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FOREWORD

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

2. Beneficial comments (recommendations, additions, and deletions} and any pertinent data that may be of use in improving
this document should be addressed to Commander, US Army Armament Research, Development, and Engineering Center,
ATTN: SMCAR-BAC-S, Picatinny Arsenal, NJ 07806-5000, by using the self-addressed Standardization Document Improve-
ment Proposal (DD Form 1426) appearing at the end of this document or by letter.

3. This handbook was developed under the auspices of the US Army Materie) Command’s Engineering Design Handbook
Program, which is under the direction of the US Anmy Industrial Engineering Activity.

il




Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)
CONTENTS
O R E W ORI oo+ bsteoteteesssemtenets sosstas asss st sasasst vaess pe e s aretasems neor S e aebAm e e R EA AR LA AR AR TS P g LA HER A s ba e s nbame b ams b e doL b vR TSR b 1i
LIS T OF TABLES ...ovvecvrieeecemeeemsueusvstaneassirsassssastasastabs st sbese bt smsseasra ST sETE LIRSS PR S e memE R Pe e pan 242 R LS EE SR PR £ e RS0 T RS d 0 s e a et on ix
LIST OF ABBREVIATIONS AND ACRONYMS ..o cccrcasacsmrersainssnsssisesssssnstansesasasasst ssstspstar st auss s s rissasmstsbas sessssssas sasss X
PART ONE
GENERAL
CHAPTER 1
Lol PURPOSE 1ot eestietesesesemstseessessmssarasassisssns be4eePasas s SrsaE 2R £ Lot o1 Sobmesasbesad ShrE SR srAREAE SO e AR TR TR AT SRR P T e $EAR SRR AR PR AT RS RS An e bt s
1-2 SCOPE ...............................................................................................
1-3 HANDBOOK - eeeesmseeie ttes v s s e s
BIBLIOGRAPHY
CHAPTER 2
PHILOSOPHY OF DESIGN FOR DISCARD
o] INTRODUCTION woocoeeeeesecesieessererasstes st senssessasrensssseesesbesse sissshimsss sasesarassssntntesansd oo nbhacaEababobas st ST oA aP S Fage RS SedsaA n 2-1
2.1.1  BACKGROUND ..o ereccrrereisvte s eriaeressesvssr e rsssessemssams snemrsaborastes st siressass 1assers esnt onssasalostiesaebasnmsastnsataansnanatisastsiirs 2-1
2.1.2 DISCIPLINED APPROATCH...co i ririeries s s sessts s s st srsassrvasssrsssssms rems s sassssansanssnsns riersttis v reateaeneranes 2-1
2-2 PERSPECTIVE ..o S otieemsestereeseetesbessesosessesesssmetssisecssssamessNesasyeiersseseseasesasbarresatas taby tabanaeanaanen 2-1
2.2.1 NOMENCLATURE ..o cveveestsscn e mscassess nsmssssmnas b st bmrass usm b s s e ase o0 b SRS P g AR R 14240 R S A e S e T e g ran bbb s 2-1
2-2.2 NATURE OF DESIGN FOR DlSCARD .......................................................................................................... 2-1
2.2.3 LIMITS OF DESIGN FOR DISCARD ..ovmtrecirimieneressncrtinisicnssissssmsssssnsassntssrasaans sest o ssassssisssssasses snsrasssssases 2-2
2-2.3.1 Psychological BAITIEIS w.mmrieesesinssssniniscsansmsessnrsiersssess et evrr e e e 2-2
D.3.37  (COSE BAITIEDS +orveneeeeteerseeestessesssesmssesssmssabesessoeshsbans stiesssonssssassesmsrassbereshstabass ek vasaans sartvasasas s sist esssasssatsmnesassss 2-2
e T T T 05 1 1s ¢ e L e T = O OO DD S U D SRV PSP SISPR TIPS 2-2
2-23.4  Flexibility Of DESIBN covccvieiceciiierinirnracmes s sssess st s sti sttt s s s s R 2-2
2.2.4 REALISM OF MODELS ..ot vt rmsee st emss st it smsnssssasanes eebente s enteranesebeaasasast ey e e nEsasr e en 2-3
2-3  FORM, FIT, AND FUNCTION ..ovtrttreermernrrrssimsstsismsasesnissass st sryst sassamssessgssstasss st sasersssessyasas seassas s sasusases e pasascesssses 2-3
24 COMMONALITY ....oirrceneccmniicmsccanssnnens eareseivaeaiesessissesrssemseerasbremeteastavatateeries reresevestisentatens e anrre s eants 2-3
2-5 MAINTENANCE LEVELS ........... reevaenens reeeeresemetmsateasatseassmarAse aneA TR TEA a1 AL SRR AR AR AR P eSS 2-4
2.6 MAINTENANCE PROCEDURES ..ot eeeeoresaseesbemeitiratiareb e e vr s et vR s sre et st e RRnR e E iresereesiraaene 2-4
2-7 DESIGN TECHNIQUES........creutemersasisessstassssssssssasssssse sesberassas e sssessssssastssass sastshass 400 rib e ses s as s S0 st iR s s 2-5
2.8 ANALYSIS AND DECISION TECHNIQUES ......oitimissnsirinissmssesrmssssmss s ssrsssssesssssssss s st sepssssssssses sossassanasasnarssase 2-5
2.9 SYSTEM-ENGINEERING INTERFACTES ......oooocrmrerrstinrirssssinisessssemssssasassssrs st asrsbessssssst st st stode s ben sttt sasasas s ssass 2-6
REFERENCES .oe v eeeeseevatessistesssiensssassssassassasssessasamsessiasmassss essernassme grsennssss sosssasssasses v vesererasaseseieeastrosaretersatentsbent reanesaaeeanntaras 2-6
BIBLIOGRAPHY ...ocooonioeemreeeemseasissasiesesssasssareassessesstsnssstessesissssosssastin e8as 01 0sEsab i sebs s asm st b s eSS R P e AR ST s b 2-6
CHAPTER 3
ADVANTAGES AND CONSTRAINTS
3-1 INTRODUCTION vt esee e sseesasssesssermnessssasssssssmssessrssasssssssssassesssnnssnessans 3= ]
3.2 LIFE CYCLE COSTS .o ootieaieresesessesssnasasaasessstissstsss s s bas s saab s 44 sama s S EatE 1 sS4 e R s A SR80 LA RS aRA 8RR b 3-1
3.3 PRODUCIBILITY «.ooooooceovsesececssssmssnessssssessasessessesasstess s e s sasess sessesso st s scs 8188228 s R RS SRR RS R R 3-1
34 MANPOWER AND SKILLS ...ooovvececviersetemesseemasssescssesoecsssessbisesssassssessusssssssaabos sdestssssss bot aasssass hommsbsbasbabesesassababsssasassns 3.2
3.5 OPERATIONAL READINESS.......ccccvrueisiarsrscrasmesstiomtasessstssesonssan s dasianssos sesasoysssassoassnsssasssess oaeass abs st asassn s ssssssnssssans 3.2
3.6 TRANSPORTATION REQUIREMENTS ....cooiiimruirmaririsssirstasssnsrmsscssmsstassssnssimne st sbsn s s st st b s s s s smsas 3-2
3eT MOBILITY oooooeoctoeiacceessresasesrassbessesssss st iessetmasssssssaossns s baneat b a8 SE a5 sE s AR RS A SRR S L 32
3.8 PACKAGING, HANDLING, AND STORAGE.. - - - 3-2
3.9 SUPPORT EQUIPMENT ......ocooioomssrmreosemsrsressssssssssessaseasssssassiuss sersses s rastssassnssss oo fas 208 b 72 81 S SR e 3-2
310 DOCUMENTATION ..ot ieevtssesssesssre s ss st ass shasses s sasesss s assst ah arsas s sys s 450 SES LS E R b RgRA SIS RA 0121 R st 3-3
311 PEACETIME VS WARTIME ......ovccviievseteiaeseasasesesmsmststsissns esssssssnsnnssrmss sersmrinr abbesedsssn s s1so s mses s b5 b s 00 e 3-3
3.12 SHORT TERM VS LONG TERM ...t vsssisssssersansasss st srnssbs s sosesrsss s s ns s sass s sttt sssassncastssass s ssssasas 33
REFERENCE ... oeeeeeeetveeaesuetesassamssssentsset asssnsnsassneasassssent resabasess essssasessassnsassasnssnastsssas tint sonassssinssevasassnsass RO RUORORY. 3-3
BIBLIOGRAPHY oooeoeoeeeeeecaeeeeeesisecsssssssssressssssestasatasesassesssesssmsensms stbentabestsis1easks svay e sasas Hboes A LLEEEEHRARS AT AR FITAEp Tt b e s b i es 3-4



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)
CHAPTER 4
TECHNOLOGY SURVEILLANCE ‘
8ol INTRODUCTION coovoeoeeeeoeeseeeesveessessosseeses et eessssaresteeeseee s e sesesreserees oot s sseseess s sesesres st oes s esesemesenss s ornreeeie]
4.2 GOVERNMENT RESEARCH ...ooooooooooomsaassconeenesccesscemsssesss st st stssssssssseosses st es oot sss s restammmsnsosessres s 4.1
43 ACADEMIC RESEARCH oovovoveseeosveee oot sssesnecseessveesessssreseseessse s eesesassssossmmseeessessreesesersssossmsiesseeoeessessesssesssssasase 4-1
88 INDUSTRY RESEARCH wooooereee st s seeomseseseessssesesssessressesesessosasesseeeseeeses oe2s0me st sons st oasrearesasesssesseses ot esisonsesens 4.2
4-5 USING CURRENT TECHNOLOGY vs PUSHING THE STATE OF THE ART ..c....ooncoocscsrsasesrenserssness s 4-2
REFERENCES ....vvvooeosossveeeoer-sreoseseses s sssess s sestoe s 4 sesesms 155545421t s o4t 50 s 2SR 4-2
PART TWO
DESIGN CONSIDERATIONS
CHAPTER 5
DIAGNOSTICS
S<1 INTRODUGCTION wooo o oeeceeeeseeeeseeseoeamssessesssecssess e sessescesee e e ssses s terseses s eeesses s et 5-1
5.1 CHARACTERIZATION .ooooooooooovecoesoeseeesscsssssesseseessasasessses et eese s sasse st eesessesnes et sesssesessesesssssesese 5-1
5.2 TESTS AND RISKS .oovveoveooveeevceseseeresessesessssosseseoessesssesssseesseeess et eesessteserotssobreesneeeseesst st eesesesesassasmmsssssssessseese 5-1
5-1.3  SIMPLE MODELS FOR FAILURE ..ccoouonnoummeecsseeeermesnrscsressseesssssssesssessmessesssessossssessresssersesssres e ecsssssssssssesses 5-2
514 ORGANIZATION OF KNOWLEDGE ABOUT POTENTIAL FAILURES.........ovooovseseecerocennsresssessssssssene 5.2
522 TESTABILITY vooooeroeeeeeemeeeerssessssesssosnesesoesseesssasseeesessoesss s sosereSerecss oo esssessessesessoseressoses s sees ettt ssssssserssrs s 53
5221 MECHANICAL -eooovveoeeeeeeeeoeeeee ot essesoaroorssessmasesesssessseesssesseess s ess s sees oes s sttt oeesiesseessssstrss 5.3
5.2.2 ELECTRONICS, ELECTRICAL, AND ELECTROMECHANICAL ......oovonoesceccrevese s sssanssenesaesssssssssons 5.3
523 HYDRAULICS AND PNEUMATICS
5.2.4 OPTICAL AND ELECTRO-OPTICAL ....
5-3 TECHNOLOGIES OF TESTING ...c.ocorncrrrrrrinee
5-3.1 INFLUENCE OF INNOVATION ..oooosotrecoocoooomussoeseeseeseseesssessossessssesssesereseresessssessssseestoesesesessessosesssssocsssssonss
5232 CATEGORIES......coo.ooreoemmmeossecoeeesesseesssssssasessssessmessesssessssessoesesssssoes s seassesstseseesssessressoesssesssssssassdoessesressmmsreees
5.8 FUNCTIONAL TESTING c.ooovreoeoeeseecomreeeosressssessssesesesesesssrasesssesessessessssossesss e saseseeeseses s ssesssssssress e sssmssseseseeesin
5-5  FUNCTIONAL GROUPING wooooeeeocecoccaesseesseeseressreessetsseessssneseeeesseeesssssesesessoesssestmeeeesessossssoaessessrebenesssostsossocssessoo
56 APPLICATIONS AND IMPACTS w...c.ooeomeeeesremmeesseesssossosssresessssessssosssessrmsmsesesestosssosssesarssssesssesssesssesssessonsosssresterssssssss
5261 MECHANICAL ...ovr oo oeeeooecaeecseeeeesssesssesesesesesmsesseeseseseesesessteretoessr e seressesstecresemesesescseseseesseessersresssresesaesonsseoes .
5:6.2 ELECTRONICS w.oooomooeeeeeosscomesmsesessssssesesssesssmsssssssssesssesssssssssssesesssssssissssresssssssessessessssee et eessenae
56.3 ELECTRICAL AND ELECTROMECHANICAL .........ivcorveeonscorssssoesscosmssesseseessessesssmssssesssessesssssssssssossssseseese 5-8
564 HYDRAULICS AND PNEUMATICS.....cc.ccoovemsemrmsrrmssnneen et eeesees e sseteeeseease et st oo e es e srane 5-9
5-6.5 OPTICAL AND ELECTRO-OPTICAL ...ooooirvoicsooccveoervveesseesescsemtresseecsrosssosenesses T 5-10
REFERENCES ......+..ecooeeeeereeresseeeess 1ot 101s 2t esstseseer-4250555508 0585022013374 1825280231ttt e st 5-11
BIBLIOGRAPHY .eo.ocvoooeo oo veeeeeeeeeeee e eerasessossseesesessestoes o33t st ssresssesrer s e st ssseesesssesesessret et 5-1)
CHAPTER 6
PHYSICAL ARRANGEMENT
61 INTRODUCTION w.ooooooeveooeceeoeseceeeeseeesessesesarsssssmeestee st et eseness st otrestees sttt s eyt sssrsssesersssrasas 6-1
6-2 MODULAR CONSTRUCTION w.ooroooroeueeearoearessereeess oot esessesssmseeessoeesoessrseessoesssessmessessseesoeesessssmassseesieessesssissesesois 6-1
6-3 ACCESS w.oeoeoeeoeoeoeescevrevemoneseeeseeeseeeeesee st seseses o203tttk 141kt 6-2
68 SPATIAL PARTITIONING cooovveooveeoor oo eeeoeeeteeeesaretonstees s seesmees oo et eses s sty essesees s rsoesersons sereserssinrese 62
6-5 FUNCTIONAL PARTITIONING ...ocv.ocovecrvrereseressesssessssssssesssessossessssssseesseossoeessosssoessoasoessreseeesteest et tssssssessreces 6-2
66  SIMILAR-PART PARTITIONING w..oeooooeeceeeceveveceasoseresseessrs oo ssssomcssneteeesereseecssoeses s snsessreetsessesesesssesessesamsssrmcseresore 6-2
6-7 RELIABILITY PARTITIONING ....ocoomeooemmreverveseoetoesesesarsssseets s sossmsssessenssessss s msssessensre I 6-3
6-8  COST PARTITIONING ..eooooo e eeesssesseceveseesesesssssesossesssaceeiosessssasessasessesssssasssssssssssssessseseosss esrassssssamssasssssssseess 6-3
69 TESTABILITY PARTITIONING .oooooossocosecesmmessesesssessssressssssesssesssesssosssssasssessssesesessossssssssosssssssssssssssssssssassssasassesesand 6-3
6-10 APPLICATIONS AND IMPACTS .....coeoomeeveseocereoseessessserasscoesssmsssmssseseeesesssosssoeessessosassmsseessoetseeseesssessssessesssssss S
6101 MECHANICAL ..o.ooeocoeeemeoseeeee e easssessmssessrasasesessssssseesses s esasssses et sesstrmsss s essssmstresassssese 6-3
6102 ELECTRONICS ...ocovmoreecermcommmmesnemssessenssssmsssssssssssssessssessossssssrons reeeraeresesnenns frersesesee et er st 64
6-10.3 ELECTRICAL AND ELECTROMECHANICAL ..ocovvvvevcosreesreese oo oecso s sssrnsseessoesssessessressosscsssssssssssasssssnss 6-5
6-10.4 HYDRAULICS AND PNEUMATICS......corvcmmmmmemmmmiseresssessessesssesssesssssssstssssesssssssssserasssssassssssssoesesssssasssssnss 6-5
6-10.5 OPTICAL AND ELECTRO-OPTICAL ...c.iereemeaemeaonsemsossesememssemineessesssessaressmsssssssssoessrssssssssessssssmssreses 6-6
REFERENCES ... . oosecerensveoreseseessse e e et me st 8RR £ttt 0 6-7
BIBLIOGRAPHY w..eoeeeeeso o comersseeessssesessseesessssesst st sesesassse s2rssess eS8 oe S 021t 8 8R0S 1m0 6-7



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)
CHAPTER 7
MATERIAL SELECTION
7-1 INTRODUCGTION ...oootoriertcseeicareasnersstsnsnssesansssassers st et saansrantoass et ebsbobns b abes s a4 5aE 1S Aa S AR a R SOV AU 4 TR n b gt et nen 7-1
TF-2 STRATEGIC VALUE ... ocerretecereceeccmravscnsssonms s st sassssis s saasns smabs s phana sose s et e b b4 40 S0 000 s SRS AR S St bt ras e 00s 7-1
2 TR 5 6 2% (T O OO OO PV U TP PSP RS T SO MR 7-1
T4 REPAIRABILITTY covoiioovieireessreanssisrs reesasmcnasssestssasnessesistatoss saess 18 s0eass40ent smans s madas bt t s ebsoe 114 ns badsmnananssinaneannssns ban st srasssnas 7-2
7-5 DISPOSAL COST AND SALVAGE VALUE ...ttt et s ssembe e i b smn s s st am et s ratit s 7-2
7-6 PHYSICAL CHARACTERISTICS  ..voeoouueitcoeeeismssssassssssssreas rsascesesisssestsessissssss s seas e sseassssssasssansssasectasnssomsssssssessssneess 7-2
7-7 PACKAGING, HANDLING, AND STORAGE REQUIREMENTS ..ottt snses 7-3
7-8 APPLICATIONS AND IMPACTS ... rreesicsnis et it sessassss sanssmessss s s et nmsasar se e ses g b b aabas s bmna s e s p st aras 7-3
7-8.1 MECHANICAL ...ttt crnncvnsesiasacens P TR PRSP 7-3
7-8.2 ELECTRONICS ...ooiieriatavessesaserarmassrasassscssssansss saeassracesasss neasans rasset sssasssnassasss rosere sasosse pdmnbs Hasssrasstar sosabat s ess 7-4
7-8.3 ELECTRICAL AND ELECTROMECHANICAL................. eeaeeriatngsetcereareaseabenr e e b nese s st e at s e et 74
7-8.4 HYDRAULICS AND PNEUMATICS .. ..o cciicatrimstim i errass et st sht st s s i saassa s se s sassea s sassmsvessanss 7-4
7-8.5 OPTICAL AND ELECTRO-OPTICAL ..ot it st sn e s b st 7-5
CHAPTER 8
FABRICATION
B-1  INTRODUCTION ..ooiivetiiveeeiec vt itesesese s sassanssas snsss s s savasasssssbnes shemns abe nebs ses s ssnss shasssss bas 1essaabes s0nsaE eI b ana T sE e b s e et 2ot 8-1
T N -4 - U 51 600 211 T 1t 20 (00O VU OY OO SO O VO PR RO ST SOER SR SRS B-1
82,1  DESIGN ...vitctriee e crstsererse e st e srs e et s b s sr s o st ea e bR ER e R bn A 4SS T SA R e PR e SRS SR AR Rt R S E b TR, B-1
8-2.2 PRODUCTION PLANNING ............................................................................................................................ 8-2
8-2.3 PROTOTYPING.......oeieeeiriseciassnisisisssms s st sas s asn s sass s sma e b e s st sE 0 TR e A44SR b AR A SO TR s aa s na TRt anr e 00 8-2
8-3 FABRICATION TECHNIQUES.......ot it ccritsmn sttt s ssn s sasissarans sasa s st suscsasea st as s saremss b s st basa st et snarasasnenes 8-2
8-4 REPAIRABILITY AND DURABILITY ..ottt rne s sriss et s ssase st st st amens s amssssbemsems s st ssssamsneses eeeestrsenane 8-3
8-5 APPLICATIONS AND IMPACTS ..ottt e st sess s s bt shss s s sansanas bt esn e sn e s 8-3
8-5.1 MECHANICAL............... eeeetesretetsesasterissoredseiasaAiecabiteiIiSY L e R AR ardRs T H AT ARkt e A eeersaenrrrenae B-3
8-5.2 ELECTRONICS ....oorirvictrmiemsieniessas smessbaressesssasstemssasemaasane st ttamyassessssnssssssasadsosasas o sat i Aan s st sm e mase e asanscsmst s sasass 8-3
8-5.3 ELECTRICAL AND ELECI'ROMECHANTCAL ............................................................................................ 8-4
B-5.4 HYDRAULICS AND PNEUMATICS. ...t crrinitr s st i e s s ssancas e s s asatsss st s sna s s g s s s st 84
8-5.5 OPTICAL AND ELECTRO OPTICAL .ottt ersr e senanams e smsmss bemssst i sms s et e S s s bR R RS s 8-4
REFERENCES........occorecimremrssaseressrcsrmsssslsssosestsssasssessermassisas snbivastsss st ssas sassssssasss nssssanes PO SV prereonenan 84
PART THREE
SYSTEM CONSIDERATIONS
CHAPTER 9
INFORMATION FLOW AND DOCUMENTATION
O-] INTRODUCGCTION .....ooiciimcceimnavarstvrrsssscsasizrasstiasnasisesaiossss rassnsssars srasesasant ey bLoEAES 1EoELES SHARS 40P TIRR B4 0130 TS TS s RS et e e 9-1
-2 SCHEDULE......oosertereriressiecessssessssoasscoussabeassasassssssnsssabe ssbess nestass peus hensanddsratodestae 44 Esa e Le s e b Sa s LS EE S LA L S an sE s et 9-1
2.1 PLANNING ..coouiirevrraes seresenssnser e enrasine saasesrssssusss sytersbs soasnassntasassssassasmsrosadcorabss canab dbn 00 008smmssnsd 151 0ashnarbis sra et sas 9-1
0-2.2 PROJECT ENFORCEMENT .......toeteittrmerssicnsin s b sestit st se e s s st asa s s s st ae st s dat s s e v 9-2
9-3 FUNCTIONAL RESPONSIBILITIES ..ottt Chetemereaseeesea s cera s s R e b TR e s 9-2
94 INFORMATION FLOW ......cociimrrienrestarmnnsrnn s e ereeesrreseieessrReiet e NSRS AR TSR A R e s e e oae Fe e r s 9-3
9-5 DOCUMENTATION RESPONSIBILITIES
e REPORTS oo eoeoeoeeeceestescrssteessteieesssteseantessassesssmsoest ineret seeoahbess s bR EL S A e 048080 E a4 5480 A8 SR T HEEa s R e b3S nE R Ah bbb b hbn s
9.7 LEVEL OF DOCUMENT N o
9-8 AUDIT TRAIL oo,
BIBLIDGRAPHY .....ceevteireeearisssmerassimestessamsssasaasassossesssbssesstinsbs iossbss amsssestsnssmase sesnss seatsnsgsatacsssshssssramsasassmsssnsnassssspsanasonaraenes
CHAPTER 10
' ANALYSIS AND DECISION TECHENIQUES
10-1  INTRODUCGTION ...ooonmiirietaitimenimssrsse e s stesst s ta b sra it e s s s a4 1658 S0 4408 S0 4482404 RE SRR 481004 b AL S e ch bbb TR 10-1
10-2  COST ELEMENTS ....ooeeecsvercemsucrensvmisssssessicrsgssisssnssncass e s seisansssasessas sy s sebeos 444100 1AL LR a0 s s o nm s BB S 4SS AT d s T s st b 190-1
10-3 FRONT-END ANALYSIS ...ttt heteteessrestasseasessatasaseerniYILNe A beR SRR s b ar e SRAA SRR RSP SRS 10-2
10-4 TRADEOFF ANALYSES ...t s sessis st e smas s st s s aas s sane dn s st s e an s oo R L st s 10-2



Downloaded from http://www.everyspec.com

~ MIL-HDBK-798(AR)

10-7  SYSTEM REQUIREMENTS....oov.uoeosteeeeeseeeseeeeesesessseeoeoeeeeeeeetestreseseses esesssssmsemesessssseeessenesseeressessesessseessesseessoeessemeseees

DECEDONAEC
D ] R L R T T P PP S

CHAPTER 11
INTERFACE WITH R&M ENGINEERING
J1-1 INTRODUCTION .ottt enssesscass s s sasss e sesass b s s shabe 60 bon et o8 et eed s e 44088080 s w4 b4 a ka4 b prmrbsbm b et neees

11-2.1  MISSION RELIABILITY oottt vt srsasre e reassrnas e e sesssassassassa s resnssarsssansmassnate et seansacnnssrasass
11-2.2 OPERATIONAL READINESS AND SUSTAINABILITY ....coiioivemtresnncrsmmemsre s sesssssessssessssssssresssenssnns
11.3 RELIABILITY-CENTERED MAINTENANCE ...t st s beerasasse sapessans e seme s sssennons
11-4 MAINTAINABILITY ENGINEERING ....oovir sttt e sesse s st snseess b sncss s et st e sttt e sa st sn o
11-5 TESTABILITY ENGINEERING ........ooocoiitimeccnrecinissnenccnenssa s rees b bansees bbb e s e ehercatreana st ben e kb et
REFERENUCES ..ottt ettt sae e st st sae e st bae s s cn s ee st smn st saenas et a st seansas ans snsassmanananns O,

CHAPTER 12
INTERFACE WITH MANPRINT
121 INTRODUCTION ..oooooooereeeeeeteestesesseestveesasesessaeeasesassesessseses srasesseesesaseesesses asssasessesesssesssrasesns s nesesssaeseesmmsesestrasen
12-2  HUMAN FACTORS ENGINEERING ........vvoeeomceemtneensessseeessasssesssssesesssemsssssssasasssasemsssessesmmsemssssses s eemsemes s nsasesessons
12:3 MANPOWER .ooo.ooeeteeeereeeseesese s veetnecastasessseseeesas sesssesasss e asemess et assees e st sensaseasseemaseseseaeesene s et emeasseseses e saee s et eeseesenn
124 PERSONNEL ..o eeeeseeseeeiaes ceremaee Ry eebeeessRa etttk em e e et $aem e beeemasar e ea e ebeseees e esmnes s er e rereeene
12-5 TRAINING ..o @ eeeeotaveatmeeAseeeetasaeeaetR e e teEsE oYt ea S A ra e R eA At A e £ e Ae A4 e e At bt enarer et et er st annee
12-6  HEALTH HAZARD ASSESSMENT ......otiomiurerecieeeteereevsemseseessemssssesessessassssesaosmsssssssessessessmsesssensesassessasssssassas sasessemns
12-7  SYSTEM SAFETY oo eeceeseemees e esessmssses s emssssssasessesssssasesasesens ettee s s eeases e srt e ettt eemrr s nease e r et ananrennns

CHAPTER 13
N SYSTEM SUPPORT
13-1 INTRODUCTION ..ot ccctmrsen st smiss st smscscosrasernsssn st s et bass bt shes e bem s sere srassiaasss bisentreata et sasesseennans s hasssseasnsnsen
13-2 MAINTENANCE CONCEPT ... etrteisrr e mseessrs st sm s st et as st s s st sa e b s eata s benatan s e es aabam e merassees
13-2.1 FUNCTIONAL LAYOUT OF SYSTEM ...ttt esssssestaaes s sbec s s ses e stene st set shassatas et seeces
13-2.2 HARDWARE INDENTURE LEVEL......oimic et i eecssss s e snsssssnesast s ssss sosssssbasenes
13-2.3 MALFUNCTION DETECTION AND DIAGNOSIS ...t rctans st sasessnare sssacsesntsnonsasscetneccinensn
13-2.4 MAINTENANCE SKILLS ..ottt sae e sese e essesre s sesramsess s ematsesmsnasasa st amsasesesaenessseansssmmsanas
13-3 INTEGRATED LOGISTIC SUPPORT (LS} ..ot cineneirrermemeaceas s meessin s ersesesraessstseessesastsessssasssasssesesmese sesesmsassasas
13-3.1 ELEMENTS OF ILS..oii s cmtmrss it s s cassesba s s e secssass st vhsussms s se st sassasssssssnshsmssesantsmvensases
13-3.2 EFFECTS OF DESIGN FOR DISCARD ...ttt asssas s serensnems s resrasses s senscasessnnns
13-4 LOGISTIC SUPPORT ANALYSIS (LSA) ...t st e s esssiass mmasmsassssesssesaracsssssinsmessssssnans
13-5 INVENTORY EFFECTS ... ittt eyt sh s s e esreas s bt bt aes gt et am b s recdsben b s brmea e te b e e n e it
13-6 REPLENISHMENT ... ..ottt ettt a b s s ar s as e e ba s mas s e eE A Tt ERaas P e AR e b rms apremA b e b re st e en b rnbnerenrar s
13-7 MAINTENANCE TRAINING ....oovrmi it crsrac e rasas s ass sosa s e sesoes b st ss s ah 4R Eb ek e et s e b s s b e
13-8 MAINTENANCE MANUALS .. oottt e ssrs s st sme e as e e b s e e shaa s e s acs b s seaa e s

ry
:3 '
a

-

(-]

[4-1 INTRODUCTION...ccooiiisicsrnrniintismsscsnssssninsnsssensanssssnssesssnenins erteesrentane st veeteiete et e et bR s
14-2 EVALUATION CRITERIA FOR SELECTION ..o eicemrestar i reresesemerrsassss sie st srems s seramssencsanssr s s st st s
14-2.1  LIFE CYCLE COST ..ottt sssmssssssst sy ssssct s st s shsms s aba st snesasanasbessbe rhssabasetrnsasnms s bepemsanessdtansssnsssnnane
1422 LEVEL OF REPAIR ANALYSIS (LORA) .ot cvse st msssnsssass e s i sonanis T

vi




Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)
14-2.3 OTHER CRITERIA ...ttt ecree vt esns st anesbesessssesssascatesserassssrase semta st sams s s seasvesssasas tnaeasssesars raenssanss sbssmsansess 14-2
14-3 QUALITY ASSURANUCE ...ooviceveieceeernmeassccsiesrr s erstsscasassessassss bt ersrasea asssratas e s st ssssasssnsstns ssatnasastensanesrasiansvns R 14-2
14-3.1 DURING PRODUCGTION .ot iteerer s e vassecssssesssserssssssstssessaserrasesssapasangaasntessar ssiassssssnss sres sansssavans sasnnre 14-2
14-3.7 AT ACCEPTANUE ... creviecstiirrecirerimnnsseismtmcssssmasseasassn s sesarnseasasrans nesansie assbinat iinstatinssabemssasatnsasisasnsnasaser i4-3
14-4 CONFIGURATION CONTROL ..ooiiiiiiicrrirerssesraresrrstasssnerratsesasesasasessrssess seast sassscsssassasesasrssissseasanansos e rass semrtssnnssabersas 14-3
14-5 DESIGN REVIEWS .....cooiiicervoisetrreetrisessastvssessssasssssssesasargasnsse sasssasansassns s ssarasanse arsassssaramrsssssrasansersien e nreaanes 14-4
14-5.1 SYSTEM DESIGIN REVIEW ... ctiirriiemreiiersirmasicris i raaractrarssetostes s bany sesas asas nsrms esnssusntsanmssrasesessssnnssossnsans 14-4
14-5.2 PRELIMINARY DESIGN REVIEW .......oiriioieere e veeesevesessssss s e seems st siessassssssassmssosssnsstuseshsmsstsassssnansns 14-4
14-5.3 CRITICAL DESIGN REVIEW ... it rrie st messsee vt e s ssas sasea s ssss tesat nnssessenssesnnonbas sorstnnsstassnsannnssnnares 14-4
14-5.4 QTHER REVIEWS AND AUDITS ..o cimvecserisnnmeectnssanas Sirsesesaratenerasserssrennrssaaneasassarnesaesbannmsaae e 14-4
REFERENCES ..ot emeevttssesess sasssssamesssemssstss messmstssensssssassss s aasansss sossss rinsassassanans sesesaseasensshisearesacssnstonsanssenesbasestasasssnasas baansas 14-5
BIBLIOGRAPHY oo seeteesssseessassessseassstassssssessranmesssnnsssanearans etast 1abanessnars sant st omrsas sont 4tn eass sesabas aras samsresonerebesnssanrarabes 14-5
PART FOUR
PROGRAM CONSIDERATIONS
CHAPTER 15
COST CONTROL
I5-1 IINTRODUCTION ccoeeeeeeeieee s taaaseresnmassvmsessterrsaeesesemmssseresbans s st et asasnssestnssbssnsnrs aratesanarstssiesssssinqssssnmstarsssitomssannensasnsssinersnnsn 15-1
15-2 DESIGIN TO COST ..o rersiseresaestvasssssissssasessssssresre smas vassestsasscs sesssss s sasass sresstas smaste e 1amstEsEERE PR SR LR bem e ps b npRsen st e e e patnn b 15-1
15-3 LIFE CYCLE COST ESTIMATES ......ooouir et nnnccanemnrmsssssssses e sesssssssassas s osss sesas asms et i et banasbdasssasasastantss e suses 15-1
15-3.1 MODELS ... ettt cersrmemrasarasareshessaatemrassrmraeeeeaasbmntsinasbbarea b £ s R aanmEoEsresbn Phe R VA PR s Fas0 00 bnE e bunaetane e b aedabonnbnebansarnstns 15-2
15-3.2 PARAMETERS OF THE MODELS ............................................................................................................... 15-2
15-4 PRODUCIBILITY ENGINEERING AND PLANNING (PEP)..-occccivesiienricrnrss e csmssnsessisisnsnisssssnsseesassasssassensuns 15-2
B E R EN C S oo eeeceeeeeeeeseesstessameseatamestatens st snsba e 1e b s Fvatess s sEsas e ves et smesan b se e srat et ana sdons pma beme 4 be s EEadEE SR SR L SR SRS EE R AR S SRS VTR PO 08 15-3
BIBLIOGRAPHY ..o eceeeeeceeticesabisss it srsssevassnsssssnssasensaseas st sannsanes resentessss mrnsrascasseatssssasnesrasenernns revebennesiaeeerreee et et rasiaanata 15-3
CHAPTER 16
. ACQUISITION ALTERNATIVES )
16-1 INTRODUCTION oo crercerseressessramsrsessssmst s ersssrasistnssssess st e st assnsessasesast st ioes sd st sesasssensasa bentasabessasasessasessnsesassesessnses 16-1
16-2 PRODUCT IMPROVEMENT OR REDESIGN ..ot iicerieircemenermesanassnrsasasrarss s meessms thins s barasssatassassanmasssres assannrssiosasnis 16-1
16-2.1 ENGINEERING CHANGE PROPOSAL (ECP) .cuiiiciiereiviiecereceeerrasesasssasssssemastasessmsssssssamssssreserrans sresssveasns 16-1
16-2.2 PRODUCT IMPROVEMENT PROGRAM (PIP) ... vrrcereccressiemcnne s resnfere s st ssassssssssssas sasnsssas st nsmsnns sens 16-1
16-3 NONDEVELOPMENTAL TTEMS ... i ceec e reassconsie st snssas e sasass sasssanens Hementessieensttenas bian st sarengntaneeaa s s s 16-2
16-4 NEW DEVELOPMENT ITEMS ..ottt cvstomssssan s s snns e s s ne e enueseerissmmnerassasnesesssstteesstastenriinsraaseararen 16-2
16-4.1 SYSTEM INTEGRATION ... coovceicosrriicrrareerssterrtancessssessarmsssssssesssorsssssasmsrastermicesdat iatessssamstssnnssesastsssansasasasss 16-2
16-4.2 ADVANCING THE STATE OF THE ART oo rercrie e mrearre s csrs s rsnsmssrsssmessssssestesssansonsnasss sesase 16-2
REFERENCE it ioieeetteteteaaasacsssatsessresansassssorassnseasss sarssassssessvesssvensesssasamessstassatasers sstesasasns sensrsasnt hsers eresasbbsnsas babesss stsnassseamesns asesas 16-2
BIBLIOGRAPHY ...ecoeeeeeeissiassaresasssimssvstos st semssanansassnss seuts sasssrssossennssnens TR 16-2
CHAPTER 17
CONTRACTUAL ELEMENTS
17-1 INTRODUCTION e s ssieeerssaeerssnssssssssissssnssssssssssmsssss besssssnsssmons s ms bt samsspsssanssseass
17-2 CRITERIA FOR SOURCE SELECT ION
17-3 STATEMENT OF WORK ....oviveiceiemvnsiressemesesenevossrassssesesesssserssonensasssnst rastabessbsss rasasssssansassmsssdsrsneasssasat ynestagstssenpasinsass
L17-3.1  PRINCIPLES ..ooooooccecceeicrtctcrtsseeesasesessaarsasssbeosmsbmare st tane rossmba R AR n B sssE 10 e aabs b baa A s rnbbbntnE st mssonaansravmsnnnanranatsranansrarainy
17-3.2  SAMPLE CLAUSES ..o tvriierniserrsrer e resr e rastes sasteeisst s e anseasbbes s ae R ar e 4 ae e ams es e ra e bd R R b S raansadssesnran e staneiras
17-3.3  DATAITEMS ... srrtimviriit st nissssvasssssasanmeasaessnanse nsssnsrntns T reeesreessaseusssennesnraiesrarteaetabnnreesanstasesrsssnraeatesasnnn
17-4 INCENTIVE CLAUSES ... cccceeiceasniasiaemmes assssasnsssscasasserssansssssn rrsssberast s smmasbnsssssssmsasss anssss nsmbbobisssinsssasisnsasses bssanassars
17-4.1 FIXED-PRICE CONTRACGTS .....ocicenceiiamaemisisranss vassssssosemsessasres susseat sassmsrs sarseriasenratasssessantasasesensansacsseas eveneens
17-4.2 COST-REIMBURSEMENT CONTRACTS oo eessseeessseemsssesssesess aeeeesmessssesesases s sessassosssssssasasssssesnsaseasnss 17-3
17-5 SPECIFICATION REQUIREMENTS........ootirtiiimeineisinisssrisssves s s iasms st sessabebe st s s s s st s b smssass s basnanins 173
17-6 INSPECTION AND ACCEPTANCE................. e teeereaseesestesesmtsasaseasastessspeareetaiee e raseartbeintavaSeat s e S e s bR e RS R e e Rd s s 17-3
17-7 WARRANTIES .....coeoeieeeessiivrcssnsmssissnsntassessans e ssenssassemsresanressiessatitress binnessts s vams s ssransne assdor sy sissbnssssssnnnasasasataatorsssanennnrss 17-3
17-8 SECOND SOURGCING.......cieeeetesisreteceseesmsssssssrstssessasanssssases sasesessssssessessssst bire 17asssusasssinpestesssnasssosaamsarssessssissssabsbratisnsins 174
REFERENCES.....coucocvtuimmasimmmessasrsssaseesss s orsas et ssss s as s s ssoniss a4 s s s i eaeesessinereeeanrssaresrnsaces 17-4
BIBLIOGRAPHY ..ot ses i erressassarsrsssesssea s e e rarie rsspansyass e sesas sumarnsonsanans e erabhie g As e A e ks 17-4



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)

APPENDEX A .oeoosee oo oteeceressees oo sssesees e esasssisece e s 8ses o882 581358881 st 851 A-)
APPENDIX B ...ooooceeecrvcrveevesssesssssssssssessessesssssssssssessssessassssssessasssnstossarsssesssssosssosstosmsssssssssesesissnnsssossessassiasssossssssseessernsess B 1
APPENDIX € ...oooooreseeecasrecsressomssosssssssssseessresssssssssoesosssmossesssmsssassssssosssssimsssessossessssssssssessosssssssessssssesessnessestsssssessssesenrsss -1
APPENDIX D ‘

viii




Table
No.
10-1
10-2
10-3
10-4
10-5

Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)

LIST OF TABLES
Title Page
PALMAN Repair Versus Discard Model (PALMAN) ..ottt sensnnaoes 10-2
Army Hardware Versus Manpower Comparability Analysis Methodology (HARDMAN) .cooeienmeinminannrnsinns 10-3
Early Comparability AnalySis (ECAY w.u.umricceicrmmionisss sttt s sras s s b e s s e 10-3
Optimum Supply and Maintenance Model (OSAMM) .oovrcvnmncricnninccnics I ............................................................... 10-4
Logistic Analysis Model (LOGAM)...oo...iiiimirimi s esssssss s s ass s s s s 16-4

ix



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)

LIST OF ABBREVIATIONS AND ACRONYMS

ABCA = American, British, Canadian, and Austra-

AMC
AR
ARL
ARO
ASARC
ATE
BCS
BDAR
BIT
BITE
CAD
CAE
CAM
CDR
COEA
CPAF
CPFF
CPIF
DA
DFARS

M
I,

DoDD
DoD1
DS
DSU
DTC
DTIC
DTLCC
DTOSC
DTUPC
ECA
ECP
EEEL
ESD
FAR
FFP
FMECA

FMS

FPl

GS

GSU
HFE

ILS

LCC
LED
LOGAM

LGRA
LRU

i &

[ 1 [ § Y O 1 O Y O | O L © Y Y | O | O O Y | Y (N O [ { [ O 1 N (I ||

[T T I N | A IO '

lian

US Ammy Materiel Command

Army Regulation

Army Research Laboratory

Army Research Office

Army System Acquisition Review Council
automatic 1est equipment

baseline comparison system
battlefield damage assessment and repair
built-in test

built-in test equipment
computer-aided design
computer-aided engineering
computer-aided manufacturing
critical design review

cost and operational effectiveness analysis
cost-plus-award fee

cost-plus-fixed fee

cost-plus-incentive fee

Department of the Army

DoD FAR Supplement

Departimeni of Defense

Department of Defense Directive
Department of Defense Instruction
direct suppon

direct suppont unit

design to cost

Defense Technical Information Center
design to [ife cycie cost

design to operations and support cost
design to unit production cost

early comparability analysis
engineering change proposal
Electronics and Electrical Laboratory
electrostatic damage

Federal Acquisition Regulation
fim-fixed price

failure mode, effects, and criticality analy-
sis

foreign military sales

fixed-price incentive

general support

general support unit

human factors engineering

integrated logistic support

life cycle cost

light-emitting diode

logistic analysis model

level of repair analysis
!jno-ralr_:lnmmhle unit

LSA
LSAR
MAC
MANPRINT
MATE
MICOM
MOS
MPT
MTTF
NATO
NDI
NIST

NTIS
O&M
0&S
OSAMM
PC

PDR
PEP

P31

PIP

DA
rivi

ppm
QQPRI

rR&M
RAM
RCM
RDEC

5
m <
> &
0~

fouw W uwunnnnu

muann anmwuun

onon

W na v uwan

U W nnnon

logistic support analysis

Logistic Support Analysis Record
maintenance allocation chan
manpower and personnel integration
modular ATE

US Army Missile Command

military occupational specialty
manpower, personnel. and training

mean times to failure

North Atlantic Treaty Organization
nondevelopmental item

National Institute of Standards and Tech-
nology

National Technical Information Service
operation and maintenance

operalions and support

optimum supply and maintenance model
printed circuit

preliminary design review

producibility engineening and planning
preplanned product improvement
product improvement program
preventive maintenance

parts per million

qualitative and quantitative personnel
requiremnents information

reliability and maintainability

reliability, availability, and maintainability
reliability-centered maintenance
research, development, and engineering
center

research, development, test, and evaluation
request for proposals

reliability improvement warranty

system design review

source, maintenance, and recoverability
statement of work

shop-replaceable unit

source selection evaluation board
scientific and technological information
technical data package

test, measuremnent, and diagnostic equip-
ment - )

table of organization and equipment

test program set

total quality management

unit production cost

unjt under test

versatile avionics shop tester

Weapan System Effectiveness Industry
Advisory Commilies )

22l ) LAILAINANiRS



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)

PART ONE
GENERAL

Part One provides a perspective on this handbook and explains the reasoning behind the design for discard effort. The items,
activities, and concepts that are affected by design for discard are summarized. Finally, the ways in which technology and

research interact with design for discard are presented.

CHAPTER 1

TR TR MATAT TAVT S RT
INIRKUDUULIUN

The purpose, theme, scope, and approach of this handbook are explained, and the contents of each chapter are very briefiy

summarized.

1-1 PURPOSE

The purpose of this handhook is 1o provide a reference
guide on Army materie) design and the suppon philosophy
known as “design for discard”. The handbock provides
design guidance as well as general informaiion on applica-
ble concepts, techniques, and procedures for practical
implementation of a design for discard program. The hand-
book explains
. What design for discard means
. Why design for discard should be implemented
What the design for discard effort should involve
. How to implement design for discard in a project
. The tradeoffs involved during design

Tha interfarac urith ather cuctam A-cn-n'rn‘e
L0l IRIeriaces wiln Oner sysiem Giscipil

. The techniques used to evaluate the results of
design for discard.

1-2 SCOPE

This handbook includes information on design for dis-
card that is useful to the intended audience and is not other-
wise conveniently available. Detailed engineering design
and evaluation is beyond the scope of this handbook.

Additional information on specific engintering lopics is
readily available in Army documents and in the open litera-
ture, such as books, professional journals, trade magazines,
advertising material, shon courses, and conference and
symposium proceedings. Appendix A lisis some of the pro-
fessional societies involved in such activities and some of
the appropriate trade magazines.

The material covered in this handbook ranges from advo-
cacy of design for discard thmugh design and system con-

Tha tarhnisnl laval ~Ff th
aluclauun: ) pr uglmu puuupmp 1n¢ onnical ievel of Ine

material is appropriaie to the intended audicnce. There is
virtually no mathematics in this handbook although consid-
erable reference is made to such material,

- VI SN e

1-1

1-3 HANDBOOK OVERVIEW

The theme of this handbook is }

1. When design-for discard is added to a program, the
process of analyzing the designs and products remains the
same; only the ouvtcome of the process is different. The out-
come is differem because engineers are putting different
designs into the process and because management js using
different criteria for “best”.

2. That the Army should

a. Strive to develop cost-effective maintenance and
logistic support systems based on overall readiness afford-
ability and wartime effectiveness rather than on peacetime
¢CONoMmics.

b. Let the commercial marketplace operate to
reduce the peacetime cost 6f such systems wherever it can,
insofar as such operation does not reduce wartime effective-
ness.

c. Define and implement the design for discard con-
cepl as the practical embodiment of the previous {wo poinis.
_"'The approach of this handbock is to
Explain what design for discard is
Advocate the use of design for discard
Emphasize the crucial nature of diagnostics
Analyze the several ways of panitioning an item
. Present hypothetical examples of design for discard
Consider the system implications of design for dis-

A n s W

card
7. Provide program perspectives.

The remainder of this chapter consists of a short sum-
mary of each of the subsequent chapters in this handbook.

Pari One, “General™, consists of Chapiers 1 lhrough 4 and
gives the background of d£sign for discard.

Chapter 2, “Philosophy of Design for Discard”, and
Chapter 3, “Advantages and Constrainis™, present the rea-
soning behind design for discard, advocale its use, and pro-
vide essential perspective on the process. They are written
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to be understandable to nontechnical as well as technical
people. The cautions in both chapters are important; they
concern the limitations of analytic technigues and the trade-
offs between tong-term and shori-term perspectives.

Chapter 4, “Technology Surveillance™, shows how the
Army imeracts with research in Government, indusiry, and
academe. It discusses the tradeoffs among using existing
technology, using the state of the art, and pushing the state
of the art.

Pant Two, “Design Consideratons”, consists of Chapters
5 through B8 and shows the designer the kinds of decisions
that must be made during the detailed design.

Chapter 5, “Diagnostics”, introduces testing and testabil-
ity as essential elements of design for discard and their
application to several categories of technology.

Chapter 6, “Physical Arrangement”, explains modular
construction and then examines ways of partitioning an item
into modules so that dcatsu for discard is feasible.

Chapter 7, "Material Selection”, shows how traditional
measures of value and ways of choosing matenials for tradi-
tional repair are modified -for design for discard. Also
changes in outlook for the designer choosing materials for
design for discard are explored,

Chapter 8, “Fabrication”, illustrates how the choice of a
fabrication technique is broadened when repairability is no
longer important or even desirable. Producibility and pro-
ductivity are reviewed.

Pant Three, “System Considerations”, consists of Chap-
ters 9 through 14 and presents the management and techni-
cal elements necessary 10 integrate design for discard into
the rest of the acquisition program.

Chapter 9, “Information Flow and' Documentation”,
explains how design for discard information must be inte-
grated with other information so that design for discard can
be effective and manitored. The proliferation of various dis-
ciplines makes inlegration essential so as not 10 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 to mini-
mize the overall cost of maintenance and logistic support.
Although the computer programs for level of repair analysis
are not given, their characteristics and importance to design
for discard are listed and stressed.

Chapter 11, “Interface With R&M [reliability and main-
tainability) Engineering”, and Chapter 12, “Interface With
MANPRINT", explain the clements of reliability and main-
tainability and of manpower and personnel integration and
show how each e¢lement must be considered in design for

discard. A main objective of design for discard is to
decrease the overall manpower needed while improving the
reliability, maintainability, and safety of the system.

Chapter 13, “Effects on System Support”, details the ele-
ments of systemn support that must be considered, viz, main-
1enance concept, integrated logistic support, logistic suppen
analysis, inventory effects (shon-term and long-term),
replenishment of repair parts and components (vs initial
purchases), and maintenance training and technical manu-
als. If design for discard is effective, these elements would
be simplified, reduced, or eliminated.

Chapter 14, “Evaluation of Alternative Items”, discusses
the important practical aspects of comparing alternatives in
design for discard, viz, evaluation criteria, qualily assur-
ance, configuration controf, and design reviews. The conse-
quences of the Army’s changing its mind about using design
for discard during a program are considered.

Pan Four, “Program Considerations”, consists of Chap-
ters 15 through 17 and explains some of the prosaic, but
important, aspects of the program, viz, control of costs,
alternatives in acquisition, and elements of the contract.

Chapter 15, “Cost Control™, introduces the design 10 cost
program, emphasizes the life cycle cost, and concludes with
an explanation of the producibility engineenng and plan-
ning (PEP) program. Producibility is extremely imponant
but tends to be overlooked by designers.

Chapier 16, “Acquisiuon Alternatives™ presents the three
major classes of such alternatives in descending order of the
Army’s preference, viz, product improvement, nondeveiop-
mental item, and new development items. Design for dis-
card can be effective in any of them.

Chapter 17, “Conwactual Elements”, summarizes the
appropriate aspects of the Govemment regulations for
acquisition and relates them to design for discard. A thor-
ough understanding of these aspects will enhance the effec-
tive management of contractual design for discard efforns.
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CHAPTER 2
PHILOSOPHY OF DESIGN FOR DISCARD

The philosophy of design for discard is explained by providing a perspective on its nature, its limits, and the realism of its
analyric models and by briefly discussing related concepis and activities, such as commonality, campaub!e modules, mainte-
nance, design and manufacturing techniques and analyses, and interfaces with other engineering a:sc:punes

2-1 INTRODUCTION
This chapter explains the purpose, philosophy, and activi-
ties of the design for discard discipline,

2-1.1 BACKGROUND

Many products have components that are discarded when
they cease 10 function properly. The decision about which
components to repair and which to discard depends on eco-
nomics, on available personnel skills, and on constrainis
such as those imposed by time, law, ethics, and safety. For
example,

1. In the early 1900s many people straightened a bent
nail rather than discard it because of the cost; currently,
however, few people in this country would do that unless
finding a new nail would take too much time.

2. In earlier decades a contaminated cleaning solution
of chlorinated hydrocarbons was discarded; currently, how-
ever, the cost 10 discard it properly is so high that the solu-
tion would probably be purified and reused many times.

It is easy for engincers, managers, and legislators to view
the costs of repairing an item too narrowly. This tendency is
especially true of people who experienced the depression of
the 1930s and the war of the 1940s. Thus “common prac-
tice" and “original cost of the part’ are not complete reasons
for selecting the level at which a pant or assembly is to be
discarded when it is not funcuoning properly. A disciplined
approach is necessary for making such decisions initially
and for maintaining a record of them.

2-1.2 DISCIPLINED APPROACH
There are three major elements of the disciplined
approach to design for discard:

1. Management must provide the proper atmosphere
for the design group first by removing the stigma from non-
repairable items and then encouraging the design group to
broaden its knowledge and inventiveness to include creative
designs for discard.

2. Management must develop and provide adequale
tools for evaluating designs based on their suitability for
discard. Such tools must be useful at all stages in the design
process, especially in the carly siages where important engi-
neering judgments are made without much quantitative
information.

3. Everyone must realize lhal successful design for
discard is the inventiveness of the design engineering group
in finding several appropriate ways (o convert a function
into hardware. There is no “by the numbers” routine for
design for discard, and the lemptation to produce such a
routine musi be avoided.

2-2 PERSPECTIVE

Discarding an expensive ilem can creale a negative
response in some people. 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

There is a distinction among a replaceable unit, a discard-
able unit, and a noarepairable unit. Replaceable merely
means that the unit is {or can be) replaced as a whole.
Examples of usage are line-replaceable units (LRUs), shop-
replaceable units (SRUs), etc. Discardable is a special case
of replaceable. Discardable refers to an economic and per-
formance constraint, i.e., in the ordinary course of events,
the unit should be discarded rather than repaired. Nonrepair-
able refers to a physical constraint; such constraint is often a
matter of degree, e.g.. 8 unil can be nonrepairable by the
ordinary user but be repairable at the factory. A discardable

A -
unit need not be nonrepairable, e, it

able under some circumstances.

Examples are small dc power supplies and automaotive
alternators. Both are usually replaceable units. Each could
be discardable and/or repairable (depending on circum-
stances) in both commercial and military practice.

2-2.2 NATURE OF DESIGN FOR DISCARD

The concept of discard must be viewed as broadly as pos-
sible. Basically, the concept is that an unsatisfactory item
leaves the Army system with as few Arrny resources (peo-
ple, time, and money) expended upon it as is feasible. For
example,

1. Items that are vaditionally discarded, such as ordi-
nary burned-out light bulbs or blown fuses, are disposed of
as wrash with a negligible chance of discarding a good item.
Little or no Antny resources are consumed in training or in
equipment for such discard. Iterns that must be disposed of

it might well be repair-

_carefully are usually given more attention.
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2. An aumtomotive generator {or alternator) thai tests
“not good” is 10 be discarded. A private contracter might
wish to buy such items from the Army, rebuild them, and
resell them to the Armmy a5 reconditioned items that will be
“like new". Little 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 rmanpower,
time, or money from the Army.

3. A printed circoit (PC} board is designated as a cul-
prit in a nonfunctioning item of electronic equipment. The
PC board consists of a socketed, expensive microprocessor
and many soldered-in-place inexpensive components; that
is, it has u}u-uu: been dumguud for discard because it is
largely unrepairable. It is sent to a depot, which has test
equipment with low risk of evaluating the PC board incor-
rectly. The PC board as a whole is judged to be bad and is
discarded after removal of the expensive microprocessor
from its socket. The microprocessor is now considered a
separate discardable item. It is returned to stock if it tests
good; otherwise, it is discarded.

The design for discard discipline requires that designers

tha 1atal fnct A o

ids
CONnSIGer tne (0121 COsL &7 an fuding the total cost of

item, including d

repair or disposal, over the life of the systems in which the
jitem is used. A general goal is 1o reduce the total resources
that the Army allocates 10 the maintenance function.

2-2.3 LIMITS OF DESIGN FOR DISCARD

The limitations surrounding the design for discard disci-
pline are psychological barriers, cost barriers, current prac-
tices, and the need for flexibility caused by rcquircmems
that change. These limitations are discussed in the subpara-

graphs that follow.

2-2.3.1 Psychological Barriers

Few pecople want to throw away an jtem if its initial cost
was high. Fewer people are interested in complicated,
detailed analyses of the ultimate overall costs of repairing
an item; they prefer to view the worid in simpler terms such
as the cost of repair parts and direct cost of repair time.
Engineers and managers, as weli as poiicy makers in the
Army, the 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 politicians and some news reporters are more inter-
ested in inflammatory headlines about what is being thrown
away than they are in rational analysis. Thus psychological
barriers to design for discard must be broken dewn by all
the people involved in the acquisition process as well as by
the public at iarge. The Army has 10 afjocate adequate
resources for the necessary training, education, and testi-
mony.

2-2.3.2 Cost Bﬁrriers

There are some inexpensive items that are already
designed to be thrown away. Vinually no electronic item
that costs less than $200 or an electromechanical hand too!
or appliance that costs less than $100 is wonh repairing or
even repairable (except perhaps for removing the power
cord) whether a civilian or military item. As the initial cosl
increases, a life cycle cost analysis, which includes not only
the initial cost but also all the costs to repair and retain own-
ership, becomes more appropriate. In many Anmy sitzations
it would be impractical to design an item for discard if the
initial costs were high. The two main reasons for this are the
psychological barriers and the concern about the validity of
the design for discard analyses. There are a few inherently
nonrepairable components thal exceed the cost barrier, but
those itemns 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 hand
tools and appliances, and automotive parts. Insofar as the
Army is a small part of such markets, it cannot influence
those practices very much.

2-2.3.4 Flexibility of Design

The traditional approach to system design in the 1960s
and 1970s was the so-called “waterfall” procedure. That
procedure insisted on a complete, rigid, formal system spec-
ification before the work began and then on contracting,
delivery, installation, and maintenance. Aimost any change
was catastrophic in temms of both schedule and cost. That
thinking is disappearing today because technology and
threats are changing so rapidly that a project must be adapt-
able enough to change with them. Flexibility can be intro-
duced into the acquisition process to the benefit of all, In
design for discard it is possible that the Army will later
change its mind because of changes, sich as perceived
threat, technology, cost of components, acquisition policy,
political climate, environmental difficulties, and/or social
objectives. For exampie,

1. A Jeep engine is designed to be discarded. except
for minor repairs. Once the engine has been in service, the
Army could change its mind and decide that for politica)
reasons it is not feasible 1o discard an engine if n could be
overhauled.

2. A printed circuit board is designed with sockets for
the imegrated circuits so that they can be replaced. Technol-
ogy soon makes the total cost Jess o discard the board than
to replace components on 1. This example is similar to
Example No. 3 in subpar. 2.2.2.
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2.2.4 REALISM OF MODELS

Models* are essential for any engineering analysis, but
they are always approximate, e.g., Hooke's law (siress is

nroporional o strain) and Ohm's law {(voliage dron is pro-
PIOPOTUONG: (O SUGIN) GRU S/lin 5 iavy (VUllet QIVp @5 pae

portional 10 current). The more complicated the situation
being modeled, the more approximate the model. All that
can be asked of model is that 1t be adequate for the purposes
at hand and that its assumptions and limitations be clearly
stated. As new technology is introduced and/or the require-
ments for the product or process become more sirict, models
that were adequate can become inadequate. Ref. | graphi-
cally demonstrates that difficulties with models have
plagued engineers for centuries and millenia. Models that
have been fit to historical data should be suspect because

1. Some of the nominally independent variables are
ofien mutoally dependent on a common cause. For example,
a cautious designer might do two different things such as
modularize a system and derate many of the components.

2. A sorting process separates two parts of a popula-
tion so they should not be treated the same. For example,
two planis make the same equipment. The items from Plant
A are used in a cool, dry climate by skilled personnel,
whereas the items from Plant B are used in a hot, humid cli-
mate by relatively unskilled personnel.

3. There are myriad statistically correlated variables,
and it is virtually impossible to know what is cause and
what is effect and how causes and effecis are related. An
example is prediction of the weather,

In developing a model, it is essential that all the assump-
tions be written down in a structured form so that develop-
ers and users alike can know exactly what problem is being
modeled, how it is being modeled, the source of the num-
bers being used in the model, what kind of data the user
needs to provide, and how sensitive the answers are (o the
accuracy of the data. The difficulties are exacerbated for
complicated, computerized models and relatively unsophis-
ticated users.

In design for discard the use of cost models is essential.
Those models, of necessity, are approximate—especially
those used vcry carly in the acquisition process The user
must be told the appropriatencss and accuracy O of the model,
its sepsitivity to the quality of the inpui data, and how much
engineering judgment to use in interpreting the resuits.

2-3 FORM, FIT, AND FUNCTION

Form, fi1, and function refer 1o a method of design and
production wherein the contents of a module are irrelevam
as long as the performance of the module is virtually indis-
tinguishable from that of the original module. Design for

discard should be considered here nc part of the aversll

Lty LS pie it LI L L) L Ule VYW

*We never analyze the real world; we analyze only an abstraction
of the world. by definition of “analyze”. These abstractions are
called conceptual models. If there is extensive mathematics in
them, they are called mathematical models or, simply, models.

design before incorporation of detailed specification
requirements.

Form refers to the physical shape of the modulc so that
appearance, airflow, heat wtansfer, etc. will remain
unchanged.

Fit refers 1o all the physical interconnections with the sys-

" tem. For example, all the bolt holes, electrical connectors,

2-3

and mechanical bosses are unchanged.

Function refers 1o the internal performance characteris-
tics and all the performance imerfaces with the rest of the
system. For a mechanical system the torques, moments of
inertia, measures of flexibility, etc. musi be the same. For an
electrical system the input voltage-cumrent characteristics
(both steady state and transient), the outpui voliage-current
characteristics, gain, frequency, noise, €t¢. must be the
same.

A common problem arises when individual functions are
enhanced. For example, the frequency characteristics of an
amplifier or logic system can be improved. But such
improvement can cause an old system 1o osciilate because
the oscillation had been prevemted by the poor frequency
response of the module.

Interfaces are notartously difficult 10 specify accurately
and completely enough. This means that a module that was
intended 10 have the same form, fit, and function might do
well in some applications and do poorly in others, This can
be especially true in design for discard wherein the con-
struction methods of the module and its enclosure may be
intentionally different from the item it is replacing.

Form, fit, and function might be easier to achieve under
design for discard because many of the repair functions

{ayrant |n¢ta“nnnn testino. and remaoval) can he relaxad or
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eliminated allogethcr. The rehablluy function can often be
improved because assembly lechniques can trade off main-
tainability for reliability. For example, the sockets on a
printed circuit board are often less reliable than direct sol-
dcnng of the componems

2-4 COMMONALITY

Commonality is the term used when a module can be
common 1o several systems. Traditional parts, such as resis-

L i L abYeligl ayalll Py Sl B3 ferses

tors, power supplies, fuses, bolts, motors, and gedrboxes,
are examples of commonality. In order to improve common-
ality, the variety of a class of pans, such as bolts, is often
restricted to specified sizes. Even though this restriction can
result in some overdesign, the entire supply system is sim-
plified enough to make it worthwhile.

Commonality of modules means that more of such items
can be ordered and thus reduce their price. The polential 1o
improve their specification, quality, and reliability exists
because the total resources available far such activities can
be devoled to fewer different modules. The cheaper and
more relizble a module is, the more likely it can be dis-
carded rather than repaired, The potential for more efficient
repair facilities exists for the same reason.
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MIL-STD-965, Parts Control Program, (Ref. 2) is a
required tool in any project 1o facilitate the control and
restriction of parts. Other documents affecting this subject
are MIL-HDBK-402, Guidelines for the Implemenation of
the DoD Parts Control Program, (Ref. 3} and Department
of Defense Instruction {DoDI) 5000.2, Defense Acquisition
Management Policies and Procedures, (Ref. 4).

2-5 MAINTENANCE LEVELS

The levels of mainienance considered in this handbook
are unit (user), direct support (DS) and general support (GS)
{field}, and depot. The parcnthetical names have also been
used to describe the respective levels. AR 750-) (Ref. 5)
fully describes each of the four levels. Normally the first
level of maintenance is at the unit, perhaps ¢ven by the
operator. Often the highest level of suppon (depot) is by a
contractor.

Two important factors for each maintenance leve) are

1. The hardware indeniure level at which diagnosis
and replacement are made

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

Maintenance at the unit level especially must consider the
amount of concealed 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 facters. That is a reason why
unit level maintenance is avthorized 1o deal only with rea-
sonably rugged assemblies and parts.

For a discardable item at the unit level especially, test-
ability is extremely imponam because the risk of discarding
a good item and the risk of keeping an inadequate item
should be small. The test criteria for each action (discard or
send to a higher level) should be set to minimize some
irnponam resources. For example, for a given test technol-
ogy far a very expensive part, the risk of discarding & good
item could be made very small, whereas the risk of sending
a good item to a higher level (for further checking) could be
allowed 10 be rather high.

There are strong advantages to eliminating DS and GS§
levels of maintenance if it is physically feasible to do so.
Higher hardware indenture levels of discard can help make
such elimination more feasible.

Operational readiness, as a function of the levels at which
maintenance is allocated, is directly affected by a design for
discard program. The Army tries to optimize the allocation
of maintenance by assigning each task to the most cost-
effective level*.

Sustainability is more directly affected by the allocation
of maintenance to each level, especially when more items
are discardable. When the logistic burden is decreased at the
unit, DS and GS levels, sustainability is likely 1o be appre-

*Lower levels are preferred, other things being equal.

ciably improved unless the freed resources are virtually all
allocated elsewhere. -Sustaipabiticy is much more sensitive
to the time duration of an activity, whereas readiness is
much more of a steady state situation.

2-6 MAINTENANCE PROCEDURES

The two major types of maintenance are comective
(unscheduled) and prcvémivc (scheduled). Both kinds can
be done at any maintenance level. Preventive mainienance
traditionally is done after a certain amount of exposure,
such as time, distance or cycles. However, it 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. The disadvaniage is that the item
must be characterized (all its elements, use, and expected
results fully known and described) much more thoroughly
so that tesmbility car be improved. Even with this “reliabil-
ity-centered” or “on condition”
essary (o replace some items based on exposure rather than
on their state.

Preventive mainenance can often be done profitably
while a system is down for comrective maintenance. Appre-
ciable increases in readiness can be obtained in this manner
for complex mechanical sysitems wherein, for example,
teardown time is a major fraction of downtime. Such bene-
fits require that the procedures be planned well in advance
and that simple decision methods be available. Designs that
allow degradation 1o be self-announcing are especially use-
ful. A simple example is caliper brakes on automobiles
wherein the brakes squeal shortly beforc they need servic-
ing.

Slmplc servicing, such as adjustments, fluid changes, and
fluid level checking, are generally done only as preventive
maintenance. More complex activities such as replacement
and overhaul can be done on either occasion. Removed
items can be discarded, salvaged, or sent 1o a higher levei of
maintenance, Often larger moduies can be replaced at unit
level maintepance, and the modules are then sent to DS, GS,
or depot maintenance, where better facilities are available,
for more detailed repair. This action is necessary because
the ability to test and repair is less at unit level maintenance.
Itetns that are fully testable and discardable at unit level
maintenance can reduce the transponation burden.

The maintenance concept provides the framework for

1. Afilocating maintenance resources to the mainte-
ance levels
2. Providing logistic design requirements for the prod-
uct being developed.

During the engincering and manufacturing devc]opmem
phase, a level of repair analysis (LORA) must be performed
again for detailed optimization of allocation of repair activ-
ity to each maintenance level. The constraints on the main-
tenance concept for mechanical systems are generally
different from those for electronic systems. For mechanical
systems the diagnosis time is gencrally small compared to0

on condition™ maintenance, it is still nec-
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the active repair time, whereas the situation is generally
reversed for electronic systems.

The general goal of the design for discard discipline is to
reduce the overall maintenance burden. Special consider-
ation must be given to the unit level, at which the function is
usually accomplishment of a combat or combat suppon
mission, not a mainienance mission,

2-7 DESIGN TECHNIQUES

Genecrally, reliability and maintainabijlity 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 maintenance. For example, an inspection cover
could be left off or an improper adjustment could be made.
An instrument could give a false reading. which is how the
Three-Mile Island nuclear plant shutdown was caused. Test-
ing has its dangers. The Chemobyl meltdown was caused by
a routine simulation that escalated into the very caiasurophe
it was designed to prevent.

On a detailed level, permanent fastening is virtually
always appreciably more reliable than removable fastening.
For example, soldering or wire-wrap is more reliable than
sockets and connectors, and riveling, brazing. or welding
can be more reliable than threaded connectors. Conformal
coatings and foam-in-place filting of voids improve reliabil-
ity a1 the expense of maintainability. Many of the techniques
thai reduce mainiainability are cheaper.

To take advantage of such tradeoffs, the products ‘and
processes to make them must be well characierized. (See
Glossary for definition of characterize.) The more complex
the situation becomes, the more imponant 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
manufacturing {CAM) are contemporary methods 1o help
the design and production engineers implement such knowl-
edge concurrently. Concurrent engineering is a method to
break down the walls that 50 ofien separate the engineering
disciplines. Appropriate computer programs can present the
designer with alternatives for design for discard that the
designer might otherwise neglect. More important than the
tools, however, is the mind set of the designer. Traditionally,
repairability has been a8 most importani design characteris-
tic; the stigma must be removed from nonrepairable items.

2-8 ANALYSIS AND DECISION TECH-
NIQUES .
Several kinds of analysis and decision techniques are
available to the designer. An introduction o these tech-
niques follows:

*The terms “manufacuring” and “production” are considered to
imply the same things in this handbook. Some companies do dis-
tinguish between the two terms, especially as applied to engineers,
but that distinction is not the same among companies.

2-5

1. Cost Elements. The direct cost elements, such as the
purchase price of an item, purchase price of test equipment,
and salaries of maintenance technicians are important but
not a difficulty in the analysis. It is much more difficult 10
find and use indirect costs, such as the total cost of training
the 1echnicians, cost to enter and maintain jtemns in the sup-
ply system, siorage costs, requisition costs, and total costs
of wansponation of items between maintenance levels. See
par. 10-2, “Cost Elemems”, for more information on this
topic. '

2. Design Analysis and Tradeoffs. There are several
kinds of models for design analysis and tradeoffs. Some of
them are :

a. Straightforward design analyses in which the
parameters of a module are calculated from the design.
These analyses are needed regardless of the level of discard.

b. Cost-performance models for various designs.
Performance should inciude refiability.

¢. Direct repair costs as a function of the mainte-
nance level

d. Indirect repair costs as a function of the number
of technicians and their skill levels.

The problems encountered in using some of these tech-
nigues, especially the last two involving repair casts, are
compounded by the short-term vs long-termn considerations.
See par. 10-4, “Tradeoff Analyses”, for more information on
thic 1Anir
this topic, .

3. Level of Repair Analysis. From a mathematical
model these procedures predict the optimum maintenance
level at which a panicular hardware indenture level of
repair or, discard should take place. Such analyses should
include sensitivity calculations that show how nammow the
optimum point is with respect to variations in the numerical
parameters of the model and, where feasible, with respect to
some of the assumptions in the modei. These analyses gen-
erally require the use of approved computer programs. See
par. 10-5, “Level of Repair Analysis (LORA)", for more
information on this topic. AMC-R 700-27 (Rel. 6) identifies
the approved techniques used to conduct LORA; AMC-P
700-4 (Ref. 7) provides some basic information on all
approved technigues. MIL-STD-1388-1A (Ref. 8), Task
Sectrion 300, should be used for the preparation and evalua-
tion of alternatives. Subtask 303.2.7 could be used 10 form
econamic estimates (o determine design for repair or design
for discard early in the life cycle.

4. Front-End Analysis. Essentially, this is any analysis
that is done in the early acquisition phases. Specifically in
this handbook it is any early snalysis that relates cost o the
design and the maintenance concept. Life cycle costs, per-
sonnel (numbers and skill levels) requirements, and repair
vs discard decisions are the important front-end analyses.
See par. 10-3, “Froni-End Analysis”, for more information
on this topic.

3. Military Reguirements. These address both the spe-

- cific project requirements and the combat deveioper’s long--
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range goals for readiness, sustainability, and logistic sup-
port. In some cases tradeoffs must be made between the
lang-term goals and the specific project requiremcnts as far
as the design for discard program is concemed. Such irade-
offs shovld be guided by the explicit relative imponance the
combat developer assigns to those aspects of the situation.
See par. 10-6, “Long-Term Military Goals", for more infor-

mation on this topic.

2-9 SYSTEM-ENGINEERING INTER-
FACES

In any project there is a variety of programs and related
system requirements imposed upon the design group. The
optimum design is a “balancing act”, which creates & com-
mon interface among all of them. An introduction to some
of these interfaces follows:

1. Reliability Engineering. This is the set of design,
development, and manufacturing tasks by which reliability
{the user’s ability to depend on something) is achieved. In
general, the demands of design for discard and reliability
are similar tn that improved reliability at a reasonable cost
makes it easier 1o discard an item upon its failure. See par.
11-2, “Reliability Engineering”, for more information on
this topic.

2. Religbility-Centered Maintenance. Reliability-cen-

tered maintenance refers to preventive maintenance that is-

performed when the condition of the item, related to its pro-
jected reliability, requires it. For further discussion see par.
2-6, “Maintenance Procedures”. In general, the demands of
design for discard and reliability-centered maintenance are
similar in that longer periods between maintenance actions
decrease the ownership cost of an item. Such maintenance
requires that the item be charactenzed more completely
than is needed for simple measures of use, such as time,
miles, or cycles, and that the testability of the item be suffi-
cient to allow the state 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. Mainiginability  Engineering.
refers to the concept of being able 1o suppaort an item within
constraints such as downume, skill levels, and tools. Main-
tainability engineering is important in two ways:

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

b. The item must be testable to a greater degree than
usual to mitigate the risk of wrong decisions for discard.
Thus the challenges to maintainability engineering are simi-
lar to those for reliability-centered maintenance. See par. 5-
3, “Technologies of Testing”, for more information on this
topic.

Adaimtmimahility
midiiiainacialy

4. Producibiliry. Generally, the challenge to produc-
ibility (the ability to provide an item in an economic and
timcly manncr) is in being familiar with various malerials

nreammble tanhoianac

narily used. Once that problem is recognized and assimi-
lated, producibility can be improved for an item that is
designed for discard, as compared (o a conventional repair-
able item. For example, soldered electrical connections on a
PC board are cheaper to produce than sockets and plug-in
parts. See par. 8-3, “Fabrication Techniques”, for more
information on this topic.

5. Manpower and Personnel Integration (MAN-
PRINT). It is the intent of design for discard to have a
strong effect on the number and skill jevels of maintenance
personnel. Some items may have to be designed for discard
simply because manpower limitations do not allow for
repair. Built-in test equipment (BITE} must be designed for
easy access and operation. Initiation of buili-in 1esting musi
be simple, and the resuhis must be easy to interpret. Form
and fit play an important human faclors engineering role
because discardable parts must be designed for easy
remaoval. See Chapter 12, “Interface With MANPRINT™, for
more information on this topic.
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CHAPTER 3
ADVANTAGES AND CONSTRAINTS

The advantages of designing for discard are explained. The potential advantages include better producibility, less documen-
tation and manpawer, lower skill levels in maintenance activities, and reduced need for transportation of supplies. Areas such
as operational availability, mobility, packaging, handling, storage, and support equipment are treated in terms of the tradeoffs
that must be made during design. Finally, the implications and constraints implied by peacetime vs wartime and by short-rerm

vs long-term considerations are discussed.

3-1 INTRODUCTION

Generally, an item designed to be discarded must meet
the same performance specifications as a similar item
designed to be repairable, but design of the discardable item
can take advantage of less costly fabrication techniques. For
a fixed number of items that are ready for use or are 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 associated acquisition and
maintenance aclivities. A large overhead in terms of people
and facilities is needed 10 generate those trained people.

Many of the activities associated with consirainis are
institutionalized in the Army and thus are traditionally con-
sidered sunk or fixed costs. An aggressive design for discard
program requires thai such insiiutions
incorporated into the design for discard cost/benefit models.
The purpose of this chapter is to illuminate these tradeoffs
and treat some of the constraints in solving them,

There are several qualities or capabilities of the fighting
forces that the Army might wish to keep relatively constant,
repardless of any changes in jts acquisition process. Exam-
ples of such qualities or capabilities included in this chapter
are the characteristics of operational readiness and mobility.

Althrnoh
ARl

program, might free some resources, the Army could realio-
cate those resources for other purposes or dispense with
them altogether. Such decisions are influenced by the Presi-
dent, Congress, and the Department of Defense.

3-2 LIFE CYCLE COSTS

Life cycle cost, viz, the total cost of ownership, can be
reduced by raising the hardware indenture level for discard.

difficulties in analyses for improvements in life cycle

Ly nbhalloncad and
O Craucnged ano

acquisition changes, such as a design for discard

Two difficul
cOS1 are

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

2. Being able to quantify all the components of the life
cycle cost that are important in the problem at hand.
Considering design for discard in a design has no direct
effect on the first difficulty (a baseline) because with or
without a design for discard, a baseline must be chosen so
that the various alternatives can be compared. The second

3-]

difficulty, however, does arise and was a major reason for
the push toward design for discard. There was the belicf that
the Army could profitably challenge some of its historically
fixed costs, viz, the to1al cost of training for maintenance.

Since the mid-1980s, however, there has been a growing
concern about how this country 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 1o rise; the cost of disposing of all nonbenign items
will soar. In principle, cheaper, less reliable items might
result from a design for discard analysis, but it is quite likely
that the surest way to reduce life cycle cosis is 10 make
equipment much more relizgble—even seliable enough so
that equipment failure rates are less than 0.1% per month
which is a nominal mean time-to-failure of over 80 years.

As the level of discard moves toward larger assemblies—
higher hardware indenrure level-——the Army can reduce its
cost of ownership of equipment by eliminating or reducing
the repair costs and their associated overhead. These reduc-
tions can occur because of fewer highty skilled support peo-
ple, less test and repair equipment, fewer facilities, and
higher reliability of the items. Virtually all other factors are
generally either negligible or tend to increase the cost. A
very long-term benefit is to reduce the cost of spares inven-
tories. The shori-term costs of such inventories, however,
are almost certain to rise.

The following paragraphs discuss the cost problems in
more detail: 3-3, “Producibility”; 3-4, “Manpower and
Skills™; 3-6, “Transportation Requirements™; 3-8, “Packag-
ing, Handling. and Sworage™; 3-9, “Support Equipment”;
and 10-2, “Cost Elements™.

3-3 PRODUCIBILITY

L2 i LLL - LRI -]

potentially cheaper and easier {0 produce over the long term
than a comparable item that is repairable. In commercial
practice one of the big incentives for design for discard is
the reduction of product complexity to achieve betier pro-
ducibility. When only portions of an item are discardable,
there can be some tradeoffs, but even then an item is proba-
bly more producible than if it were completely repairable.
In the short term, however, a panticular company might
incur some’ producibility difficulties due to a radically dif-
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ferent design. The design of a discardable item can require
different production equipment, raw materials, and person-
nel skills than are available, e.g., plastic molding presses
instead of metal machining, Many companies still generate
their profits by producing things rather than by hiring sub-
coniractors. Thus better producibility as a result of design
for discard might require considerable capital investment to
keep the entire process in-house, and longer initial produc-
tion lead time would follow.

34 MANPOWER AND SKILLS

The effects of design for discard on manpower and skills
are different at each level of maintenance. The cffects are

l. Unit Level Maintenance. Insofar as mainienance is
a test-and-replace operation and insofar as system reliabiliry
is not worsened, there is negligible difference in the man-
power needed for discardable vs repairable items. For items
that require complex or expensive test equipment, the usual
procedure is 1o forward the item to the next higher level of
maintenance for testing and disposition,

2, Direct Support (DS) and General Support (GS).
The need for test skills will remain about the same as for
repairable items in both direct and general suppornt func-
tions. The need for repair skills will be nil for completely
discardable items. For items that contain salvageabie
removable modules, some repair technicians will be needed,
but their pumbers and skill levels will be appreciably lower
than for the usual repairable items. Since one person is nor-
mally both the test and repair technician, the balance of
skills that technician needs might well change.

3. Depot Level Maintenance. If discardability is used,
the need for test and repair technicians will be appreciably
less—both in numbers and skill levels—zthan for repairable
items because many fewer items will even reach the depot
lavel, except for salvage andfor disposal. However, in the
transition from maintenance by repair to maintenance by
replacement, more supply personne! might be required at
higher echelons.

3-5 OPERATIONAL READINESS

Operational readiness is “The capability of 2 vnitforma-
uon, ship, weapon system, or equipment to perform the mis-
sions or functions for which it is organized or designed.”
(Ref. 1).

Operational readiness could be improved by the effect of
design for discard on the tooth-to-tail ratio. It would be
affected largely by the degree to which design for discard
reduces dependence on skilled technicians. The amount of
Army resources devoted to achieving a given state of opera-
tional readiness should be less with such a program, and the
mix of peoplt and equipment would be different. That s,
the Army requires a certain operational readiness for each of
its elements and will expend the amount and mix of
resources necessary (o achieve it,

3-6 TRANSPORTATION REQUIRE-
MENTS '

Transportation costs could be reduced if a design for dis-
card item is disposable at the unit Jevel provided that one-
way transportation is considered a savings. but it is unlikely
that overal] requirements would be reduced appreciably by
a design for discard program. Transportation between unit
level maintenance and DS or GS level maintenance would
stay about the same because complete items would go
toward the unit level rather than some repaired elements. A
similar situation exists for transportation between DS or GS
level maintenance and depot maintenance, i.e., larger items
would be going toward the DS or GS level whether from a
depot or some other source of supply.

If a discardable item is more reliable and its other charac-
teristics (weight, volume, etc.) are no worse, the amount of
transportation devoted to such an item can be reduced
because it would need transport less often. An example of
other characteristics being worse is improving reliability of
a noarepairable unit by using redundancy such that the unit
fails if and only if all of its redundant elements fail. Such

e e | A
redundancy could double the weight and volume of the unit

and actually increase transporation needs.

3-7 MOBILITY

Mobility is “A quality or capability of military forces
which permits them 10 move from place to place while
retaining the ability to fulfill their primary mission.” (Ref.
1). With increased reliability as a result of design for dis-
card, some spares or replacement parts would not have to be
stocked at unit level and would thereby increase mobility.
There would stili be a need for repair ‘and/or replacement
parts, regardless of the hardware indenture level at which
test and replace occur. Mobility is an operational character-
istic, and what actually happens depends on what the Army
tries to hold constant, e.g., it could keep the same mobility
by reallocating resources.

3-8 PACKAGING, HANDLING, AND
STORAGE

Minor impacts on packaging, handling. and storage are
foreseen as a result of a design for discard program; these
things depend much more, for example. on equipment reli-
ability. A radio with a failure rate of 0.1% per month would
require very few spares and littie packaging, handling, or
storage, Another example is that a discardable item could be
sealed better than the comesponding repairable” item, and
thus it would be fess susceptible to its storage environment.
Better sealing mot only keeps the external environment out,
it also retains the internal environment.

3-9 SUPPORT EQUIPMENT.

There may well be opportunities 1o reduce the amount
and complexity of support (test and repair) equipment in
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general. It is convenient to classify support equipment as
system peculiar or common purpose, as follows:

1. System peculiar support equipment, by its nature,
can be used on at most a very few items. Generally, it is
designed and produced explicitly for the equipment on
which it will be used. If the test equipment is separate from
the unit under 1es1, the training and skills needed to use it
can be more than for common-purpose support equipment.
On the other hand, if the test and/or tes1 equipment is built
in, the opposite is tue, Because of low produciion runs, sys-
tem-peculiar support equipment can easily be more expen-
sive and less reliable than common suppon equipment.
Insofar as discardable items may require more special exter-
nal equipment, the cost may be higher and may make the
discardable item less desirable.

2. Common support equipment, by its nature, can be
used on many items. Ii 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 suppont equipment as func-
tional (Go/NoGa) or parametric as follows:

1. Functional test determines merely whether an
equipment conforms 1o appropriate specifications or not. It
does not diagnose the cause of a nonconformance. Such
equipment is generally less expensive and more standard
than parametric test equipment and is more likely 1o be suit-
able for discardable items.

2. Parametric test equipment is used to diagnose what
needs repair on a repairable item (fault isolation) and may
also be used to perform that repair. This is likely to be
required for repairable units because fault isolation is neces-
sary to some lower level. .

Discardable items require only functional test equipment,
not diagnostic and repair equipment, even if some subitems
are removable. Thus discardable items will eventually
require much less diagnostic and repair equipment.

3-10 DOCUMENTATION

The two kinds of important documentation related to
design for discard are
1. Technical manuals that address test and repair
2. Documemation required in the Government supply
system.
The technical manuals for discardable items would contain
only the instructions on how to conduct appropnate func-
iional iesis. Repair insiructions are not needed; thus they
need not be written nor printed. Remove and replace
instructions are still needed, however. The documentation
for the Government supply system will initially increase
hecause a new item has been added to the supply system.
This increase. however, will be smaller than if the item had
been repairable, and in the long term such documentation
might decrease.
Although it is certainly true that some documentation is
required to measure and conirol contractor performance of

3-3

design for discard adequately, a concerted effort should be
made to hold such documentation to the minimum. Daia
item documentation is not needed to accomplish this goal.

3-11 PEACETIME vs WARTIME

K is easy 10 lose sight of the fundamental mission of
Ammy materiel: Support the Soldier in the Field! When deal-
ing with mathematical cost-effectiveness models and with
justifications in the presence of budget constrainis, it is easy
to forget the differences between peacctime and wartitme in
terms of emphasis on Armny objectives. [n peacetime an
important objective is often 1o minimize operating and sup-
port cosis. In wartime operational readiness, mission reli-
ability, and system effectiveness are among the primary
objeciives in supporting the soldier in the field. Operating
and support cosis and some measures of readiness used in
peacetime are secondary considerations.

Ali Army raining and procedures are for wartime
because it is impossible to train soldiers differently for
peacetime and wartime. The Army design for discard pro-
gram operates the same in peacetime and wartime, even
though what happens to items outside of the Army system
might well be different in the two situations,

3-12 SHORT TERM vs LONG TERM

Some problems are made worse in the short term because
the repairable and discardable items exist together. Exam-
ples are

1. More training is needed so that both operating and
vepair personnel know how to tell which version of an item
is repairable and which is discardable.

2. The logistic suppon sysiem has another item (the
discardable one) 1o deal with in addition to all the existing
ones. If the repairable version used repair parts with high
commonality, those repair parts stay in the sysiem, regard-
less of the discardability of the new version,

3. Even though fewer repair people might be needed,
the personnel system may react slowly to the changing
needs, and the repair crews may temporarily remain at the
same size. In some situations the minimum size of crew is
set by other considerations. such as safety.

Improving the “tooth-to-tail” ratio (fighting capability to
support capability) may involve additional expenditures
over a jong period of time. It is difficult to maintain enthusi-
asm and viger in any program once the initial push is over
and the initial proponents have gone on to other things.
Commitment of up-front resources thal are to be recovered
in the long term is not in vogue, and the design for discard
program does not escape this pressure.
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CHAPTER 4
TECHNOLOGY SURVEILLANCE

Three sources of future technology and the Army program for sponsoring, reviewing, and usmg the technology are briefiy
explamed Sources of infarmation abous new rechnology are discussed.

4-1 INTRODUCTION

The Army is vitally interested in developing and using
technology for all of its programs and projects not only fora
design for discard program. The three sources of future
technology are Government research, industry research, and
academic (university) research. Foreign research is also
monitored and used by the Army but is not explicitly
included in this handbook. This discussion is purposely gen-

innare 4.9 4.1 and 4.4 ic

aral and moct Af tha mata
in pars. 5-&, -3, anG 55 15

r1al
£ras, anG Imisl 91 Uie maiena:

adapted from Ref. 1.

A major way that any research, regardless of who spon-
sors it, moves from the laboratories to the engineering pro-
fessions is by the traditional routes of trade publications and
conferences. Lesser but nevertheless important routes are
professional symposia and journals. An engineering com-
mand or project office should be staffed principally with
engineers who are technically competent and who continue
1o work in their fields.

Appendix A lists some of the 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 Army implements its research programs through the
Army Research Laboratory (ARL) and its research, devel-
opment and engineering centers (RDECs). The Army
Research Laboratory is generally concerned with generic
basic and applied rescarch, whereas the Army RDECs are
primarily responsible for commodity-oriented research. The
ARL and the RDECs

I. Analyze baselines and assess the feasibility of tech-
nology performance envelopes

2. Review threat issues 1o ensure that planned require-
ments and evolving technologies address the anticipated
threats

3. Ensure the flow of information within the Army test
and evahiation community about the testing requirements of
new technology, ensure the timely development of test tech-
nology, and ascertain the availability of test resources.

The movement of technology from the ARL and RDECs
to design and development is straightforward because the
people most concerned with any particular technology are
sponsoring and/or monitoning it.

“The Defense Technical Information Center (DTIC) is
the central point within the Dcpanmcnl of Defense (DoD)

for acquiring, sioring, reirieving, and disséminating scien-
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tific and technologica! information (STI) to suppon the
management and conduct of DoD3 research. development,
engineering and studies programs.” {Ref. 2). The specifics
of information retrieval are in a registration package, which
can be obtained from

Defense Technical Information Center

Building S, Cameron Station

Alexandria, VA 22302-6145.
Additional information is contained in, PB91-180216, A
Directory of Scientific and Technical Information Programs
in the US Governmenr (Ref. 3). and PR-827. 1992 Caalog
of Products and Services, National Technical [nformation
Service (Ref. 4). These publications are available from

National Technical Information Service

5285 Port Royal Road

Springfield, VA 22161-0001.
According to both DTIC and’the National Technical Infor-
mation Service (NTIS), there is no clearinghouse for locat-
ing all research still in progress because only results are
reported.

The Electronics and Elecirical Laboratory (EEEL) of the
National Institute of Standards and Technology (NIST) pub-
lishes (quanterly) the EEEL NIST Technical Progress Bulle-
tin (Ref. 5). It contains abstracts of papers aboul the work of
the NIST on eleétrical measurements, semiconduclors, sig-
nal acquisition and processing, electrical systems, and elec-
tromagnetic compatibility. I is available from

EEEL Technical Progress Bulietin
Metrology Building, Room B-358
NIST

Gaithersburg, MD 20899.

4-3 ACADEMIC RESEARCH

Academic research is a combination of basic research
(without a particular application in mind) and applied
research toward specific goals. Virtually all such research is
supporied by grants from industry, foundations, and Gov-
emment. Most such research is done by colleges and univer-
sities; some is done by industry consortia, such as the
Semiconductor Research Corporation in North Carolina.
There is no publication that lists academic research in
progress. Virtually all such research is reported in technical
journals and in technical reports published and distributed
by the research group involved. Basic research generally
passes lhmugh an apphcd rcscarch program before it

becomes uhﬂiul wa Utblgl_l l
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The Army funds academic research through the US Army
Research Office (ARQ) with the assistance of the National
Research Council, the ARL, and RDECs. There are two
main types of programs:

1. A single principal investigator who is assisted by
graduate students and some faculty members

2. Centers of excellence that acquire state-of-the-art
instrumentation and have a team that conducts advanced
research in the designated fieid for projected military appli-
cations.

The ARO program is described in Brood Agency
Announcement (Ref. 6).

4.4 INDUSTRY RESEARCH

Industry research is classified as

1. Development of materials and processes by those
who sell them to others. This technology is available to the
Armmy for its development work.

2. Development of products for sale, e.g., compo-
nents, operating modules, or systems. These products, rather
than the technologies 1o create them, are available to the
Army as equipment or modules.

The Anmy has (wo ways to support and guide such
research:

1. Contract research and development for which the
Army supplies about 70% of the funding. This 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 are reviewed by DoD
laboratories and RDECs. Industry can recover some of its
costs according to formulas negotiated in accordance with
the appropriate Federal and DoD Regulations. The amount
of cost recovered by industry is approximately 30 to 40%.
The DoD receives information from industry about this
research in return for those funds and for information about
DoD plans and needs. The US Army Materiel Command
{AMC) manages the Army participation in this program,

Insofar as industry research is solely for its own use, it
gives only as much priority for design for discard as good
business dictates, whether civilian or military, As mentioned
previously, most electrical hand tools costing under $50 and
electronic itlems costing under $100 are not economically
repairable.

Insofar as indusiry is responding 10 a perceived or stated
military need, it is presumably quite willing to apply materi-
als and processes, new or old, o design and develop dis-
cardable items. Industry, however, is likely 10 want some
assurance that the need for such deveiopment will not
change without a valid reason. That assurance can take the
form of a contract to develop and/or produce such items or
of the Army's having demonstrated its interest in design for
discard. .

4-2

4-5 USING CURRENT TECHNOLOGY vs
PUSHING THE STATE OF THE ART

When technology can change appreciably during the
acquisition process, the question should arise, “What tech-
nology should we use in the design and development pro-
cess?” )

At one extreme, especially where high reliability is essen-
tial, only technology that exists at the beginning of the
design process is used. This procedure involves.a negligible
technology risk but can result in an item that is technologi-
cally obsolete before it goes into full-scale production.

In the middle there is preplanned product improvement
(P31) in which the product is designed with the flexibility 10
be improved -as technology changes and/or needs are
revised. This concept is in accord with the currently prevail-
ing quality thrust of conlinuous improvement.

At the other extreme, the end-item is not even feasible or
possible unless newer technology becomes available. For
example, a smaller, more powerful computer might be
needed, or 2 composite material with the requisite strength-
to-weight ratio might be necessary. This approach involves
appreciable risks of all kinds: technology, schedule, and
cost. It can, however, result in an item that is superior to all
others of its kind or even in an item that would otherwise be
impossible. .

Balancing all the risks is difficult and is subject 10 sec- ~
ond-guessing by others. Mathematical models, preplanned
product improvement, and technology insertion can be used
to traverse these two extremes.
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PART TWO
DESIGN CONSIDERATIONS

Part Two is the main pan of this handbook and discusses four major areas that can sirongly affect the discardability of an
item and tha are under control of the design and production® engineers. These areas are diagnostics, physical arrangement of
components, choice of materials, and manufacturing methods and techniques. Ahhmmh the engingering considerations are

ML E 28125 LYt

paramount, they must mesh with other sysiem considerations, such as those prescntcd in Part Three, Pant Four surnmarizes
some of the more pertinent program considerations for design for discard.

CHAPTER §
DIAGNOSTICS

Diagnosiics are briefiy covered by explaining restability as it relates to various kinds of equipment, the simplified technigues
that are used in testing, and the nature of functional testing. The relative importance of grouping items acconding 1o their func-
tion is also briefly discussed. Hypothetical examples are given to illustrate the ideas.

§5-1 INTRODUCTION

The word diagnostics is intended to be general and to
cover the process of knowing that something is wrong,
deciding that the difficulty is worth fixing, narrowing the
rouble to a replaceable unit, and after replacing the offend-
ing units, assuring that the equipment is working satisfacto-
rily. *Diagnosis” has been defined more narrowly, e.g., in
Raf 1 “The functions performed and the

Ref, ] The functions performed and
techniques used in determining and isolating the cause of
malfunctions.”.

Because testing is not useful unless the test measure-
ments can be converted into a decision, the item and the
tests must be well characterized. The concept of character-
ization is explained in subpar. 5-1.1.

Testing is nat perfect; therefore, risks are associated with
decisions that are based on test resulis. These risks and
some of the nomenclalure relaled 10 them are explained in
subpar. 5-1.2.

The properties 10 be tested for depend on the kinds of
failure of the itlem, especially if reliable operation is to be
assured. Some simple models for failure are explained in
subpar. 5-1.3.

Before testing is considered at all, the engineers’ knowl-
edge about potential malfunctions, faults, and failures
should be organized in a way that is useful for planning
diagnosis and executing corrective action. Several ways to
organize such knowledge are explained in subpar. 5-1.4,

l' |c dafined ac
Ui A

5-1.1 CHARACTERIZATION

The cancept of characterization is at the heart of tésting.
In most testing the information really wanted cannot be

*The terms “marufacturing” and “production” imply the same
things in this handbook. Some companies do distinguish between
the two tcrms. cspecially as applied to engineers, bt that distinc-

tion is not the same AMODg cofpanies,

readily obtained, ¢.g., the reliability of a crankshafi can only
be inferred from some indirect measurements and the ade-
quacy of a microcircuit is inferred from measuring oaly a
small fraction of the possible excitations and responses. A
situation can be defined as “characierized” if all the impor-
tant properties and interactive relationships about it are
known. The “situation” can be an item, process, environ-
ment, test, etc. For example, during test and repair, a repair-
able unit is characterized if exactly what to 1est for, how to
test it, how to interpret the results, what to fix, and how to
fix it are known.

Nothing can ever be compleiely charactenrized for all situ-
ations because scientific and engineering knowledge are
never complete. Interfaces between items are usually
incompletely characlerized because nol enough resources
have been devoted to the problem and/or the intended appli-
cation for the item under development has changed.

An item and its test are well-characterized for diagnosis if
the following things are known and feasible:

1. What 10 measure (on the item and its elements)

2. How, when, and where {0 measure

3. How to convert those measurements into knowl-
edge about the important characteristics of the item

4. How to combine that knowledge with knowledge of
how the item will be used on the mission and how the item
can fail

5. How 1o decide what to
more tests or discard the jtem.

A aoill oL . -
Q0 widl Hie i itm, ¢. g., Tun

5.1.2 TESTS AND RISKS

Tests involve the risks of making an inadequate decision.
A general vocabulary has been developed to describe some

- test results and test risks. It is presumed that an item is either

good or not good (bad) and that “good™ has been adequately

defined in terms of all the requirements. Some terms of this

g, T

. \iocauulaxy are
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1. Test Good. The test result is interpreted as “The
itern is good.”. )

2. Test Bad. The 1est result is interpreted as “The item
is bad.”.
3. False Good. The item tests good but is in fact bad.

4, Faise Bad. The item tests bad but is in fact good.

Some reasons for false results are

1. The test instrumentation was fanlly, or the test
results were interpreted incomrecdy.

2. The test measures a secondary property of the item,
not the property of real interest. The comespondence
between the secondary property and the one of real interest
is rarely exacl.

3. The property being measured and/or the measure-
ments themselves have uncharacterized fluctuations.

The criteria for test good can be often be adjusted so that
the error probability can be moved toward the less danger-
ous or less costly of false bad or false good. For example,
for an inexpensive test the probability of a false good can be
made very low, with a consequent increase in the probabil-
ity of a false bad. If the item tests bad. it is subjected 10 a
more expensive, mare accurate test for which the probabil-
ity of either a false bad or a false good result is very small.

For a given amouni of available project resources, the
mathematical probabilities of false good and false bad do

depend on each other. For those given resources, if one of.

the probabilities is improved, the other is worsened. If both
must be improved, the project resources must be increased.
For example, for hand grenades, if the probability of a pre-
mature detonation must be made smaller, the probability of
a dud will become higher.

These concepts are related to statistical Type I and Type
Il errors and 1o the concept of producer (alpha} and con-
sumer (beta) risks in acceptance sampling.

At each maintenance leve] the magnitude of testing errors
is adjusted to fit the needs of the Army. For example, at the
unit fevel of maintenance the probability of a false good
should be quite low (with a resulting higher probability of a
false bad) because the soldier in the fie}d must be able to
rely on his equipment. That is, the soldier in the field must
not be attempting to use equipment or weapons that 1est
good but are really bad; the results could be deadly. At
higher maintenance levels the false good can be someone
else’s problem without the danger of loss of life. False bad
results a1 the unit level can be decreased (while the same
low false good level is maintained) only with better test
equipment.

5.1.3 SIMPLE MODELS FOR FAILURE

It is important to understand what type of failure is being
tested for because the failure type can restrict the kinds of
tests that are effective and affect the kind of comective
action if a failure is discovered. The four simple models for
failure that follow cover, singly or in combinations, most

kinds of failure that are related to mission reliability of dis-
cardable items:

1. Simple Stress-Strength. The item fails if and only if
th

the stress exceeds the ctrpnalh If the stress does not exceed
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the sirength, the stress has no permanent effect whatsoever.
This failure model depends on the occurrence of critical
events in the environment rather than ‘on the mere passage
of time or cycles. The maximum alowable stress is placed
below the strength so that the probability of failure is svit-
ably low. A proof test is often performed for this failure
mode). In a proof test the test stress in the item is the rated
strength, does not cause cumulative damage, and is well
above the stress anlicipated during any mission, If the item
does not fail, it has adequaie strength.

2. Simple Damage-Endurance. A stress causes dam-
age thal accumulates irreversibly. The item fails when and
only when the damage exceeds the endurance. The cumula-
tive damage does not degrade performance, so the amount
of cumulative damage cannot be ascenained by measuring
performance. An indirect measurement is often necessary.

3. Simple Tolerance-Requirement. A sysiem perfar-
mance characteristic is satisfactory if and only if its toler-
ance remains within the requirement. 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 Chailenge-Response. An element of the sys-
tem is bad, but only when the element is challenged does it
fail to respond, reveai itself as bad, and cause the system 1o
fail. This failure model depends on when critical events
happen in the environment rather than on the mere passage
of time or cycles. Sofiware failures are always of this type.

5-1.4 ORGANIZATION OF KNOWLEDGE
ABOUT POTENTIAL FAILURES

In order to test intelligently and to determine the potential
effect upon discardability in the design, knowledge about
potential failures must be developed and then organized in a
useful way. Three such methods are summanized here. More
information about them is readily obtained in books on reli-
ability engineering.

). Failure Mode, Effects, and Criticality Analysis

(FMECA). FMECA is among the oldest formal techniques

in the United States wsed to organize knowledge about
potentiat failures and is probably the most commonly used.
It deals only with !-point failures {A 1-point failure is an
clement failure that can cause the assembly o fail.} and thus
cannot handle the effects of redundancy well. It is usually

. called a bottom-up analysis. Its major use is when knowl-

edge of the effects is low and the effects can be devasiaiing. .
Ref. 2 is devoted to this method.

2. Failure Mode and Mechanisms Analysis. This is an
ol technique without an established acronym. In many sitw-
ations the effect and criticality of a failure mode are readily
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known—the equipment fails and must be repaired. This is
as true of electronic equipment as it is of mechanical equip-
ment. Thus the FMECA is of no value in those situations.
One begins at the failure mode and works backward to find
the failure mechanisms of the failure mode, then to find
causes of those failure mechanisms, and so on until there is
enough knowledge for comrective action or adequate testing.

3. Fault Tree Synthesis and Analysis. This is a more
complicated and difficult organizational technigue; it is
essentially a mathematical logic equation in picture form. It
is often used in analyses related 10 safety and can handle
multipoint failures. It is usually called a top-down analysis.
Event trees and cause-consequence charts are related to
fault trees but have other propenties as well.

5-2 TESTABILITY

Testability is “A design characteristic which allows the
status (operable, inoperable, or degraded) of an item 10 be
determined and the isolation of faults within the item 10 be
performed in a timely manner.” (Ref. 3). An additional con-
cept for testability is that conformance to all specifications
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
reason for this is that the test does not cover the entire enve-
lope of epvironmental, supply, and loading conditions.

Not only must an item function properly o be classified
as good, but it must also have the mission reliability
required for a new item. In order to test nondestructively for
mission reliability, the item must be well-characterized. The
importanl aspects of testability are divided into four catego-
ries: mechanical; electronics, electrical, and electromechan-
ical; hydraulics and pneumatics; and optical and electro-
optical. For simplicity and continuity in the discussions that
follow, each category is organized according 10 the four
simple models for failure presented in subpar. 5-1.3.

The designers will have organized their knowledge about
potential failures in a useful way, such as those mentioned
in subpar. 5-1.4. Precautions must be taken during design
and development of both the item and the tests so that tesi-
ing does no harm to the item or its neighbors. Such harm
can occur inadvenently by the tester or as a consequence of
the test stimulation.

5.2.1 MECHANICAL
Many mechanical items, especially those that carry loads,
fail in obvious ways, 50 testing in the usual sense is not nec-
essary. Examples are a broken motor housing and a severely
warped gun tube. Such failures are not considered further.
The mechanical portions of electromechanical items are by
their nawre included in this category. The discussion that
follows is organized according to the four simple models for
failure presented in subpar. 5-1.3.
1. Simple Stress-Strength. For load-carrying andfor
load-transmitting mechanical items, simple stress-strength

is generally not important. Its main application is in pres-
sure vessels, e.g., hydraulic or pneumatic. A proof test is
generally used to see whether the strength of the item is suf-
ficient. Failure of an item dunihg a’proof test must be a
safery consideration,

2. Simple Damage-Endurance. Indirect evidence of

" the damage is generally required because by definition the
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item will still pass a functional test. For example, cumula-
tive fatigue damage can cause surface cracks; these cracks
can be detecied by liguid penetrant processes, such as
Magnaflux™, Interior cracking or discontinuities can be
detected by ulirasonics. The many kinds of cumulative dam-
age for metals are generally well-categorized by metallur-
gists. Newer load-carrying materials, such as plasics,
ductile ceramics, and composites, are not as well-character-
ized as metals; therefore, damage in such newer materials
can be difficult to detect.

3. Simple Tolerance-Requirement. Wear, deformation,
and corrosion are common examples of this failure model.
Wear can be detected on the exterior by simple measure-
ment, whereas wear on internal surfaces or internal damage
is often detected by the vibrational signature of the item. An
example is the readily discernible noise and subaudio vibra-
tions from roller bearings that are wearing out. In principle,
testing for deformation is straightforward; in practice, how-
ever, the allowable deformation can be so small that it is dif-
ficult 1o measure accurately enough. Excessive corrosion
can often be detected by measuring the thickness of the
remaining material or of the corrosive layer or the electrical
characteristics of the corrosive layer.

4, Simple Challenge-Response. In mechanical systems
this failure mode! usually involves nonself-announcing fail-
ures, such as those in rarely used safety subsysiems. An
example is the emergency brake on a car. Such failures can
be difficult or tedious to test for because of the complexity
of system behavior. If the test involves putting the item in a
potentially unsafé condition, it is essential that provision be
made to return the item to a safe condition before it can be
operated.

ELECTR KGNiCS, ELECTRICAL, AND
ELECTROMECHANICAL

Many failures in this calegory are actually mechanical
failures of an item serving an electrical function. For exam-
ple, a printed circuit board can crack, or a wire can break in
two. Some of such failures are testable as discussed in sub-
par, 5-2.1 and are not discussed in this paragraph. The dis-
cussion that follows is organized according to the four
simple models for failure presented in subpar. 5-1.3:

1. Simple Stress-Strength. Most failures in this cate-
gory involve electrical breakdown due to a large elecirical
pulse. The portion of the item that breaks down is usually an
insulator, dielectric material, or a special layer inside an
active electronic device. Items connected to wires that go

5.2.2
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outside a building can receive severe electrical stresses due
1o lighining. Modern, complex semiconductors are gener-
ally susceptible to electrical overstress and/or electrostatic
damage. Testing whether such items are sufficiently pro-
tected against their environment is not easy although it is
generally easy to find an item that has failed because of such
stress. An electrical proof test (analogous to the mechanical
proof test) or a simple Go/NoGe functional test can be used
to 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 thai the test voltages do not harm adjacent
devices.

2. Simple Damage-Endurance. This is the type of fail-
ure about which most electronic failure rate models are con-
cerned. In many situations this kind of damage can be
difficult or even impossible 1o detect before failure occurs.
Damage can accumulate in dielectrics due to ordinary elec-
trical siresses. Mechanically, things such as fuses can accu-
mulate low-cycle faugue damage due to thermal expansion
and contraction.

3. Simple Tolerance-Requirement. In analog circuits
this is a very common failure mode that can be tested rea-
sonably well if the appropnate terminals can be accessed,
For example, the gain of a radar receiver can be measured.
Digital circuits are myuch less affected by dnft, but it can
oceur. It is often necessary 1o be concerned about not only
whether an item is within the requirement but also how
large the safety margin is. When used as a conducting wire,
aluminum can corrode (oxidize) and eventually acquire a
strong insulating coating at a junction; this is a well-known
phcnomcnon of aluminum electrical wire. Fault isolation is
difficult in complex systems, especially when such systems
contain computer sofiware.

4, Simple Challenge-Response. This is the most com-
mon failure mode of computer software. It also applies to
systems that are so complex they are impossible {0 test com-
pletely, ¢.g., automatic telephone switching systems. Testing
before the failure is very difficult becausc the state of the
system is a function not only of the current environment but
also of the use history of the system.

5-2.3 HYDRAULICS AND PNEUMATICS

Failures in hydraulic and pneumatic systems can be clas-
sified as being in the fluids themselves or in the lines,
valves, and other mechanical equipment that carries or uses
the fluids. The discussion that follows is organized accord-
ing to the four simple models for failure presented in subpar.
5-1.3:

1. Simple Stress-Strength. This failure model is inap-

r.}rnpr!ntp for the fluids themselves byl can apply to the
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pumps, lines, receivers, and pressure véssels lhal carry the
fluids. The discussion in subpar. 5-2.1 applies 10 such items.

2, Simple Damage-Endurance. This failure model
does not apply at al] 10 pneumatics, and it applics only indi-

rectly to hydraulic fluids because they can carry panicles
that have been worn from the mechanical items with which
the fluids are associated. Designing 1esis for this situation is
straightforward.

3. Simple Tolerance-Reguirement. Hydraulic fluids
can degrade in terms of viscosity and lubricity. Hydraulic or
pneumatic fluids can carry contaminants that harm their
own function or the function of the mechanical items with
which the fluids are associated. Thus filters are often
installed to remove those comaminants from the fluids.
Designing tests of the fluids and the filters for such failure
modes is straightforward.

4. Simple Challenge-Response. This failure model is
inappropriate for the Auids themselves, but it can apply 10
the systems that depend on the fluids for operation. The dis-
cussion in subpar. 5-2.) applies to such systems.

5-2.4 OPTICALAND ELECTRO-OPTICAL

All optica) sysiems are also mechanical systems, and the
discussion in subpar. 5-2.1 applies to them. The discussion
that follows is organized according to the four simple mod-
els for failure presented in subpar. 5-1.3:

1. Simple Stress-Strength. Insofar as the items are opti-
cal lenses or electronic components, the discussions in sub-
par, 5-2.1, *Mechanical”, and subpar. 5-2.2, “Electronics,
Electrical, Electromechanical”, apply to them. Otherwise,
this model of failure does not apply.

2. Simple Damage-Endurance. The comments in
“Simple Stress-Strength” from subpar. 5-1.3 apply here as
well,

3. Simpie Tolerance-chuireniem Optical lenses and
fibers can ucgruuc by scraiches, removal of essential surface
coatings, acqulnng unwanted surface coatings, or becoming
more opaque. Unless such degradauon is obvious to the eye,
claborate test equipment is necessary 10 measure the degrce
of such degradation.

4. Simple Challenge-Response. This failure model is
inappropnate for the optical or elecuo-aptical elements
themselves, but it can apply to the systems that depend on
such elements for operation. The discussion in subpar. 5-2.1
applies 1o such systems

5-3 TECHNOLOGIES OF TESTING

The influence of innovation and the categories related to
testing are explained in the following subparagraphs.

5-3.1 INFLUENCE OF INNOVATION .

The very concept of “test and testing” changes as tech-

nology changes, The ability of complex machines to mea-
and 1ake {haced
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measurements) on a product continuously while it is being
made and without the intervention of people is very differ-
ent from what it was a few decades ago, and of course it has
been changing sieadily since the 1920s. For example, dur-
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ing the 1960s the statistical quality control leaders invented
the phrase, “You cannot test quality into a product!”. The
meaning of that statement, of course, depends on the defini-
tion of test. The statement never was true; il was a surrogate
for “A process should be controlied as far upstream as feasi-
ble.”. Selective assembly and sorting of product, for exam-
ple, have always been the economic ways to control the
quality of some products.

The tests that engineers consider for a discardable item
are usually identical to those for a repairable item; the major
difference is that at the end of testing a discardable item is
not repaired.

5-3.2 CATEGORIES

Several calegorics of testing, test equipment, and test phi-
losophy are defined. Their advantages and difficulties are
explained briefly. The categories are not necessarily mutu-
ally exciusive, or even meaningful—especially as 1echnoi-
ogy innovation occurs.

1. Automatic Test Equipmens (ATE}). “Equipment that
is designed 1o conduct analysis of functional or static
parameters to evaluate the degree of performance degrada-
tion and may be designed to perform fault isolation of unit
malfunctions. The decision making, control, or evaluation
functions are conducied with minimum reliance on human
intervention.” (Ref. 1) System complexity is often such that
ATE is ihe only feasible aliermative for testing.

a. Advantages. ATE requires less skill and fewer
written test procedures and is generally faster than multipur-
pose test equipment.

b. Disadvantages. ATE is generally more expensive
when averaged over the systems it can handle and more spe-
cific to a particular system than is multipurpose test equip-
ment. ATE requires (1) a costy tesi program sel (TPS),
software development, and life cycle support, (2) update as

product configuration changes, (3) cnqﬁm;mnnn control

product configuration changes,
beyond form, fir, and function, viz, to the piece-part or
board level, and (4) keeping the TPS updated. There are
problems in distribution, media storage, and documentation.
Numerous TPS sofiware versions must be fielded at the
same lime 10 suppon various configurations of the same
system.

2. Built-In Test (BIT). “A test approach using built-in
test equipment (BITE) or self-test hardware or sofiware to
test all or part of the unit under 1est.” (Ref. 1)

a. Advantages. Many BITs, especially those involv-
ing sell-test, are relatively simple, cheap, reliable, and effec-
tive and can cover many of the predictable problems.
Generally, personnel a1 a lower skill level can perform the
diagnosis.

b. Disadvantages. If the BIT is not comprehensive,
it can give a false sense of security to the operator. BIT tra-
ditionally has not been applied to nonelectronic items. BIT
adds its own weight, volume, cost, power requirements, and

unreliability to the equipment it serves. Thus it can appre-
ciably degrade’ the very equipment it is supposed to
improve. This fact was overlooked in the early enthusiasm
about BIT.

3. Built-In Test Equipment (BITE}. " Any device which
is part of an equipment or system and is used for the express
purpose of testing the equipment or system. BITE is an
identifiable unit of the equipment or system.” (Ref. 1)

n Adunwrasse Ta tact Tn~iling and marc
4. Advaniages. r&éwer 1651 jaCuiUes ang personne

are required. See also the advantages under ATE,

b. Disadvantages. See the disadvantages under BIT,
Item 2b.

4. Functional Test. “Functional test” is a qualitative
term. It generally checks the overall performance character-
istics of an item under benign conditions and with benign
criteria for pass or fail (Go/NoGo). For funher discussion,
see par. 5-4.

5. Perfarmance Margin, The performance margin
shows how close a performance characteristic is to being
unsatisfactory. For example, if 0.60 mm of wear is allowed
in a particular part and 0.50 mm has occurred already, the
performance margin is 0.10 mm. It is an important concept
in estimating mission reliability.

6. Self-Test. “A test or series of tests, performed by a
device upon itself, which shows whether or not it is opera-
tional within designed limits. This includes test programs on
computers and automatic lest equipment which check out
their performance status and readiness.” (Ref. 4) Self-test is
a subcategory of BIT; see the comments under BIT.

7. Test, Measurement, and Diagnostic Egquipment
(TMDE). " Any system or device used to evaluate the opera-
tional condition of a system or equipment to identify and
isolate or both any actual or potential malfunction.™ (Ref. 1)

8. Multipurpose Test Equipmeni. A subset of TMDE
that can be used for many purposes. It is generally manually
controlled by the operator who follows written test proce-
dures. The elecwical muliimeier and the oscilloscope are
common examples of multipurpose test equipment.

a. Advantages. It can be used with a wide vaniety of
test procedurcs on many kinds of items, i.e., it is reasonably
universal. When its cost is averaged over ithe many kinds of
equipment-it ¢an service at the DS, GS, or depot level of

‘maintenance, it can be much cheaper. Manually coatrolled

tests can provide flexibility that is not feasible 1o program
into ATE software.

b. Disadvaniages. For some testing it requires
greater personnel knowledge and skills to be used effec-
tively. At the unit level of maintenance it can be more
expensive than special purpose ATE because of the wide
variety of equipment and more highly skilied personnel than
usually needed.

9. Test Procedure. A document that describes, step by
siep, the operation required to test a specific unit with a spe-
cific test system.” (Ref. 1. The word “document™ should be

_interpreted broadly to include a wniien document, a com-.
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puter software program, a hardwired computer program
and any combination of these.

5-4 FUNCTIONAL TESTING

A functional test is A test which determines whether the
UUT [unit under test] is functioning properly. The opera-
tional environment (such as stimuli and loads) can be either
actual or simulated.” (Ref. 1).

Funcuonal testing is also a qualitative term whose mean-
ing changes with the technology innovation. This point is
discussed in more detail in subpar. 5-3.1. It generally mcans
the least costly* test of a nominal function, e.g., Does an
emplifier amplify? Does a logic gate give the correct output
for a set of inputs? Does an cngine run at a reasonable speed
with a modest load? Does hydraulic fluid pass through an
operating hydraulic pump?. It is a test, not for the purpaose
of finding a failure, but for the purpose of finding a sticcess.
It is traditionally a Go/NoGo test that sets a minimum stan-
dard of performance; that is, if the item “tesis bad”™, there is
linle reason to expend any more resources on testing it at
that maintenance level. Further testing can, however, be per-
formed at a higher mainienance level.

The effectiveness 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 tolerance-requirement model of failure described in sub-

par. 5-1.3.

The advantages of such functional testing are that it is
usually cheaper in terms of test lime, test equipment, and
testing skills (both in terms of running the test and in under-
standing the resulis). It applies to all types of systems and
technologies.

The disadvantage of functional testing is thar raditionally
it does not indicate any performance margins, although it
might use such information in arriving al the test result. It is
generally difficult 10 use Go/NoGo information to estimate
the mission reliability of the system or to prepare for correc-
tive action. If the item is designed for discard, corrective
action in terms of field repair does not apply, and corrective
action in terms of production or engineering design is lost
unless the nonconforming item can be analyzed internally
and the information returned to an appropriate manufactur-
ing or engineering design group.

5-§ FUNCTIONAL GROUPING

Most mechanical systems are physically grouped by
function because there is rarely any other feasible way to
lay out the system. When such functional grouping is not
feasible, the system is usually awkward, and design ingenu-
ity is called vpon to use other technology to overcome the
disadvantage. For example, the four wheels of a vehicle are

* A “fjeast costly” test today might have been vinually impossible a
decade ago. That is why defining “functional” test is so difficult
and arbitrary.

not close together. Electrical and hydraulic subsystems are
sometimes used 10 fumnish power ta the drive wheels,

Most electronic systems are likewise physically grouped
by function because the system is easier 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, electronic, hydraulic,
and pneumatic sysiems is that the elements need not be
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 controlled.

Any kind of diagnostic procedure is more simply per-
formed on & single module than on multiple modules physi-
cally dispersed throughout the end-item. Diagnostics are
more effectively performed on functional modules than on
modules that contain parts of many functions. These two
forces determine in large part the way designers lay out sys-
tems (software or hardware) and procedures for system tesi.

The preceding analysis is complicated by the way design-
ers and users view the concept of function. Many items can
be considered 10 have several functions, e.g., the front axle
and wheel combination on a froni-wheel-drive car.

5-6 APPLICATIONS AND IMPACTS

Examples are 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 electrome-
Lﬂaﬁical UC\’I\.CB, maosi u:auug uses CICLUUIHL Ul CICLL"LH.I
devices, and all devices—except static structures and some
electro-optical items-—generaie heat that must be removed
to kecp the temperature of the device low enough. Thus no
example is a pure case of the category in which it appears.
Each example is discussed under the following headings:
testability, test philosophy, functional testing, and functional
grouping. These headings relate to the previous paragraphs
in this chapter with similar tities.

5-6.1 MECHANICAL

Consider the propulsion* systemn of an automobile. Such

a system includes an ordinary internal combustion, carbu- .

reted gascline engine; a transmission (including the clutch);

a coupling mechanism, e.g.. driveshafi, differential, and rear
axles; wheels: and the brake-actuating mechanism.

1. Testability. Test-stands for the propulsion system as

& whole are expensive and large: thus they arc suitable only

5-6

*Propulsion is used in its general sense 10 mean the system in
which energy is generated, transmitted, stored as potential ensrgy
{e.g.. dynamic braking for which the propulsion motor becomes a
generator), and converted to heat. This usage is common for
example, in transit system vehicles.
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at the depot maintenance jevel. An experienced driver or the
user maintenance level can usually isolate the trouble 10 a
major subsystem by observing the type of nonperformance
or the noise and vibration signature. If the problem is the
enginc, & few simple tests at the user maintenance level can
often isolate the trouble o one of the subfunctions of the
engine, e.g., the fuel system. For ordinary performance
characteristics such a propulsion system is quite testable
without expensive test equipment or special acsngn features
for 1estability.

2. Test Philosophy. The traditional propulsion system
(up through the 1970s) had no BIT or BITE, and the ATE
for it was virtually ponexistent. Some of the engine sub-
functions are continugusly monitored, &.g., the charging rate
of the alternator (generator), the temperature of the cooling
fluid, and the speed of the engine. Although not very mod-
em, those monitors come very close to being included in the
definitions of BIT and BITE. in the 1980s the newer trans-
ducers being used 10 monitor some of the engine functions
could perhaps be called BITE. Regardless of their terminol-
ogy, they have made ATE more feasible for the engine. The
test philosophy on the remainder of the propuision system
remains essentially as it has been for decades.

3. Functional Testing. Functional testing is done by
the operator, who uses the ordinary operator controls as
inputs, the human senses to detect the output, and experi-
. ence to evaluate the output. The function 1o be tested 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 power steering pump. A maintenance technician
performs similar tests except that inpuis are extended by
some lest equipment and by direct access to a subsystem,
detectors are extended by the built-in sensors of the engine
ar some test equipment, and cvaluation is extended by the
indicators on test equipment cr by instructions in a technical
mianual,

4, Functional Grouping. Mechanical functions are
generally grouped because grouping is the nawre of
mechanical sysiems. The items that are nol grouped must
usc shafis, axies, or chain drives, e.g, the driveshaft; fluid
tubing, ¢.g., the braking system and cooling the transmis-
sion; pneumatic hoses, ¢.g., a vacuum hose; or electrical
wires, We are so used to automobiles that we often do nat
think of them in these terms—we just believe everything is

whers “it helnnoe”
ere 1 DeIongs .

5-6.2 ELECTRONICS

Consider electronic equipment that contains computer
hardware and software, other electronic assemblies, a
microwave subsystem, some power ouiput subsystems, and
a variety of power supplies for all of the subsystems.

1. Testabiliry. Testability is important during both
manufacture and field use. Digiml electronics is one of the

e nton tankhanlosiar e incmantand
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during manufacture either by soning a pepulation (remov-
ing the bad parts} or by repairing an assembly.* The testing
support hardware must be designed at the oulset. Advances
in technology allow integrated circuits and printed circuit
boards 1o become so small and densely populated that their
testability is a limiting factor in being able 10 use tha

" advanced technology. Electronics designers usually have
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received little or no education in reliability and maintain-
ability, and they have a difficuli enough time meeting the
traditiona) performance requirements within the cost, sched-
ule, volume, and weight constraints. Test engineers have a
variety of techniques and technology available with which
to increase the iestability of electronic equipment. For
example, special test points on a printed circuit board can be
brought out to edge connectors for use during testing, and’
design engineers tend to provide a specific funcion, such as
a power supply, in a module that is reasonably testable, As
manufacturing technology improves, several device tech-
nologies can be placed onto one circuit board as a single
function—thus the testing function is complicated. Such
kinds of technology include analog devices and several dig-
nal technologies. Each technology has its own limitations in
terms of types and frequencies of signals and magnitudes of
allowable voltages, currents, and power. Such decreases in
testability tend 10 be met by smarter test cguipment, and
proper testability planning during the design phase of

microcircuits and circuit boards i improves their n-cmhllnv

Design engineers need an incentive to work with test engi-
neers during the design and development of equipment
rather than to present the test engineer with a virtually com-
plete design. One of the aims of concurrent engineering is to
encourage such cooperative team work.

2. Test Philosophy. The technology of tesiing is chang-
ing rapidly. Current multipurpose eguipment can have auto-
matic features that formerly were not even available in
specialized test equipment. In digital technology, especially
ip memories, BIT is common and is usually implemented
targely in software. The output of power supplies can simi-
larly be tested. BITE can be used for more complete, para-
metric lesting—as opposed to functional testing—and has
been traditionally necessary in order to implement BIT for
technologies, such as microwave and analog signals. What
can or cannot be done in electronic testing changes because
the technology changes—even before the testing and sup-
port equipmeni and documentation can be widely dissemi-
nated. For example, testers are becoming available that can
handle mixed analog and digital technologies. The move to
standardize ATE is well intentioned but difficuli 1o imple-
ment. Such things as VAST (versatile avionics shop tester)
and MATE (modular ATE} are good ideas but are difficult 10

*The best yield for microcircuits, for example, is about 95%; thus
the bad 5% are removed by testing (screening) all parts. The drive
to make microcircuits berer and cheaper prevents the yield from

heing higher.
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perfect and to enforce. Enforcement difficulties arise
because designers tend to resist much standardization
because they tend to believe thal siandards restrict their
choices, can be an unworkable compromise, and can be out-
moded by new technology before they are even promul-
gated. Again, concurrent engineering shows all the
engineering groups it is really easier for all of them to do
better jobs if they work together as a team. BITE, if used,
must be integrated with the system during design and devel-
opment and be included in the system constraints of reliabil-
ity, maintainability, schedule, and cost. In combined
hardware and software systems it can be very difﬁcult to
isolate a failure to the software or the hardware exclusively;
failure of either one can give very similar sympioms.

3. Funcrional Testing. Functional testing is reasonably
effective and straightforward for electronic modules, at least
where device technologies are not mixed. For microwave
waveguides, for example, it might be worthwhile to have
submodules that are reasonably compact and functionally
testable. BIT generally is a functional test.

4. Functional Grouping. Unless there is a compelling
reason not to, design engineers generally group elements
together that are pan of a function. The key to this rule is the
concept of “function”. For example, electrical meters for
display are generally placed on the front panel because their
common function is 1o display the state of the system. Each
meter, however, might display the state of disparate electri-
cal functions of the system. Some reasons for not grouping
by electrical function are size, weight, power dissipation,
cooling needs, design for discard, visibility to the aperator,
and need for shielding because of high voltage or electro-
magnetic emissions (incoming or outgeing). When an item
can be classified as one of several functions, it is not clear
exacily what “functional grouping” means, For example, if
the microwave subsystem requires a separate high-voltage
power supply, is that power supply grouped with the “power
supply” function or the “microwave” function? Because of
the srong incentives to reduce size and weight of electronic
items, the electronics indusiry is forcing functional group-
ing by simply puiting a functional group in one package and
calling tha package a component. For example, a single
integrated circuit for a computer is availabie that combines
the functions of many integrated circuits of just a year ago.

5-6.3 ELECTRICALAND ELECTRO-
MECHANICAL
There are very few electrical, nonelectronic items that are
not also electromechanical-—other than for resistance heat-
ing or the diswibution of electricity—because there are
mechanical functions involved. Consider a fractional horse-
power, single-phase ac, capacitor-start electric motor, which
is a very common electromechanical item, and an electric,
single-phase ac generating system of moderate capacity,
c.g.. 8 few kilovolt-amperes,

1. Testability:
a. Electric Motor. The main elements that can fail
are the windings (short to the frame, turn-te-turn short, or

open), the starting capacitor (shon, open, or hish series
© Fa = L1 i o v WORRE &3

resistance), the cenmfugal switch (fail to open or fail 1o
close), the bearings (excessive wear, loss of lubrication,
fatigue pitting, or will not turn at all}, and the housing
(crack or warp). If the motor is a discardable module, it is
reasonably easy to test; only an appropriate source of elec-
tric power and an adequate mechanical load are needed. The
imponant characteristics of the electric power are its nomi-
nal voltage and iis regulauon (voltage, current, and load
angle relationships). The important characteristics of the
mechanical load are its inertia and its speed-torque relation-
ship. If the motor is repairable, the ability to test its main
elements for all of their failure modes is necessary. Some
such tests can be done without taking the motor apan.
Regardless of what kind of test needs to be performed, it is
likely that only functional testing can be done at other than
the depot level of maintenance.

b. Electric Generating System. The main sub-
sysiems are the generator, the engine, and the controls. The
elements of the generating system that can fail are the con-
trols, both frequency and voltage; the generator bearings,
windings, and housing; and the engine (It is not considered
in dezail.). Testing the generator separately from the engine
is difficult because the frequency control is essentially the
speed controf of the engine. The important steady state char-
acteristics of the generaling system output are its nominal
voltage, its voltage regulation’ {voltage, current, and load
angle relationships), its nominal frequency, and its fre-
quency reguiation. There are similar important transient
characteristics. Measuring all of these things requires exien-
sive instrumentation and electnical load controls. The
engine, generator, and controls are likely 10 be separate
modules. A generator of this size (several kVA} is not likely
to be discardable, so its internai failure modes must be test-
gble, Regardless of what kind of test needs 10 be performed,
it is likely that only functional testing can be done at other
than the depot level.

2. Tes: Philosaphy:

a. Electric Motor. At the unit mainienance level the
only test of the motor is generally, “Does the equipment
have symptoms that are traceable to the motor?”, If so, the
motor is replaced, and the old motor is given a simple func-
tional test. If the old motor fails that test, it is discarded.
Otherwise, it is sent to the depot maintenance level for a
more complete test. The only special test philosophy might
be some ATE at the depot levet that would apply to most
fractional horsepower molors.

b. Electric Generating System. There is usually the
BITE consisting of a frequency meter and a voltmeter to
measure continuously the two important charactenstics of
the system. An ammeter and perhaps a wattmeter are desir-
able. Isolation of trouble to a subsystem {engine, generator,
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or controls) is usually done by the operator or a unit mainte-
nance level person observing the behavior of the sysiem. At
the DS, GS, or depot maintenance levels, each subsystem is
tested separately. ATE might be feasible at the depot mainte-
nance level but is likely to be too costly at the DS and GS
maintenance levels.

3. Functional Testing:

a. Electric Motor. The simplest test is to apply a
voliage near the nameplaie voliage and observe ihal ihe
motor starts and runs smoothly. A more complex test would
measure the input voltage, current, and power (All of which
are reasonably inexpensive with a multipurpose instru-
ment.) and would apply and measure a mechanical load near
the rated load. However, applying that load is neither casy
nor inexpensive. Basically there are two ways to apply a
load in a test fixwre: Apply friction to a rotating drum
{Prony brake) or drive an electric generator, ¢.g., an induc-

firct
method convens the mechanical power into heat and thus
requires that the heat be removed withow an undue iemper-
ature rise; the second method converts the mechanical
power into electrical power that can be fed into the electric
lines.

tion motor driven over Mg e}:nr-hrnnnnc cppprl The

b. Electric Generating System. The simplest test is
to stant the engine, apply a resistive nominal load, such as
incandescent lights, and observe the voliage and frequency
and glowing light bulbs. A more complex test would be to
apply the maximum load (probably resistive) and measure
the voltage, frequency, and power. A functional test on the
generator alone could use an ordinary induction motor 1o
drive the generator, perhaps with an adjustable ratio V-belt
drive to bring the speed up to the propes value.

4. Functional Grouping: .

8. Electric Motor. By its nature the motor is a single
functional group of its elements. In use, however, the motor
must be mechanically coupled 10 its load, and such coupling
can be rather complicated, e.g., it can provide for torque
smoothing and for shafi misalignment. The electric power
must be supplied through some conditioning device; at a
minimum a switch and overcurrent protection are needed.

b. Electric Generating System. The engine and gen-
erator functions are virtually always grouped functionally
because that is the casiest and cheapest way 1o do it. The
frequency control might be on the engine itself (a simple
speed controller), or it might be a complex electronic feed-
back system. A complex feedback mechanism belongs to
both the input and output functions, so the phrase “func-
tional grouping™ means little. For example, such a mecha-

gral part of the generator. For much better accuracies, e.g.,
1710 of those numbers, the controllers would probably be in
modules external to the engine and generator. The imple-
mentation of those modules would depend on the technolo-
gies available at the time of design and manufacture.

5-6.4 HYDRAULICS AND PNEUMATICS

Considcr a high-pressure hydraulic system and a com-
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O ﬂ-ll B’)ICIII lU Dlﬂ.l.l ﬂ Qicscs CII&I"C Lﬂb[l B,’chlll iias

a pump, fluid lines, a rotary motor, a supply of fluid, condi-

* . tioners, and appropriate gages and controls. The hydraulic

nism could have several sensars for its inputs, a mechanism -

to process those inputs, and an actuator as its cutput. The
location of frequency and voliage controllers would also
depend on the accuracies required. For example, for £5%
frequency accuracy the engine-speed conroller would prob-
ably be &n integral part of the engine, whereas for £10%
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pump runs all the time and uses an analog control valve to
adjust the speed and direction of flow. The air compressor
fills a storage tank, which is maintained at a nominal, con-
stant pressure. The primary power for each system is pre-
sumed to be available when needed and is not considered
further.

t. Tesrabiliry:

& Hydraualic System. The imporiant characteristics
of the pump are internal leakage, external leakage to and
from the outside, minimum no-flow pressure, minimum no-
pressure flow, regulation {(pressure vs flow relationship),
and strengths of the mechanical pans. The important char-
acteristics of the hydraulic lines and connectors are block-
age, externa] leakage 1o and from the outside, and strength
of the walls. The important characteristics of the motor are
internal leakage, external leakage to the outside, and
strength of the mechanical pans. The important characteris-
tics of the hydraulic fluid are lubricity, gaseous impurities,
carrasive impurities, abrasive impurities, and products of
wear. The important characteristics of the conditioners are
pressure drop, ability to remove foreign subsiances {given
that there are no internal leaks), internal leakage, external
leakage 10 the ouiside, and swrengih of the mechanical parts.
The impontant characteristics of the gages are accuracy and
sensitivity, readability, external leakage 10 the outside, and
strength of the mechanical parts. The important characteris-
tics of the controls are accuracy and sensitivity, not sending
a signal when they should not, and sending a signal when
they should. Finally, there is the environment in which the
system operates. For example, that environment could be a
mechanical object, e.g., an insulated wire, that rubs against
{and thus wears) the hydraulic lines in 8 location that is rela-
tively inaccessible to inspection. The pressures are readily
testable by built-in gages. Blockage can be inferred from the
pressure drop along the hydraulic lines and a low meter, but
flow meters are expensive and thus seldom used. Leakage is
ofien not teswable except by inspection; if the lines and con-
nectors are ot accessible, considerable undetecied leakage
can occur before the system performance degrades suffi-
cienily 10 alent the operator. Without taking the system
apart, anomalies that degrade -the strengths are almost
impossible 1o find, except for large cracks in readily visible
parts. The metal pans have many different failure modes,

rrcimem fotionie smmnr nad arnel hardaming
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b. Air Starter. The important failure modes and mech-
anisms of the air compressor (pump) arc internal leakage,
external leakage to the outside, flow at the nominal pres-
sire, and strengih of the mechanical parts.
characteristics of the air lines and connectors are blockage,
external leakage to the outside, and strength of the walls.
The imponant characteristics of the siarter motor are inter-
nal leakage, external leakage to the outside, lubrication of
the bearings, and strength of the mechanical parts. The
important characteristics of the air are corrosive impurities
and abrasive impurities. The imponant characteristics of the
conditioners are pressure drop, ability to remove foreign
substances (given that there are no internal leaks), internal
leakage, external leakage to the outside, and strength of the
mechanical parts, The important characteristics of the gages
are accuracy and sensitivity, readability, external leakage to
the outside, and strength of the mechanical parts. The
importam characteristics of the controls are accuracy and
sensitivity, not sending a signal when they should not, and
sending a signal when they should. Finally, there is the envi-
ronment in which the system operates. For example, the sur-
roundings could be extremely dusty and clog the intake air
filters or could contain corrosive chemicals that would dam-
age the metal parts of the entire system. Pressure is rela-
tively easy to measure with a gage. It is not pecessary 10
observe other secondary performance characteristics,
because the overall performance of the system is readily
determined by an alert operator. The storage tank is a pres-
sure vessel whose construction and safety are governed by
various codes. The strength of the parts is usually difficult to
determine without extensive inspections, and in many cases

The important

such inspections are not worth what they cost, ¢.g.,

be cheaper to replace suspect parts.
2. Test Philosophy:

a. Hydraulic System. BITE consisting of pressure
gages is generally used. Flow gages are not used as often
because they are much more expensive. If blockage of the
lines is a common problem, pressure drop from end to end
can be measured with simple gages and/or equipment. Spe-
cialized test equipment would be rare at unit level mainte-
nance and DS and GS levels of maintenance. At depot level
maintenance there would be ATE or semiautomatic test
equipment to check performance of pumps, conditioners,
and motors. It is not likely that expensive equipment, like
Magnaflux™, would be used to check for fatigue cracks. If a
pump or motor were taken apart, it is likely that a standard
list of repairs would be made, for safety reasons if nothing
else. The basic failure modes and testing methods for this
kind of equipment probably have not changed much in sev-
eral decades. .

b. Air Starter. BITE consisting of a pressure gage
on the storage tank is all that there is likely to be. Valved test
points might be available to check pressure at other points.
This type of equipment is common enough that multipur-
pose test equipment is likely to be available at DS and GS

n lunn‘fl
s

levels of maintenance. The basic failure modes and lesting
methods for this kind of equipment probably have nol
changed much in several decades.

3. Functional Testing:

" a. Hydraulic System. The main functional test on
the system is whether it works. A unit level maintenance
person can readily perform the functional test. Repair would
probably be by replacement of modules, such as a pump or
conditioner. Unless there were many such systems in a par-
ticular area, the main modules would be sent to the depot
level for inspection and repair or discard.

b. Air Starter. The main functional test on the sys-
tem is whether it 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 starter motor. The main modules would prob-
ably be sent to DS or GS level maintenance for inspection
and repair or discard.

4. Funcrional Grouping:

a. Hydraulic Svstem. The pump and its gages can be
grouped as a function. It is feasible to group the condidon-
ing items as a function. By the nature of the system the
pump and motor are not very close—that is the reason for
converting mechanical energy to pressure energy and back
again. It is feasible to consider the pump and conditioning
items as a functional group with relatively cheap items or
those that need preventive maintenance (gages and filters})
as externally replaceable on the module.

b. Air Siarter. The pump, conditioners, storage tank,
and motor are all located according to function and feasibil-
ity, e.g., the pump is located 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
maintenance, the storage tank is located where there is
space, and the motor is located wherever the direct drive 10
the engine is feasible. Thus, as in other energy conversion
devices, functional grouping of the system is generally
impossible because that is why the energy conversion
device was used, 1.e., to choose a conveniently transmissible
form of energy.

5-6.5 OPTICALAND ELECTRO-OPTICAL

This is a reiatively new and rapidly developing field.
Most of the research and development is being done in the
commercial sector, and as in other portions of the commer-
cial sector, many of the producis are designed for discard
simply because such designs are better and cheaper from the
point of view of the manufacturer. Often the customers and

. users agree with these decisions. I is feasible for the Army

10 use ihe iechnology and discardabiliiy ihai the commerciai
sector provides.

Built-in indicators should always be provided for Go/
NoGo status in order to verify the correct operation of the
diagnostic equipment itself. Those indicators should gener-
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ally be set up by the diagnostics to show a NoGo state;,
when the unit initializes, the indicators should switch 1o the
Go state if the unit is functional.
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CHAPTER 6
PHYSICAL ARRANGEMENT

Physical arrangement and its relationship to design for discard is covered by discussing modular construction and access
for maintainability and by explaining the several kinds of partitioning: spatial, functional, similar pan, reliabiliry, cost, and
testabiliry, Hypothetical examples are given 1o iliustrate the ideas.

6-1 INTRODUCTION

A design engineer would put everything in the sysiem
close together, no matier what the item, if that were feasible,
simply because the design process would be less compli-
cated and many of the connecting ilems, e.g., wires, wbing,
shafis, and connectors, could be eliminated. In general,
everything cannot be close together, if only because there is
make feasibility tradeoffs while deciding where to put
everything, i.c., what the physical arrangement will be.

The feasibility tradeoffs can be put into three general cat-
egories: design and manufacture, operation, and mainie-
nance. A wradeofi need not be in one category exclusively;
indeed, the designer can face tradeoffs between and within
categories. The three calegonies are

1. Design and Manufacture. This category is generally
concerned with item characteristics such as electronic-sig-
nal delay, weight, volume, heat generation, heat sensitivity,
shock or vibration seusitivity, and/or physical and chemical
contamination or purity. Physical manufacturing problems
are reflecied in the design. Examples are

4. The vacuum accumulation tank in a car engine is
put wherever there is adequate space and is connecled to the
appropriate devices by rubber hoses.

b. The power supply for an electronic item is placed
close to the heat sink,

2. Operation. This calegory is generally concerned
with the function of the itemn during its use and is often
related 1o the man-machine interface and the convenience of
the operator. Some items perforrn widely disparate func-
tions. Examples are

a. The transmission-oil cooler in a car is in from of
the radiator so it can get cool air, and it is connecied 1o the
transrnission by steel wbing.

b. Meters that an operator must observe are placed
where the operator can see them during ordinary operation
and are connected to the appropriate sensors by wires,
hoses, or tubing.

3. Mainterance. This category is generally concerned
with improving the maintainability or complying with some
maintenance requirements, Examples are

a. Electric fuses are often put on the from panel and
are connected to the internal power lines by wires.

b. A medule that must often be discarded or preven-
tively maintained is placed Where access is relatively easy.

6-1

Various physical arrangements are feasible because elec-
trical, hydraulic, and pneumatic systems can be used (o con-
vert to and from mechanical energy. Choosing a conversion
systemn involves tradeoffs among the physical arrangement
and the ease with which the energy, power, force, and/or
torque can be transferred from physical location to location.
Tradeoffs about such systems can affect, or be affected by,
the physical arrangement, discardability of modutes;

t. Energy Transmission. Transmining electrical,
hydraulic, and pneumatic energy, as opposed to mechanical
energy, can be more convenien: and cheaper. Thal is, when
the transmission path is complex or long enough, wires or
fluid lines are much cheaper and more conveniemt than
mechanical shafts, couplings, gearboxes, and/or chain
drives.

2. Torque-Speed Characteristics. Electrical, hydraulic,
and pneumatic motors {items that conven the transmitted
energy to mechanical energy) have a wide variety of torque
vs speed curves—between the general categaries and within
each category. This feature provides the designer the flexi-
bility to choose a system and physical arrangement that best
meet the system reguirements.

Chapter 10, “Analysis and Decision Techniques”,
explains the several categories of techniques and models for
analysis of costs (tradeoff, level of repair, and front end).

S FEVE W Y P e R T

Modular construction is useful not only in its own right
but is also an essential elemem of the design for discard phi-
losophy. The major advantage of a module in design for dis-
card is that the cost associated with its replacement can be
appreciably less than the alternatives of replacing a group of

ilems or removing an jtem from a larger module of which it

is an integral part. A set of items to be discarded as a whole
(when failed) should be a module. Six partitioning meth-
ods—spatial, functional, similar part, reliability, cost, and
testability—are discussed in pars. 6-4 through 6-9.
Definitions of “module™ and “modular design™ follow:

1. Module. An item, assembly, subassembly, board,
card, or component that is designed as a single unit to facili-
tate and simplify production line techniques, transporiation,
supply, and maintenance processing (adapted from Ref. 1)

2. Modular Design. A modular building block princi-
ple that normally employs quick-disconnect features and is
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and construction and to improve fault diagnosis-. replace-
ment, and repair of suspect systems (adapted from Réf. 1).
As used in this handbook, partitioning is the physical

grouping of some jtems of a syslem according o a set of

rules with the intent that some particular groups will be
modules. A name is often given to the set of rules and its
intent, and that name is used to modify “partitioning™, e.g.,
cost partitioning. Partitioning is pan of the design and is
involved in the tradeoffs made during the design and devel-
opment of an item. There are three directions in partition-
ing:

1. Aggregarion. Collecting some items that would oth-
erwise not be placed with each ather

2. Segregation. Separating some items that would oth-
erwise be placed together

3. Pseudosegregation. Making a pan readily separable
or removable from a module, but otherwise leaving the
module intact.

6-3 ACCESS

Access is an element of ease of maintenance. From a
maintainabiiity standpoint the ease of access of modules
should be bener for the modules that are likely to be
replaced more often. This general principle also applies to

discardable modules. The phrase ease of access* includes,

the following factors:

1. It should be easy for mainienance personnel to get
to the suspect item, to remove it, to install the replacement
item, and to return the system 10 a nondefective state.

2 [l should be hard for majnlcnancc pcrsonncl to

nance.

3. It should be hard 1o damage the suspect item further
while removing it or the replacement item while installing
it

4, Ti should be hard 10 damage good items that must be
removed and replaced during access, and it should be hard
to replace those items improperly.

5. It should be hard 10 damage surrounding items that

are not directly involved In the maintenance action.

As with all principles, these must be traded off with each
other for all items in the system and with other principles
such as system reliability, maintainability, and modular
design,

6-4 SPATIAL PARTITIONING

Spatial partitioning is related to space, e.g., volume,

shape. or location of items. Spaual partitioning is used when

1. An item will not fit in the desired location; there-
fore, it is located where it will fi.

*Ease of access can be generalized to: It should be easy to do the
right thing and hard to do the wrong thing.

2. An item will not fit in the desired location; there-
fore, its shape'is changed so that it will fit.

3. An item will not fit in the desired location; there-
fore, it is split into several parts that will fiL.

4. An item is put into a particular location because of
the lacal environment a1 that location. Such environments
include

a. Lack of electncal noise, whether conducted or
radiated

b. Shiclding against leakage (conduction or radia-
tion) of electrical signals and neise 10 the outside

¢. High heat conductivity to a heat sink

d. Temperature not too high, e.g., does not exceed
40°C (104°F)

¢. Arcgulated temperature

f. Low vibration and shock

g. Cleanliness (absence of dirt and other particles)

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

6-5 FUNCTIONAL PARTITIONING

Functional partitioning** is partitioning whose rules are
related 1o the functions of the ilems being panitoned. It is
the pantitoning that designers use unless there is some rea-
son not to because it is the simplest, cheapest way (o lay out
a system.

There is not a one-to-one correspondence between func-
tions and items. Many items can be considered to have sev-
eral functions, e.g., a wheel on a vehicle, and many
functions can be considered to have severa) subfunciions,
each provided by a separate item. Thus the concept of func-

e 1
tional partitioning can be complicated.

Electrical, hydraulic, and pneumatic sysiems have ele-
ments that need not be physically grouped in order to pro-
vide a function. The major appeal of these types of systems
is due to the ease with which mechanical energy can be con-
verted to and from them and the fact that their energy can be
transmitted and conwolled.

For more information on functional paruuorung se¢ par,
5-5, “Functional Grouping™.

6-6 SIMILAR-PART PARTITIONING

Similar-part partitioning is partiioning related to having

" similar types of parts put together. Similarity, however, is in_

the eye of the designer. For example, parts can be similar
because they are all pumps or all resistors or alf dissipate
large amounts of power or all operate from the same
mechanical power source. )

The main uses for this type of partitioning are to facilitate

- preventive maintenance, e.g., when one of the similar parts

6-2

fails, all of them are replaced because they all have a similar

**Functional partitioning is “The physical or electrical separation
of system or unil elements along interfaces which define and iso-
late these clements on the basis of function or purpose.” (Ref. 2).
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life span, or to implement spatial partitioning so that each
part can have its special environment, e.g., a low-lempera-
ture, low-humidity atmosphere.

6-7 RELIABILITY PARTITIONING

Reliability* partitioning is partitioning related to the reli-
ability of the items. From a practical viewpoint items whose
reliability is presumed to be similar would be put inio a
module. This type of partitioning is used because it can be
castly to throw away parts that have a lot of life left in them.

Reliability is often measured by the average life of a
group of items. Thus reliability partitioning is implemented
by putting items with similar average lives in the same mod-
ule and those with disparate average lives in separate mod-
ules, There can be correlations between reliability and cost
or reliability and similar parts. Because of such correlation,
cost partitioning or similar-part partitioning could turn out
1o be rehiability partitioning.

Far nominally alike parts there is often much statistical
scatter in individual lives around their averagelife. For
example, making the commen assumption of constant fail-
ure rate, let the average life be 10,000 h. Then 10% of the
lives will be less than 1000 h and 10% of the lives will be
more than 23,000 h. Before reliability is used as a basis for
changing the physical arrangement, the scatter among indi-
vidual lives in each partition must be determined, and there
should be negligible overlap of individual-part lives
between the different parts in the different partitions.

6-8 COST PARTITIONING

Cost partitioning is partitioning related to the costs of
jtems, i.e., only those failure-prone items with similar cost
are placed together in a module. This philosophy is useful,
for example, if there are many relatively inexpensive items
in a subsystem and very few expensive ones. That is, each
expensive item is one module, and the collection of inex-
pensive items is in another module. Any of the modules are
candidates for discard.

6-9 TESTABILITY PARTITIONING
Testability partitioning is partitioning related 10 the test-

ability of the items in a single module; it can be similar 10

functional partitioning. If a collection of items can be tested

b tha nt and
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to want to place them into one module. This type of parti-
tioning most likely would be used to segregate an existing
module further for testability reasons. If the gross testng

*Reliability is a complicated subiect because it is closely related ta
probability and statistics and because it is generally difficult and
costly to measure. For example, individual items do not have a
reliability; only a population of items has a reliability. As with
other mpics. such as heat transfer, shock and vibration, and materi-
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cost is & major part of the module cost, testability partition-
ing is an important design alternative 10 try.

6-10 - APPLICATIONS AND IMPACTS

Exampies are given for each of five categories: mechani-
cal, electronics, electrical and electromechanical, hydraulics

" and pneumatics, and optical and electro-optical. It is rare for

6-3

& usable system to be in only one of these categories, For
éxample, all sysiems have componenis thai serve a siruc-
ural (mechanical) purpose, many Systems contain electro-
mechanical devices, most testing uses electronic or
electrical devices, and all devices (except static structures)
generate heat that must be removed to keep the temperature
of the device low enough. There are no examples of systems
in just one category.

Examples are discussed under the headings: spatial parti-
u'oning. functional panilioning". simila.r-pan partitioning,

ralinhil
u.lululut] ]Jm uuunuus. Cost pan uuulqu, and {uatabih{}' par-

titioning. These headings relate to the previous paragraphs
with similar titles in this chapter. Examples of panitioning
types are given within a subparagraph only for those types
that directly apply to the category of that subparagraph.

6-10.1 MECHANICAL

“Mechanical” here refers mainly to structural items or the
structural aspects of items or to items that provide or trans-
mit physical motion. Similar-pan. reliabiliiy, cost, and test-
ability partitioning are npot used because mechanical
systems are used for structures and power transfer. Spatial
and functional partitioning are usually the only feasible
kinds of partitioning.

1. Spatial Partitioning. Most such partitioning is seg-
regation and is rarely used for discardability. A heavy item
should 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 npnem]lv lncated in the cuﬁnenrlnd nnnmn of that

vehicle to minimize the unsprung wclght. even though it
makes the drivetrain more complex. The four wheels of an
automobile are part of the propulsion and braking systems,
yet they are located far apart. Such location complicates the
drivetrain and braking system. The fuel storage tank in a
vehicle is Jocated away from the engine for safety and con-
venience.

2. Functional Partitioning. This is the usual method
that designers use io create modules unless there is a com-
pelling reason to do otherwise. If functional grouping is not
feasible, the system is usually awkward. If such grouping is
too awkward or costly, design ingenuity is called upon Lo
use other technology to overcome the disadvantage. A sin-
gle general function can include dissimilar functions, e.g., a

**Functional partitioning is the usual method that design engi-
neers use (o create modules unless lhcrc is a compelling reason to
do otherwise.

+This tha
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fuel system on a vehicle includes a starage tank, fuel lines, a
pump, a system to deliver the fuel to the cylinders, and a
gage for the storage tank. This example demonstrates that
functional partitioning is a general, approximatc concepl,
not a rigorously defined one.

6-102 ELECTRONICS

Electronic items that are associated with a given function
are generally grouped as close together as feasible. Differ-
ent varieties of circuits and components, such as analog and
digital, could not be manufactured with the same silicon
technology (at least not during much of the 1980s). Physi-
cally large and/or heavy components, such as high-induc-
tance elements, could not be placed on the silicon chips, but
they needed t6 be physically separated from them for inte-
grated circuits. As technology changes, the designs change
to use the things that are easier to do and 1o avoid the things
that are difficult 10 do. Also the things that are easier to do
can themselves change. Thus it is impossible, especially in
electronics, to state what will be feasible in the next few
years. This is one of the areas in which system designers use
what the current component technology can provide.

Some items must be segregated because of their effect on
other parts or their sensitivity to the environment.

1. Spatial Partitioning. Discardable modules should
be easily accessible, but sometimes an electronic item must
be packaged in a shape thai is determined by the space
available for it, e.g., items that must fit into the fuze of an
artillery projectile. Shielded enclosures are often used to
protect circuits from a radio-frequency, electromagnetic
environment and vice versa. Because such enclosures are
costly and consume volume, disparate parts that need such
protection are put into the enclosure to segregate them from
the rest of the system. A similar situation exists for a con-
stant temperature enclosure. An electronic chassis is ofien

1aid muit with haat rancefer and the cional nath in mind, Heat
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transfer is a problem that traditionally is easy for electronics
engineers to overlook. The opposite of locating items where
they will fit can also occur, especially in very high-speed
circuits. At most, an electronic signal can mave 0.3 m (1 fi}
in 1 ns; thus if time delays in the range of 0.1 to | ns are
important, the items involved must be kept very close
together, regardless of any other considerations.

2. Functional Partitioning. Function is generally con-
sidered to be the propagation and transformation of signals
or the provision of controlled power at several voltages and
currents. This is the most important type of partitioning for
electronics, especially since the functions that can be eco-
nomically performed by electronic systems have been
expanding rapidly for decades. Thus the other types of parti-
tioning are usefu! only if they do not intérfere with function.
With an emphasis on human factors, the operator functions
such as reading meters, manipulating switches, and chang-
ing fuses must also be considered. The trend in electronics

packaging whether op a single chip, a substrate, or a printed
circuit board is to aggregate functionally similar parts as
much as technically feasible in order to reduce total cost and
to improve reliability and performance. Such cost reduction
can mean that the new module containing more functions is
a better candidate for discard.

3. Similar-Part Partitioning. This partitioning occurs
in electronics whea, for example, fuses are put near each
other and/or panel meters are put near each other. The prime
reason for doing so, however, is usually something else,
such as human factors or ease of lesting and servicing.

4. Reliabiliry Partitioning*. The reliability of elec-
tronic jtems js usually measured by the mean (average) life
of a population of simitar items. Insofar as it is feasible lo
know the mean lives of various electronic pars, parts with
very long mean lives can be separated from parts with very
short mean lives. In that way, modules with long mean lives
that contain components with long mean lives could be dis-
cardable because they will seldom fail. Modules that con-
tain components with short mean lives could be discardable
because no components with long ‘mean lives would be
needlessly thrown away. There are many pitfalls to such
partitioning:

a. If the total number of leads in and out of the sepa-
rated modules is higher, the combined reliability of those
modules could be worse because connectors and removable
connections are among the least reliable elements in elec-
tronics.

b. The manufacturing technology might be such
that it is cheaper and more reliable to put all the components
on a common substrate, such as a silicon chip or a printed
circuit board.

c. “The length of the leads connecting the separated
modules might interfere with the combined performance of
the separated modules.

d. If redundant modules are needed, ¢.g., for safery
sysiems, physical separation could be imporiant to reduce
the probability of common cause failures.

5. Cost Partitioning. Cost partitioning can be effective
as long as reliability, performance, and other important
attributes are not degraded. For example, an expensive
microprocessor on an otherwise inexpensive printed circuit
board might be made removable so that when the revised
printed circuit board fails, the microprocessor could be sal-
vaged and used again. The disadvantage is that a relatively

unrcliable and costly coaneclor®® has been added to the

+ A reliability statistician should always be consulted i this matter
because many of the concepts involving mean life of elecuonic
pants are difficult for managers and engineers to understand. Simi-
larly, the economics and technology in electronics manufacturing
are changing rapidly so that engineers and managers have to work
and study very hard to stay current and to see a short way into the
future.

**Adding a connector is more costly and much less reliable than
the original uninterrupted wire or soldered connection.
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system. It is quite possible that putting more components
together on a common board or chip will decrease the cost
and improve the reliability and performance sufficiently for
the itemn 1o be discardable. The feasibility of separating low-
cost parts from high-cost parts depends mainly on the type
of sysiem, ¢.g., analog audio-frequency systems or digital
high-speed systems.

6. Testability Partitioning. Tesiability pantitioning can
be useful as long as reliability, performance, and other
important attributes are not degraded. 1f combining items
with similar testability into a single module would actually
improve the testability of those items, that aggregation
could be very helpfu! in a design for discard environment.
Similarly, removing some items from a module that inter-
fered with testability of the remaining items could also be
very helpful.

6-10.3 ELECTRICALAND ELECTRO-
MECHANICAL

Electrical and electromechanical items are generally
placed where it is convenient 1 do so, e.g., relays might be

tard
aggregated on a main board that is located for ease of main-

tenance, or where a mechanical function must be per-
formed, e.g., motors are placed as close as feasible 1o the
item being driven. For the mechanical function, functional
partitioning is usually the only feasible method. For electri-
sl functions the nature of transmission of electrical energy
allows many types of panitioning. The flexibility allowed
by the use of clectrical energy can be a major factor in
designing parts of systems for discard.

1. Spa*uz’ Partitioning, Spaual p nartiti n__; g would
rarely be used because functional partitioning is usually fea-

sible.

2. Functional Partitioning. Functional partitioning is a

very reasonable method to use in designing electromechani-
cal items for discard. An alternator (generator) on a vehicle,
a small (fractional horsepower) electric motor, and an elec-
trical contactor with overload protection are examples of
candidates for discardable modules. Electrical modules that
are suitable for discard are ofien already designed that way,
e.g., a 20-A circuit breaker or a I-kVA constani vollage
transformer. Electromechanical components can often be an
integral pant of the items with which they work, e.g., a
sealed refrigeration compressor contains the motor, an elec-
tric drill contains its motor, and relays are often built into
the item whose power they control. The mechanical aspects
of motors and generators must be placed where they are
needed (by function) rather than by any other type of parti-
tioning. Par. 10-5, “Level of Repair Analysis™, lists some of
the models that are used lo evaluate proposcd designs.

3. Similar-Part Partitioning. Motors and gencrators
would rarely, if ever, be partitioned this way because the
mechanical pan of the item must be where the item that pro-
duces ar consumes the energy is. llems such as relays can be

placed together where it is most convenient to service them,
but that placement would rarely, if ever, facilitate their dis-
cardability.

4. Reliability Partitioning. If the goals of reliability
partiioning and similar-part partitioning were o coincide,
reliability partitioning might be useful in a design for dis-
card program. It would be unwise to use this method for dis-
similar pans because of the considerable uncertainty in
predicting their average wear-out lives and because of the
wide scatter in individual lives about that average. The
transfer-of-mechanical-energy aspects of electromechani-
cal items, such as motors and generators, are difficul, at
best, to partition by anything but function; thus reliability
pantitioning for them is rarely, if ever, feasible.

S. Cost Partitioning. Cost partitioning can be effective
as long as reliability, performance, and other imponant
attributes are not degraded. For example, motors and gener-
ators would rarely, if ever, be partitioned this way. An
expensive device in an otherwise incxpensive module, how-
ever, might be made removable so that when the revised
module fails, the expensive device could be salvaged and
used again,

6. Testability Pantitioning. Testability partitioning can
be useful as long as reliability, perforrance, and other
important attributes are not degraded. If combining items
with similar tesiability into a single module would improve
the testability of those items, that aggregation could be help-
ful for discardability. Similarly, removing some items from
a module that interfered with 1estability of the remaining
items could also be helpful.
10€
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Hydraulic and pneumatic technologies exist mainly
because of their ability to transfer fluid energy over-long
distances easily and inexpensively, compared to mechanical
energy. Only those types of partitioning that preserve the
ability to convert the fluid energy back to mechanical
energy reliably are desirable. The flexibility allowed by use
of fluid energy can be a major factor in designing parts of
systems for discard.

1 Crasiai D T At
i upﬁuﬂl Partitionin 1g. A slorage tank for Awds is

often Iocated where there is adequate space, regardless of
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" the length of fluid lines to and from the tank. Spatial parti-
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tioning would rarely be used for the pumps, motors, and
valves of hydraulic and pneumatic systems because their
positioning is determined by their function. Such partition-
ing might coincidentally be a result of some other type of
partitioning that was instituted because of discardability,

2." Functigna! Partitioning. Functional partitioning is a
very reasonable method to use in designing hydravlic and
pneumatic items for discard, largely because function is the
reason for using such items. In fact, for the mechanical
aspects of such items, function is the only reason for putting

- them where they are. Any type of pantitioning is not feasible

if it interferes with the mechanical and functional aspects of
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hydraulic and pneumatic items. Small pumps and motors
are candidates for discardable modules, and it might be fea-
sible to include the immediately associated gages, valves,
and controls in such medules. Because fluid components are
rarely used as ends in themselves, they can be an integral
part of what they work with. For example, a hydraulically
powered wheel can use the motor as an integral part of the
assembly, and an air drill contains its motor. If economy and
simplicity are derived from such modularization, it should
be considered in a design for discard program.

3. Similar-Pant  Partitioning. This method would
rarely be used in a design for discard program unless il was
a result of some other desirable partitioning method. An
example of its potential use is the combining of many simi-
lar fluid valves (controls) into one physical body that would
be replaced as a unit. The decreased commonality of such
partitioning would tend, however, to militate against its use,
and if additional connectors were required, reiiabiiity wouid
be decreased. Those devices with a mechanical function
must be placed where that mechanical function is needed;
thus similar-part partitioning will be very difficult for those
devices.

4, Reliabiliry Partitioning. When the goals of reliabil-
ity partitioning and similar-part partitioning coincide, reli-
ability partitioning might be useful in a design for discard

program. It would be unwise to use it for quite dissimilar.

paris because of the considerable uncenainty in predicting
their average wear-out lives and the large scatter of individ-
ual lives from the average life.

S. Cost Partitioning. Cost partitioning could be effec-
tive as long as reliability, performance, and other important
attributes are not degraded. For example, fluid motors
would rarely, if ever, be partitioned this way. An expensive
device in an otherwise inexpensive module, however, might
be made removable so that when the revised module fails,
the expensive device could be salvaged and vsed again,

6. Testability Partitioning. Testability partitioning can
be useful as long as rcliability, function, and other important
attributes are not degraded. If combining items with similar
testability into a single module would improve the testabijl-
ity of those items, that aggregation could be helpful for dis-
cardability. Similarly, removing some items from a module
that interfered with testability of the remaining items could
also be helpful. If this partitioning requires extra connec-
tors, however, the system reliability could be impaired.

6-10.5 OPTICAL AND ELECTRO-OPTICAL

Lens sysiem devices represent a rather mature technol-
ogy: making lenses and incorporating them into instruments
are centuries old, Thus designers can concentrate on
requirements such as design for discard. Electro-optical
devices for image intensification, thermal imaging, optical-
fiber communication, and laser trackers and range finders
usc relatively new techniques, many of which are recently

out of the research laboratory. Most of the research and
development is being done in the commercial sector. Like
ather portions of the commercial secior, many of the prod-
ucts are designed for discard simply because such designs
are beétter and cheaper from the point of view of the manu-
facturer. Often the customers and users agree with these
decisions. it is feasible for the Army to use the technology
and discardability thereof that the commercial sector pro-
vides.

1. Spatial Partitioning. Spatial partitioning would
rarcly be used in a design for discard program unless it was
implied by some other desirable partitioning methods. Fiber
optics allow optical signals to be transmiited rather easily
over long distances and thus can reduce the desirability of
spatial partitioning. The opposite of moving items to places
in which they will easily fit can also occur, especially in
optical magnifying instruments. For example, 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 that suitable safety measures
{which are necessary as part of, or because of, the spatial
partitioning) must be provided, during both use and any
kind of maintenance,

2. Funcrional Partitioning. Functional panitioning is
very reasonable in designing optical items for discard.
Much electro-optical equipment in ordinary use is made of
independent compunents {common modules} that could be
discarded. Due 1o the high cost of the end-equipment and its
lack of maturity as a technology, it is unlikely that whole
pieces of equipment would be discardable. As the discipline
matures and technology advances, this situation will change
appreciably.

3. Similar-Part Partitioning. Functional panitioning is
necessary for most components, such as optical lenses, elec-
tro-optical sensors, and electro-optical displays. Rarely
would similar-part partitioning be compatible with func-
tional partitioning. Because of the mapid changes and
improvements in electro-optical technology. the Army will
generaily use the technology, partitioning, and discardabil-
ity that the commercial sector provides.

4. Religbiliry Partitioning. When the goals of reliabil-
ity partitioning and other types of pantitioning coincide, reli-
ability partitioning might be useful in a design for discard

.program. It would be unwise, however, to use it for quite

dissimilar parts because of the considerable uncertainty in’
predicting the average lives and the scatter of individual
lives about their average life.

5. Cost Partitioning. Functional partitioning is neces-
sary for most components, such as optical lenses, electro-

. optical sensors, and electro-optical displays. Simple cost

6-6

partitioning would rarely be compatible with functional par-
titioning. Because of the rapid changes in technology and
pricing, the Army will generally use the technology, parti-
tioning, and discardability that the commercial sector pro-
vides. :
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6. Testability Partitioning. Functional partitioning is
necessary for most components, such as optical lenses, elec-
tro-optical sensors, and clectro-optical displays. Insofar as
testability partitioning is compatible with functional parti-
tioning, (estability partitioning is desirable.

REFERENCES

}. AR 310-25, Dictionary of United States Army Terms, 21
May 1986.

2. MIL-STD-1309D, Definitions of Terms for Test, Mea-
surement, and Diagnostic Equipment, 12 February 1992,

BIBLIOGRAPHY

Reliability
AMCP 706-196, Engineering Design Handbook, Develop-
ment Guide for Reliability, Pari Two, Design for Reliabil-
iry, January 1976.

AMCP 706-197, Engineering Design Handbook, Develop-
ment Guide for Reliabiliry, Part Three, Reliability Predic-
tion, January 1976. '

AMCP 706-198, Engineering Design Handbook, Develop-
ment Guide for Reliability, Part Four, Reliability Mea-
surement, January 1976. .

© AMCP 706-200, Engineering Design Handbook, Develop-

6-7

ment Guide for Reliability, Part Six, Mathematical
Appendix and Glossary, January 1976,

P. D. T. O'Connor, Practical Reliabiliry Engineering, Third
Ed., John Wiley & Sons, Inc., New York, NY, 1991,

H. E. Ascher and H. Feingold, Repairable Systems Reliabil-
iry: Modeling, Inference, Misconcepiions, and Their

- Causes, Marce!l Dekker, Inc., New York, NY, 1984,



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)

CHAPTER 7
MATERIAL SELECTION

The position of material selection in designing for discard is addressed by considering those characteristics of materials
whose imporiance and perspective are appreciably different from what they are in ordinary design. The economic factors con-
sidered are initial cost, disposal cost, and salvage value. The materials properties discussed are physical and related proper-
ties. The special factors included are the strategic value and the packaging, handiing, shipping, and storage requirements.
Repairability is irrelevant in a discardable module except during production.

7-1 INTRODUCTION

In principle, during the design and development process a
designer considers all factors related to materials. In prac-
tice, however, the resources available to designers do not
permit an equally close e¢xamination of all factors for all
materials. New and revised materials and processing meth-

" ods in metals, plastics, ceramics, and composites are being
marketed at a rapid pace. Every manufacturing or design
group needs at least one materials specialist who stays cur-
rent with new materials that are better for the application as
well as existing materials that still satisfy the requirements.
The trade press (Appendix A provides a list of some trade
journals.) and trade shows are imponant vehicles for keep-
ing up-to-date on new materials and their properties as well
as on processing methods that give improved properties to
existing materials.

Some of the newer materials, e.g., engineered plastics
and plastic composites, are better than older ones, e.g., tra-
ditional metals. The traditional metals, however, are evolv-
ing with improved properties and processing methods that
allow, for example, the weight of a metal casting to be
reduced and thus eliminate the need for plastic or other sub-
stitutes,

In principle, a designer is aiways designing for discard at
some assembly level. For the commercial market, the impe-
tus is usually lower costs and/or better properties without
regard (o repairability. In the military market, maintainabil-
ity has been emphasized for years. With emphasis on design
for discard, the level at which discard occurs can be
improved. Now a designer should also be asking, “How can
I choose materials and fabrication methods so that I can put
more functions in a module and siill have it discardable

can be better but still not worth repairing?”

This chapter discusses a few selected topics whose
importance is different from that in ordinary design or
whose importance must be emphasized in military equip-
ment. :

7-2 STRATEGIC VALUE

The strategic value of a material is relaled to its being
[, T N . P - T, PR U, | S SRR ¢ & T
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concept applies during wartime and in preparation for war-
time. Examples of potentially strategic materials are

1. Alloying merals, e.g., chromium, vanadium, and
cobalt

N

Naoble metals, e.g., gold, platinum, and palladium
11n

Natural rubber

Petroleum, as both a chemical and a fuel.

These materials can become scarce during wartime. The
shortage can be local, such as in a panticular theater of oper-
ations, o1 global. The maierial need not actually be scarce in
order to have strategic value; the threat of such scarcity is
enough for the classification. .

Another calegory of straiegic materials is those that have
been processed inio useful form, e.g., iron ore that has been
processed into steel. This country has far less capacity for
processing many of these raw materials than it used to have.
We now depend on importing them from overseas. Thus,
even though the raw marerials are not strategic, the pro-
cessed materials might have appreciable srategic value.

Designers should consider the strategic value of materials
used in discardable components and discourage the use of
strategic materials. Plastics, for example, use petroleum in
their formulation, and petroleum supplies can be reduced
very quickly, e.g., the 1974 oil shoriages and buming oil
fields during Desert Stormn. Rugged steel—forgiving of
physical and chemical abuse-—ofien uses chromium. During
peacetime it might not be economically feasible to salvage
materials thal have sirategic value, but the designer should
consider the feasibility of salvaging such materials. Metals
are by far the easiest materials lo salvage and reuse.

oW

7-3 COST

This paragraph addresses the cost of raw materials. Costs
in general are treated in par. 10-2. The ratio of “cost of raw
materials” to “total cost of finished product” can range from
over 90% (especially in situations in which the assembly
and testing costs are very low, such as simple metal fabrica-
tion) to less than 10% (situations in which the asseinbly and
testing costs are very high, such as specialized electro-opti-
cal equipment). The major cost elements for raw materials

T are
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1. Purchase Cost. This is often the major pant of the
cost. :

2. Incoming Transportation. The raw material must be
shipped from the supplier to the user.

3. Incoming Qualiry. The cost of menitoring the sup-
plier, including the cost of a receiving inspection, depends
on the quality history of the supplier and the testability of
the raw material. To that is added the cost of poor product
caused by nonconforming material that enters the manufac-
wring process.

4. Processing. The cost of manufacturing metheds by
which raw material is turned into a product can depend
greatly on the quality and reliability requiremenis for the
product.

The ideal sitvation for design for discard is to have the
total of the raw material cost elements less than for repair-
able items. This is especially true in the early phases of
design where cost models and their parameters are very
approximate.

7-4 REPAIRABILITY

Once an item has been designed 10 be discarded rather
than repaired, by definition. its repairability is irrelevant.
Thus, although matenals that cannot be properly repaired
are not used in a repairable item, they can be used in dis-

cardable items. For example, 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 pant must be 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.

7-5 DISPOSAL COST AND SALVAGE
VALUE

This paragraph considers discarding items during non-
combat situations. The disposal cost includes all costs that
the Army incurs 1o discard an item so that it does not
threaten the safety of pcople or the environment. The sal-
vage value represents any reduction of the disposal cost
realized when someone pays the Army for the items being
discarded.

All equipment is eventually discarded because it is not
worth repairing or it is obsolete. Three comman types of
discard are

1. The Army pays someone to dispose of the materials
safely and properly for protection of personnet and the envi-
ronment. The Army may also incur some of those expenses
by using internal preparation facilities. Examples are 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 salvaged a1 a profit. Exam-
ples dre the recovery of lead from storage baueries and the
recovery of gold from electronic connectors.

-3, The Army pays somcone to recover materials that
are not otherwise valuable, but that have strategic value.

Disposal costs can become the determining factor in
design for discard. For example, a carburetor which could
be rebuilt 5-10 times, might be analyzed for replacement
with a discardable carburetor which costs the same as parts
and labor to repair the malfunctioning original carburetor.
However, the cost to dispose of a few small repair parts
(e.g., gaskets, nozzles} would be much less than the disposal
cost of an entire carburetor; thus the wolal disposai cost of
the discardable carburetor over the life of the original carbu-
retor could be 5-10 times the disposal cost of the original
carburetor and its discarded parts.

If a component contains hazardous materials, there could
be a similar disposal-cost consideration if the normal parti-
tioning methods did not isolate the hazardous material for
separaic disposai. Such cost differences couid be severe and
thus must be foreseen and included in the design for discard
analyses.

7-6 PHYSICAL CHARACTERISTICS

Corrosion, fatigue, and wear are the major classes of fail-
uré for nonelectronic materials. These classes are not mutu-
ally exclusive, e.g., wear can be accelerated by comosion.
The cheaper that one tries to make a material, e.g., a “high-
strength” steel,
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the more important it is to characterize the
material in terms of its failure mechanisms. For example,
“high-strength” steels often have only high tensile strength;
their resistance to corrosion, fatigue, and/or impact can be
low. That is, they are not as rugged (forgiving} as the tradi-
tional high alloy steels.

Corrosion is a major problem when components with
clectrical parts are stockpiled. When costs are driven down
so that a component is discardable, the désigner might use
cheaper materials whose relative cormrosion characteristics
are not known or might not even be aware that substitute
materials might cause corrosion trouble. For example, a

.plastic material that is noncorrodible might give off vapors

that accelerate corrosion of other materials.

In principle, the problems of compatibility are not differ-
ent in design for discard than in ordinary design. In design
for discard, however, the designer might be using nontradi-
tional materials that have nontraditional compatibility prob-

. lems. Such compatibility problems can arise with

7-2

1. Corrosion. A malerial gencrates a corrosive atmo-
sphere or is susceptible to corrosive products given off by
other materials or provides places for corrosion to occur,
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e.g., for moisture to collect, or is part of a chemical system
in which corrosion occurs.

2. Differential Thermal Expansion. If the thermal
expansions of materials in intimate contact with each other
do not match, thermal fatigue can occur as the iemperature
cycles up and down. Also substantial internal stresses can be
generated by differential thermal expansion during manu-
facwure,

3. Joining. The techniques used to join materials, e.g.,
soldering, brazing, welding, and adhesive bonding, can cre-
ate problems with thermal expansion, can be part of a corro-
sion problem, can reduce the strength of a joined matenial,
or can have failure mechanisms of their own.

4. Sealing. Sealing an item to keep the outside envi-
ronment out should be considered. Unfortunately, sealing
can also keep the inside environment in, and that inside
environment may be harmful to the items to be protected.

7-7 PACKAGING, HANDLING, AND
STORAGE REQUIREMENTS

In principle, the problems of packaging, handling, and
storage are not different in design for discard from what
they are in ordinary design, and the choice of materials is
not affected differently. In design for discard, however, the
designer might make errors of omission or commission such
as those that follow:

1. He might use nonuaditional materials or processes
that have propernies of which he is unaware and that will be
weaker in some way than traditional materials or will cause
an adverse environment. )

2. He might wrongly assume that the item need not be
rugged because it will not be repaired. For many jtems, han-
dling, transportation, and storage are the among the most
severe environments the item experiences.

It is possible that a discardable item may be more rugged
than a repairable one because the discardable item does not
have 10 be taken apart. If 50, the packaging could be sim-
pler. and the handling and storage requirements could be
less stringent. 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 are given for each of five categories: mechani-
cal, electronics, electrical and electromechanical, hydraulics
and pneumatics, and optical and electro-optical. It is rare for
a usable system to be in only one of these categories. For
example, all sysiems have components that serve a struc-
tural (mechanical) purpose, many systems contain electro-
mechanical devices, most testing uses electronic or
slactrical devices, and al] devices I’rrrenl static stnuctures)

generate heat that must be removed to keep the temperature
of the device low enough. Thus no example is a pure case of
the category in which it appears. Examples are discussed

under the headings: strategic value, cost, disposal cost and
salvage value, physical characieristics, and packaging. han-
dling, and storage requirements. Reparrability is not dis-
cussed; see par. 7-4 for the reasons. No examples are given
for headings that do not directly apply to the category.

* 7-8.1 MECHANICAL

It is reasonable 10 substitute newer, less expensive struc-
wral materials for older, more expensive ones and/or to
design for the finite life of stwructures. This subparagraph
emphasizes the dangers involved in doing so. In the 1960s,
1970s, and 1980s the automotive companies made mistakes
in this area. A very gradual approach should be used with
many pilot field tests. In the vernacular, “Make small mis-
takes!"

1. Strategic Value. Some stcel alloying elements, such
as chromium, have strategic value. 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 high-alloy steels.

2. Cost. There is little difference in materials cost
between discardable and repairable components when the
same materials are used in each. If cheaper materials are
used because the components need not be repaired, e.g., cast
iron (not readily weldable) rather than steel (readily weld-
able), there can be difficulties conwolling the fabrication
processes in the factory. Designers must be aware of the del-

_icate nature of some “high-strength”, low-alloy, low-cost

steels; the high srength might apply only to a few failure
mechanisms and not to those experienced by the component
during manufacture or in the ficld, especially if some tmsuse
may be necessary in wartime.

3. Dispasal Cost and Salvage Value. Hcavy steel items
in which the steel is readily separable from the remainder of
the item generally have scrap value. Vehicles and heavy
guns are in this category.

4. Physical Characteristics. The low-cost aluminum
engine in commercial vehicles circa 1970 were not com-
mercially successful. There were many difficulties that were
apparently not anticipated during design and development.
Radical depariures from traditional materials require long
development and pilot testing periods; there are just 100
many things that can and will go wrong. Strength is not a
one-dimensional characteristic: it has many, many facets.

S. Packaging, Handling, and Storage Requirements.
There is lide or no difference in this category between
repairable and discardable items of the same materials. If,
however, radical changes have been made in materials, the
damage due to shock and vibration during shipping must be
carefully considered. When designing for a finite life, more
complex models must be used to reflect the narrow require-
mMents.
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7-8.2 ELECTRONICS

All electronic items are also mechanical items, and they
must be weated as such with regard to their failure mecha-
nisms. For example, the substrate 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 processed materials, however, are another matter
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made in this country because they can be imporied from
overseas much more cheaply, e.g., large silicon wafers used
to make integrated circuits should also have United States
sources whenever feasible.

2. Cost. The basic raw materials used in clectromc
devices generally have litle, if any, effect on the cost of the
finished item. The industry in general is trying to switch
from the remaining few expensive raw materials to less
expensive ones.

3. Disposal Cost and Saivage Value. About the only
materials used in electronics that have salvage value are the
noble metals used to prevent corrosion. Because of the
increasingly high cost of such materials and the intense cost
competition in the industry, strong efforts are being made to
reduce the amount of noble metals used in electronic parts.
Thus newer discardable items are likely 10 have negligible
salvage value. If such parts coatain environmentally damag-
ing materials, disposal costs can be high.

4. Physical Characteristics. As features get smaller on
printed circuits and integrated circuits, the physical charac-
teristics of the materials come under renewed scrutiny. Gen-
erally, the electronics designer has no control over thesc
physical characteristics; the electronic parts are purchased
as the same components whether the module is repairable or
not. The lack of repairability in the field does not imply the
same for the factory; an important element of low-cost,
high-quality electronics manufacturing is the ability to test
(and repair} quality into an assembly.

5, Packaging, Handling, and Storage Requirements.
These requirements are generally not any more important
for discardable items than for repairable ones. Thus they do
not appreciably affect the choice of materials. Because dis-
cardable items can be sealed more tightly than repairable
items, the materials choices might be more flexible for dis-
cardable items without decreasing shelf life.

7-8.3 ELECTRICALAND ELECTRO-
MECHANICAL
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*Processed materials lic in between raw materials and compo-
nents, For example, silicon wafers for the production of microcis-
cuits require very specialized, expensive’ production facilities.
Many manufacturers of microcircuits buy the silicon wafers as
incoming raw material and from those wafers produce the micro-
circuits. The choice of terminology between the raw material and
component is often subjective.
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1. Strategic Value. The basic raw materials used in
electrical and electromechanical devices generally have lit-
tle, if any, strategic value. For those materials that might
have strategic vatue, the quantity used in these devices is
relatively small.

2. Cost. In general, material costs cannot be apprecia-
bly reduced by choosing different materials for the compo-
nents themselves. The dcsign of their enclosures is often
govemed by bdlt:l)’ and fire codes; thus radical substitution
of materials is not feasible. '

The use of aluminum wire with permanent, airtight con-
nections, e.g., welded, 1o reduce cost might be feasible in
discardable items, even though other types of aluminum
connections can be unreliable. It is unwise to dismiss the
idea of aluminum as a conductor** in discardable items in
an effort to reduce cost just because it was found wanting in
domestic and commercial wiring. This problem of “alurni-
num wiring” illustrates the challenges that economical
design for discard faces. Old conclusions do not necessanly
apply to new conditions of use and new technologies.

3. Disposal Cost and Salvage Value. Copper, alumi-
num, and ferrous alloys are the major salvageable materials,
It is possible that noble metals used in electrical contacts,
e.g., relay contacts, would be salvageable. The economic
feasibility of such salvage depends on market prices for the
materials and the technology involved in the salvage opera-
tions.

4. Physical Characteristics. The physical characteris-
tics of materials that can be used in these items are not gen-
erally affected by a module being discardable. A potential
exception was the trial of a plastic gyroscope for a discard-
able item; unfortunately there were too many difficulties,
and the project was dropped. )

5. Packaging, Handling, and Storage Requirements.
These requirements are generally not any more important
for discardable items than for repairable ones. Thus they do
not appreciably affect the choice of materials. Because dis-
cardable items can be sealed more tightly than repairable
items, the materials choices might be more flexible for dis-
cardable items without decreasing shelf life.

7-8.4 HYDRAULICS AND PNEUMATICS

1. Strategic Velue. The basic raw materials used in
hydraulic and pneumatic devices generally have litle, if
any, strategic value. For those materials that might have
strategic value, the quantity used is relatively smali.

2. Cost. Specialty structures, such as valves, cylinders,
and pumps, lend themselves to highly engineered materials,
e.g.. engineered plastics or intricately fabricated metals,
Some componént costs could be reduced by choice of
appropriate materials and fabrication methods.

**For example, aluminum interconnects have always been used in
integrated circuits, and aluminum wire is the major new conductor
used in electric power transmission lines.
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3. Disposal Cost and Salvage Value. The metals in the
pumps, motors, and lines might be salvageable. The eco-
nomic feasibility of such salvage depends on market prices
for the materials, the quantities available, and the technol-
ogy involved in the salvage operations.

4. Physical Characteristics. The requirements remain
essentially the same for discardable items and rcpairable
ones. Proper design for finite life would be very difficult
because the materials and fabrication processes are neither
that well-characterized nor -controlled. Competitive com-
mercial practices are probably driving the designs to lower
cost materials with equivalent or superior characteristics,
regardless of their repairability.

5. Packaging, Handling, and Storage Regquirements.
These requirements are generally not any more tmportant
for discardable items than for repairable ones. Thus they do

not appreciably affect the choice of materials.

7-8.5 OPTICALAND ELECTRO-OPTICAL

1. Strategic Value. The basic raw materials (glass and
plastics) used in optical and electro-optical devices gener-
ally have no strategic value. For those materials that might
have strategic value, the quantity used is extremely small,

2. Cost. Materials are chosen largely on the basis of
applicable commercial technology rather than specifically
for a military application. For example, the lasers, light-
emitting diodes (LEDs), laser drivers, and integrated cir-
cuits that are unique to this category are psually made from
gallium arsenide (GaAs) rather than silicon. The GaAs tech-
nology is currently much more expensive than the silicon
technology.

2 Nicrmnes T et cmsad ’. -
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would be relatively low because of the small volume and
weight of the items and their lack of major safety hazards.
The salvage value of these items would be negligible.

4. Physical Characteristics. The requirements remain
essentially the same for discardable items as for repairable
ones. Competitive commercial practices can drive the
designs to lower cost materials with equivalent or superior
characteristics, regardlcss of their rcpairability

5. Packaging, Handling, and Siorage Requiremenis.
These requirements are gencrally not any more important
for discardable items than for repairable ones. Thus they do
not appreciably affect the choice of materials.
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CHAPTER §
FABRICATION

“Fabrication™ is used in its general sense of manufacture, production, construction, and/or assembly. The choice of fabri-
carion methods in designing for discard is treated by considering those elements of the fabrication process whose importance
and perspeciive are appreciably different from what they are in ordinary design. The major emphasis is on the three aspects of
producibility: design, production planning, and prototyping. Fabrication techniques are discussed bneﬂy and the virtual irrel-
evance of repairability is explained. Hypothetical and real examples are given 10 illustrate the ideas.

8-1 INTRODUCTION

With regard to design for discard, design and production
engineers need answers 10 two questions:

1. If the item is discardable, what design and fabrica-
tion methods can we use thal we cannot otherwise use?

2. If the item has not yet been determined 1o be dis-
cardable, what production techniques can be used to make it
discardable? ’
Fabrication is an extension of design, i.c., the fabrication
methods are influenced and limited by the design itself. In
many cases the design specifies, or at least implies, a partic-
ular fabrication method.

Some companies ensure a constructive relationship
between design and production engineers by having each of
them spend time in the other field. This cooperative effont
enables the designers to make appropriate adjustments
before unforeseen problems become irreversible errors. The
name “concurrent engineering” has been given to the effort
wherein engineers from various departments, such as
design, manufacturing, purchasing, and product assurance,
are given the incentives and resources (o cooperate proac-
tively over the life cycle of the product.

Even though this handbook nominally distinguishes
between materials and fabrication, they are intertwined. For
example, a powdered ferrous metal cannot be separated
from the fabrication techniques that transform it into an
automotive crankshaft sprocket. Processing and fabrication
techniques are being invenied that allow the use of other-
wise unusable materials and vice versa.

8-2 PRODUCIBILITY

Producibility is essentially the ability to produce in an
economic and timely manner a specific item that conforms
to particular requirements. Producibility depends on the
existence of an ongoing production system and is meaning-
ful only in relation to a panticular such system. In any given
instance

i. There must be adequate machines, skilled people,
and materials.

2. There must be a production plant that can use them.

3. They must all be at the same place at the same time.

8-1

4. There must be a social, political, and industrial
environment that allows the system to function properly.
The three subparagraphs that follow discuss three stages
of preparing for producibility, which are design, production
planning, and prototyping. MIL-HDBK-727 (Ref. 1) uses
these ciassifications 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 bolt that specify surface finish, type
of hardness, and the degree of hardness or (b} rcquiring that

g = sl
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hardened to 42 Rockwell C, and finally the hole be ball-
sized with a specified interference.

The process of design begins with a set of formal perfor-
mance requirements and ends with a good technical data
package (TDP). Thus a design has several levels at which
the set of formal performance requirements is resolved into
a hierarchy of successively lower design levels by a process
of engineering creau'vity interspersed with tradeoffs that
involve cnmngg.uun and management judgment. This pro-
cess translates the performance requirements into fabrica-
tion requirements. At cach design level management must
decide how much departure from the “usual way™* is to be
encouraged, allowed, or discouraged; the management deci-
sion affects the amount of design for discard that is actually
done. At higher design levels the effect of design decisions
on producibility tends to be much less direct and is ascer-
tainable, if at all, only by someone with much experience.
Conversely, at the lower design levels the effect of design
decistons on producibility tends to be quite direct and rela-
tively easy to ascertain.

The designer has many constraints in addnmn to the
usual resource constraints of people, time, and money, e.g.,
the “-ilities” (reliability, availability, maintainability, test-
ability, producibility, supportability, sustainability, etc.) and
design for discard. Designers do not set out dcliberately 10

*1n particular, the traditional requirements for repairability.
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create a design that is difficult and/or expensive to produce.
Rather they allocate their effort according to their view of
the situation, in light of their experience, and to the tools
available to create and detail the design.

Choosing a fabrication method is done partly by design-
ers and partly by production engineers; the amount done by
designers depends on the industry and on the way a particu-
lar company is organized. Sometimes the choice of materi-
als implies a particular production method, e.g., choosing a
powdered iron. copper-imnpregnated part greatly restricts the
fabrication methods that can be used. Sometimes the
machines at a particular plant cannot hold the best and latest
tolerances; therefore, it is easy for a designer who is without
good suppont from production engineering to specify unre-
alistic tolerances.

In design for discard innovation can be very important, so
the production department must also have the design for
discard goal. Otherwise, it is easy for production engineers
to take a “We can’t do that here.” attitude rather than a
“How can we do this in an economic and timely manner?”
attitude. This cooperation between design and production
engincers must be ongoing; it is not sufficient for produc-
tion engincers to explain at design reviews what the design-
ers have done wrong.

8-2.2 PRODUCTION PLANNING

No design or technical data package can be 100% com-
plete. When a design is passed 10 the production engineers,
they have 1o translate the design documents into a produc-
tion process and then make many tradeoffs and engineering
judgments about both general and detailed procedures. This
is especially true if a design for discard program has been
innovative,

It is usually very helpfut if the design engineers can
become staff suppon for the production engineers—a
reverse of their positions during the design period. If the
cooperation is close, problems that arise during production
planning and affect the design can be worked out before
therc is major trouble. These transition problems will be
minimized if the production engineers have worked with the
design group all during the design so that there are a mini-
mum of surprises. This approach is ofien referred to as con-
current engincering.

Production engineers generally like to use processes that
well-characterized and -controlled in their plant. That is
the way to get high yield and high reliability in the short
term. It is not, however, the way to get high yield and high
reliability in the long term where newer processes must be
used that are less wellcharacterized and -controlled. For
example, a plant that traditionally fabricates metal pans
very well might do rather poorly at first at molding compos-
ites. When a design is called for that includes nontraditional
materials or processes, the production and design groups
must plan and work together and should probably get out-
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side help from someone who has already had the experi-
ence. The two groups must also be sure that management
will commit the capital resources, people, and time to
develop a competent production facility that will be ready
when it is needed.

Farsighted design and production groups recognize
where technology is headed and install pilot facilities that
can be used on small projects for which the full capability of
the technology is not needed. Thus on-line experience is
gained in design and production for such technology and
with negligible waste, i.c., the product need not be close io
perfect (in design or production) to meet its requirements.
Many older materials were very forgiving, i.e., their appli-
cation and processing could be far from optimal and yet not
be appreciably degraded. The newer engineering materials
are, at this time, rarely as forgiving.

DDNATATVDING
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8-2.3

Generally, ncither materials nor processes are static. As
soon as both seem to be reasonably. well-characterized and
-controlled, someone will try to.make the product better
and/or cheaper. The previous characierization and control
are then no longer adequate. A design for discard program
encourages innovation. The net result is that the engincer-
ing state of the art is virtvally always being advanced.

Prototyping is the appropriate engineering response to -
such advances, The design and preoduction engineers can
make small mistakes, learn from them, and forge ahead.
Prototyping is a short-term expense with long-term benefits.
When time is extremely important, it is common, but dan-
gerous, to skip the formal prototyping. One rarely if ever
skips informal prototyping wherein several things are tried
10 see which works the best. The prototyping-is done in very
carly production if it is not done before then.

Prototyping is not limited to design and production: it
must encompass the remainder of the life cycle. The formal
requirements must be able to change as experience with the
prototype equipment is acquired and evaluated by the devel-
opment group and the users. Then the formal requirements
and the needs of the users in the field can remain close
together as the design progresses. An important purpose of
field experience on prototype equipment is to provide infor-
mation for the closed loop comective action system. Estab-
lishing this system is essentially Task 104* of MIL-STD-
785 (Ref. 2). Such a system enables the design and produc-

min mermime tan ol tha A o ranat e tha Ba
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8-3 FABRICATION TECHNIQUES"

“Three general classes of engineered materials are metals,
polymers and ¢omposites, and ceramics. Some materials,
such as reinforced plastics, cannot be separated from their

*“The purpose of Task 104 is to establish 'a closed loop failure
reporting system, procedures for analysis of failures to determine
cause, and documentation for recording corrective action taken.”
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fabrication techniques. For example, the strength properties
of a fiber-reinforced thermoptlastic strongly depend on the
oricntation and local concentration of the fibers. Thermo-
plastics are being engineered and improved because they
are cheaper to fabricate than thermosets, such as the
epoxics. New measurement technigues are being invented
for thermopiastics so that the raw materials can be charac-
terized on-line, and thus the molding process can be con-
tolled 1o produce a more consistent molded part. Some
newer metal alloys and ductile ceramics are similarly tied o
their fabrication techniques, i.e., the material and fabrica-
tion technique are developed together and are virtually
inseparable.

Joining techniques, or their avoidance, are an essential
part of any fabrication process, If an item is being designed
for discard, the joining process can ofien be simpler or
avoided altogether. The avoidance of joining is an imponant
concept wherein instead of making several parts that must
be joined, those several pants are combined into one pan.
Thus joining is avoided. The fabrication technique of mold-
ing, regardless of the raw material, has been used over the
past several decades to avoid joining.

If joining is unavoidable, e.g., several items must be put
inside an enclosure, the design and fabrication can often be
simplified in design for discard by resorting 1o a permanent
joining technique, such as welding, rather than using preci-
sion mating surfaces and removable fasteners, such as nuts
and bolts. The seieciion of fabrication icchniques during
design should be done in conjunction with production engi-
neers who are willing and anxious to look for simpler tech-
niques, The selection of final design and fabrication
techniques is often an iterative process during design for
discard wherein the joining method is progressively simpli-
fied by the designers repeatedly asking “If this method is
adequate, why can’t we use an even simpler methed?”

f.4 REPAIRABILITVAND MIRARILITY

Once an item has been designed to be discarded rather
than repaired, by definition its repairability is irrelevant.
Thus, although fabrication methods that lead to nonrepair-
ability are not used for a repairable item, they can be used
for discardable items. For example, a completely welded
housing would not ordinarily be used for a chassis or hous-
ing of a repairable item.

The item must, however, be readily replaceable, i.e., the
assembly of which it is a pant must be 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.

Durability is not as impontant in a discardable item since
the concept often implies the number of times an item can
be repaired before it must be scrapped, e.g., a diesel engine
can be overhauled only a limited number of times. Insofar
as durability can also imply a storage life requirement, e.g.,

for ammunition, that requirement obviously remains for the
discardable itemn.

8-5 APPLICATIONS AND IMPACTS

Alfter several decades of relatively slow progress in inno-
vating materials and their fabrication techniques, the pro-
cess has speeded up so much that examples are out-of-date
almost before they are printed. Even small design and pro-
duction groups should have at least one person whose job is
to keep up with advances in materials and their fabncauon
techniques. A design for discard program withoul such a

person or group will not be successful,

'8.5.1 MECHANICAL

The trend toward molding a complicated part without
joints—instead of, for example, stamping several paris that
must be joined—is being countered by competitive innova-

tion in the traditional fabrication Ipt"hrpqnpc of rn:hpg foro-
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ing, and stamping. Such innovation is possible not only
because of new machinery and process control technigues
but also because of new formulations of dlder materials that
can take advantage of such innovation.

A major simplification of mechanical parts occurs when
an open-and-close joint is replaced by something simpler.
An open-and-close joint usually involves precision mating
surfaces, a gasket to keep things in and/or out, and threaded
fasteners to hold the joint closed. The design, fabrication,
and parts for such a joint are expensive. The first simplifica-
ton occurs when, for example, the several parts are
replaced by a single molded composite part that is self-
hinged and self-sealing. The next simplification occurs
when that single pari is permanently joined, and the final
simplification occurs when the jeint is eliminated.

Structural-foam plastics are an example of using a single
material to perform the functions of both skin and filler.

The mechanical aspects of many devices, e.g., pumps and
motars, can be simplified by designing them as a single unit
that is assembled in the factory rather than as several items
that are assembled in the field. For example, a flexible cou-
pling is usually required when two shafis are connected in
the field; this requirement stems from the inability to align

Ahings accurately and permanently enough in the field. A

flexible coupling, as with any connector, generally has
lower reliability than a permanent, accurate connection. A
very common example of such simplification is the sealed
refrigeration unit that contains the electrical drive motor and
the refrigeration pump in one mechanically sealed unit.

8-5.2 ELECTRONICS

Three advances in technology have, as a side effect,
increased the complexity of items that may be considered
discardable:

1. Larger scale integration of semiconductor circuits
2. Reduction of component costs so that more items.
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can be directly soldered onto a discardable printed circuit
board '

3. Muliilayer printed wiring boards that combine
many previously separate boards, along with their necessary
wiring and connectors, into one unit or that allow very com-
plex circuitry with hundreds or even thousands of connec-
tions to be put onto one board.

An example of printed wiring board technology is an 18-
layer unit that requires only 2500 machine-wrapped wircs
rather than the 10.000 wires in the units it repiaces. Also the
new unit is cheaper, more producible, and more reliable and

has better performance. As in many commercial electronics
situations, the motivation for innovation is not nnlv the dis-
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cardability bul also the improvements that resull in cost,
performance, producibility, and reliability.

Connectors of all kinds tend to be expensive and unreli-
able. Thus there is considerable pressure to reduce the num-
ber of connectors used. Without such connectors, however,
it is difficult, if not impossible, to repair an item and retain
its reliability, so essentially that end-item becomes discard-
able.

Some cost-reducing technologies, such as surface mount-
ing, allow components 1o 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 are not even feasi-
ble. In addition to the characterization and control of prod-
uct and process, the quality and reliability are almost always
tested into electronic items (either by weeding out poor
items from a population, e.g., environmental stress screea-
ing and 100% test and inspection, or by repairing a complex
itern). Thus a production method must provide for adequate
testability during or at the end of the production process. In
summary, testability of electronic items cannol be waived
merely because the items are discardable. Testability is
essential for producibility.

8-53 ELECTRICAL AND ELECTRO-
MECHANICAL

There are virtually no new techniques being applied to
design for discard of electrical or electromechanical items
with regard to their electrical nature. The techniques that are
used are for the mechanical nature of the items, e.g., many
electromechanical hand 1ocls are now essentially unrepair-
able, except for the power cord. This is due largely to the
structural aspects of the design, not the electrical ones. Sub-
par. 8-5.1 discusses this aspect of the tems. Most fractional
and low horsepower ac motors are now designed and pro-
duced so that they are not worth repairing.

34

Double shielding on many electromechanical items has
allowed or required the use of an insulating—usually a
composite ptaslic—cxlcrior structure. Such a structure can

nav:: lCWCI’ plCCCh dl.'l(l lb cncapcr than ihe prcvmubly uauu-
tional metal structure that required precise joining methods.

8-54 HYDRAULICS AND PNEUMATICS

There are virtwally no new techniques being applied to
design for discard of hydraulic or pneumatic items, with
regard to their fluid nature. The techniques that are used are
for the mechanical, structural nature of the items and their
design. Subpar. 8-5.1, “Mechanical”, addresses this aspect
of the items, for example, a sealed refrigeration unit that
combines @ motor and a pump.

Improved bearings and rotating seals can increase the life
of an item and thus make it feasible to discard it upon fail-
ure. This improvement occurs largely because of newer
materials rather than because of fabrication techniques.

8-5.5 OPTICALAND ELECTRO-OPTICAL

Attenuation problems must be considered in the detailed
fabrication method. Optical and electro-optical devices
often require complicated alignment procedures in order to
function correctly and reliably. For example, in an optical-
fiber communication system, the output light from the light-
emitting diode (LED) must be efficiently coupled to the
fiber, Optical connectors can wear and/or become contami-
nated after each insention-removal sequencé. While assem-
bling the system. workers must be protected from the laser
radiation, the components must be protected from surge cur-
rents and concentrated radiated heat, and process controls
must be in place to eliminate any electrostatic damage
(ESD).

Even apparently small repairs on many of these complex
optica] and electro-oplical items can reguire a virwal
rebuild, the cost of which can easily exceed the purchase
price of the original product. Thus such items are inherently
major candidates for design for discard.

REFERENCES
1. MIL-HDBK-727, Design Guidance for Producibility, 5
April 1984. )
2. MIL-STD-785B, Reliabiliry Program for Systems and
Equipment Development and Production, 15 September
1980. ‘
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PART THREE
SYSTEM CONSIDERATIONS

Part Three discusses the interactions of the design for discard program with the rest of the system programs during the
aequisition process. The interactions are divided into five traditional major areas. These areas are
1. The information flow and documentation for the design for discard program
2. The interface with reliability and maintainability (R&M) engineering
3. The interface with manpower and personnel integration (MANPRINT)

4. The effects on system support
5. The evaluation and comparison of alternative items.

The first area is similar for ali specific programs that are part of a project. The remaining interaciions are essentiaily the same
as those required in any project, i.e., they must be done regardless of whether there is a design for discard program or not. Par
four addresses some of the more peninent program considerations for design for discard.

CHAPTER 9
INFORMATION FLOW AND DOCUMENTATION

The nature of the information and its flow needed 1o implemen: a design for discard program are discussed. The first four
areas—schedule, functional responsibilities, patterns of informarion flow, and documentation responsibilities—are typical of
any program. The last three areas—reports, level of detail, and audit raif—should be tailored specifically to the design for

discard program as they are needed.

9-1 INTRODUCTION

As used here, the term “analytical efforts” involves all
analytic nonhardware exercises, e.g., the preparation of pro-
gram plans, specifications, and tadeoff analyses. A contrac-
tor can be required 10 perform any analytical effornt merely
by explicitly requiring in the statement of work that it be
done or by invoking the program plan that contains it. The
nominal result of an analytical effon is a report. A data item
is a report that is identified in the contract as a data item and
must be physically delivered 10 the Army; it is not the work
needed to generate it. The Army can have access 1o the
report resulting from a analytical effort without making that
report a data item. The Army, however, might want proof
that the analytical effort has been done. For some tasks the

renort i not the mnjnr result; the major result is increased

report is not th esu esu crease
knowledge for its preparers.
A design for discard program basically needs four kinds

of information to function effectively. They are

1. The requirement that the design for discard program
be implemented

2. A design for discard program plan

3. Documented resulis of wadeoff analysis identifying
design for discard candidates

4, Reports that document design for discard decisions

and show the progress in implementing the program plan
The second and fourth items are the subject of this chap-
ter. As is true for any such program, some data item reports

are necessary, but they should be kept to a minimum. The

two risks in the amount of required documentation that are
1o be balanced follow:

1. The documentation is so minimal that the contractor
might not understand what is to be done and/or is not doing
it satisfactorily.

2. The documentation is so extensive that the contrac-
tor and/or the Army -are spending (oo much of -iheir
resources on the paperwork rather than on the implementa-
tion and execution of the actual design for discard effort.

The need of the Army for a design for discard program
involves, among other things, the balancing of long-term vs
short-term objectives. That is, some design for discard
activities might result in higher short-term costs in order 1o
reduce the totality of maintenance and support costs in the
long term. Contractual requirements concerning a design for

discard program must be stated very carefully in order to

give the contractor as many incentives as the Army has to
achieve the short-term and the long-term objectives.

9.2 SCHEDULE

This paragraph discusses the schedule in terms of plan.
ning the program and the enforcement of that plan.

9.2.1 PLANNING

As with other programs, such as reliability and maintain-
ability (R&M) and safety, that are essential te a praject, the

design for discard program must be planned, implemented
throughout the project, and monitored. The program plan
should contain at least the following elements:
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1. A description of what the design for discard pro-
gram is and how it will be conducted

2. A brief description of the insiructions to the design
group with regard to design for discard and the method of
disseminating such instructions

3. Reference to the guidelines that designers will use
or a statement that such document(s) will be created, subject
to approval by the appropriate authority. Such documents
should refer to tradeoff techniques used with 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 the management structure; in particular, the rela-
tionships of the design, suppor, test, and production
functions must be explained with regard to the design for
discard program. A concurrent engineering, or simnilar,
approach can help o ensure that all deparuments are aware
of the design for discard program and that each department
is proactively assisting the company fulfill the design for
discard objectives.

5. Description of how design for discard relates 1o the
total design and the level of authority and constraints on the
design for discard program

6. ldentification of analytic tradeoff techniques and/or
models to be used in design for discard determinations

7. ldentification of the major inputs needed that will
impdct the implementation of the design for discard pro-
gram

8. The method 10 be used during design reviews to dis-
cuss and measure progress on the design for discard pro-
gram. (This element of the program plan should receive
extra attention because progress on design for discard will
generally be difficult to measure. It should also receive exira
attention when the design for discard program is relatively
new.)

9. Brief descriptions of any familiarization approaches
for design and production* engineers and for managers.
Since the design for discard program is relatively new com-
pared 1o disciplines such as reliability, maintainability, and
sysiem safety, familiarization with the concept might be
necessary.

Design reviews should be scheduled frequently enough
s0 that problems with and progress on the design for discard
program can be evaluated and appropriate corrective action
taken. Thus no new channels for information flow are
required. There are two kinds of documentation:

1. Guidelines for designers

*The terms “manufacturing™ and “production” are considered to
imply the same things as far as this handbook is concerned. Some
companies do distinguish between the two terms, especially as
applied to engineers, but that distinction is not the same among
companies.

2. Engineering wradeoff analyses and results for spe-
cific items in which design for discard was considered. The
analyses are discussed in Chapter 10, “Analysis and Deci-
sion Techniques™.

Each kind of documentation should be available at the

* appropriate design review,

9-2

9-2.2 PROJECT ENFORCEMENT

It is very desirable that no new information flow paths or
new monitoring and enforcement methods be set up; instead
every effort should be made to integrate the design for dis-
card enforcement activities with the usual project activities
such as logistic support apalysis. The first such activity is
the review of the proposal and contract. An appropnate
design for discard program plan should be required as parnt
of the contractor’s proposal. Design for discard should be
important during source selection and evaluation acuivities.
Subseguent enforcement aciivities are that the program plan
and the guidelines for designers should be included in the
first design review and subsequent design reviews as appro-
priate. Engincering tradeoff analyses and results for specific
items should be included in all subsequent design reviews;
that is, the design for discard effort should be evaluated
throughout the design and redesign process. For example,
the evaluation during a design review or equivalent proce-
dure should continue through any initial production runs °
during which detailed designs or production techniques can
be changed and through all engineering change proposals
(ECPs).

9-3. FUNCTIONAL RESPONSIBILITIES

No new information paths are needed in the Army or in
the contractor’s organization to identify functional responsi-
bilities. The existing information paths, if used, will be quite
satisfactory for all design for discard program needs.

Within the Army, the people who prepare a solicitation
must be aware of the design for discard program and the rel-
ative importance of design for discard compared to other
important project considerations. Similarly, the people who
represent the Army in the preproposal conferences and who
evaluate proposals must be aware of the design for discard
program and its relative imponance. The engincers who are
responsible for the Army design for discard program must
properly inform the project manager and contract negolia-
tors aboui the seriousness with which.the Army regards the
design for discard program and the shon-term costs the
Army is willing 10 incur in order to achieve its long-term
objectives of reducing the total Army maintenance load. In
the absence of clear, complete, and correct information, the
design for discard program might not be considered prop-
erly during the conwact negotiation process. Chapter 10,
“Analysis and Decision Techniques”, and Chapter 17,
“Contractual Elements”, discuss some of the details that
must be considered in this process.
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Within the contractor's organization, the desigh group is
responsible for the actual designing for discard. The design
group needs the assistance and active cooperation of pro-
duction engineers, support engineers, reliability and main-
tainability (R&M) engineers, integrated logistic support
(ILS) engineers, and quality engineers. Basically the design
for discard program information and requirements must fol-
low the same administrative paths that other project require-
ments take. The main destination of this information is the
head of the design engineering group. He must ensure that
information about the design for discard program goes to
the production and support groups so that they can actively
cooperate in the program. The purchasing départment must
be aware of this program, as well as all others, so that they
do not unintentionally subvert* it.

There are few, if any, activities that should not be aware
of the design for discard program and requiremenis con-
cerning it.

9-4 INFORMATION FLOW

There should not be a separale special advocacy group
for the design for discard program. A reasonable location
for an advocacy group is among those concerned about
maintenance and support. Information about the design for
discard program should flow through the same system**
that causes other useful information to flow—both within
the Army and from the Army to the contractors.

Within the contractor’s organization, regardless of how
large it is, there need not be a separate system that is con-
cerned with the flow of information for the design for dis-
card program. The design for discard information should
flow through the same project channels through which other
information flows. The main impediment to the flow of
design for discard information is the intensity of the design
engincering manager’s belief in the program. He must
undersiand the thrust of the program, be convinced that
implementing it is worth time and effort, and then enforce
the implementation with the educational and managerial
tools at his disposal. Similar considerations apply to the
fiow of information to the production and support groups.

No special milestones should be created for the design for
discard program; design for discard should be incorporaied
into other project activities and milesiones, c.g., the design
reviews.

o

9.5 DOCT“WWAT‘ION

WIVALLIN AR A

TIES

There is a wide divergence of opinion on how much sepa-
rate deliverable documentaton (data items) should be

*For example, based on their experience on nondesign for discard
projects, the purchasing department might consider the portions of
the purchase requests that could greatly affect the discardability of
the materials being purchased as relatively unimportant.

**The system of management, cooperation, and enforcement

required to execute a design for discard program. These
opinions range from no documentation being necessary or
even desirable to appreciable and detniled documentation
being essential. The answer depends on the current general
policy of the Army, on the management procedures and cus-
toms of the specific Army command, on the specific con-
tractor’s capabilities and history, and on the desirable ratio
for resources of the contractor and Army devoted to the
deliverable documentation of the program rather than (o the
substance of the program.

There is a need to document the designs being analyzed
and the results of those analyses. The design engineering
group has the responsibility for those documents and
reponts. In fact, they do document, as part of their ordinary
work, all major radeoff analyses with respect to the design
requirements, and the documented analyses should be avail-
able to the design review group. The decisions should be
formally documented via logisiic support analysis (LSA)
and other reporting documems because they drive mainte-
nance concepts, allocation, provisioning, personncl require-
ments, etc. Such reports also provide a carporate memory of
usefu! information and lessons learned for the future. The
intensity of the contractor’s commitment 1o the design for
discard program will be difficult to measure by means of
any documentation.

9-6 REPORTS

A final report documenting design for discard activities
should be prepared. At scheduled design reviews the design
review groups should review the work and progress of the
design group with regard to the design for discard program
just as they do for many kinds of analyses and wadeoffs.
Design for discard activities and decisions should be docu-
mented in the design review minutes.

9-7 LEVEL OF DOCUMENTATION
DETAIL
The level of documentation detail should be sufficient to
retain corporate and Army memory of what worked, what
did not work, and why, i.e., it should be suitable for correc-
tive action by design engincers and management working

“on future projects.

The project responsibilities are to fulfill the contractual
requirernents. The contract can require that there be a design
for discard program, but such requirements must not con-
flict with explicit maintenance and support requiremnents.
The important thing about design for discard is that the
designers seriously consider designing an item with the
intent that optimally the Army will'discard rather than repair
it. That seriousness, i.¢., the intensity with which designers
approach the design for discard problem, is difficult to mea-
sure.

The Department of Defense (DoD) formal reliability pro-

- grams, from their inception in the mid 1950s until the early
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1980s, were generally regarded as numbers games. That is,
the DoD required tha specific reliability analyses be per-
formed and that related reperts be submitted, and the con-
tractors fulfilled those requirements. But few people in the
DoD or industry actually did anything about those reports—
except to ensure that the paper work was done.

A similar emphasis on reports rather than on the design-
ers’ intensity could cause a similar fate for the design for
discard program. Thus the icvel of documentation detail
about the maintenance and suppont 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
other logistic suppon analysis activities. The audits should
be part of the LSA audits and should concentrate on the ade-
quacy of

1. Contractor initiative in providing innovative alter-
native designs

2. Reports to help contractors and the Army do better
in the future. -
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CHAPTER 10
ANALYSIS AND DECISION TECHNIQUES

The several categaries of techniques and models for analyzing costs are explained. First, the kinds of costs that must be con-
sidered are listed, Then the three major pertinent categories of analysis, namely, front-end, tradeaff, and level of repair, are
explained. Finally, a perspective is provided by briefly discussing long-term military goals and system requirements.

10-1 INTRODUCTION

Design for discard s a program intended to affect the way
the Army uses its limited resources. It is part of the plan to
reduce the people and money devoled to supporting each
soldicr in the field while maintaining the required levels of
operational readiness. This concept is sometimes referred 10
as improving the *100th-to-tail” ratio of the Army. Concep-
wai modeis of actual activities are anaiyzed to help the deci-
sion maker perceive: the logical consequences of any
decision; subpar. 2-2.4, “Realism of Models”, provides a
perspective on this process. It would be nice to have one all-
encompassing model that included all peninent factors
along with the data to measure them under any reasonable
conditions. However, such perfect models do not exist.
Therefore, the analyst uses several modeis to investigate the
implications of several courses of action.

This chapier classifies models as front-end, tradecff, and
level of repair; these are not mutually exclusive categories.
The front-¢nd analysis is done at the front, i.e., near the
beginning, of a project and thus necessarily is quite general
and approximate. A tradeoff analysis calculates the techni-
cal performance of a sysiem in 1erms of the various techni-
cal characteristics of its elemenis and then manipulates
various combinations of those elements and their character-
istics to discover what happens to the technical performance

of the cvctern The level af ranair analveic calonlatec the coct
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of repairs when done at each maintenance level. Some of
the models can integrate this information and indicate the
least-cost maintenance level at which each task can be done,
i.c., optimize the system.

10-2 COST ELEMENTS

The general cost elements for a pant could include devel-
opment, purchase, supply pipeline, test (at indication of fail-

ure), and disposal. If the part can be rrpau-nd the additional
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cos! elements for the repair parts and repair are purchase,
supply pipeline(s), test and repair (at indication of failure),
and test of the repaired part. In any level of repair analysis
(LORA) or repair vs discard analysis, the cost elements
being analyzed must be detailed explicitly.

The major potential cost elements can be classified as
original parts, repair parts, manpower (how many people),
personnel (what skills and skill levels), facilities, instruc-
tional material, test equipment, and repair tools. Each cost

10-1

clement is often treated as lincar in the number of items,
with a fixed cost and an incremental cost per unit. The rela-
tionship can be stepwise linear, i.e., when the number of
units exceeds a certain quantity, another capital investment
must be made 10 increase the facilities.
Examples of further breakdown of costs are
t. Cost of Maintenance Facilities. Development and

nr-nnis_l nn |ll||||’\r coste maintanance and unkean
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2, Supporr Eguipment. The equipment itself (including
development and maintenance), the facilities for the equip-
ment, support for the equipment, documentation for the
equipment, and transportation for everything

3. Inventory. The inventory items, transportation, stor-
age space, length of the supply pipeline, the inventory data
system, entry into and retention in the daia system, and pur-
chasing and supervisory personnel

4. Maintenance and ﬁ'unm’\ Personnel. Labor hours,

training facilities, training pcrsonncl. training documenia-
tion, length of time such personnel remain in maintenance
or supply, and supervisory and clerical personnel.

Important data related to costs are mean time between
removals (This is not- necessarily equal to mean time
between failures:), fraction of removed items that are good,
mean time 1o repair, yield of the repair process. and durabil-
ity.
tyQt.l..@r major costs during the life of a component are

1. Stockpile. The cost of a stockpile depends on the
physical and chemical environment desired in the stockpile.
Components must be checked at appropriate intervals, and
nonconforming items must be discarded.

2. Logistics. The component Lype must be entered into
the bookkeeping part of the supply sysiem. Sufficient num-
bers of the component must be available to fill the distribu-
tion pipelines. A system must exist to dispose of the
discarded components, All logistics involve administrative
costs; keeping track of wammted components and exercis-
ing the warranty involve appreciable administrative time.
Administrative time is incurred not only by administrative
clerks but also by operators, repairmen, and supervisors.
These costs can be very important and must be evaluated
when applying a design for discard program.

3. Testing. Testing requires trained people and the
tools they need; the purchase and support costs of the. test
equipment can be cons:demblc Both the component itself
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and the system of which it is a part must be tested. Some
share of the latter cost must be allocated to the component.
Simpler testing with cheaper equipment and lower skill lev-
els is always degirable.

4. Replacement Rare. The *function” of a component
includes a minimum reliability and testability. A component
is replaced because an operator or repairman decides to do
so, regardless of whether it is actually defective or not. The
cost of use is ordinarily not an absolute number,; it is a rate,
e.g., cost per mile or cost per hour of mission operation.
Thus an item that costs twice as much but is replaced one-
third as often as a base item is cheaper than the base item.

5. Downtime. When a component fails, system perfor-
mance is usually degraded or stopped. During that peniod
the soldiers who are using or depending on the sysiem are
not being supponed properly. Although such cost can be dif-
ficult 10 calculate in money, it is important,

6. Strategic Marerials. A component that uses materi-
als that are not readily replaceable in the short term con-
sumes a valuable resource that is not measured in money.
The use of strategic materials should be avoided when it is
feasible to do so. See par. 7-2 for a further discussion of
strategic value.

7. Training. The total cost to train repair people 1o test,
remove, handle, and replace the component can be consid-
erable. Insofar as the component is an end-item, the cost of
training people to use it must be included in an overall cost.
The mos! desirable design for discard does not adversely
affect the costs 10 train repair people.

10-3 FRONT-END ANALYSIS

A front-end analysis is one that can be done very early in
the project with only minimal data about the system. Many
decisions are made very early that greatly affect the direc-
tion of the project, and by necessity they are made with very
incomplete data. The “Palman Repair versus Discard
Model”, described in Table 10-1, is an analysis program that
can be used at the front end of a project to determine design
for discard potential.

An imponant application of a design for discard program
is 10 find the drivers—the few concepis and/or items that
determine some system parameters—for the system life
cycle cost, manpower, and personnel. When using such
models, it is essential to run sensitivity analyses for as many
assumptions and input data as feasible. The sensitivity anal-
ysis allows the analyst to learn which assumptions are most
critical to the predictions from the model. Then more atten-
tion must be paid to the validity of those critical assump-
tions, and less attention can be paid to those whose exact
value is not very important.

10-4 TRADEOFF ANALYSES

Tradeoff analyses basically compare the effect on a sys-
tem or equipment of making changes in various system or
equipment parameters. For example, the modeled effect on

~ system availability could be calculated for changes in the

maintenance concept, or changes in some measure of opera-
tional readiness could be calculated for changes in system
reliability. These analyses are most, imporiant during the
concept exploration and definition and the demonsiration
and validation phases when many of the system and project
decisions are being made. Virtually any equation or system
model or project model can be used for radeoff analyses.

Many logistic support analysis techniques from AMC-P
700-4 (Ref. 1) can be used 10 analyze various types of rade-
offs. Two imponant techniques, “Army Hardware versus
Manpower Comparability Analysis™, which is described in
Table 10-2, and “Early Compatibility Anatysis”, which is
described in Table 10-3, are recommended for manpower
and personnel integration (MANPRINT) in materiel acqui-
sition process evaluations. Early comparability analysis
(ECA), which is described in Table 10-3, is also recom-
mended as a useful Army tool to use before a contrac is
awarded.

10-5 LEVEL OF REPAIR ANALYSIS

Level of repair analysis is a technique andfor methodol-
ogy used to establish the maintenance level at which an item

TABLE 10-1. PALMAN REPAIR VERSUS DISCARD MODEL (PALMAN) (Ref. 1)
PURPOSE
*To evaluate the breakeven purchase cost for an assembly between a repair and discard concept.”
DESCRIPTION

“The PALMAN medel calculates a breakeven cost based on various input variables over a range of expected deployment
densities. If the actual (or expected) cost of procuring an assembly exceeds the model output the assembly should be repaired;
if less, the assembly should be discarded. Although the PALMAN model was designed for a single maintenance level, adjusting
variable inputs can reflect a Direct Support, General Support, or Depot maintenance location. There is also an expanded section
covering initial provisioning costs. There are three general limitations to the applicability of the model: (1) the model only al-
lows ore maintenance level; (2) no subassembly repair is allowed (i.e., all parts removed to repair the main assembly are con-
sidered nonrepairable items); and, (3) the model assumes only one Depot. These limitations only restrict the model’s use and
do not make it unacceptable for repair versus discard analysis, especially in the earlier stages.”

1G-2
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TABLE 10-2. ARMY HARDWARE VERSUS MANPOWER COMPARABILITY ANALYSIS
METHODOLOGY (HARDMAN) (Ref. 1)

PURPOSE
“Tg estimate the manpgwgr personnel pipeline, and ir astitutional training requirements of proposed materiel system concepis
prior to Milestone I and thereafter.

DESCRIPTION

*The estimates are used to evaluate the Manpower, Personnel, and Training (MPT) impact of system concepts and 1o deter-
mine how concepts may be altered to save requirements. The estimates feed program documents (¢.g., Qualitative and Quanti-
tative Personnel Requirements Information (QQPRI), or Cost and Operational Effectiveness Analysis (COEA)) and may be
used at Army System Acguisition Review Council (ASARC) reviews.

“Components from the current inventory are selected to represent components on the conceptualized system. The selected
components are the Baseline Comparison System (BCS). Task data from 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 manpower required and the number of personnel required in the personnel pipeline. Institutional training requirements
are estimated based on training required by the BCS components.Thus a set of BCS MPT requirements data is generated. An-
other set of data, the proposed system, is also generated. For this set of data, the BCS is modified to represent new designs and
known improvements in technology. Also included is a [n) MPT data set for the system that will be replaced by the new system.
Comparison of the replaced sysiem (predecessor) with the other data sets enables a determination as to how fielding the new
system will affect MPT requirement levels.”

TABLE 10-3. EARLY COMPARABILITY ANALYSIS (ECA) (Ref. l)‘

DIIpoDNCE
FURIwIn

*To identify the tasks which are costly in manpower, personnel, and training (MPT) resources (high drivers) in predecessor
or reference systems most comparable to the system under development.”

DESCRIPTION

“There are three interlocking objectives for ECA: (1) the establishment of soldier tasks as a common language for system
design; (2) the identification of predecessor system tasks ‘and potential new system tasks that are costly in MPT resources (high
drivers): and, (3) the limitations of high drivers in contracted design by addressing MPT in planning, requirements, and con-
tractual documents. The ECA technique is a 12 step manual process. The 12 manual sieps of the ECA methodology are: (1)
Determine if an ECA is appropriale. (2) Identify relevant MOSs [mjlilary occupational specialties] that operate, maintain, and
repair ihe plcuct.ca:uu:clclcuuc items selected for study in Step |; ; {3y Collect complete task list by MOS and major component
for the equipment under study; (4) Collect data on task criteria as it relates to each specific task; (5) Assign values for task
criteria; (6) Calculate the ECA task score; (7) 1dentify high drivers; (8) Conduct task analysis; (9)-Conduct learning analysis;
(10) Identify deficiencies; (11) Determine solutions; and, (12) Prepare report.”

will be replaced, repaired, or discarded. LORA is explained The three general classes of LORA models are for ana-

_in more detail in Ref. 2. Ultimately, the LORA results and lyzing
outputs do the following: 1. System and End-ltem. The two models that follow
1. Lead to the assignment of the maintenance portion are the most popular and the most useful:
of the Source, Maintenance, and Recoverability (SMR} 8 “Optimum Supply and Maintenance Model”
Codes of AR 700-82 (Ref. 3). These codes assure unifor- described in Table 10-4
mity and provide a means of interservice communication of b. “Logistic Analysis Model” described in Table 10-
information on multiservice equipment. b
2. Provide a basis for development and assignment of 2. Subsystem and liem. See the system and end-item
maintenance tasks for a maintenance allocation chart models in the preceding class.
(MAC), which aids in the organization of technical manuals 3. Specific Aspects of Repair. Example modcls are
3. Provide data to the Logistic Support Analysis a. “Palman Repair versus D:scard Model” described -
Record (LSAR) and the reliability, availability, and main- in ‘I’ablc 10-1
tainability (RAM) programs, depending upon the life cycle b. “Test Program Set—Cost-Effectiveness Evalua-
phase in which the LORA is conducted tion Model™.
4. Influence and are influenced by the maintenance In a design for discard pmgram LORAs can be used in
concept as part of the LSA process. 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 operational availability 1arges.”
DESCRIPTION

“OSAMM determines at which echelon each maintenance function should be performed, or whether the maintenance func-
tion should be eliminated; (i.e., it does repair versus discard analysis as part of the LORA process). OSAMM incorporates the
same supply algorithms as the SESAME model contains. These algorithms optimally allocate spares to achieve a required op-

erational availability goa! at minimum cos!. In making the repair leve] decision, the model considers the spares, test equipment,

and repairmen that will be needed 10 support the maintenance policy. Qther costs such as wransportation, cataloging, documen-
tation, and Test Program Sets (TPS) are also considered.

“OSAMM considers three levels of indenture within an end-item: components; modules; and, piece parts. Failure rates are
input by failure mode. Four echelons of maintenance are considered: Organizational; Direct Suppont Unit (DSUY); General Sup-
port Unit (GSU); and, depot.

“OSAMM has three run modes. The first mode determines at which maintenance echelon repair should be performed given
one method of repair. The second mode considers up to three methods of repair, determining the preferred method of repair and
at what echelon repair should be performed. The third mode considers screening or Go/NoGo testing, which is used 1o verify
that an item has indeed failed before it is sent back for repair or is discarded.”

TABLE 10-5. LOGISTIC ANALYSIS MODEL (LOGAM) (Ref. 1)

PURPOSE
“To provide a tool for the evaluation of alternate support postures for Army cquipmcnl.“

DESCRIPTION

“LOGAM is a deterministic model structured to perform logistics analyses in maintenance suppon situations where the em-
phasis is on the suppont channels required for a diversity of operating equipments. LOGAM can be used 1o evaluate alternate
maintenance postures on the basis of LCC [life cycle cost].-Although operational and maintenance costs are emphasized, the
mode] accounts for development and investment costs of prime and test equipment, spares, and facilities. In addiuon to the
maintenance costs, LOGAM has the capability to evaluate theater O&M [operation and maintenance] costs from a TOE {table
of organization and equipment]. TOE maintenance personnel costs can be evaluated from personnel data. Costs are printed at
the theater level (case total) using both the LOGAM and DA PAM 11-4 format[s]. LOGAM maintenance analysis is based on
a four tier support system (i.c., otganization, direct support, general support, and depot).

“The test equipment and manpower demands are deterinined by the flow of materiel at a suppen echelon generaied by the
maintenance incident rale, mean time between maintenance actions, the on time fraction, scrap rate, false no go rate, and attri-
tion. The maintenance demands and spares requirements at a support echelon are a result of the maintenance policy(s) used.
LOGAM has 20 different maintenance policies to select from. The user can elect to choose any one of these policies or any
combination of policies.”

1. Ttems currently listed as repairable but whose An example of long-term, broad goals is the AirLand Bat-
LORA suggests that discarding is a feasible alternative can te concept (Ref. 4). The AirLand Battle concept is based on
be scheduled for redesign as discardable items. securing the initiative and exploiting it’ vigorously. The

2. Aliernative designs in new development or product basic tencts are initialive, agility, depth, and synchroniza-
improvement can be evaluated by LORAs uniil a reasonable tion. Two imponant elements of AirLand Battle are
design is evaluated as discardable. 1. Combat Resilience. A weapon-systemn characteristic

‘that permits an incapacitated weapon sysiem to be restored
10-6 LONG-TERM MILITARY GOALS quickly (o some needed, useful, although possibly degraded,
The long-term, broad goals generaled by the combat operational capability with the expedient resources avail-

developer are important and must be advanced by the able on the battlefield (Ref. 4) )

design for discard process. A main element of the design for 2. Batilefield Damage Assessment and Repair.

discard philosophy is a long-term commitment to improve A design for discard program could enhance these two ele-
the “tooth-to-tail” ratio of the Army, i.e., a larger fraction of €S of AirLand Battle by making repairs casier and less
the . personnel and materials is dedicated to the batle costly-

because of the reduced support requirements. Too much

emphasis on optimization for short-term results readily

leads to neglect of long-term goals.

10-4
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10-7 SYSTEM REQUIREMENTS

The system requirements for parameters such as perfor-
mance, reliability, and maintainability are generally fixed.
In discussions about the efiect of design for discard on sys-
tern of subsystem requiréments, it is important to remember
that a program is not atlowed o degrade any requirements.
The contractor would be able to make appropriate tradeoffs,
¢.g., between performance and reliability, within the system
structure and compaonents so that those requirements were
not appreciably exceeded. The goal is 1o have the design for
discard program reduce the initial and maintenance costs
and improve the reliability, maintainability, and perfor-
mance.

REFERENCES
1. AMC-P 700-4, Logistic Support Analysis Techniques
Guide, 20 February 1991.

2. AMC-R 700-27, Level of Repair Analysis (LORA) Pro-
gram, 20 February 1991.
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3. AR 700-82, Joint Regulation Governing the Use and
Application of Uniform Source, Maintenance, and
Recoverabiliry Codes, 8 November 1971,

4. William M. Shepherd, “AirLand Baule in the 215t Cen-
tury”, Proceedings: Annual Reliability & Maintainabil-

_ ity Symposium, Los Angeles, CA, January 1988, pp. 40-
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CHAPTER 11
INTERFACE WITH R&M ENGINEERING

The interface of reliability and maintainability (R&M) engineering and their associated tasks with design for discard is
addressed in three main careganes n!habxlu) engmccnng rehabxhry -centered maintenance, and nmmramab;hr} engmeenng
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and sustainabilirv. Even though testability is a subcategory of maintenance, its interface with design for discard is so impor-

tant that it is treated separately.

11-1 INTRODUCTION

A design for discard program has a critical interface with
reliability and maintainability (R&M) engineering because
a design to increase discardability can affect the R&M of
the system and its elements. Converting a repairable item to
a discardable item has liiile effect on ﬁ‘u’iiﬁ'tﬁil’iﬁuuny at the
unit level of mainienance. Such maintenance is primarily
test, remove, and replace, regardless of the discardability of
the removed unit. A design for discard program can greatly
affect reliability, but the system must still meet its reliability
requirement. Testability and a design for discard program
have an important interface because excellent testability at
the unit level of maintenance is essenual for cost-effective
discardability.

Because a design for discard program is merelv a part of

a project, many project tradeoffs wﬂl be made 1hat mvo]vc
discardability and affect the R&M. Engineers must meet the
R&M requirements of the system regardless of the exist-
ence of a design for discard program. Some of the following
paragraphs explain the R&M concepts.

11-2 RELIABILITY ENGINEERING

Reliability engineering is that set of design, development,
and manufacturing tasks by which reliability is achieved

(Ref. 1}. The exisience of a dc51gn for discard program does
not affect the importance of reliability engineering tasks; in
particular, it does not decrease their importance. Tasks that
involve the organization of knowledge about potential fail-
ures relate particularly to a2 design for discard program
because items that need frequent repair or replacement are
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 and helpful is Task
204, “Failure Modes, Effects, and Criticality Analysis
(FMECA)".

Several useful concepts pertain to the ability of the sol-
dier in the field to rely on the weapon systems, Three such
concepts are mission reliability, operational reediness, and
sustainability. The first is generally applied 10 a specific
item; the other two generally refer to an Army unit.

11-2.1 MISSION RELIABILITY

Mission reliability is “The ability of an item to perform
its required functions for the duration of a specified mission
profile.”". The mission profile is “A time-phased description
of the events and environments -an item experiences from

initiation 1o completion of a snecified mission to include
BRI LAALIFIL LW ‘-IUIIIPI\'I-IUII AT i ;t""lllb“ BILMIDOIVE, AW AMAWw L L

the criteria of mission success or critical failures.” (Ref. 1),
This concept is important for most uems with reliability
requirements.

An item to be used in several different places and for sev-
eral kinds of missions could have a minimum mission reli-
ability specified at each environmental extreme.

11-2.2 OPERATIONAL READINESS AND SUS-
TAINARILITY

“Operational readiness. The cap'ability of a unit/forma-
tion, ship, weapon system, or equipment to perform the mis-
sions or functions for which it is organized or designed.-

“Sustninability. The ability 10 maintain the necessary
level and duration of combai activity to achieve national
objectives. Sustainability is a function of providing and
maintsining those levels of force, materiel, and consum-
ables necessary to support a military effort.” (Ref. 3)

Omerational readinese and subsanpent cuctainability are

Rt L AL I e Lot i e Lt L A b L

among the most critical characteristics of any materiel that
is required to support the soldier in the field. Without them,
all missions fail. If the design for discard program degrades
operational readiness and/or sustainability in any way, the
analytic models used in the design for discard analysis are
grossly inadequate. Savings produced in the logistic tail by
the design for discard program could be used for the soldier
in the field to improve operational readiness and/or sustain-
ability.

An element of sustainability is combat resilience, which
is relaled to battlefield damage assessment and repair
(BDAR). Design for discard could expedite BDAR deci-

‘sions because of reduced testing needs. Also the Army is in

the process of formulating a design requirement for combat
resilience (Ref. 4). As those requirements and programs are
implemented, the models and programs used for level of
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repair analysis (LORA) will consider them. Such consider-
ations will probably involve more complicated tradeoffs
than now exist.

11-3 RELIABILITY-CENTERED MAINTE-
NANCE

The intent of reliability-centered maintenance (RCM) is
1o reduce the amount and kind of preventive maintenance
(PM) to what is essential and cost-effective to preserving
the appropriate safety and reliability characteristics of the
system. In principle, the interface between design for dis-
card and thc RCM philosophy and techniques is exactly the

ha anﬂr‘-lr nnrl nnr-
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bﬂ.ll.l& I‘.I.) ll l.‘.! AUl
come of RCM are different. RCM is a systematic approach
to analyzing the item—sysiem or equipment—reliability
and safety information to

1. Determine the feasibility and desirability of PM
tasks

2. Highlight maintenance problem areas for design
review

3. Establish a cost-effective PM program for the item.

It is desirable to design any item to require as little PM as

possible. When PM is necessary and done properly, it
enhances the reliability and safety of the system. However,
PM consumes Army resources, and there is always some

risk that PM will be done improperly. Therefore, specifying.

PM involves tradeoffs, which is the rationale for RCM; dis-
cardable items can implement RCM better because their
internal repair need not be considered. The existence of a
design for discard program does not affect the importance of
RCM; in particular, it does not decrease importance.

11-4 MAINTAINABILITY ENGINEERING

Maintainability engineering is that set of design, develap-
ment, and manufacturing tasks by which maintainability is
achieved (Ref. 1). The primary reference for maintainability
engineering is MIL-STD-470 (Ref. 5). Maintainability of a
discardable item is irrelevant except for testability, i.c., once
an item is determined to be satisfactory or not, maintainabil-
ity ceases 1o be relevant. One of the goals of the design for
discard program is to improve maintainability when feasi-
ble. If there is an existing maintainability requirement, the
design for discard program is prohibited from reducing
maintainability below that requirement. The maintainability
of the assembly where the discardable item is located may
be affected. The elimination of a need for higher levels of
maintenance can appreciably improve maintainability.

11-5 TESTABILITY ENGINEERING
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and manufacturing tasks by which tesuability is ach:cved
Testability is “A design characteristic which allows the sta-

tus (operable, inoperable, or degraded) of an item to be
determined and the isolation of faults within the item to be
performed in a timely manner.” (Ref. 6). The several risks
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g can be classified as

1. The test can damage the item if done improperly or
if the test equipment malfunciions.

2. Aconforming item is declared nonconforming or 1o
be among a group of suspect items (ambiguity groups).

3. Anonconforming item is declared conforming.

4. The group of suspect items is unreasonably large.

5. The test does not exercise the ilem under all envi-
ranmenis (both internal and external) in the mission profile.
This risk leads to Risk No. 3.

6. The fault is intermitient and does not show up in the
test. This risk is related to Risk No. 5.

Because these nisks are important but rarely known well,
the LORA program should allow sensitivity analyses for
these parameters. The risks are affected by the quality of the
test equipment, the skills of the mainienance personnel, and
the time available to do the job. Some items may have to be
sent to a higher maintenance level where the magnitude of
these risks can be much smaller. If the design for discard is
done well, both the test equipment and testing skills will be
reduced. In principle, the interface between design for dis-
card and testability is exactly the same as it is for repairable
items; only the effects and outcome of testability consider-
ations and analysis are different.

Par. 5-2, “Testability”, discusses these problems in more
detail.
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CHAPTER 12
INTERFACE WITH MANPRINT
The inierface of design for discard with manpower and personnel integration is explained in the following six domains:
human faciors engineering, manpower, personnel, training, health hazard assessment, and system safety.

12-1 INTRODUCTION

A design for discard program has a critical interface with
manpower and personnel integration (MANPRINT)
because 8 design to increase discardability can affect the
manpower and personnel needed for the sysiem and its ¢le-
ments. Converting a repairable item to a discardable item
can have a significant effect on the manpower and personnel
needed at higher levels of mainienance. The requirement for
the MANPRINT program is in AR 70-1, Systems Acquisi-
tion Policies and Procedures (Ref. 1). AR 602-2, Manpower
and Personne! Integration, (Ref. 2} is the basic regulation
for the MANPRINT program.

MANPRINT is an umbrella concepi used to integrate
combat. training, and matericl development with personnel
resources, capabilities, and constraints during all life cycle
phases of matericl systems. It is to have equal priority with
all other system characteristics. The program is concerned
with six domains of activities: human factors engineering
(HFE), manpower, personnel, training, health hazard assess-
ment, and system safety. Each domain of activity is
addressed in a separate paragraph with regard to the possi-
ble effects of a design for discard program. In principle, the
interface between design for discard and MANPRINT phi-
losophy and techniques is exactly the same regardless of the
existence of a design for discard program; only the effects,
¢.g.. changes in manpower and skills, might differ.

12-2 HUMAN FACTORS ENGINEERING

Human factors engineering is implemented by AR 602-]
(Ref. 3). The major source documents for this task are MIL-
HDBK-759 (Ref. 4), MIL-STD-1472 (Ref. 5), and MIL-H-
46855 (Ref. 6). The scope of human factors engineering, as
described in AR 602-1, includes many of the areas identified
in MANPRINT. The basic factors of the man machine inter-
face, such as anthropometry, dexterity, and alertness, are the
same regardless of the presence of a design for discard pro-
gram, although some differences in skill specialties and
reduced maintenance actions may exist.

In principle, the interface between design for discard and
human factors engineering is exactly the same regardless of
the existence of a design for discard program; only the
effects might differ, e.g.. the fact that portions of the item
are nonrepairable is irrelevant to human factors.

12-3 MANPOWER

One of the major purposes of the design for discard pro-
gram throughout the Army is to reduce appreciably the

number of support personne] needed. The intended direct,
short-term effect is to reduce the number of maintenance
personnel at the direct support, gcneral support, and depot

maintenance levels.

The intended indirect, long-term effect is that reductions
in maintenance personnel wnll reduce the number of people
who support and train those mainienance personnel. That is,
there is a ripple effect when the number of mainienance per-
sonnel is decreased. The amount of equipment and facilities
used by the remaining mainienance personnel is decreased.
Thus the need for maintenance personnel is reduced further.
The need for maintenance personnel training is reduced, so
the teachers, equipment, and facilities used in the schools
are reduced. The need for manpower in the supply line and
preparing maintenance manuals is reduced. The greatest
savings come when a training institution can be eliminated
entirely because there is no need for it and the overhead
associated with that institution can disappear. )

It is imponant, however, 10 understand and account for’
constraints that can exist on the size of maintenance crews
or a training institution. For example,

1. The minimum size of a maintenance crew could be
dictated by system safety considerations.

2. Manpower allocations could be subject to the needs
of other programs, such as combat resilience, which empha-
sizes battlefield damage, assessment, and repair (BDAR), in
which the wartime requirements can be different from the
peacetime requirements. The Army has addressed BDAR in
MIL-M-63003 (Ref. 7).

It is relatively easy to include the direct, short-term
effects of discardability on manpower needs in the analytic
level of repair analysis (LORA) models and associated
compuler programs. The ability 10 inciude and separately

"weight the indirect, long-term effects, intermediate-term

transient effects, and any constraints on the size of mainte-
nance crews should be built into those LORA models and

computer programs.

12-4 PERSONNEL

A major purpose of the design for discard program -
throughout the Army is to reduce significantly the skill lev-
eis required of suppori personnei in ihe Army. For exampie,
if the itemn is not to be repaired, there is no need to train peo-
ple 10 repair it. The intended direct, short-term effect is to

reduce the skill levels required of many maintenance per-

- sonnel at the field and depot maintenance levels. Because’
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much repair at the unit level of maintenance is remove and
replace, the skill levels needed there will not change much.

If an item can be removed without testing, the skill level
required at the field maintenance level willt decrease, but if
specialized testing is necessary before replacement (for dis-
card), those skill levels might increase. What actually hap-
pens to the skill fevels needed for testing depends on how
many resources the Army devotes during development 1o
improving testability.

The intended indirect, long-term effect is to reduce the
number of highly skilled and trained people who train the
maintenance personne). The required minimum skill levels
could also be affected by other programs, such as combat
resilience,

12-5 TRAINING

Sometimes a new system is introduced to replace a
repairable itemn; thus additional training at the depot level is
required. If this system has discardable components, it
decreases training requirements in the field. This reduction
in training requirements results in simpler test equipment
and less training for the people who maintain the test equip-
ment, so the overall result is a large decrease in training.

As stated 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 those people will remain about the same,
although the specifics of training may be different. For the
remaining levels of maintenance, the short-term and inter-
mediate-term needs will remain about the same for iwo rea-

1. It takes time for new-development items (including
the changes due to a design for discard program} to reach
the soldier in the field.

2. The transient effect when both discardable and
repairable items are available for the same system might
cause a slight increase in training needs simply because
there are more types of items that must be included.

In the long term, over a period of several years, there can
be a gradual decrease in both the numbers of people to be
trained and the kinds of skills they musi receive. This reduc-
tion will reduce the Armny's need to compete with the private
sector for the most skilled and highest aptitude people.

12-6 HEALTH HAZARD ASSESSMENT

In principle, the interface between design for discard and
health hazard assessment is the same as it is for repairable
items; only the effects and outcome of the assessment might
be different. The amount and type of work done 1o assess
health hazards will not change appreciably solely because
of a design for discard program. There will always be new
or revised materials and fabrication techniques on the mar-
ket that can be used for making a device. Every portion of

o 12-2

every item is disposed of sooner or later, so a design for dis-
card program does not, by itself, introduce the problem of
discard into Army procedures.

A design for discard program, however, can intensify the
search for nontraditional materials, fabrication techniques,
and disposal processes. Thus

1. During design, the Army might have to'devote more
resources to health hazard assessment than in the past. For
example, if more types of items are discarded from the pur-
view of the Artny at the unit level, the resources used during
design to analyze health hazards will have 1o be increased.

2. ltis not possible to predict whether or not design for
discard will reduce health hazards. For example, some alter-
native materials may inroduce more heaith hazards than the
original materials.

12-7 SYSTEM SAFETY

In principle, the interface between design for discard and
system safety is the same as it is for repairable items; only
the effects and outcome of the analyses might be different.

The amoumt and type of work done to assess system
safety will not change appreciably solely because of a
design for discard program. Insofar as there is less need 10
maintain individual components of the system and thus
there is not as much handling of items, system safety can
improve somewhat, Access 1o parts of the system will
change for discardable items; this problem is discussed in
Chapter 6.
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CHAPTER 13
EFFECTS ON SYSTEM SUPPORT

" The effects of a design for discard program on system support are explained in terms of seven general categories as follows:
the maintenance concep!, imegrated logistic support, logistic support analysis, inventory effects, replenishment of spares,

maintenance training, and maintenance manuals,

13-1 INTRODUCTION

The main purpose of a design for discard program is to
reduce the amount of Army resources devoted to system
suppon, especially over the long term, and yet maintain the
effectiveness of the weapon systems. For this 1o happen
some tradeoffs are usually necessary among various mea-
sures of effectiveness such as life cycle cost (LCC) and
combat resilience. A design for discard program that is not
limited by shornt-term considerations will be useful regard-
less of the measure of effectiveness.

The maintenance concept is sei early in the acquisition
process; it should encourage discardability at the highest
practical assembliy level. The clements of logistic support
must be analyzed and wraded off with each other in order 1o
achieve an optimum balance of system objectives and
requirements. Several specific elements of system support,
such as inventory size, replenishment of repair parts, main-
tenance training, and maintenance manuals, can interact sig-
nificantly with a design for discard program.

13-2 MAINTENANCE CONCEPT

The maintenance concept is a gcncral policy. rather than a
l'lgl(l s€t OI ﬁfﬁCGUUTCS' lmcnucu (4] cunsumn anu EUIUC Ulf
designers as they implement the formal requirements of the
sysiem. Maintenance has two missions:

1. The mission of peacelime maimenance is 10 maxi-
mize equipment readiness and service life.

2. The mission of battlefield maintenance is to help
win the bartle, and time is a major consideration.

The maintenance concept can be broken down into the
following four major calegories: the functional layout of the
sysiem for mainienance purposes, ihe equipment indenture
levels a1 which malfunctions are tested and diagnosed, the
philosophy of test and diagnosis, and the skill levels of
mainienance personnel for test, diagnosis, isolation, and
repair. Electronic systems tend to have quite different main-
tenance characteristics from mechanical systems.

Electronic systems tend to be difficelt to diagnose and
easy 10 fix—just replace the offending module—i.e., diag-

nostic methods are the driving factors in mainterance. The
SF)ECHICS of their mainienance end o become fixed during
engineering development, which is when the diagnosuc
details are planned.

Conversely, mechanical systems tend to be casy to diag-
nose and difficult to fix; thus their maintenance details tend

10 become fixed during engineering development, which is
when the packaging details are planned,

13-2.1 FUNCTIONAL LAYOUT OF SYSTEM

The functional tayout of a system greatly affects the
maintenance concept, but maintenance is only 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., (1) piece part 10 line-repiace-
able unit (LRU), {2) shop-replaceable unit (SRU) 1o LRU,
or (3} LRU to end-item. This is an additional consideration
in the functional layout that perhaps can provide more flexi-

hilitv in nilanning the laungt Althanoh the dacion far dicrard
ull]l: ill lelllllls L8} L) ln:uul. nlulvusll AP I ULD]EII ALE LRI CRl N

program does not afiect the need to perform this activity, it
can exert a strong infiuence on the outcome.

1322 HARDWARE INDENTURE LEVEL

Because a design for discard program emphasizes raising
the hardware indenture level at which discard is feasible, it
significamly affects the hardware indenture level a1 which
malfunctions are detected and to which malfunctions need .
10 be isolated. Generally, 2 higher hardware indenture level
for discard allows a higher hardware indenture level for
detecting and isolating malfunctions. .

13-23 MALFUNCTION DETECTION AND
DIAGNOSIS

A design for discard program has a negligible effect an
how malfunctions are detected, except for the effect due 1o
the hardware indenture level at which the detection takes
place. The design for discard program can, however, place
more stringent requirements on the several kinds of inaccu-
racies in the diagnosis and isolation acuivities for the main-
tenance fevel at which discard actually occurs,

A design for discard program could have some effect on
how decisions are made about the module 10 be rép)accd, At
the unit mainlenance level the hardware indenture leve) for
module replacement would not be lower bg(_'_ﬂ_l_lsg much of

the repair is by remove and replace. At lugher mdintenance
levels, the decisions could be simpler because there proba-
bly would be fewer items at the lower hardware indenture
levels.

13-1
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13-2.4 MAINTENANCE SKILLS

A major purpose of the design for discard program is to
reduce the number of mainienance people for whom high
skill levels are required. The skill levels are shifted from
lower hardware indenture levels to higher hardware inden-
ture levels and from the ability to repair to the ability for
minimum-error testing. There is a major interaction
between the design for discard program and setting of main-
tenance skills.

13-3 INTEGRATED LOGISTIC SUPPORT
(ILS})

Logistic support is the “Provision of adequate materiel
and services to 2 military force 1o assvre successful accom-
plishment of assigned missions.” (Ref. 1).

Integraied logistc support (ILS) is “A disciplined
approach to the activities necessary to: (a) cause suppon
considerations (o be integrated into system and equipment
design, (b) develop suppert requirements that are consis-
tently related to design and to each other, (c) acquire the
required support, and (d) provide the required support dur-
ing the operational phase at minimum cost.”. (Ref. 2)

13-3.1 ELEMENTS OF ILS

The elements of LS are*

1. Design Influence. This elemem is the relationship
of the logistics-related design parameters of the system to
its projected or actual readiness support resource require-
ments.

2. Maintenance Planning. This planning consists of
the actions required to evolve and establish requirements
and tasks to achieve, restore, and maintain the operational
capability for the life of the materiel system,

3. Manpower and Personnel. This element invoives
the identification and acquisition of military and civilian
personnel with the skills and grades required to operste and
maintain a materiel system over its lifetime a1 peacetime
and wartime rates.

4, Supply Supporr. Supply support encompasses all
management aclions, procedures, and techniques used to
determine the requirements to acquire, cawlog, reccive,
store, transfer, issue, and dispose of secondary items, provi-
sion for initial support and to determine the requirements to
acquire, distribute, and replenish the inventory.

5. Support Equipment and Test, Measurement, and
Diagnostic Equipment. This element includes all of the
equipment required 1o perform the support functions except
that which is an integra] part of the materiel system.

6. Traoining and Training Devices Support. This ele-
ment encompasses the processes, procedures, technigues,
training devices, and equipment used to train personnel to
operate and support a materiel sysiem. ‘

*See Appendix B of Ref. 3 for more detajl,

7. Technical Data. These daia include the scientific
and/or technical information necessary to translate materiel
syslem Tequirements into dns::rele engmeenng and logistic
support documeniation.

8. Computer Resources Supporr. This includes the
facilitics, hardware, software, documentation, manpower,

- and personnel necded to operate and support compuler Sys-

132

1£ms,

9. Packaging, Handling, and Siorage. This element
includes the resources and procedures to ensure that all sys-
tem equipment and support items are preserved, packaged,
packed, marked, handled, and stored properly for short- and
long-term requirements.

10. Transportation and Transportabifity. This element
includes planning and programming the details associated
with movement of the system in its shipping configuration
to the ultimate destination via the transportation modes and
networks available and authorized for use. It further encom-
passes establishment of the critical engineering design
parameters and constraints, such as width, length, height,
and weight, that must be considered during system develop-
ment.

11. Facilities. This element is composed of a variety
of planning activities; all of which are directed toward
ensuring that all required permanent or semipermanent
operating and suppont facilities are available concurrently
with fielding of the system.

12. Standordization and Interoperability. This element
is nceded to ensure that imerservice; North Atlantic Treaty
Organization (NATO) and American, British, Canadian, and
Australian (ABCA) member couniries; and other countries,
standardization and ‘interoperability potential is fully
explored during system design.

All 12 elements of ILS must be deve‘loped in coordina-
tion with each other to acquire a system that is affordable,
operable, supportable, sustainable, and transportable within
the resources gvailable. (Ref. 3)

13.32 EFFECTS OF DESIGN FOR DISCARD

A design for discard program is intended to affect all 12
clements of [LS as follows:

1. Design Influence. Design for discard is imended to
reduce the readiness support requirements for the fielded
system and in the long term for the Army as a whole.

2. Maintenance Planning. Design for discard is
intended to eliminate some maintenance actions and to sim-
plify some other maintenance actions. If there is a baulefield
supply of the necessary repair parts, design for. discard is
generally considered to enhance combat capability,

3. Manpower and Personnel. Design for discard will
eliminate some manpower throughout the logistic supporn
chain. The supply pipeline, however, can be more compli-
cated in the shont term because of the presence of both the
newly designed discardable parts and the older repairable
parts that serve the same funclion. A similar difficulty
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applies to personnel skills. This problem has 1o be addressed
at a management level higher than that of individual
projects. That is, the Army might increase the short-term
cost of one project in order to decrease the long-term costs
to the Army. These topics are discussed further in pars. 12-3
and 12-4.

4. Supply Support. Considerations similar 10 those
for manpower and personnel also apply to supply support.
Initial provisioning is impacted, and more spaces are needed
1o fill the pipeline. The supply pipeline is longer than the
repair pipeline.

5. Supponrt Equipment and Test; Measurement, and
Diagnostic Equipment. Design for discard is iniended to
reduce the Army resources required overall for such equip-
ment. At the maintenance level where discard is to occur,
however, the complexity and cost of some of this equipment
could be greater in a design for discard program. The reason
is that a higher hardware indenture level is being discarded,
and the risk of discarding ecronecusly must be commespond-
ingly less. Conversely, at a higher hardware indenture level,
fault isolation to lower levels is not needed; Go/NoGo test-
ing at & higher level can be used. This simplifies support
equipment design.

6. Training and Training Devices. Insofar as particu-
lar repair actions are ¢liminated, all the training and training
devices associated with those actions* are eliminated in the
iong term. People must maintain the test equipment that is
used on a system. As the test equipment becomes less com-
plex, the training and training devices for it are reduced.

7. Technical Dara. Considerations similar lo those
for training and training devices also apply to technical data,

b |

s

design for discard considerations for this ILS element,

Compuier Resources Support. There are no special

MASHIAICF ICOU R LE T WAL B EAWE b LLE W 3R M pTwaraiir

although the amoum and complexity of computer resources

support might decrease.

9. Packaging, Handling, and Storage. 1 is quite pos-
sible though not an immutable ouicome of design for dis-
card that the discardable item will be more rugged with
respect o handling and storage than a repairable item.
Design for discard could reduce packaging costs because
repair pars for the discardable item are not nceded and
therefore not packaged. Also a sealed discardable item
might require less packaging. Design for discard could
reduce the number of items to be handled. Design for dis-
card could also reduce the amount of storage and the num-
ber of items stored as well as the documentation required
for storage.

10. Transportation and Transportability. Design for
discard could enhance wansportability by increasing the
ruggedness of parts and decreasing the number of kinds of
parts. Design for discard, however, is not likely to decrease
overall ransporiation requiremenis appreciably.

*This statemnent is rue for both the system being supported and the
support system itself.

13-3

1}, Facilities. The long-term intent of design for dis-
card is to decrease appreciably the Army resources devoted
o facilities by eliminating the funciions of training, assem-
bly, and/or repair that they housed.

12, Standardization and Interoperability. With design
for discard the standardization and imeroperability occur at
2 higher hardware indenture level, Thus they can be
improved in the field by design for discard. During the
acquisition phases more resources could be devoted to plan-
ning in this area 1o ensure the improvement. If those
resources are used, these activities could be significantly
enhanced. '

LSA is “The selective application of scientific and engi-
neering efforts undentaken during the acquisition process, as
part of the system engineering and design process, o assist
in complying with supportability and other ILS objectives.”
(Ref. 2). This definition shows the relationship between ILS
and LSA. '

An analogy for the relationship between ILS and LSA is
that [LS ensures that everyone is playing from the same
sheet of music and that the music includes the entire score,
whereas LSA js writing the music.

The LSA program and its tasks and subtasks are
explained in MIL-STD-1388 (Ref. 2). These tasks and sub-
tasks should be tailored to each project. Although the out-
come of these tasks can be appreciably affected by a design
for discard program, the analyses are performed as usual.
The major tasks that do not changc under design for discard
are .

. 100. Program planning and control

2 200. Mission and suppon systems definition

- 3. 500. Supponability assessment.

The major tasks in which design for discard is important are

1. 300. Preparation and evaluation of alternatives. The
purpase of this task is to develop an item that achicves the
best balance among cost, schedule, performance, and sup-
portability.

2. 400. Determination of logistic suppont resource
requirements. The purpose of this task is to ideniify the
logistic suppont rescurce requirements of the item in its
operational environment(s) and develop plans for postpro-
duction support.

13-5 INVENTORY EFFECTS

An intent of the design for discard program is 10 reduce
inventories over the long term. That is, the number of itzms
in the inventory probably will decrease, although the dollar
value of the inventory could increase.

A short-term difficulty could occur when a repairable
item is replaced by a discardable item. A reasonable
approach is to handle the existing repairable items as if they



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)

were discardable and remove any existing piece parts from
the inventory. The economic analysis should consider the
usual short-term effects in a discard vs repair analysis and
long-term effects, such as manpower and personnel.

If the repair parts have considerable commonality among
many items, however, it is unlikely that they can be
removed from the inventory uptil there is no longer any
need for them. In the short to medium term (several years),
this could be the major effect on inventories, i.e., a design
for discard program would increase the inventories. Unless
properly planned for and explained in advance, such an
effect could damage the credibility of the design for discard
program.

13-6 REPLENISHMENT

Replenishment of repair parts is a purchase of such parts
after the initial purchase. It is quite common because

1. An iniual purchase for the entire contemnplated
is not feasible and/or not desirable.

2. A system or part is used by the Army for much
longer periods of ume than anticipated during the produc-
tion runs.

3. Pants that have been lost, stolen, misplaced, mis-
routed, or washed owt of the system must be replaced.

A technical data package (TDP) is necessary for any
replenishment. If the item is already discardable, the TDP
must be reviewed to ensure that discardability is a require-
ment. There would probably be litlle extra cost involved in
the review and any needed upgrade, especially if the origi-
na) TDP were prepared carefully.

If the item is a candidate for discardability, it is necessary
to review the TDP to be sure that it can be discarded. The
emphasis in a design for discard program is typically on
form, fit, and function* rather than on the detailed intemal
design. Thus there might well be an extra cost to improve
the procurement package, including the TDP, to ensure that
the new, discardable items meet all of the original require-
ments for the jtem. This cost could be reduced by not having
to describe piece parts or to repurchase discarded items. An
example of such a requirement is the reliability under the
current mission profile. The original TDP and current pro-
curement package might rely on a fabrication specification
to achieve the reliability because it had already been proven.
If the internal design of the item is 1o be changed, the reli-
ability shou)d be demonsirated again. Extra time and money
would be needed to support that process.

If the existing TDP is up-to-date and stresses form, fit,
and function, the assembly can more readily be assimilated
into a design for discard program. Unfortunately, the TDPs
for some replenishment items are not kept up-io-date

|
v

*Form, fit, and function are discussed in more detail in par. 2-3.

13-4

because of a lack of interest and/or resources by the cogni-
zant command.

13-7 MAINTENANCE TRAINING

A major intent of a design for discard program is to
reduce the amoum of maintenance wraining by reducing the
amount of maintenance thai must be done on lower level
assemblies and the complexity of test equipment. This
reduction in turm reduces the number of peopie who must be
trained. Both of these reductions will reduce the Army facil-
ities, manpower, and personnel devoted o that training. Any
such reduction also reduces the overhead personnel required
in any organization. This overall reduction in resources will
be a significant benefit of the design for discard program.

13-8 MAINTENANCE MANUALS

The design for discard program will affect the mainte-
nance manuais only for the assemblies ihai are discardable.
It will have a negligible effect on the maintenance manuals
for higher Ievel assemblies and for systems. Manuals that
address the system and all of iis elements individually can
be smaller, simpler, and cheaper.
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CHAPTER 14
EVALUATION OF ALTERNATIVE ITEMS

The evaluation of altemanve. competing nem.s being considered for a specific function(s) is explained in 1erms of selection
criteria, quality assurance, configuration control, and design reviews. All of these criteria and activities are the same for

repairable items; only the emphasis and outcome differ.

14-1 INTRODUCTION

Alternative, competing items are the variety of items with
the potential to fulfill the specified need and that merit for-
mal investigation. The evaluation process for alternative
items can begin with

1. Information extracied from an ongeing markei sur-
veillance

2. Nondevelopmenta! items (NDI} markel invesuga-
tion

3. The request for proposal (RFP).
The emphasis on design for discard should begin with the
beginning of the evaluation process, which could include
the conceptual studies that might, for example, include the
goal of discardability for the entire item. As far as the offer-
ors for an RFP are concerned, the Army states its emphasis
in the weighting criteria for proposals. Those weighting cri-
teria indicate how serious the Army is with regard to design
for discard vs other project elements.

1n the shor 1erm, the life cycle cost (LCC) of the item is
probably the most imponant measure of effectiveness pre-
dicted. Unless some longcr ierm, broader elements, e.g.,
explicit clements for training costs and overhead, that are
not now in the life cycle cost models can be included in
them, it will be difficult for the Army to mount an effective
design for discard program. For the models available 1o use,
the level of repair analysis {LORA) can show the relative
costs to discard or repair an item at cach maintenance level.

The quality assurance program and configuration control
specifically related to the design for discard program are
important once such a program has been included in the
contract. Because the design for discard program is rela-
tively new and is accompanied by other new programs such
as combat resilience, the design reviews are important in
order to ensure that the design for discard philosophy is
being sufficiently emphasized by the conuactor and the
project monitors,

14-2 EVALUATION CRITERIA FOR
SELECTION

This paragraph assumes that all items 10 be compared do
satisfy the performance requirements. If an alternative item
might perform better or worse than the original item, the
differences between the two will have to be considered.
This problem is not addressed here.

O
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The most important crilerion used to evaluate alternative
items is minimum life cycle cost. Other criteria can include
such diverse factors as quality of manpower, the availability
of that quaiity of manpower, and reduciion in mainienance
workioad. The main models used to evaluate these criteria

with respect to design for discard are the LORA models.

14-2.1 LIYFE CYCLE COST

Life cycle cost is the total cost to the Government to
deveiop, acquire, operate, suppori, and, if applicable, dis-
pose of the items. Life cycle cost is the most important crite-
rion for comparing ilems, including those thai are designed
for discard, that meet the same Army requirements and
goals, The main Army guidance documents for analyzing
life cycle costs are Army Regulation (AR) 11-18 (Ref. 1)
and Department of the Army (DA) Pamphlets 11-2 through
11-5 (Refs. 2-5). Life cycle costs are development cost,
acquisition cost, support cost, and disposal cost (Ref. 6).
The more traditional Army names for these categories are

1. Research, Development, Test, and Evaluation
(RDTE). Typical RDTE costs involve planning, system
lllﬁﬁﬁgmeﬁL, lESEd"ubh. Eﬁg’xﬁecl ing uualau. IUEAJGC support.
design documentation, software, and test and evaluation.

2. Investment. Typical investment costs are related to
production and construction and involve production man-
agement, industrial engineering and operations analysis,
manufacturing, computer resources, construction, logistic
support, supplier management, and quality control.

3. Operating and Support (O&S). Typical O&S costs
involve systesn management;, distribution; installation;
operating personael; operating facilities; propenty and real
estate; uuhuas. opcnmonal data; mainienance management;
maintenance personnel; repair parts and inventory; test and
support equipment; maintenance facilities; training of oper-
ators and maintenance personnel including the real estate,
buildings, facilities, and staff; maintenance data; transporta-
tion and handling; and modifications.

4. Disposal. Typical disposal cosis mvolvc manage-
ment, prwucl retirement, disposal of items that will not be
repaired or have been condemned, and disposal of docu-
ments.

The process o consndcr life cycte cost for discardable
items is exactly the same for nondiscardable items. The only
difference is the ouicome.
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14-2.2 LEVEL OF REPAIR ANALYSIS (LORA)

The primary discussion of LORA is in par. 10-5, “Level
of Repair Analysis (LORA)". LORA is the main method
used io compare life cycle cosis in a design for discard pro-
gram. They are generaily subsets of life cycle cost models
that do not include sunk costs and other costs thal remain
constant ameng the alternatives. Ref. 7 on LORA and Ref. B
on logistic support analysis (LSA) are importani references
for LORA.

The models should be able to discriminate among alter-
natives to those parameters of interest in the evaluation of
design for discard candidates. Simulation with a wide vari-
cly a and range of cases would show what could happen and
thus ensure lha: the long-term Army goal for the dcmgn for
discard program will be carried forward when engineers and
technicians use those models 1o decide among alternatives.
That long-term goal is to eliminate or reduce drastically the
costs needed 1o sustain the maintenance and logistic support
for a system. If the models being used are inadequate, the
result is similar to the problem created when separate opti-
mization of each of the subsystems of a particular system
does not resull in optimization of that system.

14.2.3 OTHER CRITERIA

All criteria implicitly presume that all minimum perfor-
mance requirements will be met. Four additional crileria are
briefly described:

1. Svstem Effectiveness. For complex weapon systems
simple measures of effectiveness such as reliability and
maintainability are not adequate. The term “system effec-
tiveness” was coined in the 1960s 10 permit a wide variety
of measures of utility and satisfaciion to the user. The prin-
cipal early work on system effectiveness was the 1965
Weapon System Effectiveness Industry Advisory Commit-
tee (WSEIAC) model, which defined system effectiveness
as the product of availability (Will it be working when it is
needed?), capability (Can it “do the job™ when it is work-
ing?), and dependability (Will it continue to “do the job”
throughout the mission?). Since then, creating useful mea-
sures of system effectiveness has been seen as a major engi-
neering and management task for each complex weapon
system. Each weapon system office should have such mod-
els of system effectiveness of previous systems 1o use as a
basis for modeling a proposed system.

2. Short Acquisition Process. When calendar ume is
vital, wadeoffs are made against cost and the original
requirements. Preplanned product improvement (P3I) is
used to bring the fielded item up to the original require-
ments. ’

B oimand A nliasiice:s Damsicatesasre

be ]
3. Exceed Minimum ncquucmcrua ometimes the

<

Army is willing to pay more for performance that exceeds
the minimum requirements cven though the life cycle cost is
higher. Examples could be a tank that exceeds the minimum
maneuverability and a projectile whose average lethality is

_ cussed in subpar. 14-2.1, “Life Cycle Cost™

14-2

higher than the minimum required. There are no specific
references for this type of contracting; rather, management
judgment by the Army is implemented via the usual con-
tracting regulations.

4. Unit Production Cost (UPC). Life cycle cost is dis-
. Unit produc-
tion cost (UPC) is an element of the investment phase of life
cycle cost and has been emphasized by itself in Army pro-
curement. UPC can be toc narrow a criterion for design
because it leaves out many other important elements of cost.
It is useful to stress UPC in the early pan of a project, e.g.,
during the concept exploration and definition and the dem-
onstration and validation phases, because it connects the
affordability of the system for the budges appropriators and
because design engineers can easily overlook production
coSts.

14-3 QUALITY ASSURANCE

Quality is basically assured by the characterization and
control of processes and products®. When alternative items
are evaluated, the adequacy of their characterization and
conwrol is important. Acceptance inspection provides some

tinmnl ancienmas
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requirements. The process of assuring quality for discard-
able items is exactly the same as for nondiscardable ilems;
only the details are different {peculiar to the product), as

they are for every product,

nfarm
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14-3.1 DURING PRODUCTION

Quality is assured during production by four activities:
characterizing the product, characterizing the processes,
controlling the product and processes, and auditing the
product and processes. These activities are explained briefly
in the paragraphs thas follow:

1. Characterizing a Product. Before a process can be
intelligently contrelled, the important properties of the
product being made by or affected by the process must be
known. A product is characterized if all of its imporam
properties are known and understood well enough to be
measured and controlled. These important properties
involve all of the parts of the product; they relate 1o the
manufacture, storage, shipping, use, misuse, failure, repair,
and disposal of the product, and to the people and enviran-
ments associated with these activities. Users include those
who operate the product, have their needs serviced by i,
and maintain it.

2. Characterizing a Process. Characterizing a process
consists of determining what to measure on the product, its

*As the concept of total quality has burgeoned circa 1990, the tra-
ditional concepts of uualm. control and quality assurance by
inspection have cxpandcd mdely and mpndly A few of the pro-
gram names that DoD and industry are using 1o achicve total qual-
ity are total quality management (TQM). by the DoD; the Six-
Sigma program, by Motorola; er pans per million (ppm) for Trac-
tion of defects, by the Army. This paragraph refiects the expansion.
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parts, the equipmeni, the materials, and the environment;
how, when, and where to measure;, how to convert those
measurements into knowledge about comrective action; what
10 change in the process or on the pants, how much 1o
change it, and how to change it. A fully characterized pro-
cess could be wrned over to a computer program with
appropriate sensors (input}), controllers (output), and
machines. Characterization of a process need only be ade-
quate for the problems at hand: it need not be perfeci. An
example is a steel part whose length tolerance is a few thou-
sandths of an inch. If the tolerance is changed to a few ten
thousandths of an inch, it must be secharacterized for length
measurements because temperature control is now critical.
If the tolerance is changed 10 a few hundred thousandths of
an inch, it would have to be recharacterized yet again.

3. Control. A product or process is being controlled if
its characterization is adequate and is being applicd Being
controlled is thus a matierof @ GEgItd and is auugu-l o eﬂgi‘
neering and management judgment, which always involves
both short-term and long-termn economic considerations.
Adequate control is especially important for discardable
items because access to the interior of such components and
assemblies may not be possible after final assembly.

4. Audir. Audits are necessary in any process o ensure
that management'’s original intent is being implcmented
properly. The tmdilional exarnple of the need for audits is in

haonbe nnd Aney
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the primary
concern. People who are independent of the design and
manufacturing groups are chosen 1o audit all the processes
in all phases of a program. With design for discard such
audits would include the usual procedures as well as audit-

ing the conscientious and competent implementation of the
program.

14-32 AT ACCEPTANCE

Qu&lll’y assurance ai ﬂCCCplﬂHLC lb CUHLCI’HCU Wllﬂ Ciau-
ing that there are no design or manufacwuring deficiencies.
Some characteristics require destructive inspection, e.g., for
strength, or disassembly of the item to inspect the interiorn
Discardable items may be sealed to improve their life and
performance and/or to decrease their cost so that nonde-
structive inspection of the interior, except through some
clecirical measurements, is impossible.

First article inspection determines whether the design,
maiernials, and manufacturin ing methods can meet the lbﬁﬁh’?—'
ments and generally uses relatively few samples. For many
itemns lot-by-lot or item-by-item inspection is not destruc-
tve or difficult. Thus in these situations the methods of
quality assurance at acceptance for discardable and nondis-
casdable itemns are not likely 10 be appreciably different.

Adequate economic inspection of some types of complex,
discardable items (unlike the nondiscardable items that
could have been used) will be infeasible because of their

d:s;gn" and consmmuction that allowed their rlmr-nnrlnhihru In
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such cases the Army must rely on its ability and the ability
of the manufacturer ta characterize and control the iiem, jis
components, and the processes that specify and make them.
Small arms ammunition, for example, is an area in which
the Army has been practicing these techniques of characier-
ization and contro] quite successfully. .

14-4 CONFIGURATION CONTROL
Configuration control is the systematic proposal, jusufi-
cation, evaluation, coordination, approval or disapproval,
and implementation of all approved changes in the configu-
ration of a configuration item* aﬁer formal establishment of
the baseline. '
For discardable hardware configuraiion items developed
at Government expense, the documentation shall describe
form, fit, function, and testability. This documentation
describes the physical and functional characteristics of the

~reF o antity has
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include characieristics of the elements that make up the’
hardware configuration item. The product configuration
identification can consist of a detailed design specification
that incorporates performance requirements.

Interface control is important for discardable items that
are built according to form, fit, function, and (estability
requirements. MIL-STD-973 (Ref. 9) addresses the estab-
lishment of the interface control activity. For many devices,

sQme as nrncmr asade power cnrmlv the interfaces are dif.

ficult to spccnfy ‘pmpcrly"".“‘ becausc the interfacing needs
have not been fully characterized. Interface problems other
than form and fit are most likely to arise for ransient rather
than sieady state conditions, and they can readily bappen
when new technology or new applications of existing tech-
nology are being used.

Another interface difficulty is that the interfacing specifi-
cations can depend on the exact nature of the design and
construction of the discardable item. But such design and
consiruction other than form, fit, function, and testability are
not specified, nor is the configuration controlled for discard-
ablc items. The only recourse available under these circum-
stances is 1o 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 and time for development.

Subpar. 2-2.3 discusses some of the limits for design for
discard that can interact with configuration control in an

hardurara
ai
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*A configuration item is an pggregation of hardware, firmware, or
other computer software or any of their discrete portionis that satis-
fies an end use function and is designated by the Government for
separate configuration management. Any itemn required for logistic
suppont and designated for separate procurement is a configuration
item.

**By definition, if form, fit, function, and testability are specified
“properly”, there are no interface problems. The difficulty of
course arises in having the depth and breadth of technical and

application knowledge to specify some things * ‘praperly”.
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imperfect world, ¢.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-S§ DESIGN REVIEWS

Design reviews are covered by MIL-STD-1521 (Ref. 10).
This paragraph emphasizes three of the occasions for design
reviews and suggesis ways to cmphasize and review a
design for discard program. The discussion does not include
computer software configuration items because such items
are not discardable in the sense of this handbook.

14-5.1 SYSTEM DESIGN REVIEW

The system design review (SDR) is conducted when the
system characteristics are defined and the configuration
items are idenified. It should

1. Evaluate the oplimization, comelaiion, complete-
ness, and risks associated with the allocated technical
requirements.

2. Review the system engineering process that pro-
duced the allocated technical requirements and the engi-
neering planning for the next phase.

3. Review the basic manufacturing considerations and
the plans for production engineering in subsequent phases.

This review is important because it must ensure that the
design and production* enginecrs and managers

1. Are aware of the design for discard program and
understand that its purpose is 10 encourage and allow the
development and/or use of discardable parts

2. Are aware of all constraints on the design for dis-

card program, such as a maximum cost of a discardable item
1, Are using annronriate tradenff aleorithms for hfe

FUT Uiy Sppivpiieil DOUUUNL SpmuRim
cycle cost and level of repair analysis and those algorithms
include appropriate long-term considerations

4. Have appropriate parameter values to insert into the
algorithms.

14.52 PRELIMINARY DESIGN REVIEW

The preliminary design review (PDR) is conducted for
each group of configuration items 10

}. Evaluate the progress, technical adequacy, and risk
resolution (on a lechmcal cost, and schedule basis) of the
design approach.

2. Determine its compatibility with performance and
engineering specialty requirements of the hardware configu-
ration item development specification.

3. Evaluate the degree of definition, and assess the
technical risk associated with the manufacturing processes.

4, Establish the existence and compatibility of the
physical and functional interfaces among the configuration

*]n this handbook the terms “manufacturing™ and “production” are
considered to imply the same things. Some compantes do distin-
guish between the two terms, especially as applled to engineers,
but that distinction is not the same among companies.

14-4

item and other items of equipment, facilities, compwmer sofi-
ware, and personnel.
This review is important because it must ensure that the

design and production engineers and managers

1. Are actively implementing the design for discard
program and its philosophy

2. Are resolving any difficulties concerning con-
straints on the design for discard program, the radeoff algo-
rithms for life cycle cost and level of repair analysis, and
parameter values for the algorithms.

3. Understand the difficulty of specifying interfaces
and have taken appropriate action to ensure that the inter-
face propenties are part of the function specification.

14.53 CRITICAL DESIGN REVIEW

The critical design review (CDR) is conducted for each
configuration item when the detail design is essentially
compiete. It should

1. Determine that the deiail design satisfies the perfor-
mance and engineering specialty requirements of the hard-
ware configuration item development specifications.

2. Establish the detail design compatibility among the
configuration item and other items of equipment, facilities,
computer software, and personnel.

3. Assess configuration item risk areas on technical,
cost, and schedule bases,

4. Assess the resuits of the producibility analyses of
systermn hardware.

5. Review the preliminary hardware product specifica-
tions.

Tkus review is important because it must ensure thaz the

esign and pmuun..uﬁﬁ engineers and managers

1. Have successfully implemented the design for dis-
card program and its philosophy and that some concrete
results were obtained

2. Have recognized and resolved any difficulties con-
cerning constraints on the design for discard program, the
tradeoff algorithms for life cycle cost and level of repair
analysis, and parameter values for the algorithms.

14.54 QTHER REVIEWS AND AUDITS

R RRRiEs B o Al 2278

Other reviews and audits mentioned in MIL-STD-1521
(Ref. 10) are system requiremenis review, test readiness
review, funclional configuration audit, physical configura-
uon audit, formal qualification review, and produciion
readiness review. Generally, the discardability of an item
will not be an explicit part of any of these reviews, i.e., the
scope and pace of the reviews should be the same, regard- -
less of discardability,

Although design for discard is not an explicit part of the
mentioned reviews and audits, it is still an impornant consid-
eration that should be kept visible throughout the develop-
ment cycle of the system or equipment in order to
accomplish the design goals and requirements.
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PROGRAM CONSIDERATIONS

Mauch of Part Four is a reorganization of material in the first three parts so that it has a different perspective. Three primary
program areas are considered in terms of their interaction with a design for discard program. Those areas are cost control,
acquisition alternatives, and contractual elements. Chapter 15, “Cost Control”, addresses costs in terms of design to cost and
the way costs are affected by a design for discard program. Chapter 16, “Acquisition Alternatives”, discusses product improve-
ment, nondevelopmental items, and new development. Chapter 17, “Contractual Elements”, includes only topics that could be

appreciably affected by a design for discard program.

CHAPTER 15
COST CONTROL

The conirol of casts is explained in terms of design 1o cost (DTC), life cycle cost (LCC), and the producibility engineering

and planning (PEP) program.

15-1 INTRODUCTION

The most common measure of cost is life cycle cost
(L.CC), viz, the total of costs from concept exploration and
definition through disposal. Disposal costs are becoming
more important as concern about the environmental impact
of disposal increases. In particular, a design for discard pro-
gram means that more material and larger units are being
discarded and therefore that disposal costs could become a
larger fraction of LCC.

The design to cost program is the primary means of pro-
viding cost control by defense contractors. The results of
cost models used in various life cycle phases to esumate the

feasibility and desirability of any design (discardable or not} -

determine how much discardability is implemented in a pro-
gram. If the models predict a savings in LCC for any partic-
vlar design over another equally effective design, the less
expensive design should be used.

It is reasonable 10 hope for a decrease of 5-15% in life
cycle cast effected by a design for discard program. This
decrease would include related savings due to improved
reliability and reduced support requirements,

15-2 DESIGN TO COST

Design 1o cost (DTC) is a general concept of managing
LCC clements so that the contractor and Army are con-
cerned about the cost of the project. The concept was devel-
oped as a cost measure that could be incorporated into a
contracy; it provides an incentive for cost control in current
contract acsions that would impact future life cycle phase
costs. Ref, 1 is a comprehensive discussion of the Army
DTC concept.

Design to life cycle cost {DTLCC) is the most generat
expression of DTC, but in practice it is difficult to use. A

15-1

vigorous emphasis on design for discard can reduce the
LCC by improving the tooth-to-tail ratio of the Army,
DTLCC can be broken into elements such as design to
acquisition ¢ost and design to operating and supponi cost
(DTOSC). Design to acquisition cost can be broken into
several categories, which are not necessarily mutually
exclusive, such as design 1o unit production ¢ost (DTUPC)
and flyaway cost, The emphasis in this handbook is on LCC
because various and disparate elements of LCC must ofien
be traded off in a design for discard program. For example,
upgrading the reliability and testability of a system as pan

of the design for discard program, e.g.,

could result in increased up-front costs but should apprecia-
bly reduce operating and support cost by reducing the total
workload and the resultant need for manpower, skills, test
equipment, repair pans, and training resources.

15-3 LIFE CYCLE COST ESTIMATES

Life cycle cost estimates are intended to quantify all of
the costs related 10 a system, usually in considerable detaif;

. . .
the concept is excellent, but accurate and useful implemen-

tation can be difficult. In panicular, its accurate use with
respect o design for discard has many pitfalls. Three exam-
ples of such dangers are

1. The actual disposal cost of a disposable element can
be considerably different from the disposal cost estimated in
the LCC model because both technical knowledge and
social attitudes about materials and their disposal can
change appreciably over the life of some materials. :

2. The cost of the full logistic tail must be considered
(This is analogous to zero-based budgeling.} for training of
maintenance personnel. Examples of such costs that might
not be included in an LCC model are the training facilities
(buildings, grounds, and equipment) for instructors and for

.
by built-in test,
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students, personnel costs to train instructors, personnel
wansportation, support equipment, and overhead®,

3. The propenies of many relatively new materials,
¢.g.. engineered plastics, new metal alloys, especially their
long-term behaviors, e.g., life, toxicity, creep, hermeticity,
for use in discardable items are not known accurately
enough at the design stage. Thus the designer makes engi-
nccring guesses about these propcrlics

Similar concemns about the gEﬁEi’ﬁ! use¢ of LCC maodels
are given in pars, 4B3 and 4B4 of Ref. I; thase cancerns
apply especially o design for discard because the design for
discard philosophy encourages designers 10 think in nonira-
ditional ways about materials, componenis, and assembly
methods. Descriptions of models accepted by the Army for
logistic support analysis (LSA) are given in Ref. 2. Forty-
seven of these apply at least in part to some category (oper-
aling and support, research and development, or invest-
ment) of LCC, and 12 apply fully to all three categones.

15-3.1 MODELS

A principal intent of a design for discard program is to
reduce the intensity of maintenance training by reducing the
amount of mainienance that must be done on lower level
assemblies. This reduction in turn reduces the number of
people who must be trained. In the long term both of these
reductions will reduce the Army facililics, manpower, and
personnel devoted to maintenance training. Such a reduc-
tion also reduces the overhead personnel required in' any
organization. Modeling this sitvation adequately is very dif-
ficult, and it is not clear that existing LCC analyses have yet
reached that goal.

Many LCC models analyze only a portion of the LCC
costs. Three types of LCC models are refevant to design for
discard:

\. Framework LCC Modeis. They are partial LCC
models that allow the user to put estimates into a structure
that performs utilities such as documentation and updating
of inflation and facilities. These models are nseful and flexi-
ble but do litile actual cost estimating.

2, R&M-Based LCC Models. They are partial LCC
models that generate the operating and support (O&S) por-
uon of their estimates based on reliability and maintainabil-
ity (R&M) information input by the uvser. These models
provide excellent insight into the design for discard costs if,
and only if, good inputs are available.

3. LORA Models. They are partial LCC models that
conceptually provide good information for use in more
complete LCC models if the input is similar 10 that for the
R&M-based models. If 2 LORA model does not adequately
quantify design for discard training cost reductions or ade-
quately capture the complexity of battlefield repair, it cre-
ates a bias toward fixing things in the field.

“Overhead costs must be explicitly broken out in zero-based bud-
geting and in exploring the full logistic tail.

i5-2

Refs. 3-6 provide useful information on creating the mod-
cls and obtaining data to cvaluate 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, and some of these inputs are difficult to obtain
carly in the life cycle of a sysiem. Experienced users of

thaca mndalc havas l‘.llﬂlﬂ'\nf‘ milac nf thiumh fas 1ics 1n tha
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early life cycle. The novice user of-most of the R&M-based
models will have a difficult time developing inputs during
the early life cycle.

For any engineering problem, including design for dis-
card, it is much easier to generale a mathematical model
than it is to obtain suvitable empirical data 1o 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 discard program
should reduce manpower requirements to maintain the item;
this reduction would in turn reduce training cost. With fewer
itemms being repaired the requirements for test equipment
and the number of test program sets that have 1o be procured
are reduced. On the other hand, replenishment repair part
costs will be increased bccause more items will be dis-
carded.

The project office must have appropriate data to use in-
house for DTC procedures and for contractors 1o use in their
tradeoffs, regardless of the phase in which the model is
used. The data must be such that shoni-term gains are
rejected when they do not advance the long-term Army
objective of improving its tooth-to-tail ratio.

15-4 PRODUCIBILITY ENGINEERING.
AND PLANNING (PEP)

Producibility interacts aclively with the design for dis-
card prograth and should be emphasized during ihe design
and development activities. The project office should
encourage ecxperimenting with newer production tech-
niques, even though it incurs a short-term cost penalty. Such
production trials should be donc at first on noncritical com-
ponents, i.c., components for which the production process
for the new part being designed for discard is not pushed 10
its limits. Then when such a process is needed in order for
an item 10 be discardable, the process is no longer experi-
mental. The LCC models and/or their interpretation should
be sufficiently flexible to allow this experimentation and
development by the Army and/or its contractors. -

To ade off effectively with regard to design and produc-
ibility, the project and contractual structures must provide
sufficient incentives to ensure that design and production
engineers do cooperste actively,-¢.g., in a proactive concur-
rent engineering approach. Design for discard cannot suc-
ceed on the desired scale for the Army without active
cooperation, foresight, and interaction.
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CHAPTER 16
ACQUISITION ALTERNATIVES

The interactions of acquisition alternatives with a design for discard program are explained in terms of materiel improve-

ment, nondevelopmental items, and new development.

16-1 INTRODUCTION

The aliemative approaches for both major and nonmajor
Army acquisition programs that follow are in order of pref-
erence:

1. Avoid the acquisition of materiel by changing tacu-
cal or stralegic doctrine, improving training, or improving
organization.

2. Improve an existing Army system through either

preplanned product improvement (P31) of the system or 2

new product improvement program (PIP).

3. Use nondevelopmental iterns (NDIs), in either the
same environment for which they were designed or a differ-
ent environment, in which case the hardware and/or opera-
tional software might need 10 be modified to accommodate
the new environment.

4. Initiate a new development program. (Ref. 1)

This handbook is concerned only with Alternatives 2, 3,
and 4 Decien for discard is both desirable and tractable for

iU T LALSIEL AU MISLEIG 1S Ul LU AL Sl RLileT

Aliernatives 2 and 4; discardability is a desirable character-

istic of NDI (Alicrnative 3). Because choosing off-the-shelf
components is an essential, common aspect of design, NDI
does involve design work, and a design for discard program
does apply directly.

All of the ordinary tasks that must be done during any |

acquisition must also be done when the aequisition involves
a design for discard program. For example, life cycle cost
(LCC) models and level of repair analvsis {LORA) are

ey LIELRSLAS R252 o QS yala (LUIVA

essential tools in an acquisition, regardless of the presence
of a design for discard program. There are three essential
elements that distinguish a design for discard program and
that must be provided:

1. Awareness Training. Engineers and managers must
be aware of the importance of discardability at a high
assembly leve) (hardware indenture level) as a product char-
acteristic.

2. Incentives for Initigtive. The product and project
requirements must include provisions that encourage engi-
neers and managers to take an aggressive iniliative to raise
the assembly level at which discard occurs.

3. Adequate Analytic Tools. The models (and parame-
ters therein) that engineers use for LCC analysis, design
tradeoffs, and LORA must reflect the long-term goals of the
Army about discardability, Chapter 15, “Cost Control”,
describes several tools that allow appropriate tradeoffs of

“higher short-term costs for reduced long-term costs.

16-1

16-2 PRODUCT IMPROVEMENT OR
REDESIGN

Existing materiel can be improved in three ways: an engi-
necring change that reconfigures a type-classified item that °
is in production, an improvement that reconfigures a type-
classified fielded item through a PIP, or an evolutionary P3I.

16-2.1 ENGINEERING CHANGE PROPOSAL

Fg nf ol 0}
{ECT)

This subparagraph is concerned with Class 1 engineering
changes in which the change is necessary or it offers impor-
tant benefits to the Government. ECPs can be necessary
when choosing among acquisition alternatives for discard-
ability because the products from the altemmatives will not be
always be alike. Two calegories of such changes are
improved logistic suppon requirements and lower life cycle
cost.

An engineering change for an item could be initiated for
the primary purpose of making that item cost-effectively
discardable. Although some of the other characteristics of
the jtem might also improve, e.g., ¢ost, weight, and/or reli-
ability, it is not necessary that they do so.

An engineering chanpe for any other purpose should be
investigated to see whether designing for discard can make
the change more cost-effective. Value engineering can pro-
vide managers, engineers. and logisticians with a viable
vehicle for incorporating design for discard concepts into
production items, For the investigation 1o 1ake place, how-
ever, the design for discard program must reach the eagi-
neers and managers involved with engineering changes. The
presence of a design for discard program does not change
anything else that traditionally must be considered and ana-
lyzed for an engineering change.

16-2.2 PRODUCT IMPROVEMENT PRO-
GRAM (PIP)

A product improvement program (PIP) is any effont to
improve the ficlded inventory of a type-classified standard
item and should include a design for discard program if at
all appropriate. The design for discard program will be
essentially the same, whether it is in a PP, a new develop-
ment item, etc. A PIP can originate as

1. A follow-on to an engineering change in an item
that is in production
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2. A response lo user problems with the fielded system
or to modifications required for a revised threat
3. A need to convert a particular repairable item to a
discardable one.
Some of its purposes are significant improvements in
LCC, reliability, durability, and maintenance.

16-3 NONDEVELOPMENTAL ITEMS

Because there is nominally no development effon associ-
ated with NDIs, the design engineers associated with the

project do not do detaited desiga. Thus there is no Army- or '

contractor-initiaicd design for discard. Many companies in
the commercial marketplace do develop many discardable
products simply because people like their cost-effective-
ness. They are, however, performing many design tasks,
especially when existing components are brought together
1o make the desired system.

16-4 NEW DEVELOPMENT ITEMS

Development of new items is the least desirable acquisi-
tion alternative. When it is undertaken, it should, where fea-
sible, integrate proven components or use evolutionary
technology rather than use new revolutionary technology,
regardless of the existence of a design for discard program.

(Ref. 1)

M INTEGRATION

System integration is the selection, combination, and
coordination of existing components to provide a new Capa-
bility. It is a combination of NDI and new developmeni.
Vehicles and the vehicular aspecis of systems are often
examples of sysiem integration. Distinctions between NDI
and system integration arc a maiter of degree.

Design for discard can be an important force in system
integration projects by intentionally selecting cost-effective
discardable items 10 use in the system, Some off-the-shelf

NALLrRts aiwas LAV LN =g 2dl L) 8 P Lo 1) L= )

components, i.e., NDI, for such systems are discardable
solely because of market forces and technology opportuni-
ties,

16-4.2 ADVANCING THE STATE OF THE ART

All portions of a project that advance the state of the an
must go through all phases of the acquisition process in

16-2

order 1o provide a sure, cost-cffective fulfillment of the
requirements of the Army. The design for discard program,
including the provision of adequate analytic tools, should be
a pan of all acquisition phases. It should begin in concept
exploration and definition by identifying materials, technol-
ogy. and manufacturing processes that are likely to stimu-
late and permit design for discard. In concept exploration

and definition the awareness training and incentives for
rlpsurn for discard initiative are the most imnortani r)l'lr'!nﬂ

Srroaaad e Rpaiiniana Y DUl e ot Rhpsialin, L2

demonsiration and validation design for dlSCﬂl’d can become
part of the detailed design process and of the producibility
engineering and planning (PEP) program. In demonstration
and validation the awareness waining and incentives for ini-
tiative must continue, and detailed analytic tools must be
provided. During engincering and manufacturing develop-
ment the design for discard initiative should be part of any
redesign in this phase and of the PEP program. In this phase
the analytic tools and incentives for initative are very
important. During the subsequen; phase the manufacturing
aspects are dominant, but the analyiic tools and incentives
for initiative continue to be impornant.

REFERENCE

1. AR 70-1, System Acquisition Policies and Proce-
dures, 31 March 1993.

BIBLIOGRAPHY -

Nondevelopmental Items (NDI)
CECOM-P 70-6, Nondevelopmental Item Acquisition
Guide, 5 September 1990.

Engineering Change Proposals (ECPs)
MIL-STD-973, Configuration Management, 17 April 1992.
AR 70-37, Configuration Management, 1 July 1974,

Product Improvement
AR 70-1, System Acquisition Policies and Procedures, 31
March 1993.
AR 70-15, Product Improvement of Material, 15 June 1980.



Downloaded from http://www.everyspec.com

* MIL-HDBK-798(AR)

CHAPTER 17
CONTRACTUAL ELEMENTS

This chapter summarizes the contractual elements that could be strongly influenced by a design for discard program. The
elements discussed are crireria for source selection, sratement of work, inceative clauses, specificarian requirements, inspec-

tion and acceptance, warranties, and second sourcing.

17-1 INTRODUCTION

Chapter 16, “Acquisition Alternatives”, discusses the

altarmativac for arnuivitinn Par 'Iﬁ.'l “Introdurction” nre.
b LIGH YWl WS u\o“"lﬂ.‘.lull A Wby AW B VM L W Ry .Il!-

senis three essential mgrcdlems—awarcness training, incen-
tives for initiative, and adequate analytic tools—for a design
for discard program that would not otherwise be part of an
acquisition. These three ingredients are the contractual ele-
ments that might be swrongly affected by a design for dis-
card program. All other contractual elements for a design
for discard program are pan of every acquisition, 5o they are
not discussed explicitly in this chapter.

A vital facrtnr in the affastivansce nf anv contract rennira.
A vilal facior in Ing grieCluveness Of any contract require-

ment is how strongly the contractor believes that the
requirement will be given high priority by the Government
when tradeoffs have to be made among schedule, cost, and
other project requirements. Reliability requirements may
not be met if there is a lack of such high priority.

17-2 CRITERIA FOR SOURCE SELEC-
TION
Source selection criteria are divided into three parts: tech-
nical, management, and cost. The design for discard crite-
rion should be in the technical part as heavily as feasible in

view of all the other important things that are there and -

should be named in the management pant. Important design
for discard elements of the statement of work should be
included quantitatively in the evaluation criteria for the
source selection evaluation group and included by relative
ranking in Section M, “Evaluation Factors for Award”, of
the solicitation.

If discardability is an important source selection evalua-
tion criterion, it must be listed in the solicitation*, and
appropriate technical people should be part of the source-
selection-evaluation group, regardless of its size. Otherwise,
there are no special ways in which a design for discard pro-
gram affects source selection evaluation. The criteria for

**The solicitation shall clearly state the evaluation factors, includ-
e minm e mriet nnd Any cionifaant sahinetare thae woill ke anneid,
“lE p!“.\: T LV il nn; AR UL avivia, uial Wil ot TONS
ercd in making the source selection and their relative importance.
Numerical weights, which may be employed in the evaluaiion of
proposals, need not be disclosed in solicitations. The solicitation
shal] inform ofierors of minimum requirements that apply 1o par-

ticular evaluation factors and significant subfactors.” (Ref. 1)

17-1

source selection evaluation** are explained in the Federa)
Acquisition Regulation (FAR), Subpart. 15.4, *Solicitation
and Receipt of Proposals and Quotations”, and Subparn
15.6, “Source Selection” (Ref. 1).

A design for discard program can be made a significant
evaluation (sub)factor in the solicitation. See par. 14-2,
*“Evaluation Criteria for Selection™, for more information on
the 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,
Subpart 15.6 (Ref. 1). The other segment of interest 1o
design for discard is solicitation and receipt of proposals
and quotations, as addressed in the FAR, Subpar 15.4 (Ref,
1). Alternative procedures to those described in the FAR,
Subpart 15.6, are allowed and are described in the Defense
Federal Acquisition Regulation Supplement (DFARS)
215.613-70, “Four-Step Source Selection Procedures™ (Ref.
2). The evaluation group for source selection can range
from a formal SSEB of over 50 people to a small group of
just a few people. The project manager should be a member

e nmirmnm nalentlne e
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17-3 STATEMENT OF WORK

The statement of work (SOW), also called a work state-
ment, is placed in Section C, “Description/Specifications/
Work Staternent”, of Part I, “The Schedule”, of the solicita-
tion and contract (FAR-15.406, Ref. 1).

17-3.1 PRINCIPLES

The SOW describes, among other things, the work the
contractor must do that can affect but does ot result in an
end-item. An example is a failure mode, effects, and criti-
cality analysis (FMECA). The principles involved in plac-
ing a design for discard program in a SOW are the same for
any program. All work components of a design for discard
program should be included. Basically, such work compo-
nents involve two things:

I. The statement of the design for discard program
plan

**Because of the legal implications, neither the FAR nor the
DFARS is explained here. other than by direct quotation. The
proper Army contracting officer should be consulted for any inter-
pretation or evaluation.
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2. The implementation of the design for discard pro-
gram.
The three unique elements of a design for discard program
that must be addressed and implemented are awareness
training, incentives for initistive, and adequate anaiytic
tools; they are explained in par. 16-1. The design for discard
program pian must show how these three unique elemenis
are jntegrated with the maintainability and logistic suppon
programs.

17-3.2 SAMPLE CLAUSES

Exhibit DFD-XXX, mentioned in this subparagraph, is
outlined in Appendix B, “Exhibit DFD-XXX, Design for
Discard Program”, which contains example tasks for a con-
tract. The example tasks and sample clauses should be tai-
lored by each command to conform to its needs and
policies, Sample clauses for a request for proposals (RFP)
and/or contract are

1. Offeror’s proposal shall include

a. A design for discard program plan that addresses
the three essential elements of a design for discard program
that would not otherwise be part of the acquisition. Those
clements are awareness training for the program, incentives
for initiative during design and manufaciure, and provision
of adequate analytic 1005 for life cycle cost (LCC) and level
of repair analysis (LORA).

b. Provision of resources 10 implement that program
plan.

2. Offeror’s proposal shall include both Task 1,
“Design for Discard Program Plan”, from Exhibit DFD-
XXX, “Design for Discard Program”, and provision of
resources to implement that program plan.

3. The contractor shall

a. Provide a design for discard program plan subject
to approval by the Government that addresses the three
essential clements of a design for discard progmm that
would noi oiherwise be pari of ihe acquisiiion. Those ele-
ments are awareness training for the program, incentives for
initiative during design and manufacture, and provision of
adequate analytic tools for life cycle cost and level of repair
analysis.

b. Implement thai program plan.

4. The contractor shall perform Tasks 1, 2, 3, and 4 of
Exhibit DFD-XXX, “Design for Discard Program”. The
program plan of Task 1 is subject 10 the approval of the
Government,

17-3.3 DATAITEMS

A data item is the documentation that represents the out-
put of a required 1ask in the SOW and must be delivered 1o
the Government. Not all documentation prepared by the
contractor should be represented as data items because of
the expense to the contractor and thus to the Government. It
is feasible 10 require that cenain nondata item documenta-

tion be made available for perusal by the Government at the
contractor’s facility.
The only two data items that should be reguired in a
design for discard program are -
1. The design for discard program plan
2. An output product that identifies discardable ele-

- meiits and how the decision was made, e.g., LORA results.

17-2

The contractor’s progress in design for discard is more
appropriately and economically measured during program
reviews than it is by periodic detailed reports that list the
resources devoted to the program.

17-4 INCENTIVE CLAUSES

Incentives are desirable when the Army wishes to empha-
size some measure(s) of contractual performance, such as
cost, delivery schedule, and/or product characteristics. If it
is desirable to emphasize a design for discard program,
incentives could be offered for reductions in LCC due to
discardability.

The Army should analyze any incentive contract before
its award. If there are incentives other than cost, the analysis
must be extensive. All legal outcomes must be sampled, and
the Army must be indifferent 1o the outcome. If the Army
prefers some outcomes o others, the incentive package
should be redone. Redoing the incentives might involve, for
example, constraints on the performance of each kind of
item as well as constraints on their combinations. This anal-
ysis ends when the Army is indifierent to any Iegal conmrac-
tual outcome.

Fixed-price contracts and cost-reimbursement contracts
are discussed in this paragraph.

17-41 FIXED-PRICE CONTRACTS

Fixed-price contracts are used largely for hardware pro-
duction. (FAR Subpart 16.2, “Fixed-Price Contracts” (Ref.
1)} The cost risks are presumed to be reasonably well-
known, and the technical risks are presumed to be small or
assumed by the conwuactor. The Army prefers fixed-price
contracts when it is feasible to use them. It is desirable to
include design for discard provisions in such a contract as
Iong as there is no undue conflict with other contractual pro-
visions.

Fixed-price-incentive (FPI) contracts arc used if firm-
fixed-price (FFP) contracts are not appropriate, and some
cost responsibility by the contractor via profit incentive is

Yilkaly ¢tn hald dawmn anete and imnrava tha santrastorts oo
HRLJY 10 NUIU GUWIE LOOL alil NP Uve Uit COnUaciorn s por-

formance. (FAR 16.204 (Ref. 1)} There must always be an
incentive on contract cost. There can also be incentives
relaiing to item performance and delivery schedule, The
contract must be written 10 allow the contractor appreciable
management leeway <o that the incentive provisions will be
meaningful. Separate incentive provisions can apply to indi-
vidual line items in the contract. Details of fixing the ingen-
tives are given in FAR 16.401, 16.402, and 16.403 (Ref, }).
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Before using FPI for a design for discard program, the
incentives should be analyzed carefully because there is dif-
ficulty measuring the success of design for discard.

17-42 COST-REIMBURSEMENT CON-
TRACTS

Cost-reimbursement contracts are appropriate only when
the uncenainties about fulfilling contract goals are so great
that a fixed price contract cannot be used. (FAR, Subpant
16.3, “Cost-Reimbursement Contracts™ Ref. 1)) The ¢on-
traclor's cost accounting must be sufficiently good that the
Army can monitor cost and technical progress to be sure
that time and money are not being wasted. Important restric-
tions on writing this type of contract are explained in FAR
16.301-3, “Limitations”. These limitations apply to all the
subtypes of contracts in this category.

Cost-plus- incem.ive fee (CPIF) contracts are the most
popular of the “cost plus™ contract types. It is possible to
add incentives that are based on item performance or deliv-
eries. The purpose of the incentive fee on cost is to provide
the contractor with a real incentive to hold costs down. The
incentive considerations are similar to those for FPI con-
tracts.

Cost-plus-award-fee (CPAF) contracts are preferred over
the incentive fee when the incentive objectives are difficult
to measure. The fee is in Iwo parts, a fixed minimum fee and
a vanable award fee. The ﬁcmbuuy of CPAF in rewardi
good contractor performance makes this a feasible alterna-
tive for development contracts in which design for discard
resulis ase essential. The amount of the award fee is decided
unilaterally by the Army and is not subject to the disputes
clause of the contract. The FAR discusses the details of the
award fee at length.
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can feasibly be in a contract:
1. A program plan for design for discard
2. Investigation of alternative materials and processes
3. Creation and analysis of aliernative designs
4. Specification of the LORA programs to be used (or
not used).

Because the engineering state of the ant is changing so
rapidly and because the LORA programs of the Army are
being improved, i is difficult 10 foresee how much the level
of discardability can feasibly be raised.

Exhibit DFD-XXX, outlined in Appendix B, “Exhibit
DFD-XXX, Design for Discard Program™, can be used 1o
invoke a design for discard program. It should be tailored by
each command to conform to its needs and policies.

17-6 INSPECTION AND ACCEPTANCE

This paragraph discusses the contractual functions of
nroduct Incper'hnn and acceptance, These contractual func-

'5
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tions are the same whether or nol a contract requires a
design for discard, program. For many components the
inspection and acceptance procedures are the same, regard-
less of the discardability of the componenis. The opportuni-
ties and difficulties in inspection and acceplance are

1. Opportunities:

a. If a simple, inexpensive Go/NoGo test for the-
discardable unit is adequaie for all purposes, inspection and
acceptance would be simpler than for a nondiscardable unit.

b. Many types of items designed for discard should
have a higher quality, i.e., a lower fraction of nonconform-
ing items in the lot, due 1o the design for discard program
and/or to the total quality efforis being implemented by the .
Army and industry. In such cases the sample size to be
tested for each lot and the depth of test on each discardable
unit can be considerably reduced.

2. Difficulsies:

a. I discardability also means that the internal
workings of the component are less accessible than for a
repairable component, the discardable parts might be more
difficuli to test thoroughly, e.g., for intemally degraded
operation, and nondestructively.

b. In any production sysiem some elements of an
assembly become covered up as the assembly progresses.
Testing of those elements must be done before they are cov-
ered up. Generally, the only way a customer can be assured
of the proper quality is to monitor the manufacturing pro-
cess and thus be assured that the process is consistent and
correct.

Par. 14-3, “Quality Assurance”, addresses this subjcu in
more detail,

17-7 WARRANTIES

‘Warranty considerations are exactly the same whether or
not & conwact requires a design for discard program. The
primary source of information on warranties associated with
weapon systems is DFARS 46.770, “Use of Warranties in
‘Weapon System Procurements™ (Ref. 2). Secondary sources
gre publications of the US Army Materie] Command
{AMC) and the cognizant command and the contracting
officer. Other sources should not be used because of the
complex, changing nature of the rules and regulations
imposed by Congress and the Deparimem of Defense
(DoD).* Appendix C, “Wamranty Regulations”, provides
information adapted from the FAR (Ref. 1) and DFARS
{Ref. 2).

The three principal purposes of a warranty are

1. To delineate the rights and obligations of the con-
tractor and the Government for defective items and scmccs

2. To foster quality performance

3. To allow the Govermmen! additional time after
acceptance to assert its rights.

*For this reason, no detailed information on applying warranties is
given in this handbook. .
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The following five factors ought 1o be considered

together in deciding on the inclusion of a warranty:

1. Nature of the item

2. Cost of the warranty to both the contractor and
Government

3. Administration and enforcement

4. Trade (commercial} practice of no-extra-cost war-
ranties

5. Reduced quality assurance requirements.

Explicit commercial warranties are generally short-term
agreements to repair or replace a product due o defects in
materials or workmanship. These can be used, but the logis-
tic cost to the Army to take advantage of the warranty can
negate its value, Discardable items couid provide a better
opportunity 10 use a commercial warranty. If feasible, the
Army should obtain prices with and without the commercial
warranty and then decide which way would be more cost-
effective.

The reliability improvement warranty (RIW) is the most
well-known and popularized of the military warranties,
even though there are not many complete case histories
published on how well it has actually worked. The RIW
works best on seli-contained units that are easily sealed and
easily testable (remove and replace concept). This way, the
contractor is not accountable for any tampering or incorrect
maintenance by the Army. Discardable units fit into this cat-
egory and are thus very appropriate for an RIW. Whether
the contractor repairs the returned units or replaces them
with new units is of no concern to the Army. The RIW is
discussed further in Appendix D, “Reliability Improvement
Warranty".

17-8 SECOND SOURCING

If only one contractor is producing an item, it is often
desirable to find a second source to produce the item also.
The reasons for this are

1. There is competition among the contractors, which
can improve both price and delivery.

2. The item is less likely 1o be completely unavailable,
¢.g.. due to strikes, accidents, and/or natural disasters.

17-4

This procedure is called “second sourcing™. If the technical
data package (TDP) is excelient, i.e., the product and pro-
cesses are well-characterized, there is little difficulty bring-
ing a second contractor on line.

Second sourcing is common commercial practice for crit-
ical items in production. Even with very proprietary prod-
ucts and processes, large customers often insist that the
original supplier bring a second source on line. The exact
proportion of second sourcing will depend on the nature of
current business practices and the cost vs supply risks the
Army is willing 1o take.

Competition among contractors is an excelleni way to
encourage the competing contractors to use creative engi-
neering to enhance the economic discardability of an item.
Their incentive is not in any explicit contractual incentives;
it is in knowing that economic discardability will be impor-
want in choosing a contractor.

Second sourcing and design for discard are very compati-
ble; the discardability requirements introduce no new com-
plexities into the second-sourcing process. Insofar as second
sourcing encourages compelition among' contractors, it will
help the design for discard program. Second-source con-
tracts can include design for discard* provisions, regardless
of the original discardability of the item or its components.
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APPENDIX A
GENERAL INFORMATION SOURCES

A-1 ENGINEERING PROFESSIONAL
SOCIETIES

The major engineering socicties are among the largest
technical publishers in the world. They publish professional
journals, technical magazines, standards, pamphlets, books,
and proceedings of conferences and symposia. Some of the
societies arc listed here with their current mailing addresses
and telephone numbers. Many of the societies are umbrella

organizations with many subsocieties.

A-1.1

A-1.2

A-13

A-14

A-15

A-1.6

A-17

American Institute of Aeronautics and Astronau-
tics (AJAA) .

370 L'Enfant Promenade. SW

Washingtor, DC 20024-2518

Phone: 202-646-7400

American Society of Mechanical Engineers
(ASME)

345 East 47th Street

New York, NY 10017

Phone: 212-705-7745

American Society for Quality Control (ASQC)
611 East Wisconsin Avenue

PO Box 3005

Milwaukee, W1 53201

Phone: 414-272-8575

ASM International (formerly: American Society
for Metals)

Materials Park, OH 44073-0002

Phone: 216-338-5151

Institute of Electrical and Electronics Engineers
(IEEE)

345 East 47th Street

New York, NY 10017

Phone: 212-705-7900

Institute of Environmental Sciences (IES)
940 Northwest Highway

Mount Prospect, IL 60056

Phone: 708-255-1561

Institute of Industrial Engineers (IIE)
25 Technology Park/Atlanta
Norcross, GA 30092

Phone: 404-449-0460

A-1

A-19

A-1.8 SAE Intemmational (formerly: Society of Automo-

tive Engineers)

400 Commonwealth Drive
Warrenton, PA 15096-0001
Phone: 412-776-4841

Society of Logistics Engineers (SOLE)
8100 Professional Place, Suite 211
New Carrollion, MD 20785-2225

Phane: 301-459-8446

A-1,10 Society of Manufacturing Engineers (SME)
1 SME Drive

PO Box 930

Dearborm, M1 48121

Phone: 800-733-4SME

A-1.11 Sysiem Safety Society (SS5)
Five Expon Drive, Suite A
Sterling, VA 22170-4421
Phone: 703-450-0310

A-2 TRADE MAGAZINES

The following list gives several publishers, their pertinent
magazines, and a few words about magazine content and/or
intended readership. There are other publishers and maga-
zines that can also be useful.

A-2.1 Cahners Publishing Company
275 Washington Street
Newton, MA 02158-1630
Phone: 800-662-7776
Control Engineering, engineers who design, install,
and maintain avtomatically controlled systems
Datamation, information processing
Design News, design engineers
EDN, electronics design engineers
Electronic Packaging & Production, concurrent engi-
neering for packaging, fabrication, and assembly
Highway & Heavy Construction, highway and other
heavy construction .
Packaging, packaging for industrial, consumer, and
commercial products .
Plant Engineering, maintaining piant-facilities, equip-
ment, and systems
Plastics World, plastics designers and processors
Pollution Engineering, equipmem for control of air,
water, and wastes
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Reszarch & Developmens, scientists and engineers in
applied research

Semiconductor International, designers and manufac-
turers of semiconductors .

Systems Integration, designers of computer systems for
business and industry

Test & Measurement World, test and inspection of elec-
tronics

A-2.2 Cardiff Publishing Company
6300 South Syracuse Way, Suite 650
Englewood, CO 80111
Phone: 303-220-0600
Defense Electronics, electronics technology
Radio Frequency

A-2.3 Nelson Publishing
2504 North Tamiami Trail
Nokomis, FL 34275-3482
Phone: 813-966-9521
EE Evaiuation Engineering, clectronic evaluation and
test

A-2.4 McGraw-Hill
1221 Avenue of the Americas
New Yark, NY 10020
Phone: 212-512-2000
Modern Plastics, plastics industry and technology

A-2.5 Miller Freeman, Inc.
600 Harrison Street
San Francisco, CA 94107
Phone: 415-905-2200

Al Expenrt, artificial intelligence and expen sysiems

Circuits Assembly, surface-mount and board level
assembly

Printed Circuit Design, design of printed circuit boards

Printed Circuit Fabrication, fabrication of printed cir-

cuit boards -

A-2.6 Penton Publishing Company, Inc.

1100 Superior Avenue

Cleveland, OH 44114
Phone: 216-696-7000

Autgmation, manufacturing/produclion
and management

American Machinist, metalworking industries

Casting Design & Application, casting design

Computer-Aided Engineering, users of computer-based
equipment

Electronic Design, design engineering

Hydraulics & Pneumatics, fluid power and controls

Foundry Management & Technology, foundry industry

Machine Design, design engineering

Materials Engineering, materials specifiers and evalu-
ators

Microwaves & RF. microwave and radio-frequency
engineering .

Occupational Hazards, industrial safety, health, and
environment

Welding Design and Fabrication, welding and metal
fabrication

engineering
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APPENDIX B
EXHIBIT DFD-XXX'
DESIGN FOR DISCARD PROGRAM*

B-1 SCOPE

This exhibit is a supplement to MIL-STD-470 to satisfy
the needs of the Army for a design for discard program.

B-2 REFERENCED DOCUMENT

MIL-STD-470, Maintainability Program for Systems and
Equipment.

B-3 DEFINITIONS
[None)

B-4 GENERAL REQUIREMENTS
B-4.1 DESIGN FOR DISCARD PROGRAM

The design for discard program of a contractor shall com-
ply with
1. Provisions of this exhibit

2. Provisions of the contract statement of work.

B-4.2 PROGRAM INTEGRATION

The design for discard program shall be used only When
both quantitative reliability requirements and quanuumvc
maintainability requirernents exist.

The contractor shall, insofar as is feasible, integrate the
task requirements of this exhibit with other task require-

ments related to reliability, maintainability, and logistic sup-

port.

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 effort to
a. Strive for the lowest, total cost of an effective
maintenance and logistic support system rather than merely
the lowest direct cost of repair operations and replacement
parts.
b. Let the commercial marketplace operate to
reduce the cost of such a system.
2. The discardability of components shall ip conso-
nance with other military objectives be enhanced by cre-
ative engineering associated with diagnostics, physical

arrangement, material selection, and fabrication.

*Portions of this exhibit have been modeled upon andfor adapled
from Exhibit QR-870-] from the US Army Missile Command
{(MICOM).

3. If form, fit, and function are impesed upon a com-
ponent, the concept of function shall include
a. Interactions with other componcms. cspecmlly
transient interactions
b. Diagnostics, especially .the risks associated with _
incorrect diagnosis.
4. Design for discard should be an 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)

The contractor shall prepare a design for discard program
an that shall include but not be limited to Tasks 2, 3, and 4

awhili
CARULIL

plan
oY ) -
Ui Ulld

B-5.2 AWARENESS TRAINING (TASK 2)

Engineers and managers must be made aware of

1. The importance of discardability at a high assembly
level (hardware indenture level) as a product characteristic

2. The need for aggressive and creative engincering
initiative to achieve discardability in consonance with other
military objectives. -

3. The exigency of analytic models for life cycle cost
(LCC) and level of repair analysis (ILORA) that have been
upgraded to encompass all long-term costs for dlSCﬂl‘dabll-
ity evaluation.

B-5.3 INCENTIVES FOR INITIATIVE
(TASK 3) .

The product and project requirements must include provi-
sions that encourage engineers and managers to take aggres-
sive and creative initiative to raise the assembly level a1
which discard could occur.

B-54 ADEQUATE ANALYTIC TOOLS
(TASK 4)

The models (and parameters therein) that engineers use

_ for life cycle cost analysis and level of repair analysis must

B-1

adequately reflect the long-term goal of the Army to reduce
the resources devoted to supporting each soldier in the field.
For example, the long-term costs of training facilities and
personnel and of the logistic support sysiem must be
included in the models in such a way that decreases in long-
term costs can outweigh some increases in shori-term costs.
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B-6 NOTES life cycle cost analysis and Jevel of repair analysis are
All of the tasks that must be dane in any acquisition in essential lool_s in such.an acquisition, regardless of the pres-
which therc are quantitative reliability and maintainabilyy ~ ©nce of a design for discard program.
(R&M) requirements must also be done when such acquisi- Thus only those tasks that must be performed in addition
tion involves a design for discard program. For example, to the usual R&M tasks are listed in this exhibit.

B-2
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APPENDIX C
WARRANTY REGULATIONS

C-1 SOURCE LISTINGS

The Federal Acquisition Regulation (FAR) (Ref. 1) and
its DoD Supplement (DFARS) (Ref. 2) deal at length with
warranties and their ramifications. Anyone who contem-
plates using a warranty should become familiar with the
current rules and regulations regarding warranties.*
Because the FAR and DFARS do change, they are not
quoted here at length. The lists that follow are from these
regulations and indicate their pertinent contents. Specific
FAR and DFARS** pumbers and titles related 1o warranties
follow:

FAR 46.7, “Warranties™
46.701, "Definitions™
46.702, “General”
46,703, “Criteria for use of warranties”
46.704, *Authority for use of warranties”
46.705, "Limiations"” ,
46,706, “Warranty terms and conditions™
46.707, “Pricing aspects of fixed price incentive

contract warranties” '

46.708, “Warraaties of data™
46.709, “Warranties of commercial items”
46.710, “Contract clauses” (See also 52.246.).

The DFARS 246.704, “Authority for use of warranties”™,
is merely a short statement that refers 10 DFARS 246.770,
“Warranties in weapon system acquisitions”, for warranties
in the procurement of weapon systems. The lisi that follows
indicates the contents (number and ttle) of DFARS
246,770

DFARS 246.770, “Use of warranties in weapon system

procurements”

246.770-1, “Definitions"

246.770-2, “Policy”

246.770-3, “Tailoning warraniy 1erms and
conditions”

246.770-4, “Warranties on Government-fur-
nished property”

246.770-5, “Exemption for alternate source
contractor(s)"

sales (FMS)"

*The discussion in this appendix is intended for readers who may
not be as familiar with the FAR and DFARS as those who use them
on a daily basis.

**The DFARS numbering system comresponds to the FAR num-
bering system. and the DFARS numbers begin with an added “2”.
For example, DFARS 246.701 “Definitions™, corresponds to FAR
46.701 “Definitions”; DFARS 246.770 “Warranties in weapon sys-
tem acquisitions”, extends the FAR Subpan 46.7, “Warranues”.

C-1

246.770-7, “Cost-benefil analysis”
246.770-8, “Waiver and notification proce-
dures™,

The DFARS explicitly defines weapon systems (DFARS
246.770-1) and classifies all supplies as either weapon sys-
tems or not (DFARS 246.703). Thus the approach to war-
ranties depends on the classification of the item.

C.2 USE OF VARIATIONS AND JUDG-
MENT

In all situations the contracting officer is expected to use
appreciable judgment 10 decide whether a warranty is
appropriate and, if 50, to select the appropriate variation of
the allowed clause.’-Some specific categories of supply
types and their references are

1. Supplies of a noncomplex nature, FAR 46.710(a)

2. Supplies of a complex nature, including those for
research and development, FAR 46.710(b)

3. Items for which performance specifications or
design are very imporiant and for which a fixed price sup-
ply. service, or rescarch and development contract for sys-
temns and equipment is contemplated, FAR 46.710(c)

4. Except for appropriate clauses concerning inspec-
tion of received items, the use of warranties is discouraged in
cost reimbursement contracts, FAR 46.705, “Limitations”,

C-3 SOURCES OF WARRANTY ADVICE

The primary source of information on warranties associ-
ated with weapon systems is DFARS 246.770, “Use of war-
ranties in weapon systcm procurements”. Sccondary
sources are publications of the US Army Materel Com-
mand {(AMC) and the cognizant command and the contract-
ing officer. Other sources should not be used because of the
very complex and changing nature of the rules and regula-
tions imposed by Congrcss and the Dcpanment of Defense

(DoDy.

REFERENCES
1. Federal Acquisition Regulation (FAR) Title 48, Federal

Acquisition Regulations Sysiem, Chapier 1, US Govern-
ment Printing Office, Washington, DC, 1 Apn] 1984

(1990 Ed.).

2. Defense FAR Supplemcnt (DFARS), US Government
Printing Office, Washington, DC, 31 December 1991,

1The discussion in this appendix is intended for readers who may
not be as familiar (a) with the FAR and DFARS as those who use
them on a daily basis and (b} in panicular, with the latitude and
suthority given to the contracting officers.
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APPENDIX D
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D-1 PURPOSE

The primary purpose of the reliability improvement war-
ranty (RIW)* is to motivate a contractor to improve the reli-
ability of an item by means of no-cost (to the Army)
cngineering changes. The contractor has this motivation
because he has a long-term contract to " repair or replace a
group of items at a fixed price for the group” for a “fixed
iength of calendar time", regardless of how often they fail.
Therefore, he can spend some money to lengthen their lives
and more than recoup the investment by not having to repair
or replace them. For an RIW to motivate the RIW contractor
cffectively, the time period of the warranty must be at least
several mean times to faiture (MTTF). That is, the RIW
cONITactor mnlicipates servicing each item several times
unless he improves the MTTF by changing the design of the
item or methods used to manufacture it.

D-2 IMPLEMENTATION

‘The mechanism for imptementing 8 no-cost engineering
change is the engineering change proposal (ECP)—just as if

*The RIW is not mentioned explicitly in the FAR or DFARS but is
generally considered compatible with those regulations.

IMPROVEMEN

D-1
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the change were an ordinary one. The difference is in the
handling of the ECP by the Army and the contractor. The
motivation of the contractor to improve the product life
removes tnuch red tape and negotiation cost of the ECPs
and thus saves additional resources for both the Army and
the contractor. The ECPs are simpler because they are no
cost to the Army. Time is saved because the Army rarely
negotiates sbout the ECPs since the technical and cost risks -
therein are voluntarily assumed by the contractor, not the
Army.

D.3 PLANNING

If an RIW is planned for an item, the following 1wo
things must be done during development:

1. The RIW is included in the development solicita-
tion for the item and is explicitly pant of the evaluation crite-
na.

2. The plan for RIW is included in the development
contract 50 that the contractor can make suitable tradeoffs
during development.
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GLOSSARY

Some of the words and phrases have complicated, detailed, mathematical, and/or many definitions, some of which depend
on context. The definitions given here are intended only to explain the general concept; they should not be used as complete
explanations. Multiple definitions are indicated by numbers in [ ]; the sequence does not indicate importance.

A
A

Acquisition. *... The acquiring by contract with appropriated
funds of supplies and services by and for the use of the
Federal Government through purchase or lease....” (FAR
2.101). It is the most general and all encompassing word
that relates 10 the acquiring of an item by the Army. See
also Acquisition Process.

Acquisition Process. 'The sequence of acquisition activities
beginning with the Army’s reconciliation of its mission
needs with its capabilities, priorities, and resources, and
extending through the deployment of a system.” (Ref. 1)

Availability. “"The fraction of time that the system is actually
capable of performing its mission.” (Ref. 2)

C

Characten'.ze Knowledge of all the properties and interac-

-l ey
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hand. The word applies to items, processes, environ-
ments, etc. For example, dunng 1es! and repair a repair-
able unit is characterized if one knows exactly what to
test for, how to test it, how to interpret the results, what to
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
incompleiely characterized simply because not enough
resources have been devoted to the problem and/or the
purposes at hand have changed.

Combat Resilience. "A weapon-sysiem characteristic that
permits an incapacitated weapon system to be restored
quickly to some needed, useful (possibly degraded) oper-
ational capability, with the expedient resources available
on the batdefield.” (Ref. 3)

Configuration Control. *The systematic proposal, justifica-
tion, evaluation, coordination, approval or disapproval,
and implementation of ail approved changes in the con-
figuration of a configuration item after formal establish-
ment of the baseline.” (Ref. 4)

Configuration Item. “An aggregation of hardware, firm-
ware, of other computer sofiware or any of their discrete
portions, which satisfies an end use function and is desig-
nated by the Government for separate configuration man-
agement. Configuration items may vary widely in
complexity, size, and type, from an aircraft, electronic, or

the numoses at
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item required for logistic support and designated for sep-
arate procurement is a configuration item.” (Ref. 4)

Configuration Management. “The technical and adminis-
trative direction and surveillance actions taken to idemtify
and document the functional and physical characteristics
of a configuration item; to control changes lo a configura-
tion itemn and its characteristics; and to record and report
change processing and implementation status.” (Ref. 4)

Criticality Analysis. " A procedure by which each potential
failure mode is ranked according to the combined influ-
ence of severity and probability of occurrence.” (Ref. 5)

D

Database. Any collection of information structured so the
desired kinds of information can be extracted reasonably
from it. Very often a database resides on a computer stor-
age-medium and is structured by a computer program.

Design to Cost. “An acquisition management cost control
technique established 1o achieve defense system designs
that meet stated cost requirements. Cost is a design
requiremnent addressed on a continuing basis as part of a
sysiem's development process. The technique embodies
early establishment of realistic but rigorous cost objec-
tives, goals, and a determined effort to achieve them."”

(Ref. 6)

Design to Life Cycle Cost. A special case of design to cost
in which the cost of concern is the life cycle cost.

Design to Unit Production Cost. *That cost established
prior to the development of an item to guide design and 10
control program costs. It is the cost to the Government to
acquire a production item bascd on a stated level of pro-
duction. It is established carly in development to insure
from the start that engineers design and develop an item
that will ot cost more than the Army can afford to pay
for the item.” (Ref. 7)

Diagnosis. “The functions performed and the techniques
used in determining and isolating the cause of malfunc-
tions.” (Refs. 8 and 9)

Down. An item is not in a condition to perform its intended
function.

Durability. “A special case of reliability; the probability
that an item will successfully survive its projected life,
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overhaul point, or rebuild point (whichever is the more
appropriate durability measure for the item) without a
durability failure.” (Ref. 10)

End-Item. “A final combination of end-products, compo-
nent parts, and/or materials that is ready for its intended
use; e.g., ship, tank, mobile machine shop, aircrafi.” (Ref.
11)

Failure Mode and Effects Analysis. A procedure by which
each poieniiai failure mode in a sysieém is analyzed io
determine the resulis or effects thereof on the system and
to classify each potential failure mode according to its
severity.” (Ref. 5}

Failure Mode, Effects, and Criticality Analysis. *...an anal-
ysis procedure which documeants ali probable failures in a
system within specified ground rules, determines by fail-
ure mode analysis the effect of each failure on system
opcralion identifies single failure poims and ranks each

PRSI | J - P P mmtt e al Peailivea
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effect.” (Ref. 5)

Functional Test. |1} “A 1est which determines whether the
UUT [unit under test] is functioning properly. The opera-
tional environment (such as stimuli and loads) can be
either actual or simulated.” (Ref. 9) [2] A test that checks
the overall performance characteristics of an item uader
benign conditions and with benign criteria for pass or fail
(GofNoGo) It is a qualitative term whose meaning

tha avnilnhla tachealas
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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)

|

Incentive Contract. “A subclass of contract types that
relatefs] the amount of profit or fee payable under the
contract 1o the contracior's performance. The subclass
applies 10 fixed-price and cost-reimbursement classes of
contracts.” (FAR 16.401)

Integrated Logistic Support. "A disciplined, unified, and
iterative approach to the management and technica! activ-
ities mecessary 1o integrale support considerations into

euctarm and anuinment dacian: davalan cimnart rennirs.
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ments that are related consistently to readiness objectives,
to design, and to each other; acquire the required support;
and provide the required support during the operational
phase at minimum cost.” (Ref. 12)

L

b_‘fe Cycle Cost. “The total cost to the Government of acqui-
sition and ownership of that system over its useful life. It

includes the cost of development, acquisition, support
and, where applicable, disposal.” (Ref. 12)

Logistic Support. “Provision of adequate materiel and ser-
vices to a military force to assure successful accomplish-
ment of assigned missions.” (Ref. 7)

. Logistic Support Analysis. “The selective application of

G-2

scientific and engineering efforts undertaken during the
acquisition process, as part of the systems engineering
pI'DCCSS, io ESSISI ll'l CEﬁSiﬁg suppon consméfﬁuﬁﬁs io
influence design; defining support requirements that are
related optimally to design and to each other; acquiring
the required suppon; and providing the required support
during the operational phase at minimum cost.” (Ref. 12)

M

Maintenance. “All actions necessary for retaining an item
in, or restoring it to, a serviceable condition. Maintenance
includes servicing, repair, modification, overhaul, inspec-
tion, and condition determination.” (Ref. 13)

Maintainability. “The ability of an item to be retained in or
restored to specified condition when maintenance is per-
formed by personnel having specified skill levels, using
prescribed procedures and resources, at each prescribed
level of maintenance and repair.” (Ref. 12)

Maintainability Growth. The improvement in maintainabil-
nv measures of an m;m due 10 comective action. It is
dlrcctly analogous to rchabxluy growth, in both concept
and practice.

Mobility. A quality or capability of military forces which
permits them to move from place to place while retaining
the ability to fulfill their primary mission.” (Ref. 14)

N

Nondevelopmental Item. [1] “An item available from a
variety of sources and requiring virually no development
effort by the Army.” (Ref. 15)

[2] *“a. Any item of supply that is available in the com-
mercial markeiplace;

b. Any previously developed item of supply that is in
use by a department or agency of the United States, a
State or local government, or a foreign government with
which the United Siates has a mutual defense cooperation
agrccmem;

c. Any item of supply described in definition 82* a3, or
b., above, that requires only mincr modification in order
to meet the requirements of the procuring agency; or

d. Any item of supply that is current]ly being produced
that does not meet the requirements of 82*.a., b., or c.,
above, solely because the item is not yet in use or is not
yet available in the commercial marketplace.” (Ref, 12)

*+82" refers'to the definition number in Ref. 12.
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Operational Readiness. “The capability of a univ/formation,
ship, weapon system, or equipment to perform the mis-
mrm: or ﬁlnr‘llnnc fnr whu‘h it l: nrcam:ugd or dCSlE!’IEd
May be used in a general sense or 10 express a level or
degree of readiness.” (Ref. 14)

P

Partitioning. Physically grouping the items of a sysiem
according to a set of rules with the intent that some par-
ticular groups will be modules. A name is often given 1o
the set of rules and their intent, and that name is used to
modify “partitioning”, ¢.g., cost partitioning.

Procurement. “The process of obtaining personnel, ser-
vices, supplies and equipment.” (Ref. 14)

Purchase Description. “..a description of the essential
physical characteristics and functions required 10 meet
the Government's minimum needs.” (FAR 10.001)

R

Readiness. *The ability of forces, units, weapon systems, or
equipments to deliver the cutputs for which they were
designed (includes the ability to deploy and employ with-
out unacceptable delays).” (Ref. 14) See also Operational
Readiness.

Reliability. “A measure of the ability of an item to complctc
its mission successfully.” (Ref. 2)

Resources. A general word that includes the people, time,
and money needed for a project or task.

. 8

Second Source. Another contractor who will develop, pro-
duce, or sell an item in addition to, not in place of, the
original contractor.

Sole Source Acquisition. “...a contract for the purchase of
supplies or scrvices that is entered into or proposed to be
entered into by an agency after soliciting and negotiating
with only one source.” (FAR 6.003)

Solicitation. " A request for proposals or quotations.” (FAR
15.407)

Specification. *'...a description of the technical requirements
for a material, product, or service that includes the crite-
ria for determining whether these requirements are met.
Specifications shall state only the Government’s actual
minimum needs and be -designed to promote full and
open competition, with due regard to the nature of the
supplies or services to be acquired.” (FAR 10.001}

Subcontractor. “...any supplier, distributor, vendor, or firm
that furnishes supplies or services to or for a prime con-
tractor or another subcontractor.” (FAR 44.101)

G-3

Sustainability. “The ability to maintain the necessary level
and duration of combat activity to achieve national objec-
tives. Sustainability is a function of providing for and
maintaining those levels of ready forces, materiel, and

raoncumahlac naraceary tn cunnart o militame Affnﬂ " I'D-r
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System Effectiveness. *A summary measure of the ability
of a complex system to satisfy the needs of its users.”
(Ref. 2)

T

Technical Data Package (TDP), “A technical description -
of an item adequate for supporting an acquisition strat-
egy, production, engineering, and logistics support. The
description defines the required design configuration and
procedures to ensure adequacy of item performance. It
consists of all applicable technical data such as drawings,
associated lists, specifications, siandards, performance
requirements, quality assurance provisions, and packag-
ing details.” (Ref. 12)

Testability. “A design characteristic which allows the status

(nmmhln inoperahls
operan:ig, mnoeper

mmed and the isolation of faults within the item to be
performed in a timely manner.” (Ref. 8)

able, ord rlpmrlnd\ of an item to be deter-

Tradeoff. 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 Breakdown Structure. A product oriented family
tree composed of hardware, software, services, and other
work tasks which results from project engineering efforts
during the development and production of defense mate-
riel items, and which completely defines the project/pro-
gram. A work breakdown structure displays and defines
the product(s) to be developed or produced and relates
the elements of work to be accomplished to each other
and 1o the end product.” (Ref. 7)

REFERENCES

1. OMB Circ. A-109, Major S_).rrcm Acqumnans. 5 Apnl
1976.

AMCP  706-200, Enginsering Handbook,
Development Guide for Reliability, Part Six, Mathe-
matical Appendix and Glossary, January 1976,

William M. Shepherd, “Airl_and Battle in the 21st Cen-
tury”, Proceedings: Annual Reliability & Maintainabil-

p

Design
o



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR)

ity Symposium, Los Angeles, CA, January 1988, pp.
40-5, The Institute of Electrical and Electronics Engi-
neers, Inc., New York, NY.

. MIL-STD-973, Configuration Managemeni, 17 April
1992,

. MIL-STD-1629A, Procedures for Performing a Fail-
ure Mode, Effects, and Criticality Analysis, 24 Novem-
ber 1980.

. MIL-HDBK-766, Design to Cost, 25 August 1989.

. AR 310-25, Dictionary of United States Army Terms, -

15 September 1975.

. MIL-STD-2165, Testability Program for Electronic
Systems and Equipment, 26 January 1985,

. MIL-STD-1309C, Definitions of Terms for Test. Mea-
surement, and Diagnostic Equipmen:, 18 November
1983.

G-4

10.

1.

12

13.

14,

15.

TRADOC/AMC-P 70-11,
Handbook, | July 1987.
MIL-STD-881A, Work Breakdown Structures for
Defense Materiel Items, 25 April 1975.

DoD Instruction 5000.2, Defense Acquisition Manage-
ment Policies and Procedures, 23 February 1991,
DoD-HDBK-791(AM). Maintainability Design Tech-
niques, 17 March 1988,

Joint Publication 1-02, Depariment of Defense Dictio-
nary of Military and Associated Terms, | December
1989. ‘

AR 70-1, System Acquisition Policies and Procedures,
31 March 1993.

RAM Raitionale Report



Downloaded from http://www.everyspec.com

MIL-HDBK-798(AR).

INDEX

A

Academic research, 4-1—4-2
Advantages of design for discard, 1-1, 3-1—3-3
Analysis techniques, 1-2, 2-5, 10-1—10-3
Applications

fabrication, 8-3—8-4

material selection, 7-3—7-5

physical arrangement, 6-3—6-7

testing, 5-6—5-11
Audit trail, 9-4

C

Characterization, 5-1

Common support 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, 10-2

Configuration control, 5-5, 14-1, 14-3—14:4

Cost, 2-2, 2-3, 2-5, 3-1, 3-2, 6-1, 6-3, 6-4, 6-5, 6-6, 7-1, 7-2,
-3, 7-4,7-5,9-2, 10-1—10-2, 10-4, 13-3, 13-4, 14-1,
14-2, 15-1—15-3

D

Decision techniques, 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

Diagnoslics, 5-1—35-11

Discardable item, 3-1, 3-2, 3-3, 5-5, 7-2, 7-3, 74, 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
Engineering change proposals, 9-2, 16-1
F
Fabrication techniques, 8-2—8-3, 12-2
Failure mode and mechanisms analysis, 5-2—35-3
Failure mode, effects, and criticality analysis, 5-2

Faull tree synthesis and analysis, 5-3
Form, fit, and function, 2-3, 13-4

I-1

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, 6-6, 10-4, 11-2, 14-2
Government research, 4-1

H

Hardware indenture level, 2-4, 2-5, 3-2, 13-1, 13.2
Health hazard assessment, 12-2
Human factor, 2-6, 6-4, 12-1

industry research, 4-2

Information flow, 9-1—9-4

Integrated logistic support, 9-3, 13-2—13-3

Interface, 2-3, 2-6, 5-1, 11-1—11-3, 12-1—12-3, 14-3
Inventory, 10-1, 13—13-4

L

Leve! of documentation detail, 9-3—9-4

Level of repair analysis, 2-4, 2-5, 10-1, 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 support, 13-1, 13-2

Logistic support analysis, 9-3, 9-4, 10-2, 13-3

Long-term military goals, 10-4

M

Maintainability, 2-5, 5-8, 6-1, 6-2, 7-2, 8-1, 8-3, 10-3, 10-5,
11-1—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, 10-1, 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, 10-2, 13-1 '
Manpower, 2-6, 3-2, 10-1, 10-2, 10-3, 10-4, 12-1, 13-2,
14-2, 15-1, 15-2
MANPRINT, 2-6, 10-2, 12-1—12-3
Material selection, 7-1—7-5
cost, 7-1—7-2
disposal costs, 7-2
repairability, 7-2
physical characteristics, 7-2
salvage value, 7-2
strategic value, 7-1
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Mobility, 3-2

Models, 2-3, 2-5, 3-1, 5-2, 5-3, 5-4,10-1, 10-2, 10-3, 11-1,
12-1, 14-1, 14-2, 15-2, 16-1

Maodular construction, 6-1—6-2

N

Nonrepairable, 2-2, 10-2

0

Opcrational 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, 6-1—6-7

cost, 6-3

functional, 6-2

reliability, 6-3

similar 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, 3-1—3-2, 8-1—8-2
Producibility engineering and planning, 15-2
Production planning, 8-2
Product improvement program, 16-1
Prototyping, 8-2

Q
Quality 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, 6-2,

6-3, 6-4, 6-5, 6-6, 7-2, 8-1, 8-2, 8-4, 9-3—9-4, 10-2, 10-3,
10-5, 11-1—11-2, 15-1, 15-2

Reliability engineering, 2-6, 11-1—11-2
Reliability-centered maintenance, 2-6, 11-2
Repair parts, 2-2, 3-3, 10-1, 13-1, 13-4, 15-1
Repairability, 2-5, 7-1, 7-2, 7-3, 7-4, 8-3
Replenishment, 13-4

Second sourcing, 17-4

Source selection, 17-1

Storage, 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, 11-1—11-2

System safety, 9-2, i2-1, 12-2

T

Technical manuals, 3-3, 10-3
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, 5-8, 5-9, 5-10, 8-1,
8-4,11-1,11-2, 14-3, 15-1
electrical, 5-3—5-4
electro-optical, 5-4
electromechanical, 5-3—5-4
electronic, 5-3—5-4
hydraulic, 5-4
mechanical, 5-3
optical, 5-4
pneumatic, 5-4
Testability engineering, 11-2
Tests, 5-1—5-2, 5-3, 5-4, 5-5, 5-6, 7-3
Tooth-to-tail ratio, 3-2, 3-3, 10-4, 15-1
Training, 2-4, 3-3, 10-1, 10-2, 10-3, 12-2, 13-2, 13-3, 13-4,
15-1,15-2
Transpontation, 2-4, 2-5, 3-2, 7-2, 7-3, 10-1, 13-3, 15-2

W

Warranties, 17-3—17-4
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SUBJECT TERM (KEY WORD) LISTING

Analysis and decision lechniques
Creative designs

Concept

Design consideration
Discardable unit
Fabrication

Functional grouping
Hardware indenture level
Integrated logistic support
Inventory

Level of repair analysis
Life cycle costs

Custodian:
Amy—AR

Review activities:
Armmy—AL, AM, AT, AV, CR, M1, TM

it

S5T-1

Logistic support analysis
Maintainability
Manpower and personnel integration
Materials

Models

Modular construction
Operational analysis
Partitioning
Producibility
Replenishment
Testability

Tooth-to-tail ratio

Preparing activity:
Amy—AR

(Project GDRQ-A153)
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