. The
early conversion of the automotive industry will increase the demand for
machine tools built to SI standards. This will accelerate a fundamental
change in the market serviced by the tooling and machinery industry. SI
conversion is generally favered within the tooling and aichinery 1ndustry.2u
This industry can supply SI system products more cheaply to all cusiomers,
including the military, as the economies of scale created by the automotive
industry are realiged.

On the other hand various labor unicn officials voice opposition to
the entire metrication prgram. There seexs to be no identifiable center of
resistance to conversion, but there are many axpressions of concern for the

econonic turden of the individual craftsmen faced with the expense of replae-

ing all of their tools with comparahle SI standard equipment.

U.S. Metric Study Interim Reports Department of Defense
One volume of the U.S. Metric Study Interim Report, National Bureau
of Standards Special Publication 345=9, "Department of Defense” deals

exclusively with the metrication nf the Department of Defense. The docu-

maent was a thorough and authoriative discussion of the costs and benefits
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of the conversion of the DoD to the SI system in 1968. Much of the document
remains useful in 1976. For instance, 1t outlines a number of ma jox DoD
activities which will encounter great problems during metrication such as
shiptuilding. It does not, however, suggest specific solutions to these
problenms.,

The study estimated the total DoD metrication cost to be 18.1 billion
dollars to be spent over a thirty year period-zs Major assumptions were
required to arrive at this cost estimate. At least two of the assumptions
in this case have been rendered invalid by historical changes. First, it was
assuned that "Congress will have acted to adopt the SI system of weights
and measures by July 19?2-"26 Congress did not do so and inflation has
had obvious consequences. Second, it was presumed that the "existing force
structure with numbers and types of weapons systems as of the FY 70 Budget,
will be assumed constant for the study with metric weapons and equipement
replacing inch-pound as these end thelr useful 11ves."27 The force siructure
has both decreased and substantially changed in character and items of
equipnent since 1970. The cost calculations in the study are probably
inadequate due to these difficultles.,

An example from the Air Force portion iliustrates further difficulties
in using the DoD portion of the 1968 study. The Air Force input addresses
udgetary considerations as followsi

"The major financial impacts of converting to metric measureament
will involve additive costs associated with the areas of design,
development, procurement and support of new weapons systems,
publication of technical data, training of personnel, and storage
generated by metrication. Such additive costs wers computed or
estimated by appropriate Alr Force organizatlon.

Colcnel M. R. Lee provided input to the 1968 study for Military Alrlift

S b o A
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Command while assigned to MAC Headquarters as a staff officer in the early
1970's. The MAC portion of the study estimated a conversion cost for the
command of $8?8,935.29 Colonel Lee's personal recollection of this staff
action is that MAC primarily addressed retraining zosis in the analysis.30
These training cost figures eventually became part of the 1968 report because
better data did not exist. It is clear that the MAC analysis did not use
concepts, procedures or hardware ncw operational in the force.

Other potential and real world operational incompatibilities are now
being identified. Functional interfaces with other ugencies which are
essential to MAC operations remain to be addressed for the first time. For
example, the problems of converting the computer systems in use today did
not exist when the 1968 study was z:onducted.31 These illustrations of the
shortconings of the DoD portion of the decument are alarming. They show
that the 1968 study probably cannot accurately forscast costs or the con-
version difficulties of a total metrication program initiated in 1976 or at

any later time. Still, the U.S. Metric Study Interim Report is considered

to be the most complete and authoritative metrication analysis done for the
case of the United States. It is the best troad spectrum factual analyvsis
in print and is used extensively by members of the Congress and most SI

32

conversion planners.

Current DoD Metrication Planning

Mr. Ron Kunihiro, general engineer for the DoD Materlal Specifications
and Standards Office, stated that planning for metrication has only rrcently
received serlous emphasis from senior civilian and uniformed DoD officials.:"j

Coples of the initial metrication guldance from the Deputy Secretary of
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Defense, with cover lstters from the Joint Staff Director of lAglstics and
the Vice Chief of Staff, USAF may be found at Appendix A. Initial channels
for high level coordination within some DoD activities have been estahlished.
A DoD Metrication Panel was convenad for the first time in 12 Felruary
197‘&.3“ The panel was chaired at the Assistant Secretary of Defense level
and charged as follows: “The Metrication Panel will develop a General DoD

ﬁ Plan for the orderly conversion of specifications and standards to the metric
' 35

units of measurement
; The panel is responsible for troadly btesed activities to "determine
| what kind of policies axe needed, the kind of training needed, a txoadly
based time schedule, otc."36 The Panel prepared such a study plan on
24=26 April 1974 and triefed it to the Defense Materials Specification
and Standards Board on 9 May 1974.5! This document divides all DoD inven-
tory items into seven major categories for SI conversion treatment: Auto-
motive, Armaments, Bullding and Construction, Aerospace, Electronics, Ships,
E and Common Itela.ja There is no evidence that dally operational usage or
» mission execution while in the changeover process have been studied by the
panel. Their major emphasis was on acquisition of oD haxrdware. However,
Dr. Ryerson, & USAF Panel representative, did sound a clear note of caution
in hiz closing remarks:
"I must emphasige my impression of the seriousness of the
impact of conversion on the Department of Defense. Directives
issued Yy the Departaent of Defense to its coxponents should
be formulated with the utmost care after long and serious
deliberation based upon the most dispassionate evaluation
of its mission and responsibilities to the taxpayer. While
many aspects of conversion are indeed trivial, we cannot 39
afford the least adverse impact on our defense preparedness.”

Dr. Ryerson's point is clear, and the hesitancy of leadership at high levels
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has led to a situation in which there are many cases of inadequate organiza-
tion, planning and guidance for the pending conversion. Contrary to some

i military thinking, metrication cannot be completed in a few simple manage-

1 _ ment steps which may be taken at the convenience of the unit commanders at
wing or divisional level. The need for extensive coordination and planning

is not obvious and 1s, therefore, too often unrecognized.

4 Exaaples of Superior DoD Preparation for Metrication

* In some ayeas within the DoD excellent preparation has been made for an
eventual total conversion to the SI system. In the Air Force the impact of
metrication on maintenance tasks and the tasks performed by mechanics have
been thoroughly researched. The fairly consistant experimestal data evail-
able show that personnel involved in mechanical tasks are readily trained to
operate in both the ST and the English systems with acceptatle error rates.’
This research data has direct application to training programs and mainten-
anoe planning which will be implemented as a part of conversion.

1 In a second field, meterology, there have been a nuaber of ongoing

g efforts to oonvert all data collection and integration to the SI systea.

j The staff meteorologist usually translates SI weather information into the

| English system only when there is a requirement to interface with a user

ff‘ﬁ who must have the information in the English a:naten.“1 Meteorology is

\ ’ partiocularly well suited for early metricatlon action, because much of the
scientific data and all of the international dissemination processes have

historically used the metric sys:.em. For the types of data gathered in
neteorology, metric and SI units are essentially synonymous. Despite the

2 138

historic disposition toward the SI system and the relatively narrow types
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of data collected in the science, a nunber of technical incompatibilities
exist and are subjects of lively and unresolved debate among metzeorralogists.l*2
Even so, meteorology, the study of maintenance tasks and a few minor activi-
tles are far ahead of the balance of the services in conversion to the SI

system.

Generaliged DoD Summary
For that portion of the military establishment below the policy decision

level the problem which dominates metrication will be neither command guidance
and attention nor education. Both of these requirements will be met from
external sources. Instead, the crux of the problem will be force manage=
ment while the conversion is in progress. Thorough and careful rlanning of
the sequence of conversion events is the only alternative to higher than
necessary costs and considerable confusion. Such planning must consider a
vide spectrun of tredeoffs to be made in hardware, safety, mlssion readiness,
procurement of new weapons and support systems, and a host of other areas.
The remaining chapters examine some ¢f the considerations which are important
for that portion of the Army and Alr Force defined in the prohlem statement.
However, incomplete it may be, it is a starting point fcr a process which will
eventually consume a 3ignificant portion of the milit: lanning effort

and resource base thivughout the conversion process.
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CHAPTER III
METRICATION MANAGEMENT IN CERTAIN MILITARY UNITS

The DoD's metrication initiatives have evolved primarily about the seven '

1 sectors defined bty the DoD Metrication Panels automotive, armament,

building and construction, aerospace, electrenics, ships and common items.
"‘: This approach has limited uitllity in the conversion of the 82nd Airtorne 3
Division and the MAC strategic airlift fleet. The requirement for contin-

uous operational readiness and the twoad mix of personnel and equipment in %
these units make conversion management & new protlem. In these cases

& portions of all aspects of conversion must be integrated on a continuing ' 3

basis into a single, intensively managed process. This chapter describes
: characteristica of the 82nd Airborne Division and the MAC C=141/C-5A fleet
‘a which are pertinent to metrication. It then introduces two views of metri-

cstion designed specifically to give perspective to the small unit leader

assigned in either organiration during conversion.

Division Ready Brigade (DRB): 82nd Airborne Division
As a part of its total mission"the 82nd Airborne Division maintains
i ' the capability of employing as its rapid reaction force a company team, 3

battalion task force, brigads or division force pa,ckage!.”1 For metrication

anslysis the trigade slice (DRB) has been selected as the most useful siged
unit. Although not capable of operating independently for long periods, the
DRB contains an ideal balance of immediate deployment responsiveness and
combat fighting power. From the standard alert posture the DRB is tasked
to have all personnel and equipment airborne and en route to a designated

&
destination no more than twenty-six hours after initial motification.’ The é, “
i%
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DRB 1s prepared to deploy for alrdrop or airland and, upon arrival, to con- %

duct independent operetions for periods of up to thirty dn.ys.3 The force con=-

,, ' tains appropriate slices of combat, combat support, and comnbet service support
elements. A detalled desoription of the DRB force structure may be found in
Appendix B.

When 1t deploys, the DRB is tailored for the specific mission assigned.

For this reason the size of the trigade slice with tallored augmentation may

vary from slightly over 3500 to more than 5000 personnel. The essential . é

points are that the brigade fights around a core composed of three combat
infantry battalions, and that the capability for independent operations for ‘

thirty days mandates an appropriate slice from all supporting ms.u The

force 1s characterized by unit and individual equipment typical of other
line units, except that size and quantity of large equipment such as artil-
lery pieces or hLslicopters must be restricted for airlift and airdrop oper-

ations.,

The force usually has 828 wheeled and tracked vehicles, depending upon
the specific force elements included in the DRB at any given time. The ’
largest single items are the DSA bulldozer, the grader and other engineering
equj.plent.-5 All equipment except for certain helicopters found in the cav-

E | alry platoon can be moved by C-141. The helicopters require the outsize

capability of the C=5A, although the outsirzed cargo organic to the entire

T —
2 adinas.

,«-, force can be moved in one C-5A mission. In summary, the DRB force contains

about 4100 personnel and a wide variety of individual and unit equipment,

E \ all air transportable and most of it air droppable.

Military Airlift Commands C-il41, C=SA Strategic Airlift Fleet
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Military Airlift Command has availahle assets of some 250 C-141's and
65 C=5A aircraft. These numbers vary slightly as individual aircraft are
detached from the MAC fleet from time to time for use in speclal projects
and activities. The fleet is assigned to Mllitary Airlift Wings at six Air
Force bases, three on the eastern and three on the western U.S. seaboards.
For any given DRB deployment, alrcraft and crews would be available and
could be drawn from all of these stations to Fort Bragg to support air
movement.

Aside from the one C=5A sortie which is required by the outsized cav-
alry squadron helicopters, a widely varied mix of C~141/C=5A aircraft resources
could complete a deployment operation. If only one C=5A sortie was allocated
approximately 296 C-141 sorties would be required for a DRB movement. Al-
though exclusive use of the C-5A 1s possille, in a deployment, scle use of
this aircraft would be a poor resource allocation. Because it is limited to
seventy~three passengers on any flight, use of only the C=5A would resuit in
the rapid closure of assigned DRB equipment at the destination vith a dlstinct
lag in the arrival of nersonnel.

Both these alrcraft were designed and test flown in the 1960's, the
C-141 as predecessor to the C-5A. Both were bullt by Lockheed Alrcraft Com-
pany to English specifications and standards. With the exception of the
1iquid oxygen quantity guage (measured in liters of 02) the aircraft have
English system instrumentation and are designed to be flown in an English
measurement standard Air Route Traffic Control System. They are configured
to carry cargo measured and weighed in the English system. Absocieted mein-

ténance and ground handling equipment are built to a common set of English

standards. A complex matrix of ground support equipment has been

Lot ey
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produced in large quantitles and distributed throughout the non-Communist
world to enhance the global flexibility of U.S. airlift posture.

4 MAC Wings at the six CONUS home stations follow roughly the same organ=
igational pattern. Flight crews are assigned to distinct Military Airlift

Squadrons (MAS). These squadrons have very limited organic support. Unlike

rost organizational patterns, the maintenance, aircraft, much training manage-
ment, personnel, and almost all other non-flying services are centralized and

assigned at Wing or base level. The chain of command to the alrcrews 1s

entirely distinct from that to almost all supporting elements. This will

complicate the coordination of any metrication progranm.

' The loglc of this type of organizational structure becomes more apparent,
however, when it is realized that MAC operational missions ani much training
is accomplished away from the home station for the aircraft and crew. All
except major maintenance can be done at many points within an elaborate en-
route support structure stationed throughout the world.

\\ g Successful use of this strategic airlift fleet to deploy an army force

':[ requiras the orchestration of the full spectrum of MAC airlift assetd : and

other, more diverse, and independent actors. People separated by great geo=-

graphic distances will be routinely required to function together. Because
of this the international flight enviromment is highly structured. It usually
includes interactidn between MAC, private industries, other U.S. government
agencies and the governments and air traffic regulating bodies of foreign

powers.,

Metricatioh Planning for Convexsion of these Units

Al though different in mission, equipment and organization, the MAC
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strategic airlift fleet and the 82nd DRB share certain characteristics which

present challenges to the metrication process. The remainder of this chapter
will detail such characteristics and then discuss the conversion process from

the viewpoint of the small unit commander/leader within the two units. Both

- the C~141/C~5A fleet and the DRB will sbe required to operate at a high state :
E of readiness throughout the conversion to the SI system. This assumption in
i the study highlights the military importance of the units. It means that

both organizations must accommodate metrication within the framework of the

overriding readiness responsibilities.

Second, both organizations have essential organic equipment which cuts
across the categories defined by the DoD Metrication Panel. For this reason,
neither can anticipate that SI standard equipment will be ordered from pro=-
curement sources and phased into operation over a short ard easily controlled
time period. Within the DRB replacement of much automotive equipment could
be completed early in the conversion bacause of the leadership of the major
automotive manufactuers in metrication. On the other hand certain critical
equipment is very costly and has a long service life. Items such as bull~
dogers, graders and helicopters now in use may continue in the inventory
until the end of the ten to fifteen year conversion cycle estimated by the
planners. Within the MAC fleet the basic airframes have a remaining life
expectancy of more than fifteen years, howsver, the support systems and the
equipment of the other agencies required for the total airlift system will,
in most cases require a much earlier replacement. Replacement of any plece
of equipment with a hard conversion SI equivalent has great potential for
disruption of the entire system, because of the highly structured nature of

the airlift complex and because of the geographic dispersal characteristics.

A
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Third, both units receive personnel resources from a central human
resource management and assignment system within their respective services.
The inexperienced unputs into both officer and enlisted ranks are relatively
young. As conversion progresses most of these junior personnel will have
had prior experience with the SI system within the context of the larger
society. This means that both organigzations will be required to adjust
metrication treaining to meet the needs of people possessing widely varying
SI backgrounds. Inronically, they may eventually be required to formulate
measurement orientation training for some of these yound people preparatory
to operation of English equipment still in service twenty or more years from
now.

Fourth, the DRB and the C=141/C=5A fleet are bound by the need to
operate together in the planning and deployment of the ground forces by
air. Neither can initiate a metrication program without considering the
impact of new equipment, procedures and directives on the sister services.
The deployment mission requires that the two organizations interect contin-
uously in planning, exercises and in actual operations. Isolation of one
from the other is anacceptable.

The Conversion Process and the Small Unit Commander/Leader

Successful mission accomplishment is a direct result of the efforts of
the platoon or company commander in the DRB and the aircraft commander or
flight commander in the MAC sguadron. The imposition of metrication require-
ments at this operating level may be impatiently received as an addition to
an already large workload. The next seversl sections of this thesis are
written to relate the broad based approach in chapter IV to the perspective
of those who are actually performing most of the functional tasks.

14
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Small unit leaders and members will either accept or resist metrication based

on individual experlence and the perspectives and attitudes of peers and im=

mediate superiors. Although little can be done to change the past of the squad

or flight members, thorough preparation of the small unit leaders should help
direct the work group toward positive acceptance of the conversion process.
This, in turn, could yleld an improved metrication program at all levels.
The next two sections described two views of conversion potentially useful
to the small unit leader or commander. They show two ways in which the ju-
nior officer or NCO could handle conversion to the SI systemj a useful per-
spective, some management techniques, and conscious development of primary

leadership duties unrelated to the metrication process.

The Interface Perspective
The first way that the junior officer or NCO could profitably view

metrication 1s as a set of interfaces defined in measurement systems which
do not match. This means that the leader 1s faced with a wariety of tasks,
some defined in English and some defined in the SI system, presented in a
context in which they are not interchangeable, and required to function to-
gether for accomplishment of the unit's mission. These interfaces can be
subdivided into three parts; person-person, person-machine, and machine-
machine. Of equal importance, these subdivisions give the leader or manager
an organizational fremework within which to define conversion probl-ms and

bring resources to bear to overcome them.

The person-person interface is the most subtle, most abstract, and the

most difficult to manage. Identification of the SI system and English systenm

knowledge levels and the manipulative proficiency of unit members should be

the first step in assessing this interface. Conversion education will be a
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major factor in timely interface management. The leader will be required to
define the knowledge level of each member and compare it to the minimum stan-
dard required for the operatlon of .his particular equipment. The leader
must either select prepared programs of training for each subordinate, or
revise the tralning materlals avallable to fit the needs of his people. He
can expect a wide variance in the training required of his people snd must

be prepared to offer several levels of training based upon their previous

knowledge.

He must keep the training program as simple as possihle and still meet

the conversion requirements. Training people to a simpler measurement system
i ; loses appeal and credibility as soon as the charts and papers explaining the
system become more complicated than the old system. A variety of devices can
help the leader in this effort. The Australian Army used a highly effective
:.| newsletter program. Published on as "as required” basis, it was written
simply, malntained a high interest level in the target audience and accom-
plished the desired results.
E | - Most importantly, the leader must malntain open lines of communication
within his unit on the conversilon problem. Experlence in the automated data
processing fleld has shown that upward communication provides useful ideas
for progran improvement and permits subordinates to express their feelings
about inadequacles in the new system. Communication will be a primxxy tool
in overconing behavioral and psychologlical resistance to the change to the
SI measurement systenm.

The person-machine interface necessarily overlaps intc both of the other

g | two sets. However, the small unit leader will face decisions unique to this

interface. Depending upon the availability of SI standard equipment, he must
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decide how to manage the training of his people in SI hardware use. The rela-
tive 2ase of training a select cadre must be balanced against broad capa-
bility requirements, expected equipment delivery schedules and other factors.
The character of the specific equipment is important. Automotive equipment
such as trucks or jeeps will be much commoner in either DRB or MAC units
than bench test calibration devices. There is utility in training many
people to operate the motor vehicles and little return in teaching many to
operate specialized test equipment.
The machine-machine interface is beyond the control of most small unit

- leaders. It 1s largely governed by the procurement nrocess which introduces
new military hardware into the inventory. There is a limited opportunity for
the Air Force wing or Army division commander to influence the machine=machine
interface by consolidating SI standard resources within one portion of his
command. Such a procedure could be applied to most ground vehicles such as
Jeeps or trucks. Initially the consolidation of all SI system vehicles in
one battalion or squadron will localize training and maintenance requirements.
The small unit leader can best prepare for the new machine-machine interface
by gathering as much advance information about the new equipment as practical
and communicating it to his subordinates. He can anticlpate ad justments or
modifications to English equipment on hand which will create acceptahle
interfaces with the new SI system materials. He should recognize that many
of the actions to prepare the personnel of his unit wlll be most effective
if the training coincides with the arrival of SI standard components. In a
sense, the pace of arrival of SI machines to his unit 1s a standard to which
his other metrication actlons must conform.

The interface perspective offers a framework within which basic
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leadership actions can be planned and internal timing can be formulated in
the small unit. The most important contribution of the viewpoint is ade~

quate development of the sense of conversion perspective in the junior

Ei : leader. It should help him to understand the types of problems inherent in
t,' conversion and the priority which conversion actlons should assume in light

of other duties. If these considerations are developed in the junior lead-

ership and communicated to the subordinate ranks, the resulting unity of

effort will make the actual metrication relatively easy.

83 a0 Seuatitnla . i it e S o apaid ¥ KA

The Critical Task and Command Emphasis Perspective

el

A second perspective or approach is dictated by the junior leader's

| understanding of what 1s important to his miss’on, or what he thinks his

! superiors believe to be important. It may be developed through directives
and instruction, or it may develop informally. In elther event, some
attitudes characteristic of thls perspective will be developed unconsclously
l in almost all small unit leaders. Although less desireable than the inter—
1 face approach, thls perspective does permit the junlor leaders to develop

and employ an understandiné bf what metrication effects are considered by

senlor officers as critical to the entire DRB or MAC wing. The management
areas most important to mission accomplishment are brought out, and the

Junior leadsr is able to place corresponding emphasis within his command.

i o s o

3 ‘ Examples of such important areas might include; definition of goals

ivé ’ and priorities, operational readiness, high morale, safety standards, and
maintenance record. Metrication impacts, usually in an adverse manner, on
. all of these areas. The essence of conversion management in this perspective

1lies in a consclious decision to allow some critical areas to be degraded

during conversion, while protecting others from adverse effects, For
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example, in a MAC unit it 1s likely that maintenance and readiness would be
degraded during conversion, but it is unlikely that the aircraft commanders
would accept a serious compromise in standards of safety.

The leader using this approach may judge accurately the desires of his
superiors and the standards or management areas which they wlsh to protect.
He will be less 1likely, however, to urderstand the total metrication impact
and will not be well equipped to communicate the program to his subordinates.
It 1s less 1likely that he will be positlvely geared toward metrication as a

progran with real long-term benefits for the soclety as a whole and for his

specific unit. Without a formal program of planning and training for junior
R | leaders, this perspective has a high probability of occurrence.
¥ | Preparation of the platoon, company and flight level units for metri-

cation 1s critical to the compatibility of continual operational readiness

and any conversion activities. The attitudes, communications skills and
knowledge of the SI system among junior leaders will dramatically influence

the nature and success of metrication. An organized, formal preparation of

people in junior leadership positions will be useful in minimizing conver-
slon turmoil and the degradation of mission readiness.
Understanding the perspectives and likely actions at the lowest levels

within the force structure is vital to development of an adequate metrica-

5{,‘

:3 tion program. This chapter has highlighted some important characteristics
‘1 of the DRB and the C-1b1/C-5A fleet. It has then developed two of the many
fq possible approaches to a metrication program which are likely to be found at
company or flight level and below. Development of a positlve program of

r ‘ Junior officer and NCO leadership in conversion to the SI system could

contribute dramatically to the overall process. The next chapter uses




Ak
AR L kRN

43

these considerations in bullding a scheme of metrication which works from
DoD level inte the various functional supporting efforts within the DRB and
the MAC structure supporting the C=141/C<5A flest.

-

v

5

& |

i

1

.

13

b |

4

-




1.
2.
3
4,
5.

8%:3 Abn Div Reg 525-4, p.
Ibid., p. 7=9.

Ibid., p. 8=17.

Ibid., p. 8-17, 8-19.
Ibid., p. &~19, 8=20.




Bt aian by 0

e o 2
T OUNE P W ey TR

CHAPTER IV

SYSTEMIZING AN APPROACH TO THE CONVERSION PROCESS

This chapter presents a systematic view of metrication management
in operational forces. Selected broad topics are discussed for the DoD,
the Military Airlift Command, and the 82nd Airborne Division. A graphic
portrayal of metrication is presented in Figuve 2 through Figure 7. These
diagrems are flow charts which use elements of conventional performance
evaluation and review (PERT) methodology to show the major events and
activities of conversion. The balance of the chapter discusses the activities
and sequencing of relationships illustrated in them.

This type of approech has inherent limits which should be recognized
at the outset. Specifically, the solutions presented here are a first
iteratidén for this organizational framework of metrication management,
and t/ ey are not the only ones likely to succeed in the real world. Second,
these general solutions are useful for perspective and for gross planning,
but lack the precision necessary for the unique circumstances of a planner
tasked to organize conversion within any specific unit. They should, however,

be useful for generating 1dees applicable to specific metrication planning.

General Discussion of Conversion Management

Metrication of operational DoD activities will be highly visible to
military and civilian commanders and selected staff members because of
conversion's impact on mission readiness. This fact will dictate that
commanders control the flow of conversion inputs from external agencies and
form a buffar between internal operations and the outside world. They will

be the initiating authorities for introduction and sequencing of metrication




activities within their units. For example, initiatives directing sub-
ordinate commanders to start specified conversion activities will occur
only after deciding that appropriate portions of the private sector have
achieved a reasonable proficiency in the use of the SI system and are ablle
to support the expected military requirements. Thils evaluation is critical
to success and is a matter of subjective judgement. It should be held at a
high DoD level. The DoD will begin to convert operational units only after
assuring that adequate support has been mayehalled or assured in all areas.

The military force commanders at all levels subordinate to the DoD
vill convert to the SI system within tight constraints on readiness, funds,
treining facilities and assigned personnel. This will lead to a peculiar
management structure in which control of most activities is centralized
at high levels and the exscution of tasks is decentrelized to the lowest
levels. It is important that military commanders provide enoug™ . ‘ions
within this structure for subordinates to convert to the SI sys. = :«n a
fashion tailored for the particular needs of each individual unit. At ihe
sane time there i1s some danger in creating too many options for the small
unit commander. This could lead to confusion and waste in the conversion
process. The great organizational distance between management directives
and the supervision of activities at the worker level highlights the need
for open channels of formal and informal communication within the uniformed
chain of command.

The serrices can expect to identify joint doctrine and joint planning
changes both bafore operational units begln to convert and during the entire
metrication. Early revision of joint manuals and directives will be essen-

tial to an orderly allocation of conversion activities, howsver, continuing

T

ek ot S et n g O




e R 1 Y e ARG ity B SR "ﬁiﬁdﬂ’- i i o e o ey e

b7

revisions will be required throughout the cycle as new equipment and proce-
dures are subjected to joint training exercises or actual employment. These
revisions will be controlled at no lower than major air command level for

MAC and no lower than division level for the 82nd DRB.

Explanation of the Diagraming Technique

Figures 2 through 7 use elements of conventional PERT techniques to
show metrication events. Figures 2 through 4 show the flow of metrication
during the first few years of the conversion process. They 1lllustrate
general metrication management by the DoD (Figure 2), the operational
metrication process in the Amy's DRB (Figure 3), and the conversion of the
C~141/C=5A airlift system (Figure 4). These identical processes arr 1llus~-
trated for a later time period in Figure 5 through Figure 7. Changes over
time in metrication management show as differences between the two sets of
diagrams. They reflect a general increase in puhlic and military knowledge
of the SI system and the learnirg curve of the conversion process. They
identify some expected refinements as conversion progresses.

The rectangular boxes represent events or completed actions and the
connecting arrows show metrication activities. Quantiative information
assigning activity times is part of PERT analysis, however, for this case
lack of emperical data makes assignment of time impossitle. Additionally,
unlike most PERT cases, some activities will be ongoing and repetitive
throughout the conversion cycle. Critical paths cannot be identified, but
managers should be able to identify those activitles most 1ikely to be

critical paths based on the information which is presented.
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Metrication Management at DoD Level
The role of the DoD in conversion to the SI system is that of a large

scale director. The department should become involved in execution as 11ttdc

&8 possible except for normal budgetary processes and interfacing with non-

DoD actors. The DoD should direct revisions of joint manuals, procedures and

doctrine where appropriate. Subordinates should be tasked to implement
troad programs and should have the flexibility to tallor these programs

to unique needs. Figure 2 shows the DoD issuing broad policy guidance in
three primary areas; the budget, materlel and personnel actions. Discussion
of these three areas and supplemental actions will complete the analysis of
direct DoD impact on the subject forces.

This paper assumed that adequate funds will be made available by the
Congress for conversion. The DoD may find that this is not the real world
case and should be prepared to adjust the speed of conversion according to
the funds voted annually. The tudget, in a direct sense, drives hardware
acquisition which, in turn, drives personnel requirements. The DoD should
have adequate budgetarv flexibility for metrication mansgement within the
current administrative fremework. No changes are recommended which have
nanagement implications.

DoD materiel actions are broken into two subcategories. First, the
DoD must direct broad based, but in many cases quite detailed, revisions
of material specifications and standards. Some of this work is being
carried on now by the Defense Material Specifications and Standards Office,
a staff agency within the DoD. Working with industry, this office is
defining DoD standards for thousands of raw and finished materials for

application to testing procedures, procurenent and a host of other uses.2
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_controls which directly impact on the fighting units. When acquisition is
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Such activity 1s a prerequisite to developing DoD descriptions of standards
using SI units, but has little immediate impact of the conversion of opera=

tional fighting units.

Second, acquisition of all SI system hardware will be under broad DoD

part of the introductlon of major new weapons systems, use of SI standards

will not raise problems vastly different from those encountered in introduc-

ing new weapons built to English standards. In elther case, interfacing
with existing Table of Organization and Equipment (TO4E) hardware will pro- g

duce approximately the same protlems. Whether English or SI, the new wea-

pons can be monitored within the present administrative DoD framework.

Replacement of portions of existing major systems with hard conversion

SI system equivalents generates new prohlems at the DoD level. Apportion-
ment and allocation priorities must be set for all services. For example,
if several division siged units are to be reequipped, operational readiness
standards for these units may require revision. This type of decision will
influence the timing of the 82nd Airbcrnz DRB's receipt of SI standard
replacement hardware. The priority assigned the 82nd will dictate the state
of the metrication learning curve and the mission readiness degradation

to be expected. If the 82nd is the first operational division to receive

SI standard vehicles, a relatively long training period with the new equip~-

_ment should be anticipated. If a high premium is placed on the readiness

of the 82nd, the DoD should probably assign a corresondingly low priority

for issuance of SI standard equipment.
Training requirements should be expected to decrease over time as

shown in Mgure 5 because both new recruits and more senior service members
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will become progressively more immersed in the national conversion environ-
ment. Policlies and objectives should be well established. The DoD role in
defining and refining various training programs should decrease correspon=
- dingly.

The DoD should also plan to issue guidence on personnel policies during
the changeover period. Such guidance should be general enough to allow the
services and subordinates to tallor programs to meet unique and specific
needs. However, the directives should explicitly define the limits of
military investment in such personnel policy adjustments.

The DoD should direct those policlies which may be feasihle for reducing
personnel turbulence and transfers in selected units undergoing metrication.
Such a step would increase mission readiness and decrease the cost of the
conversion cyszle, but it can probably be applied to only a few selected
units.

DoD Relations with the Private Sector and other Government Agenciles

Much of the metrication coordination required with the private sector
and with dther government agencies should be retained at DoD level. This is
especially t:iue of interactions with large industrial firms and major
agencies of the federal government. DoD management of these interactions
~will provide coordination to the separate services in the move to conver-
sion.

Figure 5 shows the DoD role in conversion during the final few years
of the cycle. Close laisicn with non=-DoD actors should continue because
DoD conversion will be strongly influenced by the speed of non-DoD metri-
cation. Timely and adeqﬁate revision and certification of DoD SI system
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standards and specifications should result.

Metrication Management in the Military Airlift Command

Within the C=141/C=5A airlift system much of the metrication manage-
ment should be held at t'.e Headquarters, MAC level. This is necessary to
prevent a divergence of policles and procedures within the six geographically
separated military airlift wings at which the fleet is based. A large num=-
ber of enroute military airlift support squadrons and other semi-independent,
geographically separaticd supporting activities are an additional part of the
system. They must be centrally directed to achieve adequately standardized
metrication proficiency. For this reason Figures 3 and 6 show initiatives
flowing from the Commander, Military Airlift Command (COMAC) directly to the
various types of activities. Subordinate commanders at wing, squadron and
lower levels will be a part of the chain of command responding to the central=-
ized management of the conversion.

COMAC should be the directing and controlling authority for the pace of
MAC conversionj personnel training and SI system hardware allocation and use.
He will also provide primary laision with non-MAC agencies. He willi, for
example, play a key role in negotiating matters of alrcrew training and
aircraft subsystem yodification and certificatior with the Federal Aviation
Administration. He will be required to approve MAC contributions to the
updating of policies and regulations governing joint operations. He will
coordinate MAC requirements and capabilities in revision of Department of
Transportation standards for the movement of hazardous and dangerous cargo.
In short, he will be the focal point of all of the highly centralized MAC

metrication management efforts.
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MAC Personnel Policies

COMAC should implement new command-wlde personnel management standards
as required to conform to DoD guldance. For metrication MAC personnel pol-
icies can be divided into two primary areasy perscnnel training programs
and personnel assignment policles. Together these programs comprise the
single most challenging portion of MAC conversion management.
Training for conversion should be tailored to MAC requirements and to
the prior knowledge and proficiency of the members of the command. SI system
orientation tralning may have to be conducted MAC-wlde early in the conversion
process as shown in Figure 4, but can probably be eliminated later in the
program. Over time the requirements for specific tralning needed to do
particular tasks will decrease as a function of pre-military exposure to the
SI system and preparation within the Alr Training Command schools system.
These relationships are shown in Flgure 7.
Training which is specific to particular jobs or tasks such as ground
power supply maintenance, f1ight instrument repair, aircrew navigator and
almost all other functions will require modification to accommodate the
SI system. However, this type of tralning revision is a normal part of
ongoing MAC training formulation and shou’d not require organizational
changes. The tralning syllabus material for most instruction 1s written or
controlled at MAC Headquarters, and integration of SI system requirements
w111 not be an unusual problem for the training staff agency.
As special training requirements are identified which must be fulfilled
in operating MAC units they can use existing facilities which now provide b
recurring ground training at each major MAC base. Successful completion of f} ‘
o

such local training will be key to establishing a positive attitude toward
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the SI system among working airmen. For this reason thorough preparation
and relevant instruction should be mpohasized in such programs. The train-
ing must fit the needs of the trainees, be interesting and stimulating, por-
tray the benefits of the SI system, and meet the needs of the Air Force. It
should make visible and useful the open channels of communication on metrica-
tion matters within the chain of command. Whenever possible trainingshould
incorporate the use of new SI standard equipment.

Personnel assignment policies should be revised where necessary to con-
form to DoD policies and fit Air Force requirements. The specific case of
the MAC alrcrew assignment structure and allocation procedures provides a
useful illustration. Individual assignment actions are driven, in great
part, by the specific alrcraft type in which the individual crew member
becomes qualified when first assigned to MAC. Normally the pilot, navigator
and flight engineer assigned initially to the C=141 czan expect to remain in
that aircraft so long as he is a member of the connand.3 The same holds
true if he leaves the command and returns for a subsequent tour. While there
are exceptions to this policy, especially when a new aircraft is introduced
into the aircraft inventory, the basic thrust remains in force and generates
training cost savings and other benefits as a result. This same policy is
not applied to personnel filling loadmaster position in the MAC fleet.u A
loadmaster is considered assignahle to any transport type aircraft regardless

of his previous aircraft experience.5 This is based on the assumption that

loadmaster functions in all transport aircraft are essentially interchangeable.

During metrication this policy should be changed. It is unlikely that all
transport aircraft will be converted to use of the Si system and proce=-

dures simultaneously, and loadmasters will not perform the

6
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common tasks which are assumed today. The varlety of dutles and, importantly,
the penalties possille for major mistakes, will be so great that assignments
for this crew position should be the same as for the pllots, navigators and

flight englineers.’

Assigmment of support personnel does not appear to be as complex as the
case for aircrews and should demand less rigid control. There are some spec=
alized exceptions. Still, the entire spectrum of assignment policies should

be scrutinized for feasible adjustments to increase stability and make metri-

cation less costly.

MAC SI System Hardware Acquisition

The introduction of new SI system hardware and the modifications to
existing equipment which must interface with SI mer.surement become extremely
complex management problems. COMAC should expect that the C-141 and C-5A
aircraft will remain in use after all other parts of the airlift system have
been replaced by SI system equivalents. This means that the alrcraft will
require significant and expensive modifications to electronic and instrument
systems to perform in an SI standard flight environment. This, in turn, will
generate requirements for unique maintenance and test equipment and other
components. Therefore the program for aircraft modifications and the acquil=-
sition of new components should be closely coordinated with the United States
Metric Board and the agencies responsible for the various flight environments;
the Federal Aviation Administration (FAA) and the International Civil Avia-
tion Organization (ICAO). New standards for the flight environment have
not been identiflied by these organizations, &nd promise to be highly complex.

ICA0 changes must be negotiated and approved at the internatlonal level
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before implementation. Although an important factor for MAC operations, a
study of these standards 1s beyond the scope of this thesis. Coordination
responsibllity for MAC on such matters should he held at the COMAC level.

The second portion of the MAC hardware discussion Includes all equip-
ment except for aircraft, and can be called mission support equipment. This
category is, in turn, subdivided into two subordinate categorles, the 463L
materials handling system and all other support equipment. The 463L system
contains both aircraft mounted and ground based components. It is designed
to handle all alr transportable cargo and is essentially common to the
entire strategic and tactlcal airlift fleets. Its functions are to provide
for the ground handling, securing, loading, and off-loading of all types of
cargo. DBecause thls equipment 1s so widely used 1t seems prudent to engage
in only a soft conversion of these components until a new generation of
transport aircraft are procurred which will justify elther hard conversion
modifications or an entirely new cargo handling system. Therefore, it will
be most practical to refrain from extensive 463L modifications. The inter-
faces between the 463L system and the various English aircraft are too
numerous and too complex to permlt hard conversion in the former.

Other mission support equipment could be modified more freely to meet
SI system specifications. Flight line maintenance equipment such as trucks,
tractors, power carts, air carts, hydraulic mules and shop equipment are all
integral to the airlift wing and the other support systems. These could be
extensively modified and still interface with the C=141/C=5A fleet.

As SI standard support equipment enters the inventory it should be
distributed throughout the airlift system. The mobile nature of most system

components will eventually cause dispersion whether it is intended or not.
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although there is a penalty for dual English/SI operation of support equip-
ment at all bases, research indlcates that free mixing will not generate dif=-
ficulties among maintenance personnel. Returns for allowling dispersal accrue

in terms like simplicity of control and mobility of operational capability.

Joint Procedures and Standards

COMAC should direct periodic reviews of the Air Force portion of joint
training guidelines 1n conjunction with similar Army reviews initiated at
Intervals during the metricatlon cycle. Prozedures applicable only to MAC
member- <hould be revised prior to teachlng SI system standards or introduc-
ing hardware, and should be implemented in conjunction with initial metri-
cation orientation. This should require MAC members to use the SI system in
routine tralning procedures in the instructlonal environment and contribute
to effective development of proficlency.

Procedures and directives which govern operations in which both services
are directly involved require wlder concurrence and more elaborate training.
Airdrop operations of both troops and equipment, for example, are a highly
complex part of the MAC/DRB mission. Conversion of governing directives to
SI standards could occur early, but publication of the revisions should be
withheld until both the Army and the Air Force have separately trained with
the SI system. An exercise after such SI system training using all types of
units on a large scale joint problem would assure that MAC and the 82nd
Alrborne Division standards provide for adequate operational control and
mission readiness.

The assignment of DRB duties is rotated among the 82nd's brigades,

and MAC resources for an actual deployment can be drawn from all MAC wings.
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These facts make it impractical to train selected portions of either force

in the use of the SI system. Once introduced, SI standards for joint oper-
ations should become the only standards as soon as practical in both services.
Al though Figure 3 shows a separate English equipped DRB within the division,
this unit should plan to use SI system joint procedures. Interfacing between
English and SI should be accomplished within the DRB. Such policies place a
premium on thorough knowledge of the SI system and a positive approach to
conversion among lower echelon leaders. Training and leadership should be
planned and constructed to encourage acceptance of the SI system among all
ranks.

Summary of Military Airlift Command

The MAC system is presently constituted to accept new ideas and equip~-
ment. The metrication program can succeed in operational MAC units provided
thats (i) timely coordination with non=MAC agencies is accomplished, (2)
training programs emphasize the benefits to be accrued from use of the SI
system, (3) small unit commanders are prepared for the conversion and (&)
open channels are maintained to commufhicate conversion difficulties with the

chain of command.

Metricatior Management in the 82nd Airborne Division and the DRB's

The 82nd Airborne Division 1s characterized by a more localized base
of operations than the C-141/C~5A MAC fleet. All major elements of the
division are assigned at Ft. Bragg. For this reason the Commander, 82nd
Airbvorne Division should have more latitude in conversion management than
the approximate MAC counterparts. Although subjects to DA policies for

personnel and hardware, he should anticipate retaining great flexibility in



Aissi i > ) Giat i 1) T 2l Zai oy i
e e At b kit ke i o KA ST s e

e o e

implementing such directives. For this reason control of the three most
baslc areasy personnel, hardware and interfacing will present different
challenges to him than to Air Force leaders. He should be in a position to
generate independent trainlng programs, personnel policies and hardware al-
location plans within the divislion. Holding much of the Army expertise in
large scale parachute delivery operations, he should have a strong influence

on the revision of all airborne directives and procedures.

82nd Airborne Division Personnel Policies

The rotatlon of DRB responslbilitlies among assigned units mandates
particular personnel policies for both assignment and training. Like MAC
the 82nd Airborne Division's subordinate units could realize improved metri-
cation and increased combat readiness in direct proportion to decreased
assignnent turbulence. Normally Army training 1s more decentralized into
subordinate, closely knit units than in the MAC case. Therefore, in the
Army environmment, metrication orientation could best be accomplished on a
unit by unit decentralized basis. Most personnel will require approximately
the same types of SI system orlentation that was described for the Alr Force
case. The difference is that the training needs and instruction design
would be controlled at division level which is lower than the MAC Head-
quarters level. Flgures 3 and 6 show the orientation training requirements
to be diminishing over time for the same reasons that the requirements changed
for MAC.

Certain types of units will require far less preparatlon to use the

SI system. Artillery and infantry combat unlts currently function primarily

in metric units which integrate directly into the SI system.




82nd Airborne Division Hardware Conversion and Specific Task Training

‘Training to perform specific tasks in lhe SI system will be influenced
by the way SI standard hardware is allocated within the division. The
commander could opt to allocate SI hardware equally among subordinate units,
creating a division in which most organizations would have both English and
SI system hardware. This will result in maintenance duplication and will
seriously degrade mission capability. Aerial delivery and combat committment
of units lacking internal standardization of like items is unacceptable and
dangerous.

An alternative approach available to the division commander is to desig-
nate specific units to receive SI system hardware until TO & E specifications
are met. This alternative ylelds minimum mixing of English and SI measure-
ment standards for any DRB in the alert posture. It would also minimize
training waste. In either case, training for specific SI system tasks
should begin only after SI hardware has been received within the using unit.
Soldiers who need to know the SI system to use their equipment will see
clearly the need for SI system training and will develop proficiency in the
system at a relatively rapld rate.

Alternative two should provide a maximum opportunity for junior super-
visors and commanders to show initiative and skill in training and leader-
ship. If these junior leaders are properly motivated and understand the

conversion cycle a highly efficient and economical conversion should result.

82nd Airbornme Division Interfacing
Specialized equipment of limited issue within the DRB's of the division
will probably mandate a degree of English/SI system interfacing in the oper—



ations area until late in the conversion cycle. Helicopters, road graders,
bulldozers and other engineering equipment are likely candidates fro this
role. They should have 1ittle lmpact on the overall SI system conversion.
The aexial delivery characteristics required of the division keep the DRR's
free from many large items of equipment which might otherwlse remain in ser-

vice beyond the initial conversion cycle.

Joint Training Exercises
Joint exercises to test the proficiency of soldiers and airmen and to

exercise the SI system hardware should be scheduled as soon as DRB or MAC
units acquire significant capability using ST system equipment. If the

two services do not convert simultaneously adjustments to planning and to
joint operating procedures should be recognized at this time. Speclal ad-
justments may be required for the perlod of the conversion cycle. After con-
version of both services additional joint exercises will be useful in refin-

ing directives and procedures for the use of the Forces.

Summary of the 82nd Airborne Division

Metrication within the 82nd Airborne Division should be more decentral=-
ized than the MAC conversion. Heavy dependence on thoroughly indoctrinated
and prepared junior subordinates will probably yleld the most efficient
conversion. Unlike MAC, mixing English and SI standard equipment through-
out the division should not be done. Specific task tralning should be

accomplished in conjunction with the recelpt of a full TO & E issue of SI

standard hardware.
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CHAPTER V

SUMMARY AND CONCLUSIONS

This study presents solutions to some problems and identifies a large
nunber of new difficulties inherent in the metrication process. Conversion
to the SI measurement system has been directed within the DoD and will be a
subject of growing interest for commanders, planners and managers. The
metrication cycle will affect some facet of every military duty. Many
additional problems will unfold as the conversjon gains momentunm.

Proper timing of conversion events is critical to effective metrica-
tion management. Thils should be a responsibility of high level commanders.
Varying requirements for personnel training and orientatlon willl exist through-
out conversion. Efficlent metrication requires intensive management of the
personnel resource base and modifications to some personnel policles which
are acceptable in the current environment. The following conclusions are
specific to the MAC C-141/C-5A strategic airlift fleet and a DRB constituted
from the 82nd Airborne Division.

1. Metrication of the designated Air Force and Army forces can be
accomplished within the mission readiness constraints given provided that
the conversion is conducted within the national program and provided that
adequate funds are allocated to support it.

2. The last hardware to be replaced by SI equivalents will be the
MAC C=141 and C=5A airframes.

3. Significant SI/English hardware interfaces will exist so long as

the C=141 and C=5A remain in the inventory.
4, Conversion of the MAC forces should be characterized by central-
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jged management and direction coupled with highly decentralized execution
of tralning and employment of 3] system hardware.

5. Allocation of new g] standard equipnent in the MAC forces can
best be managed 1f it is equally distributed among all applicable operating
units.

6. The 82nd Alrborne Mvision commanding officer will have greater

conversion management freedom than his MAC counterpart.

7, Alocation of new SI standard equipment within the division will
best meet operational needs if SI system hardware and English hardware are . j
segregated into different units to the extent that this is feasible.

8. Metrication training and orientation within the division should
be delegated to the junior leaders and commanders of subordinate operating
units.

9. Specific task training within the division will be best accomplished
in conjunction with receipt and initial employment of the applicable SI
system hardware.

10. Joint training exerclses are pandatory to test manuals and direc-
tives whicn are revised to accommodate the SI system and to assure the

continuance of nission readiness throughout the conversion cycle.
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APPENDIX A
Metrication Directives

MEMORANDUM FORi1 Secretaries of the Military Departments
Chaimman, Joint Chiefs of Staff
Director, Defense Research and Engineering
Assistant Secretaries of Defense
Directors of Plans Agencles

SUBJECT:1 Use of .he Metrlic System of Measurement

The Department of Defense participated in a U.S. metric study by the
Department of Comxerce which resulted in a :recommendation to the

Congress in July 1971 that the United States change to the international
metric system. Although Congress has not completed action on a

metric conversion act, it has recognized that increased use of the

motric syster in the U.S. 1s inevitahle. Many Defense-related industries
have already started conversion to the metric system.

Adoption of the metric system will have advantages irherent in a
neasurement system that is coamon among nations in addition to its
well=known value in mathematical computation. In the military per-
spective, adoption of the metric system and availability of metric
standards and modules will enhance interchangeability and interopera~
bllity of military equipment and components with our aliles, and at the
sane time facilitate U.S. production of foreign designed systems and
equipment and vice versa.

It ia considered to be in the best interest of the DoD to pursue an interim
policy with respect to the changecver, pending enactment of leglslation.
Generally, it 1s recognized that industry will take the lead in the change-
over and the Services and Agencies will follow paying thelr fair share

of the costs. However, procurement actions will not normally bear the
burden of contractor conversion programs for machine tools and equipment
calitrated in customary units; rather, such transition to the metric
system will take place through normal attrition. Transition to metric
usage will be evolutionary; that is, involving principally new systems

and facilities, and will not normally include the redesign and modification
of exiating systems in the inventory.

Accordingly, the following interim policles are estahblished:

1. The Department of Defense will use the international metric
system in all of its activities consistent with operational, economical,

technical, and sfety considerations.




3

2. Effective immediately, the international metric system will be
considered in the procureme. . of all supplies and services and partlcularly
‘n the design of new material. It will be used when destermined to be in
the best interest of the Department of Defense. In general, the metric
system will be considered for the following:

a. Material which has potential for significant forelgn sales
or joint production progranms.

b. Where there is a specific milltary need such as for
material to be used jointly with NATO and other allied nations.

¢+ Areas where industry has made significant progress in
retric conversion and production facilities are avallable.

d. Areas where defense industry preparedness or defense
production readiness may be enhanced.

e. Other areas which offer definite econoric, operational,
or other advantage.

3. Existing designs dimensioned in U.S. customary (inch=-pound)
units will be converted to metric units only if de.ermined to be necessary
or advantageous. Normally, the system of measurement 1a which an item
is originally designed will be retained for the 1ife of the item.

4. Materiel components, parts, subassemblies, and semi-~fabricated
matsrials which are of commercial design will be specified in metric units
only when economically available and technically adequate or when it has
been determined that the significant elements of a higher order metric
system or subsystem are also to be metric. Bulk materials will be speci-
fied and accepted in metric units when it 18 expedient or economic to do so.

5. Defense Syrtems Acquisition Review Council (DSARC) reviews
which take place after 31 December 1975 (and assoclated Develspment
Concept Papers) will include comments regarding the use of aetric units
of measurement or reasons for thelr nonuse.

6. Technical reports, studies, and position papers issued after
31 December 1975 will include metric units of measuremen* in addition

to or in lieu of U.S. customary units.

7. Programming and budgeting actions will include resources
required to support the DoD effort in converting to use of metrlc units.
Use of the metric system will be identified and planned so that costs
can be included in the budget cycle on an orderly basis.

R. The Internationel System of Units (SI) describved in ASTM
E380 , (ANSI Z210.1 - 1973), or successor documents listed in the DoD
Index of Specifications and Standards, will be the metric system used

by the "D,
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9. Representatives of the Department of Defense will participate
in the development of national and international standards using the
metric system, to the extent indicated by DoD interest. NATC and other
internaibnal metric standards will be used to the maximum practical
extent. However, if a U.S. standard is estatlished with greater defini-
tion and restriction than a prevailing international standard, the U.S.
standard will apply.

10. Emphasis will be placed on conversion or development, using
metric units, of specifications, standards, and other general purpose
technical data, to keep pace with the conversion in the private sector.
When the item in question is a military item without a commercial
counterpart, the Preparing Activity will essume a leadership role in
development of the applicable metric document as the need arises.

11. Services and Agencies are encouraged to purchase new equip-
ment that will allow direct measurement in terms of SI units.

12. Training in metric practices and usage will be provided to
those personnel whose duties require such knowledge.

13, Use of dual dimensions (i.e., both metric and U.S. customary
dimensions) on drawings will be avoided unless it is determined in
specific instances that such usage will be beneficial. However, the use
of tables to translate dimensions from one system of measurement to
the other is acceptahle.

It is expected that these policies will he modified or augmentei in a
permanent DoD issuance as futher experience is gained. I will look
to the Assistant Secretary of Defense (Installations and Logistics) to
take such action as may be required to assure an effective and econ-
omical transition, in coordination with the DDR4E and with the advice
of the Defense Materiel Specifications and Standards Board.

(Signed)
W. P. Clements Jr.
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MICS=299=75
29 Awgust 1975

MEMORANDUM FOR: Commander in Chief, Aerospace Defense Command
Commander in Chlef, Atlantic
US Commander in Chlef, Europe
Commander in Chief, Pacific
Commander in Chief, US Readiness Command
Commander in Chief, US Southern Command
Commander in Chief, Strategic Sir Command

Subjectt Use of the Metric System of Measurement

1. The attached memorandum from the Deputy Secretary of Defense, which
provides policy guldance for the introduction and use of the metric system
within sgencies of the Department of Defense, 1s furnished for your infor-
mation. The movement toward increased use of metric units to replace cus=-
tomary measurement units has economic and operational advantages, many of
vhich will be experienced at overseas locatlons. A DoD directive based
upon the attached is being staffed and should be published in approximately

90 days.

2. The resolution of prohlems stemming from the interf{ace of inch-pound
and metric unlts will be a conintuing task. Some of the protlems to be
faced may bes psychological resistance to change among personnel trained
only in customary units; possible renuirements for dual stockage or dual
manufacturing to support weapon systems in some instancesj and continued
inventories of long=-life items designed under the obsolete system. These
protlens, although significant, may be minimized by proper planning and
monitoring.

3. The military advantages of metrication are those 1inherent in using
a simpler meusurement system, and the increasing compatibility that can
be achieved between US and forelgn equipment.

L. You are encouraged to begin use of the international metric system in
all activities consistent with the guidance provided in the Appendix. Proper
planning and monitoring are essential to insure flexibility in using both
systems during the transition period to avoid adverse lmpacts on operational
equipnent and systems will be addressed when planning is completed for
military-wide operational conversion to the use of the metric measurement
sysienm.

For the Joint Chlefs of Staffy

Maurice F. Casey
Lieutenant General, USAF
Director for Logistics
The Joint Staff
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CC

Use of Metric Units of Measurement

ALMAJCOM/CC

1. Most of the major nations have converted or are converting
to the use of metric units of measurement. Phasing of this
action varies, but the decisions have been made, plans have
been developed and implementation has been initiated. The
United States is the lone major power which has not completed
legislation on application of the metric system.

2. Although there is no officilal legislation, many segments

of industry are designing and producing their new products in
metric units of measurement to stay competitive in world markets.
Decisions are being made on a corporation by corporation basis
based on their evaluation of the economics involved with the
introduction of new products. Within several years some of
these metric items will be offered to the Air Force as cost
effective off=the=shelf hardware.

3. The Secretary of Defense has rocognized the trends within
industry and has disseminated interim metric policy guidance
pending the enactment of national legislation and promulgation
of a Department of Defense Directive. This policy, enclosed as
Attachment 1, will be used within the Air Force for development
of guidance in appropriate functional area directives and for
internal planning at all levels of management.

4. Questions regarding interpretation of this policy should be
directed to AF/LGYE.

(84gned)
Willliam V. McBride, General, USAF
Vice Chief of Staff
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APPENDIX B

DRB Major Equipment Items

DRB PERSONNEL AND EQUIPMENT SUMMARY

Includes the following unitss

Bde HQ, Three Inf Bn's FABn, Engr Co,

Cav Pit, Weather Det, Bde TACP,

MP Det, B2nd MI Det, FASCP, CCT, 358th ASA Det, BAME, FAST,

Total Personnel: 3499
Total Equipment: 833
Subdivided as Follows?

1/47 Trk él%a TOW)
1/47 Trk (106 RR
1=1/47 Trk (M?15
1/4T Tir

1-1/4T Trk M561

1-1/4T Trk M792
3/4T Tr

3/4T Trk

1/20 Trk M274
2=1/27 Trk

1=1/2T TMr

j=1/2T Tir (Vater)
2=1/21 Trk Dump
ST Trk Dump

5T Wrecker

105am Howltzer
OH=58

Al-16

UH=-1H

6001b Morklift

AN/GSN (Shop van)
Cont X=4 (Fiberglass)
AN/YPQ 4 Radar

Nater Purification Set
igr Tir

Back Hoe
fec Tool Tlr
4T Bolster Tlr

500 Gal Hladder
1/47 Trk (MK 107)

187

134
158
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1/bT Tir W/AN=MRC12? MID
D5A Doger
Sooop loader

Grader
Tool Set AC Maint

DIVISION READY BRIGADE (DRB)

=y

CAV PLT

I

I
82D MI DET 820 MP PLT—| ASA SPT PL’P{ | USAF ELE |

— I -
WEATHER IET EAME J

Extrected from the 82nd Airborne Readiness SQP., Division Regulation
5254, 25 July 1975, p. 8-19, 204 8-17.
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