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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 tasked 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-1M and C-5A aircraft.^ 

Adequate treatment yf metrication management depends upon thorough 

preplanning and skillful resource allocation.    This paper presents a 

descriptive and a graphic model for management of major events in the 

changeover process in the DRB and the C-lM/C-SA 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 will require centralized 

management and highly decentralized 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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ABSTRACT 

Conversion of the United States military to the International Systeu 

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.   Fbr those operational 

forces tasked to provide continuous combat readiness throughout metrication, 

management problems associated Kith 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-ffl and C-5A aircraft. 

Aequate treatment of metrication management depends upon thorough 

preplanning and skillful resource allocation.   This paper presents a 

descriptive and a graphic model for management of major events in the 

changeover process in the DRB and the C-141/C-5A system.   It Includes 

major personnel, hardware and In'■'"'facing 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 management 

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 program. 

t   ■ 

- -  -    - '    n "^-^'■"'-^-^-^'-•lllllf i  



iBRmpnnpPü 

TABLE OF CONTENTS 

Page 
ABSTRACT   il 

LIST OF TABLES   vl 

LIST OF FIGURES   vli 

Chapter 

I. INTRODUCTION  1 

Measurement Systems in the United States... •  2 

Characteristics of SI #  3 

Proposed Use of the ST System in the United States  ? 

The Metric Conversion Act of 1975  9 

Use of SI Within the Department of Defense  11 

Statenent of ProKlem  11 

Military Units and Non-Military Agencies  12 

Assumptions •  13 

Definition nf Terms  13 

Overview of the Thesis  1? 

II. HISTORICAI. PERSPECTIVES  17 

Conversion Experiences of Other Nations...,,  19 

U.S. Historical Background and Legislative Activity  22 

Metrlcntlnn in the Civilian Sect-.nr  2^ 

U.Si Metric Study  Interim Report:    Department of Defense 26 

Currenh DoD Metrication Planning  28 

Fxamplrr. of Superior Don Preparation roi- Metrication.... 28 

!>nera1 ir.ed DoD Summary  29 

111 

-'•■■''--11 iMi — - «MMk ■■»MIHU, 



Wim" um iiBimi, mHumwi» i^WH.ii.PW'.HH'' ii   i    .I'    ' """      r-''" 

III. METRICATION MANAGEMENT IN CERTAIN MHJTABY UNITS  32 

Division Ready Brigad« (DRB)i   82nd Airborne 
Division  32 

Military Airlift Couandi   C-141, C-5A Strategie 
Airlift Fleet  33 

Metrication Planning for Conversion of these Units  35 

The Conversion Process and the Snail Unit Couander/ 
Leader    37 

The Interface Perspective  38 

The Critical Task and Coaaand Eaphasis Perspective  41 

IV. SYSTEMIZING AND APPROACH TO THE CONVERSION PROCESS  45 

General Discussion of Conversion Nanagesent  45 

Explanation of the Diagreaing Technique  4? 

Metrication Manageaent at DoD Level  54 

DoD Relations with the Private Sector and other 
Govemaent Agencies  56 

Metrication Management in the Military Airlift Coaaand. 57 

MAC Personnel Policies  58 

MAC SI System Hardware Acquisitions  60 

Joint Procedures and Standards •  62 

Suaaary of Military Airlift Coaaand  63 

Metrication Management in the 82nd Airborne Division 
and the DRB'S  63 

82nd Airborne Division Personnel Policies  64 

82nd Airborne Division Hardware Conversion and Specific 
Task Training  65 

82nd Airborne Division Interfacing  65 

Joint Training Exercises  66 

Suaaary of the 82nd Airborne Division  66 

 --^■^—■.-       .-..- -...-,. „.:..,^ --   —^ ün täUM aMMMUfMlÜ -—-    .-.-■..— mmduit 



■ V liwwwiiBiwr""'''iiir '-■>"-'"--■ iniViipSfMi» "W'W'-,>"J   '■^^■"■^ J^^W^^^^B^^ liiipi^M^lU«^»^««.»««.^./....-'!';?! 

V.      SUMMAfiY AND CONCLUSIONS  68 

APPENDIXES  70 

A. Metrication Directives  75 

B. DRB Major aqulpaent Items  75 

BIBLIOGRAPHY  77 

<    ■ 

• 

■■-     -■-  MMMMMMM« i   mm        ■ 



Ml .-iiin^iaMUimr'iMSfi^j^l 
(L|yiii*,Uiii,j..iiiiy.i,i.w.m,i 

LIST OF TABLES 

Table Page 
1. UNITS WHICH FORM THE BASIS FOR THE SI SYSTEM.     4 

2. UNITS APPROVED FOR CONTINUED USE     6 

vl 

 ■    ..  -., -^^ 

'•Mr-uf-i-M irtT  ■ I -  - — 



JHU. 
Erifgi Hu 

ipuiMiWWIIH»il».WilMW"ffHl|IJ"! JJ 

■ 

LIST OF FIGURES 

Figure Page 
1.      DERIVED UNITS WITH SPECIAL NAMES     5 

?- EARLY METRICATION AT DOD LEVEL   1*8 

3- EARLY METRICATION IN THE 82nd DRB'a   ^9 

k. EARLY METRICATION OF TOE C-1M/C-5A STHATBGIO AIRLIFT SYSTEM 50 

5. LATE METRICATION AT DQD LEVEL   51 

6. UTE METRICATION IN TOE 82nd DRB's   52 

7. LATE METRICATION OF THE C-141/C-5A STRATEGIC AIRLIFT SYSTEM.   53 

vll 

......         .i „   -——■ !! 1   IMI      ■   -    -'-■-- «M  i   r   i — 



«4 r .' "".in ,  '         : . 
lii»WW***'''u.,l-,-|'l---'*W'->y^-il''','''<1''  ■!''   '      ! ^^^—'— 

CHAPTER I 

INTRODUCTION 

Concepts of measurement are basic to all modem 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- 

ciency in performing arithmetic operations in units such as inches, feet, 

square yards, dozens, acres, pounds, and bushels.    Scientific personnel 

and industrial organizations devote significant resources to measuremunts 

and increasing their precision.    This refinement in exactness improves 

industrial efficiency and refines and expands scientific knowledge. 

A pertinent historical dialogue has been recorded on the issue 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 pay be an asset or a liability as the 

society strives to meet whatever sociological goals evolve within the 

cultural frameworlc.   Most traditional measurement systems are evolution- 

ary in nature and change only slowly to meet the demands of technological 

change and r.ew accivl ieqv;lreii.e.'.ui.    The relative japactti^s of th® English 

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

extensive debate as the nation moves to conversion. 
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Heasurement 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 

(SI). 
1 

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

September, 1^?^ asi 

".#.three thousand years old, coming about through all 
kinds of rather crude and amateurish attempts at defining 
standards, but by guess and by golly and by chance and by 
muddling.  It has become a quite well defined system probably 
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 Insltution, all 
of which, by the way, were formed during the first two years of 
this century.   The Inch and the pound are the heart of the 
greatest Industrial effort In the world...". 

The English system Is widely taught, accepted and used throughout the 

UtS., with most adult Amprienns having been raised and educated in this 

system.    In addition, anyone dealing with thr nation's commorrinl busi- 

ness world nr industrial sector becomes thoroughly convorsant with the 

system. 

Simultaneously,  the metric system is widely used in the physical 

sciences, medicine, and by selected industries.    This syptem hf> . r Wantages 

of greater simplicity and manipulative ease than the English system, Kt 

suffers from shortcomings described in the folowlng summary! 

"TTie metric system is certainly the junior system, being 
only 300 years old.    It was established and sponsored by 
that great churchman, statesman, politician Bishop Talleyrand. 
There were no controls on the system and so It became rather 
prostituted as time went on.    Its system, in fact, is almost as 
awkward as the English system." 
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Speclfically, Talleyrand's system -«as baaed upon the meter, gram and second. 

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

"...gives rise to Inconveniently small units for some Important physical 

quantities and la limited to mechanical units so doea not provide for Impor- 

tant quantities such as electrical and thermal units." 

In the military a complex Integration of these two systems Is not un- 

common.   For example, In field artillery disucsslona, a classroom scenario 

may express range in kilometers, tube sice in both millimeters and Inches 

(depending upon the specific piece), round velocities in feet per second, 

and projectile sises in pounds.   Air Force aerial parachute delivery opera- 

tions usually require the use of both metric and English systems ground maps, 

Sngliah system weather data, nautical mileage aeronautical charts, English 

system measurement of drop errors.    In auch complex situations an individual 

must be able to reason in more than ore measurement system or perfozm 

mentally the appropriate mathematical conversions or, as Is most often the 

case, fall to conceptualise the true meanings of the numbers being used. 

The third system of measurement is the International System of Units, 

(SI) or "Le Systeme International d'Unites" as described In ASTH E360-72. 

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

by the 11th General Conference of Weights and Measures, I960.'    The United 

States participated in this conference am. adopted the standard system 

which resulted from the conference.   Units of convenience such as the liter 

are metric, but are not defined parts of the SI system. 

Characteristics of SI 

This system is summarised in a special guidelines for use bulletin 

■ n-i-iffUnTirilUKlrir > „».w.......... .-.■■: 
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puüishrd Yiy the National Bureau of Standard;;t 

"The ST ir. constructed from seven %a,r.o units for independent 
quantities plus supplementary units for the plane anple nnd 
solid angle.  (See TaKLe l)    Units for all other quantities 
are derived from these nine units," 

TAHLE V 

UNITS WHICH FORM THE BASIS FOB THE SI SYSTEM 

Quantity . Name Symhol 

SI Rase Units 

length meter rn 
mass kilogram kr 
time second s 
electric current ampere A 
thermodynamlc temperature kelvin K 
ammount of suhstance mole mol 
luminous intensity... ^ candela cd 

SI Supplementary Units 

plane angl e radian rad 
solid angle steradian sr 

All seven >ase units except the kilogram are rooted in reprodncihle 

physical phenomena.    This reproducibility is a particular advantage 

within the scientific community because the base units can he repro- 

duced anywhero in the world for calibration purposes at a relatively 

minor cost.    This Is a specific and unique advantage in using the ST 

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

platinum-iridiuin alloy kept by the International  Bureau of Weights and 

Measures at Paris.    A duplicate in the custody of the National Bureau of 

standards serves as the mas;: standard for the United States.    This is 

the only base unit still defined by an artifact."        Duplication of 

ir«lfl-|^Mi'.l—■^-----ii^iinit 
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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- 

sion  ho the SI f-yntem ran correctly argue that the new system is not a 

pnrtlcular improvement over the English sta.ndardr; in terms of accuracy of 

reproduclMllty. 

Derived units are formally defined and given special  names in the 531 

system.    Selected derived units are shown in Figure 1 with their relation- 

ships to the hase units.    The examples chosen illustrate the capacity the 

SI system to satisfy many measurement requirements using a small number of 

inputs, 

Base Unit 

Length-ieW 

MMB-kllograii 

I« 

Tüwsecond 

11 FIGURE 1 

DERIVED UNITS WITH SPECIAL NAMES 
.2N 

Jouje (N-m) 

Watt   +   (j/e) 

Power 

l^^j^^j« -- — ■^■—'—•'■-"--'^'■■~ ,^..1 
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Despite the flexibility of derived units the exclusive use of the SI 

system is inadeqiiate.    It does not define all the parameters needed to 

describe the phenomena of modern societies#    Therefore, selected units now 

in pxlstencc havr heen approved by the International Committee of Weights 

and Measures for continued use.   Some are approved for use until a suitable 

substitute can be defined and adopted.    Others are approved for permanent 

use because definition of a substitute is not anticipated.   These include 

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 nhysics, but are conveniently 

related to the size of the earth, the period of orbit or other well entren- 

ched physical standards.    Table 2 contains example? of both fundamental and 

common unite which will continue in use after metrication. 

TAHLE ?12 

UNITS ATTROVET) FOR CONTINUED USE 

FUNDAMENTAL UNITS 

elementary charge 

electron mass 

proton mass 

Bohr radiur, 

Comptln wavelength of electron 

Bohr magneton 

nuclear magneton 

speed of light 

Planck constant 

COMMON UNITE 

nautical mile 

knot 

gall on 

curie 

mum ■■- 
\mm*mmmmmmimm 
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angstrcm 

standard atmosphere 

hectare 

day 

year 

roentgen 

rad 

■barn 

hour 

Propoped Use of the SI System in the United States 

Conversion to the ST system of weights and measures in the Unltrd 

States has proceeded along two distinct and somewhat parallel path«.    The 

first path Is, historically, one of public policies and debates on the 

general characteristics of an official UiS. measurement system.   Conversion 

to a single standard system of measurement has been debated since the 18th 

century.    The recent development and relative ntrengths of the SI system 

have caused n renewal of such discussion.    Most nations of the world have 

chosen to use the SI system.    As late an DpceMber,  1975 the United States 

and a few small non-industrial nations were unique in the matter of hovlrv; 

no national policy for eventual adoption of the SI system on at least a 

13 voluntary basis, 

A bill in the House of Representatives (H. R. 11035) to articulate 

national SI measurement was defeated in the House on ? May 1^74 by a vote 

of 153 to ?^0 despite many expressions from the floor in support of such 

a policy.       In more recent legislative action the House of Representatives 

and the Senate parsed a bill  for the adoption of the ST system which 

President Ford signed into Public Lrw 04-16fi on December 23, 1975'   This 

law articulates "...a national policy of coordinating the increasing use 

of the metric system in the United States..." ■     The metric system cited 

. ttftiM _,^  jinr^i.!-,.-.-.-,^^^-^...^^^^-.^■.■..-■... --„fnfri,.. —ntrti"■■'■'-'■■-^mm^UMUMMim 
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•means the International System of Units as established by the General 

Conference of Weights and Measures in 19(:() ••• "16 'Ill is 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 possessine a basic 

knowledge of SI units and standards has increased. High school physical 

8 

sciences, thP. purchas~ and use of many imported goods including foodstuffs , 

interaction with the medical community, travel abros.d in many countries, · 

and conversion programs of other nations have t~en some of the elements 

contributing to an increased general working knowledge of SI measurement. 

'ntus, on at least two levels , a large portion of the population has been 

increasingly exposed to the functional eleaents of the Sl system. 

'nte Met .... c Conversion Act of 1975 

An undcrstandins of Public Law 94-168 is vital to those manaeine the 

adoption of the ST y. t~m in any sector. The law provides that "It is 

therefore d clared that th(' olicy of the Uni .d States sh8ll be to 

coord1na~ and rlan tho increasine use of the metric system in the United 

States ..... !? This sets out an unambieuous policy which many parts of 

both the private and public s ctors wanted before they started conversion 

progrus . The law further provide "for the establishment of a seventeen 

member United States Metric Roard. 18 The function of this body is to 

81 ve- h1eh level euidance to th total conv rsion program . 19 The law 

l~aves littl~ rloubt that thP. SI conversion of the United States will 

eventuAlly oc-cur. 

One ch~tract.P.ri !'; tic common to the public lJ'tw, pronouncements and 

pu~ications from the American National Metric Council, and the 
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of other pro-conversion orparilzations Is potentially confusing.    Strictly 

spraklrv; "oonvorsinn to metric" could mean converr.lon  to the sycten devcl- 

opcd by Talleyrand In  the nineteenth century,  rather than to the more care- 

fully defined  "Syr-tem  International  d'Hnlter".    Although  the  Intended 

ncnnlnf In urually cl.e;ir,  eventually this cnrelerr< une of termr, will   In- 

crease the potential  for confusion. 

In spite of the tardiness of formal lepislatlon many economic rub- 

sectors in the United States have initiated or completed independent con- 

?0 versions to the use of the SI system.        For example, about fifteen years 

ago, partly as a result of consumer demand, the pharmaceutical Industry 

bepan  to change Internal operations and most products to SI units.    For 

the Industry the result has  been more economical  manufacturln/:, easier 

?1 perronnel   trnlnln/T,  error reduction, and better standards and records. 

In addition,  many schools hnve started to teach   the SI system.    It Ir; 

believed that SI HIII   be  included In Instruction  In all   stater, by I97R. 

Such projects are already tinder way In California,  Illinois, New Jersey, 

22 Maryland, and New Mexico. 

« 

1 

• 

Use of ST within the Department of Defense 

The Department of Defense (DoD) has recognized  the recent trend for 

national conversion to the SI system, and has articulated a ret of broad 

policies for DoD participation In the process.    The followlnp quotation 

expresses the basic attitude of the Office of the Secretary of Defense 

toward ST conversion 1 

"Adoption of the metric system will have advantages inherent, 
in a measurement system that Is common among nations in «»ddltlon 
to its well-known value In mathematical computation.    In the 
military perspective, adoption of the metric system and nvail- 
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ability of metric standards and nodules   will enhance inter- 
ehan^eahility and interoperability of military equipment and 
components Kith our allies,  and at tue same time facilitate 
U.S. production of foreign designed equipment and Systeme ?nd 
vice versa."- ^ 

Tn thir, r.ame letter specific cautionary guidance was ade'resced to DoD 

acencier to preclude them from pionrcrinf in SI conversion.    "Generally 

it is recognized that industry  will   take the lead In the rhanfeover and 

the Services and Agencies will  follow paying  their fair share cf the costs. 

Understanding Public Law 9^168 is vital for the military manager in- 

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

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

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

plicates  the timing of DoD planninp and demands great flexibility.    Second, 

the private sector will  not lie elifiible to receive financial  aid  for conver- 

sion under current law?;.    This  will   affect DoD procurement policies,  espec- 

ially  with small  businesses.    Third,  the voluntary nature of conversion 

should preclude    development of DoD-contractor relationships in which the 

DoD ends up paying for the bulk of the conversion costs for that firm as 

a part of a major procurement contract. 

The DoD has participated  in several   studies of metrication,  but, has 

not entered into conversion activities with a  broad basod plan.     Detailed 

planning has not been conducted for the conversion of daily operations, 

nor have policies been articulated  which would lead  to decisions on how 

to accommodate current Fnglish standards, materials and  weapons  presently 

in the inventory, or the multitude of Enplish/SI interfaces which will 

be generated by conversion. 

„?h 
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jgg^l^l 

- -  



imipiijiiinwiiPii., , :.pg^;;»Jil...n,Uji ■■», iw^nmnffj^tAtj.^^ y, .u,..   ^~ 

11 

Statement of thr ?rohlem 

Thf I'urpoi'f df t.hln  |in|>P7- I'-.   t,n oxnmlnp a  porMnn o^ l.hr  mil 1 l.nry 

cotivprr'.lnn prororr.    Wlillr hoth  the  Army nmi Mr- Koron now work  r.lmnl tnn- 

couRly in hoth nyr.temr,,  rolthor hnr   the capaMllty to convert complctoly 

to ihr ST System^    Neither has organized an on^oin,^ tnanagement nro^r^m to 

analyse ^nd aocownodate the tnpaot of a national conversion projjrnm on 

military operatinnal capability.    The paper discusses the impact of oonv^r- 

slon on specific elfiments of existinp Army and Air Fore«5 force.-,  specifi- 

cally   the brigade sized ready force of the 82nd Airborne Division (DRP) 

and  the Killtarv Airlift Command C-1M and C-^A fleet. 

Military Units and von-Filitary Agencies 

^p Army maintains designated forces in a high state of rer.dinens for 

rapid ."lo'hal  deployment at the direction of the national command authorities. 

The P?nd AlrVorne Division is  tasked  to provide several  such fore packapes 

including  l.he Division Ready  brigade  (DP?).    Tt constitutes  the Army portion 

of the forces  In this study.    The DP^ units,   hasked for -rapid continrency 

response,  are air transported by the USAF, Military Airlift Command organic 

strategic airlift assets,  the C-l'Jl   and C-'-A fleets.    They constitute  the 

Air ^orce portion of the forces  ir this study. 

The great value of these  forces lies in their responsiveness.     Kany 

other military units penorate noro eomKat, power, hut none havo +,he capaMllty 

of reacting with such n  combination of flexibility and speed.     Maintaining 

ruch responsiveness requires careful   preplanning and intensive periodic 

t-raininr.    Tt, is liVly that the capabilities of these units to perform 

would bp degraded durinr  metrication.    New standards for support equipment, 

■.r^-A,^.^-,,....-,^-.^....,.,..^-.:.^..... „-. ,       i[|[|.| (||_ll:_L__U^_^^^_^_^^^_^^^^^_ 
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civilian Interfaces, operating procedures and «laslon hardware will have to 

be carefully Introduced Into each of the services to prevent operating inco»- 

pati bill ties.   This paper identifies a nuiber of points within the 82nd 

Airborne Division and the MAC C-141/C-5A fleet which are likely to be «ost 

affected by an incorrectly administered aetrication process.    Sequencing of 

aetrlcation tasks is studied to identify the areas which will need the aost 

managerial attention.   Alternative approaches to conversion management are 

considered. 

The impact of private and public agencies which are not a part of the 

two uniformed services on the metrication of these units will also be 

significant.   For example, action by soae government agencies such as the 

Federal Aviation Administration is just beginning.   The FAA controls auch 

of the airspace in which MAC operates this mission.   Such external influences 

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

planning and knowledge. 

Assumptions 

Throughout this paper it will be assumed thati 

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, 

will proceed with vigorous conversion to the SI system over the next ten 

to fifteen years. 

3.      As a aatter of policy the Congress will recognize the long term 

benefits of aetrication.    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 iaportant 

• -— 1 
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consideration, It »rill only be dlscuBsed here to the extent that it provides 

a parueter for avoiding the sost serious pltfaUs of gross overduplication 

of capabilityi 

Definition of Tens 

The following are the intended leanings of specific words and terms 

used in this papers 

Metric Units i Units defined by the International System of Units based 
on "Le Systeme International d'Unites (SI)" of the International Bureau 
of Weights and Measures. 

Mefeflcatiom Changing to units defined by the International System of 
Units| or conversion to SI. This paper does not use the ten "conver- 
sion to metric" to mean metrication. 

Hayd Convenionü   The process of changing a measurement language to 
nonequivalent SI units which neccessitate physical configuration -/■ 
changes outside those penitted by established measunent tolerances, 
This process Involves changing physical dimensions of existing hardware 
or building replacement hardware to new dimensions to onfon to SI 
specifications. 

Soft Conveniont   The process of changing the measurement language to 
equivalent SI units within acceptable measurement tolerances without 
changing physical configurations.       This process Involves changing 
specifioation descriptions (numbers) to SI unite without requiring 
a change in the physical dimensions of the mardware under consideration. 

Overview of the Thesis 

This thesis describes the results of emperlcal investigations into a 

specific portion of the SI conversion problems which an pending in the 

United States.    This chapter presents a brief outline of the national 

metrication program and a statement of the specific military conversion 

pnblem addressed.   Chapter II presents a nview of selected fonign SI 

system experiences, a historical development of measunment systems in the 

U.S. and a report on conversion prognss in segments of the U.S. private 

■^ ■'-^»■'^'- ^ -^ - ■ -iiimi MJUiüIll 
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sector. The DoD preparation for metrication Is discussed In some detail. 

Chapter III describes the principal characteristics of the military units 

specified for the problem, and relates these characteristics to metrication. 

Two approaches to converaion 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 developed In detail. Chapter V enumerates specific conver- 

sion management conclusions baaed on the discussion In chapter IV. These 

should be useful to the mlltary manager faced with metrication planning 

and execution. 

s 
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CHAPTER II 

HISTORICAL PERSPECTIVES 

This chapter provides histdrleal background for the problen to be 

studied Including a comnentazy on the conversion experiences of several 

other natlon8v a suraary of recent U.S. aetrication legislation, discus- 

sion of selected Mtrloatlon activities in the civilian seotar» and an 

analytical review of DoD aetrication programs and policies. 

Conversion Experiences of Other Nations 

National aetrication prograas have been coapleted or are in process 

in evtzy industrial nation in the world which had previously used the 

English systea except the United States. A selection of observations froa 

these conversion experiences will illustrate soae of the pitfalls that aay 

await the United States. 

Japan is a classic example of a nation which converted to the metric 

systea (not SI) with Insufficient organisation and planning. An original 

coamittnent to metric usage was aade in 1921, well before the SI systea was 

foraally identified. At that tine three aeasureaent systeas were widely 

used in Japan, ntaelf "...metric, English, and the traditional systea based 

on the "shantu" (11.930 inches) and the 'kan' (8.26? pounds)."1 The tumoil 

of Vorld War II prevented changeover during the war, and the subsequent 

occupation of Japan by the United States reinforced the use of English 

2 
despite an intensive aetrlc education program.  A new legal committment 

to the metric system was made in a 1951 !**• Conversion was finally COB- 

plated in all of the major sectors of Japanese society by the 1960*s.-7 
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Several lessons can be applied from the Japanese experience.    First, 

a significant educational advantage was reaped because of widespread use 
h, 

of metric prior to its official adoption as the single national standard. 

This advantage reduced the requirement for metric education during the con- 

version, a situation not fully enjoyed in the United States.   Second, the 

adoption of a national metric standard requires considerable direction from 

the national government and political system to achieve the desired momentum. 

Although this conversion characteristic has been recognized by the U. S. 

Congress, strong administrative action has not resulted*   The leng record 

of legislative debate indicates that ozganieatlon and action by the federal 

government and the private sector are coming only after the U.S. has become 

more 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 sectors toward a well-coordinated and centrally 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 death.' 

Although national legislation was passed and an extensive educational effort 

was conducted, Canada continues the use of English measurement in a remark- 

ably large number oi tasks.   In the Industrial and commercial sectors this 

say be attributed, at least in part, to Canada's inability to operate as an 

economic entity independent of the U.S.'   The high volume of trade with the 

U.S. as a percentage of Canadian GNP would support this assertion. 

Wille Japan and Canada suffered conversion difficulties, Australia 

* 
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seeas to have achieved a more effective approach.   Australian national 

policies appear to have optimized a solution to their conversion profcleas. 

The national prograa balances suboptlnlzatlons In calculating lead times for 

conversion, sequencing or conversion steps, selection of time phasing, 
g 

accoipanylng educational effort and other programs.     Metrication should be 

completed by the 1980's at minimum cost and with relative ease, although the 

Australian experience still merits a word of quailiication.   Trade patterns, 

the Industrial base, economic autarky, sice and other influences make 

Australia's conversion problems vastly different from those of the United 

States.   An optimal outcome «as more likely for Australia than for the 

more complex and larger came of the United States. 

UiS. 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, 

Great Britain and Franco which addressed a major overhaul of the respective 
o 

national syutoms of weights and measures.     Agreement could have yielded an 

especially timely and unique standardisation of measurement systems because 

it took place shortly after Talleyrand's exposition of the metric system. 

Unfortunately the three nations failed to act la conoert 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 

distinct historical phases during which the issue of a common international 

metric measuromtnt system has been a recurring theme*      The two phases 
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one procedural and the other substantive. The procedural objection, a valid 

one, nas simply that the bill was introduced to the floor of the House under 

parliaaentary rules allowing only twenty minutes for debate. This led to a 

hurried, 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 law. This poae- 

Ibllitj «as raised in debate, but was not clarified by amendment to H.R.IIO35. 

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 shoved 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 

9^168. 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 conversion* *   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 period. The American legislative approach to aetrication 

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

place will be the most Important force driving us toward the Si system. 

*,n.ii*M*.*.~..^..i*.^.. ■■. . ,„...,, , 
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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 Ha coordinating, planning 

and Infonatlon center for all organized eleients of U.S. society Involved 

14 tdth conversion to the International Metric System.       As much a tody the 

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

of a DoD/lndustry Metrication Orientation Workshop,   This Workshop was held 

at the Redstone Arsenal on 9-12 July 1971*«   There were a total of 12? parti- 

cipants!   41 Any, 33 Air Force, 12 Navy, 1? DSA, one CSA, one Department of 

Commerce, one University, one Marine Corps and 20 from Industry.      A formal 

document listing the results, conclusions and recommendations of the confer- 

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 organised 

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 organleatlonal meeting until 11-12 November 1975 

in Washington, D.C.       This meeting did not discuss and resolve the substan- 

tive Issues of a sequence of metrication events.   Rather, it was an initial 

step to bring together the components of the sector for the first time. 

Eventually they will be required to modify aerospace operations and products 

17 as a result of conversion to the SI system.       The most substantive outcome 

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

Administration in organising the actors concerned with utilisation of 

18 American airspace during metrication and under new SI Standards. 

»UUuAUCIU-. 
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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 is generated in foreign countries and is 

iaported into the United States aboard aircraft built and operated in the 

English systen.    Such cargo handling operates from a few fixed» high voluae 

ports and can be controlled through a set of aetrie/English, Bnglish/netric 

contersion steps at each affected teralnal.   Thus, aetrlc or SI cargo 

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

weighed and palletized for loading aboard a Lufthansa owned, Boeing built, 

English systen 7^7F aircraft.   From that point it would typically be handled 

on English system conveyors, pallets, loaders and aircraft until discharge 

19 at John F. Kennedy International in New York.       The entire situation is 

quite unlike the case to be faced within the DoD.   The latter has aany 

additional variables in equipment, operating locations, and other character- 

istics. 

American aerospace manufacturers are moving very slowly toward SI. 

Currently, "A few aerospace systems within corporations (Gruman, Hughes 

Aircraft, and Rockwell) are now being designed and fabricated using SI 

metric units as the primary dimensional system.       This reluctance to con- 

21 vert is prudent and a logical position for this industry.       The relatively 

poor profit record of airline companies in recent years makes them reluctant 

to demand new equipment.    The aerospace manufacturers have, consequently, 

not been able to solve the cash flow pooblems Inherent In the changeover, 

and are not in a position to absorb the conversion coats« 

In civilian sectors other than aerospace the pressure for SI conversion 

has been quite varied.    For example, the automotive Industry Is a leader 
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among heavy industries novlng toward conversion.   Both General Motors and 

Ford see early conversion as having significant profit benefits, and they 

have resolved the short ten cash flow pzoblens associated with Metrication 23 

2k 

The pace of autoaotlve aetricatlon 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 is faced with 

operating «any SI standard items of equipaent.   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   favored within the tooling and machinery industry/ 

This Industry can supply SI system products more cheaply to all custoaers, 

lacludlng the ailitary, as the econoaies of scale created by the autoaotlve 

Industry are realised. 

On the other hand various labor unibn officials voice opposition to 

the entire aetricatlon prgram.   There seeas to be no identifiable center of 

resistance to conversion, but there are aany expressions of concern for the 

economic burden of the individual craftsmen faced with the expense of repla« 

tag    all of their tools with comparable SI standard equipment. 

U.S. Metric Study Interim Reporti    Departaent of Defense 

One voluae of the U.S. Metric Study Interla Report. National Bureau 

of Standards Special Publication 3^5-9, "Departaent of Defense" deals 

exclusively with thf metrication nf the Departaent of Defense.   The docu- 

ment was a thorough and authorlatlve discussion of the costs and benefits 
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of the conversion of the DoD to the SI syste« In 1968,   Much of the docunent 

remains useful in 1976.   For instance, it outlines a nuaber of major DoD 

aotivities which will encounter great prohleae during aetrication such as 

shipbuilding.   It does not, however, suggest specific solutions to these 

probleas. 

The study estlaated the total DoD aetrication cost to be 18.1 billion 

dollars to be spent over a thirty year period. J   Major assuaptions were 

required to arrive at this cost estiaate.   At least two of the assuaptions 

in this case have been rendered invalid by historical changes.    First, it Mas 

assumed that "Congress will have acted to adopt the SI system of weights 

26 and measures by July 1972."      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 

27 replacing inch-pound as these end their useful lives."       The force structure 

has both decreased and substantially changed in character and items of 

equipment since 1970.   The cost calculations in the study are probably 

inadequate due to these difficulties. 

An example from the Air Force portion Illustrates further difficulties 

in using the DoD portion of the 1968 study.   The Air Force input addresses 

budgetary considerations as follows a 

"The major financial impacts of converting to metric measurement 
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 were computed or 
estimated by appropriate Air Force organization." 

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

t^atj.-Ma^mijaaiMpm^ajaa- II iMIIf I 
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Comand 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 

29 cowiand of $878,935«       Colonel Lee's personal recollection of this staff 

30 action is that MAC prlaarily addressed retraining costs in the analysis. 

Tltese training cost figures eventually becane 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 now operational in the force. 

Other potential and real world operational inconpatibilitles are now 

being Identified.   Functional interfaces with other agencies which are 

essential to MAC operations remain to be addressed for the first tine.    For 

example, the problems of converting the computer systems in use today did 

not exist when the 1968 study was conducted.       These Illustrations of the 

shortcomings of the DoD portion of the document are alarming.   They show 

that the 1968 study probably cannot accurately forecast 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 broad spectrum factual analysis 

in print and is used extensively by members of the Congress and most SI 

32 conversion planners. 

Current DoD Metrication Planning 

Mr. Ron Kunlhiro, general engineer for the DoD Material Specifications 

and Standards Office, stated that planning for »etrlcatlon has only rrcently 

received serious emphasis from senior civilian and uniformed DoD officials. 

Copies of the initial metrication guidance from the Deputy Secretary of 
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Defense | with cover letters fro« the Joint Staff Director of LAglstlcs and 

the Vice Chief of Staff, USAF nay lie found at Appendix A.   Initial channels 

for high level coordination within soae DoD activities have teen estahLlshed. 

A DoD Metrication Panel was convened for the first tine In 12 February 

197^»       The panel was chaired at the Assistant Secretary of Defense level 

and charged as follows i   "The Metrication Panel will develop a General DoD 

1    " 
i   i 
B      1 

E E 
1 
1 L .... (.^;,..,.!«.. 
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Plan for the orderly conversion of specifications and standards to the metric 

units of «easurenent. 

The panel is responsitle for broadly hased activities to "detemlne 

what kind of policies are needed, the kind of training needed, a broadly 

based tine schedule, etc.        The Panel prepared such a study plan on 

2l«-26 April 197^ and briefed it to the Defense   Materials Specification 

and Standards Board on 9 May 1974«       This document divides all DoD inven- 

tory iteas Into seven aajor categories for SI conversion treatnenti   Auto- 

«otive, Anaaents, Building and Construction, Aerospace, Electronics, Ships, 

and Comon I tens.-^   There is no evidence that daily operational usage or 

■ission execution while in the changeover process have been studied by the 

panel«   Their aajor eaphasis was on acquisition of DpD hardware.   However, 

Dr. Ryerson, a USAF Panel representative, did sound a clear note of caution 

in his dosing renarksi 

"I «ust emphasise my impression of the seriousness of the 
impact of conversion en the Department of Defense.   Directives 
Issued by the Department of Defense to its eotponents should 
be formulated with the utmost care after long and serious 
deliberation baaed upon the most dispassionate evaluation 
of its mission and responsibilities to the taxpayer.   While 
many aspects of conversion are indeed trivial, we cannot        _ 
afford the least adverse impact on our defense preparedness, "-^ 

Dr. Kyorson's point is clear, and the hesitancy of leadership at high levels 

r-.fr.JI.A. . -.-^^ . ■.|>^,.^ ■!..>■. .: iiWiilmfiliriimirllHruniMv.   rt..-.^.«i.    .•.■>.x.;... ^.■■„..:.^^^,....     ....^   .. 
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has led to a situation In uhloh there are «any cases of Inadequate organiza- 

tion, planning and guidance for the pending conversion»   Contrary to some 

«Ultary thinking, Metrication cannot be completed In a few slaple manage- 

ment steps which may he taken at the convenience of the unit commanders at 

wing or divisional level •   The need for extensive coordination and planning 

la not obvious and Is, therefore, too often unrecognized« 

Examples of Superior DoD Preparation for Metrication 

In some areas 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 eonslstant experlmotitml data avail- 

able shew that personnel Involved In mechanical tasks are readily trained to 
hn 

operate in both the SI and the Snglish systems with acceptable error rates. 

This research data has direct application to training programs and malnten- 

auoe planning which «111 be Implemented as a part of conversion. 

In a second field, aeterology, there have been a number of ongoing 

efforts to convert all data collection and Integration to the SI system. 

The staff meteorologist usually translates SI weather Information into the 

English system only «hen there is a requirement to Interface with a user 

äto must have the Information In the English system.      Meteorology is 

particularly well suited for early metrication action, because much of the 

scientific data and all of the International dissemination processes have 

historically used the metric system.   For the types of data gathered in 

meteorology, metric and SI units are essentially synonymous.   Despite the 

historic disposition toward the SI system and the relatively narrow types 
i 
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of data collected in the science, a number of technical Incompatibilities 

exist and are subjects of lively and unresolved debate among meteorologists. 

Even so, meteorology, the study of maintenance tasks and a few minor activi- 

ties are far ahead of the balance of the services in conversion to the SI 

system. 

k2 

Generalized 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.    Thoroogh and careful planning of 

the sequence of conversion events is the only alternative to higher than 

necessary costs and considerable confusion.    Such planning must consider a 

wide spectrum of tradeoffs to be made in hardware, safety, mlsblon rpadlner^s, 

procurement of new weapons and support systems, and a host of other areas. 

The remaining chapters examine some of the considerations which are important 

for that portion of the Army and Air Force defined In the problem Btatement. 

However, Incomplete It may be, it Is a starting point fcr a process which will 

eventually consume a significant portion of the nllitt lanning effort 

and {«source base thioughout the conversion process. 

—.  „. ...^ -. r 
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CHAPTER III 

METRICATION MANA3EMENT IN CERTAIN MILITARY UNITS 

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

sectors defined by the DoD Metrication Panelt   automotive, anuuseiit. 

building and construction, aerospace, electronics, ships and common items. 

This approach has limited uitlllty in the conversion of the 82nd Airborne 

Division and the MAC strategic airlift fleet.   The requirement for contin- 

uous operational readiness and the broad mix of personnel and equipment in 

these units make conversion management a new problem«   In these cases 

portions of all aspects of conversion must be Integrated on a continuing 

basis into a single, intensively managed process.   This chapter describes 

characteristics of the 82nd Airborne Division and the MAC C-141/C-5A fleet 

Nhioh are pertinent to metrication.   It then introduces twa views of metri- 

cation designed specifically to give perspective to the small unit leader 

assigned in either organisation during conversion. 

Division Ready Brigade (DRB)i   82nd Airborne Division 

As a part of its total mlsslon'the 82nd Airborne Division maintains 

the capability of employing as its rapid reaction force a company team, 

battalion task force, brigade or division force package."     For metrication 

analysis the brigade slice (DRB) has been selected as the most useful sized 

unit.   Although not capable of operating independently for long periods, the 

DRB contain« 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 
2 

destination ne »ore than twenty-six hours after initial notification.     The 

i 
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DRB is prepared to deploy for airdrop or airland and, upon arrival, to con- 

duct Independent operations for periods of up to thirty days.     The force con- 

tains appropriate slices of comhet, combat support, and combat service support 

elements.    A detailed description of the DRB force structure may be found In 

Appendix B. 

When It deploys, the ORB Is tailored for the specific mission assigned. 

For this reason the size of the brigade slice with tailored augmentation may 

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

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 ftom all supporting arms.     The 

force Is 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 halicopters must be restricted for airlift and airdrop oper- 

ations . 

Hie 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 D5A bulldozer, the grader and other engineering 

equipment.     All equipment except for certain helicopters found in the cav- 

alry platoon can be moved by C-l^l.    The helicopters require the outsize 

capability of the C-5A, although the outsized cargo organic to the entire 

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, 

all air transportable and most of it air droppable. 

Military Airlift Commandi   C-141, C-5A Strategic Airlift lleet 
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Military Airlift Command has available assets of some 250 C-141's and 

6^ C-5A aircraft.   These numbers vary slightly as individual aircraft are 

detached from the MAC fleet from time to time for use in special projects 

and activities.    The fleet is assigned to Military Airlift Wings at six Air 

Force bases, three on the eastern and three on the western U.S. seaboards. 

For any given DRB deployment, aircraft 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 outslzed cav- 

alry squadron helicopters, a widely varied mix of C-l4i/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 excluslvR use of the C-5A is possllile, in a deployment, sole 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 result in 

the rapid closure of assigned DRB equipment at the destination ^ith a distinct 

lag in the arrival of personnel. 

Both these aircraft were designed and test flown in the 1960^, the 

C-lM as predecessor to the C-^A.    Both were built by Lockheed Aircraft Com- 

pany to English specifications and standards.    With the exception of the 

liquid oxygen quantity guage (measured In liters of 0 ) 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.   Afesociated main- 

tenance «md ground handling equipment are built to a common set of English 

standards.   A complex   matrix  of   ground   support   equipment   has   been 

> 
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produced In large quantities and distributed throughout the non-Communist 

world to enhance the global flexibility of U.S. airlift posture. 

MAC Wings at the six C0NU3 home stations follow roughly the same organ- 

iBational pattern.    Flight crews are assigned to distinct Military Airlift 

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

post 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 aircrews is 

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

complicate the coordination of any metrication program. 

The logic of this type of organizational structure becomes more apparent, 

however, when it is realized that MAC operational missions and 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. 

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

requims the orchestration of the full spectrum of MAC airlift asaeta; 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 environment is highly structured.    It usually 

Includes interaction between MAC, private industries, other U.S. government 

agencies and the governments and air traffic regulating bodies of foreign 

powers. 

Metrication Planning for Conversion of these Units 

Although different in mission, equipment and organization, the MAC 

* 
*. 
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strategic airlift fleet and the 82nd DHB share certain characteristics which 

present challenges to the metrication process.    The reaalnder of this chapter 

will detail such characteristics and then discuss the conversion process fro« 

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

the C-iiH/C-5A fleet and the DRB will jÜ» required to operate at a high state 

of readiness throughout the conversion to the SI system.    This assumption in 

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 because 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- 

dozers, 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, however, 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 piece 

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. 

I I 
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'!bird, both un1 ts receive personnel resources froa a central huaan 

resource aanag•ent and aasignaent syatM within their respective services. 

'ftle iDexperienced unputa into both officer aDd enl.iated. ranJca are relatively 

young. As conversion pro«resses ll08t of these junior personnel will have 

had prior experience with the SI syat. within the context of the larger 

aocietr• This aeana that both OJ.'!&nisations wUl be required to adjust 

aetrication trainillg to aeet the needs of people poasessins widely var,ying 

SI backcrounda· Inronical.ly, theJ aay e•entuall7 be required to fomulate 

a~nt orientation~ tor soae of these JOUDd people preparatory 

to operation of Bnglish equipaent stUl 1n service twnty or 110re ;yean traa 

DOW• 

Fourth, the 1Im aDd the 0•141/C-SA tleet are boUDCl by the need to 

operate topther 1n the plannins aDd. deployaent of the 81"0Wld forces bJ 

air. Neither can initiate a aetrication prasru without conside~ the 

1apact of •• equipaent, pmcedures and directiYes on the sister services. 

'lbe Uployaent aission requires that the t110 OJ.'!&nir.ations interact contin

uoulJ 1n planning, eurciaes aDd 1n actual operations. Isolation of 0118 

tftill the other is anacceptable. 

'ftle Comersion Process aDd. the Sllall Unit COIIII&nder/Leader 

S.ccesaful aission &CCOIIpliahaent is a direct result of the efforts of 

the platoon or ooapuy C<8MDd.er 1D the DRB aDd. tbe aircratt coaander or 

tligbt COIIII&nder in the JUC 1141uadron. The 1aposit1on of Mtrie&tion require• 

Milts at th1s operatiJJS level aay be illpatiently receiYed u an addition to 

an alread7 larse 110rkload.· Tbe next MYeral aecticma of tb1a thesis ~ 

wrlttea to relate the broad. baaed approach 1D dapter IV to the perspectiYe 

ot 1:boae 1lho ·are actwally pertomiJII 1108t of the fUnctional. tasb. "' , . . "-.. n ··• 
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3maH unit leaders and members will either accept or resist metrication based 

on Individual experience 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 towrd positive acceptance of the conversion process. 

This, in turn, could yield an improved metrication program at all levels. 

The next, two sections described two vievs of conversion potentially useful 

to the small unit leader or commander.   They show two ways In which the ju- 

nior officer or NGO could handle conversion to the SI system | 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 NGO could profitably view 

metrication Is as a set of Interfaces defined in measurement systems which 

do not match.   This means that the leader is faced with a variety 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 partsi person-person, person-machine, and machine- 

machine.   Of equal Importance, these subdivisions give the leader or manager 

an organizational fnuwwork within which to define conversion problems 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 system 

knowledge levels and the manipulative proficiency of unit members should be 

the first step in assessing this interface.   Conversion education will be a 

a—-■■■ fcHniiniiüirVT ■-inTiimrin ■„ j^aitJMMIÜiüiaii - 
■-"-•—-— 



t-»iJJiilil"WWil>»wtWP^|.ii.-«*11^^ 

39 

major factor in tijnely Interface management.    The leader will be required to 

define the knoidedge level of each member and compare it to the minimum stan- 

dard required for the operation of Als particular equipment.   The leader 

must either select prepared programs of training for each subordinate, or 

revise the training materials available to fit the needs of his people.   He 

can expect a wide variance in the training required of his people rnd must 

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

knoidedge. 

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

the conversion requirements.    Training people to a simpler measurement system 

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 Amy used a highly effective 

newsletter program.   Published on as "as required" basis, it was written 

simply, maintained a high interest level in the target audience and accom- 

plished the desired results. 

Most importantly, the leader must maintain open lines of communication 

within his unit on the conversion problem.   Experience in the automated data 

processing field has shown that upward communication provides useful ideas 

for program improvement and permits subordinates to express their feelings 

about inadequacies in the new system.   Communication will be a primmxy tool 

In overcoming behavioral and psychological resistance to the change to the 

SI measurement system. 

The person-machine Interface necessarily overlaps into both of the other 

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 ease 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 is largely governed by the procurement nrocess which introduces 

new military hardware into the inventoiy.    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 

oomnand.   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 anticipate adjustments or 

modifications to English equipment on hand which will create acceptable 

interfaces with the new SI system materials.    He should recognize that many 

of the actions to prepare the personnel of his unit will be most effective 

if the training coincides with the arrival ol SI standard components.    In a 

sense, the pace of arrival of SI machines to his unit Is a standard to which 

his other metrication actions 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 foraulated in 

the snail unit.   The most important contribution of the viewpoint is ade- 

quate development of the sense of conversion perspective in the junior 

leader«    It should help him to understand the types of problems inherent in 

conversion and the priority which conversion actions 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. 

Hie Critical Task and Command Bnphaais Perspective 

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

understanding of what is important to his missf.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 either event, some 

attitudes characteristic of this perspective will be developed unconsciously 

in almost all small unit leaders.    Although less deslreable than the inter- 

face approach, this perspective does permit the junior leaders to develop 

and employ an understanding of what metrication effects are considered by 

senior officers as critical to the entire DRB or MAC wing.    The management 

areas most important to mission accomplishment are brought out, and the 

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

Examples of such important areas might include) definition of goals 

and priorities, operational readiness, high morale; safety standards, and 

maintenance record.   Metrication impacts, usually in an adverse manner, on 

«11 of these areas.   The essence of conversion management in this perspective 

lies in a conscious 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 Is likely that maintenance and readiness would be 

degraded during conversion, but it is unlikely that the aircraft commanders 

Mould 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 Khich they wish to protect. 

He will be less likely, however, to understand the total metrication impact 

and will not be well equipped to communicate the program to his subordinates. 

It is less likely that he will be positively geared toward metrication as a 

program with real long-term benefits for the society as a whole and for his 

specific unit. Without a formal program of planning and training for junior 

leaders, this perspective has a high probability of occurrence. 

Preparation of the platoon, company and flight level units for metri- 

cation is 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- 

sion 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- 

tion program.   This chapter has highlighted some important characteristics 

of the DRB and the C-l4l/C-5A fleet.    It has then developed two of the many 

possible approaches to a metrication program which are likely to be found at 
I 

company or flight level and below.    Development of a positive program of 
i 

Junior officer and NCO leadership in conversion to the 31 system could 

contribute dramatically to the overall process. The next chapter uses 
i 
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these considerations in building a scheme of metrication which works from 

DoD level into the various functional supporting efforts within the DRB and 

the MAC structure supporting the C-141/C-5A fleet. 

i 

i     a 
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CHAPTER IV 

SY3TEMIZING 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 gxaphlc 

portrayal of metrication Is presented In Figure 2 through Figure ?.   These 

diagrams 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. 

TMs type of approach has Inherent limits which should be recognised 

at the outset.    Specifically, the solutions presented here are a first 

lt*r»tl6n   for this organisational framework of metrication management, 

and tf 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 organise conversion within any specific unit.   They should, however, 

be useful for generating ideas applicable to specific metrication planning. 

i 
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 

fo» a buffer between Internal operations and the outside world. They will 

be the Initiating authorities for Introduction and sequencing of metrication 
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activities Kithin their units.   For exaaple, initiatives directing sul^- 

ordinate conmanders to start specified conversion activities will occur 

only after deciding that appropriate portions of the private sector have 

achieved a reasonahle proficiency in the use of the SI systea and are ahle 

to support the expected military requirements.    This evaluation is critical 

to success and is a natter of subjective judgement.    It should be held at a 

high DBD level*   The DoD will begin to convert operational units only after 

assuring that adequate support has been mai«halled or assured in all anas. 

The military force commanders at all levels subordinate to the DoD 

will convert to the 31 system within tight constndnts on readiness, funds, 

training 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 execution of tasks is decentralized to the lowest 

levels.    It is Important that military commanders provide enougv     ''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 

same time there is 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 ser rices can expect to identify Joint doctrine and Joint planning 

changes both before operational units begin 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, however, continuing 

-...w_, .,■..,_       ., ,,. . ..-.        .     .. ... _ ^... ^ ■■-....lij ^ -. ^ i.; lüMiTiiiiääiimfhi-i IMH ' ■ ii mi 
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revisions will be required throughout the cycle as nen equipment and proce- 

dures ar^ subjected to joint training exercises or actual eaployment.    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. 

Sxplanatlon 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 Illustrate 

general metrication managenent 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 k).   These identical processes air illus- 

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 public and military knowledge 

of the SI system and the learning 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.   Quantlatlve information 

assigning activity times is part of PERT analysis, however, for this case 

lack of emperical data makes assignment of time impossible.    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 activities most likely to be 

critical paths based on the infomation which is presented. 
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Metrication Management at DoD Level 

Tlie role of the DoD In conversion to the SI system is that of a large 

scale director.    'Ihe department should become involved in execution as little 

as posslljle 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 

broad programs and should have the flexibility to tailor these programs 

to unique needs.    Figure 2 shows the DoD issuing broad policy guidance in 

three primary areasi the budget, materiel 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 budget, in a direct sense, drives hardware 

acquisition which, in turn, drives personnel requirements.    The DoD should 

have adequate budgetary flexibility for metrication management within the 

current administrative   fwunework.    No changes are recommended which have 

management 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 
2 

application to testing procedures, procurement and a host of other uses. 
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Such activity is a prerequisite to developing DoD descriptions of standards 

using SI units, hut has Uttle immediate impact of tho conversion of opera- 

tional fighting units. 

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

controls which directly Impact on the fighting units.   When acquisition is 

part of the introduction 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 either case, interfacing 

with existing Table of Organization and Equipment (T04E) hardware will pro- 

duce approximately the same problems.    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 problems at the DoD level.   Apportion- 

ment and allocation priorities must be set for all services.   For example, 

if several division sized 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 Airbcrrc 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 Figure 5 because both new recruits and more senior service members 

>»t..^.^ft.w».>.. ,-.. *i~.^..^.. I— m  __^— |       —.. _ 
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will becoae progressively aore iaaersed 1n the national conversion environ

aen~. Policies and objectives should be well established. 'lbe DoD role 1n 

clef1n1Dg and refining various tra1n1Dg prograas should decrease correspon-

41Dgly. 

'lbe DoD should also plan to issue guidance on personnel policies during 

the changeo~·er period • SUch guidance should be general enough to allow the 

aenices and subordinates to tailor progrua to aeet unique and specific 

neecle. However, the directives should explicitl7 clefine the 11aita of 

aU1 t&r.r investaent in such personnel policy adjutaenta. 

The DoD should direct those policies which aar be feasible for reducing 

personnel turlulence and tra.Dsfers 1n selected un1 ts unde%go1ng aetrica tion. 

Such a step would increase a1ssion read1ness and decrease the coat of the 

coDYersion cr'll.e, but it can p1'0babl7 be applied to only a few selected 

units. 

Dol Relations with the Private Sector and other Government A8encies 

Much of the aetrication coordination required with the private sector 

and with dtMr government agencies should be retained at DoD level. This 1s 

eapec1al.ly t ::'Ue of interactions w1 th large industr1al tins and 111.jor 

agencies of the federal governaent. DoD aanageaent of these interactions 

wUl pl'Ovide coordination to the separate services 1n the aove to conver

sion. 

f18ure 5 shows ·~e DoD l'Ole in conversion cJur1ng the final few years 

of the cycle. Close laisi«'-11 with non-DoD actors should continue because 

DoD conversion wUl. be st1'0~1' influenced bJ the speed of non-DoD aetr1-

cati0n. 1'1aely and adequate revision and cert1t1~tion of DoD SI ayatea 
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standards and specifications should result. 

Metrication Manageaent in the MUi tary Airlift Couand 

Within the C-141/C-SA airlift systea auch of the aetrication aanage-

aent should be held at ~.e Headquarters, MAC leval. 'lllis is necessary to 

prevent a divexgence "f policies and procedures within the six geographically 

separated aUitary airlift wings at which the fieet is based. A large nua

ber of enroute &1.1.i tary airlift support squadrons and other seai-independent, 

geographically separai6il supporting activities are an additional part of the 

systea • They must be centrally directed to achieve adequately standlu:dized 

aetrication proficiency . For this reason Figures ) and 6 sh.>w initiatine 

fiowing froa the Couander, Military Airlift Coamand ( COMAC) directly to the 

various types of activities. Subordinate couanders at wing, squadron and 

lower levels will be a part of the chain of couand responding to the central• 

imed aanageaent of the conversion. 

COMAC should be the directing and controlling authority for the pace of 

lAC conversion I personnel training and SI system hardware allocation and use • 

He will also provide priaar,y laision with non-MAC agencies. He w111, for 

elCMple, play a key role in negotiating aatters of aircrew training and 

aircraft subsystea todification and certification with the Federal Aviation 

Adainistration. He will be required to approve MAC contril:utions to the 

updating of policies and regulations governing joint operations • He will 

coordinate MAC requireaents and capa.bUities in revision of Department of 

Transportation standards for the aoveaent of hazardous and dangerous cargo. 

In short, he will be the focal point of all of the highly centraliud MAC 

metrication &anagement efforts. 
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MAC Personnel Policies 

COMAC should implement new command-wide personnel management standards 

as required to conform to DoD guidance.    For metrication MAC personnel pol- 

icies can be divided Into two primary areaoj    personnel training programs 

and personnel assignment policies.    Together these programs comprise the 

single most challenging portion of MAC conversion management. 

Training for conversion should be tailored to MAC requirements and tr 

the prior knowledge and proficiency of the members of the command.    SI system 

orientation training may have to be conducted MAC-wide early in the conversion 

process as shown in Figure k, but can probably be eliminated later In the 

program.    Over time the requirements for specific training needed to do 

particular tasks will decrease as a function of pre-milltary exposure to the 

SI system and preparation within the Air Training Command schools system. 

These relationships are shown in Figure ?. 

Training which is specific to particular jobs or tasks such as ground 

power supply maintenance, flight instrument repair, aircrew navigator and 

almost all other functions will require modification to accommodate the 

SI system.    However, this type of training revision is a normal part of 

ongoing MAC training foimulation and shouTd not require organizational 

changes.    The training syllabus material for most instruction is written or 

controlled at MAC Headquarters, and integration of SI system requirements 

will 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 

recurring ground training at each major MAC base.   Successful completion of 

such local training will be key to establishing a positive attitude toward 

—■— - ir n 
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the SI systel'll among working ainaen. For this reason thorough preparation 

and relevant instructi on should be mphasized in such prograas. The train

ing aust fit the needs of the trainees, be interesting and stiDiulating, por

tray the benefits of the SI syste11, and meet the needs of the Air Force. It 

should aake visible and useful the open channels of coaaunication on metrica-

tion aatters w1 thin the chain of coaaand. Whenever possible training shcnild 

incorporate the use of new SI standard equipaent. 

Personnel assignment policies should ~ ~vised where necessary to con-

fona to IhD policies and fit Air Force requireaents. The specific case of 

the MAC aircrew assignment structure and allocation procedures provides a 

useful illustration. Individual assignment actions are driven, in great 

part, by the Gpecific aircraft type i n which the individual crew meaber 

becomes qualified when first assigned to MAC. NoT.Ully the pilot, navigator 

and flight engineer assigned initially to the C-141 can expect to remain in 

that aircraft so long as he is a JDea ber of the co1111and. J The saae holds 

true if he leaves the CODUil&nd and returns for a subsequent tour. While there 

are exceptions to this policy, especially when a new aircraft is introduced 

into t he aircraft inventory, the basic thrust reaains in force and generates 

training coat savings and other benefits as a result. This saae policy is 

4 
not applied to personnel fllling loadaaster position in the ~ fleet. A 

loadaaster is considered assignable to any transport type aircraft regardless 

of his previous aircraft exper1ence . 5 This is based on the assumption that 

load.aaste~ functions in all transport aircraft are essentially interchangeable. 6 

narlng aetrication this policy should be changed. It is unlikely that all 

transport aircraft wlll be converted to use of the Si system and proce

dures si.Jaul taneously, and loadaasters will not perfora the 
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common tasks which are assumed today.    The variety of duties and, importantly, 

the penalties possible for major mistakes, will be so great that assignments 

for this crew position should be the same as for the pilots, navigators and 
7 

flight engineers. 

ABslgnment 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- 

allzed exceptions.    Still, the entire spectrum of assignment policies should 

be scrutinieed 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 mep-aurement become extremely 

complex management problems.    COMAC should expect that the OlM 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 aircraft 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 acqui- 

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 identified by these organizations, and promise to be highly complex. 

ICAO changes must be negotiated and approved at the international level 

4 
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before implementation. Although an important factor for MAC operations, a 

study of these standards is beyond the scope of this thesis. Coordination 

responsibility for MAC on such matters should be 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 categories,  the 463L 

Materials handling system and all other support equipment.   The kSjl system 

contains both aircraft mounted and ground based components.   It is designed 

to handle all air transportable cargo and Is essentially common to the 

entire strategic and tactical airlift fleets.    Its functions are to provide 

for the ground handling, securing, loading, and off-loading of all types of 

cargo.    Because this equipment is so widely used it seems prudent to engage 

in only a soft conversion of these components until a new generation of 

transport aircraft are procurred which will justify either hard conversion 

modifications or an entirely new cargo handling system.    Therefore, it will 

be most practical to refrain from extensive b6jL modifications.   The inter- 

faces between the 463L system and the various English aircraft are too 

numerous and too complex to permit hard conversion in the former. 

Other mission support equipment could be modified mor« 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-l4l/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 nott 
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although there is a penalty for dual Engllsh/SI operation of support equip- 

ment at all bases, research Indicates that free mixing will not generate dif- 

ficulties among maintenance personnel.    Returns for allowing dispersal accrue 

in terns like sijnplicity of control and mobility of operational capability. 

H 
■j 
j 

i 

Joint Procedures and Standards 

COHAC should direct periodic reviews of the Air Force portion of joint 

training guidelines In conjunction with similar Army reviews Initiated at 

intervfJs during the metrication cycle.    Procedures applicable only to MAC 

■ember' ''.'»ould be revised prior to teaching 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 training procedures in the instructional environment and contribute 

to effective development of proficiency. 

Procedures and directives which govern operations in which both services 

are directly involved require wider concurrence and more elaborate training. 

Airdrop operations of both troops and equipment, for example, are a highly 

conplex 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 Array 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 

Airborne 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

atioM should become the only standards as soon as practical in both services. 

Although Figure J 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 

preai'WI 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 aaong all 
I 

ranks. 

Suuary of Military Airlift CoiiDland 

The MAC system is presently constituted to accept new ideas and equip-

aent. The aetrication program can succeed in operational MAC units provided 

thata (1) timely coordination with non-MAC agencies is accomplished, (2) 

training programs eaphasize the benefits to be accrued from use of the SI 

system, (J) small unit coJIUilanders are prepared for the conversio~ and {4) 

open channels are maintained to coaaubicate conversion difficulties with the 

chain of command. 

Metrieatior. Management in the 82nd Airborne Division and the DRB's 

The 82nd Airborne Division is 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 Couander, 82nd 

Airborne Division should have more latitude in conversion management than 

the approximate M/C counterparts. Although subjects to DA policies for 

personnel and hardware, he should anticipate retaining great flexibility 1n 
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Inplementing such directives.    For this reason control of the three most 

basic areas| personnel, hardware and interfacing will present different 

challenges to him than to Air Force leaders.    He should be in a position to 

generate Independent training programs, personnel policies and hardware al- 

location plans within the division.    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 rotation of DRB responsibilities 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 

assignment turbulence.    Normally Army training is more decentralized into 

subordinate, closely knit units than in the MAC case.    Therefore, in the 

Army environment, metrication orientation could best be accomplished on a 

unit by unit decentralized basis.    Most personnel will require approximately 

the same types of SI system orientation that was described for the Air 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- 

qOAirters level.    Figures 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 preparation to use the 

SI system.   Artillery and Infantry combat units currently function primarily 

in metric units which Integrate directly into the SI system. 
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82nd Airborne Division Hardware Conversion and Specific Task Training 

Training to perform specifi~ tasks in ~e SI system will be influenced 

by the •7 SI standard hardware is allocated within the division. The 

couander could opt to allocate SI hardware equally aaong subordinate units, 

creating a division in which aost organiE&tions would have both English and 

SI systea hardware. 'Ibis will result in aaintenance duplication and will 

seriously degrade aission capabllity. Aerial delivery and coabat co•ittaent 

of units lacking internal standardization of like !teas is unacceptable and 

dangerous • 

An alternative approach avallabl.e to the division co•and.er is to desig

nate specific units to receive SI systea hardware untll ro & E specifications 

are aet. This al. ternative yields ainiaua aixing of English and SI aeasure

aent standards for any DRB in the alert posture. It would also ainiaize 

training waste. In either case, training for specific SI systea tasks 

should begin only after SI hardware has been received within the using unit. 

Soldiers who need to know the SI systea to uae their equipment will see 

clearly the need for SI systea training and will develop proficiency in the 

systea at a relatively rapid rate. 

Al. ternative two should provide a aaxiaua opportunity for junior super

visors and couanders to show initiative a."ld sklll in training and leader

ship. If these junior leaders are properly aotivated and understand the 

conversion cycle a highly efficient and econoaical. conversion should result. 

82nd Airbome Division Interfacing 

Specialized equipaent of liaited issue within the DRB's of the division 

wlll probably aandate a degree of English/SI systea interfacing in the oper-
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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 little impact on the overall SI system conversion. 

The aeiial delivery characteristics required of the division keep the DRB's 

free from many large items of equipment which might otherwise 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 SI system equipment.    If the 

two services do not convert simultaneously adjustments to planning and to 

joint operating procedures should he recognized at this time.    Special ad- 

justaenta may be required for the period of the conversion cycle.    After con- 

version of both services additional joint exercises nill 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 yield the most efficient 

conversion.   Unlike MAC, mixing English and SI standard equipment through- 

out the division should not be done.    Specific task training should be 

accomplished in conjunction with the receipt of a full TO 4 E issue of SI 

standard hardware. 
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CHAPTEB V 

SUMMARY AND CONCLUSIONS 

This study presents solutions to sons problems and Identifies a large 

nuunber of new difficulties inherent in the metrication process.    Conversion 

to the SI measurenent system has been directed within the DoD and will he a 

subject of growing interest for commanders, planners and managers.    The 

metrication cycle will affect some f»cet of every military duty.    Many 

additional problems will unfold as the conversion gains momentum. 

Proper timing of conversion events is critical to effective metrica- 

tion management.   This should be a responsibility of high level commanders. 

Varying requirements for personnel training and orientation will exist through- 

out conversion.   Efficient metrication requires intensive management of the 

personnel resource base and modifications to some personnel policies 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 alrframes. 

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

the C-1M and C-5A remain in the inventory. 

if.     Conversion of the MAC forces should be characterized by central- 
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ized ■anagement and direction coupled vlth highly decentralized execution 

of training and employment of SI system hardware. 

5. Allocation of new SI standard equipment in the MAC forces can 

best be managed if it Is equally distributed among all applicable operating 

units. 
6. The 82nd Airborne HI vision commanding officer will have greater 

conversion management freedom than his MAC counterpart. 

?. Allocation of new SI standard equipment within the division will 

best meet operational needs if SI system hardware and English hardware are 

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 exercises are mandatory to test manuals and direc- 

tives whlcn are revised to accommodate the SI system and to assure the 

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

MEMORANDUM PORi Secretaries of the Military Departments 
Chaiiman, Joint Chiefs of Staff 
Director, Defense Research and Engineering 
Assistant Secretaries of Defense 
Directors of Plans Agencies 

SUBJBCTi    Use of .he Metric System of Measurement 

The Department of Defense participated in a U.S. metric study by the 
Department of Commerce which resulted In a irecommendation 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 
metric system in the U.S. Is inevitable.    Many Defense-related industries 
have already started conversion to the metric syste«. 

Adoption of the metric system will have advantages inherent in a 
measurement system that is common 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- 
bility of military equipment and oomponmnts with our allies, and at the 
same time facilitate U.S. production of foreign designed systems and 
equipment and vice versa. 

It Is considered to be in the best interest of the DoD to pursue an interim 
policy with respect to the changeover, pending enactment of legislation. 
Generally, it is recognized that industry will take the lead in the change- 
over and the Services and Agencies will follow paying their fair share 
of the costs.   However, procurement actions will not normally bear the 
burden of contractor conversion programs for machine tools and equipment 
calibrated in customary unitai 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 existing systems in the inventory. 

Accordingly, the following Interim policies are establlshedi 

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

. 
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2.      Effective Iramedlatoly, the international metric systea will be 
considered In the procurene..^ of all supplies and services and particularly 
in the design of new nuit^-rial.    It will be used when determined to be in 
the best interest of the Department of Defense.    In general, the metric 
systm will be considered for the following! 

a. Material which has potential for significant foreign sales 
or Joint production programs. 

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

Ct     Areas where Industry has made significant progress in 
metric converelon and production facilities are available. 

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

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

3,     Existing designs dimensioned in U.S. customary (inch-pound) 
units will be converted to metric units only if determined to be necessary 
or advantageous.   Normally, the system of measurement in which en item 
is originally designed will be retained for the life of the item. 

if.     Materiel components, parts, subassemblies, and semi-fabricated 
materials 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 is expedient or economic to do so. 

5»      Defense Syiterns Acquisition Review Council (DSARC) reviews 
which take place after 31 December 1975 (and associated Development 
Concept Papers) will include comments regarding the use of metric units 
of measurement or reasons for their nonuse. 

6. Technical reports, studies, and position papers issued after 
31 December 1^75 will include* metric units of measurement in addition 
to or in lieu of U.S. customary units. 

7. Programming and budgeting actions will includo resources 
required to support the DoD effort in converting to use of metric 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. 

ft.     The International System of Units (Si) described in ASTM 
E38O ,    (ANSI Z210.1 - 1973)i or successor documents listed in the DoD 
Index of Specifications and Standards, will be the metric system used 
by the TbD. 

1 
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9· Representatives of the Depa.rtaent of Defense wlll participate 
in the developaent of national and international standards using the 
aetric systea, to the extent indicated by DoD interest. NATO and \lther 
intemaibnal aetric standards wlll be used to the aaxi.Jftua practical 
extent. However, if a U.s. standard is established with greater defini
tion and restriction than a prevaUing international standard, the· U.s. 
standard will apply. 

to. laphaais will be placed on conversion or developaent, using 
aetric units, of specifications, standards, and other generel. purpose 
technical data, to keep pace with the conversion in the private sector. 
When the itea in question is a aUitary itea without a co•ercial. 
countezpu't, the Preparing Activity will &BII\IIIe a leadership role in 
developaent of the applicable aetric docuaent as the need arises. 

11. Services and Agenetes are encouraged to purchase new equip
aent that wUl allow direct aeaaureaent in tel'IIS of SI units. 

12. Training in •etric practices and usage wlll be provided to 
those personnel whose duties require such knowledge. 

1). Use of dual diaenaions (i.e. • both aetric and U.s. cuatoaar,y 
diaenaions) on drawings wlll be avoided unless it is detemined in 
specific instances that such usage wlll be beneficial. However, the use 
of tables to translate d ensions fl'oa one systea of aeasureaent to 
the other is acceptable. 

It is expected that these policies will l~ aodified or augaente~ in a 
pemane11t DoD issuance aa futher experience 1a gained. I wlll look 
to the Assistant Secretary of Defense (Installations and Logistics) to 
take such action as 11ay be required to assure an effective and econ
oaical transition, in coordination with the DDME and with the advice 
of the Defense Materiel Specifications and Standards Board. 

(Signed) 
w. P. Cleaents Jr. 

?2 
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MJCS-299-75 
29 August 1975 

MEMORANDUM PORi    Commander in Chief, Aerospace Defense Command 
Commander in Chief, Atlantic 
US Commander in Chief, Europe 
Commander in Chief, Pacific 
Commander in Chief, US Readiness Command 
Commander in Chief, US Southern Command 

Commander in Chief, Strategie Sir Command 

Subject!    Use of the Metric System of Measurement 

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

2-     The resolution of problems stemming from the interface of inch-pound 
and metric units will be a conlntuing task.    Some of the problems to be 
faced may bei   psychological resistance to change among personnel trained 
only In customary units> possible reouireraents for dual stockage or dual 
manufacturing to support weapon systems in some Instances» and continued 
inventories of long-life items designed under the obsolete system.   These 
problems, although significant, may be minimized by proper planning and 
monitoring. 

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

4. 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 impacts on operational 
equipment and systems will be addressed when planning is completed for 
military-wide operational conversion to the use of the metric measurement 
system. 

For the Joint Chiefs of Staff i 

Maurice ?. Casey 
Lieutenant General, USAF 
Director for Logistics 

The Joint Staff 

■     — 
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Reply to 
Attn of'a CC 

Subject a Use of Metric Units of Measureaent 

Toa ALMAJCOM/CC 

1. Most of the aajor nations have converted or are converting 
to the use of aetric units of aeasureaent. Phasing C'f this 
action varies, but the decisions have been aade, plans have 
been developed and iapleaentation has been initiated. 'nle 
United Sta tea is the lone aajor power which has not coapleted 
legislation on application of the aetric systea. 

2. Although there is no otne1al legislation, uny segaents 

?4 

of industry are designing and pmducing their new pmducts in 
aetrlc units of aeuureaent to stay oo.pet1t1ye lD 110!'14 aarketa. 
:O.cisioas are bei.Ds aade on a oorporat!DD by corporatiOn buis 
based on their eftl.aat!.on of the econo.ics involved with the 
intmduction of new products. Within several years soae of 
these aetric iteas will be offered to the Air Force as coat 
effective off-the-shelf' hardware. 

) • The Secretary of Defense has rocosnized the trends w1 thin 
industry and has d1sseaina ted interia aetric policy guidance 
pending the eD&Ctaent of national legislation and proaul.gation 
of a Depart.aent of :O.fenae Directive. 'ntis policy, enclosed as 
Attachllent 1, will be uaed w1 thin the Air Force for developaent 
of guidance 1n appropr1a te functional area directives and for 
intemal. planning at all levels of aanageaent. 

4. Questions regarding interpretation of this pollo7 llhould be 
directed i.;o AF/LGYE, 

(Ucned) 
Villiaa V • McBride, General, USAF 
Vice Chief of' Staff' 
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APPENDIX B1 

DRB Major Equipment Items 
I 

DRB PERSONNEL AND EQUIPMENT SUMMARY 

Includes the following units i 
Me HQ, Three Inf Bn's FABn, Engr Co, Cav pit, Weather Det, Bde TACP, 
MP Bit, 82nd MI Det, FASCP, CCT, 358th ASA Det, SAME, FAST, 

Total Personnel!    3^*99 

Total Equipment1     833 

Subdivided as Follows* 

i/W   Trk   (I9ea TOW) 
lAT   Trk   (106 RR) 
1.1/4T   Trk   (M715) 
lAT   Tlr 
1-lAT   Trk   M561 

i-l/4T   Trk   M792 
3AT   Tlr 
3AT   Trk 
1/2T   Trk   M27^ 
2-1/2T   Trk 

1-1/2T   Tlr 
l-i/2T   Tlr   (Water) 
2-1/2T   Trk   Diap 
5T   Trk   Dump 
5T   Wrecker 

105wi 
OH-58 
AH-10 
UH-1H 
60001b 

Howitzer 

Fwrklift 

AN/GSM   (Shop van) 
Cont X-4   (Fiberglass) 
AN/MPQ   4 Radar 
Water Purification Set 
IfT   Tlr 

Back Hoe 
Slee Tool   Tlr 
4T Bolster   Tlr 
500 Gal Bladder 
1/ifT   Trk   (MK 10?) 

M 
187 

20 
1 

134 
158 

21 
83 
21 
83 
21 

4 
20 

6 
6 
1 

18 
7 
2 
2 
3 

7 
6 
1 
2 
1 

1 
3 
3 
2 
3 

>1 

II 
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1/4T   Tlr   W/AN-MHC127   MTD 
D5A   Doser 
Sooop loader 
GxtMler 
Tool Set AC Maint 

2 
1 
1 
1 
1 

DIVISION READY BRIGADE (DRB) 

1 

BDE HKC 

r 
82D MI DET 

( 

WEATHER DET 

1.   Extracted from the 82nd Alrtorne Readiness SOP.. Division Regulation 

525-^, 25 July 1975, p. 8-19, 8-20,  8-1?. 
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