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FOREWOtiI

1. This military handbook is approved for use by all Activities and Agencies of the Department of the Army and is available
I

for use by all Departments and Agencies of the Department of Defense.
2. Beneficial comments (recommendations, additions, and deletions) and any pminem dma that may be of uss in improving

this document should be addressed IO Commander, US AmY Ammenl R=.esrcb, fh’elomenL and En~imeriu Cenw

AlTN: SMCAR-BAC-S, P1catinny Arsenal, NJ 07 S06-5000, by using the self-addressed Sw”dardization Do&mem improve-
ment Proposal (DD Farm 1426) appearing at the end of tis document or by letter.

3. This handbook was developed under the auspices of tie US Army Materiel Command’s Engineering Design Hsndbook

I program, which is under the direction of the US Army Industrial Engineering Activity.
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PART ONE
GENERAL

Part One provides a perspective on this handbnok and cxplnins cbe reasoning bchlnd the design for dkcsrd effort. The items,
activities, and concepts lhat are affected by design for dkcard arc sumcnarizcd. Finally, the ways in which technology and
research interact with design for discnrd are prc.scnted.

CHAPTER 1
INTRODUCTION

?71cpurpose, theme, scope, and approach of [his handbook are expfaincd, and the contents of each chapter are ve~ bn”cf7y

summarized.

1-1 PURPOSE

_f3e purpose of rids handbook is 10 provide a reference
guide on Army materiel design and the suppon philosophy

kaown as “design for discard”. ‘he handbook provides

design guidance n.s well as general infonnarion on applica-

ble conceps. lechriques, and prxedures for practical
implementation of a design for discfi” program. The hand-

bnok explains
1. What design for discard means
2. Why design for discard should bc implemented
3. What the design for dkcard efforr should involve
4. How to implement design for dkard in a project

5. The tradeoffs involved during design
6. ‘he interfaces with other system disciplines
7. l%e IecW!ques used to evafuate the “results of

design for dk.card.

1-2 SCOPE

Ibis handbook includes information on design for dis-

card that is useful 10 the intended audience and is not odxr-
wise convenient y available. Detailed engineering design

nnd evaluation is beyond tie scope of rhis bandkmk.
Additional information on specific engineering topics is

readily amilable in ArmY dncumems and in the open litera-

ture, such as brinks, professional journals, trade magazines.
advcnising material, short courses, and conference nnd
symposium proceed@s. Appendix A lists some of rbe pro-

fessional societies involved in such activities nnd some of

the appropriate trade magazines.
lle material covered in this handbook ranges from a@o-

cacy of design for discard through design and systcm con-
siderations to program principles. ?he [ethnical level of Ihe

material is appropriate 10 rhe intended audience. There is
virtually no mathematics in this handbnok although ccmsid-

emble reference is made to such material.

1-3 HANDBOOK OVERVIEW

llw theme of cfds bandbnok is
1. When desigwfor dkcard is added m a progrnm, the

process of analyzing !he designs and pmducrs remains rhe

same. only rbc outcome of the process is dlfferenl. The Out-
come is dlffercnl because engineers arc putting different

designs into the prccess and hecausc managemem is using
dMcrent criteria for “bcs(”.

2. ‘fhal tie Army should
a. Strive to develop cost-effective maintenance and

logistic suppnrl systems b~ on overall readiness al70rd-
abllity and warrime effectiveness rather rban on peacetime
economics.

b. L@ rbc cmnmercifd marketplace operate to
rcducc tie pcacedmc cost of such systems wherever it can,
insofar as such operation dots not reduce wartime effective-
ness.

c. Define and implement rhe design for discard con-
cept as the practical cmbndiment of the previous two poinrs.
. .“lle,appmach of tfris baadboak is to

1. Explain what design for dk+ce.rd is
2. Advocate the usc of design for discard
3. Emphasiz.c the crucial naomc of diagnostics
4. Anafyzc rbe several ways of partitioning an, item
5. Prcxcm hypothetical examples of design for dkcard
6. Cnnsider the system implications of design for dis.

card
7. provide progmm fxrspecrives.

‘he mmiainder of this chapter consists of a short sum-
nuwy of each of the subsequent chapters in this @dbnok.

ParI One, “Geneti, consisrs of Chapters 1 tbrnugh 4 and
gives the background of dckign for discard.

Chapter 2, “PbJosophy of Design for Discard”, and
Chapter 3, “Advantages amd Consuainrs”, present rhc rea-
soning bcbind design for discwd, advncme its use, and pr-
ovideessential perspective on tic process. ‘fhcy are vmi~cn

1-1
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to hc understandable to nontectilcal as well as technical
people. ‘fIre cautions in both chapters ye impoflan~ they
concern the limitations of atmfytic techniques and the trade-
offs between long-term and shon-term perspectives.

Chapter 4, ‘Technology Surveillance”’, shows how the

AnnY interms with research in Government. industry, and
acttdeme. It dkcusses the tradeoffs among using existing
technology, using the state of she art and pushing !he state

of the an.
Part Two, T)csign Considerations”, consists of Chapters

5 through 8 and shows tie designer she kinds of decisions
tbal must be made during the detailed design.

Chapter 5, “Diagnostics”, introduces testing and iesfabil-
ity as essential elements of design for dk.card and their

application tO several categories of technology,
Chapter 6, “Physical Arrangement”, explains modular

conssmction and dxn examines ways of partitioning an item
into mcdules so thzu design for d]scard is feasible.

Chapter 7, “Material Selection”, shows bow tmd!tional

mca.wtms of value and ways of choosing materials for uad]-
tional repti we modified-for design for dkcard. Also
changes in outlook forthedesigner chonsing materials for
design for dkcard are explored.

Chapter 8, “Fabrication”’, illustrates how the choice of a
fabrication technique is broadened when repairability is no
Iongerimportant or even desirable. Pmducibili[y andprn-
ductivity am reviewed.

Part Three, ‘“System Considerations”, consisss of Chap-
ters9Uuough 14 andpmsents tbe management andtecbni-
cal elements necessary to integrate design for dkcwd into

the rest of the acquisition program.
Chapter 9, %forrnation Ffow and Documentation”,

explains bow design for discard information must be inte-
grated with other infommtion so that design for discard can
he effective and monitored. The proliferation of various dis-
ciplines makes integration essential so as not to overwhelm

the designers.
Chapter 10, “Analysis and Decision Techniques”,

explains the cost elements of logistic support and the vari-

ous level of repair analyses that can be performed tomini-
mize the overall cost of maintenance and logistic support.
Although the computer programs for level of repair analysis
arc not given, their characteristics and importance m design
for discard are listed and stressed.

chapter 11, “Interface Wkb R&M [reliability and main-
tainability] Engineering”, and Chapter 12, ‘Interface With
MANPRfNT’, explain the elements of reliability and maitt-
tainability and of manpower and personnel integration and
show how each element must he considcmd in design for

discard A main objective of design for discard is to

decrm.sc the overall manpower needed while improving the
reliability, maintainability, and safety of the system.

Chapter 13, “Effects on System Suppon”, details the ele-

ments of system suppon that must he considered, viz. main-
tenance concept, integrated logistic support, logistic suppon

analysis, invenmry effects (shon-term and Iong-temt),

replcutisbment of repair parts and components (VS initial

purchases), and maintenance training and tecl@cal mantt.

afs. If design for discard is effective, these elements would

ix simplified, reduced, or eliminated.
Chapter 14, “Evaluation of Alternative hems”, dkcusses

the important practical aspects of comparing alternatives in

design for discard, viz. evacuation cri!eria, quality assur-

ance, configuration control, and design reviews. The conse-

quences of the Amy’s changing its mind about using design
for discard during a program are considered,

Pan Four, “program Considerations”, consis& of Chap-

ters 15 through 17 and explains some of the prosaic, but

impomutt, aspects of the progmm,. viz, control of costs,

alternatives in acquisition, and elements of the contract.
Chapter 15, “Cost Control”, imroduces the design to cost

program, emphasizes the life cycle cost, and concludes with

an explanation of the producibility engineering astd plan-
ning (PEP) program. producibility is extremely important

but tends to be overlooked by designers.
Chapter 16, “Acquisition Alternatives” presents the three

major classes of such alternatives in descending order of she
&my’s preference, viz, product improvement, nondevekp-
mentd item, and new development items. Design for dis-

card can b effective in any of them.
Chapter 17, “Contractual Elements”, summarizes she

appropriate aspects of the Government regulations for
acquisition and relates them to design for dismud. A shor-

ough understanding of these aspects will enhance the effec-

tive management of conuactuaf design for discard efforts;

BIBLIOGRAPHY

Dan McDavid. “Design for Dkcard in Systems Engineer.

ing”, Army Research, Deveiupmenl & Acquisition Bulle-

rin, 17-9 (November.December 1988).

WWam V. Murray, “Design for Discard”, Amy Research,

Development & Acquisition Bulletin, 1-4 (July-August

19s7).

David Packard, Chaimmn, A Quest For Excdltmce, FI”aI

repcm to the President by Ihe President’s Blue Ribbon

Cnnmdssion on Defense Management, June 19g6.

1-2

Downloaded from http://www.everyspec.com



MIL-HDBK-798(AR)

I CHAPTER 2
PHILOSOPHY OF DESIGN FOR DISCARD

Thephilosophy of design for disca~ is explained by pmuiding a perspccgi~’e on its Mture, its limits, U~ the realism Of ifs
onalwic models and by bn”ej@discussing rcla[ed concep[s aad activities, such m iommonaliq. compatible modules, mainre.
~ncc, design and manufacmring techniques ad Onalws. and in@aces Wilh Olher engineering disciplines.

2-1 INTRODUCTION

This chapter explains the purpnse, pbilosnphy, and activi-

ties of Ihe design for discnrd discipline.

2-1.1 BACKGROUND

Many prnducts have components tbaI nre discarded when
they cease to function properly. The decision about which

components to repair and which to discard depends on eco-

nomics, on available personnel skills, and on consmims

such as those imposed by time, law, ethics. and safety. FOr
exnmplc.

1. In the early 1900s many people straightened a bent

nail rather than discard it because of the cost; currently,
however. few people in Ibis country would do that unless

finding a new nail would take ma much lime.
2. In earlier decades a contaminated cleaning solution

of chlorinated hydrocarbons was discarded, currcndy, how-

ever, the cnst m discard it prnpcrly is so htgh that the solu-

tion would probably be purified and reused many times.
II is easy for engineers. managers, and legislators to view

the costs of repairing au item Inn narrowly. ‘fltis tendency is
especially true of people who experienced the depression of

the 1930s and the war of the 1940s. Thus “commnn prac-
tice” and “original cost of the part” are not complete reasons

for selecting the level at which a pan or assembly is to be

dk.carded when ii is not functioning prnperly. A disciplined

Opp~ach is nccessq for making such decisions initially
and for maintaining a record of them.

2-1.2 DISCtPLINED APPROACH

‘fftere are three major elcmems of the disciplined
approach to design for discard:

1. Mmagemcnt must provide the proper atmosphere
for the design group firsl by removing the stigma from non-

reptirablc items and then encouraging the design group to
broaden its knowledge and inventiveness to include creative

designs for discwd.
2. Management must develop nitd provide adquate

teds for evaluating designs based on their suitability for
diskard, Such tools must be useful at all stages in the design

process, especially in the early stages where impnnant engi-
neering judgments are mnde without much quantitative

information.

3. Everyone must realize that successful design for
dkard is tic inventiveness of the design engineering group

in findkg several appropriate ways 10 conven a function
into hardware. There is no “by the numbers-’ routine for
design for discard, and the \emptation co produce such a
routine must be avoided.

2-2 PERSPECTIVE

Dtscnrding an expensive item can create a negative
respnnse in some penple. Providing a clear, rational, realis-
tic basis for design for discard without unduly limiting the
concept requires an understanding of all the factors and per-
ceptions involved.

2-2.1 NOMENCLATURE

here is a distinction among’a replaceable unit, a discard-
able unit, and a nonrepairable unit. Replaceable merely
means tha! the unit is (or can be) replaced as a whole.
Examples of usage arc line-replaceable units fLRUs), shop-
replaceable units (SRUS), etc. Discardable is a special case
of replaceable. Discardable refers m an economic and pcr-
fornmnce constraint, i.e., in the ordinary course of events,
the unit should be discarded ra!her than repaired. Nonrepair.
able refers to a physical cbnstr?im: such constraint is often a
matter of degree, e.g., a anit can be nonreptirnble by the
nrdinary user but be repairable at the factory. A discardable
tmit need not be notu’epairnble, i.e., it might well be rcpair-
nble under some circumstances.

Examples are smafl dc pewer supplies mtd automotive
tdtematom Both are usually replaceable units. Each could
k discardable andlor repairable (depending an circum-
stances) in both commercial and milimry practice.

~2.2 NATURE OF DESIGN FOR DISCARD

lle concept of discard must be viewed as broadly as pos-
sible. Basically, the concepl is that an unsatisfactory item
leaves the AI’My system with as few Army resoumes (pm.
pie, time, and money) expended upon it as is feasible. For
example,

1. hems that arc traditional] y discarded, such as oral-
nary burned-out light bulbs or blown fuses. are disposed of
as trash with a negligible chance ,of discarding a grind item.
Litde or no Army resources are consumed in training or in
quipment for such discard. hems that must be dispQsed of
carefully are usuafly given more atlenlion.
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2. An automotive generator (or dtemator) Ihal lesls

“not goti is to lw discarded. A prkate contractor mighl
wish m buy such items from the Army, rebuild them, and

resell them m the Army as reconditioned items tbaf will bc

“like new”. Ljnle or no Army resources are consumed in

training or in equipment for such activity because what hap-

pens outside the Army does not consume any manpower,

time, or money from the Army.
3. A printed circuit (PC) board is designated as a cul-

prit in a non functioning ilem of electronic equipment. The

PC board consists of a socketed, expensive microprocessor

and many soldered-in-place inexpensive components: tha!
is, it has already been designed for discard becmrse it is

largely unrepairable. h is sent m t! depot, which has test

equipment with low risk of evahmting the PC board incor-

rscdy. The PC board as a whole is judged [o be bad and is

discarded after removal of tie expensive microprocessor

from its socket. The microprocessor is now considered a

separate discardable item. It is returned 10 stock if it tests
good otherwise, it is discarded.

The design for discard discipline requires that designers

consider the total cost of an item, including the total cost of
repair or dkposal, over the life of the systems in which the

item is used. A general goal is m reduce the mtal resources

that &e Army akxates to the maintenance function.

2-2.3 LIMITS OF DESIGN FOR DISCARD

The limitations surrounding Ihe design for discard dkci-

plinc are psychological barriers, cost ban+ers, curmn! prac-

tices, and the need for flexibility caused by rcquiremems

that change. These limitations are discussed in tic subpam-

graphs that follow.

2-2.3.1 Psychological Barrfers

Few people want m Uuow away an item if its initial cost
was Irigb. Fewer people arc interested in complicated,

detailed analyses of the ultimate overall costs of repairing

an item, they prefer to view the world in simpler terms such
as the cost of repair Pam and direct COSIof repair time.

Engineers and managers, as well as policy makers in the

AMIy, tie Department of Defense (DoD), and the Congress

tend to remember the personal economic lessons of their
youth rather than the hard economic facts of the present.

Some politicims and some news repormrs are more inter-

ested in inflammatory headlines about what is being thrown

away !han tiey are in rational analysis. ‘flus psychological
Lmrricm to design for discard must be broken down by d]

the psople involved in tie acquisition process as well as by

the public at kuge. The Army bas to allcca(e adequate

resources for the necessary training, education, and testi-

mon y.

2-2.3.2 Cost Barriers

There are” some inexpensive items that are already

designed to bc !hrown away. Wtually no electronic item
shat costs less lban S2LXIor an electromechanical hand tool

or appliance Ihat cosfi less tian S 100 is wonb repairing or
even repairable (except psrhaps for removing the power
cord) whether a civilian or military i!em. As the initial cost
increaaes, a life cycle cost amfysis, which includes not only

the initial cost but also afl the coses m repair and remin own-

ership, becomes more appropriate. In many Army situations
it would be impractical m design an item for discard if the

initial COSISwere high. The Iwo main reasons for this arc the

psychological barriers and the concern abow the validity of
the design for discard malyses. There are a few inherently

nonrepairablc components Ibat exceed the cost barrier, bul
those items were not intentionally designed for discard.

2-2.3.3 Current Practice

Many commercial and industrial products in highly com-
petitive markets are already being designed for discard if it

is economically feasible to do so. Examples are electronic
products for the home and office, electromechanical band
tools and appliances, and automotive pans. Insofm as tie
&my is a small pan of such markets, it cannot influence

those practices very much.

2-2.3.4 Flexibility of Design

TIIc traditional approach to system design in the 1960s

and 19705 was the so-called “waterfall’” procedure. That
procedure insisted on a complete, rigid, fond system spcc-

itication before the work began and tien on contracting,
delive~, installation, and maintenance. Almost any change
was catastrophic in terms of both schedule and cost. hat

tinking is disappsting loday because technology and

dueats are changing so rapidly that a project must bs adapt-
able enough 10 change with them. Flexibility can & inmo-
duccd into the acquisition process to tie benefit of all. In
design for discard i! is possible that the ArmY will later
change i~ mind because of changes, such as perceived
threat, technology, cost of componems, acquisition policy,
pelitical climate, environmental difficulties, antior sccial
objectives. For example,

1. A Jeep engine is designed m be discarded. except
for minor repairs. Once the engine has been in service, the”
hny could change itr mind and decide tiat for political

reasons i! is not feasible m dkcard m engine if it could be
overhauled.

2. A printsd circuit board is designed with sockets for

the imegrmcd circuits so that they can be replaced. Technol-

ogy s~n m~es Ihe 10tal cost less to discard tie bO~d mm
co replace component on it. ‘fhk example is sindlas to
Example No. 3 in subpar. 2.2.2.
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2-2.4 REALISM OF MODELS

Mndels” are essential for any engineering analysis, but
tiey are always apprnximale, e.g., Hnnke’s law (stress is
promotional 10 srrain) and Ohm’s law (vohage drop is pro.
pnrrional 10 current). The more complicated tie situation
being modeled, the more approximate rbc mndel. All that
can be asked of mndel is drat it bc adequate for the purposes
ar hand and that its assumptions and limitations bc clearly
stated. As new technology is introduced andlor tie require-
ments for the product m process bccomc more strict, mcdels
that were adequate can txcome inadequate. Ref. I gmphi-
cally demonsrrmcs rhm clifficuf ties with models have
plagued engineers for centuries and millenia. Models thal
have keen fit 10 historical data should be suspect because

1. Some of rhe nominally independent vmiahles are
often mutually dependent on a common cause. For example,
a cautious designer might do two different rhings such as
modularize a system and derate many of the components.

2. A sorring prncess separates Iwo pans of a popula-
tion so they should not be treated the same. For example,
IWOplants make the same equipment. The items fium Plant
A are used in a cool, dry climate by skilled personnel,
whereas the items fmm Plain B are used in a hot, humid cli-

mate by relatively unskilled personnel.
3. There nre myriad srmis(ically correlated variables,

nnd it is virtually impnssiblc to know what is cause and
what is effect and how causes and effecis are related. An

example is prcdictian of the wcmher.
In developing a model, it is essential (hat all the assump-

tions be ti!!en down in a srmctured form sn that develop-
ers and users alike can know exacIly what problem is being
mmieled, how it is being mndelcd. the source of tie num-
bcra being used in rhe mmiel, what kind of dau the user
needs to provide, and how sensitive tbe answers are 10 rhe
accuracy of tie data. The difficulties arc exacerbated for
complicated. computerized models and relatively unsophis-
ticated ma-a.

In design for discard the use of cosr models is essential.
Those mndels, of necessity, are approximate-especially
rhosc used very early in tie acquisition prcxess. The uxcr
must lx told rhe appropriateness md accuracy of rhe mndel,
its acnsitivity to lhe quality of the input data, and how much
engineering judgment to use in interpreting tie rcsulrs.

2-3 FORM, FIT, AND FUNCTION

Form. fiL and function ttfer 10 a methnd of design and
production wherein rhe contents of a mndulc am irrel.vam
as long as the performance of the mndule is virtually indis-
tinguishable frnm that of tie miginal mndule. Design for
discard should bc considered here as” part of the overalI

●WCnever amlyzc the ma! wml~ wc analyze only an abstraction
of rbe world. by definition of “’analyze”’.These abstractions we
called conceptual models. If rherc is extensive mathematics in
them. they are called mathematical models nr, simply, mndds.

design before incorporation of detailed specification
requirements.

Fmm refers tn the physical shape of the mcdulc, so hat

appearance. airllow, heat tinsfer, etc. will remm”n
unchanged.

Fit refers to all the physical interconnections with tie sys-
tem. For example, al) rhe bnlt holes, electrical connectors,
md mechanical bnssm are unchanged.

Function refers to the internal performance chamcteris-
tics and all rhe pmformance interfaces with the rest of the
system. For a mechanical system the torques, moments of
inertia, measures of flexibility, etc. must be the same. For m
electrical system the input voliage.cument characteristics
(borh steady stale and rransiem), the output voltage-cunent
characteristics, gain, frequency, noise, etc. must lw the
same.

A common problem arises when individual hmctions am
enhanced, For exmnple,, tie frequency chamc(eristics of an
amplifier or logic system can bc improved. But such
improvement can cause an old system m oscillate because
the oscillation had ken prcvenled by the pnnr frequency
response of the mndule.

Interfaces are notoriously difficult to specify accurately
and completely enough, This means &at a mndulc that was
intended to have tie same fogm, fit, and function might do
well in some applications and do poorly in others, This can
be especially mm in design for discard wherein tie con-
struction methnds of the mndule and its enclosure may be
intentionally dKfercnt fmm the item it is replacing.

Form, fit. and function might bc easier to achieve under
design for discard because many of the repair functions
(except insmflation, resling, and removal) can be relaxed or
eliminated altogether. The reliability function can often be
improved txmsrk assembly techniques can lrmk off main-
tainability for reliability. For example, the snckcta cm a
primed circuit board are often less reliable than direct sol-
dering of tie compnnerm.

2-4 COMMONALITY

Commonality is tie term used when a mndule can be
common to several systems. Tnrditional parts, such as rcsis-
lors, power supplies, fuses, bolts. motors. and getiboxes,
are examples of commonality. In order to improve cOmmOn -
alhy, the variciy of a clnss of parls, such as boks, is often
resuicled to specified sizes. Even Lhough this restriction can
result in some overdesign, rhe entire supply system is sim-
plified enough m make il worthwhile.

Commonality of mndules means rhai more of such ircms
can lx ordered and thus rcd~ (heir price. The pential to
improve their specification, qunlity, and re.liab]lity exists
because rhe total resources available for such activities can

be devoted to fewer different modules. ‘flu cheaper and
more reliable a mndule is, lhc more likely il can be dis-
carded ratier than repaired, ‘h poumtial for more efficient
repair facilities exisu for the same reason.
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ML-STD-965, Pur?s Control Program, (Ref. 2) is a

required tool in any project to facilitate the conuol nnd

restriction of paru. Other documems affecting tis subject
are MfL-HDB K-402. Guidelines for the Imulcmenmrion of

the DoD Parts C.-mud Program, (Ref. 3) and Depanmcnt
of Defense Inswction (DoD]) 50B3.2, Defense Acquisition

Managemen[ Policies and Pmcedurcs. (Ref. 4).

2.5 MAINTENANCE LEVELS

The levels nf maintenance considered in this bandbnok
are unit (user), direct supporl (DS) and general suppon (GS)

(field), and depot. The parcmbetical names have alsn been

used to describe the respective levels. AR 7501 (Ref. 5)
fully describes each of the four levels. NonnaOy the first

level of maintenance is at tie unit, perhaps even by tie
operator. Often the bigbest level of suppcm (depcx) is by a

contractor.
Two impormnt factors for each maintenance level are

1. The hardware indenture level al which diagnosis
and replacement are made

2. The skill. training, and repair facilities for the main-
tenance personnel.

Maintenance al the unit level especially must consider the
amount of conceded damage that could be done by the
maintenance person during diagnosis and repair or during
checkouts and preventive maintenance if proper attention
has not been paid to those two factors. Thm is a reason why
unit level maintenance is authorized 10 deal only with rea-
snnahly mgged aasemhlies and pans.

For a discardable item at the unit level especially, test-
ability is extremely impmant because the risk of dkcamhg
a goal item and the risk of keeping an inadequate item

should be small. The test criteria for each action (dkcard or
send m a higher level) should lx set to minimize some
important resources. For example, for n given test technol-

ogy for a very expensive pan, the risk of discadng a good
item could Ix made very small, whereas tie risk of sending
a gocd item 10a higher level (for funber checking) could be
allowed to be rather high.

There wc strong advantages m eliminating DS and GS
levels of maintenance if it is physically feasible to do so.

Higher hardware indenture levels of dkcard can help make
such elimination mare feasible.

Operational retdkess, as a function of the levels at which

maintenance is allocated, is dkctly affected by a design for
discard program. ‘fle Army ties to optimize the allocation
of maintenance by assigning each task m !be most cost.
effective level”.

Sustainability is more directly affected by the aflocfition

nf maintenance to each level, especially when more items

are dkcardable. When the logistic burden is decreased at the
unit. DS and GS levels, susmina~lfby is likely IO ~ aPPrc-

●Lower levels ax preferred, other !hbigs king equal

ciably improved unless the freed resources are vinually all
allocated elsewhere. Sustainability is much more sensitive
to the time duration of an activity, whereas readiness is
much more of a steady stme situation.

2-6 MAINTENANCE PROCEDURES

The two major types of maintenance are corrective
(unscheduled) and preventive (scheduled). Both kinds can
be done at any maintenance level. Preventive maintenance
traditionally is done after a certain amount of exposure.

such as time, dismnce or cycles. However, i! is often much
more efficient to measure the condition of an operating item
and perform preventive maintenance only when the condi-
tion of the item requires it. Tle disadvam age is that the item
must be characterized (nil i~ elements, use, and expected
results fully known and described) much more thoroughly
so that testability can k improved. Even with this “reliabil-
ity-centered” or “on condition” maintenance. it is still nec-
essary to replace some items based on exposure rather than
on their state.

preventive maintenance can often k done profitably
while a sys!em is down for corrective maintenance. Appre-
ciable increases in reacfkss can be obtained in this manner
for complex mechanical systems wherein, for exnmple,
teardown time is a major fraction of downtime. Such bene-
ti!s rquire IIIM the prmedures be planned “well in advance
and that simple decision methods be available. Oesigns that
allow &gndatiOn to be self-announcing are especirJIy use-
ful. A simple example is caliper brakes on automobiles
wherein the brakes squeal shorily kfore they need servic-

ing.
Simple servicing, such as adjusuncnLs, fluid changes. and

fluid level checking, are generally done only as preventive
maintenance. More complex activities such as replacement
and overhaul cm be done on eilber occasion. Removed
items can be discarded, salvaged, or sem to a higher Ievel,of
maintenance. Often larger mnduics cm be rephwcd at unit
level maimenance; and the modules are then sent co DS, GS,

or depot mnintcnancc, where belter facilities are available,
for mnre detailed repair. his action is necessaiy because
the ability m test nnd repair is less al unit level maintenance.
hems that nre fully hxable and discardable al uni( lmel
mnintennnce can reduce ehe transportation burden.

The maintenance concept provides the framework for
1. Allocating maintenance resources to the mainte-

nance levels
2. Providing logistic design requirements for the pro-

ductbeing developed.
Owing the engineering and manufacturing &velopment

phase, a level of repair analysis (LORA) must & performed
again for detailed optimization of allocation of repair acti\,-

ity to each maintenance level. The constraints on the main-
tenance concept for mechanical systems are generally
difierent from tiose for electronic systems. For mechanical
systems the diagnosis time is generally small compwd to
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the active repair time, whereas the situation is generally
reversed for electronic sysrems.

The general goal of the design for tik.card discipline is to

r-educe rhe overall maintenance burden. Special consider-
ation must bc given to the unit level, at which the function is
usually accomplishment of a combat or combat suppcm
mission, not a msimenance mission.

2-7 DESIGN TECHNIQUES

Generally, reliability and mainminahitity are traded off
against each other. Many of the techniques used to improve
one are detrimental to the other. Damage could be caused by
preventive maimenance. For example, an inspection cover
could bc left off or an imprnpcr adjustment could be made.
An insuument could give a false reading, which is how the
Three-Mk lslmd nuclear plant shutdown was caused. Test-
ing has its dangers. The Chernobyl meltdown was caused by
a routine simulation that escalawd into the very caia.wrophe
it was designed 10 prevent.

On a detailed level, permanent fastening is virmaily
nfways appreciably more reliable than removable fastening.
For example, soldering nr wire-wrap is more reliable than
sockets nnd conneclon, and riveting, brazing. or welding
can bc more reliable than threaded connectors. Con for-real
coatings and foam-in-place filling of voids improve reliabil-
ity al the expense of maintainability. Many of tic techniques
thal reduce mainminabilily are cheaper.

To take sdvantnge of such tmdeoffs, tie products knd
prncesscs to make them must be well characterized. (See
Glossary for definition of characterize.) The more complex
fhe situation becomes. the more impmram it is for the
design and production” engineers to have structured, conve-
nient knowledge available. Computer-aided design (CAD),
computer-aided engineering (CAE), and computer-aided

manufacnuing (CAM) are contempnrfuy medmds to help
rhe design aad production enginmrs implement such knowl-

edge cmtcunmrfly. Concurrent engineering is a methnd tn
break down fhe walls that so often separate the engineering
disciplines. Appropriate computer pmgmms csn present fh~
designer with alternatives for design for discard Umt the
designer might mhemvise neglect. More important than the
tnols, however, is the mind set of the designer. Traditionally,
repairability has been a most impnrram design characteris-
tic; the stigma must be removed from nonrepaimble items.

2-8 ANALYSIS AND DECISION TECH-

NIQUES

Several kinds of analysis” nnd decision techniques nre
available to fhe designer. Aa introduction to fhcsc tech.
niques foltows:

WC wnns “manufacturing”’ and ‘.prnduction” are considered 10
imply rhe same things in lfds h?,actwnk. Some companies do dis-
tinguish bctwccn the (WO[mm. especially as appliaf Mengineers.
but rbat distinction is no! the same among cnmpanies.

1. Cost Elements, ‘fle direct cost elements, such as the

purchase price of an item, purcha.w price of test equipment.
and salaries of maintenance technicians are impnrtant but

not a difficulty in fhe analysis, II is much more difficult to
find and use indirect costs. such m rhe Iotnl cost of tmining
the wchnicians, cost to enter and mainm”n items in tie sup
ply syslem, slo~ge cnsts, requisition costs, and mud costs
of Unnspnrwion of ilems belween mnin[enaace levels. See
par. 10-2, “Cost Elements”, for mnre information on thk
topic.

2. Design Ana/ysif and Tradeoffs. Wre arc several

kinds of rnndels for design malysis and tradeoffs, Some of
them arc

a. Straightforward design analyses in which rhc
parameters of a mndule sre calculated from rhe design.

llese analyses arc needed regardless of the level of discard.
b, Cost-performance models for various designs.

Performance should include reliablli[y.
c, Direct repair c0st5 as a function of rhe mainte-

nance level
d. IndIrec[ repair cosrs as a function of she number

of technicians and their skill levels.
‘l%e problems encountered in using snme of these tech-

niques, especially the last two involving repair costs,, nre
compounded by the shnrt.term vs long-term considerations.

See par. IO-4, ‘“Tradeoff Analyses”, for more information on
this topic,

3. l..cvel of Repai> AMlysLr. From a marhematicsl
mudd these procedures predict the optimum maintenance
level at which a particular hardware indenture level of
rc.pa.ir or. dkmrd should take place. Such analyses should
include smsitivity cafcrdations rhat show how nan-nw the
optimum pnint is wifh respect to variations in she numetical
paramcle;s of the mndel ~d, where fcasibli, with respect m
some of Lhe ~sumptions in the mnrfel. ‘f%ese amdyscs gen-
ernlly require the use of approved computer programs. .%
par. 10-5, ‘level of Repair ,%rslysis (LORA)”, for mom
information on this topic. AMC-R 700-27 (Ref. 6) identifies

the approved techniques used to cnnduct LOR4; AMC-P
7fH3-4 (Ref. 7) provides some basic information on all

apprOved Iechfiques. M~-S~- 13g8- 1A (Ref. g), Tmk
Section 30fJ, should be used for tie preparation and evalua-
tion of alternatives. .%brask 303.2.7 could be used to foim
economic estiarales 10determine design for repair m design
for discard early in the life cycle.

4. Fronr-End Analysis. Essentially, (his is any aaalysis

that is done in the csrly acquisition phases. Spccificdly in
this handbook it is mry early amdysis that relates cost [o the
des@r and fhe maintenance concept. Life cycle costs, per-
sonnel (numbers nnd skill levels) iequircmerm, and repair
vs discard decisions are the important from-end aaaIyscs,

See par. 10-3, “Fmnt.End Analysis”, for more information
on this tnpic.

5. Milirmy Reguiremems, ‘f%esc address both the spc.

cific project requirements and the combat developer’s long-.
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tange goals for readiness, sustainability, and logistic sup-
port. In some cases tradeoffs must be made b@wecn Ihe
long-term gods and the specific project requirements, as far
as the design for dk.card prog?am is concerned. Such trade-
offs should be guided by the explicil relative importance the
combat developer ussigns to those aspects of the situation.
See par. 10-6, “Long-Temt Military Goals”’, for more infor-

mation on this topic.

2-9 SYSTEM-ENGINEERING INTER-

FACES

In my pruject there is a variety of programs and related
system requirements imposed upon the design group, TfIe
optimum design is a “balancing act”, which creates a com-

mon interface among all of them. An introduction to some
of tiese interfaces follows:

1. Rc[iabi/ity Enginceting. his is the set Of design.
development, and manufacturing tasks by which reliability

(the user’s ability to depend on sometling) is achieved. In
general, the demands of design for dkcard and reliability
are similw in that improved reliability at a reasonable cost
makes it easier to discard an item upon its failure. See par.
11-2, “Reliability Engineering”, for more information on
this topic.

2. Reliability-Centered Maintenance. ReIiability-cen-
tercd maintenance refers to preventive maintenance that is.
pdormed when the condition of the item, related to its pro-

jected reliability, requires it. For further discussion ace par.
2-6, ‘aMaintenance Procedures”’. In general, the demands of
design for discard and reliability-centered maintenance are
similar in thal longer periuds bstween maintenmce actions
decrease the ownership cost of an item. Such maintenance
requires that the item b-e characterized more completely
than is needed for simple measures of use, such as time,
miles, or cycles. and that the testability of the item bt suffi-
cient 10 allow the stme of the item to be evaluated ade-
quately. These requirements can increase the engineering
and manufacturing development phase cost and the unit
production cost. See par. 11-3, “Reliability-Centered Main-
tenance”’, for more information on this topic.

3. Aiainrainabiliry Engineen”ng. Maintainability

refers to the concept of being able to support m item within
constraints such as downtime, skill levels, and tccds. Main.
trainability engineering is important in two ways

a. The ilem must be removable and replaceable, as
always.

b. ‘f%e item must be testable to a greater degree than
usual to mitigate the risk of wrong decisions for dkcard.
llms the challenges to maintainability engineering are simi-
lRI to those for reliability-centered maintenance. See par. 5.
3. “Technologies of Testing”, for more information on this
top;c

4. Producibility. Generally, the challenge m produc-
ibility (die abili[y to provide m item in an economic and
timely manner) is in being familiar with various materials.
!esting, and assembly techniques different from those ordi-
narily used. Once that problem is recognized and assimi.
la[ed, pmducibiliry can be improved for m item that is
designed for discard, as compared to a converitional repair-
able item. For example, soldered electrical connections on a
PC buard are cheaper to produce thttn sockets and plug-in
parts. See par. g-3, “Fabrication Techniques”, for more
information on this topic.

5. Manpower and Personnel lmcgrarion (MAN-
PRINT). It is the intent of design for discard to have a
strong effect on the number and skill levels of maintenance
fwsonrtel, Sonic items may have to k designed for discard
simply because mmpower limitations do not allow for
repair. Built-in [esl equipment (BfTE) must bc designed for
easy access and operation. Initiation of built-in tesling must
be simple, and the results must b-s easy m interpret. Form
and fit play an impmimtt humnn factors engineering role
becauw discardable parts must be designed for easy
removal. See Chapter 12, “lntcrface With MANPRfNT’, for
more information on this topic.
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CHAPTER 3
ADVANTAGES AND CONS’I’RAmTs

The advantages of designing for discaid are explained. The potmrial advantages include better producibility less documen-
tation and manpowec lower skill levels in mainrcnance ocrivirics. and reduced need for mm.rpaflation of supplies. Areas such

as opemtionnl availability mobiliv, packaging, handling, storage, and suppom equipment are treated in terms of the mdeoffs
thm must be made during design. Finally the implications and consrmints implied by peacetime vs wanime and by shorr-reml
vs long-rcmt considerations are discussed.

3-1 INTRODUCTION

Generally, an item designed m & discarded must meet
the same performance specifications as a similar item

designed to bc repairable, but design of the discardable item
can take advantage of less costly fabrication techniques. For

a fixed number of items that me ready for use or arc in use,

an additional number must be purchased because of the bur-
den of filling the supply pipeline. Trained people are needed

to operate such pipelines and the a.csnciated acquisition and
maintenance activities. A Inrge overhead in terms of people
and facilities is needed to generate those trained people.

Many of the activities associated with constraints are

ins[itutiottalizcd in the .4mty and thus are badhionally con-

sidered sunk or fixed costs. An aggressive design for discard
program requires that such institutions be challenged and

incorpnmted into the design for disced costrbcnefit models.

The purpose of this chapter is m illuminate these tradeoffs
and treat some of the constraints in solving them.

Timre arc several qualities or capabiliues of the fighting
forces lhai the Army might wish to keep relatively constant,
regardless of any changes in its acquisition prncess. Exant-
pIes of such qurdhies or capabilities included in this chapter

are the chmacteristics of operational readiness and mnbilhy.
Although acquisition changes, such as a design for discard

pmf!mm. might free some resnurces, the Army cmdd reallo-
cate those resources for other purposes or dkpense with
them altogether. Such decisions are influenced by the Presi-
dent. Congress, and the Department of Defense.

3-2 LIFE CYCLE COSTS

fife cycle cnsl, viz, the total .20s1 of ownership, can be

reduced by raising the hardware indenture level for discard.

Two difficulties in analyses for improvements in life cycle
cost are

1. Having a baseline life cycle cost as a reference for

cmnparkon
2. Being able m quantify all the cbmponenls of the life

cycle cost that are important in the problem at hand.

Considering design for discard in n design has no dkcct
effect cm tie list difficulty (a baseline) because with or
without a design for discard, a bsseline must bc chosen so

tit the various alternatives can be compared. Tlte second

dMiculty, bowcver, dots arise and was a major reason for
the push toward design for dk.card. There was the belief dtat
the hny could profitably challenge some of its historically
fixed costs, viz, tie total cost of raining for maintenance.

Since the mid-1 9S0s, however, there has been a growing
concern about bow this coutmy handles its discarded items.
and that concern shows no signs of abating. Thus the cost of
physically disposing of even relatively benign items will
continue to rise; the cost of dkposing of all non benign items
will soar. In principle, cbeapcr, less reliable items might

result from a design for dkcard analysis, but it is quite likely
thal the surest way to reduce life cycle costs is to make
quipmcm much more reliable-even reliable enough so

that quipmenl “failure rates wc less than O.1% per month
which is a nominal mean lime-to-failure of over 80 years.

As lhc level of discan+ moves reward larger assemblies—
higher hardware indenmrc level-the Army can reduce its
cost of ownership of quipmenl by eliminating or reducing
the rcpnir costs and II@ nssocimed overhead. These reduc-
tions can occur because of fewer highly s~lled SUPPOfIJXO-
ple, less test and repair quipment, fewer facilities, and
higher refinability of the items. Vbtually all other factors are
generafly either negligible or tend to increase the cost. A
very Iong-temt benefit is m reduce the cost of spares inven-
tories. llte short-term costs of such inventories, however,

me afmost vrthin to rise.
‘fle following paragraphs discuss the cost problems in

more detail: 3-3, ‘“Producibility”; 3-4, “Manpower and

Skills”; 3-6, “TransporIatipn Requirements”; 3-8, “Packag-
ing, Handling. and Storage”; 3-9, %ttppon Equipmem”;
and 10-2, “Cost Elements”.

3-3 PRODUCIBILITY

Gencntfly, an item that is completely discardable is
potentially cbcapcr and easier m produce over the long tcrtn
than a comparable ilem lfmt is repairable. In Cbrnmcrcid
practice one of the big incentives for design for discard is

the reduction nf product cnmpleshy to achieve better pr-

oducibility. When only portions of an item are discardable,
tberc cm be snme mtdeoffs, bul even then an item is proba-
bly mmc producible than if it were completely repairable.

In the short term however, a particular company ndghl
incur some” pntduci~lity difficulties due to a rdcdly dlf-
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fercnt design. The design of a discardable item can require

different production equipmenr, raw materials. and person-
nel skills than an available, e.g.. plastic molding presses

instead of metal machining. Many’ companies still generate
their profits by prnducing things mtber than by hiring sub-
contractors. Thus better producibility as n remdl of design
for discard might rquitt considerable capital investment to

keep the entire process in-house, and longer initial produc-
tion lead lime would follow.

34 MANPOWER AND SKILLS

‘fbe effects of design for discard on manpnwer and skills

arc different at each level of maintenance. The effecfi are
1. Unit kvel Mainmnance. Insofar as maintenance is

a tisl+nd+eplacc opera! ion and insofar as system reliability
is not worsened, them is negligible dKfercnce in the man-
fmwcr needed for discar&ble vs repairable items. For items

hat require complex or expensive test equipment. (be usual

prncedure is 10 forward the item to tie next higher level of
maintenance for testing and dk+wsition.

2. Dircc/ Support (DS) and General Supper/ (GS).

Tbe need for test skills will remain abnut the same ns for
repairable items in twth dbcct and general suppnrt func-
tions. The need for repair skills will be nil for completely
dkmrdable items. For items that contain salvageable

removable mndulcs, some repair technicians will be needed.
but tieir numbers and skill levels will k appreciably lower
than for the usual repaimblc items. Since one person is nor-

mally bntb the test and repair k?chnician. the balance of
skills that technician needs might well change.

3. Depot hvd MainWmncc. If discardability is used.

the need for test and repair mcbnicians will be appreciably
Iess-bnth in numbers and skill levels-than for repairable
items because many fewer items will even reach the depnt
level, except for salvage and/or disposal. However, in Ihe

tmnsition from maintenance by repair to maintenance by
replacement, more supply personnel might be required at
higher echelons.

3-5 OPERATIONAL READINESS

Op-aatiorml readiness is ‘The capability of a uniUfonna-
tion. ship, weapon system. or equipment to perform the mis-
sions m functions for wbicb it is organized or designed.”

(Ref. l).
Opemtional readiness could kc imprnved by the effect of

design for discard on the moth-m-tail ratio. It would be
affected largely by tie degree to wbicb design for dkcmd

reduces dependence on skilled tectilcians. The amount of
Army resources devoted 10 achieving a given state of opera-
tional readiness should be Icss with such a prngmm, and the

mix of people and equipment would IX different. That is.

the Army requires a certsin opmmionaf readiness for each of
its elemems and will expend the amount and mix of
resources neccssruy to achieve it.

3-6 TRANSPORTATION REQUIRE-

MENTS

Trampnrtation costs could be reduced if a design for dis-
card item is disposable at the unit level provided thcd one-
way tmnsponation is considered a savings. but i! is unlikely

that overall requirements would be reduced appreciably by
a design for discard ptig~. Transpnmtion between unit
level maintenance and DS or GS level maintenance would
stay about tie same because complete items would go
Ioward the uni! level rather I&WIsome repaired elements. A
similnr situation exis!s for rmnspnrtation between DS or GS
level maintenance and dcpnt maintenance, i.e., huger items
would be going toward tbe DS or GS level whether fmm a

depm or some olher snurce of supply.

If a dkcardable item is more reliable and its other chm-ac-
mistics (weight, volume, etc.) arc no worse, the amount of

Uansporution devoted to such an i[cm cm be reduced
because it would need tmnspnrt less often. An example of
otier characteristics being worse is imprnving reliability of
a nonrepairable unit by using redundancy such that Ibe unit
fails if and onfy if afl of its redundant elcmcnls fail. Such
redundancy could double tie weigh! -d volume of the unit
and actually incfmce tmnsponntion needs.

3-7 MOB3LITY

Mobility is “A qua}iry or capability of milimry forces
which PnniL! them to move frnm place to place while
retaining the abili~ to fulfill their primary mission.”” (Ref.
I). Wkb increased reliablliiy as a result of design for “tis-
card,,.wme spares or replacement pints would no! have to be
stcckcd at unit level and would thereby increase mobility.
There wnuld slill be a need for repair “andfnr replacement
parts, regardless of tie bardwarc indenture level aI which
test and replace nccur. Mobility is m operational chamcter-
istic, and what acnmfly happens depmds on what the Army
ties to hold constam, e.g., it muld keep the same mobility
by reallocating resmuces.

3-8 PACKAGING, HANDLING, AND

STORAGE

Minor impacts on packaging, handling. and storage are
foreseen as a result of a design for discard pmgrun: these
tb@ depend much more. for example. on quipmem reli-
cMit y. A radio with a fnilurc rate of O. I% per momh would
require very few spares and little packaging. handling, or
storage. Another example is that a discardable item could be
sealed better than the corresponding repairable” item. md
thus it would be less susceptible to its storage environment.
Better sealing nut only keeps the exumaf environment out.
ii also retains *e internal environment.

3-9 SUPPORT EQUIPMENT

There may well be opponunities to reduce the amount
rmd complexity of SUPIW’S(tesi and repair) equipment in
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general. h is convenient 10 classify suppon equipment as
system pcculiw” or common purpse, as follows:

1. System peculiar suppori equipment, by its nature,
can hc used on at most a very few items. Generally, it is
designed and produced explicitly for the quipmem on
which it will b used. If the test equipment is separmc from

the unit under test, the training and skills needed to use it
can bc more than for common-pwpose suppon equipment.

On the other hand, if the test andfor test equipment is built
in, the opposite is true. Because of low production runs, sys-
tem.pcculiax supperl equipment can easily be mom expen-
sive md less reliable than common suppmr equipment
Insofar ar discardable i[ems may require more special extcr-
md equipment, the COSImay be higher and may make the
discardable item less desirable.

2. Common suppon equipment, hy iu nature, can be
used on many items. h is often used in the commercial as
well as the military world and can be purchased as a nonde-
velopmental item.

It is convenient to classify supporr equipment as func-
tional @o/NOGo) or parametric as follows:

1. Functional test dc!ermines mere] y whether an
equipment conforms 10 appropriate specifications or not. h
does nm diagnose the cause of a nonconformance. Such

I equipment is generally less expensive and mnre standard
than mmmerric test eouiDment and is more likely to be suit-.
able for discardable items.

2. Pammelric test equipment is used to diagnose ybal
needs repair on a repairable i~m (fault isolation) and may
ako be used to perform thm repair. This is likely to he
required for repairable unirs because fault isolation is neces-
sary 10 some lower level.

Discardable items require only functional test equipment,
not diagnostic and repair equipment, even if some subitems
are removable. TIIus discardable items will evemuafly

require much less diagnostic and repair equipment.

3-10 DOCUMENTATION

me two kinds of imponam documentation related m
design for d]scard are

1. Technical manuals that address testnnd repair
2. Documenmtion required inthe Government supply

system.
The technical manuals for discardable items would contain
only the insnuctions on how m conduc! nppmpriate hmc-
tional tests. Reptir instructions arc not needed, thus tiey
need not bc w“tten nor printed. Remove and replace
inso-uctions me still needed, however. The documentation
for the Government supply system will initially inc-

hccausc a new item has been added m the supply system.
This increase. however, will be smaller than if the item had
ken repairable, and in the long term such documentation
might decrease.

Altbougb it is cerraitdy mm tha! some dncumemation is
rquired m measure aad control contractor perfonmmce of

design for discard adequately, a conceried effori should be

made to bold such documentation to the minimum. Data

item documekration is not needed to accomplish this goal.

3-11 PEACETIME VS WARTIME

h is easy to lose sight of the fundamemal mission of

Army materiel: Suppnrt rhe Soldter in the F!eld! When deal-

ing with matbcniatictd cost-effectiveness models and with
justifications in the presence of budget constmink, it is easy

m forget the differences between peacetime and wartime in

terms of emphasis on Army objectives. [n peacetime an

importam objective is often to minimize opxating and sup-
pml costi. In wardme operational readiness, mission reli-

ability, and sys!em effectiveness are among the primary
objectives in supporting the soldier in she field. Operating

and suppon cosrs and some measures of readiness used in

peacetime are secondary considerations.
All AnnY baiting and procedures are for warIime

because it is impossible to train soldiers differently for

peacetime and wartime. The Army design for discard pro-

gram ofxretes the same in peacetime ahd wartime, even

though what happens to items outside of tie AnnY system
might well be different in the two situations,

3-12 SHORT TERM VS LONG TERM

Some prnblems are made worse in the sbon term because

tie repairable and discardable items exist together. Exam-
ples m

1. Mom training is needed so that both operating and

repair pmsonnel know how to tell which version of an item

is rcp+mble mrd which is discardable.
2. llre logistic suppon system has another item (the

dkcardable one) to deal ‘witi in addition to all the existing

ones. If the repairable version used repair parts with high
commonality, lhose repair pans slay in the system, regard-

less of the discardabllity of the new vemion.
3. Even tbougb fewer repair pcnple might be needed,

tie persomel system may react slowly to tfre changing

needs, and the repair crews may temporarily remain at tie

same size. In some situations the minimum sizs of crew is

set by other considerations. such as safety.
fmproving the “tooth-to-tail” ratio (fighting capability to

support capabllit y) may involve additional expsndiurcs
over a long period of time. It is difficult to maintain enrhusi.

asm and vigor in any program once the ititial push is over

and the initial proponents have gone on to other things.
Commitment of up-front resources tba[ arc to be recovered

in k long term is nol in vogue. and the &sign for discard

VSIUM does not escape rhis prewire.
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CHAPTER 4
TECHNOLOGY SURVEILLANCE

I

I

I

Three SOIIIUS offitum rechmlogy and the Amy program Jcir sponsoring, reviewing. and using the Icchnology am briejfy

explained. Soumes of information about new technology am discussed

4-1 INTRODUCTION

The Army is vitally interested indcveloping and using
technology for afl of its programs and projects nut only for a
design for discwd pmgmm. The duee sources of faium
technology m-cGovemmem reseasch, indusuy research. and
academic (university) research. Foreign research is also
monitored and used by the Army but is not explicidy
included in this handbuok. This discussion is purpusely gen-
emi, and most of the material in pars, 4-2.4-3. md 4-1 is
a&ptedfmm Ref. 1.

A major way that any research. regardless of who swn-
sors it, moves from tie Iaburatoties m the engineering pro-
fessions is by the traditional mutes of trade publications and
conferences. Lesser but nevenheless important routes arc
professional sympusia and journals. An engineering com-
mand or pmjcct ofilce should be staffed principally with
engineers who am technically competent and who conlinue
to work in their fields.

Appendix A liws some of tie engineering trade maga-
zines. Reading these magazines is one of the best ways to
stay current with technology and research.

4-2 GOVERNMENT RESEARCH

The AmIy implemems its rcseamh programs dwough the
Army Research Laboratory (ARL) and its research, dcvcl-
opmem and engineering centers (RDECS). The -y
Research Lahorarog’ is genmally concerned with generic

basic and applied research, whereas the Army RDEf3 am
primarily responsible for commcdity-xientcd research. The
ARL and the RDECS

1. AIIzdyze baselines and assess the feasiblliv of tcch-
ncdogy pmfcumance envelopes

2. Review hem issues to ensure that pkumcd require-
ments and evolving technologies address she anticipated
threats

3. Ensure the flow of information witlin the Army test
and evaluation cammunity about the testing requirements of
new technology, ensure the timely development of test tccb-
nology, and ascertain the availability of (es: rcsmuces.

The movement of technology fmm the ARL and RDECS
to &sign aad development is straightfommd because the

people ‘most ccmcemed with any p~cular technology are
sponsoring andlor monitming it.

“IIIe Defense Technical Information Center (DTfC) is
the cemml point within she Department of Defense (DuD)
for acquiring, storing, retrieving. and disseminating scien-

tific and Technological information (STI) to suppms the
management arid conduct of DoD rcsearcb. development,
engineering and studes pmgmms,’” (Ref. 2). The specifics

of information retrieval are in a registration package. which
cm lx obtained fmm

Defense Technical Information Ccnwr
Building 5, Cameron Ssation
Akxamlria, VA 22302-6145.

Additional information is contained in, PB9 1- Ig0216, A
Directory of Sciemijc and Technical Information Programs
in the US Govemmcnf (Ref. 3). and PR.827. !992 Cam/og

oj Pmduco and Services, NaticmaJ Technical [formation
Service (Ref. 4). These publications ax available fmm

National Tecbaicd Information .%wice
5285 Pon Royal Road
Springfield. VA 22161 -C031.

According to both DTIC and”the National Technical In f.ar-
mation Service (NTLS). there is no clearinghouse for Ioca[.
ing aft research still in prugress because only resuh.s are

reported.
The Electronics and Electrical Laboratory (EEEL) of lhe

National I.stitme of Standards and Technology (NIST) pub-
lishes (qaarterly) the EEEL NIST Technical Prngrcss BulIe-

rin (Ref. 5). II contains absti-acts of papers about the work of
the NIST on eledrical mea.suremcnts, semiconductors, sig-
nal acquisition and processing, electrical systems, and elcc-

tmmagnetic compatibility. ft is available from
EEEL Technical Ptugress Bulletin

‘ Metrology Building. Room B-358
NfST
Gaitbcrsburg, MD 20899.

4-3 ACADEMIC RESEARCH

Academic research is a combination of basic research
(withom a paniculw application in mind) and applied

research toward specific guals. Wtua]ly all such research is

sup fmtcd by grams fmm indusuy, foun&tions, md Gov.
cmment. Most such research is done by colleges and UNvcr-
sities some is done by industry consnnin, such as the
Semicunductmr Ftcseamh C&pcaadort in NorUI Caxdina.

Them is no publication that lists academic rescarcb in
prugrcss. Wtuidly all such research is repofled in technical
journals and in technical repnn.s published and distributed

by the research group involved. Basic rese~h genemlly
passes through an applied research program k=forc it

becomes useful to a design for discard program.
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The Army funds academic research through the US Army

Research Office (MO) with the assistance of the National
Research Council, she ARL, and RDECS. There are two
main types of programs:

1, A single principal investigator who is assisted by

graduate students and some facul[y members
2. Centers of excellence that acquire state-of-the-aft

inssmmensation and have a team that conducts advanced
research in she designated field for projected military appli-
cations.

‘he ARO program is described in Broad Agcnc.v

Announcement (Ref. 6).

4-4 INDUSTRY RESEARCH

fndussry research is classified as
1. Development of materiafs and processes by shose

who sell sbem to others. This technology is available to tie

AnnY for i~ development work.
2. Development of products for sale, e.g., compo-

nents, operating modules, or systems. These prcducsa, rather
shan the technologies m create tiem. me available tO tie
Army as equipmem or modules.

The Army has two ways to suppon and guide such
research:

1. Contract research and development for which the
by supplies about 70% of the funding. ‘fhk work is gen-

erally done by companies in the business of providing Army
materiel.

2. Independent research and development projects that
are initiated and run by industry but arc reviewed by DoD

laboratories and RDECS. Indussry cm recover some of is
cosls accordhg to formulas negotiated in accordmce with

the appropriate Federal and DoD Regulations. The amount
of cost recovered hy industry is approximately 30 m 40%.
The DoD receives information from industry about this
research in return for shose funds and for information about
DoD plans and needs. The US Army Materiel Command
(AMC) manages She Army participation in tbia program

Insofar as indussry research is solely for its own use, it
gives only as much priority for design for discard as good
business dlcsates, whesher civilian or military. As memioned
previously, most electrical hand Icmls cos[ing under $50 and
elecwonic ilems costing under $100 are not economically
repairable.

fnsoftu as industry is responding to a perceived or stated
military need, it is presumably quite willing (o apply materi-
afs and processes, new or old, to design and develop dis-
cardable items. Induswy, however, is Iikcl y IO want some
assurance that the need for such development wiO not
change without a valid muon. That assurance can take the

form of a contract to develop andlor prpduce such i[ems or

of the Army’s having demonstrated its interest in design for
discard,

4-5 USING CURRENT TECHNOLOGY VS

PUSHING THE STATE OF THE ART

When technology can change appreciably during she
acquisition process, the question should arise, What ~ech-
nology should wc use in the design and development pro-
cess?’

At one cxsreme, espec;slly where high refiabllity is essen-
tial, only technology that exists m the beginning of the
design process is used, Tlis procedure involves.a negligible
technology risk but can result in an item that is technologi-
cally obsolete before it goes into full-scale pruduc!iom

fn the middle shere is preplanned product improvement
fP31) in which the preducl is designed wish she flexibility 10
be impmved w technology changes ardor needs are
reviacd, ‘f%is concept is in accord wish she currently prevail-
ing quality thrust of continuous improvement.

At the otier extreme, be end-item is not even fcasihle or
pnssible unless newer technology becomes available. For
example, a smaller, more powerful computer mighl be
needed, or a compnsite mmerial wilh !he requisite strengtb-
m-weight ratio tight be necessary. Tbk approach involves

appreciable risks of nkl kinds technology, schedule, ~d
cost. It can, however, result in an item that is superior to all
others of its kind or even in an i:em dmt would osher’wise be
impossible.

Bahmcing all she risks is difficult and is subject 10 sec-
ond-guessing by others. Mathematical mndels, preplanned
product improvement, and technology insmion can be used
to smwse these two exwemes.,
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PART TWO
DESIGN CONSIDERATIONS

Parr Two is the main pmt of this handbook snd discusses four m?jor areas that can strongly affect the dk.cardab~lity of an

itcm and that are under conuol of [he design and production” engine.m. Ilese areas are diagnostics, physical smmgemem of

components, choice of materials, and manufacttiog methods snd techniques. Although the engineering considerations are

paramount, tiey must mesh with other system considerations, such as thow presented in Psrt Three. Part Four summarizes

some of the more pertinent progrsm considerations for design for discard.

CHAPTER 5
DIAGNOSTICS

Di@tosrics ore brieffy covered by cxpbining rcsrabiliry as ir rclnres 10 various kinds of equipment, the simplijed techniques

!hm am used in resting, mtd the mrur? offtmctional testing. ~e relative imporrmce of grvuping items according 10 their@tc-
tion is also briefly discussed. Hyporhcrical ●xamples are given to illusrmte rhe ideas.

5-1 INTRODUCTION

The word diagnostics is intended to be general md to
cover the process of knowing thm something is wrong,
deciding that ~e difficulty is worrh fixing, nsrrowing the
trouble to a replaceable unit, snd after replacing the offend-
ing units, sssuring rhal dte equipment is working satisfecm
rily. “Diagnosis” has been defined more nmowly, e.g., in
Ref. 1 it is defined as The functions performed and the
techniques used in determining snd isolating rhe cause of
malfunctions.”.

Because testing is not useful unless the test measure-

mcn~ cm k convened into a decision, the item and the
tests must bs well characterized. The concept of cbammcr-
izmion is explained in subpar, 5-1.1.

Testing is not perfect, therefore, risks arc associated with

decisions that me based on test results. llress risks and
some of the nomettclalure rclaled m them are explained in
subpar. 5-1.2.

fit properties to be tested for depend on the kinds of
failnre of the item, especially if reliable operatinn is to be
assured. Some simple models for failure are explained in

subpar. 5-1.3.
Before !esting is considered at all. the engineers’ ktmwl-

e.dge nbom potential malfunctions, faults, and failures
sbotdd be orgtmizcd in a way rhm is useful for planning
diagnosis and executing cntmctive action. Several ways m
organize sttcb knowledge src explained in subpar. 5-1.4.

5-1.1 CHARACTERIZATION

llu concept of cttmncterization is at the heart of Adng.
In most testing the information really wanted cannot be

- terms “msttufscturing” snd ‘production” imply the ssmc
things in this Itandkmk. Snms mmpsnics do distinsuisb betwscn
tbe two terms. eswatly sr ctpp!iedto engineers, but that distinc-
tion is not the smm among companies.

madly obtained, e.g., tic reliability nf a crank.shah can on] y

be inferred from some indirect measurements and the ade-
quacy of a micrncircui[ is inferred fmm measuring only a

small fraction of tie pnssible excitations and responses. A
situation can be defined as “characterized” if all (be impor-
tant pmperdes and interactive relationships about it are
known. ‘flte “situation”’ can he an itcm, prncess, environ-

ment, test, etc. For example, during test and repair, a repair-
able unit is characterized if exacdy wha! V3@sI for, how to
test i~ bow m interpret the results, what to fix, and how to
fix it we known.

Noihing csn ever lx completely characterised for all sint-
mions &causc scientific and engineering knowledge am
never complete. fmerfaces between items tire usually
incompletely cbaraclcriied @cause not enough resources
have been devmcd to the problem mdor the intended appli-
cation fm the item under development has changed,

Att item and its test are well-cfmmmerized for diagnosis if

tbs follo@tsg things are known and feasible:
1. Wlat to messure (on the item and its elements)
2. How, when, and where 10 measure
3. How to convert those measurements into knowl-

edge about the imporrsm characteristics of rbe item
4. How to combine that knowledge with knowledge of

bow the item will be used on the mission snd how the item
cm fail

5. How to decide what to do with .rhe item, e.g., nut
more tests or discard the imm.

5.1.2 TESTS AND RISKS

Tests involve the risks of making an inadapme rfeckicm.
A general vocabulary bas been developed to describe SCImC
test results mtd test risks. h is presumed that m item is either

gttod nr not good fbd) sttd rfrm ‘“god’ has been adqumdy
defined in terms of all the requirements. Some terms of this
Vncabldary arc
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1. Tesr Good. The test result is intcqmetcd as ‘The

item is gocd.”.
2, Tc$t Ed. The test result is imerpreted as ‘The item

is bad.’”.
3. False Good. 7Tte item tests good but is in fact bad.
4, Fake Bud. The item tests bad but is in fact gmd.

Some reasons for false results are
1, The test instrumentation was fauhy, or the test

results were interpreted inccnmcd y.
2. lletest measures asecondary pro~nyofheitem,

not the property of real imcresi. The cotrespundence

keiwcen the secondary propeny and the one of reaf interest
is rarclv exact.

3. lle property bshg measured andfortbe mea.wre-

ments themselves have uncharacterized fluctuations.
The criteria for test good can be often be adjusted so shat

the mm probability can tc moved reward the less danger-

ous m less costly of false bad or false good. For example,
for am inexpensive test tbe probability of a false goud can be

made vew low, witbaconsequent incmsein theprobab!l-
ity of a false bad. If the item tests bad, it is subjected 10 a

more exp!msive, more accurate test for which the probabi-
lity of either a false bad or a false good result is very small.

For a given amcnm of available project resources, the
mathematical probabilities of false good uad false bad do

depend on each osher. For those given resources, if one of.
the probabilities is improved, tie other is worsened. If both

must bcimprnvcd, dwpmjecl resources mus!bc increased.
For example, for band grenades, if the probability of a pre-

mature detonation must be made smaller, she probab]lityof

a dud will become Itigber.
Tbesc concepts we related 10 statistical ~ I and Type

ff errors and to the concepl of pmducer( alpba)andc on-
sumer (Ma) risks in acccpsance sampling.

AI each maintenance level the magnitude of testing emms

is adjusted to fit the needs of the by. For example, at the
unit level of maintenance he probability of a fafsc god
should be quite low (with a resulting higher probability of a
false bad) kecausc thesoldier inthefieldmustb able to

rely on bisequipment. Tbatis. tie soldier in tbe field must

not be attempting to use equipment or weapons that !esl
good but me really bad the results could bc deadly. At
bighermaintenanc elevelstie fafse goud can be someone
else’s problem without the danger of Iossof life. False bad

results at !he unit level can be decreased (while the same
low fafse gocd level is maintained) only with better test

quipment.

S-1.3 SIMPLE MODEN FOR FAILURE

his impuna.nl to understid wha[ type of failure is being

tested for because tbe fuilure type can restrict the kinds of
tests that ‘are effective und affect the kind of corrective

ac[ion if a failure is dkcovered. ‘he four simple models for

failarc that follow cover, singly or in combhmtions. most

kinds of failure that ure related [o mission reliability of dis-
cardable items:

1. Simp/c Stress-Strength. The item fails if and only if
he stress exceeds the strength. If the stress does not exceed

the suengtb, the stress ha no pcrmanctn effect whatsoever.
This failure mcdel depends on she occurrence of critical
events in tbe environment rather than “on the mere passage

of time or cycles. The maximum aflowable stress is placed

below the strength so that the probability of failure is suil-
ably low. A proof test is often performed for this failure

model. In a proof test the test stress in the item is the rated

strenglh, dms not cause cumulative dunmge, and is well
above the stress anticipated during any mission. If the item
dues not fail, it has adeqwme strength.

2. Simple Darnage-Endurance. A stress causes dam-
age tiat accumulates irreversibly. The item fails when and

only when the damage exceeds the endurance. The cumula-
tive damage dues not degrade pcrfommnce, so the amount

of cumulative damage cannot be ascertained by measuring

performance. An induecl measurement is often necessary.
3. Simple Tolerahce-Requimment. A system perfor-

mance cbamcteristic is satisfacto~ if and only if its toler-
ance remains within the requircmem. Under combat
conditions there is often room for judgment on how much
variation can be tolerated since the circumstances could

make replacement or repair impossible.
4. Simple Challenge-Response. An elemenl of sbe sys-

tem is bad, but onfy when the element is challenged dues it
fail 10 respond, reveal itself as bad, and cause he syslem to
fail. ‘flis failure mndel dep-mds on when critical events

happen in the envircmment mther than on the mere passage
of time or cycles. Sofiwarc fuilures arc afways .of this sypc.

5-1.4 ORGANIZATION OF KNOWLEDGE

ABOUT POTENTIAL FAUJJRES

10 order to test imelligendy and to determine she posential
effect upon dkcardabifit y in the design, knowledge abuut

pntcntial fuilures must be developed and then organized in a
useful way. ‘fhee such methods are summarized here. More

information about them is readily obtained in backs on reli-
ability engineering.

1. Faihme Mode. Eflects, and Criticcdify Analysis
(FMECA). FMECA is among she oldest formal techniques
in tic United Stales used 10 organize knowledge about,

potential failures and is probably the most commonly used.
It deah only with 1-Wire failures (A 1-point failure is an
element failure that can cause the assembly 10 fail.) and thus

cannot handle she effects of redundancy well. II is usuafly
called a katom-up analysis. Ita major use is when knowl-

edge of the effects is low and the effects cm be devasmting.

Ref. 2 is devoted to this methcd.
.2. Failure Mode and Mechanisms Anafysis. llds is an

old mchnique without an esmblisbed acronym. In many situ-

ations the effea and criticahty of a failure mode arc readily
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known-the equipment fails and must bc repaired. This is
as aue of electronic equipment as it is of mecbmicaf cquip-

mem. Thus the FMECA is of no value in U’mse situations.
One begins aI the failare mode and works backward to find
she ftilure mechanisms of the fnilurc mode. hen 10 find
causes of those failure mccbanisms, and so on until lhere is
enough knowledge for corrective action or adequate @.~ng.

3. fault Tree $nrhesis and A@’si$. his is s more

complicated and d}fficult organizational technique; it is
essential y a mathematical logic equation in picture form. 11
is often used in anrdyses related to safety and can handle
multipoin[ failures. 1! is usually called a top-down mmfysis.
Even! UCeS and cause-consequence charts are related to
fault trees bu[ have other propcnics as well.

5-2 TESTABILITY

TestabMy is “A design characteristic which allows the
status (operable, inoperable, or degraded) of an item to bc
determined and *C isolation of faults within the item to be
performed in a timely manner.” (Ref. 3). An additimmf con-

cept for testability is tiat conformance to afl s~cifications

should be determined in addition to operability. It is not
uncommon for an item to test good and yet not function

properly under the conditions for which it is designed. The
rcascm for shis is that she test does not cover the entire enve-
lope of environmental. supply, and loading COndiUMIS.

Not only must an item function pmpcrly to bc classified

IU g-, but il mu-$1 afso have the mission refiablli[y
rcquimd for a new item. In order to test nondcssmctively for
mission rcliahility, she item mus[ be well-characterized. The
important aspects of testability are divided inm four catego-
ries: mccbrmicaf; elcstmnics, electrical, amd clccmmechan-
ical; hydraulics and pneumatics; and optical mid eleccro.
optical. For simplicity and continuity in tie discussions hat
follow, each category is organized according 10 the four
simple models for failure presented in subpar. 5-1.3.

‘fle designers will have organized tieir knowledge about
pntcmiaf failures in a usefnl way, such as lhosc memioncd

in subpar. 5-1.4. Precautions must be mken during design
aad development of boti the item and the tests so that test-
ing dncs no harm to the item or its neighbom. Such harm
can occur inadvertently by the tester or as a consequence of
she test stimulation.

5.2.1 MECHANICAL

Many mcchanicaf items, especially dmse that carry loads,
fail in obvinus ways, so testing in chc usual sense is not nec-
essary. Examples me a broken motor housing and a severely

wWXd gun Nbc. Such failures MC not considered funk.
Tne mcchaaicrd potions of electmmecM]cal items arc by
their namrc included in this category. The discussion chat
follows is organized accoti]ng to tie four simple models for
failure presented in subpar. 5-1.3.

1. Simple Srrcss-Srmngrh. For load-carrying andor

lnad-lraasmitdng mechanical items, simple stress-strcngtb

is gcnemfly not impnrtm. ha main application is in pres-
sure vessels, e.g., bydraufic or pneumatic. A proof lest is

genemfly used to see wbmher tie strength of the item is suf-
ficient. Failure of an i[cm dmiing a’ proof test must bc a
safety considesaticm

2. Simple Danmge-Endumnce. Indirect evidence of
the damage is genemfly required because by detinitinn she

item will still pass a functional test. For example, cumula-
tive fatigue damage can cause sarface cracks; these cracks

can bc detcctd. by liquid pcnetrant processes, such as
Magnafluxm. fmerim cracking or discon!inuities cm be
detecmd by ultrasonics. The many kinds of cumulative dam-

age for mewfs ace generally well -cafegtized by meudlur-
gists. Newer Ioad-canying materials, such as plastics,

ductile ceramics, and composites. arc not as well-chamcwr-
ized as memls; therefore, damage in such newer materiafs

can hc difficult to detect.
3. Simple Tolerance-Requirement. Wear, de fonnatinn,

and corrosion arc common examples of this failure mcdel.
Wear can bc detected on tie exterior’ by simple measure-

ment, wbercas wear on internal surfaces Or iotemal d~age
is often deiected by the vibrmionaf signature of the item. An

example is the re.wily dkcernible noise and subaudlo vibra-

tions from roller hmings chat are wearing out, in principle,
testing for deformation is stighlfmwad in practice, how-
ever, the allowable deformation can Lmso smafl that it is dif-

ficult m mcnsure accurately enough. Excessive corrosion
can often be dctcdcd by measuring she thickness of she
rcmsining material m of the cnrrosive layer or the elecrncal
characteristics of the corrosive layer.

4. Simpfc Chsdlcnge-Response. in mccfilcal systems

this failure nwdel usually involves nonself-mmouncing fail-
ures, iucb as thaw in rarely used safety subsystems. An
example is the emergency broke on a car. Such failures can

be difficult nr tedious m tesl for because nf the complexity

of sysccm behavior. If Ihe test involves putting the item in a

pmentiafly unsafe condition. it is esscntiaf that provision he
made to return the item m a safe condition before it can bc
opcrased.

5-2.2 ELECtiONICS, ELECTRICAL, AND
ELECTROMECHANICAL

Many failarcs in this calegory arc actually mechanical
faihrcs of an item sewing an electrical function. For exam.

pie, a printed cimuit hoard can crack. or a wire can break in
two. Some of such failures am tcscahle as dkcuswf in sub-
par. 5-2.1 and are not discussed in shis parngmpb. The dis-
cussion that follows is orgfiizcd according 10 the four
simple mndcls for ftilurc preacntcd in subpar. 5-1.3:

1. Simple Srress-S!rength. Most failures in IMs cate-
gory involve electrical breakdown due 10 a large elccbical
PUISC.l’lse pnrdon of she item tksalbreaks down is usually an

insulator, dIelccuic matcriaf. or a .spccial layer inside an
active elccksnsic device. Items conaecccd In wises that go
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omside a building can receive severe eleckicaf stresses due
m Iighming. Modem, complex semiconductors are gener.

afly susceptible to electrical overstress andlor electrostatic

damage. Testing whether such items are sufficiently pro-
tected againsl their environment is not easy although i[ is

genemfly easy m find an item that has failed because of such
stress. An electrical proof lesl (mtafogous to the mechanical
proof @or a simple Gn/NoGo functional test can bc as.cd
10 assure that the item is good. Two major problems are to

be able to access the terminals of a device and, when that is
done. to be sure that the test voltages do not harm adjacent
devices,

2. Simple Damage-Endurance. Ttds is the type of fail-

ure about which most electronic failure rate models ae con-

cerned. In many situations this kind of damage can bt

difficult or even impossible [o detect before failure occurs.
Damage can accumulate in dielecuics due to ordinary elec-

trical stresses. Mechanically, things such as fuses can accu-

mubue low-cycle fatigue damage due to thermal expansion
and contraction.

3. Simple Tolerance-Requircmenl. In analog circuits

this is a very common failure mnde thm can be tested rea-
sonably well if the appropriate [enninals can ix accessed,
For example, the gain of a rad.u receiver can be measured.

Digital circuits are much less affected by drift, but i! can

occur. II is ofmn necessv 10 be concerned about not only
whether an item is witbin (be requirement but also how

large the safety margin is. When used as a conducting wire,
afuminum can corrode (oxidize) and eventually acqutie n

strong insulating coating al a junction; this is a well-known
phenomenon of aluminum electticnf wire. Fault isolation is

dfflcult in complex systems. especially when such systems
contain computer software.

4, Simple Chaf[enge-Response. lW is the most com-

mon failure mode of computer software. ft also applies to
systems that are so complex they are impossible to test com-
pletely, e.g., automatic telephone switching systems. Testing

before the failure is WY difficult because the state of the
system is a function noI only of the current environment but

afso of dIe use history of ihe syslem.

S-2.3 HYDRAULICS AND PNEUMATICS

Failures in hydraufic and pneumatic systems can be clas-

sified m being in the fluids Themselves or in the lines.
valves, and other mechanical equipment that cwries m uses

the fluids. The dk.cussion that follows is organized accord-
ing to Ihe four simple models for failure presented in subpar.

5-1.3:
1. Simpfe Stress-Strength. This failure mcdd is inap-

propriate for the fluids themselves btx can apply to the

pumps, fines, receives, and pressure v.$ssels that carry the
fluids. The discussion in subpar. 5-2.1 applies m such items.

2, .$imple Danwge-Endumnce. This failure model

dots not apply at all 10 pneumatics, and ii appfics only indi-

rectly m hydraulic fluids because they can carry panicles
that have been wom from t@ mechanical items with which

the fluids arc associated. Designing tests for this situation is
straightfonvmd.

3. Simple Tolerance-Requirement. Hydraulic fluids
can degrade in terms of viscosity and lubricity, Hydraulic or
pneumatic fluids can carry contaminants that harm their
OW” function m tie futictian of the mechanical items with

wfdch the fluids are associated. Thus filters are often

installed to remove those contaminants from the ffuids.
Designing tests of the fluids and the filters for such failure
modes is suaigh!forward.

4. Simple Cftalienge-Response. This failure model is

inappropriate for the fluids themselves, but i! can apply to
the systems that depend on the fluids for operation. The dk-
cussion in subpar. 5-2.1 applies 10 such systems.

5-2.4 OPTICAL AND ELECTRO.OPTICAL

All oplical systems are also mechanical systems, and the
discussion in subpar. 5-2.1 appfies to them. The discussion

that follows is organized according to dte four simple mod-
els for failure presented in subpar. 5-1.3:

1. Simple Srress-.$trcngrh. Insofar as the items arc opti-
cal lenses or electronic components. the discussions in sub-
par. 5-2.1, “Mecbmicaf”, and subpar. 5-2.2, “Eiectrnnics,
Electrical, Elecmomechanicaf”, apply to them. Otherwise,
this model of failure does not apply.

2. Simple Damage.Endumnce. The comments in
“Simple Stress-S mmgth” from subpar. 5-1.3 apply here m
well,

3, Simple Tolrrance-Requircrnent. Optical lenses and
fibers candegm.de by scratches. removaf of cssentiaf surface
coatings, acquiring unwanted surface coatings, or becoming
more op@te. Unless such de~adation is obvious m the eye,
elaborate ICSIequipment is necessimy to measure the degree

of such degradation.
4. Simple C@llenge-Response, This failure mndel is

inappropriate for the optical or electro-optical elements
themselves, but it can apply m the systems that depend on

such elements for operation. lle discussion in subpar. 5-2.1
appbes to such sys!ems.

5-3 TECHNOLOGIES OF TESTING

T?te influence of innovation and the categories related m
testing ?fe explained in the following s,ubpmagraphs.

5-3.1 INFLUENCE OF INNOVATION

The very concept of “test and testing” changes as tech-
nology changes, The ability of complex mschines to mea-
sure and lake corrective action (based on ~o~e

measurements) on a product continuously while it is being
made and without the intervention of pople is very differ.
em from what it was a few decades ago. md of cotmc it has

kn changing steadily since the 192CS. For example, dur-
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ing the 1960s Ihe statistical quality COnUUlleaders invented

the phrase, “You cannel lest quality into a product!”’. The

meaning of rfra[ srmement, of course, depends on the dctini-

tion of test. The statement never was we; it was a surrogate

for “A prucess should be controlled as far upstream as f.%i-
ble.”. Selective assembly and sorting of product. for exam-
ple, have always been the economic ways to conrrol Ihe

quality of some prcducts

The tests tha[ engineers consider for a dismrdabIe item
are usually identical to those for a repairable item, the major

difference is rhat at the end of testing a discardable item is
not repaired.

5-3.2 CATEGORIES

Several categories of testing, ust equipment, nnd test pfri-

lmophy are dehncd. l%eir advnmnges and difficulties are
explained briefly. The categories are not necesswily mutu-
afly exclusive, or even meaningful-especially as tectmOl-
ogy innovation uccurs.

1. Automotic TesI Equipmenr (ATE). ‘Equipment that

i: designed m conduct analysis of functional or static
parameters 10 evaluate rhe degree of performance dcgrada-

tirm and may be designed to perform fault isolation of unit
malfuncrinns. lle decision making, control, or evafuaticm
6mcrions are conducted with minimum reliaace on human

intemention.”’ (Rcf. 1) System complexity is often such that

ATE is the only feasible akernative for testing.
a. Advsntuges. ATE requires less skill rmd fewer

written test procedures and is generally faster rhan multipur-

pose lest equipment.
b. Dkadvamages. ATE is gcnemlly more expensive

when averaged over Ore sysrcms it can handle and more spe-

cific to a particular system than is multipurpose test equip

ment. ATE rquircs (1) a costly test progrsm set (TPS),

sofrwnrc development, and life cycle $uppt, (2) update as
product configuration changes. (3) configuration control

beyond form, fit. and function, viz. to tie piece-part or
board level. and (4) keeping the TPS updated. ‘here are
problems in distribution, media storage, and documentntirm.

Numerous ITS software versions must be fielded at the
same time to supPon various configurations of the same
system.

2. Bui/f-in Tes[ (BfT). “A test approach using buib-in
test equipment (BfTE) or self-test hardware or so ftwrue to

test afl or pan of the unit under test.’” (Ref. 1)
a. Advantages. Marry BTTs, cspccinfly those involv-

ing se] f-tesl, w relatively simple. cheap. reliable, and effec-
tive and cnn cover many of the prcdictahle problems.

Generally, personnel at a lower skill level can perform the
diagnosis.

b. Disadvamages. [f the BfT is not comprehensive,
it can give a fulse sense of security to rbe operator. BIT ua-

ditionsfly has not been applied to nonelecmonic items. Bf’f

adds its own weight, volume, cost, puwer rqairemema, and

umeliabOity to the equipment il serves. llus it cm appre-
ciably degrade’ the very, equipment it is supposed to

impmve. ‘fbis fact was overlooked in the early enrbusiasm
about BIT.

3. Bui/r-In Test Equipmem (BITE). ‘“Any device which
is pan of an quipment or system and is used for rbe express
purpse of testing the quipment or system. BfTE is an
identifiable unit of the equipment or system.”” (Ref. 1)

a. Advamages. Fewer test facilities and personnel

are rquircd. See also the advantages under ATE.
b. Dkdvamnges. See the disadvantages under BfT,

I[em 2b.
4. Functional Tesf. “Functional Iest” is a qualitative

term, h generally checks rhe overall performance character-
istics of an item under benign conditions nnd with benign
criteria for pass or fail (Gn/NoGo). For furrhcr discussion,
see par, 5-4.

5. Performance Margin. The performance margin
shows how close a performance characteristic is 10 being
unsatisfactory. For example, if 0.60 mm of wear is allowed
in a particular pan and 0.50 mm has occurred already, the

performance margin is 0.10 mm. It is an important concept
in estimating mission reliability.

6. Sefj-Test. “A test or series of Icsrs, performed hy a
device upon irself, wfricb shows whetbcr or not it is opera-
tionrd within designed limits. This includes test programs on
computers and automatic [em quipment which check out
their perfomrmce sratus and readiness.” (Ref. 4) Self-test is
a sufxatcgmy of BfTl scc the comments under BTT.

7. Test, Measurement, and Diognos[ic Equipment
(TMDE). “Any system or device used to evaluate the opera-
tional c6ndkion of a system or quipmem 10 i@ify mtd
isolate m bath MY actual or pmenrial malfunction? (Ref. 1)

g. Multipurpose Tesr Equipmenr. A subset of TMDE
that CM be used for many purposes. h is generally manually
conuol led by the operator who follows written test proce-
dures. ‘fire electrical mukimeter and the oscilloscope arc
cununon examples of rmrftipurpme test quipmem.

a. Advantages. II can be used with a wide variety of
test procedures on many kinds nf items, i.e., it is reasonably
universal. When its cost is averaged over the mm y kinds of
quipmen[. it can service at the DS, GS. m depot level of
maintenance, it can be much cheaper. Manually controlled
tests cm provide flexibility that is not feasible to program
into ATE software.

b. Dkadvamages. For some testing it requires
grealer personnel lumwlcdge and skills to ~ used effcc-
tivel y. At the unit level of maintenance ii can be more
expensive rhan special purpose A~ because of lhe wide
variety of quipmem and mot-c bigbly skilled pcrsomel than

usually needed.
9. Tcsr Pmccdure. “A document that describes, sup by

step, the operation required 10 rest a specific unit with 8 spe-
cific test system.” (Ref. 1). The word ‘ducument” should be

irucipreted broadly to include a written dccument, a tom-.
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puter software program, a hardwircd computer program,
and any combination of these.

5-4 FUNCTIONAL TESTING

A functional testis “A lest which determines whether the
LfUT [unit under test] is functioning properly. The opem-
timml environment (such as stimuli and loads) can be either

actual or simulated.” (Ref. 1).
Functional testing is afso a qualitative term whose mean-

ing changes with the teclmology innovation. his point is
discussed in more detail in subpar. 5-3.1. h generally means
the least costly” test of a nominal function. e.g.. Does an

amplifier amplify? Does a logic gate give the correct output
for a set of inputs? Doss an engine run at a reasonable speed
with a mcdest load? Dues hydraulic fluid pass through an
operating hydraulic pump?. It is a test, not for the purpose
of finding a failure, but for the purpose of finding a success
h is traditionally a Gof?ioGo lest fhat sets a minimum smn-
dard of performance; that is, if the item Vests bad. there is
Iinle reason to expend arty more resources on testing it at

that maintenance level. Further testing can, however, be per-
formed at a bieber maintenance level.

TIIc cffecti~cncss of functional testing depends on how
well the system has been divided into modules for testing.
Functional testing is generally appropriate for and only for
the tolcrtmce-requirement mndel of failure described in sub-
par. 5-1.3.

l%e advantages of such functional testing are tiat it is
usually cheaper in terms of test time, test equipment, and
testing skills (bnth in ten-m of running ‘he test and in under-

smading the rcsuhs). h applies to akl types of systems and
technologies.

The disadvantage of functional testing is thal tradhionally
it dries not indicate any performance margins. al fhough it
might use such information in arriving at the test result. It is
generally dMicult m use Go/NoGo information to estimate
the mission reliability of the system or to prepare for cOffec-
tive action. If the item is designed for dkcard, corrective

action in terms of field repair does not apply, and corrective
action in terms of production or engineering design is )osl
unless rbe nonconfmming item can be analyzed internally
and the information returned to an appropriate manufacmr-
ing m engineering design group.

5-5 FUNCTIONAL GROUPING

Most mechanical systems aw physical y grouped by
function because there is rafcly any other feasible way IO
lay out the system. When such functional grouping is not
feasible, the system is usually awkward, and design ingenu-
ity is called upon to use other technology to ovemome the

disadvantage. For example, the four wheels of a vehicle are

‘A least cosfly” Icst today migh( have been virmafly impcmiblc a
decade ago. ‘flfat is why defining Yuncliond” tem is so difficult
and arbilrary

not close together. Elecrncal and hydraulic subsystems are
sometimes used to furnish power m the drive wheels.

Most electronic systems are likewise physically grouped
by function because the system is cnsier to lay out that way,
especially when some of the functions are in separate physi-

cal modules, e.g., a power supply.
One of the advantages of electrical, electmftic, hydraulic,

and pneumatic systems is that the elements need nnt k
physically grouped. In fact, the major appeal of these types
of systems comes from the ease with which energy can be
converted to and from them, and their energy can be trans-

mitted and ccmuolled.
AtIy kind of diagnostic prnccdure is more simply per-

formed on a single mndule than on multiple modules physi-
cally dispersed throughout fbe end-item. Diagnostics we

more effectively performed on functional mcdtdes than on

modules that contain parts of many functions. Tbeae two
forces determine in large pan the way designers lay out sys-
tems (so ffwam or hwdwure) and procedures for system test.

The precedkg analysis is complicated by the way design-
ers and users view the concept of function. Many items can
be considered m have several functions, e.g., the front axle
and wheel combination on a from-wheel-drive car.

5.6 APPLICATIONS AND IMPACTS

Examples Ye given for each of four categories: mechani-
cal; electronics, electrical, and electromechanical: hydrau-
lics and pneumatics; and optical and electro-optical. Rarely
is a usable system in only one of these categories, For exam-

ple., all systems have components that serve a structural

(mechanical) purpose, many systems contain elecrrnme-
chaff ical devices, most testing uses elecwonic ,or elecuical

devices. and all devices-except static structures and some
electm-optical items—genemue heat that must be removed
m keep the tempermurc of the device low enough. Thus no
example is a pure case of the catego~ in which it appears.

Each example is discussed under the following hcading~
testability, test philosophy. functional testing, and functional
grouping. These he.dngs rclale to the previous pamgmphs
in this chapter with similar titfes.

5-6.1 MECHANICAL

Consider the propulsion” system of m automobile. Such
a system includes an ordimuy internal combustion, carbu-
med ,gasoline engine; a transmission (including the clutch]
a coupling mechanism. e.g., driveshaft, differential, and rear
axles wbeelx and the tirake-acmating mechanism.

1. Testability. Test-smnds for the propulsion system as
a whole arc expensive and large; thus they are suitable only

●Propulsion is used in iu general sense to mean [be system i,n
which energy is gencrswd. tmmmitted, slorcd as ptmtiat energy
(e.g., dynamic braking for wbicb tie pmputsion motor becomes a
generamr), md converfcd to heal. This usage is common, for
example, in transit system vehicles.
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at the depot maintenance level. An experienced driver or the

user maintenance level can usually isolate the tiouble to 8

major subsystem by observing the type of nonperformance
or the noise and vibration signamre. If tie problem is the
engine, a few simple tcsss at tbc user maintenance level can
often isolate tic trouble m one of the subfunctions of the
engine, e.g., tie fuel system. For ordinary performance
characteristics such a propulsion system is quilt testable
without expensive test equipment or special design features

for testability.
2. Tcsf F’hihxophy. The Uadhimai pmpuMOn system

(up through tie 19705) had no BfT or BITE, and the ATE
for it was virtually nonexistent. Some of tie engine sub.

functions me continuously monitored, e.g., she cbging rate

of the altemnlor (generator), the temperature of tie cuuling
fluid, and tie speed of tie engine, Akbough not very mud.

em, those monitors come very close [o being included in tic

definitions of BfT and BfTE. In the 1980s the newer Trans-
ducers being used m monimr some of tie engine functions
could perhaps be called BITE. Regardless of their terminol-

ogy. tbeY have made ATE more feasible for the erigine. me
test philosophy on she remainder of the propulsion system
remains essentially ss it bas been for decades.

3. Functional Testing. Functional testing is done by
the opcmtos, who uses she ordinmy operator consrols as
inputs, the human senses to detect the output, and experi-
ence to evaluate the output. The function 10 be tes[ed can be

the system, some of the subsystems, e.g., the engine or a

wheel; or some elements of some subsystems, e.g., an alter-
nator or vower Neerimz uumD. A maintenance technician

performs “similar tests ~x~ept”thai inputs am extended by
some test quipmem and by duect access to a subsystem,

detectors am extended by the built-in sensors of the engine
m sume test equipment, and evaluation is extended by the

indicators on test equipment or by instructions in a technical
manaal.

4. Functional Grouping. Mcchaaical functions arc

generafly grouped because grouping is she nature of
mechanical systems.. lle items that ars not grouped must
usc shafts. axles, or chain drives, e.g, the drivcshafc fluid
tubing, e.g., she braking system and cooling the wansmis-
simu pneumatic hoses, e.g., a vacuum hose; m electrical
wires. We wc so used m automobiles that we otien do not
think of them in lhese terms-we just believe everything is
where “it belongs”’.

5-6.2 ELECTRONICS

Consider electronic quipment that contins compuser

hardwsrc aad software. other elccocmic assemblies, a
microwave subsystem, some power caapm subsystems, and
a variety of puwer supplies for all of the subsystems.

1. Tewzbiliv. Testability is impm’taat during bwb
manufacture and field use. Digisaf elecucmics is one of the

major technologies in which qsmlhy must bc inspected-in

during manufacture either by scming a population (remov-
ing the bad pans) or by repairing an assembly. * The testing

suppnrl hanlware must be designed m the omset. Advances
in technology allow integrated ‘circtii~ and primed circuit

bumds to become so small and densely populated that their
testability is a limiting factor in being able 10 use that

advanced technology. Electronics designefi usuafly have
received Iittfe or no education in reliability and maintain-
ability. and they have a difficult enough time meeting the

traditional p’fnrmance requirements witbin the cost, sched-
ule, volume, aad weight conssmints, Test engineers have a
variety of tedmiques snd technology available with which

[o increase the Instability of electronic quipment. For
example, special kst points cm a primed circuit board can he

brought out m edge ccmnectos for use during testing. and”
design engineers tend m provide a specific function, such as
a puwer supply, in a mudule that is masunnbly testable. As

manufacturing technology improves, several device tech-
nologies can be placed onto one circuil tmmd as n single
function-thus the !esting function is complicated. Such

kinds of technology include analog devices aad several dig-
itnl technologies. Each technology bas its own Iimimtions in
terms of types and frequencies of signals and magnitudes of

allowable voltages, currems, and power. Such decreases in
tesmb]lily tend 10 be met by smarter tesl cquipmem, md

proper testability planning during the design phase of

microcircuits snd circuit boards improves heir testability,
Design engin=rs ncd an incentive m work with test engi-
neers during the design and development of equipmem
rasher thsn 10 prcsenl the test engineer with a virmally tom.

plete dcs@ One of Ihe aims of concument eagincecing is 10
encourage such ccopmative tram work.

2. Test Philosophy The technology of testing is cbsng.
ing rapidly. Current multipurpose equipmem can bavc autu-

matic features that formerly were not even available in
spcishzed IeSI equipment. In digital [ethnology, especially
in memories, $fT is ccmmmn aad is usually implemented
lsrgely in sofiwarc. The output of power supplies can simi-

larly ix tested. BITE can be used for more complete, psrs-
meuic sesting-as oppmed to functional testing-and has
been traditionally necessary in order to implement ,BfT for
technologies, such as microwave snd analog signals. What
can or caanot be done in elecuonic testing chsnges tccause
she technology changes-even before the testing and sup
pm equipment and documentation can be widely dissemi.

natcd. FM example, teswrs are becoming avsilable that can
handle mixed analog and digital technologies. lle move to
ssamkadze ATE is well intcmioncd but djfficuli 10 imple-

ment. Such things as VAST (versatile avionics shop tester)
snd MATE (mndular Am) are god ideas but arc difficult to

Wlm best yield for ndcmcircuils, for example, is sbmt 95%; thus
the bad 5% a removed by testing (screening) all parts. ‘fhc cbivc
to mske microcircuits better snd chcapa pmvems the yield from
bdng higher.
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perfect and m enforce. Enforcement difficulties arise

because designers tend to resist much smndardizmion

because they tend to believe tiat swmdards rcsnicl their

choices, can k an unworkable compromise, and can be out-
muded by new technology before they are even pmmul-
gatcd. Again. concurrent engineering shows all the
engineering groups it is really easier for all of them M do

better jobs if they work togesher as a team. BfTE. if used,
must bc integrated with the system during design and devel-

opment and be included in tie system consmints of reliabil-
ity, maintainability, schedule, and cost. In combined
hardware and software systems i! can be very difficult to

isolate a failure to tie software or she hardware exclusively:

failure of either one can give very similar symptoms.
3. Funcrionaf Testing. Functional testing is reasonably

effective and straightforward for elecwmic modules, a! least
where device technologies SIC not mixed. For micruwave
waveguides, for example, jr might be wonhwhile 10 have

submodules that cre reu.mnahly compact and functionally
testable. BIT generally is a functional test.

4. Funcrioml Grouping. Unless there is a com~lling

reason not to, design engineers generally group elements
together that are pan of a function. The key 10 this rule is the

concept of “funcfion”. For example, electrical meters for

display are generally placed on the front panel because their
common function is m dkplay the stme of the system. Each

meter, however. might display the sfste of disparate elecui-
cal timctions of she system. Some reasons for not grouping
by electrical function are size, weighl, power dksipmion,
cooling needs. design for discard, visibility to the opsramr,

and need for shielding because of high volosge or elccuo-
magnetic emissions (incoming or outgoing). When m item
can be classified as one of several functions, it is not clear
exactly what “functional grouping” means. For cxumple. if

she micmwave subsystem requires a separate high-voltage
power supply, is that power supply grouped with the “puwcr

supply” function or the “microwave” function? Because of
the strong incentives to reduce size and weight of elecuonic
items, tie electronics industry is forcing functional group-
ing by simply putting a functional group in one package and
calling that package a component. For example, a single
integrated circui[ for a computer is available that combines
she functions of many integrated circuits of just a year ago.

5-6.3 ELECTRICAL AND ELECTRO-

MECHANICAL

There are VCIYfew electrical, nonelecsronic items that are
nol afso elearonwcbnnical-mher than for resistance heat-

ing Or the dkrnbution of elecrncity-because there arc

mechanical functions involved. Consider a fractional horsep-
ower, single-phase ac, c~pacitor-stan e~ecuic motur, which
is a very common electromechanical item, cnd an electric,

siogle-ph~e ac generating system of moderate capacity,

e.g., a few kilovolt+ mperes.

1. Tcsrabili~:
a. Elecmic Momr. The main elemems that can fcil

are the windings (shon to !be frcme, turn-m-mm short or

open); lhe starting capacitor (short, open, or high series
resistance), the cenrn fugal switch (fail to open or fail m
close), tie bccrings (excessive wear, loss of lubrication,
fatigue pining, or will not turn at all), and the housing
(c~k or warp). If the niomr is a discru&ble module, it is
reasonably easy to test; only au appropriate source of elec.
tic power and an adequate mechanical load me needed. The
important characteristics of the electric power are its nomi-
nal volmge and iss regulation (voltage, cument, cnd load

angle relationships). The important characteristics of the
mechanical load are iLs inertia and its speed-mque relmion-
ship, If the motor is repairable, the ability to test iw main
elements for all of their failure modes is necessary. Some
such tests can lx done without taking the motor apti,
Regardless of what kind of test needs to be performed, it is
likely sbat only functional testing can be done m otier than
dIe depot level of maintenance.

b. ElecIric Generating Syslem. The mcin sub.
sysmms are the generator, the engine, and the conwols. The
elements of the generating system that can fail are the con.
trols, both frequency cnd voltage; the generator bearings,
windings, and housing; md the engine (f[ is not considered

in detail.). Testing the generator separately ‘from dIe engine
is difficult because the frequency control is essentially the

speed control of the engine. The impm’tam s@sdy sate char-
acteristics of the generating system output are is nominal
vohage. its voltage regulation (voltage, current, and load

cngle relationships), its nominal frequency, and its fre-
quency regulation. There cm similar impunrmt transiem
characteristics. Measuring all of these things requires exten-
sive instmmentation and electrical load conmols. The
engine, genermor, and consmls we fikely m bc separate
modules. A generator of this size (several kVA) is not likely
to & dkcardable, so its internal failure modes musf be test.
able, Regardless of what kind of iesi needs to be preformed,
ii is liiely tha only functional testing can bc done m other
than the depot level.

2. Test Philosophy

a. Electn”c Motor. At !he unit maintenance level he
only test of the motor is generally, “Does dw eq”ipmcmt
have symptoms that are sraccable to the momr?”. If so, the
motor is replaced, and the old motor is given a simple func.

tioncl test. If the old motor fails tbac test, it is discarded,
Otfm’wise. iI is sent m the depot mcinlenance level for a
more complete test. The only special test philosophy might
b, sume Am at the dcpo[ level that would apply to most

tlactioncf horsepower motors.
b. Elecnic Genenming System. There is usually tie

BITE consisting of a frequency meter md a voltmeter to
mecsum cominuously the two imporiam chcructetistics of
the system, An ammeter and perhaps a wamnewr are desir.

able. Isolation of uouble m a subsystem (engine, generator,
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or controls) is usually done by the operator or a unit maink-
nmtcc level person observing the behavior of the system. At
tic DS. GS, or depot maintenance levels, each subsystem is
tested separately, ATE might be feasible at rbe depot maime-
narrce level butislikely [o beroocostly afIhe DSand GS
maintenance levels.

3, Functional Tesring:

a Elecvic Momr. The simplest test is 10 apply a
voltage near the nameplate voltage and observe that Ifte

momr sims and runs smomhly. A more complex test would
measure the input voltage, currcm, and power (All of which
are reasonably inex~rtsivc with a mtdtipwpnse instm-
ment.) nad would apply and mensurc a mechanical load near
the rated load. However, applying that load is neither easy
nor inexpensive. Basically there sfe two ways [o apply a
load in a test fixture: Apply friction 10 a rotating drum
(F’rnny brake) or drive an electric generator, e.g., mt induc-
tion motor driven over its synchronous speed. The first
mctbnd converts the mechanical power into beat and thus
requires that tie heat be removed without an undue temper-
mttm rise; the second method converts the mechanical
pnww into electrical power that can be fed into the electric

lines.

b. Elecrric Gcnerat;ng Sysrcm. The simplest test is
[o smm the engine, apply a resistive nominal load. such as

incandescent lights, and observe the voltage and frequency
and glowing light bulbs. A more complex test would be to
apply the maximum had (probably resistive) and measure

the voltage, frequency, and power. A functional test on the
generator alone could use an ordinaty induction motor to
drive the generator, perhaps with m adjustable ratio V-helI
drive to bring the speed up to the proper value.

4. Functional Gmupin8

a. Electric Motor. Ey its nature the motor is a single
functional group of its elemen=. In use. however, the motor
must be mechanically coupled to its load. and such coupling

can be rnther complicated. e.g., it can prrtvi& for mrquc
smnmhing and for shah misalignment. The electric pnwer
must he supplied rhrough some conditioning device; at a
minimum a switch and overcurrent protection arc needed.

h. Elecrn”c Genemting .$ysrem. lltc engine and gcrt-
crator functions are virtually always grouped functionally
because that is the easiest and cheapest way to do it. lhe
t%quency control might bs on the engine itself (a simple
speed controller), or it might he a complex electronic feed-

back system. A complex feedback mechanism belongs to
both the input nnd output functions, so the phrase “func-
tional grouping” means little. For example. such a mecha-
nism could have several aertsnra far ik inputs, a mecbnnism
to process those inputs, and an acmmor as its output. %
Iccation of frequency and voltage conuollers would also
depend on the accuracies required. For example. for S%
frquency accuracy rbe engine-speed controller would prnb-
ably be an integral part of the engine, whereas for +10%
voltage accuracy the conunllcr would probably lx an intc-

gml pan of tie generator. For much better accuracies, e.g.,
1/10 of those numbers, the conuollem would probably he in
mndulcs external [o the engine and generator. The imple-
mentation of rhose mndules would &pend on the technolo-
gies avnilable at the time of design and manufacmre.

5-6.4 HYDRAULICS AND PNEUMATICS

Consider a Irigh-prtssure hydraulic system and a com-

e M syslem to start a diesel engine. Each system has
a pump, fluid lines, a romry motor, a supply of fluid, condi-
tioner’s, and appropriate gages and controls. l%e hydraulic

pump mm all rbe time md uses m analog control valve to
adjust Ws- md d~ction of flow. The air compressor
fills a storage tank, which is maintained at a nominal, con-
slam pressure. The primmy power for each system is pre-

sumed to be available when needed and is mm considered

further.
1. Testability

a Hydraulic $wcvn. The important characteristics
of rhe pump are internal leakage, external ledcage to and
from the outside, minimum no-flow pressure, minimum no.

pressure flow, regulation (pressure vs flow relationship),
and stscrtgtbs of the mechanical pa-u. The important char.
scteristics of the hydraulic lines and connectors are block.

age, external leakage 10 nnd from rbe omside. and stsength
of rhe wafls. The impnrram chateristics of tie motor are
internal leakage, external leakage to the outside, nnd
strength of the mechanical parts. The important chamcteris-
tics of the hydraulic fluid arc Iubticiry, gaseous impurities,
corrosive impurities, abrasive impurities, and products of
wear. l%e impnrtam cbmacleristics of tie conditioned” are

pressure drop, abWy tn remove foreign substances (@en
tfw there are no internal leaks). infernal leakage, external
leakage to the nmsidc, and strength of the mechanical pans.

lle important characteristics of tie gages arc accuracy and
sensitivity, readability, external leakage to the om.ride, nnd
satngth of the meclxmdcal pats. lle imptant cbamctcris-
tics nf the controls arc accuracy mrd sensitivity, not sending
a signnl wbmt dwy should no4 and sending a signal when
they should. Finally, there is the environment in which rhe

system operates. For example, that environment could he a
mechmicrd object, e.g., aa insulated wire, that tubs against

(and thus wears) drc hydraulic lines in a location tit is rela-
tively inaccessible to inspection. ‘fltc pressures arc readly
testable by built-in gages. Blockage can he infemed from the

pressure drop along the hydraulic lines and a flow meter, but
flow meters are expensive artd thus seldom used. Leakage is
oficn not tesrable except by inspection; if dte lines and cmt-
ncctom are not accessible, considerable undetected lcskagc

can cccur before the system frcfiomrance degradm sut?i -
cierdly 10 den the operator. Wrtboul iaking the system

aftam anomalies that degrade .thc srrcngrhs arc afmog
impassible to find, except for large cracks in rcarily visible

parts. The metal parts have many different failure modes,
e.g., corrosion, fatigue, wear. nnd work hmdening.

5-9

Downloaded from http://www.everyspec.com



MIL-HDBK-798(AR)

b. Air Sfarmr. The important failure modes and mech-
anisms of the air compressor (pump) are internal leakage,
external leakage to the outside, flow al the nominal pres-
sure, and suengtb of the mechanical pans. The impormm

cbwacteristics of the air lines and connectors are blockage,
external leakage to the omside, and strength of the walls.
The imponam chwncuristics of the starter motor are inter-

nal leakage, external leakage to the outside, lubrication of
the bearings, and strength of the mechanical parts, The

important cbaracuristics of tie air are corrosive impurities
and abrasive impurities. The important characteristics of the
conditioners are pressure drop, ab]lhy 10 remove foreign
substances (given that there arc no internal leaks). internal
leakage, external leakage to tie omside, and sirength of the
mechanical parts. The important characteristics of the gages
arc accurncy and sensitivity, readability, ex!emal lenkage to
the outside, and strength of the mechanical pans. Toe
important cbamcteristics of the controls are accuracy and
sensitivity, not sending a signal when they should not, and
sending a signal when they should. Fimdly, there is the envi-
ronment in which the system opcrmes. For example, the sur-
roundings could be extremely dusty and clog the intske air
filters or could contain corrosive chemicals that would dam-
age the metal pans of the entire system. Pressure is rela-
tively easy to measure wilh a gage. h is not necessary 10

observe other secondary perfOrm~ce ch~teristics.
because the overall performance of the system is readily
determined by an den operator. The storage mnk is a pres-
sure vessel whose constmcdon and safety are governed by
various codes. lle suength of the pank is usunlly dlfficuh [0

determine without extensive inspections, and in many cases
such inspections nrc not worth what they cost. e.g., it would
be cbeapsr to replace suspect psns.

2. TesI Philosophy

a. Hydraulic System. BfTE consisting of pressure
gages is generslly used. Flow gages are not used s often
because they are much more expensive. if blockage of the
lines is a common pmblcm, pressure drop from end to end
cnn Lx measured with simple gages amf/Or equipment. Spe-
ciuhzed test equipment would ix rare at unit level maintc-
nmce and DS and GS levels of maimenmce. At depot level

maintenance there would be ATE or semiautomatic tes[
quipmem m check performance of pumps, conditioners,
and motors. It is not Iikcly that expensive equipmen~ like
Magrmflux’”. would be used to check for fatigue cracks. If a
pump or motor were mken apart, i[ is likely that a standard

fist of repairs would be made, for safety reasons if nothing
else. ‘fle basic failure modes and testing methcds for this
kind of quipmenl pmbahl y have not changed much in sev-
eral decades.

b. Air Wr?cr. Bfi consisting of a pressure gage

nn the storage !ank is all that Ihcre is like] y to be. W vcd Iesr
points might be available to check pressure at other paints.
This type of equipment is common enough that multipur-
pose test equipmcm is likely to k available at DS and GS

levels of maintenance. The basic failure modes and testing

methods for ‘tis kind of equipment probably have not

changed much in several decades.
3. Functional Testing:

a. Hydraulic Sysrem. The main functional test on
the system is whether it works. A unit level maintenance
fxrson cm redlly perform the functional test. Repair would
probably be by replacement of modules, such as a pump or

conditioner, Unless there were msny such systems in a pw-

ticular area, the main modules would be sent m the depot

level for inspection and repair or discard,
b. Air Starter. The main functional test on the sys-

tem is wbelher i! works. A knowledgeable operator can

readily perform the functional test. Repair would probably
be by replacement of modules, such as a pump, storage

tank. lines, or smrter motor. ?hc kin modules would prob-
ably be sent to DS or GS level maintenance for inspection
and repair or discard,

4. Functional Grnuping:

a. Hydraulic System. The pump and its gages can be
grouped as a function: It is feasible to group tie condition-

ing items as a function. By the nature of the system the

pump and motor are not very close+at is tbc reason for
convening mechmical energy [o pressure energy and back
again. It is feasible to consider the pump and conditioning
items as a t@ctiontd group with relatively cheap items or

those tiat need preventive maintenance (gages and filters)
as eitemally replaceable on the module.

b. Air StarIer. The pump, conditioners, storage tank,
and motor nre all located accordng m function and fea.sibll-

ity. e.g., the pump is Incamcf where it can be driven by an
engine belt, the conditioners are located where there is ade-

quate space and where they are accessible for preventive

maintenmce, the storage tank is located where fherc is
space, and the motor is located wherever the direct drive to

the engine is fensible. llms, ns in otier energy conversion
devices, functional grouping of the system is genemfly

impossible because that is why the energy conversion
device was used, i.e., to choose a conveniently transmissible
form of energy.

5-6.5 OPTICAL AND ELECTRO-OPTICAL
‘his is a relatively new and rapidly developing field.

MOSI of the research and development is hcing done i“ the

commercial secmr, nnd as in other portions of the commer-
cial swtor. mnny of @c producls arc designed for dkcard

simply because such designs are better and chea~r from the
point of view of the manufacturer. Often the customers and

usem agree with these decisions. h is feasible for he by

m use the mchnnlogy nnd dkcardability that tie commercial

sector prnvides.
Built-in indicators should always be prnvidcd for GcJ

NOGO s!mus in order to verify tie correct Opcration of the

diagnostic quipment itself. llIOSS indicators should gener-
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afly be set up by the diagnostics to show a NOGO state. mica] and Elecuonics Engineem, Inc., New York, NY,

when tie unit initializes. the indicatom shOuld switch 10 tie 1984.

Go state if the unit is functional.
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CHAPTER 6
PHYSICAL ARRANGEMENT

Physical arrangement and its relationship IO design for discatd is covered by discussing modular consrncctibn and access

for maimainability and by explaining the wwral kinds of pamiricming: sparial, fimrional, simifur part, rehizbiliv, COSI,and
tesmbili~. Hyporherical examples are given 10 ilhcsrmre the ideas.

6-1 INTRODUCTION

Adesiga engineer would put everything in the system
close together, no matter what the i!em, if thm were feasible,
simply because she design process would be less compli-
catedand many of theconnecting ilems, e.g., wires, robing,

shafts, and connectors, could be eliminated. In genet’nl.
everytftingcamm[ beclosc [ogetber, ifonlykcause there is
simply not enough space. ‘Rtus the design engineer must
make feasibility tsadeoffs while deciding where to pm
everything, i.e.. wha[ the physical nrrangemetn will be.

The feasibility tradeoffs can bc pm inm tie general cat-
egories design and manufacture, operation, and mainle-
nsnce. Atmdcoff need not be in one category exclusively;
indeed, he designer can face crndeoffs between and within
categories. The three categories are

1. Dcsignwtdhfanufacncre.lhiscategmyisgenernlly
concerned with item characteristics such ns clectronic-sig-
nnl delay, weight. volume, heat generation, heal sensitivity,
shnck orvibration scn.sitivity, andforphysicd and chemical
contamination or purity. Physical manufacturing problems
nre rctleacd in the design. Examples are

a Tltevacuum accumulmiont ankinacarengineis
put wherever there is adquate space nnd is connected m the
appropriate devices by rubber hoses.

b. The pnwer supply for nn electronic item is placed
close to the beat sink. “”

2. OperOriOn. This category is genersoy concerned
with the function of the item during its use and is often

related to the man-machine inmface and the convenience of
the operator. Some items perform widely disparate func-
tions. Examples are

a. The transmission-oil cooler in a car is in from of
tie radiator so it cm get cool air, and il is connected to the
mmsmission by steel tubing.

b. Meters that an operator must observe me placed
where the opcnamr can see them during mdinary operation

aad arc connected to the appropriate sensors by wires.
hoses, or tubing.

3. Maintenance. This category is generally concwrrcd
with improving the maintinabllity or complying with some

maintenance requirements. Examples are
s. Elcsrnc fuses me often put on the front panel and

are connected to the internal power lines by wires.
b. A mcdule Shat must ohen be discarded or preven-

tively rrtaintnined is plsccd where access is relatively easy.

Various physical arrangements ~ feasible because elec-

tricrd, hydraulic, and pneumatic systems can be used to con-
vert to and from mecbanicnl energy. Choosing a conversion

sys[em involves tradeoffs among the physical srmngemetn
and lfw ease with which the energy, pnwcr, force, andb
torque can k tmnsfemed from physical location to location.

Tradeoffs about such syslems can nffect, or be affected by,
the physical mrsngement, dkcardability of modules;

1. Energy Transmission. Transmitting elecuical,
hydraulic, and pneumatic energy, as opposed m mechanical
energy, can be more convenient and cheaper. That is, when
the transmission path is complex or long enough, wires or
fluid lines fire much cheaper nnd more conveniem than
mecbwtical shafts, couplings, gearbnxes, nrtdfor chain
drives.

2, Toque-Speed Characteristics. Elecrncaf. bydrmdic,

and pneumatic motors (items that conven the mansmined
energy to mccbanical energy) have a wide variety of toque
vs speed curves-between lfu general cacegocies and within

each ca!ego~. This feature provides the designer the flexi-

bility m chnosc a system and physical nrrangemmn that best
meet tfte”system rquircmcnts.

Chapter 10, “Amtfysis and Decision T&hniques”,
explains the severak categories of techniques and models fnr
analysis of costs (madeoff, level of repair, and from end).

6-2 MODULAR CONSTRUCTION

Motfulsr consh’uccion is usefal nnt only in its own right
but is also an essential elemrml of the design for dkcsrd phL
Iosopby. lle major advantage of a mcdule in design for dis-
csrd is thm the cost assncia!ed with iu replacement can be

appreciably less than the a]tematives of replacing a ~“p of
i!cms or removing an item from a larger module of which it
is m integral part. A sel of items to be discwded as a whole
(when failed) should be a module. Six pardtioning meth-

nds-spatiaf, functional, simikw part, reiiab}lity, cow, and
tesmbilicy-arc discussed in pars. 6-4 tfunugh 6-9.

Dcfiaitions of “mndulc” and “mndulsr design” follow
1. Mndde. An ium, assembly, subassembly. bard,

card, w compnnent thst is designed as a single unit to facili-
tate and simplify production line techniques, transportation,
supply, and maintenmce processing (adapted from Ref. I )

2. hfodufar Design. A modular buildhg blcck princi-
ple that normally employs quick-disconnect features and is
the metftnd used by materiel developers 10 simplify dcsigm
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and construction and to improve fault diagnosis, replace-

ment, aad repair of suspect systems (adapted from Ref. 1).
As used in this handbook, partitioning is the physical

grouping of some items of a system accordhg to a set of

rules with the intent that some particular groups will be

modules. A nsme is of[en given to the set of rules and iu
intent, and that name is used to mudify “pardtioning”. e.g.,

cost partitioning. Partitioning is pan of she design and is
involved in the tradeoffs made during (he design and devel-

opment of an item. There arc three dkections in panitiOn-

ing:
1. Aggregation. Collecting some items that would oth-

erwise not b-s placed witi each other
Z. Segregation. Separating some items that would otb-

ei-wise be placed together
3. Pseudosegregafion. Making apsnreadily sepmable

or removable from a mudule, but otherwise leaving he
module intac~.

6-3 ACCESS

Access is an element of ease of maintenance. From a
maintinabllity standpoint the ease of access of modules
should he better for the modules that are likely m be
replaced more often. This general principle also appfies to

dkcardable modules. The phrase e=e Of access” includes.
she following factors:

1, If should be easy for maintenance personnel to get

to the suspect item, to remove it, to install dw replacement

item, and to rctum the system to a nondefective ssate.
2. h should bs hard for maintenance personnel to

injure themselves or hsrm the envimament during mainte-

nance.
3. h should h hard to damage the suspect item fanber

wtile removing it or the replacement item while installing

it.
4, II should be hard 10 damage good items tit must be

rtmoved and replaced during access, and it should he hard
to replace those items impro~rly.

5. h should be hard to damage surrounding items th

arc not direc!ly involved in the maintenance action.
As with all principles, these must be traded off with each

osher for all items in tie system and with other principles
such as system reliability. msinminability, and mcdular

design,

6-4 SPATIAL PARTITIONING

Spatial partitioning is related to space, e.g., volume,
shape. or location of items. ,Spatialpartitioning is used when

1. An item will not III in he desired location: there-
fore!, it is locatedwhere il will fit.

●Es.sc of access can k gemndized 10 h should k easy to do the
right thing and hard 10do Ihe ~ng (hing.

2. An itcm will not fit in the desired location; rAere-
fore, its shape’is changed so that i[ will fit.

3. An item will not fit in the desked location: there-
fore, it is split into several pans that will fit.

4. An item is put into a particular location because of
the local environment at that locmion. Such environments
include

a. Lack of elcmricd noise, whether conducted or
mdkwed

b. Shielding against leakage (conduction or radia-
tion) of electrical sigmtfs and noise m the omside

c. High heat conductivity m a heat sink
d. Tempersturc not too high, e.g.. does not exceed

4(I”C ( 104”F)
e, A regulated temperature
f. Low vibration and shock
g. CIcanliness (abwnce of dirt and other panicles)

h. Control of chemicals, e.g., an inert or oxidizing
atmosphere.

6-S FUNCTIONAL PARTITIONING

Functional partitioning‘“ is partitioning whose rides arc
related to the functions of the items tilng psnitioned. It is
the partitioning that designers use unless shere is some rea-
son not m because it is the simplest, cheapest way m lay out
a system.

llmre is riot a one-to-one correspondence between func-
tions and items. Many items can bc considered to have sev-
eral functions, e.g., a wheel on a vehicle, and many
functions can be considcted to have several subfunctions,
each provided by a separats item. Thus the concept of fact-
ional partitioning can he complicated.

Electrical hydraulic, and pneumatic Systems have ele-
ments that need not he ph ysicdl y grouped in order m pro-
vide a function. The major appd of these types of systems
is due to the ease with which mechanical energy can be con-
vened 10 and horn them md the fact that their energy can he

tmasmitred and conaulled.
For more information on functional partitioning. see par.

5-5, “Functional Grouping”.

6-6 SIMILAR-PART PARTITIONING

Simi}sr-pan pardtioning is panitioning related to having
similar types of pans put together. Similarity, however, is in
the eye of the designer. For exsmple, pans can k similar”

because they are all pumps or aft resistors or afl dissipate
large amounta of power or M operate fmm the same
mechanicid power source.

The main uses for this typs of partitioning are to facilitate
preventive maintenance, e.g.. when one of the similar Pam
fails, all of them are replaced because they afl have a similar

. . Functio~ wtio~ng is “The physicd or d.XUiCd SCJWatiOn

of system or unit elements slong interfaces which define and iso.
late ksc elenwam on the basis of function or pmpasc.’” (Ref. 2).
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life span, m 10 implement spatial partitioning so that each

part can have its special environment, e.g., a low-lempera-

tare, low-humidity atmosphere.

6-7 RELIABILITY PARTITXONLNG

Reliability* partitioning is partitioning related to the reli.
ability of the items. From a practicaf viewpoih! items whose

reliability is presumed to be similar would be pm into a

module. This type of partitioning is used becau.w il can be

costly m throw away pans that have a lot of fife left in them.
Reliability is often measured hy the average life of a

group of items. lltus rdiabllity partitioning is implcmemed

by putting items with similsr average lives in the same mcd-

tde md those with disparme average lives in separale mod-
ules, There can be correlations between reliability snd cost

or reliability md similar parts. Because of such correlation,

cost partitioning or k.imilar-part partitioning could turn am
to& reliability partitioning.

For nominally sIike parts there is often much statistical

scatter in individual lives wound heir average. life. For
example, making the common assumption of constant fail-

ure rate, le! the average life be 10,000 h. Then 10% of the

lives will be less shan 1COfJh and 10% of tie lives will be
more than 23,0CP2h. Before reliability is used ss a basis for

changing the physical arrangement, the scatter smong indi-
vidual lives in each pmtition must be determined. and tberc

should be negligible overlap of individutd-psrt lives
between she different parts in tie different partitions.

6-8 COST PARTITIONING

Cost partitioning is petitioning related m tic costs of
items, i.e.. only those fsilure-pmne items with similar cost

are plsced together in a module. ‘flis philosophy is useful,

for example, if dtere arc many relatively inexpensive items

in a subsystem and very few expensive ones. TM is. each

expensive item is one mcdule, and the collection of i“ex.
pensive items is in another mdule. Any of the modules me

cmdldates for discard.

6-9 TESTABILITY PARTITIONING

Testability panitioning is partitioning related to the tesl-

atifity of the items in a single modulq it cm be simibm m
functional pani[ioning. If a collection of items can be tested
witi the same test equipment md test setup, there is reason

to want to place them into one module. l?ds type of pani-
tioning most likely would lx used to segregate an existing

module further for testability reasons. M the gross teting

●RcIiabilily is a complicated strbjecl &cause it is closely rektcd m
pmbabitity snd statistics snd because it is genemdly difficult snd
costly to mcsxme. For example, individasl items do not have a
reliabili~ only 8 population of items ha! a rclisbili[y. As with
other topics, such m heat Immfer, shock and vibration. and matcri-
tds pmpsrtics, experts in [be field should be conmftcd.

cost is a major part of the module cost, testability pardtion-
ing is an impnnant design alternative 10 try.

6.10 APPLICATIONS AND IMPACTS

Examples are given for each of five categories: mechani-
cal, elecmonics, electrical and electromechanicnf, hydraulics
snd pneumatics, mtd optical snd electm-opticaf, It is rare for
a usable system to be in only one of these categories. For
example, nll systems have compmtenu hat serve a struc-
mml (mechanical) purpose, many systems contain electro-
mcshanicaf devices, most testing uses electronic or
elecrncal devices, and afl devices (except static structures)
generate heat that must be removed to keep the temperature
of tbc device low enough. There are no examples of systems

in just one category.
Examples arc dk.cussed under the headings: spatial parti-

tioning, functional partitioning* ●, sitikw-pan partitioning,
refinability partitioning, cost panitioning, and testability par-
titioning. These headings relate m the previous paragraphs
with similar titles in ,Ihis chapter. Examples of psrdtioning

types are given within a subpamgrapb only for those Iypcs
that directly apply 10 the ca[egmy of thm subparagraph.

6-10.1 MECHANICAL
“Mechanical.berc refers mainly to structural items or the

stmcturaf aspects of items m to items that provide m trans-

mit physical motion. Similar-pan, reliability, cost. and lest-
afifhy pardtioaing am not used bccauxe mcchanicaf

systems sre used for structures and power transfer. Spatial
and fictional panitioning arc usually the only fessiblc
kinds of partitioning.

1. Spatial Partitioning. Most such pdtioning is sg-
rcgation and is rarely uxed for discmdability. A heavy item
shmdd be located below the center of suppon+ of its system
so the system will not tip over easily. Heavy items in a vehi-
cle are genemlly hxatcd in tie suspended portion of that
vehicle m mininiizc tie unsprung weight, even tbougb it

mnkes the driveuain more complex. 11’te four wheels of an
automobile me part of the propulsion and braking systems,

yet they me located far apart Such location complicates the
drivetmin md bmking system. llte fuel storage tank in a
vehicle is located away from the engine for safety and con-
venience.

2. Functional Partitioning. This is the usual method
that designers use to creme modules unless there is a com-

pelling reison m do otherwise. If functional grnuping is not
feasible. the system is usual)y awkward. If such @_ouping is
too awkward or costly, design ingenuity is cafled upnn m

use other technology to overcome the disadvantage. A sin.
gle general function can include dissimilar functions, e.g., a

.. Fmctio~ p~itioti”g is the usual medlnd thd dcxign @-

me-s use to create madutcs unless there is a compelling rcaxon to
da otherwise.
t71is is not dm.ssme m Ihe center of gmvity.
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fuel system on a vehicle includes a storage rank, fuel lines, a

pump, a system to deliver the fuel to the cylinders, and a

gage for the storage lank. TMs example demonsuates that
functional partitioning is a general. approximate concept,

not a rigorously defined one.

6-10.2 ELECTRONICS

Electronic items that am associated witi a given function

are generallygroupedas close together as fea.sible. DMer-

ent varieties of circuirs and components, such as analog and
digiud, could not be manufactured wirh the same silicon
whnology (at least not druing much of the 1980s): Physi-

cally large andfor heavy components, such as h]gh.induc-
tance elemenrs, could not be placed on the silicon chips, but
they needed 10 be physically separated tiom them for inte-
grated circuits. As technology changes, tie designs change

to use rhe things rhat are easier to do and to avoid the Mngs
rhat are difficult m do. Also the things that are easier to do
can themselves change. ’fhusit is impossible, especially in

elecrmnics, to state whal will be feasible in the next few
years. his is one of she arena in which system designers use
what the current component technology can provide.

Some items must be segregated because of rheir effect on

other pans or their sensitivity to the environment.
1. Spatial Parririoning. Dkcardahle modules should

be easily accessible, bu! sometimes an electronic item must
be packaged in a shape rhak is determined by rhe space
available for it, e.g., items that must fit info the h% of an

artillery projectile. Shielded enclosures am often used to

protect circuirs from a rarfbfrcquency, electromagnetic
envirsmmcnt and vice versa. Because such enclosures are

costfy andconsume volume, d]spmte pmtstbat need such
protection are put into tbc enclosure 10 segregme rhem from

the mat of the system. A similar situation exists for a con-
stant Iempcralure enclosure. An electronic chassis is often

laid out with beat Uam.fer and the signnf parh in mind. Heat
umrsfer is a prnblem Urai hnditiomdl y is essy for elccunnics
engineers to overlook. The opposile of locating items wbcre
they will fil can also occur, especially in very high-speed
circuir.s. Atmost, anelecmonic signaican mave O.3m(l it)
in 1 ns; thus if time delays in the range of 0.1 to 1 ns are
imporram, the items involved must be kept very close
together, regardless of any other considerations.

2. Functional Patlirioning. Function isgcnendlycon-

sidered to be the propagation and transformation of signafs

orthcprovision ofcontrcdl edpowerat severaf volrages and
currents. This is the most impon.mt type of partitioning for
e)ccrronics, eapcciafly since the functions tbmcun be ecn-

nomicafly performed by electronic systems have been

expanding rapidly for decades. llus rhe other rypes of pami-

tioning are useful only if they do not interfere with function.
Wirh an empbis on bumm factors, she OPCm[Or~nctiOns

such ss redlng meters, manipulating switches. and chang-

ing fuses must akobeconsidemd. ~e trend inelectmnics

packaging wherher on a single chip. a substrate, or a primed

circuit board is to aggregate functionally similar parts as
much as mchnicafly feasible in order to reduce tora].cosl and
to improve reliability and performance, Such cost reduction
canmeanrhat Ihenewmcdule containing more functions is

a better candidate for discard.
3. Simifar-Parr Partitioning. This parrilioning occurs

in electronics when, for’ ex~ple, fuses are put near each

other andfor panel meters are pm near each other. The prime

reason for doing so, however, is usually somerhing else,
such IIShuman factors or ease of testing and servicing.

4. Reliability Parriricming*, The reliability of elec-

tronic items is usually measured by the mean (average) life
of a population of similar items. Insofar as il is feasible to
know the mean lives of various electronic pans, parts with
very long mem lives can be separated from pans wirh very

short mean lives. In that way, mcdules witi long mean lives
that contain components with long mean lives could be dk-
cardable because they will seldom fail. Modules rba! ccm-
rnin components with shon mean lives could be discardable

because no componems with Iong’mean lives would be
needlessly thrown away. here arc many pitfalls to such
panitioning

a. Ifrhetotal numhrof leads inmrdoutof thesepa-

rated modules is higher, rhe comb]ned reliability of those
modules could lx worse because connectors and removable
connections are among the least reliable elements in elcc-

Uonics.
b. The manufacturing Iecfmology might be such

that it is cheaper and more reliable [o put all the components
on a.common substrate, sucbas asilicorr chip or sprinted

circuit board.
c. ‘The length of the leads connecting she separated

mwfules might interfere with tie combined performance of
the separated modules.

d. If redundant modules are needed, e.g., for safety
systems, pbysicaf separation could be important to reduce
she probability of cnmmon cause failures.

5. Cost Pam”tioning. Cost panitioning can be effective
as long ns reliability, pcrfonmmce, and other important
atuibutes are not degraded. For example, m expensive
microprocessor on an otherwise inexpensive printed circuit
board might be made removable so rhat wbcn she revised
printed circuit board fails, the microprocessor could be sal-
vaged and used again. The disadvantage is that a relatively

unrdiable and costly connector”” his been added IO rbe

●A reliability stads:icim should always be consrdruf in this matwr
bmuse many of she conaprs involving mean fife of elcctmtic
parts we difi@ft for managers and engineers 10understand. Simi-
larly. the economics and lecbnology in electronics manufacmri”g
rue changing rapidly so ha! engineers and manage= have to work
and study VUYhard to stay currcm and 10see a shon way into du
IiJturc.
. .Ad&”g ~ C,XIMCIOris more cost]y and much kss reliabk than

rhc Original uninrcrmptcd wire or soldered connection.
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system, h is quite possible thaI putting more components

together on a common board or chip will decrease the cost
snd improve the reliability and pcrfortnancc sufdciendy for
the item to be discardable. The feasibility of separating low-

cost parts from high-cost pans defxnds mainly on tic type
of system, e.g., analog audio-frequency systems or digital

high-speed systems.
6. Tesmbili~ Partitioning. TestsMhy psrdtioning can

be useful as long as reliability, performance, and otier
impoi-tani moibmes we not degraded. lf combining items
with similar testability into a single module woufd acNdly

improve the testabllicy of those items, that aggregation
could be very helpful in a design for discsrd environment.

Similarly, removing some items from a module that imer-
fered with testability of the remaining items could also be
very helpful.

6-10.3 ELECTRICAL AND ELECTRO-
MECHANICAL

Electrical and electromechanical items are generally

placed where it is convenient to do SO,e.g., relays migh\ bc

agaega!ed on a main bourd that is located for eSSC of mgn.
unance, or where a mecbrmical function must bc pcr-

fotmted, e.g., motors are placed as close us feasible 10 the
item tiing driven. For the mechanical function, functional
partitioning is usually the only feasible methnd. Fnr electri-
cal functions the nature of transmission of electrical eqergy

allows many types of Petitioning. ‘f?te flexibility snowed

by the use of electicrd energy can bc a major factor i?
designing parts of systems for discard.

1. Spatial Porn’tioning. Spatial partitioning would
tardy lx used because functional partitioning is usually fea-

sible.
2. Functional Partitioning. Functintud partitioning is a

very reasonable method to use in designing electromechan-

ical items for discard. Att aftemator (generator) 00 a vehicle,
a small (frsctionsl horsepower) electric motor, md an elec-

trical cotttactor with overload protection arc examples of
candidates for discardable modules, Elecrncal mnddes that

sre suitable for discard src often already designed that way.
e.g., a 20-A circuit bresker or a l-kVA constant voltage
transformer. Electromechanical compnncnts can often be m

integral part of the items with which they work. e.g., a
sealed refrigeration compressor contsins the motor, an elec-
rnc drill contains its motor, and relays arc often built into
tie item whose power tftcy control. ‘flte mechanical aspects
of motors and generators must be plsced where hey are
ncedti (by function) rather than by any other type of parti-
tioning. Par. 10-5, level of Repair Atmfysis”, lists some of
the models that are used 10evaluate proposed designs.

3. Simifur-Pafi Pm?irioning. Motors and generators
would rarely, if ever, be partitioned this WJJY~ause tie
mechsnictd nan of the item must be where the item that mm

duces or co~sumes the energy is. Items such ss relays c.~ be

placed together wberc it is most convenient m service them,
hut that placement would rarely, if ever, facilitate their dis-

cardability.
4. Reliability Partitioning. If the goals of reliztbllity

partitioning tutd similar-psn partitioning were 10 coincide,
rciiab!lity panitioning might be useful in a design for dk-
card pmgrant. It would be unwise to usc this methnd for dis-

sintilm parts tecause of the considerable ttncenuinty in
predicting their average wear-out lives and because of the
wide scsner in indhidual lives about that average. The
transfer-of-mcchanicaf -energy aspects of electmmechsrti -
czd items, such s motors and generators, sre dlfflcuh, at
best, [o partition by anything but function: thus reliability
partitioning for them is rarely, if ever, feasible.

5. Cost Parfifioning. Cost partitioning can be effective
as long as reliability, performance, and other imponmt[

attributes arc not degmdcd. For example, motnrs and gener-
ators would rarely, if ever, be partitioned this way. An
expensive device in an otherwise incx~nsive module, how-
ever, might be made removable so that when the revised

module fails, the expensive device could bc salvaged snd
used again.

6. Tesmbi[ify Paflitioning. Testability partitioning can
bc useful as long m reliability, pcrfnrtnance, and other
important auributes cue not degrnded. If combining items
with similar testability into a single medtde would improve
the testability of thnse items, that aggregation could be help
M for dismrchtbilily. Similarly, removing some items fmm
a mndtde dmt interfered with testability of the remaining
items could also be helpful.

610.4 HYDRAULICS AND PNEUMATICS
Hy&aulic and pneumatic technologies exisl mainly

because of their ability to tmnsfcr fluid energy over long
distances easily and inexpensively. compared to mechanical
energy. Only those types of pamitioning (hat preserve the
aMity to convert the fluid energy back to mechatticaf
energy reliably me desirsble. The flexibility aflowcd by use

of fluid energy can be a major factor in designing parts of
systems for discnrd.

1. Spatia/ Partitioning. A storage tank for fluids is
often located where there is adequate space, regardless of
the length of fluid lines to and from the tank. Spatial peti-
tioning would mscly bc used for the pumps, motors, and
valves of hydrsulic and pneumatic systems bccau= their

positioning is determined by their function. Such partition-
ing might caincidett(.ally be a result of some. other type of
partitioning that wss instituted bcause of dismrdability.

2. Functional Partitioning. Functional partitioning is a
VeIT reasonable methnd to use in designing hydraulic md
pneumatic items for discard, hugely bccausc function is the
mason for using such items. In fsct, for the mechsnicnl

SSPIXISof such items. function is the only renmn for pu~”g
them where they we. Atty type of partitioning is not feasible
if it interferes with the atecbsnicsl s.nd functional nspcsts M
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hydraulic and pneumatic items. Smafl pumps id motors

are candidmes for discardable mndtdes, and it might be fea-
sible to include the immediately u.ssnciated gages. valves,
and contrnls in such mndtdes. Because fluid components are

rarely used as enck in themselves, they CM & an integral
part of what they work with. For example, a bydrmdically
pnwered wheel can use the motor as an integral pan of the

assembly, md m air drill conmins its motor. If economy and
simplicity are derived from such mndtdtization, it should

be considered in a design for discard prngram.
3. Similar-Pan Partitioning. This methnd would

rarely be used in a design for discsrd progmm unless it was
a result of some other desirable partitioning methnd. An
example of its potential usc is the combining of many simi-

lar fluid valves (controls) into one physical bndy that would

bs replaced as a unit. The decreased commonality of such
partitioning would tend, however, to militate against its use,
md if additicmd conneckm were required. reliability would

be decreased. Those devices with a mechanical function
must be placed where tbaI mechanical function is needed;
thus similar-part partitioning will be veV difficult for those

devices.
4, Reliabihy Panirioning. When the goals of reliztbil-

ity partitioning and similw-pm partitioning coincide, reli-

ability partitioning migh[ be useful in a design for discard

program. It would b+ unwise to use it for quite dissimilw.
parts because of the considerable uncertainty in predicting

their avernge wear-out lives and the large scatter of individ-
ual lives from the average life.

5, Cosr Partitioning. Cost partitioning could be effec-

tives long as reliabMy, perfommnce, snd otlxr important
attributes are not degraded. For example, fluid motors
would rarely, if ever, be psnitioned thk way. An expensive

device in m otherwise inexpensive mndule, however, might

be made removable so that when the revised mndule fails,
the expensive device could be salvaged nnd used again.

6. Tesmbilify Parririoning. Testability petitioning cm

be useful as long ax rcliabilily, function, and other impomm
attributes are not degraded. If combining items with similar

testability inm a single mcdule would improve the testabil-
ity of those items, that aggregation could be helpful for dis-
cardability. Similarly, removing some items fmm a module

that interfered with testability of the remaining items could
also bc helpful. If tbk partitioning requires extra connec-
tors. however, the system reliability could be impaired.

6-10.S OPTICAL AND ELECTRO-OPTICAL

Lens system devices represent a rsther mature technol-

ogy makin8 Ienses snd incorporating them into instruments
are centuries old. l?tus ‘designers can concentrate on

requirsmerds such ss design for discard. Elecun.optical
devices for image intensification, thermal imaging, OptiCd-
Kixr communication, snd laser trackers and rsnge finders

use relatively new tecbniqucs, mmty of which w recently

out of Ihe research IaboratoV. Most of the research and
development is king done in the commercial sector. Like
other portions of the commercial sector, many of the prnd-
uct.s are designed for discard simply because such designs
are kiter and cheaper from the point of view of lhe manu-
facturer, Often the custome~ and users agree with these
decisions. [t is fcssible for the Army to use the technology
and discardabllity thereof that the commercial sector pro-
vides,

1. .Spatifd Partitioning. Spatiid partitioning would
rarely k used in a design for discard progmm unless it was
implied by some other desirable partitioning methods. Fiber
optics nllow optical signals to be transmitted rsther easily
over long dk.tances and tius can reduce the desirability of
spatial partitioning. The opposite of moving items to places

in which they will easily fu can also occur, especially in
optical magnifying instruments. For exsmple, in binoculars
the optical path is made more complicated by folding it so
that the instrument is more compact. Lasers produce invisi-
ble infrared radiation so thai suitable safety mcssures
(which me necessary m pan of, or because of, the spatial

pmlitioning) must be provided, during both use snd any
kind of maintenance.

2. Funcriomd Parririoning. Functional partitioning is
very reasonable in designing optical items for discard.

Much elcctm-optical equipment in ordinary use is made of
independent components (common mndules) that could be

dktrtied. Due to the high cost of the end-equipment and its
lack of maturity as a technology, it is unlikely thai whole
pieces of equipment would be discardable. As the discipline

mitures snd technology advances, this situation will change
appreciably.

3. Similar-Part Partitioning. Functional pmtitioting is
necessa.q for most components, such as optical lenses, elec-

trn-opticnl sensors, and elecun-optical displays. Rarely
would similar-pan panitioning be compatible with func-
tiorml partitioning. Because of the rapid changes and
improvements in elemrn-optical technology, the Army will
gencrnlly use the technology, partitioning, and discatdabil-
ity that the commercial sector provides.

4. ffchhbi/ify %?itioning. When the gods of reliabil-

ity panitioning and other IYpes of partitioning coincide, reli-
ability pmnitioning might be useful in a design for discard
,pmgmnt, It would be unwise, however. to use it for quite
dissimlar parts because of the considerable uncertainty i“’
predicting the average lives and the scatter of individual
lives abmt their averaKe life.

5. Cost Partitioning. Functional pardtioning is neces-
sary for most components, such ns opticsl lenses, ele.mrc-
npticrd sensors, and electrn-opticsl displays. Simple cost
partitioning would rarely be compatible with functional par.
titicming. Because of the rapid changes in technology and
pricing. the h-my will generally use the technology, parti.
tioning, snd discardablli(y that the commercial sector prc-
vides.
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6. Tcstabiliry Pantirioning. Functional partitioning is AMCP 706-197. Engineering Design Handbook, Develop-

necessary for most components, such as optical lenses. clec- mcnr Guide for Reliability Parr Three, Reliability Predic-
rm-optical sensors, and electro-opricaf displays. Insofzu as [ion, Janu.wy 1976.
tesmbil~y partitioning is compatible with functional parti- AMCP 706-198, Engineering Design Handbook, Develop-
tioning, (stability panitioning is desirable. menf Guide for Reliabili~, Parr Fow Re/iabi/iry Mea-
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CHAPTER 7
MATERIAL SELECTION

Theposition of material dection in designing for di$card is adiresscd by con.ria%~t~se characrcrisrics of mawrids
whose importance andptrspective are appreciably dl~emn[fmm what they ars in odimry design. lle economic Jacrors con-

skiered are inilial cost, disposa/ cost, and safvage value. The maten’als properties discussed are physical and related pmper-

rics. The special facrors included are the strategic value and !he packaging, handling, shipping, and storage requirements.
Repaimbi/iry is irmlcvanf in a di$ca~le module excepr dun”ng pmduclion.

7-1 IM’RODUCTION
h principle, during she design and development process a

designer considers afl factors related m materials. fn prac-
tice, however, the resources available m designers do not

permil an equaJly close examination of all factom for all
mamriafs. New and revised materials and prnccssing metb-

cds in metals, plastics, ceramics, and composites are being
marketed at a sapid pace. Every manufacturing or design
group needs al least one malerinfs specialist who ssays cur-

rent with new materials that twe hener for tie application as
well as existing mamrials ibat still satisfy the requirements,
The trade press (Appsndix A provides a list nf some trade

journals.) and trade shows are impormnt vehicles for keep-
ing up-to-date on new materials and their properties as well

as on processing methmds that give improved propties m
existing materials.

Some of she newer materiafs, e.g., engineered phaatics

and plastic composites, are better shsn older ones, e.g., ua-
ditionnf metals. TIIe traditional metals, however, m-c evolv-
ing witi improved pmfwtics and processing methods tit

allow. for example, the weight of a metal casting to be
reduced and thus eliminate the need fnr plastic or other sub-
stitutes.

In principle, a designer is always designing for discard m

some assembly level. For the conune=ial markeL the impe-
sus is usually lower costs andlor better pmpessies witbnut

regard 10 repairability. fn tie nilitary market, mainminabil-
ity hns been emphasized for yeara. Whh emphasis on design
for dkcnrd, tie level al which dkcard occws can bs
improved. Now a designer should also be asking, “HOW can
1 chnost mawrirda and fabrication metbnds so thm I can put
mnre functions in a mndule and slill have it dkcardahle
upon failure?” That is, “Whal can I do so thm this module
can be bcncr hut still nos worth repairing?”

his chapter diacusscs a few sclcctcd topics whose
impnrlan.x is different frnm tbas in odiruuy tiign w
whose impormnce must be empbasizcd in tikisary equip

man.

7-2 STIUVIT3GIC VALUE

The strategic value of a material is related to its being

available within a reasonable time regardless of cost. The

concept a“~fies during warsime and in prcparmion for war-

time. Examples of potentially strategic materials are
1. Allaying metnls, e.g., chromium, vanadium, and

cobalt
2. Noble metals, e.g., gold, platinum, and palladium
3. Tm
4, Natural rubba

5, Petmieum, aa both a chemical and a fuel.

llese materials cm become scarce during wartime. The
shortage can be lncal. such as in a particular [heater of oper-

ations, m global. The material need nol actuafl y be scarce in

nrder to have strategic value; tie threat of such scarcity is
enough for the classification.

Another ca!egory of stmncgic materials is hose that have

been processed into useful form, e.g., iron ore thiw has been
prncessed into steel. This country has fm less capacity for

processing many of these raw maceriak than it used tohave.
We now depmd on importing them from overseaa, llus,

even though the raw matesiala am noI stmtegic, tie prn-

cesaed materials might have appreciable suategic” value.
Designem should consider the strategic vnlus of mmerinls

used in diacardablc components nnd discourage tie use of
strntcgic mawials. Plnstics, for example, use petroleum in

thcii fnmndation, and pemlemn supplies can be. reduced

very quickfy, e.g., the 1974 oil sbmlages and burning oil
fields during Desen Storm. Rugged steel—forgiving of

physical and chemical abuse-often uses chromium. During

peacetime it might nnt be economically feasible to salvage
mmerinls that have strategic value, but the designer shcmld
consider the feasibility of salvaging such materials. Metals

are by far tbc easiest materials to safvage and reuse.

7-3 COST

This paragraph address-es the COSIof rnw materiafs. Costs
in general nre treated in par. 1fL2. TIM ratio of “cost of raw

matmials” to “tntal cnst of finished prnduct’” can range from
over 90% (espczially in situations in which the assembly

and testing costs ase very low, such u simple metal fabrica-

tion) to leas than 10% (situations in which the assembly nnd

testing costs arc very high. such as specialized elcctro-opti-
cal equipment). l%e major cost elements for raw materials

@
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1. Purchase Cost. ‘Ilk is ohen tie major pan of tie

cost.
2, Incoming Transponation. The raw material must be

shipped from tie supplier to the user.
3. Incoming Qualify. ‘fhe cost of monitoring the sup-

plier, including the cost of a receiving inspection, depends

on the quali!y bisIory of the supplier and the tesmbllity of
tie raw material. To that is added the cost of poor product
caused by nonconforming material that enters the mmmfac-

mring process.
4. Processing. The cost of manufacturing merhods by

which raw material is turned into a producl can depend
greatfy on the quafiry and reliability requiremems for the
product.

The ideal simadon for design for discard is to have the
toml of the raw material cost elements less than for repair-
able items. his is especially true in the early phases of
design where cost models and their parameters are very
approximate.

7-4 REPAIRABILITY

Once an item bas been designed to be discarded rather

than repaired, by definition. its rcpairsbllity is irrelevant.
‘flus, although materials that cannnt be properly repaired
sre not used in a repairable item, they can be used in dis-
cardable items. For exsmple, some repaired plastics and.
cast metals are not very reliable; thus such materials would
not ordinarily be used for a chassis or housing for a repair-
able item.

The item must, however, be readily replaceable, i.e., the
assembly of which it is a pan must & readily repairable. If

maintainability programs are invoked improperly, they can
be incompatible with a design for discard program. Even
though an item is not repairable. it must be testable to deter-
mine whether it should be replaced or not.

7-S DISPOSAL COST AND SALVAGE

VALUE

This paragraph considers discarding i[ems during non-
combat situations. The disposal cost includes all costs that
the ArmY incurs to discard an item so that it does not
Lbremen the safety of people or the environment. The sal-
vage value represents any reduction of the disposaf cost

realized when someone pays the Army for the items being
discarded.

All quipment is eventually dkmrded because it is not
worth repairing or it is obsolete. Three common types of

discard arc
1. lle Army pays someone to dispnse of !be materiafs

safely and properly for protection of personnel and the envi-

ronment. The Army may also incur some of tbuse expe?ses
by using imemal preparation facilities. Exnmplcs tire mod-

ules that contain radioactive material, dangerous chemicals,

or explosives.
2. Someone pays the ArmY for the items because the

materials in those items can be sah’aged at a profit. Examp-
les tic tie recovery of lead from smrage batteries and tie
recovery of gold from electronic connectors.

-3. The Army pays someone to recover materials that
are not otherwise vafuable, but that have strategic value.

Disposal costs can become the determining factor in
design for discnrd. For example, a carburetor which cnuld

be rebuilt 5-10 times, migbl be analyzed for replacement
with a discardable carburetor which costs the same as pans

and labor to repair the malfunctioning original carburetor.
However, tie cost to dispose of a few small repair parts
(e.g., gaskets, nozzles) would be much less than the dispnsd
cost of an entire carburetor thus !be mtal disposal cost of
the discardable carburetor over the life of the original carbu-
retor could be 5-10 times the disposal cost of tie original
carburetor and its discarded pans.

If a component contains hazardous materials, there could

& a similar disposaf-cost consideration if the normal pani-
[ioning methods did not isolate the hazardous material for

separmc dkfmsal. Such cost differences could be severe and
thus must be foreseen and included in the design for discard
amlfyses.

7-6 PHYSICAL CHARACTERISTICS

Corrosion, fatigue, and weas are the major classes of fail-
ure for nonelectmnic materials. These classes are not mutu-
ally exclusive, e.g., wear can be accelerated by corrosion.

‘f%e cheaper that one tries to make a material, e.g., a “high-
stmngtb” steel, the more important i! is to cbaxacterize the
material in terms of its failure mechanisms. For example,
“high-sum@” steels often have only high tensile strengtlx
their resismnce to corrosion, fatigue, ardor impact can be
low. ‘flat is, they are not as rugged (forgiving) as the tradi-

tional high alloy steels.
Corrosion is a major problem when components with

elecuicd parts me stockpiled. When costs are driven down
so chat a component is discardable, the designer might use
cheaper materials whose relative corrosion characteristics
are not known or might DOI even be aware tha! substitute
materials migh~ cause corrosion mouble. For example, a
plmtic material tbm is noncormdblc might give off vapors
thal accelerate corrosion of other materials.

fn principle, tie problems of compatibility are not dMer-
em in design for discsrd than in ordinary &sign. In design
for discard, however, the designer might be using nonoadi.

tional materiafs that have nonmsditional compatibility pro-
blems. Such compznibifity problems CM ark with

1. Corrosion. A material generates a corrosive auno-
sphere or is susceptible to cnrmsive products given off by
other materials or provides places for corrosion m occur,
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e.g., for moisture to collect, or is pan of a chemical system
in which corrosion occurs.

2, Diffcrenrial ?lwnnal Expansion. If tie thermal

expansions of materials in intimate comsct with each other
do not match, thermal fatigue can occur as the tempmmre
cycles up snd down. Also substantial internal stresses can be
generated by differential thermal expansion during manu-
facture.

3. Joining. The techniques used to join materials, e.g.,
soldering, brazing, welding, ~d adhesive bOnding. Cm cre-
ate problems with thermal expansion, can be pan of a corrc-
sion prnblem, can reduce the strength of a joined material,
or CM have fsilure mechanisms of their own.

4. Scaling. Sealing an item m keep the outside envi-

ronment out should be considered. Unfortunately, seafing
can SISO keep the inside environment in, and that inside
enviroamem may be harmful [o the items to be protected.

7-7 PACKAGING, HANDLING, AND

STORAGE REQUIREMENTS

fn principle, the problems of packaging, handling, and
storage nre not different in design for discnrd horn what
they are in orthnmy design, and the choice of materials is
not affected differently. In design for discard, however, tie
designer might mnke errnrs nf omission or commission such
m those that follow:

1. He migh[ use nontraditional materials or prucesses
that have properties of which be is unaware and thm will be
weaker in some way than traditional mslerials or will cause

an adverse environment.
2. He might vmongly =sume that the item ne&l not be

I’UggCdbccause it will not be repaired. For many ikms, ban.
dling, Irsnsponation, and storage arc the among the most
severe envimnmen~ the item experiences.

II is possible that a discardable item maybe more ragged
than a repairable one E-=cause the discardable i~m dncs not
have to be taken apart. ff so: the paclmging could be sim-
pler, and the hmdling and storage requirements could be
less sningent. If an item is to be sealed, the discussion and
cautions in Point 4, “Sealing”’, in par. 7-6 apply.

7-8 APPLICATIONS AND IMPACTS
Examples uc given for each of five categories: mechani-

cal, elecwonics, electrical and electromechanical, hydraulics
und pneumatics, and optical and elccmn-optical. II is rare for
a usable system to be in only one of these categories. For
exanmle. all systems have comrmnents tit serve a smlc-
tumf (mdm(cal) purpose, mtiy systems conmin electr-

mcchanica! devices, most testing uses electronic or
electrical devices, and all devices (except stmic saucmrcs)
generate beat that must he removed m keep the temperature
of the device low enough. ‘flus no example is a pure case of
the category in which it appears. Examples me discussed

under the headings: strategic value, cost, disposal cost and

safvage value, physical chmmxeristics, and packaging. han-
dling, and storage requirements. Repairability is not dk.-

cussed. see par. 7-4 for the reasons. No examples src given
for headings that do not directly apply to the category.

7-8.1 MECHANICAL
1(is reasonable to substitute newer, less expensive snuc-

tuml materials for older, more expmsive ones antior to

design fnr the finite life of snwcmrc.s. ?his subparagraph

empbaskes Ihe dangers involved in doing so. In the 1960s.

1970s, and 19gOs the automotive companies made mistakes

in IMs area. A VeIY gradual appmacb should be used with
mmy pilot field testx. fn the vernacular, “Make small mis-
takes !“

1, .$fraregic Value. Snme steel alloying elementx, such

as chromium, have strategic vnfue. Checklists of such alloys

should be available to the designer and his materials advi-
sor, Steels that use substitute alloys are often not as rugged

as the traditional higb+lloy steels.
2. Cost, There is little difference in materials cost

between discardable snd repairable compnnems when tie
same materiafs me used in each. If cheaper materials wc

used because the components need not be repaired, e.g., casl

iron (not readily weldable) rather than steel (readily weld-

able), there can be difficulties controlling the fabrication

prucesses in the factov. D+gners must be aware of the del-

icate nature of some “high-strength”. Iow-ulloy. low-cost
steels; tie high strength might apply only to a few failure

mecbmisms and not to those experienced by tie componcm

during mmmfsctum m in the field, espcciafly if some misuse

may be necessary in wmlirne.
3. Disposal COSIand Salvage Value. Heavy steel items

in which the steel is read]y sepanble from the remainder of

the item generally have scrap value. Vehicles and heavy

gym m in U’lisC41iegoly.
4. Physical Chararteri5tics. ‘flIe low-cost afuminum

engine in commercial vehicles circa 1970 were no: tom.
merciafly successful. llwre were many difficulties that were

apparently not anticipated during design and development.
Radical departures from traditional materiak require long

development und pilot testing pcrinds; there we just too

mY d@s IJIUtcm ~d will go wrnng. Strength is mt a
one-dimensional characteristic: it bas maay, many facets.

5. Packaging, Handling, and Stomge Requimmenrs.

llurc is fhtfe or no difference in this category between
repairable and dk.cardable items of the same matcriafs. If,

however, radical changes have bcsn msde in materials, the

damage due to sbnck and vibration during shipping musl be

carefully considered. Wlen designing for a Iinitc life. more

complex models must be used to reflect the nurrow rcquire-

mems.
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7-8.2 ELECTRONICS

All electronic items sre also mechanical items, and they
must be Ueated as such with rcgwd to their failure mecha-
nisms. For example, the subsume of an integrated circuit
can physically break due to mechanical stresses and strains.

1. Strategic Value. The basic raw materials used in
electronic devices generally have little, if any, strategic
value. The prncessed materials, however, are another matter
entirely. Many of the processed materials” xe no longer
made in thk country becmtse rhey can be imported from
overseas much more cheaply, e.g., large silicon wafers used
to make integrated circuits should also have United Stmcs
sources whenever feasible.

2. Cost. The basic raw materials used in electronic
devices generally have little, if any, effect on she cost of tie
finished item. The industry in genersl is trying IO switch
from the remaining few expensive raw materials to less
expensive ones.

3. Disposal COSI and Salvage Value. About the only
materials used in electronics that have salvage value are the
noble melds used to prevent corrosion. Because of the
increasingly high cost of such materirds and k intense cost
compaiticm in tie industry, strong efforts are being made 10
reduce the amount of noble metals used in electronic parts.
I?ms newer discardable i[ems are likely 10 have negligible
salvage value. If such parts contain environmentally danrag-
ing materials, dkposal costs can be high.

4, Physical Characterisr;cs. As fea[ures gel smaller on
primed circuits and integrated circuits, tie physical charac-
teristics of tbe materials come under renewed scrutiny. Gen-
emfly, the elecuonics designer bus no control over these
physical cbarscteristics; tie electronic parts are purchased
u Ute same components whether rhe mndule is repairable or
no!. lle lack of repairability in the field does not imply he
same for the factory; an impOn.mt element Of 10w-cOst.
high-quality electronics manufacturing is the ability 10 test
(and repair) quality into an assembly.

5. Packaging, Handling, and Stomge Requiwments.
llese requirements are generally not my more imporrant
for discardable items than for repairable ones, Thus they do
noI appreciably affec[ tie choice of materials. Because dis-
cardable items can be scaled more tighdy ha repairable
items, the materials choices might lx more flexible for dis-
cardable ilems without decreasing shelf life.

7-8.3 ELECTRICAL AND ELECTRO-
MECHANICAL

The main propenies of concern are conductive, magnetic,
and structural. The structural concerns are addressed in par.
7-8.1,

●Yruccswd materitdslie in bclweenrnw materialsand comw
nuns. For example. silicon wafers for the pmducdon of microcir-
cuits require vety specialized, expensive. production facilities.
Many manufacturers of micrncircui!s buy the silicon wafers ar
incoming raw mamrial and frnm those wafers produce the micro-
circuits. ‘flc choice of terminology txm’ecn Ihe mw material and
cumporma is often subjective.

1, Straugic Value. ‘h basic raw malerials used in

elecaical and electromechanical devices generally have lil-
tle, if any, suatcgic vslue. For those materials that might
have swmegic value, the quantity used in these devices is
relatively smsll.

2. COsr. In general, material costs cannot h apprecia-

bly reduced by choosing different materials for the compo-
nents themselves. The design of their enclosures is often
governed by safety and fire codes; thus radical substitution
of materisfs is not fessihle.

‘fle use of aluminum wire with permanent. airtight cnn-
ncctions, e.g., welded, m reduce cost might be feasible in
dkcardable items, even though other types of aluminum
connections can be unreliable. h is unwise to dkmiss dte

idea of sfufintim as a conductor** in discardable items in
an effon m reduce cost just because it was found wanting in

domestic and conrmemial wiring. l%k pmblcm of “alumi-
num wiring’” illustrates the challenges lha[ economical

design for discard faces. Old conclusions do not necessady

aPPIY to new cOndltiOnS of use and new technologies.
3. Dispud Cow and Salvage Value. Copper, ahnni-

num, md ferrous alloys are the major salvageable materials.
It is possible that noble memls used in elecuical consac=,

e.g., relay contacts, would be salvageable. ‘f%e economic
feasibility of such salvage depends cm market prices for tie
materials and the technology involved in tie salvage ofrera-
tions.

4. Physical Churacretirics. The physical characteris-

tics of materials that can be used in Ihese items are not gen-
erally affected by a module bkhg discardable. A potential
exception was the mid of a plastic gyroscope for a discard-
able item, utrfommately there were tm many difficulties,
and rhe project waa dropped.

5. Packaging, Handling,” and Smragc Requirements.

Ilese requirements arc generally not any more important

for discsnfable items W for repairable ones. ‘fhus they.do
not appmciabl y affect tie choice of materials. Because dis-
cardable items cti be sealed mom tightly than repsimble
imms, the ma!crials choices might be more flexible for dis-
cmdable iwms without decreasing shelf life.

7-8.4 HYDRAULICS AND PNEUMATICS
1. Srrrmgic Value. The basic raw materials used in

bydmulic and pneumatic devices generslly have Iirsle, if

any, s~ategic value. For lhose materials !hm might have
strategic value, the quantity used is relatively smafl.

2. Cost. Spcciaf[y structures, such ns valves, cylinders,
and pumps, lend themselves to highly engineered materials,
e.g.. engineered plaatics nr intricakl y fabricated metafs.
Some component costs could be reduced by choice of
appropriate materials md fabrication methnds.

. ●FW ~mplc. almimm imcrconnccts bavk atways been used in
integrated circuits, and ahminum wire is the major new conductor
used in electric pnwer mmsnd ssion lines.
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3. Disposal Cosr and Salvage Value. The memls in Ihe 2. Cost. Materials are chosen largely on the basis of

oumm. motors. and lines might be salvageable. The eco- applicable cofiercial technology nwher tian specifically

I
.....–.
nomic feasibility of such salvage depends on market prices
for the materials, the quantities available, and the technol-
ogy involved in tie salvage operations.

4. Physics/ Chamcrctisrics. The requirements remain

essentially the same for dkardable imms and repairable

ones. Proper design for finite life would & very difficuh
because Ihe malerials and fabrication proc&ses are neiiher
that well-characterized nor -controlled. Competitive com-

mercial practices arc probably driving the designs to lower
cost materials witi quivafent or superior characteristics.
regardless of Iheir repaimbili[y.

5. Packzging, Handling, and Smroge Requiremems.
These requirements are generally not any more important

for discardable imms than for repairable ones. llws lhey do
not appreciable y affect the choice of materials.

7-8.5 OmcALAND ELEcTRO-OmIcAL
1. .$frafcgic Va/ue. The basic raw materials (glass and

plastics) used in optical and electrc-optical devices gener-

ally have no strategic value. For those materials that might

have strategic value, the quantity used is extremely small.

for a military application. For example, the lasers, light-

emiuing dkles (L.EDs), laser drivers, and integrated cir-

cuits that arc unique to this category are usually made from

gallium arsenide (GaAs) rmher lhrm silicon. llw GaAs tech-

nology is curmmly much more expensive than tie silicon

technology.
3. Disposal CO$I and .Wvage Value. Disposal costs

would be relatively low because of the small volume and

weigh! of the i!ems and tieir lack of major safety hazards.

‘l%e salvage value of tiesc items would be negligible.
4. Physical Chamcten’sties. The requirements remain

essentially lhe same for discardable items as for repairable

ones. Competitive commercial practices can drive the

designs to lower cost materials with equivalent or superior

cbamcteristics, regardless of tick repairability.
5. paC@itIg, Handling, and Sloragc Requirements.

These requirements are generally not any more impoflam

for discardable items than for repairable ones. Thus lhey do

not appreciably affec! the choice of materials.
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CHAPTER 8
FABRICATION

“Fabrication” is used in its general sense of manufacture, production, construction, andh assembl~. The choice of fabri.
carion mclhods in designing for discard is treared by ccwuidcn’ng those elements of the fabriccuion pmccss whose importance

and perspective are appreciably drflerentfmm what they are in ordim~ design. The major emphasis is on the three aspecrs of
producibili~: design, production pkmning, and pmto~ping. Fabrication techniques are discussed bn”ef7yand the virrual irrel-
evance of repaimbilify is exp!ained. Hypothetical and real examples are given m illustrate the ideas.

8-1 INTRODUCTION

Whh regard IOdesign for discsrd, design and production

engineers need answers m two questions:
1. If the item is discardable, what design and fabrica-

tion medmds can we use that we cannot otherwise use?
2. If the item has not yet been determined [o he dis-

cardable, what production techniques can be used to make it
discardable?
Fabrication is an extension of design, i.e., the fabrication

methods are influenced and limited by he design itself. In
many cases the design specifies, or at least implies, a panic.

ular fabrication “method.
Some companies ensure a constmctive relationship

between design and production engineers by having each of

them spend time in the other field. This cooperative effon
enables the designers m make appropriate adjustments

before unforeseen problems become irreversible errors. The
name “concurrent engineering” has been given to the effon

wherein engineem tlom various departments, such as

design, manufacturing. purchasing, and pmduc~ assurance,

are given the incentives and resources to cooperate proac-
tively over the life cycle of the product.

Even though IMs handbook nominally distinguishes

taween materisls snd fabrication. hey arc intertwined. For
example, a powdered ferrous metal cannot be separated

from “the fabrication techniques that tmnsfonn it into an

automotive crankshaft sprocket. Processing and fabrication
techniques are being invented that allow the use of mher-
wise unusable materials and vice versa.

8-2 PRODUCIBILITY

Prcducihility is essentially tie ability 10 produce in an

economic and timely manner a specific item that conforms
to particular requiremems. producibility depends on tic

existence of an ongoing production system snd is meaning-

ful only in relation to a pardcuhu such system. in any given

instance
1. llerc must LK adquate machines, skilled people,

and materials.
2. ‘fherc mus[ Ee a production plant that can use them.
3. ‘flmy must all he at the same plsce at the same time.

4. There must be a social, political, and industrial
environment that aIlOws the system to function properly.

The three subparagraphs that follow discuss three stages
of preparing for prcduciblliry, which are design, production
planning, and prototyping. MIL-HDBK-727 (Ref. 1) uses
tiese classifications and can, provide more information
about them.

8-2.1 DESIGN
The word “design” is used in many ways. For example,

design can mean something as nebulous as the system con-
cept, or it can mean something as specific as (a) detailed
drawings on a threaded beh that specify surface finish, type
of hardness, and the degree of hardness or (b) requiring lha[
a bole be punched in a piece of steel, tie steel & through-
hardencd m 42 Rockwell C, and finally the hole he ball-

sized with a specified interference.
IIIe process of &sign begins with a set of formal pcrfOr-

nmnce rquiremenw and ends with a gcmd technical .@m
package (TDP). ,~us a ‘&sign has several levels a! which

the set of formal performance requirements is resolved into
a hicrarcby of successively lower design levels by a process
of engineering creativity interspersed with tradeoffs tha[
involve engincming and mar!agcment judgment. This pro-
t+ess tmnslates”the performance requirements into fabrica-
tion requirements.. At each design level management must
decide how much departure from tie “usual way”* is 10 be
encouraged, allowed, or discouraged; the management deci-
sion affecu the amount of design for discard tiat is Actually
done. Al higbcr design levels tbe effect of design decisions
on producibility tends to be much less direct and is ascer-
minable, if at all. only by someone witi much experience,

Conversely, a! tie lower design levels the effect of design
deckions on producibility tends to be quite direct and rela-
tively easy to ascertain.

The designer has many ionsnnints in sddition to the
usual resource constraints of people, time, snd money, e.g.,
dm “-ilities” (reliability, availability, maintainability. test.
ability, producibility, supportability, sustainability, etc.) and
&sign for discard. Designers do not set out deliberately m

●knprmicuk, du traditional requirements for repaimbiliry.
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create a design that is d] fficuh andlor expensive to produce.
Rmher hey allocaie their effort according to their view of

the situation, in light of their experience. and m tie tools
available to create and detail the design.

Choosing a fabrication methcd is done partly by design-

ers and partly by production engineers; the amount done by
designers depends on the industry and on tie way a pcuticu-
lar company is organized. Sometimes the choice of maleri-
afs implies a particulw production method. e.g., choosing a
powdered iron. copper-impregnated pan grcady restricls Ihe

fabrication methcds that can be used. Sometimes tie
machines at a particular plant cannot hold the best qnd latesl

tolerances: therefore. it is easy for a designer wbo is widmut
god suppun fmm production engineering 10 specify unrc-
afistic tolerances.

In design for discard innovation can& very important. so

the production depwtment must afso have the design for
discard goal. Otherwise, it is easy for production engineen
to take a “WC can”! do that here.” attitude rather dm a
“HOW cm we do thk in an economic and timely manner?”

attitude. This cooperation between design and production
engince~ must be ongoing, it is not sut%cient for pmduc.
tion engineers to explain at design reviews what the design-

ers have done wrong.

8-2.2 PRODUCTION PLANNING
NOdesign or technical data package can be 100% com-

plete. Wbcn a design is passed to h prcduciion engineem.

they have to mmslale the design documents into a produ-
ctionprocess and then make many tradeoffs and engineering
judgments about buth geneml and detailed procedures. ‘fWs

is especinfly Uue if a design for dkcard pmgmm bas been
innovative.

h is usuafly very belpftd if the &sign engineers cm

become staff suppon for the production engineem-a
reverse of their posiiions during the design period. If the

cuopedon is C1OX. problems that arise during production
planning and affect the design cam k worked out before

there is major trouble. These transition problems will be
minimized if tie production engineers have worked with the
design group all during the design so that there arc a mini-
mum of surprises. This appmacb is often referred to as con-
current engineering.

Production enginec~ genemlly like to use processes that
are well -chaructmhd and -controlled in their plant. Thai is

the way to gel bigb yield md bigb reliability in the shor!

term. h is not. however, the way to get high yield and high
reliability in the long term where newer p-sses musI be
used that are less well-cbamctcrized and -contmllcd. For

exumple, a plant that traditionally fabricates mewil pans

very well migh! do rather purely at first “a molding compus-

itcs. When a design is called for that includes nontiltionaf
materials or processes. the production md design groups

must plan snd work together and should pmbsfdy gel out-

side help from someone who bas afmady had the experi-
ence. ‘h two gruups must also be sure that management
will commit the capi[ai resources. people, md time 10

develop a competent production facility tha[ will be ready
when it is needed.

Farsighted design and production groups recognize
where technology is headed and install pilot facilities Ihat
can he used on smafl prnjecw for which the full capablliIy of
the tmhnology is not needed. Thus on-line expience is
gained in design and production for such technology and
with negligible waste, i.e., the prcduct need not be close to
pmfecl (in &sign or production) to meet its requirements.
Many older materials wcc very forgiving. i.e., heir appli-
cation and processing could be far from optimal and yet no!
be appreciably degraded. The newer engineering materials
arc, at this time, mrely as forgiving.

8-2.3 PROTOTYPING
Generally. neither ma[erials nor processes are static. As

soon as both seem to & reasonably. well-chamcteriz.ed and
-controlled, someone will try to make the product better
andfor cheaper. The previous chamcmimtion and contrul
arc then no longer adequate. A design for discard pro-
encourages innovation. The net result is that the engineer-
ing state of the ml is virmafly always being advanced.

Pmtotyping is the appropriate engineering response to
such advances. The design and production engineers can
make small mistakes. learn fmm them, mtd forge ahead.
Pmtotyping is a short-term expense with long-cam benefits.
When time is extremely impokant, it is common. but dan-
gerous, to skip the formal prmotyphg. One rarely if ever
skips infommf pmtotyping wherein sevemf things am tried
to we wb’ich works the best.The prototyping.is done in very
early production if it is not done befme then.

Ptutotyping is not limited to design and production: it
must encompass the remainder of the life cycle. ‘fite formal
requirements musl be able to change as experience with the
prototype equipment is acquired and evafuated by the devel.
opment group and tbe users. Then the formal requirements
and the needs of the users in the field can remain close
together as the &sign progresses. An imponant purpose of
field experience on prototype equipment is 10 provide infor-
mation for the closed loop corrective action system. Es&b-
Iishing IMs system is essentially Task 104” of MfL-STD-
785 (Ref. 2). Such a system enables the design and produ-

ctiongroups 10 ac! on the data they mciive from the field.

8-3 FABRICATION TECEJNIQUES

“~ general classes of engineered materials are metals,
polymers and composites. ind ceramics. ‘Some materials,
such as reinforced plastics, cannot be separated fmm their

““fk. purpose of Tesk IU4 is to establish “a ~loscd loop ftit”m
reporlmg system, procedures for and ysts of faduru to dammi n,
cm.u, andducumemation for nxonfing curmmive action L=.kcn.’”
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fabrication techniques. For example, the stren@ properties
of a fiber-reinforced thermoplastic scrnngly depend on the

oriemmicm snd lncal concentration of the fibers. lhennc-
plastics nre being engineered and imprnved because they
Me cheaper to fabricale tin ticnnosets, such as the
epoxies. New measurement techniques SICbsing invented
for tiermoplsstics so that tie rsw materials can lx charac-
terized on-line, and thus tie molding prncess CM be con-
mnlled to prnduce a more consistent molded pan. Some
newer metal nlloys and ductile ceramics are similsrly tied to
their fabricating techniques, i.e., the materifd nnd fabrica-
tion technique sre developed together and sre virtually
inseparable..

Joining techniques, or their avoidance, are an essential

pan nf nny fabrication process. If an item is being designed
for discsrd, the joining process cm often be simpler or
avoided altogether. The avoidance of joining is an impnrmnt
concept wherein instead of msking several pans that must
LX joined, those several psns are combined into one part.
?hus joining is avoided. l%c fabrication lecbnique of mold-
ing, regwdless of the raw material, bas been used over tie
past several decades to avoid joining.

If joining is unavoidable, e.g., several items must be put
inside an enclosure, the design md fabrication can often be
simplified in design for discnrd by resorting [o a permanent
joining technique. such as welding, rmher than using preci-
sion mating surfaces snd removable fasteners, such as nuts
and bolts, lle selection of fabrication techniques during
design should be done in conjunction with production engi-
neers who are willing and anxious to look for simder tech-
niques, l%e selection of final design and fabrication
tedudques is often m iterative process during design for
dkcard wherein the joining mehd is progressively simpli-
fied by the designers repeatedly asking “If this metbnd is
sdequate, why can’t we use an even simpler mcdmd?”

8-4 REPAIRABILITY AND DURABILITY

Once m item has been designed [o be discsrdcd rsther
than repaired, by definition is repsimbility is irrelevmt.
llms, although fabrication methods that lead to nonrcpair-
ability SIC not used for a repairable item, UICycan be used
for discardable items. For example, a completely welded
housing would not ordhtiiy be used for a chassis or hous-
ing of a repairable item.

‘f%e item must, however, bs readily replaceable, i.e., the
assembly of which it is a psn must be readily repairable. If
mainminabiliv programs are invoked improperly, they can
be incomomible with a desire for discard Droeram. Even
though an’ item is not re-”le, i! must be m-sts~le to &wr-
rnine whether it should be replaced or not.

Durability is not as imponam in a discardable item “since
the concept often implies the numkr of times an item can

k repaired bcfnre it must be scrap~d, e.g., a diesel engine
cm km overhauled nnly a limited number of times. fnsofnr
m dumbility can fdso imply a storage life requirement, e.g.,

for ammunition, that requirement obviously remsins for the

dkcwdable item’,

8-5 APPLICATIONS AND IMPACTS

Afler several decsdcs of relatively slow progress in inno-
vating materials and their fabrication techniques, lhe pro-
cess has speeded up so much that examples nrc om-of-dste
almost before they are printed. Even small design and pro-
duction groups should bsve at least one person whose job is
to keep up with advances in materials and their fabrication
tecti]ques. A design for discard program without such a
person or group will not be successful,

‘ 8-5.1 MECHANICAL
‘k trend toward molding a complicated pan witiom

joi”winstead of, for example, stamping several p- ~al

must be joined-is king countered by competitive innova-
tion in the mditional fabrication techniques of casting, forg-
ing, snd stamping. Such innovation is possible not only
because of new machinery nnd process comrnl techniques

buf also kcause of new formulations of older materials that
can take advantsge of such innovation.

A major simplifkxnion of mecbanicnl pans occurs when
an open-and-close joint is replaced by someting simpler,
/M open-snd-close joint usually involves precision mating

surfaces, a gasket to keep things in red/or out, and tbresdcd
fssteners to hold the joint closed. lhe design, fabrication,

and parw for such a joint arc expensive. The tirst simplifica-
tion occurs when, for example, the seversl pans sre
replaced by a single molded compesite part that is self-
binged and self. senling. ‘fhe next simplification OCCIUS
when that single part is pcrmanentl y joined. nnd the find

simplification occurs when the joint is elin@atcd.
Strucmraf-fna.m plnstics are”an example of using a single

material to perform the functions of both skin snd tiller.
The mechanical sspects of many devices, e.g., pumps and

motors, can * simplified by designing them as a single unit
that is ss.sembled in tic factory rather than as several items
that me sssembled in the field. For exnmple, a flexible cou-
pling is ususlly required when two sbafIs are connected in
the field; djs requirement stems from the inability [o nJign

.sbings accurately snd permanently enough in the field. A
flexible coupling, as with my connector, generally has
lower reliability than a fEmWIent, nccurate connection, A
very common example of such simplification is Ibe sesled

refrigemtion unit that COnMinSthe elecuicti drive motor and
the rctiigermion pump in one mrxhanically seaf+ unit.

8-5.2 ELECTRONICS
‘fluee advnnces in technology have, as n side effect,

increased the complexity of items LIMImay k considered

discwdable:
1. Larger scafc integration of semiconductor circ”i~
2. Reduction of component COSISso that mofe items.
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can k directly soldered onto a discardable printed circuit

board

3. Multilayer printed wiring boards that combine
many previously separate boards. along wi!h their necessary
wiring and connecto~. into o“e unit or that allow very com-

plex circuiuy with hundreds or even thousands of connec-

tions 10 be pm onto one board.
An example of primed wiring board technology is an 18-

Iayer unit that requirm only 2500 machine-wrapped wires
rather than tie 10.000 wires in the units it replaces. Also the
new unit is cheaper, more producible, and more reliable and

bas better performance. As in many commercial electronics
situations, tbe motivation for innovation is not only tie dis-
cardabUi!y but also the improvements that result in cost,
performance. producibility. and reliability.

Connectors of afl kinds tend m be expensive and unreli-
able. Thus there is considemble pressure m reduce the num-
ber of connectcm used. Without such connectors. however.

it is difficult, if not impossible, 10 repair an item and retain
its reliability. so essentially that end-item becomes dkcard-

able.
Some cost-reducing technologies, such as surface mounl-

ing,’ allow components 10 be placed so close together that
repair. even in the factory. is not feasible. Not only is repair
infeasible, but also some kinds of testing me not even fensi-

ble. In addition to the characterization and control of pro-
ductand process, tie quality and reliability are almosl always

kested into electronic items (either by weeding out poor
items from a p-3pulati0n. e.g., envimnmentnl stress screen-
ing and 100% test and inspection. or by repairing a complex

item). Thus a production method must provide for adquate
testability during or at the end of tie production process. In
summary, testability of electronic items cannot be wtived
merely &cause tie items arc discardable. Testability is

essential for PrOducibllily.

8-53 ELECTRICAL AND ELECTRO-
MECHANICAL

‘fler ewe virtually noncw techniques being applied to
design fordiscard ofeleckical orelectmmechanical items
with regard to their electrical nature. The techniques that are

used arc for the mechanical nature of tbe items, e.g.. many
electromechanical band tcmls are now essentially unrepair-
able, except fortbe power cord. This is due largely m the

StNCNIIIk aspects of tie design. not the elecwical ones. Sub-
par. 8-5.1 discusses thk aspect of the items. Most fractional
and low borsepowerac motors arc now designed and prw

duced so that they arc not wonb repairing.

Double shielding cm many elecuumechanictd items has

allowed or iequirc.d lhe use of an insulming-usuafly a

composite pla.slic+xlerior structure. Such a strucmrc can

have fewer pieces and is cheaper tian the previously tmdi-

tionrd metal slructure that required precise joining methods.

8-5.4 HYDRAULICS AND PNEUMATICS
Therew virmnfly no new techniques behg applied to

design for discard of hydraulic or pneumatic items, with

regard to their fluid nature. The techniques [hat are used are
for the mechanical, structural nature of tie items and their

design. Subpar. 8-5.1, “Mechanical”. addresses this aspect

of the items, for example. n sealed refrigeration unit that

combines a moror and a pump.
Impmved bearings md rotating seals can increase tbe life

of an item and thus make it feasible to discwd it upon ftil-

ure. This improvement occurs largely because of newer

materials rmber than because of fabrication techniques.

8-5.5 OPTICAL AND ELECTRO-OPTTCAL
Attenuation problems must be considered in the detailed

fabrication metiod. Optical md electm-optical devices
often require complicated alignment procedures in order to

function correctly and reliably. For example, in an oplictd-

fibcr communication system, the output light from the light-

emiuing d&ie (LED) must be efficiently coupled to the

fiber. Oplicaf connectors can wear andlor become contami-

nated after each insenion-remowd sequence. While a.sscm -

bling the system. workem must be protected from tie laser

mdiation, tbe components must be pmwctcd from surge cur-

rents and concentrated mdiated heat. and process controls

must & in place to eliminate any electrostatic damage

(ESD).
Even apparently small repairs on many of these complex

opticaf and electm-optical items can require a virtuak

rebuild, tbe COSIof wbicb can easily exceed the purchase

price of the original product. Thus such items are inherently

major candidates for design for dkcard.
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PART THREE
SYSTEM CONSIDERATIONS

Part lltree discusses the interactions of the design for disc~d program with the rest of the system programs during the
acquisition process. The imemctions are divided into five Mitional majOr ~=. ~e~ Meu me

1. ‘f?te information flow and documentation for the design for discard program
2. ‘llIc interface with reliability and mtintainabili{y (R&M) engineering
3. The interface with mmpower and personnel integration (MANPRfN_f_)
4, The effects on system supfmn

5. ‘he evaluation and comparison of alternative items..
The first area is similar for all specific programs that are part of a project. lle remaining interactions are essentially the same
s those required in any project, i.e., they must lM done regardless of whether there is a design for discard program or not. P=

four addresses some of the more pertinent program considerations for design for discard.

CHAPTER 9
INFORMATION FLOW AND DOCUMENTATION

The nature of the information and ifs J70w needed 10 implement a design for discard prvgram are discussed. The jrst four
areas—schedule, functional rcsponsibiliries, patterns of infornmrion J7m+,,and documentation responsibilitics+m typical of

CUD’program. The fUSI lhme areas—~pO~s. leve/ of dcfail, ~ a~il /rai/—sh0ufd be tailOred specifically 10 Ihe design fOr
discard program os they are needed.

9-1 INTRODUCTION
As used here, the [enn “mdytictd efforts” involves all

analytic nonhardwarc exercises, e.g., the preparation of prn-

gIWII P1~s, s~ifications, and rradeoff smdyses. A contrac-
tor can be required to perform any analytical effort merely

by expliciUy requiring in the statement of work that ii be

done or by invoking the program plan that contains it. l%e

nominal result of an analytical effon is a rcporl. A data item

is a report that is identifi~ in the contract as a &w item snd

must bc physically delivered to the ArmY; it is noI the work

needed to generate it. The Atmty can have access to the

repofl resulting from a analytical effort without making that
teport a data i!em. The Army. however, might wan! pruof

that the analytical effon has been done. For some tasks the
rcpon is not the major result; the major result is increased

knowledge for its preparers.
A design for discard pmgmrn basically needs four kinds

of information to function effectively. They are
1. The requirement that the design for discard program

& implemented
2. A design for discard pmgmm plan
3. Dncumcnted results of uadeoff analysis identifying

design for discard candidates
4. Reporu that document design for discard decisions

and show the prugrcss in implementing the progrsm plan.
‘f%e second and founb items arc the subject of his cbaP

ter. As is true fur any such progrsm, some data item reports

arc necesssry, but they should be kept to a minimum. ‘flte

two risks in the amount of required documentation that arc
10 be balmccd follow:

1. l%e documentation is so minimal that the conuactor
might not understand what is to be done andlor is not doing

it satisfactorily.
2. The documentation is so extensive that the contrac-

tor @Lm the Army are spending IOO ,mucb of their
resources on the paperwork rather than on tie implementa-
tion and execution of the acmal design for discnrd effort.

‘h need of the &my for a design for discard prugmm

involves, smong other dings, the bzdmcing of long-term vs
sbott-term objcktives. That is, sume design for discard
activities migh! result in higher shon-temt costs in order to
reduce the totality of maintenance snd support costs in the
long term. Contractual requirements concerning a design for
discard prugram must be stated very carefully in order [o
give the contractor as many incentives as the Army has to
achieve the short-temt and the long-temn objectives.

9-2 SCHEDULE
Ilis ptiragmpb discusses he scbcdulc in terms of plan-

ning the program and the enforcement of that PIW.

9.2.1 PL-G
ASwith other programs, such as reliability and maintain.

alility (R&M) and safety. that we essential to a project. the
d@n fur discard program must be planned. implemented
Uwmtghout the project, and monitored. ‘flte program plan

should contain at Ieam the following elements:

9-1

Downloaded from http://www.everyspec.com



MIL-HDBK-798(AR)

1. A description of what the design for discard pro-

gram is and how it will be conducled
2. A brief description of lbe inssmctions to the design

group with regard to design for discard and the method of

disseminating such instructions
3. Reference to Ibe guidelines that designers will use

or a statement that such document(s) will be c~ated, subject

to approvaf by the appropriate autboriIy. Such documents

should refer to tradeoff techniques used witi other project

objectives.
4. Description of the management structure and any

key personnel that will implement the design for, discard

program. Include interrelationships among the pertinent ele-

ments of tie management structure; in particular, tbe rela-

tionships of the design, suppon, tesl, and production

functions must be explained with regard to the design for

discard program. A concurrent engineering, or similar,

approach can help to ensure that all departments are aware
of the design for discard program and hat each department

is proactively assisting the company fulfill the design for

discard objectives.
S. Description of how design for discard relates m the

msal design and tic level of authority and constraints on she
design for discard program

6. Idemificalion of analytic tradeoff techniques andlor

models to bc used in design for discard determinations
7. Identification of the major inputs needed that will

impact the implementation of tie design for dkmrcf pro-

w
8. lle meIhcd to b-eused during design reviews 10 dis-

cuss and measure progress on the design for dkcard prn-

gram. (This element of the program plan should receive

extra attention because progress on design for discard will

generafly lm difficult 10 measure. It sbmdd also receive exus

attention when the design for discard program is relatively
m w.)

9. Brief descriptions of my familiarization approaches

for design and production” engineers nmf for managers.I
Since tie desire for discard program is relatively new com-

pared 10 disciplines such as ‘rel~abdity, maintainability. and

system safety, familiarization with the concept might be

necessary.
Design reviews should be scheduled frequently enough

so dxu problems with and progress on the design for discard
program can be evafuated and appropriate corrective action

mken. Thus no new channels for information flow are
required. There are IWOkinds of documentation:

1. Guidelines for d@ners

“flu terms ‘Inanufacting” snd ‘“production” arc considered 10
imply du same things as fsr as this bandbwk is concerned, Some
mmpanks do distinguishbetweenthe two terms, es~idly as
applied,Io enginem. bu! that distinctionis not (he same mncmg
compamcs.

2. Engineering madeoff analyses and results for spe-

cific items in which design for discsrd was considered. The
analyses are discussed in Chap@r 10, “Analysis and Deci-
sion Techniques”.

Each kind of documentation should be available a! she
appropriate design review.

9-2.2 PROJECT ENFORCEMENT

h is very desirable that no new information flow paths or

new monimring and enforcement metiods be sit up, instead
every effori should be made to integrate she design for dis-
card enforcement activities with the usual project activities
such as logistic suppon analysis. The firsI such activity is
the review of the proposal and contract. An appmpria[e
design for discard progmm plan should be required as part

of she contmclor’s proposal. Design for discard should be
important during source selection and evaluation activities.

Subsequent enforcement activities sre that tie program plan
and the guidelines for designers should be included in the

tit design review and subsequent design reviews as appro-
priate. Engineering sradeoff analyses and resuhs for specific
items should be included in all subsequent design reviews,
that is, the design for discard effort should b-e evaluated

sbroughout tie design and redesign process. For example.
the evaluation dining a design review or equivalent proce-

dure should continue Ibrough any initial production mm

during which detailed designs or production tecbniqucs can
be changed and though all engin~ring change proposals
(ECPS).

9-3. FUNCTIONAL RESPONSIBILITIES

No new infmmation paths are needed in tie Army or in

the consmctor’s organization tO identify functional responsi.
bilities. The existing information paths, if used. will be quite

satisfactory for all design for discard program needs.
Wltbin the *Y, she ~ople who prepsre a solicisstion

must be awsre of the &sign for discard progrnm nnd the rel-
ative impormnce of design for dkcard compared to osher

important project considerations. Similarly, the people who
represen! the Amy in the prepmposal conferences and who

evalua[e proposals must be nwm of [he design for dk.card
program snd its relative imponance. The engineers who are
responsible for the Army design for dkcard program must
properly inform the project manager and comrsct negmia-
Lors aiyi the seriousness with ~bich. tie hy regards she
design for discard program and the short-term costs tie
.%-my is willing to incur in Orrfer to achieve iss Iongtenn
objectives of reducing the 10M Army maintenance load. In
the aknce of clear, complcw, nnd correct information, tie

design for discsrd program might not be considered prop-
erly during the conmact negotiation process. Chapter 10,
“Analysis snd Decision Techniques”, and Chapter 17,
“COn~CNd Elemem.s”, discuss some of the details that
must be considered in this process.
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Wttbin the contractor’s organization, the design group is

rcspnnsiblc for the actual designing for discard. Tbe design

poup needs the nssistnnce and active cooperation of pro-

duction engineers, suppnrt engineers, reliability and mnin-
minabllity (R&M) engineers, imegrmed logistic supporI
(fLS) engineers, and quality engineers. Basically Ihe design

for discard program information and requirements must fol-
low tic same administrative paths that o[ber prnject require-

ments trike. The mnin destination of this information is she
bead of the design engineering group. He must ensure that

information about the design for discard prngrs.m goes to
the production md suppnrt groups so that they cm actively

coopcrme in Ibe program. llw purchasing department must
be aware of this progrmn, ns well as ~1 ofiem. sO hat they

do not unintentionally subvert” it.
‘fherc are few. if any, activities that should not LX aware

of the design for discnrd program md requi~men~ cOn-
ceming it.

9-4 INFORMATION FLOW

There should not bc a separate special advocacy group
for the design for discard program. A reasonable Incmion

for an advncacy group is among those concerned about
maintenance and suppon. Information about the design for
discmd program should flow tbrnugb the same system”*

that causes other usefal information to flow-bntb witbin
the Army and from the Army to tbe contractors.

Wltbin tlw contractor’s organization, regardless of bow

large it is, there need noI be a separate system that is con-

cerned with [be flow of information for the design for dk.-

card prngmm. l%e design for discard information should

flow through the same project cbsnnels through wbicb other
information flows. The main inpsdiment to the flow of

design for dkcard information is the intensity of the design
engineering manager’s belief in the program. He must

undemmnd the thrust of the prngram, be convinced tit
implementing it is wonb time and effort, and then enforce

the implementation witi tie educational and managerial
mnls m his dispnsaf. Similar considerations apply 10 the
flow of information to the production and suppnn gToups.

No special milestones should be created for the design for
dkcard program; design for discard should be incorporated
into cnhcr project activities and milestones, e.g., the design
reviews.,

9-5 DOCUMENTATION RESPONSIBILI.

Tll%s

There is a wide divergence of opinion on bow much sepa-
rate defivemble documentation (dsts items) should be

●For example, bnscd on heir exprience on nondesign for discard
projects. the purchasing department might consider tie pnrdons of
the purchase requests MI could greatly affect the diwmfabili[y of
the mmwials k)ng purcbawd as relatively unimpnnsnl.
●-C sysum of management. mnperminn, and enfommmt

required to execute a design for dkcmd program These

opinions range &om no documentation being necessary or
even desirable to appreciable and detailed dncumentmion

being essentiaf. ?he answer depends on the cwrcnt general
pnlicy of the Army, on the management procedures and cus-
toms of tie specific ArmY command, on the specific con-

tractor’s capabilities nnd bistoV, and on the desirable ratio
for resources of tie contractor and Army devoted m tie
deliverable documentation of the program rather than to the

subsmnce of the prngram.
There is a need m dncument the designs being analyzed

and the results of those analyses. The design engineering

grnup b~ the rrspnnsibility for those dncuments and
rcpons. [n fact, they do dncumcnt, as pan of their ordhmry
work, all major tradeoff analyses with respect to Ihe design

rcquiremems, and the documented analyses should be avail-
able to the design review group. The decisions should be
formally dncmnented via logistic suppori analysis (LSA)

and other rcponing dncuments because they drive mainte-
nance concepts, allcxatinn, previsioning, pmsonnel rcquire-
mems, etc. Such reports also provide a cciporate memory of
useful information and lessons learned for the future. The

intensity of the conmactor’s commitment to the design for
dk.card program will be d]fticuh to measure by means of
any dncumenmion.

9-6 REPORTS

A find rcpnrt dccumeming &sign for dk.cnrd activities
should be prepared. At scheduled design reviews tie design

review grnups should review the work nnd progress of the

design group with regard to the &sign fnr discsrd program
just as they do for msny kinds of analyses and tradeoffs.
Design for discnrd activities and decisions should be d~u-
memed in the design review tiinules.

9-7 LEVEL OF DOCUMENTATION

DETAIL

lle level of dncumentmion demil should bc sufficient tn
retain corporate and Army memory of what worked, whm
did no[ work, and why, i.e., it should be suitable for correc-
tive action by design engineers and management working

“on future projects.
l%c prnject responsibilities are to fulfill tie conb-actual

requirements. The cnntracl can require Ihal there bc a design

for discard prngrnm, but such rcquiremenu must not coo-
flict with expficii maintenance and suppnrt requiremems.

The important Ibing abnut design for disard is tit the
de@nem seriously consider dmigning an item with ti
intent that optimally the Army will dkard rather than repair
it. Thm seriousness, i.e., the imensi[y with wbicb designers

approach tie &sign for discard prnblem, is difficult to mea-
Sure.

‘fle Department of Defense (DoD) formal refiabllity F*

SPMS. ~m tbek inceptiOn in the mid 1951J5until tie =+Y
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1980s, were generally regarded as numtm’s games. That is,

the DoD required IJIat specific reliability anaJyses ix per-
formed and &at related reports be submitted, and tie con-

tractors fulfilled those requirements. But few people in the
DoD or industry actual] y did anything about !bose repnns—
except to ensue rhat tie paper work was done.

A similar emphasis on reports rather lban on the dcsign-
em’ intensity could cause a similar fate for the design for

discard program. Thus the level of documentation detail

about the maintenance and suppon attributes of a project

should stay as it is and not be increased because of the intro-

duction of a design for discard program.

9-8 AUDIT TRAIL

Audit trails should be established by expanding those for
oher logistic support analysis activities, The audils should

be part of the LSA audits and should concentrate on the ade-
quacy of

1. Contractor initiative in providing innovative aher-

native designs

2, Reports [o help contractors and he .%-my do better
in the future,
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CHAPTER 10
ANALYSIS AND DECISION TECHNIQUES

Thesevemlcategories of techniques and models for analyzing’ costs a= expfained Firm, (he kinds of costs that must be con-

milered are listed. Then the rhree major pem”nent cafcgom”es of analysis, namefy front-end tradeofi and ievel of repair are
expfained Finally, a perspective is provided by bn’efly discussing long-rem mi[imry goals and system requiremems.

10-1 INTRODUCTION
Oesign for discard is a program intended 10 affect the way

the Army uses ils limited resources. It is pan of the plan 10
reduce the people md money devoted to suppordng each

soldier in Lbe field while mainlining the required levels of
operational readiness. This concept is sometimes referred 10

a5 improving the “tOOth-10-taiY’ ratio of the Army. COncep-
mal mndels of actual activities are analyzed m help the deci-
sion maker perceive the logical consequences of any
decision; subpar. 2-2.4. “Realism of Mndels”, prnvides a

perspective on this process. It would be nice to have one afl-
encompassing model Ibm included sll pertinent factors
afong with tbe data to measure them under any reasonable
conditions. However, such perfect mndels do not exist.
lherefore, the ansfyst uses several models to investigate the
implications of several courses of action.

This chapter classifies mndels as front-end, tradeoff, and
leVe] Of Izpti. tbese am nOt muNFdly eXChJ5iVeUItegOIieS.
‘fle front-end analysis is done al tie from, i.e., near the

beginning, of a project and dws necessarily is quite. geneml
and approximate. A tradeoff mmfysis calculates the techni-
cal pmfcamsnce of a syswm in terms of the various techni-
cal characteristics of its elements and then manipulates
various combinations of thnse elements and their chamcter-
istics to discover what happens m the technical performance

of the system. The level of repair armfysis calcufatcs the cosI
of reuairs when done at each maintenance level. Some of
the models can intcgram tis information and indicme the
least-cost maintcnnnce level al which each msk can be done,
i.e., optimize the system.

10-2 COST ELEMENTS
The genernl cost elements for a pan could include dew+

opment, purchase, supply pipeline, test (at indication of fail-

ure). and disposaf. If tic part can be repaired, the additional
COS!clemen~ for the repair parts aad repair arc purchase,
supply pipeline(s), tesl md repair (at indication of failure),
and tCSt Of Ihe lCpti fWL ftl 1311yleVd Of l’c@I llllilfySi5
(LORA) cm repair vs discard analysis. the cost elemcnfs
being analyzed must be detailed explicitly.

The major pnlential cost elements can be ckassificd as
original parts, repair pare, manpnwer (how many pCOple)O

personnel (what skills and skill levels), facilities, insb’uc-
tional material, test equipmem, aad repair tnnls. Each cost

element is often n’eated as linear in the nandxr of items,
with a fixed cost and an incrememnl cost per wit. l%e rela-

tionship can be stepwise Iinesr, i.e., when the number of

units excetds a certain quantity, another capital investment
must LKmade to increase the facilities.

Examples of further breakdown of costs are
1. Cosf of Maintenance Facilities. Development and

acquisition, utility costs, maintenance, md upkeep
2. Support .Fquipment. The quipment itself (including

development and maintenance), the ficifities for the quip

ment, support for the equipment, dncumemation for the
quipmem, and transportation for everything

3. lnventoty. T%e invento~ ilems, unnsponation, stOr-

age space, len@ of the supply pipeline, tie inventory dam
system, entry into and retention in the dma system, and pur-

chasing and supcrvisorj personnel
4. Maintenance and Supply Personnel. Labor bows,

baiting facilities, uniting @crsonnel, training dncumcnm-
tion, lcngb of time such personnel remain in maintenance

or supply, and sup-mvisnry and clerical personnel.
lmfmrtnm data related to costs are menn time between

removals (Ilk is not. necessarily qual !0 mean time
between failures:), fraction of removed items that are gwd.

mean time 10 repair, yield nf the repair prncess, md dumbil-

iv.
Other major cqst.s dining the life of a component am

1,. Stockpile. ‘l%e cost of a stockpile depends on the
physicaf and chemical environment desired in the stockpile.
Compnnems must be checked at appropriate intervals. nnd

nonconforming items must be dkcarded.
Z. Logistics. IIM componenl type must be entered inm

the bookkeeping pan of tic supply system. Sufficient num-
bers of the component must he available m fill the &lsrnb”.
tion pipelines. A sys[em must exist to dispose of the
discarded components. All logistics involve adminismwive
COSLS;keeping track of warrsnt.?d components snd exercis-
ing the warrnmy involve appreciable administrative time.
Admiaistradve lime is inc~ not onfy by administrative
clerks bw afso hy operators, repairmen, and supcrvisom.
These costs cm be very important and must be evaluated
when applying a design for discard pmgrarn.

3. Testing. Testing requires trained people and the
tonk hey nd, the purcba.u and suppnrt costs of the. test

equipment can be considerable. BOIII the component i@f
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and tbe system of which it is a part must he tested. Some

share of the latter cost must he allccated to the component.
Simpler testing with cheaper equipment and lower skill lev-

els is always desirable.
4, Replacement! Role. ’21m “function” of a component

includes a minimum reliability and testability. A component

is replaced E=cause m operator or rcpairnmn decides 10 do
so, regardless of whether it is acv.tally dcfeciive or not. l%e

cost of usc is ordinarily not an absolute numbec it is a rate,
e.g., cost per mile or cost pcr hour of mission opcmtion.
‘f71us an item tftat costs lwice as much but is replaced one-

third as often as a base item is cheaper than the base item.
5. Downrime. When a component fails, system’perfor-

mance is usually degraded or stopped. During that period
the soldiers who are using or dependbtg on the system are
not being supported properly. Although such cost cm bc dif-

ficult to calculate in money, it is imporlam
6. Sma!egic Maren”als. A component that uses mmeri-

ds that are not readily replaceable in the short term ccm-

sumes a valuable resource that is not measured in money.
The use of strategic materials should bc avoided when il is
feasible 10 do so, See par. 7-2 for a further discussion of

swategic vafue.
7. Training. The total cost IOtrain repair people to test,

remove, handle, and replace the component can be consid-

erable. Insofar as the component is an end-item, the cost of
mining people m use it must be included in an overall cost.

The mos! desirable dcs@ for discard does not adversely

affect the costs to train repair Fople.

10-3 FRONT-END ANALYSIS
A front-end amdysis is one thaI can bc done very early in

the project with only minimal data about the system. Many

decisions arc made very early that greatly affect the direc-
tion of the project, and by necessity they are made with very
incomplete data. ‘llIc “Pafman Repair versus Dkcard

Modef”, described in Table 10-1, is an snafysis program that
can be used at the from end of a project to determine design
for discard potential.

An impmmm application of a design for discard program
is [o find tbc drivers-the few concepts andlor items that
determine some system parameters-for the system life

cycle cost, manpower, and personnel. When using such
models, it is essentiaf to run sensitivity analyses for as mmty
assumptions md input data as feasible. The sensitivity anal-

ysis aflows the analyst to learn which assumptions are most
critical to tie predictions” from the model. Then more atten-

tion must be paid m the validity of those critical assump-
tions, and less attention can be paid m those whose exact
value is not ve~ important.

10-4 TRADEOFF ANALYSES

Tradeoff analyses basically compare the effect on a sys-
tem or equipment of making chmtges in various system or

equipment parameters. For example, the modeled effect on
system availability could be calculated for changes in the
maintenmce concept. or changes in some measure of opera-
tional readtness could be calculated for changes in system

reliability. These analyses are most, important during the
concept exploration and definition and the demonsuaticm

and validation phases when many of the system and project
decisions are being made. Viiually any equation or system
model or project model can be used for tradeoff analyses.

Many logistic suppon analysis techniques from AMC-P
700-4 (Ref. 1) can hc used to armlyzc various IYpes of tmde-

offs. Two important techniques, ‘“Army Hardware versus

Manpower Comparability Analysis”, which is described in
Table 10-2, and “Early Compatibility Analysis”, which is

described in Table 10-3, am recommended for manpower
md personnel integration (MANPRINT) in materiel acqui-
sition process evafuatimts. Early comparability analysis

(ECA), which is described in .Tablc 10-3, is also recom-
mended as a useful Army tml to use before a contract is
awarded.

10-5 LEVEL.OF REPAIR ANALYSIS
Level of repair amsfysis is a technique amflor methodol-

ogy used to establish the main~enmce level at which a“ item

TABLE 10-1. PALMAN REPAIR VERSUS DISCARD MODEL (PALNL4N) (Ref. 1)

PURPOSE
‘To evafuate the brcakcven purchase cost far an assembly between a repair end discard concept?

DESCRfFTfON

‘The PALMAN mcdel calculates a brcakeven cost based on various iripuI vm”ables over a range of expected deployment
densities. If the actual (or expected) cost of procuring an assembly exceeds the model outpul the assembly should he repaired;
if less, the assembly shouldlx discarded. Although the f’ALMAN model was designed for a single maintenance level, adjusting
variable inputs cart dfect a D&t Support, General Support, or fkpm nmintenan~ location. ~em is afso an expanded sccticm
coveting initial provisioning costs. There are three general limitations to the applicability of the model: (1) the mndel only d-
IOWSone maintenance level; (2) no subassembly repair is allowed (i.e., all parts removed to repair tie main assembly are cott-
sidercd nonrepairable itemsk and, (3) the model assumes only one Depot. ‘flus.? limitations only restrict $e mode~s use mtd
do not make it uriacceptable for repair versus discard amtfysis,especially in the earlier stages.”
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TABLE 10-2. ARMY _Wm VERSUSMANPOWERCOMPARABILITYANALYSIS
METHODOLOGY (HARDMAN) (Ref. 1)

PURPOSE

‘To estimate the manpower, personnel pipeline. and institutional training requirements of pro@ed materiel system concepts
prior to Milestone I and thereafter.”

DESCRIP’STON
‘me estimates are used m evaluate the Msrtpower, Personnel, and Training (MPT) impact of sys!em concepts and to deter-

mine how concepts may be altered to save requirements. The estimates feed pro,grsm docurnems (e.g., Qualitative snd Quan(i-
mivc Personnel Requirements Information (QQPRf). or COSt ~d Ow~~Onfd Effectiveness ~~ysis (cow)) ~d ~Y bC
used at Army System Acquisition Review Council (ASARC) reviews.

“Components fmm the current inventory are selected to represent compmmtts on the conceptualized system. The selected
components arc the Baseline Comparison System (BCS). Tusk data fmm the BCS components are used to estimate the workload
that will be required by the conceptualized system when fielded. The workload is used to estimate the quantity and types of
direct manpnwer required and the number of personnel required in tie personnel pipeline. Institutional omitting requirements
are estimated based on training rquired by the BCS components.Thus a set of BCS MPT requirements data is generated. An-
other set of data, the propused system. is UISOgenerated. For this set of data the BCS is mudfied 10 represent new designs and
known improvements in technology. Also included is a [n] Mm data set for the system that will bc replaced by the new system.
Comparison of the replaced system (predecessor) with the other data sets enables a determination as to bow fielding the new
system will affect MPT requirement levels.”

TABLE 10-3. EARLY COMPARABILITY ANALYSIS (ECA) (Ref. 1)”

PfJRPOSE
‘“f’o identify the tasks which are costly in manpower, personnel, and mining (MYf’) resources (high drivers) in predecessor

or reference systems most comparable m the system under development.”

DESCRfPTf ON’

‘There wc three interlmking objectives for ECA (1) the establishment of soldier tasks as a common language for system
&sign; (2) the identification of prcdcccssor system tasks and putcntiaf new system tasks Utat arc costly in MPT resources (high

driven): and. (3) the limitations of bigb drivers in contracted design by addressing MPT in planning, requirements, and con-
oactual dncuments. The ECA tccbniquc is a 12 step martuaf prncess. ‘l%e 12 manual steps of the ECA methodology arc:(I)
Determine if m ECA is appropriate; (2) Identify nslevant MOSS [mifitary c=cupationd speciaftiesl that operate, maintain, and
repair the predecessorlrcference items selected for study in Step 1; (3) Collect cuntpletc task fist by MOS and major cnmponent
for the equipment under study; (4) Collect data On task criteria = it rdates 10.each s~cific ~k; (5) Assiw ValUeS f~ %k

ctitetiu (6) Calculate the ECA bask score; (7) Identify high drivers; (8) Conduct task analysis, (9) Conduce learning analysis;
(1O) fdentify deficiencies; ( 11) Determine solutions; and, (12) prepare repnrt.”

will bc replaced, repaired, or discsded. LORA is explained l%e three general classes of LORA mudels are for mla-

in mom detail in Ref. 2. Ultimately, the LORA results and lyzing

outputs do the following: 1, System and Eml-lwm. lle two mndels that follow

1. fxad to the assignment of the maintenance potion arc the most pnpular and the most useful:

of the Source, Maimenance, and Recoverability (SMR) a. ‘Optimum Supply and Maintenance Mndel”

Codes of AR 700-82 (Ref. 3). These cudes assure unifor- describcd in Table 10-4

mity snd provide a means of intersen’ice communication uf b. “’Logistic Artnfysis Mode~ described in Table 10-

in fortnation on multiservice equipment. 5.

2. Ruvide a basis for development and assignment of 2. Subsystem and Item. See the system and end-item

maintenance tasks for a maintenance skcation cbari mndels in tic preceding class.

(MAC), which aids in the organization of tccti,cal manuals 3. Specific Aspects of Repair. Example mdels arc

3. Ruvide data to tie Logistic SuppOrs Analysis a. “Palmnn Repair versus Dkcard MndeY’ described

Record (LS.AR) and the reliability, availability. and main- inlAble 10-1

@inability (RAM) programs, depending upon the life cycle b. ‘Test Rogmrn Set-Cost-Effectiveness Evafua-

phase in wbicb the LORA is conducted tion Mnde~.

4. fnffuence and arc influenced hy the maintenance fn a design for discard program LOW can be used in

concept as pat’s of the LSA prncess. two ways:

10-3
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TABLE 10-4. OPTIMUM SUPPLY AND MAINTENANCE MODEL (OSAMM) (Ref. 1)

PURPOSE
‘To simultaneously optimize supply and maintenance policies while achieving a given cqxrmional availability target?

DESCfUfl_fON
‘OSAMM determines at which echelon each maintenance function should be pm-formed, or whether the maintenance func-

tion should be eliminated (i.e., it does repair versus discard unafysis as part of the LOW prucess). OSAMM incorporates the
same supply algorithms as the SESAME model contains. These afgoritbms optimafly allocate spares to achieve a required op-

erational availability god m minimum COSI.In making the repair level decision, the model considers the spares, test equipment,
and repairmen that will be needed 10 support the maintenance policy. Other costs such as transportation, camfoging, documen-
tation, and Test Program Sets (TPS) are sfso considered.

“OSAMM considem three levels of indenture within an end-item: components modules; and, piece pans. Failure rates are
input by failure mude. Four echelons of maintenance are considered: Organizational; Direct Suppon Unit (DSUh General Sup-

POII Unit (GSU): and, depot.
‘“OSAMM has three run mcdes. The fmt mode determines at which maintenance echelon repair should be performed given

one method of repair. The second mode considers up 10 three methods of repair, determining the prefemed method of repair and
m wha! echelon repair should be prformed. The third mcde considers screening or GoINoGo testing, which is used to verify
hat an item has indeed failed before it is sent back for repair or is discarded.”

TARLE 10-5. LOGISTIC ANALYSIS MODEL (LOGAM) (Ref. 1)

PURPOSE

‘To provide a tool for the evaluation of ahemate suppon postures for Army equipment.”

DESCRfPTfON

“LOGAM is a deterministic model stntcmred to perform logistics analyses in maintenance suppon simations where the em-
phasis is on the suppon channels required for a diversity of operating equipments. LOGAM cm be used to evaluate aftemate
maintenance posmres on the basis of LCC [life cycle COSII.Ahhough operational and maintenance costs are emphasized, the
model accounts for development and investment costs of prime and test equipment, spares, and facilities. In addition to the
maintenance costs, LOGAM has the capability to evahtate theater O&M [operation and maintenance] costs from a TOE [table
of organization and equipment]. TOE maintenance personnel costs can be evafuated from personnel data. Costs are primed m

the theater level (case Iotaf) using both the LOGAM and DA pAM 11-4 formatlsl. LOGAM maintenance analysis is based on
a four tier suppun system (i.e., orgmizntion, direct suppn, genemf support, aitd depot).

Wte test equipment and manpower demands are determined by the flow of materiel ata suppori echelon generated by the
I maintenance incidenr rate, mean time between maintenance actions, the on time fmction, scrap rate, false no go rate, and attti-

ticm. The maintenance demands and spares requirements aI a support echelon me a result of the maintenance policy(s) used.
LOGAM bias 20 different mainmmmce policies to select from. Tlc user can elect to choose any one of these policies or any
combination of policies.”

1. Items currently listed as repairable bw whose

LORA suggests that discarding is a feasible alternative can

be scheduled for redesign as discardable items.
2, Almmative designs in new development or product

improvement can be evaluated by LORAS until a reasonable

design is evaluated as discardable.

10-6 LONG-TERM MILITARY GOALS
‘f%e long-term, broad goals generated by the combat

developer we important and must be advanced by the

design for discard process. A main element of tie design for

discard philosophy is a long-term commitment to improve

the “too[h-to-tail” ratio of the tiy, i.e., a larger fraction of

the, personnel and materials is dedicated to the battfe

because of the reduced support requirements. Too much

emphasis on optimization for short-term results readily

leads to neglect of Iong-term goals.

An example of long-term, broad goals is the AirL.and Bm-
tle concept (Ref. 4). l?te AM-and Battle concept is based on

securing the initiative and exploiting ii vigorously. ‘fhe

basic tenets are initiative, agility, depth, mtd synchrcmim.
tion. Two impomnt elements of AirLmtd Batfle are

1. Combat Resilience. A weafxmt-system characteristic

that pxntits an incapacitated weapon system to be restored
quickly 10 some needed, useful, although possibly degraded,
operational capability with the expedknt resources avail.

able on the bntdefield (Ref. 4)
2. Battlefield Damage Assessment and Repair

A design for discard pmgmm could enhance these two ele-

ments of AM-and Battle by making repairs easier and less
Costly.

1O-4
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10-7 SYSTEM REQUIREMENTS 3.
Ile system requirements for parameters such as pmfor-

mmce, reliability, and maintainability are generally Iixed.

In discussions about rhe effect of design for discsrd on sys- 4.
mm m subsystem requirements, it is imporlam m remember
that a progmm is nol allowed to degrade any requirements.

?he contractor would be able to make appropriate tradeoffs,

e.g., htween pmfommnce md reliability, within the system

structure and components so that those requirements were
not appreciably exceeded. The goal is io have the design fm

discard program reduce rhe initiaf snd maintenance costs ~,

and impmve the reliability. maimainabOi(y, and pmfor- ,

AR 700-82, Joint ReguIarion Gowming the Use and
Applicalicm of Uniform .$ourre, Mainrenaflce, and

Rccoverabiliry Codes, 8 November 1971.

WNiam M. Shepherd, “AirLkd Bmtle in rhc 21st Cen-

w“, Proceedings: Annual Rc/iability & Main@inabi/-
ify $mposium, Las Angeles, CA, lanusry 1988, pp. 40-
5.
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CHAPTER 11
INTERFACE WITH R&M ENGINEERING

Theinre$ace of reliability and maintainability (R&M) cnginccting and their q.ssociated task-! wifh design for discani is

addressed in three main. categories: reliability engineering. rdiability-centered maintenance, and maintainability engineering.
Three cn”tical measures of reliability ars discussed under diability enginecn”ng: mission reliability, operational rerdiness,
and sustainability. Even though msrability is a subcategory of ntainfcnance, its interface with design ‘for discani is so impor-
tant that it is treated scpararely.

11-1 INTRODUCTION
A design for discard program has a critical interface with

reliability and maintainability (R&M) engineering because
a design to increase discardahility can affect the R&M of
the system and its elements. Convening a repairable item to
a discardable item has little effecl on maintainability at the

unit level of maintenance. Such maintenance is primarily
test, remove, and replace, regardless of the discwdability of
the removed unit. A design for discard pmgmm can greatly
sffcct reliability, but the system must still meet its reliability
rcquit-ement. Testability and a design for discard pmgmm

have an impnt’mnt interface lmause excellent testability at
the unit level of maintenance is essential for cost-effective
discardability.

Because a design for discard program is merely a part of
a project. many project tradeoffs will be made that involve

discmdabilit~ and affect the R&M. Engineers must mee! the
R&M requ~ements of the system rc~ardless of the exist-
encz of a design for discard program. Some of the following
paragraphs explsin the R&M concepts.

11-2 RELIABILITY ENGINEERING
Reliability engineering is that set of design, development,

snd manufacturing tasks by which reliability is achieved
@cf. 1). The existence of a design for diward program dries
not affect the importance of rcliabihty engineering msks in
particular, it does not decrease their importance. Tasks that
immlve the organization of knowledge about potential fail-

ures rela!e panicuhdy to a design for discard program
because items that need kequent repair or replacement rue
likely candidates for a design for discard program. Of all the
reliability tasks in MIL-STD-785 (Ref. 2) that involve reli-
ability engineering, the most common md helpful is Task
2fM, ‘“Failure Modes. Effects, and Criticality Analysis
(FMECA)”.

Severid aseful concepts pertain !0 tbc ability of the sOl-
dicr in the field to rely on the weapon” systems. Three such
concepts are mission Aiabllity, opcrmional readhess, and

sustainability. The first is generafly applied to a specific
item. the other two genendly refer to art Army unit.

11-2.1 MISSION. RELIABILITY
Mission reliability is ‘The ability of un item to perform

its required functions for the duration of a specified mission
profile.”’.The mission pmtile is “A time-phased description
of the events and environments .m item experiences tlom
initiation m completion of a specified mission, to include
the ctietia of mission success or criticul failures: (Ref. I).
This concept is important for most i!ems with reliability
requirements,

An item to be used in several different places snd for sev.
mat kinds of missions could have a minimum mission reli-
ability specified at each environmental extreme.

11-2.2 0PERA770NAL kJZADINESS AND SUS-
TAINABILITY

‘Operational readiness. IIIc cafdility of a uttit/fOrsna-

tion, ship, weapnn system, or equipmenI to petfonn the mis-
sions or functions for which it is organized or designed.

YAMainabifity. The abiity to maintain the neccssq
level and duration of combat activity to achieve national
objectives. Sustainability is a function of providing .utd
maintaining thoss levels of force, materiel, and consum.
ables necessary to suppcnt a military effon.” (Ref. 3)

Opemtiotml readiness and subsequent sustainability are
among the most critical characteristics of any materiel that
is rquimd to suppon the soldier in the field. WMtout them,
all missions fail. If tie design for discard program degrades
operational readiness attdlor sustainability in any way, the
analytic models used in tie design for dkcard analysis arc
grossly inadquam. Savings prnduced in the logistic tail by
the design for discard pmgmm could be used for the soldier
in the field to improve operational readiness andlor sustain.
tillity.

Att element of sustainability is combai resilience, which
is related to battlefield damage assessment qttd repair
(BDAR). Design for discard could expdtc BDAR deci-

sions kccause of reduced testing needs. Also the Army is in
the process of formulating a design requirement for combat
resilience (Ref. 4). As those rquircments uttd pmgmms are
itnplements!d, the models and p“mgrams used for level of
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repair analysis (LORA) will consider them. Such consider-
ations will probably involve more complicamd tradeoffs
than now exist.

11-3 RELIABILITY-CENTERED MAINTE-
NANCE

l%e intent of reliability-centered maintenance (RCM) is

m reduce the amount and kind of preventive maintenance
(PM) to what is essential and cost-effective 10 preserving
the appropriate safety and reliability characteristics of the
system. In principle, the interface between design for dis-
card and the RCM philosophy and techniques is exactly the
same as i! is for repairable items; only the effecu and out-
come of RCM are different. RCM is a systematic approach
to mmdyzing tbe item-system or equipment-refiability
and safety information to

1. Determine the feasibility and desirability of PM

tasks
2. Highligb[ maintenance problem areas for design

w view
3. Estabfish a cos[-effective PM program for the i[em.

h is desirable to design any item to require as Iittfe PM as
possible. When PM is necessary and done properly, it
enhances the reliability and safety of the system. However,

PM consumes AnnY resources, and there is afways some
risk that PM will be done improperly. llerefore, specifying.

PM involves tradeoffs, which is the rationafe for RCM; dis.
cardable items can implement RCM better because their
internal repair need not be considered. ‘f?te existence of a
design for discard program dms not affect the importance of
RCM; in particular, it does not decrease imfmtance.

11-4 NL41NTAINABILITY ENGINEERING
Maintainability engineering is thaI set of design, develop

ment, and manufacturing tasks by which maintainability is
achieved (Ref. 1). The primary reference for maintainability
engineering is MJJSTD-470 (Ref. 5). Maintainablfity of a
discardable item is irrelevant except for testability, i.e., once
an item is determined 10be satisfactov or not, maintainabil-
ity ceases 10 be relcvam. One of the goals of the design for
discard program is m improve maintainability when feasib-
le, If there is an existing maintainability requirement, the
design for discard program is prohibited from reducing
maintainability below that requirement. The mainminabifi!y
of the msscmbly where the discardable item is located may
be affected. lle elimination of a need for higher levels of
maintenance can appreciably impmve maintainability.

11-5 TESTABILITY ENGINEERING

Testability engineering imhm set of design, development,
and ,manufacturing tasks by which testability is achieved.

Testability is “A design characteristic which aflows the sta-

tus (operable, inoperable, or degraded) of an item to be
determined aid the isolation of faults within the item to be
performed in a timely manner.” (Ref. 6). The several risks
associated with testing can be classified as

1. The test can damage the item if done improped y or
if the test equipment malfunctions,

2. A conforming item is declared nonconforming or to
be among a gToup of suspect items (ambiguity groups),

3. A nonconforming item is declared conforming.
4, ‘f%e group of suspect items is unreasonably large.
5. ‘he test dcxs not exercise the item under afl envi-

ronments (bmh internal and external) in the mission profile,

~S risk leads to Risk No. 3.
6. The fault is intermittent and dxs not show up in the

test. This risk is relamd IO Risk No. 5.
Because these risks are importkmt but rarely known well,

the LORA program should allow sensitivity amdyses for
these parameters. The risks are affected by tie quality of the
test equipment, the skills of the maintenance personnel, and

the time available m do the job. Some items may have m be
sent to a hlgber maintenance level where the magnitude of
these risks can be much smafler. If the design for discard is
done well, both the tesI equipment md [esting skills will be
reduced. In principle, the interface between design for dis-

card and testability is exactfy the same as it is for repairable
items: only the effects and outcome of testability consider-
ations and analysis am dhTerem,

Par. 5-2, ‘Testability”, discusses these problems in more
detail.
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CHAPTER 12
INTERFACE WITH MANPRINT

Theime@ceof design for discaml with manpower cmd personnel integmtion is .@ainsd in the following si.s domains:

human factors engineering, manpowcc personnel, rminin8, health hazastl asscrsmcnt, and system safety.

12-1 INTRODUCTION

A design for discard program has a critical interface witi

manpower and personnel integration (MANPR3NT)
bccausc a design to increase discardability can at%ct ihe
manpower and personnel needed for the system and its ele-
ments. Convening a repairable item to a discardable itcm
can have a significant effect on the manpower and pcrxonnel
needed m higher levels of maintenance. The requirement for
the MANPRINT program is in AR 70.1, $xfems Acqrcisi-
tion Policies and Procedures (Ref. 1). AR 602-2, Manpower
and Personnel Integmtion, (Ref. 2) is the basic regulation

for the MANPRLNT program.
MANPRfNT is an umbrella concept used to imcgrate

combat. training, and materiel development with pcrsonnd
resources, capabilities, and constraints during all life cycle
phases of materiel systems. his to have equal priority with
all other system chamcIcristics. lle pmgmm is cancemcd
witi six domuins of activities: humun factom engineering
(WE), manpower, fm%onnel, training, health hazard as:ess-

mcnt, and system ssfety. Each domain of activisy is
addressed in a separate paragraph witi regard 10 the possi-
ble effects of a design for discard program. In principle, the
interface between design fnr discard and MANPRINT phi-
Iosaphy and techniques is exactly she same regardless of tie
existence of a design for dkcard pmgmmc only tic effects,
e.g., changes in manpower aud skills, might d! ffer.

12-2 HuMAN FACTORS ENGINEERING

Human factors engineering is implemented by AR 602-1
(Ref. 3). T%. major SOW. documents for this msk arc MfL-
HDBK-759 (Ref. 4), MIL-STD-1472 (Ref. 5), and MfL-H-
46855 (Ref. 6). T%e scope of human fac[ors engineering, as
described in AR 6432-1. includes many of the areas identified
in MANPRINT. The basic factors of tie man machine imer-
face, such as ambmpameuy, dexterity. and alenness, MCthe
same regardless of she presence of a design for dkcfmf pro-
gram, although some differences in skill specialties and

reduced maintenance actions may exist.
In principle, the interface between design fnr dixcvd and

human factors engineering is cxacily the same rcgmdless of
the existence of a &sign for discard pmgsanx nnly the
effects might differ. e.g.. the fact that ponions of she item
are nomepairable is irrelevm! m human factors.

12-3 MANPOWER
One of the major purposes of the design for discard pm

gram ducasghout the Army is tn reduce appreciably the

number nf supfwn fxrsmmel needed. ‘llw intended direct,

shon-tem effect is to reduce he “number of maintenance
personnel at the duect suppon, general suppon, and depot

maintenance levels.
The intended indkect, long-term effect is that reductions

in maintenance pmonnel will reduce the number of people
wbo suppon and train those maintenance personnel. That is,

here is a ripple effect when the numhcr of maintenance per-

sonnel is dccrcased. The mnouncof quipment and facilities
used by she remaining maintenance pmonnel is decreased.
‘flus the need for maintenance personnel is reduced fimher.
I%c need for maintenance personnel training is reducccf, so

che mcber’s, quipmens, snd facilities used in me schools

arc reduced. ‘he need for manpower in the supply line aad
prepming maintenance manuals is reduced. The ~atest

savings come when a training institution cm be eliminated
entirely kcause there is no need for it and tie overhead -.

asstilated with that institution can disappear.
h is impmsrmt, however, to understand “and account for”

cons.tints that can exist on the size of maintenance crews _
or a training instimtion. For example,

1. The minimum size of a maimenance crew could hc
dicsmed by system safety considerations.

2. Manpower allocations could he subject to the needs
nf other programs, such is combat resilience, which empha-

sizes battlefield damage, assessment, and repair (BDAR), in
wbicb the wartime rcquircmcnts can be different from tie

pcamdme rquiscments. ‘he AnnY has addressed BDAR in

M33--M-63OO3 (Ref. 7).
h is sclatively ea$y to include the direct, short-terra

effects of dkcmdablliry on manpower needs in the analytic

level of repais analysis (LORA) mmlels and associated
computer programs. The abllit y 10 include and scparmel y
weight tie indxect, long-term effects, imcrmcdate-terrn

inmsient effect.s, and my constraints on the size of mainw-
nancc crews should be buih into dmse LOW. models and
computer pmgmms.

12-4 PERSONNEL

A major purpnse of be design for discard program”
Uuougbom the Army is m reduce tigmificantly the skiIl lev-
els required of SUPPOIIpersonnel in the Ann y. For example,
if the item is not m bc repaired, thece is no need m train pew
ple m repair iL l%e intended dirccl shmt-term effect is to

reduce the skill levels required of many maintenance pcr-

sqmel m h field and depot maimenance levels. Because”
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much repais at the unit level of maintenance is remove and
replace, the skill levels needed there will not change much.

U an item can bc removed without testing, the skill level

required at she field maintenance level will decrease, bul if
specialized testing is necessary before replacement (for dis.
card), those skill levels might increase. What acmally bap-
pcns to the skill levels needed for testing depends on how
many resources she Army devotes during development to
improving [essability.

The inlendcd indirect, long-term cffecl is to reduce the
numbm of highly skilled and trained ~ople who tin she
maintenance personnel. The required minimum skill levels
could also bc affected by other programs, such as combat
resilience.

12-5 TRAINING

Sometimes a new system is immduced to replace a
repairable item; lhus additional training at the depot level is
required. If this system has dkmrdable components it

decreases training requirements in the field. This reduction
in smiting requirements resulss in simpler test equipment
and less smiting for the people wbo maintain she [est equip-
menL so the overall result is a large decrease in training.

As ssmed in par. 12-3, “Manpower”, and par. 12-4, “Per-
sonnel’, for the unit level of maintenance, the manpower
and personnel will not be affected very much by a design.
for discard program. Therefore, the training resources
needed for shose people will remain almut she same.
alshough she specifics of mining maybe different. For the
remaining levels of maintenance, she short-term and inter-
mdlase-term nc=ds will semain about she same for IWOrea-
sons:

1, h mkes time for new-development items (includlng

the changes due to a design for discard program) to reach
the soldier in the field.

2. The transient effect when both dkcardable and
repairable items arc available for the same system might
cause a slight increase in training needs simply because
sherc src more types of i!ems that must be inclu&d.

fn the long term, over a perind of several years, shere can
k a gradual decrase in both the numbers of people to be
smined and the kinds of skills they must receive. This reduc-
tion will reduce the AMIy’S need to compete with the private
scc!or for she most skilled and highest aptitude people.

12-6 HEALTH HAZARD ASSESSMENT

b principle, the interface between design for dkcard snd

health hazard aascssmen! is the same as it is for repairable
item% only the effects and outcome of the assessment might
LXdifferent. lle amounl and ype Of wnrk dOne 10 fiSeSS
heafsh hazards will not change appreciably solely because

of n design for dkmsd program. There will always bc new
or revised materials and fabrication tccbniques on the mar-
ket !hal can be used for making a device. Every potion of

every item is dkposed of sooner or later, so a design for dis-

card program ‘does not, by itself, introduce the problem of

discard imo Amy procedures.
A design for dkc%d program, however, can intensify the

search for nommditional materials, fabrication techniques,

and disposal processes. Thus
1. Dining design, the Army might have mdevote more

sesources to health hazard assessment shan in the past. For

example, if more IYPCSof items are dkcarded from she pur-

view of the Army at the unit level, the resources used during

design m analyze hesftb bamrds will have to be increased.
2, his not possible to predict whesher or no{ design for

dk.card will reduce health hazards. For example, some alter-

native materials may insmduce more health hazards than the

original materials.

12-7 SYSTEM SAFETY

fn principle, the interface between design for discard and

system safety is the same as it is for repairable items; only

she effecss and outcome of the analyses might bc different.
The amount and type of work done to ussess system

safety will not change appreciably solely kcause of a

design for discard program. Insofar as there is less need to

maintain indWidud components of the system and thus

sbere is not as much handling of items, system safety can
improve somewhat. Access to pms of *C system will

change for dk.cardable items; this problem is discussed in

Chapter 6.
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CHAPTER 13
EFFECTS ON SYSTEM SUPPORT

lle cflecrs of a design for discard program on syslem supporr ore explained in terms of seven general caregon”es as foliows:
the rrrainremwrcc concep[, inregmtcd logistic support logistic supporr anal~sis, inveruory effects, repkrrishmcrrt of spares,

maintenance training, ond nrainterrance manuals.

13-1 INTRODUCTION

me main purpose of a design for discard prng?am is to
reduce tie amount of Army resources devoted m systcm
suppcm, espcciall y over the long term, and yet maintain the
electiveness of the weapon systems, For this to happen
some rradeoffs am usually necessary among various mea-
sures of effectiveness such as life cycle cost (LCC) and
combat resilience. A design for discard program rhat is not
limited by shm’r-term considerations will be useful regard-
less of the measure of effectiveness.

‘fbe maintenance concept is set early in the acquisition
process, it should encourage discardahili!y at she highest
practical assembly level. lle elemens of logistic suppon
must be analyzed and rraded off with each orher in order to
achieve m optimum bafance of system objectives and
requirements. Several specific clcmems of system suppon.

such as inventory size, replenishment of repair pans, maim
tenance mining, and mainunmce mamcafs, cm in fcract sig-
nificantly wilh a design for dkcard program

13-2 MAINTENANCE CONCEPT

‘flIe maintenance concept is a general policy, rather than a
rigid set of procedures, intended to constrain and guide the

designers as they implement the formaf requirements of rhe
system. Maintenance bm IWOmissions

1. The mission of peacetime maimenance is 10 maxi-
mize equipment readiness and service life.

2. lhe mission of battlefield maimtcnaace is to help
win the bartfe, aad time is a major consideration.

The maintenance concept can be broken down into [be
following four major categories: the functional layout of the
system for maintenance purposes, rhe equipment indenture
levels at which malfmrclions are tested and diagnosed, the

pbilosopby of usi and diagnosis, and the skill levels of
maintenance personnel for test, diagnosis. isolation, and
repair. Electronic systems tend to have quite di Kerem main-

tenance characteristics from mdraaical systems.
Elecrrnnic systems tend to be difficult to diagnose and

CaSY m fix-just r’eplme the offending madule-i.e., diag-
nostic mettmds am * driving factors in mainrenmrce. ‘fbe
specifics of their maintenance lend [o become fixed during

engineering development, which is when the diagnostic
details are planned.

Conversely, mechanical systems tad to be easy to diag-

noae and difficult to fir. thus their maintenance details tend

13-1

to become fixed during engineering devclopmenh which is

wbcn rhe packaging details are planned.

13-2.1 FUNCTIONAL LAYOUT OF SYSTEhl

The functional layout of a system greatly affecrs the
maintenance concept, but maintenance is ord y one of many

factors that affect the functional layout. A design for discard

program emphasizes raising the hardware indenture level at

which discard is feasible, e.g., (l) piece pan to line -replace-

able unit (LRU), (2) sbo~rcplaceable unit (SRU) to LRU,

or (3) LRU to end-item. llds is an additional consideration

in the functional layout rhat perhaps can provide more flexi-

bility in planning the layout. Although the design for discard

program does not affect the need to perform tlds activily, it

can exen a strong influence on the outcome.

13-2.2 HAXDWARE INDENTURE LEVEL
Because a design for discard program emphasizes raising

the hwdwarc indentare level m which discard is feasible, it

significantly affecta tie hardwwe indenture level al wbicb

malfunctions are detected and to which malfunctions need

to be isolated. (ienemlly, a higher hardware indenture level

for dk&.rd allows a higher hardware indenture level far

detecting and isolating malfunctions.

13-23 MALFUNCTION DETECTION AND
DIAGNOSIS

A design for dk.card prngmm ha a negligible effec[ on

bow malfunctions are detected, except for rhc effect due to

dM hardware indcnmm level at which the detection takes
place. lle design for discard pmgmm cm, however, place

more srringent requiremcnra on the several kinds of inaccu-

racies in the diagnosis and isolation activities for rhe main-

tenance level at which discard acmafly occurs.
A design for discard program could have some effect cm

how decisions ax made abou[ the mndrde 10 be replaced. At

the tit tintc~m level the hardware in&nturc level for I
module replacement would not k lower ~cause much of

the repair is by remove aad replace. At higher maintenance

levels. she decisions could & simpler because them prnba-

bly would bc fewer items at tie lower hardware indenture

levels.
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13-2.4 MAINTENANCE SKILLS
A major purpose of the design for dkcard program is to

reduce the number of maintenance people for whom high
skill )evels are required. The skill levels are stiihcd from
lower hardware indenture levels to higher hardware inden-
ture levels and from the ability to repair to dx ability for
minimum-cmor testing. There is a major interaction
between the design fnr discard pmgrma nnd setring of mnin-
mtlmlce skills.

13-3 INTEGRATED LOGISTIC SUPPORT
(IL.-S)

Logistic suppon is the ‘Sprovisiorrof adequate materiel
nad services ma military fmcc Ioassurc successful accom-
plishment of assigned missions: (Ref. 1).

lntegramd logistic support (fLS) is “A disciplined

approach to the activities necessary WE (a) cause support
considenuions to be integrated into system and equipment
design, (b) develop support requirements that arc consis-
tently relamd to design and to each other, (c) acquire tic

required suppon, and (d)pruvide the rcquircd support dur-
ing the opern[ional phase al minimum cost.”. (Ref. 2)

13-3.1 ELEMENTSOFILS
Theelemenlsof fLS are”

1. Dcsignlnp?uencc. ’fhkelementi st her elationship
of the logistics-related design parameters of the system to
its prujectctf or actual readiness suppnrt resource require-
ments.

2. Mainremmcc Planning. This plamting consists of
the actions required to evolve and establish rquircmcnts
and tasks to achieve, rcstme. aad maintain the operational
capability for the life of the materiel system.

3. Manpower und Personnel. ‘fltis clement involves

the identification and acquisition of military and civitian
personnel with the skills aad grades required LOoperate and
maintain a materiel system over it-r lifetime at peacetime
and wm-dme ta!cs.

4. Suppfy Suppon. Supply suppnrr encompasses all

management actions, pruccdttres, and techniques used to
determine the requirements to acquire, catalog. receive,

store, transfer, issue, and dispose of secondary items, provi-
sion for initiul support and to determine the rcquiremems to
acquire, distribute. and replenish rbe inventory.

5. Suppoti Equipment and Tesl, Mensurcmcm, and
Diagnostic Equipment. 71tis element includes all of the
quipment required to wrform Ihe suppnrt functions except
that wbicb is an integral pan of tfts mmcricl system.

6. Training mtd ‘fraining Devices Suppofl. lhis ele-

ment encompasses tie processes, procedures, techniques,
training devices, and equipment used to train personnel to
ofxnue m-d support a materiel syswm.

‘Se Appendx B of Ref. 3 for more dad

7. Technical Data. These data include the scientific

andlor technical information necessmy to translate materiel
system requirements in[o discrete engineering &d logistic
suppon documentation.

g. Computer Resources Suppon. This includes the

facilities, hardware, software, documentation, manpower,

and f?monnel needed 10 opera!e mtd support computer sys-
tems,

9. Packaging, Hmtdfing, and Storage. ‘fhis element
includes the resources and procedures m ensure that all sys-
tem equipmcm and support items arc preserved, packaged,
packed, mxked, handled, aad stored properly for shorh mtd

long-temn requ”mments.
10. Transpo~arion and Transponabili~, ~selement

includes planning and programming the details associated
with movement of the system in its shipping configuration

to the tdtimzue destination via the manspurtation modes and
networks available and authorized for use. II further encore.
passes establishment of she critical engineering design

parameters andconstrairm, such as width, length, height.
and weight, dtm musi be considered during system develop-
ment.

11. Faci/i~ies. ~ls element is composedaf avaricry

of planning activities; all of which are direcwd toward
ensting shat all required permanent or semipermanent
operating md suppon facilities am available concurrenrfy
with fielding of the sysiem.

12. S!an&tii@rion and JntemperabiJi~. ~lselemcnt
is nmdcd Ioensurs that imm’service; NmlhAtfanticTmaty

@gartizatiOn (NATO) and American, British, Canadian, and
AUSWI’MI (ABCA) member countries and other countries,
standardkxion and ‘integtperabllity potsntiaf is fully
explored during system design.

AR 12 elements of fLS must he developed in crmrdita-
tion with each other 10 acquire a system that is afordnble,
operable, .supporrablc, sustuinablt!, mtd transportable widin
~ reccauces available. (Ref. 3)

13.3A EFFECTS OF DESIGN FOR DISCARD
A design for dk.card program is intended to tiect all 12

elements of ffS as follows:
1. Design Influence. Design for discurd is intended 10

reduce tie readiness suppat requirements for the fielded
system and in the long term for the Nmy as a whole.

2. Mainrenmtcc Planning. Design for discard is
int,mded to efimina[e some maintenance actions md m sire.

plify some other maintenance actinns. If there is a battlefield
supply of the neccswy rtpair pars.s, dtiign for. discard is
gettemfly considered to enbaims combal cspablity.

3. Manpower and Personnel. Design fnr discard will
eliminate some manpower throughout the logistic suppon
chain. llte supply pipeline, however, can he mors compli-

cated in the sbmt term because of the presence of bodt tie
newly designed dkcanfable parts and the older repairable

pmLS that $wve ths same function. A similar difficulty

13-2
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applies to personnel skills. ‘his problem hss m be addressed

at a management level higher than that of idlvidud
projects. llrat is, the tiy might increase rbe short-term

cost of one project in order to decrense the long-temr cosu
to the my. llese topics are discussed further in pars. 12-3
and 12-4.

4. SUppfy Suppon. Considerations similar to those

for msapower mrd personnel SISOapply to supply support.
initial provisioning is impacted, md more spnces urc needed
to fill the pipeline. The supply pipeline is Ionger than the
rcpsir pipeline.

5. SupporI Equipment and Test; Measurement, and

Diagnostic &quipmenr. Design for dkcurd is intended to
reduce the Army resources required ovetil for such equip
ment. At the maintenance level where discard is to occur,
however, the complexity and COSIof some of this equipment

could be greater in a design for dkcnrd program. The reason
is that a higher hardware indenture level is &]ng discsrded,
snd the risk of discarding errcmeously must be corrmporld-
ingly less. Conversely, at a higher hardwsre indenture level,
fault isolation to lower levels is not needed; GoINoGo test-

ing at a higher level cm be used. This simplifies suppurt

equipment design.
6. Training and Training Devices. Insofar as psrdcu-

lar repair actions sre eliminated, d] the training snd trtining
devices associated with those actinns” nm eliminated in fie
icing term. People must mninmin the lest equipment lhm is
used on a system. As the test equipment becomes less. cOm-

plsx, the training and mining devices for it are reduced.
7. Technical Darn. Considerations similsr to those

for training and rm.ining devices also apply to technical data.
8. Computer Resources Suppon. llmrc are no special

design for discard considerations for this ILS element,
akhough the amount and complexity of computer resources

SUppOIt might ~.
9. Pacfmging. Handling. 4nd Storage. It is quite pos-

sible though not an in-mumble outcome of design for dis-
cnrd hat the dkardablc item will be more rugged with
respect to handling and storage tbsn a repairable item.
Design for discmd could reduce packaging costs because
repsir pans for the discardable item arc not needed and
therefore not packaged. Also a scsied discardable item
mieht reauire less oackuiru?. Desian for discard could
red~ce th~ number if ile~s t: bc h~dled. Design for dis-
cxd could also reduce tbe nmount of storage and Ihe num-
ber of items stored as well as rhc documentation rquimd
for storage.

10. Tmmponation and Tran.rpor?abiIiry. Design for
discard could enhance oanspnrtslility’ by increasing h

ruggedness of parts and decreasing the number of kinds of
ps.rrs. Design for discard, however, is nm fikely m decrease
overall munsporlminn rcquiremerm appreciably.

‘This slatemmt is mm for both dm systcm bhg suppmwd md the
suppnrr system itself.

11. Facilities. The Iong-tenrr intent of design for dis-

card is to &crease appreciably the Army resources devoted
to facilities by elimhmting the functions nf training, assem-

bly, andhm refmh that they housed.
12. Smndardizmion mrd Imeropcrabiliry. Whir design

for dkcard the somdardkation and imeropcrability occur aI
n higher hardware indemure level. Thus they can be
improved in the field by &sign for discard. During tie

acquisition phases more resources could be devoted to plrm-
ning in this area to ensure the improvement. H those
resources are used, these activities could be significantly

enhanced.

13-4 LOGISTIC SUPPORT ANALYSIS
(LSA)

LSA is ‘The selective application of scientific and engi-
neering efforts undertaken during the acquisition process, as

part of rhe system engineering ad design prccess, to assist
in complying with suppombiliry and other US objectives.”
(Ref. 2). ‘Ilk definition shows dm relationship between fLS
snd LSA,

An smdogy fnr the relationship between II-S and MA is
thst fLS ensures that everyone is playing from the same

sheet of music and that tie music includes the entire score.
whereas LSA is writing the music.

‘fire LSA program and ir.v tasks and submstcs are
explained in MfL-STD- 1388 (Ref. 2). These tasks and sub-

taaks should be tsilorcd to each prnjem Ahhough t@ out-
come of rhese msks can be appreciably affected by a design

for discnrd program, the analyses are performed w usual.

l%e major tasks that do not change under design for discnrd
are

1. 100. Prngmm plnrming rmd control
2. 200. Mission and syppon systems definition

.3. S&3. SUpporwbliry assessment.
l%e major tasks in which design for d]scard is impurtant are

1. 300. preparation and evaluation of ahematives. The

PM’POSCOf fis @k is (O develOp an it!m bat SC~eV= tie
best balance among cost, schedule, performance, snd sup.

pmlability.
2. 4f!0. Determination of logistic suppon resource

requiremerm. lle purpose of this task is to identify the
logistic support resource requirements of the item in irs

operational environment(s) and develop plms for postprw
ducrion support,

13-5 INVENTORY EFFECTS

An imenl of the design for discard program is to reduce
inventories over the long term. llmt is, the number of items
in d-x inventory probably will decrease, although the dollar
value of the inventory could increase.

A short-term difficulty could occur when a repairable
item is rcplaccd by a discardable item. A reasonable

~proach is to handle the existing repairable. items as if drey
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were dkmrdable and remove any existing piece pans from

the invenmV. The economic analysis should consider tie
usual shofl-term effects in a discard vs repair analysis and
long-term effects, such as manpower and personnel.

lf Ihe repair pans have considerable commonality among
many items, however, it is unlikely that they can be
removed from the inventory until there is no longer any

need for them. in the shon to medium term (several years),
dis could be tie major effect on inventories, i.e., a design
for dlscmd program would increase the inventories. Unless
profxrly planned for and explained in advance, such an

effect could damage the credkility of the design for discard
prngmm.

13-6 REPLENISHMENT
Replenishmemof repair pans is a purchaae nf such park

after the initial purchase. It is quite cnmmon tKcause
1. An initial purchase for the entire contemplated need

is not feasible amilor not desirnble.
2. A system or part is used by she Army for much

longer periods of time than anticipated during the produc-
tion mm.

3. Pam that have ken lost. stolen, misplaced. mis-
routed. or washed out of lbe system must be replaced.

A technical data package (TDP) is necesstq for any
replenishment. lf the item is already discardable, the TDP

must be reviewed to ensure that discardabllity is a require-
ment. l%ere would probably be little extra cost involved in
tie review and any needed upgrade, especially if the origi-
nal TDP were prepared carefully.

Jf the item is a cnndidmc for dk.mrdnbtity, it is necesstuy
10 review the TDP IO be sure that it can be dkcwded. The
emphasis in a design for dkcard progmm is iypically on
form, fit, and function” rather than on the detilcd internal
design. llms there might well be an extra cost to improve

the procurement package, includlng the TDP, to ensure that
the new, discardable items meet ail of the originaf require-
ments for the item. This cost could be reduced by not having
10 describe piece pans or m repurcbaxe dk.carded items. An
example of such a requirement is the reliability under the
current mission prnfde. The original TOP and current pro-
curement package might rely on a fabricaIinn specification
to achieve the reliability bemuse it had already been proven.
If dw imemal design of the item is to lx changed, the reli-
ability should be demonsuated again. Extra time and money
would kc needed 10 suppnrl that prnccss.

ff she etisting TDP is up-to-date and stresses form, fit,

md function, the assembly can more readily be assimilated
into a &sign for diwwd program. Unfortunately, the TDps
for some replenishment items are not kept up-to-date

Worm. fiL and tinction arc discusxed in more dmail in par. 2.3.

because of a lack of interesl andlor resources by the cogni-

zant command.

13-7 MAINTENANCE TR41NING
A major intent of a design for dk.card program is to

reduce tie .wnoum of maintenance training by reducing the

amount of maintenance shat must be done on lower level
assemblies nnd the complexity of test equipment. Thk

reduction in sum reduces ibe number of people who must be
trained. Both of mese reductions will reduce the Army facil-
ities. manpower, and personnel devoted to shat mining. Any
such reduction also reduces the overhead pmxonnel required
in my orgmization. ‘J%is overall reductinn in resources will

k a significtum benefit of tbe design for dkcard program.

13-8 MAINTENANCE MANUALS
The design for dixcard progrnm will affecl the mahe-

nance manuals only for the assemblies that are discardable.
It will have a negligible effect on the mnimenance manuals

fnr higher level assemblies and for systems. Manuals tiat
address the system and all of its elements individually can
be smaller, simpler, and cheaper.
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CHAPTER 14
EVALUATION OF ALTERNATIVE ITEMS

The evaluation of alternative, competing i:cm.s being considered for a spccificj%nction(s) is expfnined in terms of selection

cn’teria. aualiw assurance. cOnfiguratiOn cOntmL oti design ~i~s. All of these Crile~ ~ ~tivities o= the same fOr. .
repairable items; only the emphasis and outcome d@..x

14-1 INTRODUCTION
Alternative, compxting items are the variety of items with

the potential to fulfill rhe specified need and that merit for-
mal investigation. The evaluation process for alternative
items can begin wirb

1. fnformaticm exrracted frnm an ongoing market sur-
vcillnncc

2. Nondevclopmemal items (ND1) market investiga-

tion
3. The request for proposal (RFP).

‘fhe emphasis on design for discard should begin with tie
beginning of rbe evaluation prncess, which could include
rbe conccpmal studies’ that might, for example, include rhe
goal of discardahility for the entire item. As fnr as tie offer-

ors for an RFP are concerned, rhe Army states its emphasis
in tie weighting criteria for proposals. Those weighting cri-
teria indicate how serious the tiy is with regard to design

for dkcard vs other prnject elements.
fn rbe shon term, tie life cycle cost (LCC) of the item is

probably tbe most importam measure of effccti veness pre-
dicted. Unless some longer tcmr, broader elements, e.g.,
explicit elements for training costs and ovcrbeerf, tba! are
not now in the life cycle cost mcdcls cm bx included in

them, it will be difficult for the Army to mount an effective
design for discmd prngrnm. For the incdcls available to use,
rbe level of repair analysis (LORA) cm show the relative
costs to discard or repair an item a! each maintenance level.

lle qunlity assurnnce program and configuration conrml
specifically related to the design for discard prngmm arc
important once such a program has been included in rbe
conrrnct. Because the design for discnrd prngmm is rela-
tively new and is accompanied by orber new programs such
as combat resilience, the design reviews are important in
order to ensure that the design for dkmrd philosophy is
&ing sufficiently emphasized by rbe conrrac[or and [hc
project monitors.

14-2 EVALUATION CRITERIA FOR
SELECTION

Thisparagraph assumes tiat all items 10 be compared do

satisfy the performance requiremen~. If an alternative item
tight prfonn better m worse than the original item, the

differences between the IWO will have to be considered.
This problem is not addressed here.

‘fle most imporrant criterion used to evaluate ahemative

items is minimum life cycle cost. Orher criteria can include
such diverse factors as quafity of manpower, tie availability

of rbat quafity of manpnwer, nnd reduction in maintenance
workload. The mnin mndels used 10 evaluate Ihese criterk

with respecl 10design for discard are the LORA models.

14-2.1 LIFE CYCLE COST

Life cycle cost is rbe mm] cost m the Govemmcm to
develop, acquire, operate, support, and, if applicable, dis-

pnse of dm items. L!fe cycle cost is tbe most important crite-

rion for comparing items, includlng those rhm are designed
for discard, that meet the same Army requirements and

goals. The main Army guidance documents for analyzing
life cycle costs are .%my Regulation (AR) 11-18 (Ref. 1)
and Depmtmem of the Army (DA) Pampbles 11-2 through

11-5 (Refs. 2-5). Life cycle costs sre development cost,
acquisition cost. suppnn cost, and disposal cost (Ref. 6).
‘flw more maditiomd AnnY names for these categories are

1. Researrh, Development, Tesr, and Evakaztion

(RDTE). T~ical RIM% costs involve planning, system
management. research, engineering design, logistic support.

design dncumenmtion, softwsre, and test md evsfuation.
2. Investment. Typical investment costs are related to

pmductinn snd constructing and involve production man-

agement, indu.kal engineering and operations analysis,

rmumfacturing, compurer resources, consnuction, logistic
supporr. supplier management, and quali!y conrrnl. I

3. Operating and Supp0r7 (O&S). Typical OM costs
involve system management, distribution; insulation;

I

operating personnet operating facilirie~ prnpeny und real
esrme; utilities: operational data. maintenance management;

maintenance pm.onnel: repair parts and inventory: wst and
support quipmenc mninlenance facilities tiring of Oper-
ators and maintenance personnel includtng rbe real estme,
buildings, facilities, and sta~ maintenance claw, transporta-

tion nnd handling: and mcdificatinns.
4: Dirpos+ Typical dispnsal COSB involve manage-

ment product Wircmenh dispnsaf of iM15 that Wi]] not be
repaired or have been condemned, and disposal of docu-
ments.

The prncess to consider life cycle cost for diszardablc

items is exrqfy the same for nondkwdable items. ?%e only
difference is he outcome.
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14-2.2 LEVEL OF REPAIR ANALYSIS (LORA)

TIIe primary discussion of LORA is in par. 1f!-5, level

of Repair Analysis (LORA)”. LORA is the main methcd

used to compare life cycle costs in a design for di~ard pro.
gram. They are generally subsets of life cycle cost mcdels
that do not include sunk costs and other costs that remain

constant among the aftematives. Ref. 7 on LORA and Ref. 8

on logistic support analysis (LSA) are impmlam references
for LORA.

‘fhe mndels should be able IO discriminate among alter.

natives [o those parameters of interest in (he evaluation of
design for discard candidates. Simulation with a wide vari-
ety and range of cases would show what could happen and
thus ensure that the long-term Army goal for the design for

discard program will be carried forward when engineers and
technicians use thnse mndels to decide among akematives.

ha! long-term goal is m eliminate or reduce dm.sfically the
costs needed to susmin the maintenance and logistic support
for a sys!em. If the models being used are inadequme, the
result is similar to the problem created when sepqrale opti-
mization of each of the subsystems of a panictdar system
does not result in optimization of d-m system.

14-2.3 OTHER CFUTEIUA

AN criwia implicitly presume thai all minimum perfor-

mance requirements will be met. Four additional criicria are
briefly descrikd:

1. System Effectiveness. For complex weapon systems

simple measures of effectiveness such as teliabili[y and
main fuinabllity are not adequate. The term “’system effec-
tiveness” was coined in the 19WS to permit a wide vmicfy

of measures of utility and satisfaction to the user. ‘fhe prin-
cipal early work on system effectiveness wns the 1965
Weapon System Effectiveness tndusuy Advisory Commit-

tee @/SEIAC) model, which defined system effectiveness
as the prcduct of availability C/All it be working when it is
needed?), capability (Can it “do the job” when il is work-
ing?). and dependability (W/W it continue 10 “do the job
throughout the mission?). Since then, creating useful mea-
sures of system effectiveness has been seen ns n major engi-
neering and managemem task for each complex weapon
system. Each weapon syslem oflice should have such mnd-
ek of system effectiveness of previous systems to use ns a
basis for modeling a proposed system.

2. Short Acquisition Process. When calendar time is
vitaf, n-a&offs are mnde against cost and the original

t-equimmems. preplanned product improvement (P31) is

used to bring tie fielded item up to the originsd t@ire-
ment.s.

3. ficeed Minimum Requirement. Sometimes tie

Army is willing to pay more for performance tit exe@
the minimum requirements even though the life cycle cost is

higher. Examples could be a tank that exceeds the minimum

maneuverablfity and a projectile whose avernge lethality is

higher than the minimum required. Iltere are no specific
references for this type of contracting; rather, mmtagemem

judgment by the my is implemented via the usual con-

tracting regulations.
4. Unir Pmducticm COSI(UPC), Life cycle cost is dis-

cussed in subpar. 14-2.1, “Life Cycle Cost”. Unit produ-

ctioncost (UPC) is an element of the investment phase of life
cycle COSIastd has been emphasized by itself in Army pm.

curement. UFC can bc ton namnw a criterion for design
becauw it leaves out many other important elements of cost.
It is usctid to suess UPC in the early part of a project, e.g.,
during the concept exploration and definition and the dem-
onsuation and validation phases, because it connects the
affordability O( the system for the budget appmptiators and
because design engineers can ensily overlook production
costs.

14-3 QUALITY ASSURANCE
Quality is basically assured by the cbamcterization and

control of processes ,md prnducts’. When alternative items
are evafuated, the adequacy of their characterization and
control is important. Acceptance inspection provides some
addhional assurance that the producss conform to their
requirements. The process of assuring quality for discard-
able items is exactly she same as for nondiscardable items;
only the details are different (peculiar to the product). as
they me for every product.

14.3.1 DURING PRODUCTION

Quality is assured during production by four activities:

characterizing the product, chamnerizing the processes,
controlling the pmducI and processes. and audiing the
product and pr~esses. These activities are explained briefly

in fhc paragraphs fha! follow:
1. Characwizing a PmducI. Before a process can be

intelligently conmnlled, the impomm propenies of the
prcdttct brhg ,matfc by or @ected by the process must be
known. A product is characterized if all of its impmtam
properties are known and un&rsmod well enough to be
measured and conuolled. These important properties
involve all of the parts of the product: they relate to she

manufacture, stomge, shipping, use, misuse, failure, repair.
and disposaf of the prcduct, and to the people and enviro-

nments associated with these activities. Users include those
who operate the product, have their needs serviced by il.

nnd maintain it.
2. Charactcn2ing a Process. Characterizing a process

consisss of determining wha~ to measure on the prcduct. its

●As the mncept of Iotaf qusfify has burgeoned circa 1990, the sm.
ditimml concep!s of qualky control and quafity assurance by
inspection have expsndui widely and rapidly. A few of the pm.
smm names ths! DoD and industry are using m achieve total quat-
ity are tomf quafity ntmmgement fR?M). by Ihc DnD; h Six-
Sigma pmgmm, by MoIomln; m pans per mitlion (ppm) for fmc-
tion of drfects, by the k-my. I%is puagrapb rcftecLsthe expansion.
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parts, the equipment, the mmeriafs, and the envimnmenc
how, when, and where m measure; how to convert those

measurements into knowledge abnut corrective actinn: what
m change in the process or on the parts, how much to
change it, and how 10 change it. A fully chamcteri~d prc-
cess ‘could be turned over to a computer program with

aPPrOPriale sensom (input). controllers (output), ad
machines. Cbamctcrizmion of a process need only & sde-

qua!e for the problems ‘at hand; it need not bc perfect. An

exmnple is a steel part whose length tolenmce is a few tbou-

sand!hs of an inch. If the tolerance is changed to a few ten
Ihousandtbs of an inch, i{ must bc rcchamcimized for length
measurements because temperamre control is now ctitical.
If tie tolerance is changed to a fcw hundred thousandths of
m inch, it would have to bs rechamcterized yet again.

3. Conrml. A prnduct or process is being commlled if
its cbmacterizstion is adquate ‘md is Wing applied. Being
controlled is thus a matter of degree and is subject to engi-
neering and management judgment, which always involves

bmb shon-term sad long-term economic considerations.
Adequate control is espcciafly impnrtam for discardable

items lwcause access to the interior of such components and
assemblies may not be possible after find assembly.

4. Audil. Audits are necessary in any process 10ensure

tit management’s original intent is tilng implemented

properly. The traditional example of the need for audits is in
banks and coqmrmions, i.e., where money is the primary

concern. People who are independent of the design and
manufacmring groups sre chosen to audit d] the processes
in all pbascs of a progmm. Wkb design for dkcnrd such

audks would include the usuaf pmcwfures as well” as audil-
ing the conscientious and comfwcnt implementation of the
progrsnl

14-3.2 AT ACCEPTANCE

Qwahty assurance at acceptance is conccmcd with ensur-
ing that there are no design m manufacturing deficiencies.

Some characteristics require destructive inspection, e.g., for
strength, or disassemble y of the item to inspect the interior.
Discardable items may be scafed to impmve Iheir fife und

performmce andfor m decrease Ihcir cost so thal nondc-
suuctive inspection of the interior, except through some
electrical measurements, is impossible.

Fmt wticle inspection determines wherber tie design,
msteriafs, and manufacturing methnds can meet the requir-

ements and general] y uses relatively few mmples. For many
items lot-by-lot m item-by-item inspection is not desuuc-

Uve or difticu]L Thus in these Situatiom & mdmds of
quslhy sssumnce at accepmnce fnr discardable snd nondis-
cardable items are not likely 10 be appreciably different.

Adequate economic inspection of some types of complex,
discardable items (unlike the nondiscadable items that

could have been used) will be infeasible because of their
design and constructing that tallowed their discsrdahility. fn

such cases the Army must rely on its ability and tie ability

Of the manufacturer to characterize md control tie item, its
components. and the prncesses lhal specify and make them.
Smafl arms ammunition, for example, is sn area in which
the Army has been practicing these techniques of cbarac!er-
izmion md control quite successfully.

14-4 CONFIGURATION COhi’TROL
Configuration control is the systematic propnml, justifi-

cation, evafumion, coordination, approval or disapproval,
snd implementation of all approved changes in the configu-
ration of a configurating item* after formal esmblishmem of
the bsseline.

For dkcardable hardware configuration items developed
at Government expense, the dncumenmtion shall describe

form, fit, function, and testability. This documentation
describes tbe physical md functional characteristics of the
hardware configuration item as an entity but does not
include cbamcteristics of the elements that make up the”

hardware configuration item. The product configumtion
identification can consist of a detsiled design specification
that incoqtoraus performance requirements.

Interface conuol is important for discardable items thal
sre built according to form, IIL function, and testability
requirements, MIL-STD-973 (Ref. 9) addresses tbe estab-
fisbment of the interface control activity. For many devices,
some as prosaic as a dc power supply. the interfaces are dif-
ficult to specify “pmpcrly”*? bccaus.e the interfacing needs
have nnt been fully characterized. Interface problems other
than form and fit are most likely to mise for transient rather
than stesdy state conditions, and they, can readily fmppcn
when new tcshnology or new applications of existing tecb-

Dology are being used.
Another interface difficulty is hat lhe interfacing specifi-

cations can depend on the exact nature of the &sign and
construction of tie discardable item. But such design and
consmuction other b from, fit, function, and testability arc
not spcciticd.”nnr is tie cnmifpmation controlled for discard-
able items. Ilm only recourse available imdcr these cimum-
smnces is to define the function so that it includes all the
interfacing requirements, Unfortunately, that complicates
the design and manufacture of the discardable item and

probably increases its cost md time for development.
Subpar. 2-2.3 discusses some of she limits for design for

discmd that can interact with configuration control in an

●A umdgmmion item is an sggmga donnf hardware, rirmwmt, m
other computer $&ware or any of their discrac porrion”sIha! satis.
ficsm~uce funcdon andisdesigrmtcdby &Govemmm t for
SCPamtcconfiguration qgermm. ‘Anyitem required fnf I.a@stic
suppnn and designated for separate pmcurcmcm is a contigurmim
item.
..By defiNdm, jr fore, fit, function. and inability m sp=ificd

‘@pcrfy”, there am no interface problems. l’lm diffimdty of
cnurse srises in having the depth and breadth of technical and
applicadon knowledge m spify some things “pmpedy!’.
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imperfect world, e.g., some of the psychological and cost
barriers related to design for discard and the need for flexi-
bility in the approach to design for discard.

14-5 DESIGN REVIEWS
Design reviews we covered by MIL-STD-152J (Ref. 10).

This paragraph emphasizes three of the occasions for design
reviews and suggests ways to emphasize und review a

design for dkcard program. The discussion does not include
computer software configuration items Lxcause such items
are not dkcmdable in the sense of this handlmok.

14-5.1 SYSTEM DESIGN REVEW

The system design review (SDR) is conducted when lhe
system characteristics are defined and the configuration
items are identified. h should

1. Evaluate the optimization, correlation, complete-
ness, und risks associated with the aklocated technical
requirements.

2. Review the system engineering ptucess that pro-
duced the aflocated technical requirements and tie engi-
neering planning for the next phase.

3. Review the basic manufacWingc onsidemtionsand
the plans for production engineering in subsequent phases.

‘fhis review is imponmtt because it must ensure that the

design and production” engineers and managers
1. Are aware of tie design fordisca.ml program and

understand that its purpose is to encourage und aklowthc
development andJor use of discardable parts

2. ka wareof allconsuaints on the design fordk.

card pmgrmn, such as a maximum COS1Of a di~tile item
3. Am using appropriate tradeoff algorithms for life

cycle cost and level ofwptir malysis adtiosedgotitis
include appropriate Iong-term considerations

4. Have appropriate panuneter vduestoinscn intotie

algontfuns.

14-52 PRELIMINARY DESIGN REVIEW

?he preliminary design review (PDR) is conducted for
escb group of configuration items m

1. Evrduale the progress. !echnical adequacy, and risk
resolution (on a technical, cost, and schedule basis) of the
design approach.

2. Dewnine its compatibility with pxformancc and
engineering speciafty requirements of the hardware configu-
ration item development specification.

3. Evaluate the degree of definition, and assess the

technical risk a.wccimed wilh the manufacturing processes.
4. Establish dte existence und compatibllhy of the

physical and functional interfaces among the configuration

% this handbonk the terms Wanufactwing” and “>mductimt” arc
considered to imply the same things. Some companies do distin-
guish between the two terms. CWCCMIYas apptied lo engineers,
but that distinction is not the same among companies.

item and other items of equipment, facilities, computer soft-
ware, and persorinel.

This review is imporlanl kxcause il must ensure that the
design and production engineers and managers

1. w actively implementing the design for discard

pmgsam and its philosophy
2. h resolving nny difficulties concerning con-

stims on the design for discard program. the tradeoff algo-

rithms for life cycle cost and level of repair analysis, and
parameter vafues for the algorithms

3. Understand the difficuhy of specifying interfaces
and have taken appropriate action to ensure that the inter-
face properties are pan of the function specification.

14-5.3 CRITICAL DESIGN REVIEW

The critical design review (CDR) is conducted for each
configuration item when the demil design is essentially
complete, h should

1. Determine that the detail design satisfies the perfor-
mance and engineering specialty requirements of the hard-
ware configuration item development specifications.

2. Establish tie detail design compatibility among the
configuration item and other items of equipment, facilities,
computer software, and personnel.

3. ,4ss.ss configuration item risk areas on technical,
cost, and schedule bases.

4. Assess the results of the producibility anafyses of

system hardware.
5. Review the preliminary hardware product specifica-

tions.
‘fbis review is important because it must ensure that the

design and production engineers and managers
1. Have successfully implemented Ih? design for ,tis-

card program and its philosophy and that some concrete

results were obtained
2. Have recngnimd and resolved any dh%cultics con-

cerning constraints on the design for dkcard program, the
tradeoff algorithms for fife cycle cost and level of repair

mmfysis, and parameter values for the algorithms.

14-5.4 OTHER REVD?WS AND AUDITS

Other reviews mtd audits mentioned in MfL-STD- 1521
(Ref. 10) me system rquiremems review, test readiness
review, functional configuration audit, physical configura-

tion audit, formal qualification review, and production
readiness review. Generally. the dkcardabllity of an item
will not he an expficit pal of any of these reviews, i.e., the

scope and pace of the reviews should be the same, regard-.
less of dlscardabllity.

Although design for discard is not an explicit part of the

mentioned reviews and audits, it is still an impormnt consjd.
eration that should b kept visible duoughout the develop
ment cycle of the system or equipment in Or&r to

accomplish the design gods and requirements.
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PART FOUR
PROGRAM CONSIDERATIONS ,,

Much of Pan Four is a reorganization of material in she first lbrce parts so that it has a different perspective. Ilmc primary
program areas are considered in terms of rheir interaction with a design for dkcard program. llmsc wea.s am cost control,
acquisition aftematives, and contractual elements. Chapter 15. “Cost ConUoY, addresses costs in terms of design to cost and

the way costs arc affected by a design for discard pmgmm. Chapter 16. “Acquisition Alternatives”. dkcusses product improvc-
mcm. nondevelopmcmal items, and new development. Chapler 17, “’Comrsctud Elements”, includes only topics tit could Lx

appwiably affected by a design for discard program.

.CHAPTER 15
I COST CONTROL

Theconmdof costs is explained in terms oj design ro cost (DTC), lfe cycle cost (LCC), and the pmducibilify enginceting
and phwming (PEP) prngram.

15-1 INTRODUCTION

The most common measure of cost is life cycle cost

(LCC), viz, tie total of costs from concept exploration and

definition tbrnugh disposal. Disposal costs are becoming
more important as conccm about the envimnmemnl impact

of dispnsal increases. In pardcular, a design for discard pro-

gmrn means hat more material and larger uni~ am being
discarded and therefore that disposal costs could bccnme a

larger fraction of LCC.
The design to cost program is the primary means of pr~

vialing cost conoul hy defense contmclors. The results of

cost mndels used in various life cycle phases to estimate tie

feasibility and desirability ofeny design (discardable or not)

determine how much dismrdahility is implemented in a pr-

ogram. M he models predict a savings in LCC for any pardc-

ular design over another qually effective &sign, !be less

expensive design should & used.
h is masnnahle 10 hope for a decrease of 5- 15% in life

cycle COSIeffected hy a design for dkcard program. 7his

decrease would include related savings due m improved

reliability and reduced support requirements.

15-2 DESIGN TO COST
Design to cost (DTC) is a general concept of managing

LCC elements so that the conhactor and ,%-my are con-

cerned about the cost of tie prnject. The concept was devel-
oped ss a cost mcamre that could b incorporated into a

conwact it prOvi&s an incentive for cnst contrcd in current
contract actions that would impact future life cycle phase

COSIS.Ref. 1 is a comprehensive dkcussion of the Am’Iy

DTC concep[.
Design to life cycle cost (DTI-CC) is the most general

expression of DTC, hut in practice it is difficult to USC.A

vigorous emphssis on design for discard can” reduce the

LCC by improving the tomb-tn-tail ratio of the Amy.

DTLCC can be broken into elements such as design to
acquisition cost and design m operating and suppon cost
(DTOSC). Design to acquisition cost cm be hmken into
several categories, which are not necessarily muomfly

exclusive, such as design to unit prnducticm cost (D’IWPC)
and flyaway cnsl. The emphasis in this handbnok is on LCC
because various and disparate elemcnls of LCC muti often

lx traded off in a design for discard prngram. For example,

upgrading the relinldlity and testability, of a system as part
of tic design for discard prngmm, e.g., by. built-in test,

could result in increased up-front costs but should apprecia-

bly reduce operating and suppofl cost by reducing the toml
wnrklnad snd tie resul tam need for manpower, skills, test

equipment, repti pans, and training resources.

15-3 LIFE CYCLE COST ES~TES
Life cycle cost estimates are intended to quantify all of

the costs related m a system, usuafly in considerable detail;
he cnncept is excellent, but accurate and useful implemen.
tmion cm bc difficult. In particular, itx accurate use with
respect to design for discard has many pitfalls. Three, exarn-
plcs of such dangers are

1. llw actual dkposal cost of a disposable element can

be considerably difkcnt from the dispnsrd cost estimmed in
she LCC mndcl because bntb technical knowledge and

sOCird ettituck shout nMUtiti snd their diSpOSd can
change appreciably over ths fife of snmc materisfs.

2. The cost of tie ‘full logistic tail must be considered

(Ilk is anafogous to zern-based budgeting.) for mining of

maintenance p$rs.nnnel. Examples nf such cnsts Ilmt might
not bs included in an LCC mndel me tie training facilities
(h.ildhgs, grounds, and equipment) for instructors and for
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students, personnel costs to train instructors, personnel

tmnspormtion, suppnn equipment, and overhead”.
3. ‘h prcqxnies of many relatively new materials,

e.g.. engineered Pl~UCS. new me~l ~lOYS, es~cially their
long-term behaviors, e.g., life, !oxicity, creep, hermeticity,
for use in discardable items are not known accurately
enough at the design stage. l%us the designer makes engi-
neering guesses abnut these propenies.

Similar concerns abnut the general use of LCC mndels
nre given in pars. 4B3 and 4B4 of Ref. 1; those concerns

apply especially to design for discnrd &cause the design for
discnrd philosophy encourages designers to think in nontra-
ditional ways shout materials, components, nnd assembly
metlmds. Descriptions of models accepted hy the Army for
logistic support nmdysis (LSA) are given in Ref. 2. Forty-
seven of these apply at least in pan to some category (Oper-

ating nnd support, rcsewch and development, or invesl-
mem) of LCC, and 12 apply fully to all three categories.

15-3.1 MODELS
A principal intent of a design for discard program is to

reduce the intensity of maintenance training hy reducing the

nmounl of maintenance that must bc done on lower level
assemblies. This reduction in turn reduces the number of
Poplc who must & trained. h the long term both of these

reductions will reduce the Army facilities, manpower, nnd
personnel devoted to maintenance mining. Such a reduc-

tion nlso reduces the overhead personnel rquired in’ any
organization. Mndeling (his situation adequately is very dif-
ficult. and it is not clear that existing LCC analyses have yet
reached tbal goal.

Many LCC mndc.ls analyze only a pmtion nf the LCC
costs. Three types nf LCC mndels are relevant to design for
dlscarck

1. Framework LCC Models. hey arc panial LCC

models Lbat allow the user to put estimates into a structure
that performs utilities such ns d.xumentation and updating
of inflation and facilities. lltese mndels are useful and flexi-
ble hut do little actual COSIestimating.

2. R&M.Based L.CC Models. They are partial LCC
models that generate the owrating and suppnrt (O&S) por-
tion of their estimates based on reliability nnd maintainabil-
ity (R&M) information input by she user. llese mndels
provide excellent insight into the design for discard costs if,
and only if, gond inputs are available.

3. LORA Models. They arc pardal LCC mndds that
conceptually provide god information fnr w in more
complete LCC mndels if the input is sitilar to that for the
R&M-based models. If a LORA model dries not ndquatcly
quantify design for discard training cost reductions or ade-
quately capture the complexity of battlefield repair, it cre-
ates a bias iowawf fixing things in the field.

●Ovmbead costs must be explicitly broken ma in zero-bad bud-
geting and in exploring the full logistic tail.

Refs. 3-6 provide useful information on creating the mod-
els and ohtainin’g data m evaluate them. Ref. 7 concentrates

on the LORA models.

15.3.2 PARAMETERS OF THE MODELS
Most of the existing R&M-based LCC models require

many inputs. nnd some of these inputs are dffkult to obtain
early in the life cycle of a system. Experienced users of
these models have developed rules of thumb for use in the
early life cycle. The novice user ofmost of the R&M-based
mwfcls will have a dlfficuh time developing inputs during
the early life cycle.

For my engineering prohlcm, including design for dis-
card, it is much easier to generate a mathematical model
than it is to obtnin suitnble empirical data 10 use in that
model. This is especially true insofar as the design for dis-
card program is concerned with reducing long-term costs,
such as facilities costs and overhead costs for training. For
example, the application of a design for dkcard program

ahmtld reduce manpower requirements to maintain the item;
this reduction would in mm reduce mining cost, With fewer
items being repnired the requirements for test equipment
and she number of test program sets that have to be prncured
are reduced. On she other band. replenishment repair part

C’W5 will be iItCICWd because more items will be di+
cmdcd.

‘fle project office must have appropriate data to usc in-
house for DTC prnccdums and for contractors m use in their
hadeoffs, regardless of the phase in which the model is
used. The data must be such that shofl-term gnins are
rejected. when dxy do not advance the Iong-temt Army
objective of improving its tooth-w-tail nttiO.

15-4 PRODUCIBILITY ENGINEERING
AND PLANNING (PEP)

Producibility interacts actively with the design for dis-
cmd program and should be emphasized during the design
and development activities. llte project office should
encourage cxpcsimenting with newer prmluction tech-

niques, even though it incurs a shon-term cost penahy. Such
production trials should be done at first on noncritical com-
ponents, i.?., compnnenm for which the production prncess
for the new part b.4ng designed for discard is not pusbcd to
its limits Then when such a process is needed in order for
an item to be dkcardable, the process is no longer experi-
mental. The LCC mwfcls rind/or their interpretation should
be suf6cicnUy flexible to allow this experimentation and
development by the Army nndlor its contractors.

Totmdeoffeffectivelywithregmdto design mtd pmduc-
ibifity, the pmjcct and conUaNunf auuctums must provide

sufficient incentives m ensure that design and production 0

engineers do cnnpcrate actively,. e.g., in a proactive cmtcur-

rent engineering approach. Design for discard cannot suc-
ceed on the desired scale for the Army without active
coopcratimt, foresight, nnd interaction.

Downloaded from http://www.everyspec.com



I

I
MIL-HDBK-798(AR)

REFERENCES

1. AMC-P 70-19, Design to Cosr, 22 July 1987.

2. AMC-P 70@4, Logistic Suppon Analysis Techniques
Guide, 20 Febmary 1991.

3. DA PAM 11-2, Research and Development Cost Guide

for Army Materiel Sysrems, 1 May J976.
I 4. DA PAM 11-3, Invcsnnenr Cost Guide for Army Mrztcriel

Sysrcm$, 12 April 1976.

5. DA PAM 11.4, Operating ad Suppon COSI Guide for
Army Materiel Systems, 1 April 1976.

6. DA PAM 1I-5, SIan&nJ$ for Presenmtion and Docu -

menrarion of L.fe Cycle Cosr Estimates for A rmy Mare-
ricl Systems, 3 May 1976.

7. AMC-P 70&27, Level of RepairAnalysis (LORA) Pmce-

durc. Guide, 20 February 1991.

BIBLIOGRAPHY

Design to Cost and Life Cycle Cost

B. S. Blmchard, Logistics Engineering and Management.
Fourth E&, Rentice.Hall, Inc., Englewcmd Cliffs, NJ,
1992.

B. S. Blanchard, Design and Manage ro l,fe Cycle Cow.
DOilhium Press, Beavenon, OR, 1987.

B. S. Blanchard, System Engineering Management, John
W]ley & Sons. Inc., New York, NY, 1991.

MJL-STD-337, Design ro COSI, 24 July 1989.

MIL.HDBK-766, Design m COSI,25 Augusi 1989.

AMC.P 70-19. Design to Cam, 22 July 1987.

AR 70-64. Design 10 Cosr, 1 lanumy 1980,

DoD Directive 5CO0.4, (LYD Cosf Amdysis /mprovemcnI, 30

October 1980.

DoD Instruction 5CC0.33, Un@rm BudgetiCosi Ternu and

Defini~ions, 15 August 1977.

AR 70-1, System Acquisition Policies and Procedures, 31
Mwch 1993.

I
15-3

Downloaded from http://www.everyspec.com



MIL-HDBK-796(AR)I

I

!

CHAPTER 16
ACQUISITION ALTERNATIVES

The interactions of acquisition alternatives wirh a design for discard pmgmm are expfained in terms of nmten”el impmve
ment nondevelopmenml items, and new development

16-1 INTRODUCTION
Tlu alternativeapproachesfor both major and nonmajor

AI-MYacquisition programs dmt follow are in order of pref-

ere nce:
1. Avoid the acquisition of materiel by changing tacti-

cal m strntcgic dncuine, improving mining, or impmving
organization.

2. fmpmve an” existing Army system through ei~er

preplanned product improvement (P31) of the system or a

new product improvement program (PfP).
3. Use nondevelopmemal items (NDIs), in either the

same environment for which they were designed or a difier-

em environment, in which case the hardware andlor opera-

tional software might need to be mochlied to accommodate
he new environment.

4. fnitiate a new development pmgmm. (Ref. I)

his handbook is concerned only witi Alternatives 2, 3,
and 4, Design for dkcsrd is both desirable and uactable for

AItemmives 2 nnd 4: discarda~IfitY is a des~ble ch~mr- ~
istic of ND] (Alternative 3). Because choosing off-the-shelf
components is an essential, common aspect of design, ND1

does involve design work. nnd a design for discard ‘Pgmm
does apply dwcCl)y.

All of tie ordinary tasks that must be done during any
acquisition must also be done when (he acquisition involves.
8 desigri for discard pmgmm. For example, life cycle cost
(LCC) mndels and level of repair anafysis (LORA) arc

mcntisl tocds in an acquisition, regardless of the presence
of a design for dk.card program. There are three essential

elements dmt dk.tinguish a design for dkcard program and

that must be provided:
1. Awareness Training. Engineers and managers must

& aware of the imponance of discardability a! a high
assembly level (hardware indenture level) as a pmducI char-
acteristic

2. lncemives for Initiative. The product aad prnject

requirements must include provisions tba encourage engi-
neers and mnnagcrs to take an aggressive initiative to raise
the assembly level at which discard occurs.

3. Adequate Amdytic Toots. The models (and pamme-
ters therein) that engineers use for LCC analysis, design

badeoffs, and LORA must reflect the Iong-temn goafs of the
Army ahnm discardability. Chapter 15, “Cost Control”,

describes several umls that nllow appropriate tradeoffs of

higher shon-term costs for reduced long-term costs.

16-2 PRODUCT IMPROVEMENT OR
REDESIGN

Existing materiel can be improved in three ways: an engi-

neering change that reconfigures i type-classified iicm that
is in production, an improvement ihat reconfigures a type-

classifiwl fielded item through a Pff! or an evolutionmy P31.

16-2.1 ENGINEERING CHANGE PROPOSAL
(ECP)

Thissubparagraph is concerned with Class 1 engineering
changes in which !he chmge is necessay or ii offers impor-

tant b-mefits to the Government. ECPS can be necessary
when choosing among acquisition ahematives for discard-

abiliry because the products from the nftematives will not be

always be alike. Two categories of such changes are
improved logistic support requircmerm and lower life cycle

cost.
An engineering change for an item could be initiated for

the primary purpnse of making that ile,m cost-effectively

discardable. Although some of the otier characteristics of

the item might nk.o improve, e.g., cost. weight, andlor reli-

abWy, it is not necessary tit they do so.
An engineering change far any other purpme should bs

investigated m see whether designing for discard cm make

the change more cost-effective. Vnlue engineering can prc-
vide’ managers, engineers. and logisticians with a viable

vehicle fur incorporating design fnr dkcwd concepts into

production items. For ths investigation to mke place, how-

ever, the design for d=ard prognau must reach the engi-
neers and managers involved with engineering changes. ?he

presence of a design for discard program does not change
anyting else Ihat traditionally must be considered and ana-
lyzd for an engineering chnnge.

16-2.2 PRODUCT IMPROVEhlENT PRO-
GRAM (PIP)

A product improvement pmgmm (PIP) is any effort to
improve IACfielded inventory of a type-ckusificd sumdard
item nnd should include a design for discard prngmm if at

all appropriate. The design for discard program will be
essentially the same, wheiher ii is in a PIP. a new develop-

ment item, etc. A PfP can originate ss
1. A fnllow-on to an engineering change in an item

that is in production
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2. A response [o user problems with lhe fielded system

or to modbications required for a revised threat
3. A need to conven a particular repairable item 10 a

dkcardable one.

Some of its purpmes are significant improvements in
LCC, reliability, durabilhy, and maintenance.

16-3 NONDEVELOPMENTAL ITEMS
Becausethereis nominallyno developmenteffon associ-

ated with NDIs, the design engineers sssncinted with the

project do not do detailed design. Thus there is no Army- or

conuactor-initiated design for discard. Many companies in

tie commercial marketplace do develop many discardable
produc= simply because people like their cost-effective-
ness. hey mc, however, performing many design tasks,
especially when existing components are bmugbt together

to make the desired system.

16-4 NEW DEVELOPMENT ITEMS
Development of new items is the least dcsirnble acquisi-

tion alternative. When it is undenaken, it should, where fea-
sible, integrate proven components or use evolulionq
technology rnther thsa usc new revolutionary technology,

regardless of the existence of a design for discard program.
(Ref. 1)

16-4.1 SYSTEM INTEGRATION
System integration is tie selection, combination, and

I coordination of existing components to provide a new capa-
boiw. h is a combination of ND1 and new development.
Vek:clcs snd the vehicular aspcms of systems m“ oflen

exnmples of system integration. Dktinctions ktween ND1
and system integration are a maner of degree.

Design for discard cm he an imponant force in system
integration prnjects by intentionally selecting cost-effective

diacardsble items 10 use in tie system. Some off-tie-shelf
components, i.e., NIX, for such systems am discmdablc

solely hccause of market forces and technology opportuni-

ties.

16-4.2 ADVANCING THE STATE OF THE ART
All portions of a projcc[ Ifmc ndvmce the state of the an

mus[ go duough all phases of tie acquisition prncess in

order to provide a sure, cost-effective fulfillment of the
rcquircmenk of tbe .&my. me design for dismrd pmgmrn,
including the provision of adequate nmalytic tools, should be

a pan of all acquisition phases. It should &gin in concepl
exploration and definition by identifying materials, techmd-

Ogy. ad manufactting processes that are likely to stimu-
late snd pcmail design for discard. In concept exploration
aad definition “the awareness training and incentives for
design for discard initiative are tie most important. Dwing
demonsmmion and validation design for discard can become
pan of the detailed design process and of tie producibility
engineering snd planning (PEP) program. In demonsuation

and validation the awareness training and incentives for ini-
tiative must continue, and detailed analytic tools must be
provided. During engineering and mmufactting develop
ment the design for discard initiative should he pan of any
redesign in lhis phase and of the, PEP program. In this phase
the nnafytic tools and incentives for initimive are very
impnnsnt. Duting the subsequent phase he mmufacturing

a.$wcts xe dominant. but the analytic tools and incentives
for initiative continue m be important.
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CHAPTER 17
CONTRACTUAL ELEMENTS

This chaprer summarizes rhe contractual clcmcnrs (hat could be strongly infhenced by a dcsi8n for discard pm8r@1. The
e[emenn discussed are cn”rcn’afor soumc selection, sratcmcm of work. incendve clauses, specij%mion requiwmcnrs. inspcc-

rion and acceptance, warranties, and second sourcin8.

17.1 INTRODUCTION
Chapter16, “AcquisitionAlternatives”,dk.cussesthe

alternativesfor acquisition.Par. 16-1, “Introduction”, pre-

senrs three essential in~edients—awareness mining, incen-
tives for initiative, and adequate analytic tmls—for a deSi8n

for discsrd program rhm would not otherwise he pan of an
acquisition, ‘fhese ffrree ingredient are rhe conuactual ele-

ments that mi8hl be swongly affected by a design for dis-

card program. AN other conwactual elements for a design

for discard program are pan of every acquisition, so they are
not discussed explicitly in this chapter.

A vilal factor in tie effectiveness of any contract require-
ment is bow strongly rhe conrmctor believes that tie

requirement will be 8iven high priority by the Government
when u-doffs have to be made irmong schedule, cost, aad

odrer project requirements. Reliability requirements may
not be met if here is a lack of such high priority.

17.2 CRITERIA FOR SOURCE SELEC-
TION

Source selection criteria arc divided into tie parts tech-

nicaf, management. and cost. ‘he design for discard crite-

rion should be in the techrksf part as heavily as feasible in
view of all the other impm-rant things !hat arc there and

should he named in the management part. fmpomat design

for discard elemenrs of the statement of work should be
included quarrtiralivcly in the evaluation criteria for rhe

source selection evacuation group and included by relative
ranking in Sectiorr M, “’Evaluation Factors for Award”, of

rhe solicitation.
If dkcardability is an important source selecrion evrdua-

rion criterion, it must he listed in rhc solicitation*, mrd

appropriate technical people should bc part of tic SC,UrCC.
selection-evaluation group, regardless of its size. Otherwise,
there are no special ways in.which a design for dkcard pro-
gmm affecrs source selection evacuation. ‘flm criteria for

.,~e ~fjution JbafI CIC@ mu the evshradon fsctors. includ-
ing price or cm! and any significara subfactors. ibat will be consid-
ered in making rhe source selection snd rhcir relative importance.
Numerical weigbrs, which may be employed in tic evaluation of
proposals, need not be disclosed in solicitations. Tire solicitation
shall inform offcrorr of minimum rcquiremeats tit apply to par-
ticular evaluation factors and significant subfactors~ (Ref. 1)

source selection evacuation”” are explained in the Federal
Acquisition Regulation (FAR). Subpms 15.4, “Soficiuuion
and Receipt of Proposals and Quotations”, and Subpart
15.6, “Source Selection” (Ref. I).

A design for discard program can hc made a significant
evaluation (sub) factor in rfm solicitation. See par, 14-2,

“sEvaluation Criteria for Selection”, for more information on
rhe criteria for source selection.

A formal source selection evaluation board (SSEB) is
convened only for major systems. Source selection, a seg-

ment of contracting by negotiation, is described in the FAR.
Subparr 15.6 (Ref. 1). The mher segment of interest to
design for discard is solicitation and receipt of proposals
arrd quormions, as addressed in the FAR. Subparr 15.4 (Ref.
1). Aftcmarive procedures 10 rhase described in rhe FAR,

Subpan 15.6,’ are aflowed and w described in Ure Defense
Federal Acquisition Regulation Supplement (DFARS)
215.613-70, ‘dFour-Step Source Selection Rec.edurcs” (Ref.
2). The evaluation group for source selection can range
horn a formal SSEB of over 50 people to a small group of
just a few people. The projwt manager should,bc a member
of the source selection group.

17-3 STATEMENT OF WORK
‘fhestarememof work (SOW), also caflcd a work starc-

mem, is placed in Section C, “Description/Specificaiionsf
Work Sratemeni”, of Part I, “fle Scbedulc”, of the solicita-
tion aad contract (FAR15.4136, Ref. 1).

17-3.1 PRINCIPLES
IIIe SOW describes, smong orher things, the work rhe

conrracmr must do that can affect but does riot result in an
end-item. AII example is a failure mode, effecs. and criti-
cality analysis (FMECA). ‘flu principles involved in plac.
ing a desi8n for discard prograrp in a SOW are the same for

any program. AfI work compmrenrs of a design for dkwd
program shordd be included. Basicafly, such work compc-
nenrs involve IWOthings:

1. llre statement of rhe &sign for discard program
plan

. .B=u= of ~e kg~ impficatimrs,. neither the FAR nOr dW

DFARS is cxpkhed here. orher rbm by direct quorarion. The
PIOW ~y.cOn~cting ofdmr shOutd fICmIWII~ fOrmY ~~-
pmadon m evaluation.
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2. The implementation of the design for discard pro-

m.
lle sbree unique elements of a design for discsrd program
sbat must be addressed and implemented are awareness
mining, incentives for initiative, and adequate analytic
tools; they sre explained in par. 16-1, Tbe design for dkcard

progmm plm mus[ show how shese three unique elements
are integrated with the maintainability and logistic suppon

progrmns.

17-3.2 SAMPLE CLAUSES
Exhibit DFD-XXX, mentioned in this subpm-sgmph, is

outlined in Appendix B, “Exbibil DFD.XXX, Design for

Discard Rogmm”, which contains example tasks for a con-

tmct. The example tasks and ssmple clauses should be tai-
lored by each command m conform m is needs aad

policies. Sample clauses for a request for proposals (RFP)
mtd/Or contracl sre

1. Offeror’s proposal shall include
a. A design for discard program plan that addresses

the tiee essential elements of a design for discard program
that would not otkwise be pan of the acquisition. Those
elements me .awsrencss training for the program, incentives
for initiative daring design and maaufacmre, and provision

of adequale analytic tools for life cycle cost (LCC) and level

of repair analysis (LORA).
b. Provision of resources 10 implement tbai program

plan.
2. Offeror’s proposal shall include both Task 1,

“Design for Dkcsrd Rogmm Plan”, fmm ExbibiI DFD-

XXX, “Design for Disctvd Rogmm”, and provision of
resources to implement that program plan.

3. The contmctor shall
a. Rovide a design for dkcard pmgrsm plm subject

to approval by the Government that addresses the three

essential elements of a design for dkcard program that
would not otherwise be part of she acquisition. ‘flose ele.

ments are awareness training for the program, incentives for
initiative during design and manufacture, and provision of
adequaie analytic mols for life cycle COSIand level of repair

analysis.
b. fmplement that program plan.

4. ‘flc contractor shall perform Tssks 1,2, 3. snd 4 of

Exhibit DFD-XXX “Design for Dkcard Rogrsrrf’. The
pmgmm plan of Task 1 is subject to the approval of the

Government.

17-3.3 DATA ITEMS
A dats item is the documentation that represents the om-

put of a required task in the SOW and must be delivered to
the Government. Not sfl documentation prepared by the

contractor should be cepresentti m data items b.xause of
the expense m she consracmr and shus m the Government. 1!

is feasible to rquire that censin nondats item documenta-

tion be made available for pemsal by tie Government m the
contractor’s facility.

The only two data items that should be required in a
design for discsrd program are

1. lle design for discard program plan
2. h output product that identifies discardable ele-

ments and how the decision was made, e.g.. LOR,4 results.
lle contractor’s progress in design for discard is more

approprialel y and economical y measured during program
reviews tlum it is by periodic detailed repons that list the

resources devoted m the program,

17-4 INCENTTVE CLAUSES
Incen~ives ~ desirable when the Army wishes to empha.

size some measure(s) of contractual performance, such as
cost, delivery schedule, andfor product characteristics. If it

is desirable 10 emphasize a design for dkcm-d program,
incentives could be offered for reductions in LCC due to
Cfiscardabifity.

lle Army should analyze any incentive contract before
its awsrd, If there a’ incentives other than cost, the umdysis
must be extensive. All legal outcomes must be sampled, snd

the Army must be indifferent 10 the outcome. If the Army
prefen some outcomes to ofhers. the incentive package

should be redone. Redoing the incentives might involve, for
example, conswaints on the performance of each kind of

item as well as constraints on their combkanions. Tbk ana)-
ysis ends when the &my is indtfferem to any legal conuac-
tual outcome.

Fixed-price consmcts and cost-rcimbursemem consracts
sre dkcussed in this paragraph.

17-4.1 FIXED-PRICE CONTRACTS
Fixed-price contracts we used largely for hardware pro-

duction. (FAR Subpart 16.2. “Fixuf-Rice Concmcts” (Ref
1)) llte cost risks are presumed 10 be reasonably well-

known, and the tccbnicuf risks arc presumed to be smsll or
sssum’ed by the conmactor. llte Army prefers fixed-price
conbacts when it is fessible to use them. It is desimbk to

include design for tfknud provisions in such a contracl as
long as there is no undue conflict with other contractual pro-
visions.

Fixed-price-intensive fFPI) contracts arc used if firm-
fixed-price (FFP) contracts me not appropriate, and some
cost responsibility by the contractor via profit incentive is

likely 10 hold down costs und improve the contractor’s pcr-
fommnce. (FAR 16.204 (Ref. 1)) here must alyays be an

incentive on contract COSLThere can sko h incemives
relating to item performance and delivery schedule. llm

commct must be wtiuen to allow lhe contractor appreciable

msaagemenl leeway so tbai the incentive provisions will be

meanin@l. Separme incentive provisions can appJy to indi.
vidunl line items in she contract. Details of fixing the inqen.
tives are given in FAR 16.401, 16.402, md 16.403 (Ref. J).
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Before using FPI for a design for discwd prngram, the

incentives should be analyzed carefully because there is dif-

ficulty measuring the success of design for discard.

17-4.2 CO:T-REIMBU~EMENT CON-
TRACTS

Cost-reimbursement contracts are appropriate only when
tie uncertainties about fulfilling conmnct goals arc so grca!

that a fixed price contract cannot be used. (FAR, Subpan
16.3, “Cost-Reimbursement Con tracts.’ Ref. 1)) lle con-

usclor’s cost ~,counting must k sufficiently good that the

ArmY cm monntor COSImd Iechnical “pmgrcss to bs sure
tbal time and money we not being wasted. Important rcsbic-
tions on vniting this type of contract SIC cxplsincd in FAR

16.301.3, lhnimliom”. ‘flmse limitations apply to all the

subtypes of contrscts in this caugo~.
Cost-plus-incentive-fee (CPfF) contracts we the most

popular of the “cost plus” contract types. h is possible to
add incentives that are based an item performance or deliv-
eries. l%e purpnse of the incentive fee on cost is IO provide

the conuacmr with a real incentive to hold costs down. The
incentive considerations are similsr to those for FPl con-
tracts.

Cos[-plus-award-fee (CPAF) contracts we preferred over
the incentive fee when the incentive objectives sre difficult

m messure. The fee is in two parts, a fixed minimum fee and
a variable award fee. The flexib]iity of CPAF in rewsrchg
gond contractor performance makes this a feasible ahema.
tivc fnr developmem commas in which design for discard

results are essential. ‘he smount of the awsrtf fee is decided
unilaterally by the Army and is not subject to the dkpufcs

clause of the contract. The FAR discusses the details of the
awsrd fee at length.

17-5 SPECIFICA~’ON REQUIREMENTS
The followingkindsof design for discsrdrequirements

cm feasiblybe in acontmcc
1. A program plan for des]gn for discard
2. Investigation of alternative materials and prncesses
3. Creation md mtnlysis of alternative designs
4. Specification of the LORA programs to be used (or

no! used).
Because the engineering state of the art is changing so

rapidly and because the LORA programs of tbe Army we
behg improved, it is dlficult to foresee how much the level

of discardabili!y can fcaaibly k rsised.
Exhibit DFD-XXX outlined in Appendix B, “Exhibit

DFD-XXX Design fnr Discard Pmgrsm’., csn be used to
invoke a design for discard pmgmm. h should bs tailored by
each command to conform 10 its needs nnd pnlicies.

17-6 INSPECTION AND ACCEPTANCE
This paragraph discusses the contractual functions of

prnduct inspection nnd acceptance. llesc contractual func-

tions me the same whether or not a contract requires a
design for discard, prngrsnt. For many components the

inspection and acceptance procedures sre the same, regard-
less of the discsrdabifity of the comp-mns. The Opportuni-
ties and difficulties in inspection and acceptance are

1. Opponuniries:
a. If a simple, inexpensive Gw74nGo test for the

discardable unit is adequate for all purposes, inspection and
acceptance would be simpler than for a nondiscardablc unit.

b. Mmty types of items designed for discard should
have a higher quality, i.e., a lower fraction of nonconform-
ing items in tbe 10L,due to the design for dkcard program
sndlor to the total quality efforw being implemented by the

Army and industry. In such cases the sample size to be
tested for each lot and the depth of [est on each discardable
unit can be considerably reduced.

2. Diflctdries
a. If discsrdabOity also means that the internal

workings of the component sre less accessible than for a

repairable component, the dkcardable parts might bc more
difficult to test thoroughly, e.g., for intemslly degraded
operation, snd nondestructively.

b. In &y production system some elements of an
assembly become covered up as the assembly pmgresws.
Testing of those elements musl be done before they are cov-
ered up. Generally, the only way a customer can be assured

of the proper quality is 10 monitor the manufacmring pro-
cess nnd thus bc assured that the process is consistent and
cnrrect.

Par. 14-3, ‘.Qushty Assurance”’, addresses this subject in
more detail.

17-7 WARRANTIES
Warmntyconsiderationsarcexactlythesnmewhetheror

not a conuactrequiresa design for dkcsrd progmm.I%e
primarysourceof informationonwarrantiesassociatedwith
wesponsystemsis DFARS 46.770, “Use nf Wmmmies in

Weapon System pmcurements$’ (Ref. 2). Secondary sources
sw publications of the US Army Materiel Command
(/iMC) and the cognizant command md the contracting
officer. Other sources should not bc used because of the
complex, changing nature of the roles and regulations
imposed by Congress and the Department of Defense
(DoD).* Appendix C, “Wsrrsnty Regulations”. provides

information adap[cd from the FAR (Ref. 1) and DFARS

(Ref. 2).
71te tbrw principal purposes of a warranty are

L To delineate the rights and obligations of the con-
uactnr and the Gnvemmcnt fnr dcfeztive items and services

2. To foster quality pcrfornbmce
3. To dtow tie Government additional time after

acceptance to assen its rights.

●Fnr this ressnn. no dctsikd information on applying warmnties is
given in tis bsndbnk.
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Thc following five factors ought to b-e considered

together in dccidhg on the inclusion of a warranty:
1. Nasure of the item
2. Cost of tie wnrramy m both the contractor and

Government

3. Ati]nisuation and enforcement
4. Trade (commercial) practice of n-exsra.cost war-

ranties
5. Reduced quality assurance requirements.

Explici! commercial warranties are generally shon-term
agreements to repair or replace a pruduct due to de fecu. in

materials or workmanship. These csn be used, but the logis-
tic cost to lhc My 10 sake advantage of lbe warranty cm

negate its value. Discardable items could provide a baler

0pP31tUnity 10 use a Commcrcia! warranty. If feasible, the
Army should obtain prices with and wirhou! the commercial
warranty snd then decide which way would be more cosl-

effective.
The reliability improvement warranty (fUW) is the most

well-known and popularized of the military warranties.

even though there are no! many complete case histories
published on how well il has actually worked. The RfW
works best on self-conmined units Umt are easily sealed and

easily tessable (remove and replace concept). This way, the

conuactor is not accountable for any tampxing or incorrect
maintenance by the Army. Discardable uniss fit into shis cat-
egory and are dws very appropriate for an RfW. Whether

the connactm repairs the returned units or replaces them
with new units is of no concern to the Army. The RfW is

discussed furlher in Appendix D, “Reliability lmprovemem
Warmmy”.

17-8 SECOND SOURCING
If only one contractor is producing an item, it is ofsen

desirable lo find a second source to produce the item also.

llw rensons for this are
1. l%erc is com@ion among the contractors, which

can improve both price and delivery.
2, Ile item is less likely to be complewly unavailable,

e.g., due to strikes, accidents, mdfor natural disasters.

This prccedurc is called “second sourcing”. If she technical

dam package (TDP) is excellent, i.e., she product and pro-

cesses are well-chamcterized. here is little difficulty bring-

ing a second contractor on line.
Second sourcing is common commercial practice for crit-

ical items in production. Even witi very proprietary prod-

ucts and processes, large customers often insist that the

original supplier bring a second source on line. The exact
proporsicm of second sourcing will depend cm the namre of

current business practices and the”COSIvs supply risks the

Army is willing [0 take.
Competition among contractors is an excellent way to

encourage the competing conu-nctors to use ,creative engi-

neering m enhance tie economic discardabdlty of an item.

l%cir incentive is not in any explicit contractual incentives:
il is in knowing shat economic discardahility will be impor-

!ant in chuosing a commctor.
Second sourcing and design for dkcard are very compmi-

ble; the dk.wdability requirements inuvduce no new com-
plexities into she second-sourcing process. Insofz as second

sourcing encourages competition among contractor it will

help the design for discard program. Second-source con-

tracIs can include design for discard* provisions, regardless

of the original dkcardabili!y of the item or its components.

REFERENCES

1. Federal Acquisition Regulation (FAR). Title 48. Federal
Acquisition Regulations System, Chapler 1. US Govem-
mem Printing Office, WashingIon, DC, 1 April 19S4

(1990 Ed.).
2, Defense FM Supplement (DFARS), US Government

Printing Office, Washington, DC, 3 I December 1991. .
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●MY changes in the design should & subject to form. fit, function,
snd testnbilhy provisions.
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APPENDIX A
GENERAL INFORMATION SOURCES

A-1 ENGINEERING PROFESSIONAL
SOCIETIES

llx major engineering societies arc among Ihe largest

tcctilcfd publishers in the world. They publish professional

journals, technical magazines, standards, pamphlets, brinks,

and proceedings of conferences and symposia. Some of Ibe

societies are listed hem with their current mailing addresses
and telephone numbers. Many of the societies are umbrella

organizations wilh many subsocieties.

A-1.l

A-1.2

A-1.3

A-1.4

A-1.5

A-1.6

A-1.7

American Institute of Aeronautics and Asuonau-

tics (AIAA)

370 L’Enfant Promenade. SW
Washington, DC 20024-2518
Phone: 202-646-7403

AMcrican Society of Mechanical Engineers

(ASME)

345 East 47th Sweet
New York, NY 10017
Phone: 212-705-7745

American Snciety for Quality Control (ASf2C)

611 East Wkconsin Avenue
POBox 3005
Milwaukee, WI 53201

Phone: 414-272-8575

ASM International (formerly: American Society

for Metals)

Malerids Park, OH 44073-LX02
Phone: 216-338-5151

Institute of Electical and Elccsronics Engineers

(IEEE)

345 Em 471b Streel
New Ynrk, NY 10017
Phone: 2 12.705-79CSI

fnSUNte of Environmental Sciences (lE.s)
940 Northwest Highway
Mount Prospect, ~&3056
phone: 708-255-1561

fnstitme of Indusuial Engineers (3333
25 T=hnology Park/Atlanta
Norcross, GA 30092
phone: 404-449-0460

A-1.I3

A-1.9

A-1.1O

A-1.11

SAE fntemational (formerly: Sociery of Automo-

sive Engineers)
4QCIConunonwenhb Drive
Wmcnlon, PA 15096-0001
Phone: 412-776-484 I

Snciety of Logistics Engineers (SOLE)
8100 Professional Place, Suite 211
New Carrolhon, MD 20785-2225
Phone: 301.459-8446

Society of Manufacturing Engineers (SME)
1 SME Drive
PO Box 930
Dearborn, Ml 48121
Phone: LWO-733-4SME

System Safety Snciety (SSS)

Five Expnn Drive, Suite A
Sterling. VA 22170-4421
Phone: 703-450-0310

A-2 TRADE MAGAZINES
lle following list gives seve~ publishers, their pertinent

magazines, and a few words about magazine ccuncm andlor

intended readership. There are other publishers and maga-

zines that can also be useful.

A-2.1 Cabners publishing Company

275 Washington SIICSt
Newton; MA 02158-1630
Phone: 800.662-7776

Control Engineering, engineers who design, insudl,

and maintain automatically controlled syskms
Datamation, information processing
Desi8n News, design engineers
EDN, clccf.ronics design engineers
Electronic Packaging & Pmducrion, concurrent engi.

nwing for packaging, fabricatiiin, and assembly
Highway & Heavy Construction, highway and other

heavy construction
Packaging. packagingfor industrial, consumer, and

-mid pl-OducLs
Plaru Enginccn”ng, maintaining planlfacililies, equip-

ment, and systems
Pfa.micJ Worfd, plastics designers and prccessom
Pollution Enginecn”ng, quipmcm for control of air,

water, and wasles

A-1
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Research & Dcvelopmenr, scientists and engineers in

applied research
.kmiconducmr Imema!ional, designem and manufac-

turers of semiconducmrs
Sysrcms Integration, designers of computer systems for

1

business and induslry
Test c1 Measurement! World, !est and inspection of elec-

tronics

A.2.2 Cardiff publishing Company

I 6300 South Syracuse Way, Suite 650
Englewood, CO 80111
Phone: 303-220-0600

Defense Elcctmnics, electronics technology
Radio Fregucnc-y

A-2.3 Nelson publishing
2504 Nonh Tamiami Trail
Nokomis, FL 34275-3482
Phone: 813.966-9521

EE Evaluation Enginecnrrg, electronic evaluation and
test

A-2.4 McGraw-Hill
1221 Avenue of the Americas
New York, NY 10020
Phcme: 212-512-2003

I
Modem Pkm!ics, plastics industry and technology

~ A-2.5 Miller Freeman, lnc

Al Expen, artificial intelligence and expert syslems
Cimuirs Assembly, surface-mount and board level

assembly
Primed Circuif Design, deign of printed circuit boards
Primed Circuit Fabrication, fabrication of printed cir-

A-2.6 Penmn Publishing Company, Inc.

1100 Superior Avenue
Cleveland, OH 44114
Phone: 216-696-7000

Automation, manufncturin~prcduclion engineering
and management

American Machinis/, memlworking industries
Casting Design & Application, casting design
Computer-Aided Engineering, users of computer-based

quipment
Elec!mnic Design, design engineering
Hydraulics & Pneumatics, fluid power and controls
Foundry Management & Technology, foundry indusuy
Machine Design, design engineering
Materials Engineering, materials specifiers md evacu-

ators
Micmwm,cs & RF. microwave and radic-frequency

engineering
Occuparioricd Ha@ds. “industrial safely, health, and

environment
Welding Design and Fabricmion, welding and meml

fabrication

I

I

I

6CH2Harrison Sweet
San Francisco. CA 94107
Phone: 415-905 -22@J
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APPENDIX B
EXHIBIT DFD-XXX

DESIGN FOR DISCARD PROGRAM*
B-1 SCOPE

This exhibit is a supplement 10 MSL-STD-470 to satisfy
the needs of tie AnnY for a design for discard program.

B-2 REFERENCED DOCUMENT
MIL-STO-470, Maintainability Program for Systems and

Equipmen:.

B-3 DEFINITIONS
[None]

B-4 GENERAL REQUIREMENTS

B-4.1 DESIGN FOR DISCARD PROGRAM
Thedesign for discard program of a contractor shall com-

ply wi[h
1. Provisions of this exhibit
2. Provisions of the contract statement of work.

B-4.2 PROGRAM INTEGRATION
Thedesign for discard program shall be used only when

both quantitative reliability requ~ements and quantitative

maintainability rquiremenIs exist.
lle contractor shall, insofar as is feasible, integrate the

task requirements of his exhibil with otier m.sk require-

ments related to reliability, maintainability, and logistic sup

pm.

B-4.3 QUALITATIVE REQUIREMENTS
The following qualitative requirements shall be imple-

mented:
1. The design for discard program of the contractor

shall strengthen the Army’s etTorI to
a. Srnve for the lowest, total cost of m effective

maintenance and logistic suppon system rmher than merely
the lowest direct cost of repair operations and replacement

parts.
b. f-cl the commercial mmketplace cqwrate m

reduce the cost of such a system.
2. The dk.capability of components shaJl in consc-

nmce with other military objectives be enhanced by cr-
eative engineering associated with diawOstics, physical
amangement, material selection, and fabrication.

‘Portions of this exbibil have ban modeled upon andkr adaptal
from Exbibil QR-870-J from tie US ArmY Missile Command
&flCOM).

3. ff form, fm, and function are imposed upon a com-
ponent, the concept of function shall include

a. fntemctions with other components, especially
transient interactions

b. Diagnostics, especially the risk associated with

incorrect diagnosis.
4. Ocsign for dkard slmuld he m explicit part of each

program review for which discardability is pertinent.

B-5 SPECIFIC REQUIREMENTS

B-5.1 DESIGN FOR DISCARD PROGRAM
PLAN (TASK 1)

Thecontractor shall prepare a design for dl=”ard pmgmm
plan ha! shall include but not be limited 10 Tasks 2,3, and 4
of thk exhibit.

B-5.2 AWARENESS TRAINING (TASK 2)

Engineers md managers must be made aware of
1. ‘Jle imporomce of discardahility at a high assembl y

level (hardware indenture level) as a product characteristic
2. lle need for aggressive nnd creative engineering

initiative to achieve discardability in consonance with other
military objectives.

3. The exigency of amfytic models for life cycle cost
(LCC) and level of repair analysis (LORA) hat Imvc been

upti~ to encomp= all long-temn costs for dkcardabil.
ity evacuation.

B-5.3 INCENTIVES FOR INITIATIVE
(TASK 3)

Ile product and project requirements must include provi-
sions that encourage engineers and managers m take aggres-
sive and creative initiative to raise the assembly level at
which discard could occur.

B-5.4 ADEQUATE ANALYTIC TOOLS

(TASK 4)

‘flu models (and parameters therein) that enginee~ use
for life cycle cost analysis and level of repair analysis must
tdquately reflect the long-term goal of the Army 10 reduce
the resources devoted to supporting each soldier in the field.
For example, the long~tenn costs of training facilities and
personnel and of the logistic suppon system must be
included in the models in such a way that decreases in long-
term costs can outweigh some increases in sbon-lem costs.

B-1
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B-6 NOTES life cycle COSI+nakysis and level of repair analysis are

All of the tasks that must be done in any acquisition in essential tools in such an acquisition, regardless of the pres-

wbich there are quantitative reliability and maintainability ence of a design for discard program.

(R&M) requirements must also be done when such acquisi- ‘Thus only those (asks that must be performed in addition

tion involves a design for discard program. For example, to the usual R&M tasks are listed in his exhibi!.

I
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APPENDIX C
WARRANTY REGULATIONS

C-1 SOURCE LISTINGS
The Federal Acquisition Regulation (FAR) (Ref. I) and

its DoD Supplement (DFARS) (Ref. 2) deal at length witi
warranties and tieir ramifications. Anyone who contem-

plmes using a warranty should become familiar witi the
current rules and regulations regarding warranties.”
Because t6e FAR and DFARS do change, dwy arc not
quoted here at length. The lists Ihal follow are from these

regulations and indicate their pertinent contents. Specific
FAR and DFARS*” numbers and titles related to warranties
follow:

FAR 46.7, “Wwranties”
46.701, “Definitions”
46.702. ‘General”
46,703, “Criteria for use of warranties”
46.704, “Authority for use of warranties”
46,705, “Lhimtions”
46.706, “Warranty renns and conditions”’
46.707, “pricing aspects of fixed price incentive

contract warranties”
46,708, “Warranties of data”
46.709, “Wammties of commercial items”

I 46.710, “Contrsct clauses” (See also 52.246.),

The DFARS 246.704, “AutboritY’ Cor use of warmn~es”,
is merely a SIIOIIssatement that refers 10 DFARS 246.770,
‘Wsrmmies in weapon system acquisitions”, for warranties

in the procurement of weapon systems. The lisl Ihal follows
indicates the contents (number and title) of DFARS
246.770

DFARS 246.770, “Use of warranties in weapon system
procurements”

246.77G1. “Definitions””
246.77&2, “Policy”
246.77W3, “Tailoring warranty Ierms and

conditions”
246.770.4, ‘Warranties on Govemment.fur-

nished property”
246.77G5. “Exemption for aftwnate soorce

conuaclor(s~

246.77CL6, ‘dApplicability to foreign military
sales (FMsy

Vhc discussion in this appmdix is intended fnr readers who may
not M as familiar with the FAR and DFARS as tbosf who usc them
on a daily basis.
. .ne ~F~S “um~ring SyStCmcorresponds to the FAR num-

bering system. snd (he DFARS numbers begin wifb an added T.
For .xmmle. DFARS 246.701 WktinJions’”. corrcsc-ands to FAR
46.701 ‘lkikitions”; DFARS 246.770 “Ws&mie.s i; weapnn sys-
tem acquisitions,-. ,~tmds the FAR Subpari 46.7, “WSIISIU@”.

246.77CL7. “Cosl-beneti! analysis”
246.770.8, “Waiver and notification proce-

dures”, ,
771c DF+RS explicitly defines weapon systems (DFARS

246.770.1 ) and classifies all supplies m. either weapon sys-
tems or not (DFARS 246.703). Thus the approach to war-
ranties depends on she classification of the item.

C-2 USE OF VARIATIONSAND JUDG-
MENT

fn all situations the contracting officer is expected to use

appreciable judgment m decide whether a warranty is
appropriate and, if so, m select the appropriate variation of
the allowed clause.t Some specific categories of supply
types and their references are

1. Supplies of a noncomplex nature, FAR 46.7 10(a)
2. Supplies of a complex nature, includlng those for

research and development, FAR 46.7 10(b)
3. kerns for which performance, specifications or

&sign are very impormm and for which a fixed price sup-
ply, service, or research and development consract for sys-

tems and equipment is contemplated, FAR 46.710(c)
4. Except for appm~ate clauses concerning insWc-

tion of received items, the use of warranties is discouraged in
cost reimbursement commas, F~ 46.705, “Limitations”.

c-3 souRcEs OF WARRANTY ADwcE
Theprimwy source of information on warranties a5s0ci-

amd with weapon systems is DFARS 246,770. “’Use of wal-
rantics in weapon system procurements”. Secondary
sources are publications of the US Amy Materiel Com-
mamd (AMC) md the cognizant command and the contract-
ing officer. Odur sources should not be used because of the
very complex end changing nature of lhe roles and rcgula.

tions impnscd by Con fless and the Department of Defense
(DoD),

1.

2.

REFERENC~,
Federa/ Acquisition Rcgu/a/ion (FAR), ‘fitle 48, Fedemd
Acquisition Regulations System, Chapler 1, US Gover-
nment Printing Office, Washington, DC, 1 April J984
(1990 Ed.).

Defense FM Supplemsm (DFARS), US Government

Printing OftIce, Washington, DC, 3 I Ikcemlxr 1991,

file discussion in this appcndk is intended for readers who may
not be s.efamilim (a) with the FAR and DFARS m 160sc who use
them on a dsily bask and fb) in p’anicular. with [he Iatinuk and
aulbcnity given to tic contracting officers.
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APPENDIX D
RELIABILITY IMPROVEMENT WARRANTY

D-l PURPOSE
Theprimary purpose of the reliability improvement war-

ranty (RfW)* is 10 motivate a concmctor 10 improve the rcli-
Mllity of an item by means of nc-cosl (to tbe Army)
engineering chmges. The conuactor has this motivmion
kecause he has a long-term contract to’kcpair m replace a
group of items at a fixed price for che group” for a “fixed
length of calendar time”, regardless of how often they fail.
~ercfore, he can spend some money to Iengtien their lives
and more than recoup tie investment by not having 10 repair

or replace them. For an RIW m motivate the RfW contractor
effectively, the time period of tie. warranty must be al least
scvcml mean times {0 failure fM’fTF). l?mr is, the fUW
contractm anticipates servicing each item several times
unless he improves the MITF by changing cbe design of tie
item or methods used to manufacture il.

D-2 IMPLEMENTATION
Ilwmechanism for implementing a no-cost engineering

change is the engineering change proposal (ECP)-just as if

‘he NW is nol menlioncd explicitly in the FAR or DFARS but is
generally considered compatibk with those regulations.

the change were an ordinary one. llw difference is in “tie
handling of the ECP by the Army and she contm+ctor. The
motivation of Ihe contractor to improve the prcduct life

ccmoves much rcd tape and negotiation cost of the ECPS
and lhus saves additional resources for both tie .hny and
the contractor, The ECPS are simpler because they are no
cost to she Army. Time is saved ,@cau.se cbe Army rarely
negotiates about the ECPS since the technical and cost risks
therein are vohmcmily assumed by the conuactor, not the

Army.

D.3 PLANNING
If m NW is planned for an item, tie following two

things musl be done during dcvclopmen~
1. Ile RfW is included in the development solicitn-

tian for che item and is explicitly pan of the evaluation trite.
ria.

2. The plan for RfW is included in the development
cohunct so that the contractor can make suitable tradeoffs
during development.

D-1
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GLOSSARY
Some of the words and phrases have complicated. detailed, mathematical, antior msny definitions, some of which depend

on context. ‘fhe definitions given here are intended only to explsin the general concepc they should not be used as complete
explanations, Multiple definitions are indicated by numbers in [ ]; the sequence dces not indicate importance.

A

Acquisition. “...llu acquiring by commct with appropriated

funds of supplies and services by and for the use of the
Fedcnd Government through purchase or lease. ...” (FAR

2, 10 I). [t is the most general and all encompassing word

thw relates to the acquiring of an i!em by the Army. See
also Acquisition Process.

Acquisition Process. “The sequence of acquisition activities
beginning witi the Army’s reconciliation of its mission
needs witi i!s capabilities, priorities, and resources, and
extending through the deployment of a system.” (Ref. 1)

Avaifabifify. ‘The fraction of time tiat the system is actual] y
capable of performing its mission: (Ref. 2)

c

Chut-acm-ize. Knnwledge of d] the pmpertics and inlemc-
1 tive relationships lhal are important for the purposes at

band. lhe word spplies m items, prncesses, envimn-

1 ments, etc. For example, during test and repair a repair-

able unit is ch.wacterized if one knnws exsmly what 10

I

test for, how to test it. how w interpret the resulrs, what m
fix. and how to fix it. Nothing can ever be completely
characterized for all situations simply because science is

not complete. Interfaces between items are usually
incomplete y characterized simply because not enough

resources hsve been devoted to the problem andlor the

p~SCS al band bVe &IlgCd.

Combat Resilience. “A weapnn-system characteristic that

permits an incapacitmcd weapon system to be restored
quickfy 10 some needed, useful (possibly degrsdcd) oper-
ational capability, with the expedient resources available

on the battle field.” (Ref. 3)

COnj@wutiOn Confrd ‘The systematic pmpnsal, justifica-
tion, evaluation, coarchnmion, approval or dkupproval,

snd implementation nf M approved changes in the con-
figumtion of a configuration item after formal establish-

ment of !he baseline.” (Ref. 4)

Cm@gunatfon Item “AU aggregation nf hardware, tinn-
w,are, or other computer sofiw are or any of their dkcrete

pmtions, which satisfies an end use function snd is desig-
nated by the Government fnr separate configuration man-
agement. Configuration items may vary tide) y in
complexity, size, and type, from so sircmft, electronic, or

ship system to a test meter or rnund of ammunition. Any
item rquircd for logistic suppon and designated for sep

arnte procurement is a configuration item.” (Ref. 4)

ConJ&mntion Management. ‘The techbcal and adminis-
trative duection and suweillsnce actions taken to identify

and document the functional md physical characteristics
of a configurating item, m control changes w a configura-
tion item snd its charnctcristics; and to record and repon

change processing and implementation status.” (Ref. 4)

Criticafify Amafysis. “A prmcdurc by which each potential
failure mode is tanked according m the combined influ-

ence of severity and probability of occurrence.’” (Ref. 5)

D

Database. Any collation of information structured so the
desired kinds of information can be exuacted reasonably

from ii. Very often a datnbase resides on a computer stor-

age-medium and is structured by a computer program.

Design to Cost. “An acquisition management cost conmol
technique established to achieve defense sysiem designs

tit meet svawd COSI requirements. Cost is a design
requirement addressed on a continuing basis as psn of a
system’s development process. IIIc technique embodks

early establishment of realistic but rigorous cost objec-

tives, goals, and a determined effort to achieve them.”

fRef. 6)

Design to L+fe Qcfx COSL A s~ial cm of design to cost
in which the cost of concern is the life cycle cost.

Design to UnU Production Cost. ‘mat cost established
prior to the development of an item to guide design and to
conwol program costs. h is the cost m the Government to
acquire a production item based Ori a stated level of pro-
duction. II is established early in development to insure
from the stan that engineers design and develop an item
that will nnt cnst more hn ‘he Army cm affnrd to pay

for the item.” (Ref. 7)

DiagnosLc ‘“he functinn$ perfnmned and the techniques
used in determining and isolating the cause of malfunc-”
tions.” (Refs. 8 snd 9)

Down. h item is not in, a condition to pe~orm its intended

function.

Dumbifily. VA specisl case of reliability; the probability
that m itcm will successfully survive its prnjecwcl fife,
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overhaul point, or rebuild point (whichever is tie more

appropriate dumbllity measure for tie item) without a
durability failure.” (Ref. 10)

End-Item. “A final combination of end-prcducts, comp=
nent parts, andlor materinfs that is ready for its intended
use; e.g., ship, tank, mobile machine shop, aircrafi.” (Ref.
11)

Faifure Mode and Effects Ana/ysu. “A prncedure by which
each putential failure mnde in a system is analyzed 10
determine tie resuhs or effects thereof on dIe system and
to classify each potential failure mwle according to ik
severity.” (Ref. 5)

Failure Mode, Effects, and Critic fdily Analysis “...an anal-

ysis procedure which ducumems all prnbable failures in a
system within specified ground roles, determines by fail-
ure mode anafysis the effect of each failure on system
operation, identifies single failure points, and ranks each
failure according to a severity classification of fuilure
effecl.” (Ref. 5)

Functional Tes:. [1] “A USI which detem”nes whetier the
UUT [unit under test] is functioning properly. me opera-
tional environment (such as stimuli and loads) cun be
eitier actual or simulated.” (Ref. 9) [21A test that checks
the ovemfl performance characteristics of an itemunder
benignconditionsand witi benign criteria for pass or fail
(GoINoGo). II is a qualibxive term whose meaning
changes with the available technology.

G

Go/No-Go Test. “A test designed to yield a test pass or go
indication in the absence of faults in a UUT [unit under
test], and a rest fail or no-go indication when faults have
been detected.” (Ref. 9)

1

Incentive Contmct. “A subclass of conuuct types that
rdate[s] the umount of prnfit or fee payable under the
comrwa m the contractor’s performance. The subclnss

srmlies 10 fixed-mice and cost-reimbursement classes nf
c~nuacts.” (FAR” 16.401)

Integmted Logi$tic Support. “A disciplined, unified, and
iterative approach 10 the management and tectilcaf nativ-
ities necessary 10 integrate suppcm considerations into

system und equipment design; develop suppnrt requir-
ements UIat we relined consistently 10 readiness objectives,
m design, and to each othe~ acquire the required suppnm,
and prnvide the required support during the opxationaf
phase m minimum cost.” (Ref. 12)

L

tife Cyck Cost. ‘The total cost to the Government of acqui-

sition and ownership of that system over its useful life. h

includes tie cost of development, acquisition, suppon
md+ where applicable, disposal.” (Ref. i 2)

lmgisfis Support. “provision of adequate materiel and ser-
vices to a mitiury force to a“sure successful accomplish-

ment of assigned missions.” (Ref. 7)

logistic Support Analysis. ‘The selective application, of
scientific nnd engineering efforts undertaken during the
acquisition process, as pan of the systems engineering

prucess, to assist in: causing suppon considerations to
influence design, defining suppon requirements thm are
related optimafly to design and m each ahec acquiring
the required suppnn; and providing the rquired suppon
during the operational phase at minimum cost.” (Ref. 12)

M

Mm”ntenance. “All actions necessary for remi”ing an item
in, or restoring it to, a serviceable condition. Maintenance
includes servicing, repair, modification, overhaul, inspec-
ting, nnd condition determination.”’ “(Ref. 13)

Mm”ntaimzbifily. ‘“he ability of an item to be retained in or
resmred to specified condition when maimenance is fxr-
formuf by p+m,onnel having specified skill levels, using
prescribed procedures and resources, at each prescribed
level of maintenance rmd repair.” (Ref. 12)

MainfninabiIify Growth. The improvement in mainminabil-
ity measures of an item, due m corrective action. It is
dircctfy amdogous to reliability grnvnb, in bntb concept
and practice.

Mobifity. “A quakity or capability of military forces which
permits them to move @m place to place while ret+ning
the ability 10 @lfill tieir primary mission.’: (Ref. 14)

N

Nondsvefapntenkd Item [1] “An item available from a
~‘ v~ety of sources and requiring virtually no developmem

effort by the Army.” (Ref. 15)

[2] “a. Any item of supply that is mailable in the com-
mercial markelplacc;

b. Any previously developed item of supply thru is in
use by a department or agency of the United States, a
State or local government, or a foreign government with
which tie United States has a mutual defense cooperation

n~ement
c. Any item of supply described in definition 82*.a. or

b., abnve, that rquires only minor mnditication in order
to meet the requiremcns of IAe prncuring agency; or

d. Any item of supply that is curmnlly being prnduced
that does not meet the requirements of 82*.a., b., or c.,
abnve, solely because the item is not yet in use or is not
yet available in the commercial marketplace: (Ref. 12)

. ..s2.. ~fmto tfw definition number in Ref. 12.
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o

Opcradormf Readiness. ‘The capability of a unitiformation,
ship, weapon system, or equipment to perform the mis-
sions orkiutctions for which it isorgmizcd or designed.
May be used in a genersl sense or 10 express a level or
degree of readiness.” (Ref. 14)

P

Pamifioning.Physically grouping the items of a syslem
nccordlng m a set of rules with the intent that some par-
ticular groups will be modules. A name is often given to
the set of roles and heir intent, and t-bat name is used IO
modify “partitioning”’. e.g., cost partitioning.

Procurement. ‘The pr~ess of obtaining pm.orinel, ser-
vices, supplies and quipmem” (Ref. 14)

Purchase Description. “...a description of [be essential
physical characteristics and functions required 10 meet
the Government’s minimum needs.” (FAR 10.OOI)

R

Readiness. The ability of foxes. units, weapnn systems, or

quipments to deliver the outputs for which they were
designed (includes the abili!y to deploy and employ witb-
om unacceptable delay s).” (Ref. 14) See also Operational
Readiness.

Reliabili@ “A measure of the ability of an item to complete
its mission successfully.” (Ref. 2)

Resources. A general word that includes the psople, time,
and money needed for a project or task.

.s

Second Source. Attotber contractor who will develop, pro-
duce, or sell an item in addition to, not in place of, the
originsf contmcmc

Sole Source Acquisition. ‘-...a contract for Ute purchsw of
supplies or services that is entered into or proposed to be
entered into by an agency after soliciting srtd negotiating
with only one source.” fFAR 6.fK13)

Solicifntion. “A rqucst for propnsafs or quotations.” (FAR
15.407)

Spec@tion. “...a description of the !ccbnicaf requirements
for a material, prcduct, or service that includes tbe crite-
ria for determining whether these requirements arc met.
Specifications sbafl stats onfy the Government’s actuaf
minimum needs and be designed to prnntote fufl and
open competition, with due regard to the nature of the

supplies or services to be scquired.” (FAR 10.001)

Subcontractor. “...any supplier, distributor, vendor, or firm
that furnishes supplies nr services to or for a prime con-
tractor nr snoIber subconbactnr.” (FAR 44.101 )

G-3

Susti”nabifily. ‘The ability to msinmin the necessary Ie\,el

snd duration of combat activity to achieve national objec-
tives. Sustainability is a function of providing for and

maintaining hose levels of ready fnrces, materiel, and
consumables necessary m suppm n military effort” (Ref.
14)

Syslem Effecdveness. “A sumntm-y measure of du ability
of a complex system to satisfy the needs of its users.”’
(Ref. 2)

T

Technical Data Package (~P). “A tcc~!cal description
of an item adequate for suppordng an acquisition strat-

egy, tiuctiOn, engineering, ~d 10QSUCSSUPPOfl. me
description defines the required design cnnfigumtinn and
procedures tn ensure adequacy of item performance. 1[
cnnsists of afl applicable technical data such as drawings,
associated lists, specifications, standards, performance
requirements, quality assurance provisions, and packng-
ing details.” (Ref. 12)

Tes&biUy. “A design characteristic which allows the status

(npcmble, inoperable, or degrnded) of an item to be deter-
ndned and the isolation of faults within the item to be
performed in a timely manner: (Ref. 8)

Jkdeofl An engineering and management technique by
which to reach a compromise when the decision is lim-
ited by constraints.

u

Up. The condition of an item or equipment to perform its
intended function,

w

Work BreoMown Structure. “A product oriented family

tree composed of hardware, software, services. and other
work tasks which results from projeci engineering efforts

dining the development and production of defense mate-
riel items. and which completely defines tbc pmjd/prn-
gram. A work breakdown structure displays and defines
the product(s) to be developed or produced and refines
the elements of work to be nccomplisbul to each other
and to the end prnduct: (Ref. 7)

REFERENCES
1. OMB Cm. A.109, Major System Acquisitions, 5 April

1976. .,
2, AMCP 706-200. Eneineerin~ Desien Handbook.

3

Dsvefopment Guide fo~ Relia~ility P~rr Six, Marhe~

matical Appendti and Glossary, Jmuary 1976.

WIlfiam M, Shepherd, “AirLmd Battle in the 21st Cen-

tury”, Proceedings: Annual Rc/iabi/ify & Maintainabif-

Downloaded from http://www.everyspec.com



~

MIL-HDBK-798(AR)

iv Symposium, Los Angeles, CA, January 1988, pp.
I 40-5. l%e Institute of Electrical and Electronics Engi-

neers,Inc.,NewYork,NY.
4. MIL-STD-973, Conjiguralion Management, 17 April

1992.

5, MIL-STD. J629A, Procedures for Pc$onning a Fail-
ure Mode, Effccfs, and Cn”ricaliry Analysis, 24 Novem-

ber 1980,

6. MIL-HDBK-766, Design [o Cost, 25 August 1989.

7. AR 310-25, Dicrionmy of Unired Stares Army Terms,

15 September 1975.

8. MIL-STD-2 165, Tesmbilify Program for Elecrmnic

$sterm and Equipmenr, 26 January 1985.

9. MfL-STD- 1309C, Definitions of Terms for Test, Mca-
summen!, and Diagnostic Equipmenr, 18 November

1983.

10, TRADOCJAMC-P 70-11, RAM Rationale Repot?

Handbook; 1 July )987.

11. MIL-STD-88 1A, Work Breakdown Srrucrurcs for
Defense Materiel Iwms, 2S April 1975.

12. DoD Jnstmc[ion 5000.2, Defense Acquisition h4anage-

mcnr Policies and Procedures, 23 February 1991.

13. DoD-HDBK-791 (AM), Mainminabi/iry Design Tech-
niques. 17 March 1988.

14. Joint Publication 1-02, Depa@ent of Defense Dicrio-

IWY Of Milimv and Associated Terms, 1 December
1989.

15. AR 70-1, Syslem Acquisition Po/icies and Procedures,

31 March 1993.

G-4

Downloaded from http://www.everyspec.com



MIL-HDBK-798(AR),

INDEX
A

Academic research, 4-142
Advamages of design for discard, 1-1,3- 1—3-3
Analysis techniques, 1-2,2-5, 10.1 —IO-3
Applications

fabrication, 8-3—8-4
material selection, 7-3-7-5
physical arrangement, 6-3-6-7
testing, 5-6-5-11

Audit mail, 9-4

c

Characterization, 5-1
Common suppon equipment, 3-3
Commonality, 2-3—2-4, 3-3, 13-4
Concept, 1-1,2-1,5-1, 5-3—5-4, 6-2,7-1, 1O-2

Configuration control, 5-5, 14-1, 14-3-14~4
COS1.2-2,2-3.2-5.3-1,3-2.6-1, 6-3,6-4,6-5,6-6,7-1, 7-2,

7-3,7-4,7-5,9-2, 10-1-1 O-2, 10-4, 13-3, 13-4, 14-1,
14-2, 15-I—15-3

Decision Ecfilques, 2-5, 10- 1—10-5
Design analysis, 2-5
Design reviews, 8-2,9-2,9-3, 14-1, 14-4
Design techniques, 2-5
Design to cost. 15-1

Dlagiostics, 5- 1—5- 11
DkwdaMe item, 3-1,3-2,3-3,5-5,7-2, 7-3,7-4,7-5,8-3,

11-2, 13-3, 14-3
Disciplined approach, 2-1
Disposal, 7-2,7-3,7-4,7-5, 10-1, 14-1, 14-2, 15-1
Documentation, 3-3,9- 1—9-4, 14-1, 14-3, 17-2
Documentation responsibilities, 9-3
Durability.8-3, 10-1, 16-2

E

Enginmring change proposals, 9-2, 16-1

F

Fabrication techniques, 8-2—8-3, 12-2

Failure mode and mechanisms analysis, 5.2—5.3
Failure mode, effects. and criticality analysis, 5-2
Fault wcc synthesis and analysis, 5-3
Form, tit, and function, 2-3, 13-4

Front-end analysis, 2-5, 10-2
Functional grouping, 5-6,5-7,5-8,5-9,5-10

G

Goals, 2-6:4-3,6-5,66, 10-4, 11-2, 14-2
Government research, 4-1

H

Hardware indenture level, 2-4.2-5,3-2, 13-1, 13-2
Heshh hazard assessment, 12-2
Human factor, 2-6,6-4, 12- I

1

Industry research, 4-2

Information flow, 9- 1—9-4
Integrated logistic support, 9-3, 13-2—1 3-3
Interface, 2-3,2-6,5-1, 11-1—1 1-3. 12-1—12-3, 14-3
Inventory, 10-1, 13—1 3.4

L

Level of documentation detail, 9-’t-q-4
Level of repair malysis, 2-4, 2-~, -10-i, 10-2, 11-2.

12-1, 14-1, 14-2, 15-2, 16-1
Life cycle cost, 2-2,3-1, 14-1.14-2, 15-1—15-2, 16-1
Limitations of design for discard, 1.2,2-2
Logistic supporI, 13-1, 13-2
Logistic support snalysis, 9-3,9-4.10-2, 13-3
L.Ong-wnn milimq goals, 10-4

M

Maintainability, 2-5,5.8,6-1,6-2,7-2, g-1. S-3, 10-3, 10-5,
II-I—11-2, 15-2

Maintainability engineering, 2-6. 11-2
Maintenance, 1-1,2-4,2-5,3-1,3-2, 6-1,6.2, IO-I, 10-2,

11-1, 11-2, 12-1, 12-2, 13-1, 13-2, 13-3, 13-4, 14-1, 15-2
Maintenance concept, 2-4.2-5, ,!0.2, 13-1
Manpower, 2-6,3-2, 10-1, IO-2, IO-3, 10-4, 12-1, 13-2,

14-2, 15-1, 15-2
MANPRINT, 2-6, 1W2, 12-l—1 2-3
Macrird selection, 7- 1—7-5

COSL7-l—7-2
disposal COSIS,7-2
repaimbiliIy, 7-2
physical chamcteristics, 7-2
salvage value, 7-2
strategic value, 7-1

1 I-1

Downloaded from http://www.everyspec.com



MIL-HDBK-798(AR)

Mobility, 3-2
MOdc]S, 2-3,2-5,3-1,5-2,5-3. 5-4, 10-1, 102, 10-3, 1I-1,

12.1, 14-1, 14-2, 15-2, 16-1
Modular construction, 6-1-6-2

N

Nonrepairable, 2-2, 10-2

0

(operational readiness, 2-4,3-2,3-3, 10-1,10-2, 11-1

P

Packaging, 3.1,3-2,7-3,7-4,7-5. 13-2, 13-3
Partitioning, 6- I-6-7

COSI,6-3
functional, 6-2
reliability, 6-3
similm part. 6-2-6-3
spatial, 6-2
testability, 6-3

Personnel, 2-4,2-5,2-6,3-3,5-5, 6-2.7-2,9-2,9-3, 10-1,
10-2, 10-3, 10-4, 12-1—12-2, 13-2—13-3, 15-1—15-2

Producibility, 2.6, 3-l—3-2, 8-l—8-2
Roduciblli[y engineering and planning, 15-2
PmIuction planning. 8-2
Prcduct improvement program, 16-1
Protolyping, 8-2

Q

Qud,ty assurance, 14-2—14-3

R

Reliability, 2-3,2-5,3-1,3-2,3-3, 4-5,5-2,5-5,5-6, G2,
63,6-4,6-5, &6, 7-2.8-1,8-2,8-4,9-3-9-4, IO-2, 10.3,
IO-5. II-1—11-2, 15-1, 15-2

Reliability engineering, 2-6, 11- l—l 1-2
Reliability-centered maintenance,2-6, 11.2
Repair parts, 2-2,3-3, 10-1, 13:1, 13-4, 15- I
Repairability. 2-5.7-1,7-2,7-3,7-4. 8-3
Replenisbmen:, 13-4

s

Sccondsourcing, 17-4
Source selectim, 17-1
Smrage, 3-1.3-2,7-3,7-4,7-5, 10-1, 13-2, 13-3, 14-2
Support equipment, 3-2—3-3, 10-1, 13-2, 14-1, 15-2
Sustainability, 2-4,2-6,8-1, 11- l—l 1-2
System safety, 9-2, 12-1, 12-2

T

Technical manuals, 3-3, 1C-3
Test equipment. 2-2,2-5.2-6,3-2,3-3, 5-2,5-4,5-5,5-6,

5-7,5-9,5-10,6-3, 10-1, 10-4, 12-2; 13-3, 13-4, 15-1, 15-2
Testability, 2-4,2-6,5-3-5-4,5-6, 5.7. 5-S, 5-9,5-10,8-1,

8-4, 11-1, 11-2, 14-3, 15- I
electrical, 5-3-5-4
elecmwoptical, 5-4
electmmecbanical, 5-3-5-4
ekcuonic, 5~3-5-4
hydraulic, 5-4
mecbanical,5-3
optical, 5.4
pneumatic+ 5-4

Testability engineering, 11-2
Tests, 5- 1—5-2, 5-3,5+ 5-5,5-6,7-3
TOOIb-tO-tail mti0,3-2.3-3 ,10-4,15-l
Training, 2-4,3-3, 10-1, 10-2, 1O-3, 12-2.13-2, 13-3, 13-4.

15-1, 15-2
Transportation, 2-4,2-5,3-2,7-2,7-3, 10-1, 13-3, 15-2

‘w

Warranties. 17-3-17-4

I-2

Downloaded from http://www.everyspec.com



I MIL-HDBK-798(AR)

I
SUBJECT TERM (KEY WORD) LISTING

Analysis and decision Iecbniques
CnAve designs
Concept
Design consideration
Discardable unit
Fabrication
Functional grouping
Hardware indenture level
Integrated logistic support
Inventory
Level of repair analysis
Life cycle costs

I

I Cusltdan:
Almy-AR

Review activities:
Army-AL, AM, AT, AV, CR, Ml, TM

Logistic suppti analysis
Mairdainabiity
Manpower md personnel inkgration
MaIerials
MWJCIS
Mcdular construction
DFcmtiOnal analysis
Parlkioning
Pducibility
Replenishment
Testability
Twtb-I-tail ratio

Preparing activity
Army-AR

(Project GDK!-At53)
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