
r4K

PAPERS AND DISCUSSION

IN CONNECTION WITH

ARMY TECHNICAL MEETING

ON

QUANTIFICATION OF MAINTAINABILITY

DURING RESEARCH & DEVELOPMENT OF MATERIEL

Sponsored by: Chief of Research and Development

Pentagon, Washington, D. C. July 19, 1965

Best Available Copy



AVAIlABILITY NOTICE: A limited number of copies of this report

are available. If additional copies are desired, apply to:

Department of the Army
Office of the Chief of Research and Development (CIM/U2)
Washington, D. C. 20310

Note: This report represents a compilation of papers and

discussion pertaining to the July 19, 1965, Army TechnicaL Neeting

on Quantification of Maintainability. The vieWoints presented

do not necessaril reflect approved positions of the a-!ency

represented or of the Departnment of the A at this tin .

Note: Recipients of this report are requestcd to circulate it and

to distribute any extra copies to other divisions or oups within

the agenc:, to mbordinate activities, to associated activities,

and to nearby aCencies interested in Vintainibility (unless these

are ftdy included In the distribution list).

___1



ABSTPACT

uiTATnG LM

AGN

ATTENDAJO

PUPSE

PEO EDi36 AND REFEECES

a. Presentations
b. Other Discussion
a. Other Reference Publications

Comander Keith N. Sargent, USN
Head, Systems Effectiveness Branch
Office of Naval Materiel

qWATVICATICH O r& ALT'

Majors Frank H. Moxley. Jr. and
Richard R. Stanton

Systems Effectiveness Division
Hq, Air Force Systems Comund

STESD W PAPAM5N V SSTY DESMI: Some Tools Approaches
and Problems

Mr. Lennsar B. Weingarten
Research Analysis Corporstion

TN W amME FOR MT2 EEMCSS

Dr. -Rar L. Shriver and Mr. ftobert
C. Trexler

Hunan Resources Research Office
The George WaViington University

!DU~~ ~ ~ AN WOM SUPAI~ M ~ WG h m PORT PIAM0

Colonel Elvin T. Knight

chief, Mitae adiness Division
NAInteanceQ Directorate
3b, U. S. AzrT Suply 0mantane o.nd



Fi

ZIE A4'S MfAMD=ABInIT= DILEMM: Communications

Mr. Charles D. Cox
Research & Development Directorate
U. S. Aror Missile Command

SOME PROBLEM 3I LEFNIWG x Ak ILfT AID ASSOCIAM TE

Mr. H. Walter Price
Chief, Reliability Branch

tHarry Diamond Laboratories

mEaEOOM numw IBY SPECIFICATION

Mr. Michael I. Bonosevich
Materiel Readiness Diirectorate
U. S. Ary Electronics Command

MMERATI(K WODPILE, DESL 'T OF TECNIQUES FOR YAINTADlUIABL DESTRATIO

Mr. Michael Bialkowski
U. S. Ar Electronics Research &

Development Activity

EM40 GD 'G R A OISIPS TO InIABIL1T MSUR

Mr. B. Lawrence Sova, Jr.
U. S. Army Human Engineering Laboratories

UING NkMTEMZ FLA TO MSUNE THER IM1 VALUE OF 1&flh1MAIEfl

Mr. Boris Levine
Office, Chief of Engineers

SCZWIIC AND TEOMICkL APMMONS FORECAST, RESEARCH Q MATERI FAIW!m

Mr. Sumer Meiselman
Research Plans Office
Office c the Chief of Research &

Developent

DSM$IM; QNTICUB PIW , 0 E AND f04DATIONS

Moderator: Mr. Abraham S. Pollack
Adflew an Analysis Division
Office of the Chief of Research &

SDwelagpent



Lt Colonel Gerald E. Ledford
Review and Analysis Division
Office of the Chief of Research &

Development

IAMITA II DESIN AN MN IA= LI=T-RmlIA =-INTDt CE flUMRATIONS

Mr. E. J. Nucci
Office of Assistant Director

(Eagineering Managemnt)
Office of Director of Defense Research &

Engineering

AVCQ4 RELIABL AND kINTANwaIItY PROGRAM

Mr. D. D. Burchfield
Chief) Quality Assurance Office
U. S. Army Aviation Command

DESIGNING FOR 1ANIMI=

Colonel John H. Davis
Deputy President
U. S. Army Maintenance Board

HZ=ABILIT ENGIRSER PROGPAM 33 MM MUIP T DEVELCKIT PHASE

U. S. Army Engineer;. Research &
Development Laboratories

DISTRIBDTON LIST

mS



ABSThAkCT

This report presents a compilation of pa~pers presented and discussions

record.1 at the Arw' Technical. Meeting on Quantification oj' 1aintainability

During Research and DevelopmeAt of Materiel sponsored by the Chief of Research

wA Development at the Pentagon,. Washington, D. C... 19 July 1965. several

other paers which vere not preezted at the meetinq due to such factors as

late submission ame also included herein.



HEADQUARTERS

DEPARTMENT OF THE ARMY

OFFICE OF THE CHIEF OF RESEARCH AND DEVELOPMENT

WASHINGTON, D.C. 20310

CRD/U2 19 June 1965

SUBJECT: Army Technical Meeting on Quantification of Maintainability During
Research and Development of Materiel

TO: SEE DISTRIBUTION

1. The subject of maintainability is receiving rapidly increasing
emphasis in the Army and the other Services in line with its increasing
potential for improving materiel readiness and reducing support costs.
To ensure that the Army R&D community is cognizant oi the current state-
of-the-art and to provide an exchange of ideas in this promising field,
my office is sponsor.ng a m,:eting on maintainability, to be held in the
Pentagon on 19 July 1965.

2. This will be a "working level" meeting, with the main thrust to-
ward expressing and quantifying maintainability requirements and perform-
ance. The requirements of AR 705-26 and AR 705-12 pertaining to maintain-
ability will be a matter of discussion. You are invited to have a
representative of your organization participate in the subject meeting
Pertinent details are attached as Inclosure 1.

3. The number of attendees should generally be limited to one per
addressee. Volunteer presentations are encouraged and attendees are ex-
pected to have suitable experience and interests and to actively participate.

4. Names of attendees, subjects for presentation and visual aid needs
should be furnished the Office of the Chief of Research and Development
(CRD/U2) by 9 July 1965. It will be necessary that travel and TDY expenses
be borne by attendee organizations.

1 Ifcl WLLIJAM W. DICK, JR.
as Lieutenant General, CS

Chief of Research and Development

DISTRIBUTION:
ChiAf of Staff, U. S. Army,
ATTN: Director of Coordination'& Analysis

Deputy Chief of Staff for Logistics
Assistant Chief of Staff for Force Development
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SUB.Th,*CT: A.:;: y Technical Meeting on Quantl Cication Of Mi..Lainabilift',;.Dur-il,
Restni-ch nod Development of Materie 1

DISTRIBTION (Cond' d):
Chief ol E:iginvelrl
The Surgeon Gneralt
ChicE, 11. S. Army SIcurity Agency
Commanding Generals4

U. S. Continental Army Cowmmnd, Fort Monroe, Norfolk, Virginia
11. S. Army Nteriel oan
U. S. Army Cohmbat Developtilent's Command, Ft. Belvoir, Virginia
U. S. Army Nobility Commamnd, Detroit, Michigan
U. S. Army Missile Commind, Redstone Arsenai, Alabama
U1. S. Army W4.!ponq Commnad, Rock Island, Illinois
U1. S. Army Kini tions Comma -,(1, D,)v r , Nrl- Jerse.,Cy
U. S. Army El(curonics Comni.. 1, Fr. innionuth, New je : -.zy

U.S. Army Tecst & Eva i ua ion Commnind, Abvrdeen Proving p ud, ~ rin
U.S. Army Suipply and N in ten,"Icc Com;,11:1nc

Aberdeen Provin)g Ground, 1?Th uy larnd
U. S. Army Mobility EquipmenL Ce.nter, St. o>,i!nuc
U. S. Army Tank & Automotive Contor, Wrivcni, Mtchipan
Wi to Sands Miss tie R-inge, White Sands", New ~xc
11. S. Army r.icctronics Rearh&Devolop,enit Activity, Ft. luiachucna, Ari7.
11. S. Army Avial ion Command, St. Lou ii , Nirsouri.
Natick DMhora tories, tNa ick, Ma qs.chuse(,tts

Commanding Of ficers
U. S. Army Chemical Center, Edgewood, Miaryland
Frankford Arsoenal, Philadelphia, Ponnsyv~iia:~
Enin. . ry iosearch &ng DoCeropIt" LnS Ft.or Belvoirea irev.n ro , .-
En.gS.cArm RHseanc Engieelrpnt .La o .Inrv,~ A(o~, Proving Beou oi, ,
lar ry D.iamond Libo ra torios
Ball i stic Rnsearch Laibor-i bly, Ahordieon Provi n r ,Narin

U. S. Army Tnansportalt. i Rosoifi Creuim,nod , FL. Fi .. ,Vir,-jin jIPres LdenLt, U. S. Army Naint,'n-- (-(- 11.rd, FL. Knox,. K,-kLucky
Chier, Army ?'ngmnt'iin'eYin raining, "."c R ksland A\!-,eo , I

hluman Recs6u. en Resoarch Off *,,Q, Gkeo. W l~ingteLn 1'n iV:' -i~
Rcseirch Analystis Corporatiou., tc Lean, VLig-ill.In
CG, U. S. Air Force Systems Comm.and, ATTN: SCSVE, Aothews jB aya~
Office of Naval Materiel, DChNK (Development) (MATN325)
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ABW TECHNIAL 3MN1WG ON QUANWTWICA.TON OF MAD TJmAuniT (m)
DM!U3P PIWE142CH AND~ DE OPWMT OF MkTERX:EL

L.References:

a. Department of Defense Instruction 3200., 7 June 1962,. Reporting
of Research, Development and Engineeiing Program Information.

b. AR 705-26, 16 April 1963, Maintainability Program for Materiel
and Equipment.-

c. mIL-sT-778, 22 April 19641., Maintainability Terms and Definitions.

d. 1.M-M..552l1(EL),. 8 February 1963, Maintainability Requirements,
General; for Electronic Equipment.

2. Date: 19 Juy 1965, 8:4i5 A.M. to 4i:15 p.m.

3L. Place: Pentagon, OS Auditorium., Room 1F,801 (I flight down from Mall
or River ntrance).

11. Sponsor: Office of the Chief of Research and Development, Department
of the Arm~y

5. Security Clearance: None required.

6. Attendee information:

a. Experience and interests: Attendees should be Army military or
civilian personnel amd should have a generally creative approach to X quanti-
fication problems. They vill be expected to participate actively and to make
a positive contribution to the discussions. It is preferred thai the attendee be
the incumeat of a posx.tion having the responsibility for the actual develop-
meut and supervision ot the 3X program. Attendees should be technically
q=ae in at least one of the tolloving:

(1) Maintainability (3)Design

(2) Mmn nierg

(3) BYsteas/qulpment Design

(ii) Systems Analysis

(5) Operations Research

(6) Mitnneand logistic support planning

IIOZ m 1~



b. Presentations: Attendees who desire are encourazdto prepare aforma presenteo-.7T17 se pre-sentations should gone.mlly be limited Io1
minutes. Written hzA-outs (80 copies) are desirable but content need not be
limited tp thc veilbal presentation. EHrdouts to be distributed vithout an
accompanyinh formal presentation will also be recognized.

c. rr ents: Arrangements for presentations should be made by
contacting the Aangen so tee prior to 9 July 1965. Yugraph, pro-
3ectors, screen, and easel can be made available.

7. Purpose:

a. The primary purpose of this meeting is to explore, expose and
generate ideas which hopefully will be useful in the area of M quantification.

b. A secondary purpose of this conference is an exchange of inform-

ation on present procedures being followed by Armn field commands, Navy and the
Air Force

8. Backrouni:

a. References la bd lb prescribe policies and responsibilities
to asiu.re the development of materiel and equipment of known and quantitatively
specified 14 characteristics, including the following*

(1) Planning documents such as Technical Development Plns mnust
doscribe how M will be achieved, Including a specific plan for quantification
at x ed test-plans- for 4 demnsration (reference Ib, paragaphs 7a, 7d,

ye).

(2) ArMw procedures and techniques for quantifying ll be
publieW (reference lb, paragraph 4j).

b. The ability to quantify and to mbasure X is of tundzmntal
importance. While &. good deal of work b s been donei-n this area with sore
meauzte of success, much remam to be done before we can specify and measure
N with a high degree of cqnfldence and with knowledge as to the precise
maning of *mat Is being 4ane.

9. Definition:

&. 3bintal ability (N) is a charoctenistic of design and installation
which is xessaid as the prob'&lity that an ite will confom to specified
eeditions vthin a gv period of time when maintenance action Is nerformed
Iaawofte with pmaecribed procedres and resources (reference lc)
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b. Qu n=tification of 1.I is usually in the form of one or more of the

following indices rather than a-probability:

(1) Corrective Xuintenance Downtime.

(a) Mvea.n
(b) Iiidlan
(c) Macim'm (95th percentile)

(2) Preventive Maintenance Do-mtime.

(b) Median
(c) Maximum (9sth percentile)

(3) Mean maintenance Downtime (Corrective std Preventive).

(4) vaintenance ran-hou. /Operrting hour.

(5) Maintenance costs per unit in a given time period.

c. M is sometimes expresscd in terms of a weighted check list score
as in reference ld. However, ma.ny of the it 2is on these lists ae qualitative
and do not relate to the probability of accomplishing maintenance in a _ven
time period.

d. M is considered to be dependent on many variables. These may be
generally lumped together as: .

(1) Design -featurers (including pbysical design, human engineering,
and required support facilities).

(2) Personinel factors (incluAing proficiency "nd motivational
factors).

<o) Support factors (including supply, test equipment, and
technical data factors).

10. Problem Ar.as: The prezomnt stat o-of-tho-art includes cert-ain soft
areas which tend o detract from the ability to quantify _antnbiliy (M).
The net effect of these prublem areas is to make it e.trem ly df.Uficult to
predict or me&sure 14 ritL any accuracy or even with l ~owledge of the precise
meaning of the figures we ure using. Problems include the following:

3



a. it is ( ificult to evcx:t 7:te hcT, f'ar to go in z
including how fLar to rgo in qutii~ion, because the "IsSociacd C:Dz %
(i.e., ade w.uisition cc.ts v.- rzduced support coats) aze not -,,ell krc.7n
for 4Qaeh of the v :ious ratezmnatives.

b. 2 he nuzmbez' of factozs o. . raxlab2.es 1whIjch a :e AIMO".m to caect 4
insno ay) iz very large. rfh:re rmay be unknoin factors. 71he cyc~ct czti-

iship of DI to zany of the known factora is unknoivn or else only C,'orsly kc
This is pcAziularly true of th,:- factQ4os involvina h=i.--..ns. In c.Qdition,
distribticni associa~ted with 't::e variablos may be unknzoi-n oi- iav, ;. g.
vaierine (for ex-uple, the speed of' miita~nance personziel in

* ~S-Lecitic ta.skr)

c. The rtnent variables may or roay not be indcpandan't. Pur'ther,
the rolationshl;) of I.' to 'these vexiables may be conmplex (i.c, clie),r
caxtcain vwgiables may not lend ther,±... -ej to explession in a. n I'inaCal Scnzc

8±all.

* ~~d. Certain variables nay bed- difficult to cnloi,~~uai

specific tost or use situations.

e. Availabl.e dnta on uoecific. e quim-n u ,uall iz -In
q4uantity and riot such that all the pertinent v.clcsa azr . veil. ~in

f . M4 associated with the system- is a distGinct, dependent varioble
from DI of subs~ystems or components (the relationship being- sho,m by a
mtheatical nodel) . The problem here usually is gt'ting sufficient info ai; '";ioX.;
from the use;r to know what he really vants and vhat trzdeoffs ae periissibl'a.

g. Demonstration of M usually involves simialation 3:ather t~rn ctu.
operat-J.Z ennditions.

~h. Techniques Lod dr~i tinp ad dewastr~i~lgsi
a~diitrtive downtimes, wihotnconstitutc =ost of the total nte
=der actual con.* Lions, axe essentially nonexistent.

i. Predi±tion azAd dezonstr;v:ion are fuxther ep.tcLif' it io;
desired to vepeaste zm.inte.nan e ce helons.

3.Prediction of M growth through develpmrt, teLst, and use
presents further difficulties.

k. Certi~an inhezzantly qjelit,:tve el ""'-xesar di:'ficult to -woid.
--h" assedastnt of 24.
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ii. Disr':u!n G u .: Di u.sions az to consist :a.,inly of uninhibited,
cfoor va CO ray -'ionz nihch will velc:, n id eas o: not they conform to

present pol-icies or procedures, and Z21 inle the fol oL'g:

a. Problem axeas indiated above as wil as others presented by
participants.

b. ideniificaion of e-q necd! d bra1 otlj';s, studies o:- research
with specific recomendations as to a course of action.

c. Specific r ncion3 as to needed policy or procedural changes.

cl . Specific rf .ncions for procedures wh'ich should be folloved
by the Army (using and develcping) field comm~a nds.

12. T-,ntctivc Agenda:

0845 - 0900 Regista.tio.

0900 - 0910 elco.a by Chief, Research md Development.

0910 - 0915 Administrative rer-:4rks.

0915 - 10±0 Presentations by Navy and Air Force -Representatives.

1010 - 100 Quaztions directed to Navy an-I Ur Force speakers.

1020 - 1145 Presente.tions by Army R-presen-'etives.

1145 - 1245 Lunch.

1245 - 1400 Presentations by Army prezc P.tives.

1400 - 1425 Quewt-ons directed to Army sp.ers.

1425 - 1445 Co1ee : rark.

1445 - 1545 Open Discussion mderated by Abaham S. Pollack, 0RD.

1545 - 1605 Suwarization by Lt Colonel Gcr.!d E. LcdIcrd, OCYO.

1605 - 1615 Closing rezwr.

5



G-erald E. Do~i De .rzn ao the An.omy, Q0fice of the Chiof of ''i
cOnd Dev .oxt (cM/L2). x~c~gon., Whington, D. C. 230 X5G3
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LGENDA

A-RAY TECIIHNICAL IETIN2 ON QUANTIFICATION
OF MAINTANABILEITY DUR1N^ RESEARCH AND

DEVE1LOVNT OF MAIMRIEL

19 JULY 65

OSD ATJITCkZUM, Rm lE80l, PENTAGON

0845 - 0900 PShO

0900 - 0910 WEI.COYI by Lt. Can. William W. Dick, Chief of
Reseazah and Davalopmart, Department of the Army

0910 - 093.5 Ad-" sri, Rcmai-,k3

0915 - 0920 DOY) VAIK'__INEIZTI' '12'POI
Albert L. Jazcksor, Jr.,
Oflice of Lo,-t D4-= (Engr Mgmt), DDRE

0920 - 0945 VXNEP3Il: AS7B11iTMS
Cmdr. Keith N. Sargjant,
Systems Effc-.ivar.-az-s Branch,
Office of Naval Matarial

0945 - 1020 OMI~ -. 1ZTA0N1OFLI. 1F 1

Major Richard R. Starton
Systems Effectivensr, Division, Systems Policy
Directo-ate, Air !Yor& Systems Comitand

1020 - 1040 ___

Lird W,,ingart n, Rach Aralysi6- Corporation

1040 - 1100 TEN ~ ? 7IVPYF~:Tn*I -61=A
Dz. E. L. Shrivi;.., The.. sources Re'search Office,
Georgt WLhingto. UA. ve -sity

1100 - 1120 CFE

1120 - 1135 n.
suM zAz.An 'Tly' TO VEJ?5P T1M rTU-1rT
Colont.1 Elwin T. K-ight, "nntr..;c Rdlncass Division,
U. S4. Ar-my Supply & MairA.~nanca Co~nd

1135 -1150 T .AT -\TA1

Cha~rles D. Cox$ Roear~ch & Davelopment Di:.actorate,
U. S. Army Miasi1-j Command



1150 -1210 U.,:AILT D S

1210 -1225 Y1 'V 7Ap~ nin

U. S. A:i. , o-:. C.mnnd

1225 -1240 OI~'T' 7.P~~~I~LSrR

M-~1-h'.l B~z' ~vki U. S. Army Electronics R&D Activity,

1240 -1300 ~Y \~~'~-~~MTO !NAAB.-_' TASUIT,'-Q'

1300 -1400 -00MGMNR SN-NG !":AG'' ' ':c:s L:
Room 3C1063/3,31065

1400 -1415 _-C MS--.7 OTI*M-" W.i'\A.7
~or~ ine~ ~ and ~aei1B:nch,

ilitry ir~zg Di~;in.,Off ica, Chief of Egn:r

1415 -1430 A~ TT~IAPI~~F-CECAST ON E.Ri
ON 44EEIL FAILDS.ES

leizlman .e's!rch Plans Office,
Army ?.3search Off--c~l

1430 -1600 M,5 1N " 1PDO'j*'

1600 -1615 . 17,' T2.2C ,S ~ '!~A.{
Lt ~ 1 E~'± i. "I..;Jnfcrd,

Of fice of th,: Chisf oc':Rsear,:h andDA1omrt
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ATTENDANCE

Army Technical Meeting on Quantification of Maintainability

During Research and Development of Materiel

NAME AGENCY

Andrew, Robert T. USAMC
Antetomaso, Leroy F. Edgewood Arsenal
Bialkowski, Michael USAEL R&D Activity
Bona, Arthur B. USAMC

Bonosevich, Michael I. USAECOM
Bruno, 0. P. BRL

Burchfield, D. D. USA AVCOM
Burke, Gerald D. USAMC
Burnett, W. P. USA MICOM
B) ne, Robert J. Natick Laboratories

Carthage, W. USA MUCOM
Christianson, C. J. RAC
Clarkson, Richard L., Lt Col OCRD
Cole, Myron C. ERDL
Courtney, Robert L. WS i
Cox, Charles D. US.AlaCOM
Daniel, J. Nelson AV LBS
Diamantes, Thomas, Lt Col USACDC
Erickson, J. D., Col OCRD
Frishman, Fred ARO
Gardner, Edzon 0SAIC
Golub, Abraham 0ASA(FM)
Harboe, Mr. ERDL
Jackson, Albert L. DDRE
Kaufman, Joseph USAMC
Kicak, John USANC
Knight, Elwin T., Col USA S.E (ASSM-MR-M)
Krause, Norman C. USAIC (QA)
L'ulp, Richard IIUNIRRO

Ledford, G. E., Lt Col OCIRD
Levine, Boris OCE
Lewett, G. P. USACDC/CORG
Marlin, R. B., Brig Gen OCRD
McMenamin, E. P. Frankford Arsenal
M-iselman, Sunmer ARO
Myron, Paul ATAC
Norton, John V. USA-!
Nucci, E. J. DDRE
Olsen, C. L. ERDL
Pile, Benjamin D. Med Equip R&D Lab, Ft. Totten, N.Y.



NAME AGENCY

Pollack, Abraham S. OCRD
Price, H. Walter IiDL

Rhodes, Joseph F. USAMC

Richardson, Orrie H. USA TECOM

Riegle, C. A., Col OCRD

Sands, Spencer C. USA. EC (SMOME-M)

Sammet, Georgae Jr., Col OCRD

Sargent, Keith N., Cmdr. Office Naval Materiel

Sasmur, Robert, Dr. APRO

Schroeder, R. L., Major CCSA

Slariver, E. L. 2 Dr. FHUkRRO

Sibthorp, George DCSLOG

Soya, B. Lawrence HEL

Stanton, R. R., Major USAF (SOSVZ)
Suarez, John ASA
Sweet, Ernest USA MCCOM (A:4SYXO-R-D-DS)

Tate, Perry L. US/Oic

Uhrig, P. K. ATAC

Uzzo, Sal 1. USP. WILCOM

Weingarten, LeonardRA
Wilder, A. Do, Col DCSLOG

Wilson, T. L. USA SY-G

Woodside, Chas. R. oAsA(R&D)

Yeargin, B. A. tACSFOR

Ziegenhorn, Orville E. USA WECOM
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PUIFOSE

In addition to reporting on the indicated meeting.. it is hoped that the

*material contained herein will prove useful to future Army efforts in the

area of Maintainability including management of specific Department of the

Army projects, and technical meetings.related to this subject. This report

is addressed both to those individuals concerned with planning, management

and implementation of materiel development projects and those concerned

with logistics/personnel support of this materiel in the field.

The purpose of the meeting is indicated in the 19 June 1965, letter of

invitation from the Chief of Research and Development which initiated the

meeting (and which is included in this report).

\.



PROCEEDINGS AIa RFERNCES

a. Presentations:

The agenda, hich is included herein, indicates generally how the

meeting proceeded. Each speaker submitted a paper which is included

herein (see contents) and which contains substantially that he presented

as well as some additio=al material in some cases.

b. Other Discussions:

Lt General William W. Dick, Jr., opened the meeting by velcoming

the attendees. His remarks included emphasis on the importance of

materiel readiness to the Arny. Mr. Albert L. Jackson rave a short

summary of the Department of Defense Maintainability Program, noting that

a package of two MIL-SM's and one NIL HDBK on M should be completed

before thend Oi this year.

A usable tape recording vas available only for the discussion and

sumarization per-*ods at the end of the meeting) which are transcribed

herein. An incomplete list of points made at the meetiz during other

qesWtion, mserp and discussion Interals follows:

1. Nuntainability requireAents st be tailored to the specific

procurmnt•



2. Demonstration tests can be used as the start of . data pool and

point of departure for data from actual i'ield operations.

3. Required field data should be realistic 4n terms cf what d-at

will li1cely be filled in at all as well as what is needed for retrofit,

logistics and design.

4. Full life cycle costs need to be recognized.

5. A non-compartmentalized overall systems approach must be used

rather than attempting to optimize based o" individual disciplines such as

m2intainability by itself.

6. Maintainability verification should be inteGrated vith other

tests including flight tests, etc.

7. Further research is needed to develop a reasonably useful aeiliy

to quantify Vaintainability.

8. A better data base is required.

9. Setting realistic operational requirements do not Just involve

CDC but ruher an iterative dialogue botween CDC and AMC. T-hey also reflect

consideration of avillable dollars.

a. Other Reference Publications t

Certain other pubications not included herein vere avoilable for

distribution to the attendees at the motinG or were =n~tiond at the iL.kotin:

,, buing of interest 'to the attendees. In addition some other related material

hs been dielibutad by sail, to the attendees. 7hese other reference public-

oilm

atin"ar e flws

a'|
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1. "System Effectiveness," January 1965. Addres3 inquiries as to

availability to Office of Naval Materiel, Syst m Effcclvenews Brnch,

Washington, D. C. (Telephone Number: Area Code 202, O:ford 6-5120 or 6-5110).

2. "aintainability Study; Tractor, Universal, Eaninecr, Rubber-

tired; (UE-RT) Model III, Diesel Dzrj.,v, v/Scraper Center section," February
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I!
MAINTAINABILITY MASMMENT

Before launching into a discussion of Maintainability MeaL~uz-e-
ment, one should first establish the ters of reference to be used
and the total context within which these terms are to be used. This
can be a tedious process which tendz to deme- the listener who is
an exeert in the area. However, one real lesson which this author
has learned is that in any analytical area, failure to carefully define
results in confusion and miaundersteadings and upon occasion, can lead
to fatal defects in analytical approaches.

To avoid this type of difficulty, we have developed a triad model
as a means for kceping our enalyses in context and as a base for our
specific definitions. The model takes two for=s, the conceptual and
the functional. The conceptual triad has bean presented in a number of
papers by Stone, Rohe, Jayn-, and others as well as this author.

(SLIDE #1)

This is the basic expression for Systems Effectiveness which, in
itself, is a triad:

E = PAU
s

Where: E = Systems Effectiveness Index
a

P = Index of Perorsnace

A - Index of Availability

U - Index of Utilization

(SLID #2)

The second exression of the triad is that for Coct &0fectiveness:
PAU

E - Ca+Cu

Where: E = Cost Effectivenss Index
C

C = Cost of Acqui eiton

C - Coat of Utilization - and -
U

P, A, & U we as indicated in the basic
epression.



(SLIDE #3)

The third expression is for the concept off Defense Effzectiveness:
w (PAU

Ed t (C- )

Where: Ed Defense Effectiveness Index

W uIndex of Military Worth

E Indax ol' dc.radatian of' zi2-itazy
worth r £ ; unctica of -a

the re .ning ter-zs arz. a;; :pc-
viously dezcc.ibed

lh-olicit ia the coasideration of this txie'. , a ~~t:aa
axio~z,, "7pe sole philosophica1 end of any gl.vOe .A11t!.y .3-3~ i
r-'soion acoz2.sr~ezt". This becones ex-plicit 1- VL .,;Q
the indies. Za P, A & U the base for their indic~s ia 6b 8olu Zj
minfion acaon::lishnient of the sy-aten. Tho to-- W li~ize an
idex of zxission accomplisbaeut but to the somewuhat broader, base

o2 zeiv,.ce mission.

To Zgive somewhat more substance to the concL-.tual model, we
hrre de v2.oped the functional. model tUriad.

O=Er #4)

Hceis sho, n the functional equivalent to the basic ex~pressicn
Z RMU. We will come back to this zodel in a ont

(FLIP #1)

12o tkti b".c functional rsdcl, we have addcd th co!;k- fa-ctorz.
:i: 2 oi. analysis the coat factors are tahen in 'c'.. 'r-
1- -'hcre are associoativo rclatianzhipa betia en co: ta t~'d t~a

ii.Avidual alcmnento of our basic ziodcl structure. In earlicr th
V' , or Kilitary Worth was includcd in tho Coct Z2.'ectiv;nazz ex-

y .: azon. In thia model, military w:orth ic not ;ddrc-czd. This thcz it: tll
uictioaa cquivalont of the conceptual. =del E B ~T choi'-a earlier.

-zalytical standpoint, this is a cleaner eppoc.- probl.".
-:t in -i dofonhe zncagiazzent circles we finad Lt. ..



The choice betv~een the two excoreztcions will be discussed a bit later.

Co=,leting our triad is the functjonal model for Defense Effective-
ness. Via cons iderations of militarj worth t~o the service or DoD
mi1_Z-ion iocco=!isnment and its degradation a-i a function of tinec are
introduced. Thbis tLne degradation can stem from any p~hase in the life
cycle of the system and is not limited to R&D schedule considerations.

Fi~m~LIPS I & 2)

Returning to the basic functiornal mtodel, we firld the terma A as
thc celter of the s-tructure. This si.ostructure has '.iz~aln st ers,
machine inodules and man modules. Vnese are held to-ether by a character-
iztie calledi compatibility. You nil2. note that m .inta.riablit- is an
elem~ent of both stems. For the purposes of this presentation, vz will.
ac]=owled~re that, maintainability of mai module ftunctiono is an-, element
to Le con~iderec . Hiowever, the re~nindor of our tima urilJ. be addressed
to the naintainability of the machine modeule(s) and measurement thereof'.

In this model stracture, M~intainf; blity a beer. zaated into
t,:o major areas, (SLIDE 7#5) re-pairability an±d s ervi cecab ili1t,/.

ir. n attemtpt to reduce, if not eliminate, misudrtrxdinga,
definitions of these terms are poctviated.

(SLIDE )

11-irtainability - A measure of the extent to which a systam czun
be expected to remain in service or be restored to zervice thZrouGh
malnteriauice action.

(SLIDE )

Repairability - A measure* of the extent to rhich a sy-tem, w;,hich
is dlown, car. be restored to service through mr.Zntenance action.

(SLID E

Serviceability - A measure of the extent to which a szysttoi can
be expected to remain in servica through maintr.ance action.

(SLIDE #8 off)

From the foregoing definitions three things beec.mc quite clear.
First, we are addressing the capability fo '-ninteontn4c act ion. Second,
we must be able to measure this ca.pability. 7aird - and of primary
signif-ctnce - The focus of both is minimizing dointiLrc. It; follows then
that we must address maintenance in terms of time.



In order to attack the problem one must separate the various tilr'2
factors. Let us look at repairability first.

thile repair action can be discretely measured after the fact,
repair prediction or repairability must be expressed in parametric teris
with associated distributions. This then leads to a probability approach
to measurement. Thus repairability can be expressed as

(SLID2E P' - T) f(t)dt
( 9) P(t z T)

W-.hat we wish to do is minimize the downtime or find

Kiant- t + t
(SLIDE #10) J' A if

Where

t is the downtiae,

tA = active downtime, .'c

t W= waiting time

(SLIDE rll) In turn, both t and t may be further 3ub-
divided as follws: W

1. Active Downtime

t =t +t +t t

A det diag corr verif

t = detection time (recognized)

tdiag * diagnostic time (localize and isoiate)

t a corrective time (disassemble, r cvo
corr replace,re-z l)

t ver f a verification time (alignment and checXoat)

L 12) Delay Time

tt U +t +t *tt +ttW tU m p . a



Where

t = undetected faiiure delay timxe
U

t = maintenance technician delay timem

t preparation delay time
p
tI = logistics delay time

t = administrative delay tima
a

The undetected failure delay time includes the time that the
system is in a failed state and is not noticed either because it is
not monitored or not indicated, or is between system checks.

The maintenance technician delay time includes time to notify
technician and for him to become available to start a maintenr.nce action.

The preparation delay time includes time for tecu.ician to gather
tools, test equipment, manuals, etc., to stazt the repair sequence.

The logistics delay tme includes the time required to obtain spare
parts either on board or from an external source.

The administrative delay time includes anw other de.Ly +imes which
might prevent repair action from being performed.

The foregoing makes a neat approach to the .ea~ure:uz of rc;uuir-
ability. Each of the contributing elements ca be discrct y .u.
and quite logically add up. Wile they add up in logic, they do not
always add up in fact.

SLIDZ #13)

In those instances where the measi.ured events nre ezelus., thef
is no problem as illustrated in the top half of the fizure. o'ier,
when the measured events are not exclusive, as zho;.ra in btt'tI
half of the figure, actual down time v-ill be less than przd-icted. Since
the introduced error is in the conservative diraection, thts need not
be viewed with great alarm. Nevertheless, it is an axes which roqi.Ures
additional examination and analysis.

(SLIDE #13 off)

While we do have the foregoin tools with which to aualyze rro-

-5-.



blerii. and reinforce or support experience based intuitive ~~et
a ratdealJ."~ theoretical work remains to be done before pz'.oft

e'I--i oni becomes a scientific tool.

I, -,Ie area of serviceability our approech i,, even 7±.css ' etf,
Uhik ite chanics of designing~ a system with serviceability int:-' of

accascibility, test points, nI~nitorinG, etc. are fairly well 11
the, de,-ree to which this contributes to maintainability is not, 1Much
of TL >ghl touted pre.ven t-ive maintenance ap-proach is bein-~~o

and xe-exariined. As with repairability,, we are laclir-.~I ~ ~~(.f 4.jenralizations of fun~ction~s of' a rather well aueit~..
k.Z~~~r erced mnaintainer' ca- :prov~d n o'Ainicn on th~ yr~voc~nil ;;tnd resutant na-i.tnblt fas't~,A.~

la~k 1 Ually is not too fr 'I %C i n his&0431:c rx. i-%
subsequent experience in hi s ovrn o2nzton. 2r-- . on: c.I! 'D
lairly General agreen'.ent aro~the maintair-ers' H e Z.
one seldom finds agreement aznong tha rationels so"zoo

Thi's is the cryiar uein te nitia.:."ter~
~r !,:ent stage of' developmnent of mintainability-! .WP~rr it if .Ot
clatr whnat distribution (if any single distribution will sufi cc' is
proe, _r for describing maintaennce actions ih oal- b1 re
ch .nrce -ailures occur. There is much avidence to inldic _t( t:.L-
lognoni.al d--stribution is suitable or fits many c-%,,es and 1thaL' the. c,-
po:,ntnial Cistribution is suitable in only a few. But there arev"~w

* ~versi ons of the lognormal distribution dependilZ upon hnw on~cr
*are uced to char cterize the distribution. >hwork is Coin,, ona

pi%+: ti'ma In this area. Whereas thee,*nti2dstbtinn:s
usL c.'_ zl arithrnetic meantime ofi the >_%raacter, thec lc~nori-.z.o

i-sa of a caometric 0 0,~eo tile prnt or nan omear-
*th, lo- of the rcIt.AszuminZ that tile lcu-no=1 riotic

1 .~ ~ one, tha n the exp.:ezsion for nmal .t..ainability uz a o-'

he i roin~g, one mi e~t -onclude that we aic i'rt' .e
ch n.~cc disabuse your minds of that idea. Certain! w vaen,~
Qu do I%-o ref~ine the tools for measuring maintain4bility -,ith exact--.tUe.

-the; lmericcz Indian built canoes with the drudest of iiaple:.ts
Zmct tioned for their purposes Las well as any built tod-,.r. too,

e'o uild systems, usin," relatively crude tools, which hava -n .intainatiiity
.tacc<)t,,le levels. That we don't always do it is more attiibut .ble -,,
...s uzer of the tool than the tool - or perhaps more to the -point -
...'butahle 'to the designer who doesn't even bother to use the tools

Iviabe



We do know how to measure maintenance and fro this cva extrapo-
late to similar situations by wry of prcdicting ....... ' .While
this is not oxact, At does provide coarse ,%idance. Parenthetically
you czm spell it CQAPSE or COURSE as you will. Our current press for
Syste us Lffectiveness effort in the Navy has as one of its ob-ectives
the structuring of a discipline which requires use of the tools for
maintainability prediction. Crude as these indices may b their use
will insure that we are in the right ball park at least. As we become
more adept in their use, we'll find ways to sharpen their edges.

This, in brief, is how we are anproaching n=intaine'ciiity in the
Navy. While we are attempting to develop an acceptable theory o-f
mainta-inability, we are placing great emphasis on the use of the
analytical tools we do have available. Our principal ccnce.n. is to
keep our maintainability work in context with our end objective of
mission accomplishment. We recognize that mairtainnblity for main-
tainability's sake is not Justified. Although a very ir.-pcrtrnt area,
maintainability is but one element of our systems effectiveness effort.

In conslusion I feel that I should make our position clear with
regard to this meeting. In nr shop "IIH has but one mean . i t
Institute of Health. 1. r principal purpose here is not to blind you
with the Navy's brilliance in the field of maintainaoility quantification.
Rather, I intend to learn all I can abou-G your achievem eats in the
Axy. We will have no compunction whatsoever inapp.p:- -a your
successes for our own use. I just hope we're sma't enough to reco~g.,-ize
a success when we see it.

-7-
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QUANTIFICATION OF MAINTAINALILITY

I. INTRODUCTION

The purpose of this presentation is to give to you some of the current

Air Force thinking on the subject, "Quantification of Maintainability," But

before the question, "How to Quantify Maintainability"?% can be ans'.ered, the

term Maintainability (M) must be rigorously defined. In 1964 the Air Force,

other services, and the Department of Defense defined and published a 4

definition, along with other terms relating to M in MIL-STD4.778, "1aintainability

Terms and Definitions."

The Air Force has found this to be an acceptable and useful definition,

although there have been many misconceptions and perhaps some changes are

needed to clarify the definition. Let us look at the definition very closely

since all quantification of M must stem from the definition itself.

IIo THE MAINTAINABILITY DEFINITION

The current definition of M in MIL.-STD-778 is: "Maintainability is a

characteristic of design and installation which is expressed as the probability

that an item will conform to specified'cooditions within a given period of time

when maintenance action is performed in accordance with prescribed procedures

and resources." Many people have misunderstood the portions "item will conform"

and "given time period" and the rigorous probablistic concept which stems from

the definition* (Chart 1). Therefore we recommend the following defilnition,

which has slight changes for clarity, be adopted: "Maintainability is a

characteristic of design.and installation which is-expressed as the probability



that the maintenance action to restore an item to specified conditions or

to verify that an item conforms to specifie-' conditions can be completed

within d specified time period when maircenance is performed in accordance

with prescribed procedures and resources."

III, EXAMINATION OF RECOMMENDED DEFINITION

Let's concentrate on the proposed definition briefly and segmentally

examine it in detail, (Chart 2). "M is a characteristic of design and install-

ation.1.,is the first segment. M is a design parameter that can be specified

and measured, and for which theicustomer is willing to pay. The purpose of

engipeers Is to influer.ce design to achie,,e M requirements and thus M is now

an acceptable engineering function.

(Chart 3), Now looking at the next segment..."which is expressed as a

probability..", this connotes dependence upon probability and related statis-

tical theory, You cannot avoid the questionp "How are the values of repair

times distributed?", particularly if you are initially trying to answer the

question, "How long on the average does it take to repair the equipment once

it fails?" Note the generalized term "average" itself has numerous statistical

meanings; eogo, arithmetic mean, geometric mean, median, and mode. So to deter-

mine how repair times are distributed we need to plot and examine empirical

data, and use curve fitting techniques to gain insight into the probability

density function and associated cumulative distribution function. Then, once

the type of distribution of repair times is known, we also have knowledge of

its shaping and location parameters. Assigning values to these distribution

shaping and location parameters becomes the basis of specifying quantitative

maintainability requirements. Thus2 we see that statistical knowledge and

and ability are essential to M.

2



(Chart 4). Looking at the following segment of the proposed definition....

"that the maintenance, action to restore an 'item to specified conaditions o- to

verify that an item conforms to specified conditions....", we see that the defini-

tion includes both preventive and corrective maintenance actions, as it should,

and that the conditions-must be specified , That is, the functional operating

conditions which establish acceptable or non-failed operation must be identified

in order to judge conformance. Also peculiar or special conditions such as

contamination limits, for example, as in the case of servicing a hydraulic system,

should be specified to judge conformance.

(Chart' 5) The next segment of the definition is9..."can be completed within

a specified time period..." M basically concerns time as an element for specifi-

cation, prediction and demonstration9 Time as a measure of maintenance action

is still the foundation of M data, and other methods of quantitatively specifying

M will be shown to emanate from time measurement a bit late. Also refarring

to the probability aspects of the definition discussed earlier, it is obvious

that "time-to-repair" logically fits the "random variable" statistical requirement,

MainterLance times are distributed according to a probability distribution,

(Chart 6),, Now we turn to the final segment of the definition which is.-,

"when maintenance is performed in accordance with prescribed procedures and

resources," The term "resources" include tools, datap equipment. training,

facilities, sparesp manpower, and possibly others. The term "procedures" involves

the maintenance concept and environment and policy as they affec formal documen-

tation of maintenance techniques and procedures in technical data such as tech

orders. The term "prescribed" is a key term. It is this part of the definition

that makes it incumbent upon the procuring activity to unequivocally stipulate

contractually any constraints imposed upon the design in terms of limitations

on resources and to insure that the maintenance concept and maintenance envi±.

3



onment are clear.y identified Lot, thx concractor,

TV.V TIME AS BASIS FOR qUANTIFICATION

There was one point in che discussion of the definition I indicated I wou.d

return to. Undoubtedly many of you are c6:-,cerned that the definition of M is

concerned with time as a basis of specification: prediction and demonstration,

(Chart 7) Secondly you will maintain that our current service specifications.

in fact, the current draft of t-i-service MIL-STD. "Requirements for a Maintain-

ability Progvam"' contains examples of quantitative terms categorized as to ti.re,

cate, maincenanze complexity, maintenance costs and accuracy, We maintain chat

wizh the exception of "accuracy" the lower hierarchy data base is "time" as a

measure. The hiernrchy of system models alluded to is as follows: (Chart 8)

As you can see there is a natural ordering of mathematical models used in the

systems engineering process in which system reliability and maintainability

models' outputs provide input data to higher order models for logistical and

sytem/cost effectiveness decisions, and these R and b models are time-base

oriented This then is the realm of the M engineer. In his efforts to influence

design to control maintenance time requirements, he also is affecting maintenance

rate, complexity, and cost considerations which may be derived from higher order

models,. However, he cannot affect them autonomously.

V, AVAILABILITY AS A QUANTITATIVE MEASURE

Perhaps we should take time also co recognize that specifying an "avai*.

ability" requirenent is an indirect way of also specifying M as seen from the

formula. Aq = MTBF However, logic and experience tell us in this
MTBF & MTTR

rega-d, also, that it is judicious to specify a minimum acceptable mean time

between failures and a maximum acceptable mean time to repair, The contractor

4



may meet the availability requirement with such a relatively 10w vatt. o \fBF

(compensated for by a low MTTR) as to cause logistics and stock level problems.

Also it should be clearly stated whether the numerical requirements pertain to

intrinsic paramete's (values to be realized under la'.. .-y condicions) or

operational parameters (values to be realized in the field and taking into

account administrative and logistics delays).

VI. S'UM1-, Rg

Although there are many more facets to "Quantification of 14" which I have

not even touched upon; eogop statistical distributions and Lheir asaociated

parameters is a subject of considerable magnitude. However, in closing I would

like to summarize the main points of the presentation and perhaps offer a few

cautionary considerations for thought.

1. Although the Air Force has found the definition of MIL.STD-778 to be

acceptable, misconceptions based on semantics or limitations of the communicative

arts justify minor changes for clarity.

2, The M definition is important and must be virorously defined since all

quan.ification of M must stem from the definition itself.

3. The procuring activity must recognize and master the statistical skills

involved in'the probabilistic aspects of-M. Too frequently preconceived notions

and ease of mathematical computation have served as decision criteria in selecting

governing statistical distributions reather than a combination of goodness of fit

to empirical data, theoretical significance and tractability.

4. M basically concerns "TIME" as a basis for quantification, specification.,

predictiono demonstration, and data collection. Haintenance.times are the real

5



realm of the M engineer. Other M quantitative terms, not directly expressed

as time, are directly affected by time and amanate from higher order models

to which time is a basic data input,

5., The use of 141L.-STD.778 or its successor as a contract specification and

the DOD/Tri-Service effort to standardize M specificatioqs should significantly

reduce inter-service conmnunction problems and the similar dilemma that industry

has in producing for more than one service.

6. However, standardization in no way reduces the responsibility of the

procuring agency to explicitly state the contractual M quantitative requirements

tailored to that specific procurement based upon proper definitions of terms.

Coupled with this the procuring agency must clearly state the maintenance concept,

maintenance environment, and any constraints imposed upon design.

7. As a final thougl although the primary subject of today's technical

meeting is M quantification, unless the same emphasis and skills are applied

co the-contractual responsibilities for demonstration of M requirements the

effort applied to quantification will be negated.

6

'I-,



CHART I

RECOMMEND M DEFINITION

" IS A CHARACTERISTIC OF DESIGN AND INSTALLATION WHICH

IS EXPRESSED AS THE PROBABILITY THAT THE MAINTENANCE ACTION TO

LESTORE AN ITEM TO SPECIFIED CONDITIONS OR TO VERIFY Tl.AT AN

ITEM CONFO.,XS TO SPECIFIED COINDITIONS CAN BE COMPLETED WITHI"

A SPECIFIED TIRE PERIOD WHEN'. MAINTF-ANCE IS PERFORMED IN ACCORD NCE

WITH PRESCRIBED PROCEDURES AND RESOURCES."

CHART 2

"M IS A CHARACTERISTIC OF DESIGN AND INSTALLATION

CHART 3

-SEXRESSED AS THE PROBABI 4~

CHART 4

THAT THE MAINTENANCE ACTION TO"

RSTORE AN ITEX TO SPECIFIED CONDITIONS OR TO VERIFY THAT .A

ITEM COFORMS TO SPECIFIED CONDITIONS
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CGHART 5

CAN BE COVIX-TED WITHIN

A SPECIrIED TimE PERIOD

CHART 6

WHEN' MAINTENANCE IS PERPORN1,ED IN ACr-C'.DA!:.-*.

W3ITi PRESCRIBED PROCEDURES AND RESOURCES."

CHART 7.

11 QUANTITATIVE TERMS

TINE(NAM AND NA1MYLM MAINTENANCE DOWNTIME,, MAN AND 'MAXIXU %:%S 3

REPAIR 1NEAN TmE BETWEEN MAINTENANCE ACTIOll).

S(MAnITNANCE xMNOURS/FLYING OR OPERATION HOUR T~A~

'mNLOURs/assiLE ALzRTZ HOUR, MAXfL.fl3 MAINTENANC TIno/DAY orL)

AT Nj~ANcE compmrr~ (NUMBER AND SKILL LEVELS OF MAINTEVN1,Z:. EZL

VARIETY OF SUPPORT EQUIPMECNT).

MAlIxTRM\aCE COSTS (MAINTENANCE COSTS PER OPERATING HOUR, %X&IIOR0x COST

PER OVERHAU).

ACCUTRACY, (TOLERANCES OF PERF014ANCE , TOLERABLE ERRORS, Er-FICI NCY O-5 REPAIR).
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FOREWORD

- . .This paper deals with problems and techniques
dealing with system effectiveness in the system
design process. The paper represents research
supported by USAF-AFSC(SSD), USN BUSHIPS,
and USN BUWEPS and performed'by the author,
generally in collaboration with Mr. R. A.. Westland,
while both were employed by Dunlap and Associates, Inc.
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Chapter I

INTRODUCTION

The r:--'easing severity of system effectiveness requirements and
increasing !cificity as to means of their achievement and demoanstra-
tion has necessitated the development and application of a variety of
Operations Research techniques to the design of complex systems. 'Wile
OR techniques have been employed in system design problems for a con-
siderable period of time, it has only been in the last few years that
specific attention has been given to the introduction of system
effectiveness parameters into the system optimization process, partic-
ularly reliability and maintainability parameters. Systems effectiveness,
or the probabiLt y of a system successfully performing the mission for
which it is designed, is determined as shown in Figure 1-1, by the
relation between: (1) the r-obability of operation with respect to
engineering standards--performance; and (2) the probability of operation
with respect to time--availability (or alternative "life" measures
such as dependability). Availability, in turn, is determined by the
relation between reliability and maintainability, which ultimately
are functions of a number of design and support factors.

Historically, primary attention has been given the perfozmance
aspects of effectiveness. In recent years, however, the observed
effectiveness of our complex systems--particularly military systems--
has been well below that predicted. System reliability and maintain-
ability were identified as obvious contributing factors. During the
1950's emphasis was given to finding means of improving reliability,
collecting and analyzing failure data, and developing prediction and
other tools to permit the quantitative specification of this key design
variable. During the latd 1'050's and early 1960's, the same approach
is being taken in design for maintainability. The broad areas of
application of OR techniques to reliability and maintainabill-ty
design which have been under study during this period include:

• effectiveness requirements determination,

* redundant and multimode availability analysis,

availability, reliability, and maintainability goal allocatlon
techniques,

* design optimization, and

• complex system reliability and maintainability prediction
methodology.

I'3.
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A variety of mathematical tools have been employed including as

shown in Figure 1-2, analytic, prcbabilistic, and sinulation. The
analytical models for availability and dependability include a host of

simplifying assumptions including time independence and exponential
distributions for failure and restore rates, but have been extensively

utilized in military specifications and much of the early mairtainability
l'te~ature. Currently, probabilistic nokieling is more exte~sivcky

utilzed, particularly in the analysis of complex, multimoe systems.

The p)blems of mathematically treating a large number of variables
and taking into account the variety of distributions involved, has more
recently lead to the use of simulation techniques in the analysis of
aircraft and missile systems. Suffice it to say that these tools
and more can be used for specifying required life characteristics.

It is the purpose of this paper to illustrate some of the approaches
and tools of introducing effectiveness parameters into the system optimi-

zation process with the objective of perhaps furthering intuerest in
some of the yet unresolved problem areas. Additionally, the approaches

described represent extensions Of material presented in previous
papers on operations research aspects of systems effectiveness,

reliability and maintainability in references 12 and 13. The na,'r. ,
topics covered are: a representative modeling approach, design-trade-

off tools, restore time statistical distributiona, and aspects of test
and evaluation.

4
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Analytic

-Continuous Operation--Point Availability

MTBF
p MBF + M mLR

where: MTBF = eana tine between failixes (

MTR= mean timle to restore (6' = MTT F

Stated Mission Duration-Mission Availability

MTBF
A AP 8 MTBF + MT-TR -tM J

Allowable Downtime- -Dependo ility

D = + (1*-P)FP = 1. + exq [-(Xt1 + pgt2)) expI

where: P -1 - exp(-t2/MT2R)

D dependability

t = Mission duration

t- allowable downtime

Probabilistic

where-.
P(S 6 probability of mission suectss

* a pt;4ability that sy2 tor inut exists
P0aprobability that thie =lesion will tan'Amate in

a aatis'actny 0%itput, g1ivae a useable i~u
P(L) probability Vhat the syste"- vill assuir on~e of

*~ " 'life" states (i.e., variows combinations
of aystex1 availability r-t tie start of~ the
mission and failure &uwinZ the mission)

P(C/L) probability that the idssioai will be '.oploted
* w-1thili sperific time bo~a, givon that the
* system has &&*=and one of the "life" stax

Figure 1-2 M~athemtical Tools fcw Expwressing anid Determining Life ChsamctrlstlCs
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(hapter Ii

OVEMALL MODIELNG APPROACH

A proceditral model for syst# em effectiveness requirpmnts ti..i.-
tion, analysis and desij.-p Is briy:flr o'u.SlLed J," Filgures Il-! alud 11-2.
and Table 11-1. le procedvre uses as inputs a tactical ruiraire.nt
ard imposed constraints; ta!es cognizance of relatnd military mrissionz,
operating envfron:ent and structiz'e; establises effectiveness measurc
and fimctional refuirements; assesses possible modes of op;eration;
evaluates alternatives of equipment choices; and provides criteria for
the selection of appropriate design, maintenancf and support concepts.
The generi.L process and input-output relationships for which te method-
ology is applicable is shown in Figure I-l. The general approach is
principally characterized as a multi-stage decision process with each
stage consisting of generation and evaluation of alternatives at
successively more detailed levels of analysis with feedback to preceding
steps..

As shown in Table II-1, probabilistic modeling can be employed
extensively in the mission requirements determination step. As can be
noted, the approach is to establish effectiveness in two different but
related fashions: one in a mission context, and the other in a system
specific context. In the first case, the effectiveness of tho system
is. treated in relation to both 'the threat which it is meant to counter
and the environment in which it is meant to function. This approach
permits evaluation of changes in each of the three variables. In the
second case, the Treatment of the effectiveness of a system ii .terms of
its component aspects permits evaluation of changes in various systrf
effectiveness parameters and selection of an optinium configuration.

The system requirements dtermination step constitutes. a st ,utu.-
process for exairdning mission requirements and constraints, mlttei'y
structure and related missions, and detailed budgetary constraints on. tbC.
one hand, and alternative system concepts and cost on the other to arrive
at a specific set of quantitative design and support approaches uh:ltch
supplement previously established mission requirements and constraints.

The systems englneering step is a systematic procedure for trans-
lating mission requirements and specified design and surpport appraoches
into design specifications. The desipr and development step includes
resolution of detailed design problems, design of the personnel subsys'c. n,
and generation of deta:tled information to improve or modifr the establ".sbei.
requirements and design approaches. The test and evulukrtion step consis-ts
of determining if the designed system satisfies all imposed rcqufre:'iu s
and constraints and arriving at decisions concerning specific corrotive
actions if required.

The establishing of availability requirements should be the .resilt
of detailed analysis of overall system requirements rather than a
sterile establishing of a "number reqvirement."
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Table II-1

Mission Requiremenits Determfnation

Objective: Define functional parameter requirements 'Which optimiize
mission effectiveness.

Define mission effectiveness: P(ME) = P(T)P(EUV)P(SE)
P(SE) = P(D/T)P(E/D)P(S/D,E)

where P(ME) =mission effectiveness
P(T) - probability that a target level is

present
P(EXV) - probability of a given environmental

state
P(SE) = system effectiveness
P(D/T) = f, = target detection probability
P(E/D) - 2 target engagement pr-obabiltty

P(S/,E) f a successful target kill pro.;ability



Mission Definition

T~hreatExisting systems
Alternative counter-

Envirnmentthreat concepts

M ion requirements determinationnt 
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0 Military Mission Mission

structure requirements constraintsfud
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System requirements determination

uait0tv/ System Cost and4
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deinadperformance objectives/
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requirments bility require-

GnrlDetailed Design and
deinperfort ice, development
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maintainability

A develojuent
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Plan
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Table 11-2

System Requirements Determination

Data requirements SOURCE FORM

Criticality code: H high
M medium 0uwCC

CATEGORY Availability code: H high M " I

M medium 0 "  ) "4L low H. r_ )P-P ;
H 'HHz 0 P)4

Performance Design Information
Subsystem design criteria data H M X X X X
Man-machine function allocation data H L X x
Automation criteria data H L X X x
Molecular electronics data H M X X x x x
System degradation criteria H L X X X x

Reliability and Maintainability Data T
Reliability prediction data: std. designs H H X X x
Reliability prediction data: new designs H M XXX Xx
Maintainability " std. designs H M XXX XX X x
Maintainability " " new designs H L X X X X x
Checkout and test criteria data H L x x H
Modular design criteria data H M xxx
Availability/readinesj model data H M I

Mannower~~~ avieblt (no In skf)H . X x x
Support System Data
Manpower availbility (no. and skill) H M X X x
Logistics channel capacities/capabilities M LXXRepair facility capacities/capabilities M L X X X i

tl
Cost Data

Cost forecasting data H M x X X X v
Make-buy decision data MM X
Performance design and prod. costs H M X X X xReliabIlity desig and prod. qosts H M xx

Maintainability design and prod. costs H M X X X X
Logistics costs HM Xx x

Facilities costs H L X x
Manpower costs H H xx i
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IRPRESENTAT E SYSTM EFFECTIVEESS REQ:JUnU! TS

One of the most recent avionics system readiness specifications
has been issued by the Bureau of Naval Weapons; it is "General Speci-
fication for Avionics System Design; System Readiness/Maintainability"
and bears the number MIL-S-23603(WEP). The specification deals with
the establishment of time goals (see Figure II-1) for the performance of
maintenance tasks, the methods of attaLing these goals, and the means
of proving their attainment. The specification deals with all levels of
system design and does treat both corrective and preventive mainte-
nance.

One of the specified items is for Mmax--the time by which 95%
of the corrective maintenance tasks will have been performed--and
it is specified at 30 minutes. This formulation

N 2
(Z log M)

2 1-- z~ (log Mc )2

logM x = logM + 1.65 ct
ma t ________1_______

automatically assumes the distribution of active restore task times will
be lognormally distributed (i.e., the logarithms of the restore task time
will distribute themselves normally). There are at least two questions
concerning this rationale. Firstly, the formulation as show. uses the
arithmetic means of the distribution when the geometric is the more
accurate measure and the following formulation should be substituted

N c2

(2o (- E log Mct)
log M logF M 1.65 lgM at) N

Secondly, althoug the lognormal distribution seems to fit a good azrount
of the historical data, other distributions (exponential, Weibull, Erla.g,
Gaussian, etc.) better fit certain kinds of data. The changes in dis' ri-
bution form are functions of the level of automati fault isolation, the.
basic equipment type, whether it is airborne or surface, etc. it is not
the intent of this paper to establish tie , .ct distributi.on (or,

* indeed, whether there is one general distribution which will be universally
applicable), so suffice it to say that there is sufficient question that
automatically assuming logno-mality is not warranted. See section IV
of this paper for a discussion of distributions.

10
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Whatever the form of the distribution(s) for the various subsystems,
there exists the question of the relationship of the subsystem means.
One method of allocating subsystem goals would be to take the system
goal, assume it to be the arithmetic mean of the geometric means of
the several subsystems and thus allocate. This has the basic disadvan-
tage that it makes no proviso for varying complexity, criticality, and
such system characteristics. A second means would be to assume the
system goal ab the geometric mean of the various subsystem geometric
means and allocate accordingly. This has the same disadvantage as the
means above but does present a more stable measure. Still a third
means would be to assume the system goal to be the geometric mean
of the weighted geometric means of the subsystems. The fourth method
is based on the assumption that the system goal is the arithmetic mean
of the weighted geometric means of the subsystems comprising the
total system.

n1 ctn i= M ct i

* nT
n - (2)

1l a.i  W where a is a weighting factor (3)

n

i

The weighting factor metioned is developed from relative com-
plexity, failure rate, criticality, use factor, etc., and is meant to
reflect the fact that items which fail most often, or are most complex
and/or imortant for system bperation should be fixed most rapidly for
achieving lut total system downtime.

None of the tecmiques mntioned hk been definitively established
as the correct method; in fact, there exists the possibility that system
type or onafiuration may require selection from the list above. When
thene is a system coqrised basically of greatly similar equipment,
the problem tends to be ainimised, ut when there i a diversity of
equ ,-ont types, fiztions, etc. in the system the problem becomes more
c ex. One of the requirmnts for futur study is to resolve this
question.

:':,' ::': - ,.-.,.: '.1-
j -,,; i : : ,',/



Chapter III

RELIABILITY-MA-NfTAINABILITY TRADE-OFF PROCEDURES

As part of the design selection process, various trade-off proce-
dures are required to select an optim, m desi-. One trade-off proce-.dure which has received considerable attention, at least in terms of

methodological development, is that between reliability and maintain-
ability to arrive at maximum availability for a specified total cost or
miinmum total cost for a specified availability. The procedure is based
upon the systematic generation of alternative design approaches for
reliability and maintainability and cetermination of a variety of param-
eters for each approach, including MTBF, MTTR, design time, design
and manufacturing cost, size, weight, number and skill leve require-
ments for personnel, maintenance costs, logistics costs and the like.
The steps of the procedure are:

1. A preliminary step to define the trade-off measure and
criterion, and the level of effort to be applied to the
trade-off procedure;

2. An initial design analysis step to establish a framework of

mission and design goals end constraints forming the
boundaries within which design alternatives are to be con-
sidered;

3. Determination of the design and support parameters asso-
ciated with a "standard design" cr a starting point design
assumption including MTBF. MTTR, design, production
and support costs, and physical parameters;

4. Determination of trade-off requirements through comparison
of the standard design parameters with spe ,ifled goals;

5. A tra4e-off analysis step consisting of Saneration and eval-

uatin of alternative reliability and maintainability design
approaches to determine a set of aspproaches which optimally
satisfy the mission availbility ('or dependability) goal;

6. A final step consisting of reiteration of the trade-off pro-
cedure based upon additional or mod!fled design nformation,
to refine successively the selection of design approaches.

7
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To illustrate the steps of the trade-off procedure, their a-ication
to a hypothetical design problem is briefly outlined:

*A requirement exists to designi a transmitter which will. satisfy
an availability requirement of 0.990 and a minimum M2T1F require-
menit of 150 hours.

*The "standard desii" based upon the use of military stanaard
componnt and a minimum prescribed maintainability design--
arproach, will result in a MTBF of 125 hours, a MTTR of app~rox-
imately 2.7T5 hours, and an availability of 0.97.

*The design is found Inadequate with respect to availability and
minimum MTBF requirements, and 'the selected course of action
is to trade-off improvements in reliability and maintainability
in such a manner that the required availability goal is achieved
at minimum cost.

*Generation of alternate design approaches withir the trade-off
procedure framework results in the following conbined sets of
reliability and maintainability designi approaches (R~DA's and
NDA5 respectively) which will satisfy the availability and
minim=m MMB. requirements, and weight and design time constraints:

NO. ___________________MWF MTT

MA: Extensive modularization and automatic

testing 1.25

2 RtDA: Special design to accommodte high
reliability circuitry 150

MA: lModularization and semi-automatic
testing 11.50

T M: Derating mad partial redundancy20
NMA: Semi-automatic testing AM only limited

moulrization 2.00

4 OM Use of specia high reliability
Commnts 225

NU: fartial semi-automatic testing ad
only limited modularisation 2 .25

13
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Cost data are developed for the alternate sets of approaches
including those associated with the design and manufacture of the equipment,
and those associated with the support of the equipment in the field--
maintenance manpower, test equipment, logistics, and repair facilities,
as required. The optimum approach is identified as the one resulting
in minimum total cost.

The three more significant problems associated with carrying out
the trade-out procedure are those of the actual design generation
process--the creative engineering process, data collection and/or
estimation, and the actual solution of the trade-off problem. Applic-
able tools to solve the latter problem are the calculus to find maxima
and minima of functions when adequate data are available to describe
analytical functions, and mathematical progrsaining and related tech-
niques in other instances. The analytical solution of the trade-off
analysis can be illustrated by a trade-off for a point availability
requirement and minimum design and production cost criterion. The
method of analysis can readily be extrapolated to more complex prob-
lems, and to trade-offs for satisfying other criteria such as minimum
total cost or weight. As integral steps of the trade-off procedure, the
following cost functions are developed:

CDR
CR + C f(MhF) (i)R N PR

CD P

CT, C + CM , f(MTF, MTR) (3)

where: C R the total per unit design and prcduction cost
increment resulting from an P-1provement in the

reliability of the "standard design"

CDR - incremental reliability design cost

CpR - incremental reliability production cost

PRi

CM the total per unit design and production cost
increment resulting from an improvement in the
maintainability of the "standard design"

14
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CT, = the total incremental design and production cost
increment resulting from an improvement in the
reliability and maintainability of the "standard
design"

A minimum value o'GT,.' can be determined by differentiating the
expression for CT, with respect.o MTBF and MTT, and evaluating the
zero value of the resulting functidm. The total differential is:

dC , = ) d(MTBF)+ d(MTTR) (4)

Srtting the differential equal to zero, the following solution is
obtained:

ac T, d= R 6C T'

-B MTB-F) d(MMW)' a(MTTR)

For a fixed availability relationship

MTTR - KAMT3F (6)

where: KA - (l-A)/A

and

d(MTM) KA d(MD) (t)

Simplifying Equation (5) with the use of Equation (7), the total cost
wil be a minimum when

MT' M RT' (8)

The optimizatton of CTI can also be performed by a graphic pro-
cedure. Referring to Figdre 11I-1, the first stop is to plot the line for
%he required availability. This is shown in the upper rie)t quadranc.
Next the CR versus MZTF wAd CM versus MTTR functions are plotted in
the lower right and upper left quadrants, respectively.

16
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To find the total cost function, a series of projections is neces-
sary; the first is from the availability line down to the CR curve which
defines a point, CR. The second projection is to the left to the CM
curve which defines a point, CM. Fro CR , a horizontal projection is
made into the lower left quadrant, and frol CM,, a vertical projection
is also made into the lower left quadrant. Thi intersection of the two
projections defines a point, CTI,, representing the total cost for a
particular set of design approacfes. Other points in the lower left
quadrant may be similarly constructed, and a curve plotted. The axis of
CT, as indicated, is 450 counterclockwise from the CM axis, and increasing
CT:, is outward from the origin. The minimum value Of CT: is that p6int
on the curve which is tangent to the minimum constant CT, line.

Frequently the process of generating and evaluating alternative
design approaches will not yield adequate data to permit development
of approximate analytical functions to represent the relations between

and MTTR, and between C and MTBF. However, in instances when
tat is possible, an analytical solution can readily be carried out as
outlined above.

Comparative MTBF and cost data representative of that developed
during the reliabality design approach generation process are illustrated
in Figure 111-2. The curves which treat only parts costs for a hypothetical
transistor logic circuit indicate the relative economy of the derating
approach over a reasonably wide range of MTBF, For the example con-
sidered, derating would represent the preferable appraoch; if derating
cannot provide the total increase required.' in MEBF, . edial parts and/or
sequential redundancy (standby elements not operating can be applied
selectively. Suport ccsts (manpower, logistics, test equipment, and
repair facilities) may be treated in the same manner as outlined above
by expressing them as functions of MTLW and MTW.

Total reliability and maintainability cost minimization may be
carried out in the same manner as outlined above. The total cost
ex-ression is given:

C. a + a+ I (C + + C, (

311
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where:

ICD discounting factor applied to establish the present
value of annual Eupport expenditures throughoat the
life of the system,

CL  annual logisti..s cost,

i
C - annual depot repair facilities cost, and

CH  annual manpower cost

Illustrative cost relationships for desiga, production, logistics,
repair facilities and manpower are shown in Figure 111-3. The C and

cost functions are similar to thobe shown in Figure 111-2:

CR f(RDA) (MDA
9 p

MThF.,f(RA ;MTTR f(M.A)
8 p

CR f(MTBF) ; CM- f(MTB)

Since the availability or other measures of probability of operation with
respect to time, fixes the relationship between MVF and MTTR, costs
can be expresed:

CR + CM - (NTBF, MMT)

Similarly, logistics repair facilities, and anpover costs can be
expressea as functions of MMB and MTM:

CL + C t[MDA, Nmk L) :C(MR, N )

( 6, LA, L) represents a coatibe set or MA's,
Mie'a (i.e., having k'I"'s and i M's ,.bich
satisfy or e"ceed the stated availability ,equiremant),
and logistics policies, L1.

(WAS, MA , Rj r"Mans a oo..atible not of ,DAIs,

I"** and mewting policies,

2'0
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The most commonly encountered logistics policies include:

= piece parts, associated with MDA's involving:
(1) on-line restoration to the piece part level, or
(2) on-line restoration through the substitution of
spare equipments or units (by switching or physical
replacement) with off-lIne repair to the piece part level;

L2 = piece parts and modules to replace wear outs, associated
with MDA's involving on-line replacement to the module
level, and higher echelon repair to the piece part level;

L 3 = modules to replace disposables and piece parts not
contained on modules, associated with MDA's involving
on-line replacement to the module level and higher
echelon disposal of modules;

L4 = resupply of depot, repaired modules and piece parts not
contained on modules, associated with MDA's involving
on-line replacement to the mudule level, and rotation
of the failed modules to aCom Z repair facility.

The most commonly encountered manning policies include:

H maintenance performed by an operator who is not assigned
to other equipment in the event of a failure

H = full time assignment of m maintenance technicians to the
equipment

H = maintenance by a pool of electronic technicians who
3 m , ntain a variety of equipments.

The optimizing task consists of examining the compatible sets:

CT =RAIg ,, Li, H. (10)

to determane the set which result in the total minimum reliability and
maintainability cost. Frequently it will not be possible to deve!'p the
continuous cost functions depicted in Figures 111-2 and 111-3, and it
becomes necessary to evaluate discrete" design approach and associated
logistics and manpower cost data. Although a large number of variables

must be treated, ir. most practical system design problems, constraints
significantly linit the number of altematives to be examined. Mathe-
matical programming algorithms can then be employed to determine the
optimum solution.

21I 6(I



Considerable advances are required before the trade-off procedure
of this type can be used in a routine man-ner, not only in terms of the
establishment of standard data pools to facilitate carrying out the trade-
off analysis, but also in prediction techniques which are sensitive to
the key design and support features which should be subject to trade-
Off, and the further development of mathematical trade-off techniques,
particularly those which take various decision data deficiencies
into account.

12
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Chapter IV

STATISTICAL DISTRIBUTIONS

A number of distributions have been proposed as being descriptive
of active maintenance actions. The two most often mentioned are the
two-parameter lognormal and the exponential with the former generally
preferred; the normal (Gaussian) distribution is also apparently
applicable in some instances. A fourth which has been proposed is the
Weibull; a fifth which may also be descriptive of the active restore
functions is the Erlang. Each of the distributions which may have
application to maintainability programs are outlined below.

A. Normal

The normal is a two parameter distribution. Once the rean and
the standard deviation are known the distribution is completely
defined.

f(x) = _____

mean , x

variance a

B. Logormal

The usually specified distribution, the lognormal, is a two-
parameter distribution: any two of the mean, the median (geometric
mean), and the dispersion. There exists a good body of data which
shows that the logarithms of active restore times will distribute
themselves normally. In this case, the arithmetic mean has a definable
reltionship to the median. That relationship, when described, gives
the dispersion parameter:

f'('; M, a) - (/t On ) -_ 2 (

vhere: median - m

in z naturasl lo$zitbm
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Thus, with any combination of two of the mean, the median, and the
standard deviation (dispersion parameter) of the logarithms the distri-
bution is described. There exist a three- and a four-parameter log-
normal for use when the distribution does not start at zero and/or
when the distribution is truncated. (See reference 7.)

C. Exponential

The exponential distribution is a one-parameter distribution;
the descriptive parameter is the mean.

f(t).= X exp - (Xt)

Vhere:

X = a positive parameter

F(t) = 1 - (exp - (Xt)]

mean =

standard deviation =,/

Therefore, knowing only the man restore time it is simple to construct
the distribution. That leads to the further statement that it is an
easy matter to specify the quantitative maintainability requirements of
a system if one assumes an exponential distribution; if one specifies
the required MTTR, one has specified the maximum as well.

The drawback to the use of the exponential revolves about the
fact that the distribution may well be too insensitive. Since the
mean is the only descriptor of the distribution, fluctuations in the data
will tend to be lost if the means does not vary with them directly.

D, We ibill

The Weibull distribution takes its name from the man who
developed it. It is an exponential function described by the three
pa.rameters: shape, scale, and location.

f(t) - /t-y)0 1  exp - ll
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where:

ot scale parameter

=shape parameter

y =location parameter

In order to establish this distribution it is required to determine
the values of each of the three descriptors; however, in using it f'or
describing active maintenance actions, the location parameter is zero
since the distributton itself starts at zero, thus the distribution is,
for practical purposes, describable with only two parameters, shape and
scale. When the shape parameter, 0, equals one, the Weibull b.acomes
a special case of the exponential distribution.

H. Erlana

The Erlang distribution, like the Weibull, takes its name from
its developer. It is described in terms of the mean or the mode and
a measure, k, of skewness.

k-l
g(t; pk) Ct exp-(kpit)

man -1/pl

mode k-

where:

Chi

k *skew ness parameter

the constant, C ,is assigned so that the'integral of the corresponding
function over its rango equals iUn~ty. With any two of the three descriptors
of the ditribution (zmmn, mode, variance, or "k") the distribution is
dsowilbed.

2~5
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F. Comparison

Much of the empirical data compiled on active restore times
seems to fit the lognormal distribution and it could logically be the
correct describer of the real world, because it tends to diminish the
impact of a small number of extreme time data points. The draw backs
to this distribution revolve about the difficulties in working with it.Since it is a distribution of a transformed function, care must be
exercised in separating what describes the distribution and what
describes the data. As the distribution comes into general use most of
the difficulty should disappear; the fact that there is a commercially
available lognormal graph paper should help in this regard. (A cumu-
lative lognormal distribution forms a straight line on such paper.)

The exponential distribution seems to fit some of the data
currently available but no better than and generally not as well as
the lognormal distribution. It is an extremely easy distribution to
work with but it tends to be too insensitive for the data.

The Weibull distribution on the other hand, appears to be too
sensitive for the data. When fitting it to the actual data and satis-
fying the mean, the value of 0 tends toward unity, in which case it is
merely a special case of the exponential Further, it is not a
tractable distribution but the appearance of Weibull graph papeT should
obviate part of the difficulty in establishing values of a and .

The Erlng, too, may be too sensitive for the data but it does
hold promise as being worthy of further investigation over a broad range
of maintainability data. The difficulty in using it lies between that
of the exponential and that of the lognormal. The former being the
easiest with which to levy requirements and the latter less difficult
only than the Weibull.

The distributions listed here are those most commonly encountered
but by no means is definitive. There may well be other distributions
of applicability, especially for describing maintenance actions on
the evolving microintegrated circuits. Systems which are diverse in
nature may be describable only by composites of two or more distribu-
tions. Not only the shape of a given distribution but also changes in
distribution may be encountered with differing maintenance policies
on a given system. Other features (use, environment, etc.) may well
influence the distributive characteristics of restore times and these
will be discovered only after future study and research.
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Chapter V

TEST AND EVALUATION

One of the major steps in the overall maintainability program is
the determination of whether or not the established requirements have
been met. The three referenced specifications approach the same problem
in both similar and different fashions, but one thing remains true--
an estimate of the mean and maximum maintenance times is required.

A. Specifications

1. MIL-M-26512C(USAP)

One method proposed is as follows:

A sample based on the failure rate of each replaceable
item, its estimated mean time to repair, and the number of these in the
system over the total number of replaceable items multiplied by the
failure rate times the density establishes the percent of total test
to be allocated to that item.

ni) iMTT~i

Percent of sample , x 100

E. n XMTTR

Then,, using a, taible 'of random numbers, the cpecific items to be faulted
are chosen.

i The s"mle size required is estimated from the following

relationship:

where:

N saapl size
desired confidence level coefficient

V estimted standard deviation of maintenance
dointlae population being sampled
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x' = estimated mean of sample population

k desired accuracy level coefficient (1-accuracy level)
a?

After the first ten samples have been rn, compare the resultant
ratio with that estimated and if different revise the sample size.

A second method suggested is that of sequential testing
but with no further specification. Other methods which can be developed
can be submitted for acceptance.

2. MIL-S-23603(WEP)

The technique for establishing mean and maximum times is
essentially identical to the preferred method in MIL-M-26512C(USAF)
save that it is used at a number of system levels: SRA, WRA, System,
and Weapon. Further, the sample size is based on the percentage of
total failure of a category multiplied by 50 and rounding off to the
nearest whole number. (Checking specified indices is straightforward
and can be accomplished basically by examination of equipment specifi-
cations and drawings.)

3. MIL-M-23313A(.SHS).

This specification is based on proportioning a fixed sample
of 20 failures according tto the percent of total failure rate of each
part category.

4. Comparison

As stated previously, the intent of all of the specifications
ii basically the same--proof of the predictions or establishment of the
facts with certain statistical descriptors.

The first two specifications mentioned follow basically
the same approach but there are certain differences.

The intent of MIL-M-26512C in establishing a sample size as
it does is to determine a desired confidence level and an accuracy
level to mate these with estimates of the mean and standard deviation and
thus to sample no more than is riquired.

Unfortunately, the sample size is based on estimating a
and 2. The more advanced the system, the higher is the likelihood that
the errors in estimating those parameters will be large. The specifica-
tion makes allowance for this fact by showing a method for changing
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the original sample .size as a function of evolving data in the form of a
a/E ratio. Depending on the sequence of testing, it becomes possible
to bias that ratio and thus to develop an improper sample size. The
means of obviating this potential problem are fairly straightforward;
assign the first ten samples on a random sample basis and/or period-
ically during the testing period re-examine the ratio and adjust the
sample size accordingly (i.e., if large changes are evidenced).

MIL-M-23603 follows the same sampling plan as does MIL-M-
26512, but calls for its use at each of four levels. The amount of testing
required can thus become inordinately large. The more complex the
system, the greater the sample size and the more time required. Thus
we arrive at a sort of inequity: the more complex a system about which
data must be gathered, the greater the number of samples required to
satisfy the specification in a crowded system test calendar. That is,
in terms of total program sequencing, it is highly likely that a large
block of time for maintainability testing will not be available. Schemes
to utilize the repair efforts during other kinds of testing are largely
unsuccessful because the failures which occur are of the "birth"' type
and are not necessarily representative of those which will occur during
system normal operation. Also, the conditions under which the re Irs
are made will generally not represent those expected in normal use for
such reasons as:

* The level of repair will be different (probably not
remove and replace);

The personnel making the repairs will usually be of
much higher skill than can be expected in use; and

* Such documentation as will be available at test time
will not be representative of what will be available.

Methods can be developed to meet the spirit if not the letter of the
specification. One such would be to use a sample at the WRA level
(giving a reasonable sample size) apportioning to system and weapon
level, and derive the basic faults to be inserted using the specification:

TO CHECK INSERT FAULT 3

Weapon System

'Sae.e size- OSystem WRA

Actual failure

SRA Piece Parts election

29
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A second method would follow a seqaential test:ing proceluxe based on
the sample selected as above.

MIL-M-23313A technique is souiew'_at diifferent than the two
preceding in two basic -ways:

*the sample to be selected is fixed at 20,

* the sample is bajed or, the, propoz-tion of' failur;e rate
of any category to the total failure rate.

Using only failure rate to allocate, chazges the allocation basis fromf
dow~ntime contribution to frequency of occurrence. Since the measure-
ment is of downtime, it is generally preferable 'to choose a sample
based on the former rather than the latter.

-2rther, s-Ince confidence vazes as n . the confidence
interval will normally be quite lar'ge or t.he confidence level quite
low.

where:

C =lower confidence limit

C per confidence limit

x population mean

a = starlard deviation

X- number of' sig-iA to percent deviation

0-cotf idence coefficient

n * saple aize

B. Seq ential Analysis

A~ basic tool which aap be used rost fe±fctivey an & tst
Pla is the sequential MOVthou of tanlyzing bypotheses, W4hich mv~ beI
described as folovu (see Figure V-1). .A rUle is given for makin~g
one or the following thiree. decisions ot =y st'rage of the epoimet:
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(a) to accept the hypotlhsts, (b) to reject the hypothesis, (c) to
continue the experiment by making an adaitional observation. Thus,
a test procedure is carried out sequentially as illustrated below.
On the basis of the first observation, one of the aforementioned three
decisions is made. If the first or second decision is made, the procedure
is terminated. If the third decision is made, a second trial is
performed. The number "N" of observatiozs required by such a test
procedure is a random variable since it is directly dependent upon the
outcome of the preceding Observations. The sequential test method
normally required substantially fewer observations than conventional
statistical test methods (9). In addition, the decision to accept or
reject may become obvious after the first few observations, and no
additional sampling need be done.

Given the hypothesis, H1, that the restore time is less than
or equal a given value (in this case the design goal), observations
of restore times rade. Based upon statietical analysis, the indivisual
restore times are classed as "acceptable" or "norI-acceptable." An
accumulation of results when plotted within the framewrork of the specified
parameters, will lead the decision to accept or raject the given
bypothesis, as determined when the plotted path intercepts the respective
limit line.

The general procedure for the experimental evaluation plarn

would be as follows:

a. Specify the test constraints for the experiment: tools,
test equipment$ sare parts, skill levels, etc.

b. Specify the appropriate "time to restore" requirement; this
constitates the hypothesis H.

c. Establish "acceptable" and "non-acceptable" critez.a for
individual restore times, based upon statistical analysis.

d. Select P , the proportion of "non-acceptable restore imes
so s;alb'that a total number of observations having thistils c:91dered acceptable. Select P., the pro-

portion of "non-ac- ptable restokre ties" rtter than
P , of'such mailtade that a total number of observations
bkvis ihi.s proportion ii considered mscceptable.

S•lect as the risk of rejecting a total number of obser-
vatims In ehich P Is m ld. Select 0, the risk of
,o-'ti ng a total i be; of observations in vhlo P2,
is Valid. .

7.,
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f. Construct the sequential tist -aph, with Accept Hypothesis
and Reject Hypothesis levels as defined via Pl, P2, rdand..

g. Perform the restore time test cbsezvations the decision
to accept or reject is detezmined by the sequential an alysis.

h. Repeat the test for various combinations of failures,
test conditions, and other variables as required to simulate
operational conditions.

The specifications of the sequential test paran:ers described
above require mutual agreement be-veen the procixing agjecy and con-
tractor, iasmuch as these parameters are direct fuzactions of the
desired level of maintainability.

The successfiLl execution of the sequential tests and analyses
will constitute proof that the maimtaincaolilty goals have been achieved
within the specified level of certainty. Any deficiencies will auto-
matically call for corrective action, such as desiga revision, system
MTTR reapportionment, or relaxation.

The quality of the test plan, of coarse, is dependent uponi the
quality of the sample selection, the detailed analysis cif the ti'Olica-
tions of the test conditions, and the careful definition of -what eon-
stitutes a maintenance observation ur s~mple poi t (a gi.e. observation
might constitute the mean restore or repair tire for 1, 2, or 3 distinct
failures). Through the use of the secqeir. lt teat proee!'&e, efficiency
of method is achieved, but the developnent of a manageable test proVAm
requires careful attention both in experlental aesir, a d in the C.lec-
tion of actual experiments to be perfcrme-1.

In the unlikely eventality t.at ro clear decIslon c=n be muae
at the end of the sanpling, the two avznuea cf ayproa-ch left oten are:
(1) to continue until the specified rick levels are satisf icd or (2)
to cease testing ,and scertain -he risk level a; vhich a judSat ean
be made and use it for reporting purposes.

1. CPIF Contract Izlicatioz.

* It is worthy of not!zg at this point 2x.. the see n
of the a and 0 values can be used most effeztlvly in
Spread in CPIF cotracts. Te iacentive portion "f .,; fue Can be =Lde
to reflect not only X and WA but also the ' thmt the value

is. peater than the value reported.,
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C. Testing,

The goal of the previous dsc-Ussion is to derive a set of
faulJts to be inserted into the systei-, and to time their i-emoval. For
that reason, if no other, a few woz',ds abo ut t. t--stirog itself ia:e in
order.

dictonsThe choice of~ simulated failures provides a-,-ailabllity pre-
pictenalhich, in tiizi, presupposes a 1~.rlJedge cf all the - .rpes of

potntalfailures, their consequences totef-w-ctior, of the system,
thei2r frequency of occurrence, and wat 4s the approach for restoz-ing
the system to operational statu-s. At - a mirnum, the first t,,,o of these
(types and consequences of failxres) rmast be'r; llr~on L-. detail if the
probable maintenance task i s to be analyzad to the degree required for
prelimidnary MT-If estimates. The frequency of occurig failures may,
of neces~otty, be based on prelifinar2y reliability estimates since
tes are generally conducted before adequaate field data can be
Wcumulated. The approaches which can be taken in- restoring the systemn

I. to operational status should be available indetail f ri

The overriding criterion is that a true prediction of availability
be achieved. Thus, MTBF and MTTR, the two independent variables,
assume equal importance. At the time of test~nog, the predicted MATBF
should be available for all system levels, tlrro aiding in the test
plan development to the establishment of MM4T1, and., thas, availability.
In addition to the criterion of deriviung a tz-ua prediction of availability,
however, it should be remembered that tae syst,;m is far mcre than raerely
a vehicle for the maintainability englrteer to apply his talenTs. The
testing which is of such importance to himn requires time that is being
called for by other people with equally pressing problems. FRtz1her,
the system desiga engineers should not be exnected to allow~ their as-
yet unproved system to have fwalts inser-ted without some iarantees 'that
the system will not be harmed. Z.tis i-dicative of another level. of
criteria which can, if not met*, prevent thattainment of the overridinz
criterion.

Some of these physical o: eiarineerirtg criteria which are
Iortmnt, to the samling procedure ame as follows:

1.It wast be possible to a-.mril&tve tlne failuxts vitiou;t
permanent or expanadive damage to the systam. Completc
abrience of damage shculi be the goal lo, ti~exte~ feasible.

2. The maintenance tasks associated wit, corrcting the
simulated failures musat be ident-cal to %.he task~s required
for correcting the actuafile.
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3. Indicator states and signals or voltages at test points
and other monitoring points must be the same for both
simulated and actual failures.

Ordinarily it is possible to simulate failures without damage
to the system. Such techniques as blocking inputs or outputs of plug-
in modules at the connectors, or unobt, -sively discor~necting leads from
terminals are used where the fault to be simulated is characterized by
the absence of a signal. In other cases, the super-imposing of an
externally generated signal on a normal interrnal signal simulates a
fault. Rarely will a part actually need to be failed, although
using previously failed parts allows realistic simulation. The possibility
of associated failures is excluded by prior circuit analysis. Both *>

choice of failures simulated, and simulation methods are accomplished
so as to minimize the possibility of unpredictable effects and/or system
damage.

The requirement that test point and display information be
precisely simulated places. -futher restrictions on the simulation
techniques which can be used in any &'ven instance. In some cases, it
may prove advisable to re-select a failure in favor of one which may be
more adequately or safely simulated.

D. Uses of Data

The data gathered are useable in a number of fashions, largely
dependent upon the phase of the overall progam when they are developed.

1..-Early Program

As the conceptual system progresses, some preliminary
estimates of time will generally be made by the maintainability analysts.
This may be in the vein of eva uating different candidates. On the
basis of some preliminary model testing and/or previous experience with
similar equipment, the desiriers and packagers can be advised concernig
suggested design approach changes or at least probable areas of diffi-
culty. Simulations can be run at this stage to derive predicted spares
requirements, shop requiemnts, and so on. Further, the MTMR estimates
are used (save for MIL-K-23313) to developthe sample for the formal test
oid dewmastration.

2. Formal Test and Demonstration

Me data developed here are In one sense the most important,
ainoe there will generally be contractual decisions made on the basis
of their output. 3h addition, they are useable as the start of a data
pool on the system and as a sort of base measure for use in evaluating
field usap data. They have one ad4itional value: a limited value in
planning system retrofit.

3,
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3. Field Usage Data

These are the most real measures of the level of maintain-
ability. Whatever the potential proved during the Test and Demonstra-
tion, •chese measure the fact directly. Unfortunately, they are the
most difficult to gather in terms both of getting them at all and getting
then accurately (cluster analysis will often show the tendency for
"neat" times). The traditional problems associated with getting the
data forms filled out for all occurrences and filled out accurately
are applicable here. The easier the form that is supplied, the more
likely it is to be c~cpleted; The more strictly formatted the form,
the more likely that the data will be on the same base. The final
form should reflect trade-offs among the probabilities of getting them
filled out prope'ly, getting correct information, being able to handle
the data slmly, and so on.

The data derived can be used for retrofit and-logistics
information but equal.ly important, they form part of the pool of data
which will help in the predicting for future systems. This point is
especially important at this time because of the evolution of micro-
integrated circuitry systems about which virtually no data are currently
available.

One further point is that the conparison of these data

with those of the Test and Demonstration can produce an indirect
measure of the mainteanmce process and can be used to keynote problem
areas requiring attention.

36'
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Introduction

1y way of introduction I would like to comment on how we think

this paper is related to MAIMNANADLITY. It is concerned with ten

new concepts for structuring the trouble shoot.nz process to achieve

better maintenance.

This structuring is achieved in several ways: changing the
documentation, the training, and the equipment; and all three should be

brought into congruence. Traditionally these three areas are under

separate responsibilities in the services and in industry. We feel

they should be brought together more forcibly than they have in the

past., We believe that the really important advances in maintainability

will be made through changing the personnel subsystem. The highest

costs are in the personnel subsystem, by a factor of 2 to 1 over the

other costs, for an assumed system life of ten years.

The point is simply that these ten concepts approach maintain-

ability b modifying the personnel subsystem and also have direct

InMlications for structuring the hardware,9 but that because of

.c . c rtmentallsation of responsibility inplementati.on of any of these

concepts ha been difficult to acieve on a system basis.

Ten OWepS

The ton concepts discussed here were developed In Government

agencies and in private industry. They. al stem from a perceived

need tar cahage In the conveftional aprcoh to electronics maintenmnce

_7



7 :

which has prevailed since World War II, when major items of electronic
~equipment first made their appearance.

The appearance of these new concepts does not mean that the people

who are --esponsible for training and technical manuals and design have

not been doing'their job -- and doing It well. They do represent a

view, however, that major changes In approach to electronic maintenance

can nov be made which would alleviate many problems and result In

better maintenance at l-aer cost. Each concept represents a different

plan for accomplishing major changes but all have a common approach.

They all share the view that some type of equipment analysis,

accomplished by electronic experts (In advance even of the training cf

men to maintain the equipment) can result in a trouble shooting strategy

(and specific infcrmation to support that strategy) for the analyzed

equipment which, when appropriately presented to the maintenance man

(via m &ls, training, or special display equipment) will result In

better maintenance at less cost. These concepts differ from the

conventional approach In that they call for making an equipment analysis

for; trouble shooting once, by experts,* and transmitting this to the

repairman along with appropriate supporting data so that the repairman

does not have to make analyses for himself, repeatedly, while he is

trouble shooting. This also implies bringing the equipment into con-

gruence with the strategy which means test point Identification and

location, as well as configuration of parts Into trouble shooting

packages.

Raving the analysis made once by experts results in reduced trouble

shooting time. The experts Hust spend sizeable amounts of time making

/f,/
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analyses' of each circuit. It is easy to see how maoh this adds to A

trouble shooting time when it is done over and over again by each man

on the Job -_ while the system is inoperative. The effectiveness of

one concept (MBOEcMs) has been experimentally compared to the conven-

tional approach in three major studies. The tested effectiveness of

tLis new concept ranged from 40% to 200d Equal. proficiency Was found

when training time was reduced by 60%. The J0WAXX concept wa~s also

given a major test In which equal proficiency was obtained with a training

time reduction of 50%. In tests on minor item of equipmentp the

MAflMDEIN, AT0I4?J,, 3AMGA~j and 811dM concepts also showed some gains over

covenional approacbes.

Because of the relatively high cost of the Personnel subsystem, the

largest Potential for savings resides in increasing personno3. effective-

ness so that fewer men am achieve the sume or greater effectiveness.

it every concept the trouble shooting strategy is worked out in terms

of "dependencies." This memno what portions of the equipm3at =a'

dePendent on what other portions for their inputs.

The trouable &hooting strategy for an electronic system reqaire.

xpert, analysts to lay out the system, depeadvncies.* A blockc diavam is

Uiae= s y be reduced to a dependency cart giving the aome Information

(8TJ6, 2WWrs* 1W). 3ranctonl loops are another no for dependencies

(ATMS). 8t13.2 another fomat Is to list the checks to be made

according to tbe orde establIshed byr the dependanaies; (JO3ZBAN).

Sof ee ~ amck be oloIoded rolate to "qupant are a in

the aies OW~ cod* (NI AZI). "he MAde In which the tests are to



be performed can also be Indicated by having them physically arranged on

an equipmant panel In that order (FIS). They can also Le read out on

a card reader (MEMRI, AMMMR).

Every dependency chain starts at the power supply and input

stimuli and ends at a system display or output response. The trouble

shooter's Job is to start at an out-of-tolerance display indication or

output and check the other display or output indications along the

single dependency chain (functional loop). This Is called oympton

co!l-ction or loop\checkout. If he gets off this chain, he is lost.

All -oncepts make this chain clear In one way or another. The trouble

shooter is not required to figure out tha chain or the checks to be s-de

on it from schematic diagrams and a knowledge of theory. Experts have

already done this and recorded the Information In one format or another.

Symptom information will, on the average, localize the site of the

trouble to an area which Is approximately 5% of the system. This is

about the size of a chassis or modulu. Bat it will not be a module

unless the equipment is configured to conform to the trouble shooting

strategy. With today's typical hardware configurationz, the trouble may

be localized to an area the size of a chassis but the parts In this

area may be spread over several chazais.

This 5% area is approximately equivalent to five stages. Portable

test equipme"' can be employed to further localize the trcuble to a

stage by moasuring the outputs of one stage to the next. Some concepts

provide guidance In selecting these measurements; others do not; any of

them could provide it. Some formats bring the trouble shooter to this

point without seeing the overall picture of the dependencies or loops.
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" hZ use overall pictures of the loops to guide him. The Important

point seems to be that they all get him to this point without requiring

h2n to ~ork out the dependencies for himself. The FIST concept goes

one step further and employs transformnaton networks built into the

points to be measured on the dependency chain in order that one simple

but sipecially designed test instrument is used for all measurements.

This test instrument is the size of a man's hbat and gives a Go, INo-Go,

or no test indication.

All concepts go this far. FORECAST goes one step further and

organizes the stages into trouble shooting blocks. This means analyzing:

the stages to identify which larts will affect which test points,

regardless of feelbacks, feedbacks and other oddball electronic exceptions

to the simple logic of a good signal into a block,and a bad signal out

of it means the trouble is in this block. This additional analyzis

furthe' reduces the. need for the trouble shooter to analyze the circuit

and determine for himself what he has checked when he makes a check.

It also makes possible the use of simple resistenco checks within the

trouble shooting block to find the malfunctioning pce--u-part. This

within block trouble shooting procedure is common to all hardware

systems. Once trained in the method, the man can use it on any system.

This ends the summary of the concepts. In a summary as brief a6
this, the details of each concept may not have received perfect Justice

but within the limits of a summary it is as accurate as we can make it

at the present time -. and we feel the generalizations are esbentially

correct.
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These new concepts for electronic maintenance have clear

system-wide inplications for training documentation, operations and

equipment configuration. Clearly, for maximum effectiveness, training,

documentation and equipment configuration nust be brought into line.

Guidance for bringing ther into line can come from these concepts.

In orA.;r to compare the effectiveness of concepts, they must be

converted to a common denominator. This means determining how much of

the trouble shooting process each applies to. Foraulas fcr making this

conversion to common grounds have been worked out and will be published

as part of our report on these ten concepts.

Evaluating the Concepts

To be of any real value to the Army, an evaluation of any of these

concepts for electronic maintenance must be made In terms of the total

man-machine system of which each concept is a part. Any othcr type of

evaluation is worse than meaningless -- it can be outright misleading.

Evaluation on a systems basis is..a relatively new approach and

the methods and concepts for accomplishing it are not completely

developed. However, overall system evaluation is clearly in the

mainstream of all military (and civilian) decisions. It is no longer

sufficient to consider the cost of a new item of hardware; hardware

must be evaluated in terms of the cost/effectiveness of the system into

which it fits. A low-cost hardware item may raquire igh.cost training,

while a high-cost manual may actually reduce training costs by far

more than the differential cost of the manuals.



Sib-System optimization

Policies for the entire electronic maintenance system including

training, manuals, supply, job duties and operations were established

when electronic equipment was relatively simple, scarce and much less

Important to the Army than it is today. There have been minor

adjustments in job structure and unit operations resulting from

changes in test equipment, logistics, etc. However, no major

readjustment which responded to the interactions of all importunt

factors has taken place. One reason for lack of major readjustment

is that an Initially established structure tends to perpetuate itself

due to its compartmentalization.

There are eight Army agencies and comands which have a piece of

the responsibility In the area of electronic maintenance. All of these

agencies work toward the optilmzation of costs and effectiveness within

the subsystem for which they are responsible, but at best even with

coordination this tends toward subsystem optimization. It has 'become

clear that the sum of optimized subsystems does not equal optinization

of the total syste. For Instance, mini-azing manual costs may cause

the total system to tend toward maximm cost and minimam effectiveness.

The current poliay for development of manuals Is to provide the

produOee a relatively rigd set of specifications fto their content

eA style. 2fae polcy Is oe vbiah has been very successfl for the

Procurement of standard item like dlothing,, food, nuts and bolts.I
Se am degee of rAgdty aM specifleation of detail Is not used

for the oeWeMeent of Item wah redare research and developunt,

Q., ra.fraft wA ,adw syt on.

1A ..



The existence of numerous new concepts for mazuals and electronic

maintenance indicate evidence of research and development efforts in

this area. it would appear that policies for the procurement of these

products should now shift toward those used for R&D items. This would

mean the relaxation of rigid specifications and the Increased use of

coordination between the procuring agency and the producer of manuals.

This increased involvement of the p-ocurenent office will require a

high degree of knowledge and competence regarding cow~ epts on the part

of the procurement office. A Change in procurement policies along

these lines night well produice increases in overall system effectiveness

comparable to the Improvements in Successive major weapon systems which

have occurred since World War II.

There6 are so many interlocking factors, currently compartentalized

Into areas of responsibility that it will take time and experimentation

to play them off against each other. An experimental approach will have

to 'be handled Ii such a way as to provide adequat±e stability for our

fore readiness, yet give the necessary flexibility. The pressures for

such an approach le4. to the initiation of Task MOSAIC of which a

sunmay of telk new concepts Is one aspect.

We always heai It sidU with great force wnd sincerity, "Wae can't

valt -- ve need a solution now. " Yet "locking on" wbat appears to be

a solutioA now wa codifying It In specifications an result in a new

rigid structure v.b~oih gt "lock out" still greater advances.

The ±zalication of this is that there should exist a sbata of flux

for several yews, Durng this periodl changes should be adopted ard

thaX effects studied,. Bit no attempt should be made to arriv atan



"ultimate"' solution which then becomes locked Into new specifications

for' "all time. " So this paper, rather than indicating which concept is

best becomes a recommendation for furwther research - but reaearch in
which currently compartmeatalled~ responsibilities are opened up so

that a total systems approach to maintainability is possible.
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THE EFFECT OF MAINTAINABILITY ON MAINTENANCE AND LOGISTIC
SUPPORT PLANNING

Gentlemen:

During this presentation I will make ,tertain proposals which I hope

will provide a base for further discussion and study. These proposals

* have not been staffed in AMC/SMC and are not to be considered as the

. official AMC/SMC position on the sub'ect.

My assigned subject is 'The E#fect of Maintainability on Maintenance

/and Logistic Support Panning". To this subject I would like to add "a d

effects of maintainability, or the lack thereof, and the measurement of

these effects, we must examine the factors which give rise to the need for

maintenance actions which, in turn, give rise to the rieod for m tntanJbliy.

CARV #1 ON

'Maintenance consists of those actions required to overcome or prevent

a lack of, reliability. This maintenance includes both servicing and repair

operations, - the servicing to prevent or delay failure and repair to

overcome failure. In both cases, failure z lack of reliability".

Why don't we have 100% reliability - and eliminate maintenance. In

most cases, the state of the art or cost will not ptrmit attain ent of 100%

reliability

i-



CHARr #1 OFF

Note that cost is a factor in achieving reliability. But maintenance

actions also cost. Let's look at the maintenance costs genrated by a

lack of 1007 reliability.

CHA I #2 ON

"Maintenance costs are reflected in time, facilities, equipment,

publications, supplies and personnel necessary to prevent, delay or overcome

inherent unreliability." On the basis that a 100% reliable item would

operate forever with no maintenance or servicing, all support costs are

maintenance costs.

Can these maintenance actions be costed? They can. Our reliability

engineers can predict from experience or theory, that a given part will

require a specific amount of service during its life and will fail after

a specific period of time or use. -By computing the maintenance cost of

servicing and replacement of each part with predicted unreliability,

multiplied by the number of times a specific part will be replaced during

the design life of the individual end item, and this figure multiplied by

the total number of end items to be procured, the total maintenance cost

of a specific part can be computed. If the maintenance cost of each part

with predicted unreliability were computed and all of these sums added we

would arrive at the total maintenance cost of the anticipated inventory .of

the end item in question. Such a figure, if ever computed for a complicated

end item, would be staggering and'vl. need for additional reliability or

built-in maintainability, or both, would become a matter of urgency.

CHART #2 OFF

2

'4 5i
9 .. .."



and so, finally, we come to maintainability. Let's look at the current

Army definition of maintainabilityl

CHAR #3 ON

as contained in MIL-STD 778, dated 22 April 1964, Maintainability Terms

and Definitions. "Maintainability (M) is a characteristic of design and

installation which is expressed as a probability that an item will conform

to specified conditions within a given period of time when maintenance

action is performed in accordance with prescribed procedures and resources."

Frankly, the only thing this definition tells me is that if I can

commit enough resources to meet a prescribed turn around timev I have

maintainability. I will aduit that an item may be maintainable under such

conditions and when measured only against time. I submit, also, that under

such a definition the most poorly designed piece of equipment in the Army

inventory can have a higher degree of maintainability (probability of

meeting a turn around time) than the best designed piece of equipment,

depending on resources committed.

QIAr #3 OFF

I do not believe that the definition is meaningful and I propose, in

lieu thereof, a definition in substance as followa

ClAW #4ON

S"Maintainability is a design condition resulting from the incorporation

of charateristics of design and installation which reduce the cost of

maintenance actions to the lowest economically Iesible level." -- -

3
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As a corollary we might define rcliability as a design condition

resulting from the incorporation of characteristics of design and materiels

to insure maximum economically feasible trouble-free operations. Economically

feasible means that the cost of further increases in trouble-free operations

would be greater than the cost of the maintainability features and maintenance

actions necessary to service or repair the equipment.

CHAIr #4 OFF

Please note that the entire cost of an end item, including design,

procurement and support can be costed in three areas - Reliability -

Maintainability - Maintenance.

CHART #5 ON

"Basic design reliability cost + maintainability design cost + maintenance

action cost = total system cost". In some cases the design and procurement

cost of maintainability features will be such that additional reliability

may be bought at a'lesser cost. In almost all cases the cost of maintenance

actions (support) will warrant intensive action to build in either greater

reliability or greater maintainability, or both. In all cases, the cost

figures for reliability, maintainability and maintenance action should result

in the lowest total system logistic cost figure.

CM #5OFF

I have 1ndicated previously how maintainability affect& maintenance

requirements. L's take a look now of the affect of these maintenance

requiroents on the maintenance support plan.

CHMW #6 ON

4
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The time requirement can affect the maintenance float, number of

personnel, the training requirements of those personnel and total allocation

in TOE. Skill requirements affect personnel authorization and training and

special tools, and facilities. Tools affect the TOE, personnel and equipment,

of the maintenance elements of all organizations concerned. Facil4 ity

requirements to house and operate the maintenance equipment must be computed

in the support plan.

Personnel requirements are reflected in training requirements and TOE

authorization. Supply is reflected in the provisioning of all supplies

consumed by the end item during its life cycle and by the persQnnel to handle

these supplies. In effect, the support plan is based on maintenance actions

required and these, in turn, are based on predicted or actual unreliability

as modified by maintainability.

CHART #6 OFF

Gentlemen: The logistic cost of the inventory of a specific end item

varies with the cost of reliability, maintainability and maintenanco actions.

The lowest possible logistic cost required to mat operational availability

requirements is a national objective. Under these conditions the dollar cost

of reliability. maintainability and maintenance actions is the only meaningful

unit of masure as to how eofficieatly we do our job, 83318

CHART #7 ON (Sae as Chart 5)

The cost of NLIAZLXTr * M+I UrAZMALrTY * I4AI ( u LOGISTIC COST.
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II

THE ARMY'S MAI'TAINABILIrY DILEM4A - COMMUNICATION

CHARLES D. COX

U. S. ARMY MISSILE COMMAND

(PRESENTED AT THE ARMY TECHNICAL MEETING ON QUANTIFICATION OF

MAINTAINABILITY DURING RESEARCH AND DEVELOPMENT OF MATERIEL, 19 JULY 1965,

SPONSORED BY THE CHIEF OF RESEARCH & DEVELOPMENT, DEPARTMENT OF THE ARMY..)

THE PURPOSE OF THIS WORKSHOP IS TO EXPRESS INDIVIDUAL THOUGHTS, SO

i W'-OULD LIRE TO TAIG THIS OPPORTUNITY TO EXPRESS MY CONCERN ABOUT THE

WAY THE ARMY (MYSELF INCLUDED) HAS WONDERED INTO A STATE OF DILEMMA WITH

RESPECT TO THE BUSINESS OF MAINTAINABILITY. I FIND IN MY ACTIVITIES IN

AND AROUND THE ARMY, THAT THERE IS A CLOUD OF CONFUSION ABOUT THIS WHOLE

SUBJECT, AND I FOR O* FEEL THAT SOMETHING'SHOULD BE DONE. DURING THIS

SHORT PRESENTATION, I WISH TO HIT UPON ONLY ONE AREA OF CONCERN - THAT IS,

THE INEFFICIENT AND INEFFECTIVE COMMUNICATION OF THOUGHTS AND IDEAS OF

THIS THING CALLED MAINTAINABILITY.

I FEEL THAT THE MOST SERIOUS MAINTAINABILITY PROBLEM IN THE ARMY

TODAY IS COMMUNICATION. " Q WE CAN EVER HOPE TO QUANTIFY MAINTAIN-

ABILITY, WE MUST BE ABLE T0 TALK ABOUT IT INTELLIGENTLY. TODAY, IT IS

HARD TO FIND TWO PEOPLE WHO CAN SIT DOWN TOGETHER AND DISCUSS MAINTAIN-

ABILITY AND FOR THE BOTH TO BE TALKING ABOUT THE SAME THING, AND FOR THEM

BOTH TO BE IN AGREEMENT WITH THE CURRENT DEFENSE DEPARTMENT' S AND THU,

AAflY'S PUBLISHED IDEAS ON TO SUBJECT.

BEFORE WOOKING INZ THE REASON WHY WE HAVE THIS PROBLEM, LET US

IDENTI AS WELL AS WE CAN THAT WHICH I SAY IS BEING MISUNDERSTOOD.

'/12

q/ ,



IT STARTS WITH THE DEFINITION OF MAINTAINABILITY TAKEN FROM MIL-sTD-77'8,,

WHICH STATES: "MAINTAINABILITY IS A CHARACTERISTIC OF DESIGN AND

INSTALLATION WHICH IS EXPRESSED AS THE PROBABILITY THAT AN ITEM. WILL

CONFORM TO SPECIFIED CONDITIONS WITHIN A GIVEN PERIOD OF TflM WHEN

MAINTENANCE ACTION IS PERFORRED IN ACCORDANCE WITH PRESCRIBD PROCE]DJRS

AND RESOURCES."

I DON'T HAVE TO TELL THIS GROUP THAT THIS DEFINITION IS DECEPTIVE.

WHAT ARE THE XEY WORDS IN THIS DEFINITION? WHAT DOES IT REALLY SAY?

OR, POSSIBLY MORE DW~RTANT TO SOME ...... WHAT DOES 1IT NOT SAY? LET'S *
FIRST, IT STATES THAT MAINTAIN AILITY IS A CHARACTERISTIC OF DESIGN

AND ISTALLATION. IT RECOGNIZES, THEREFORE, THAT ALL TRUE MAINTAINABILITY

PROBIP24S ARE TRACEABL BACK TO THE ORIGINAL DESIGN OR THE MANNER IN' WHICH

THE DESIGN 'WAS INCLUDED IN SOME HIGHER ASSEMBLY. IT NEX STATES THAT

MAINTAINABILITY IS EXPRESSED, AS A PROBABILITY. THIS IS SUPPOSEDLY EX-

PRESSED AS THE PROBABILITY THAT AN ITEM WILL CONFORM TO "SPECIFIED CON-

DITIONS" WITHIN A O.LVNJ PERIOD OF TE. "SPECIFIED CONDITIONS" ARE

ASSMED TO BE SOME MIND4U OPERATIONAL STATE OF READINSS,. BUT NOT

NECESSARILY A PERFCT STATE OF REPAIR IN ALL CASES. TBE GIVEN T= ASPECT

APPEARS AT FIRST TO PLACE A PREMIM ON THE RAPIDITY OF REPAIR. A CLOSE

LOOK, HOWEVERo WILL SHOW THAT THIS IS NOT 80. THE RAPIDITY OF-REPAIR IS

INVOLVED ONLY WHEN THIS. SPECIFIED TIMN IS SHORT OR. IS BEING MINIMIZED.

I THINK THE.GRAIEST AREA IS HIDDEN IN. TOE LAST E(a'RES8ION -- WHEN MAIN-

TEACEIS fflE ACCORDlANCE WITH PRESCBED PROCEDWRS AND RESOURCES.

2
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THIS SAYS THAT YOU CANNOT EXPRESS MAINTAINABILITY UNLESS TiE MAINTENANCE

ENVIRONMENT HAS BEEN ESTABLISHED. IT MALIES THAT THE ESTABLISTv~N OF

THIS MAINTENANCE ENVIROnMENT IS NECESSARY ONLY FOR THE QUANTITATIVE

EXRESSION OF MAINTAINABILITY. I REMIND YOU, THAT BY OUR OWN DEFINITION,

MAINTAINABILITY IS A CHARACTERISTIC OF DESIGN AND INSTALLATION ...... NOT A

CHARACTERISTIC OF THE MAINTENANCE ENVIRONMENT.

AS I MENTIONED EARLIER, THIS DEFINITION IS DECEPTIVE. SO3 EVEN

ARGUE THAT THE STATEMENT USED IN DEFINING MAINTAINABILITY ACTUALLY

DEFINES SOMTHING ELSE ENTIRELY. SOME SIMPLY DISAGREE WITH IT. OTHERS

NOT EVEN FAMILIAR WITH THIS DEFINITION PROFESS THEY U7-ERSTAND MAINTAIN-

ABILITY ANYWAY. I FIRMLY BELIEVE THAT AS LONG AS PEOPLE THINK OF MYlIN-

TAIXABILITY AS "THE ABILITY TO MAINTAIN" WHICH, UNFORTUNATELY, SOUNDS

COMPLETELY LOGICAL ...... AS LONG AS THIS G(CS ON, WE WILL CONTINUE TO HAVE

OUR DILEM COMMUNICATING MAINTAINABILITY IDEAS AND THOUGHTS.

TO BETER ILLUSTRATE THIS, I AM GOING TO GIVE EXAWLES OF THIS

CONFUSION BY DISCUSSING SOME OF OUR "SACRED COWS" OF MAINTENANCE IN THE

LIGHT OF THE MAINTAINILITY AS STRUCTURED B THE MILITRY DEFINITION.

PLEASE REMEMBER THAT MY USE OF THE WORD "MAINTAINABILITY" IS STRICTLY AS

DEFINED EARLIER.

FIRST, ONE ALREADY MENTIONED, IS ...... MAINTAINABILITY IS NOT SD PLY

THE ABILITY TO MAINTAIN. THE ABILITY TO MAINTAIN INFERS SDlPLY A MAIN-

TxNACE CAPABILITY. THIS is om REASOi maY PEOPLE WILL I.u'TARcHANaETHE

WORDS mAiNTAiflABILIT AND MAInaNCE WITHOUT EmNoN TonI DIFFERENCES.

SCOND. M IS NOT DMSIING FOR EMSE OF MAnTENCE.

TE TERM "EAS OF M XC" HAS COME TO BE A CLICHE' WE ALL LOVE TO

-3. WHAT SOU BUM THAN TO HAVE EASE 0 M A N ?

4 ;4w

..: " ! .1



HOWEVER, ACCORDING TO THE DEFINITION, EASE OF MAINTEACE IS NOT TIONED

AS A MAINTAINABILITY CHARACTERISTIC. THE DESIGNER IS FREE TO DESIGN FOR

EASE OF MAINTENANCE ONLY IF ThE ALTERNATIVES BEING CONSIDERED ALL

SATISFY THE MAINTAINABILITY CONSTRAINTS SPECIFIED. IT IS NOT, THEN, THE

MAINTAINABILITY REQUIREMENT HAT STIPULATES DESIGNING FOR ZASE O MAIN-

TENANCE.

THIRD. MAINTAINABILITY IS NOT DESIGNING FOR MAI.NANCE AT LEAST

COSTS. ALTHOUGH WE ARE ALL OBLIGATED TO WATCH COSTS, NOT ONLY FROM THE

ACQUISITION STANOINT, BUT FROM THE TOTAL LIFE COST ST IOINr , THE ACT
OF PROVIDING LESS COSTLY MAINTENANIE CANWT BE CONSIDERED IT2EGRAL TO

TE MAINTAINABILITY TMNCTION. ACdTATX, TO T THE TIME CONSTRAIN 90

SATISFACTORILY MEET TE MAIN'TINABILIW REPAIR TIME REQUIRERENT, WE MAY

3E FORCED TO DEMAND A MORE EXPENSIVE DES:GN, A MORE COMLICATED AND MORE

/COSTLY SUPPORT EQUIPMENT, AND A MORE EXTENSIVELY tAIE TECNICIAN.

DESIGNING FOR A REASONABLY LOW COST OF MAINTENANCE IS A GOOD DESIGN GOAL

AND A SERIOUS REQUIREMENT; HOWEVER, IT CAN BE READILY SEEN THAT IT IS

NOT THE MAINTAINALITY REQUIR!bN, PER SE, THAT REQUIRES THIS.

ANOTER THING THAT MAINTAINABILIT IS NOT ...... MAINTAINABILITY IS

NOT DESIGNING FOR MINM MANPOWER REQUIREbM'TS. DESIGNING FOR A REQUIRED

.ICZ RESPONSE MAY V 3 WELL INCREASE THE CREW SIZE.

Z= ARE OXVIOUSLY MORE OP THSE TMS OF EXAMPLES; HOWEVER, TEE

POINT I WANT TO MAI IS MAT MZL±TAEY MAINTAMBITY IS NOT A SUMATION

OF ALL TA TG TKAT Alt GOOD FOR INTIACS. L IS NOT

A MW PRASE INTO WHIM ALL MAMECS, X FMA ErINEERING, AND

OTJR SUPPORT JARGON CAN NOW BU CATALOWGD

|



MAINTAINABILITY IS A RATHER NEW FACET OF DESIGN. IT IS, IN FACT, A

DESIGN PARAMETER. IT IS NOT JUST A NEW WORD FOR THE TRADITIONAL .AIN-

TENANCE ENGINEERING CONSIDERATIONS. IT IS NOT A NEW WORD REPLACING THE

TRIED AND TESTED TRUISMS CONCERNING THE BEST PHILOSOPHIES FOR GETTING

THE MAINTENANCE FUNCTION PERFORMED UNDER FTvLD OR COMBAT CONDITIONS.

THE FACT THAT THERE ARE SO MANY POINTS OF DISAGREEMENT AS TO JUST

WHAT MAINTAINABILITY IS AND WHAT IT IS NOT, IN ITSELF SERVES TO ILLUSTRATE

AND SUPPOIT2 THE CLAIM THAT COMMUNICATION IS A SERIOUS PROBLEM WITH

MAINTAINABILITY IN THE ARMY TOAY. THE FACT THAT 9HRE ARE PEOPLE SIT-

TING TOGETHER TODAY IN THIS VERY ROOM WHO HAVE DIFFEENT INTERPRETATIONS

OF TE BASIC DEFINITION OF MAINTAINABILITY ALSO SUPPORTS THIS CLAIM. AS

-LONG AS SUCH WIDELY DIFFERENT INTERPRETATIONS OF THE TERM CONTINUE, WE

CAB EXPECT THE ACTIONS ACCOMPLISHED UNDER THE FUNCTIONAL HEADING OF

MAIN ABILITY TO BE JlST AS WIDELY DIVERSIFIED.

IF WE ACCEPT THE DEFINITION THAT THE MAINTAINABILITY OF AN ITEM IS

A CHARkCTRISTIC OF DESIGN AND INSTALLATION, REGARDLESS OF THE MNNER

CHOSEN TO EXPRESS IT, THEN WE MUST REJECT THE HYIPOTHESIS THAT THE PRE-

SCRIBING OF THE GIVEN PROCEDURES AND RESOURCES FALLS WITHIN THE DO.AIN

OF THE MAINTAINABILITr FUNCTION. IF WE ACCEPT THIS HYPOTHESIS, THEN NE

. I MUST DISAGRE WITH THE BASIC DEFINITION WHICH RUMS MAINTAINABILITY THE

PRIVATS AND UNDISPUTED POSSESSION OF DESIGN. IN THIS LATTER CASE, WE

WOULD oI?- MATAINABILIT AS "A CHARACTERISTIC OF DESIGN, INSTR,

A-ZON, AND MXRIWM E Om ." HOWEVER, IS THIS WHAT WE WANT? WE

' ALL RE=NI THAT'PBOCEW AND RESOURCES HAVE LONG BEEN THE MIN OF

4423



EQUIPMNT BTC.,.I TRADITIONAL. THE YVAIN-TVILCE ENGYI-AMRING! FUNCTION

THAT HIS DESIGN PROPERLY CONSIDERS MAINrIENANCE. 1T AY-SO ES2:ABLISHES Ta

BASE LMN FROM WHICH TIM LZSIGNER MUST START '2)SUR iTRPASTMT

MIGHT BE NECESSARY CAN BE ACCOPLISEDD W :iIN 7-1 TI!M CONSTRAINT.

THIS IS THE DESIGER' S CONTRIBU-21ON TO OFFSW. R~-0

BETWWEE MAIN~TENANiCE IMQUIRZL4171S AND MAIN'TAINABILIZl" ARE COI10ON. MAIN-

TAINABILITY THEN IS MEASURDp BASED ON TlE OFRIGI1. ASE LINE ESTABLISHED

BY THE MAINTENANCE ENGtINEERS. THIS IS BASICALLY A C ilZ40JNICATi'XONS PROflLI2.

WHAT WE N=E IS A GOOD SNZT oF INIENT AS T) WHAT TriE AP02 NOW CON-

SIDERS TO BE THE PRndR DGIAIN OF MALI37MNP6NCE, Tia PRAARY D04AIN OF

MAINTENANCE ENGINEERING, AND THE PIUn4ARvY aX IN OF MI~A~hJT.~OST

IMORTANT WOULD BE THE ESTABLIS11MV OF A CLEARLY DEFINEDl INT"RFACE

BMEUN MAINTAINABILITY AND MAIN== ENClIkEERIN. TH: i.SWZLD SERVE

TO CLARIFY THIS WHOLE PROBLEM: AND WOULD SERVE TO PLACE MAV7-ANA=LnITY

RESPONIBILITIES monE ON Tx DESIGNR,, WHILE REQUIRIN3 H4 TO REALIZE

AND UNDERS=ADHIS InWACE WITH THE MAINME"ANCE ENGEER.

DO WE, AS THE AW~Y 18 MAfl I1.BrLIT4 WOPXJN( ) C=0TJC OUR~ M'.IN-

TAINABILITY PROGBAMW STBIY IN ACCOR=AC WITHL D b INIONS OF" tilii'

STD-TT8 AnD AR 705-26? OR ...... DO WS AIR VHM A LMTLE AND CONSIDER

KAINTA AB L&WLS OF A =ESIGN PARAMETER AND MORE OF AN OPT. IZATION

OF TO MINENN PROCIXR3 AND P.ESOUR=ESx ZH OB THA4T MAITENANCE

mHAS BEE DOMN FOR MERS?
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I SUBMIT THAT, UNLESS A CLEAR-CUT DISTINCTION IS I=DE BETWEEN

MAINTAINABILITY AS A DESIGN CHARACq2RISTIC, AND WINTAINABILITY AS A

FUNCTION OF THE MAINT NANCE ENVIRONMENT, AD PROPERL" RECOGNIZED AT ALL

LEVELS, MAINTAINABILITY WILL BECOME MORE OBSCURE RATHER MAN MORE PRO-

GRESSIVE, AND QUANTIFICATION FACTORS WILL BECOME ANiNGLESS.

WE CAN RDOVE THIS SERIOUS DILMA TROUG0 IMPROVED CODNMUNICATIONS.

IMPROVED COMMUNICATIONS, HOWEVER, MUST BEGIN WITH A VOCABULARY WITH WORDS

MEANING T SAjE TO ALL USERS.

AS A STAKR, I WOULD LIXE TO PROPOSE THE FOLL INS:

1. 9110 THE GENERAL TEFO( "MA,^'0AI .:Z" BE CO.SIDER.D BY

THE ARMY TO RECOCaIZE NOT ONLY =RE CHARACTERISTICS OF rESIGN AND INSTALL-

ATION, BUT ALSO TO RECOGNIZE THE IInUENCE OF -90 1ANNANCE ENVIRONMENT.

* 2. THAT THE GERAL TRM "MINTAINABILITY" BE CONSIDERED AS

CONSISTING OF TWO MAJOR FILDS OF INTEREST: MAINTAINABILIT7 ENGINEERING

AND MAINTENANCE ENGINEERING.

3. MAITAIIABILIT' ENGINEERING WOULD ENCOMASS ALL MALNT-AI-

ABILITY CONSIDERATIONS ASSOCIAM WITH DESIGN CONFIGRATION, RELIABILITY

DNGXI G, HLWAN FACTOR ENGINEERING, STDAMATION ENGNEERZN, AND

OTDR USUAL CONSIDRATIONS ASSOCIATED WITH DESIGN WURING DEVLO T.

4 . ..m ..m nG7 En G iLD ncwAss AL MATANABIT

coY- AT.tICONS AS hCIATD WTH KtAU,- A PILOSOPH., MAINTENANCE PRO-

cimM oS, AnTWc SOUROES, MUM PNO1 XMR0=oW1q, sKILLS, AND SUPOMRT

PLAN=N 331 GRlEMAL.

* $. FOMAL OM MS OF CMMI XCATION iUST IE ESTA ISD MOD=

T MAIWA.MNAJIT ENIERES CONCEMD WITH THE DESIGN AND TH MAINTEAN02

7Gn11W cob= Wm w wPRT S.
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DATA EXCHANGE IN BOTH DIRECTIONS IS A MUST IF MAIIWAINABIIJTY IS TO BE

ACHMVED TO SATISFY BOTH DESIGN AND SIJPPORT.

IFl THIS GROUP LEAVES THIS METING THIS AFTERNOON WITH'tT A CO1MvIN

UNDERSTANDING OF TH DEFNITION OF M.LNTINABILIM'Y, PTHEN I FEEL~ THAT MUC-1H

OF MH TM AND EFFRT EXPENDED IN HOLDING MHIS VIETING HAS BEEN WASTED.

IF,, ON THE OTHER HAND, WE CAN AT LEAST ACCEPT THE FACT THA2 THE DEFINITIONI

DOES EXIST, AND ACCEPT WHAT THE DEFINITION SAYS AS BEING WHAT WE CALL MCN- 1

TAINABILITI, THE DXTING HAS BEE1' WORTM=112~.

I SEROUSLY FEEL THAT WE MUST, 1ROVE OUR MA11-NAIAB2Ii COM)NICATIONS'

BEFORE ANY WXANTIFICATION ?UiMICS WILL 112 bMANINORF. I D-ON'T HAVE TM

FULL ANSWER TO THIS DILMkMA. I WItLL, HOWEVR,. DO WHATEVER I CAN MI HELP

TO AM4 (ET TME ANSWER.

Design
Configuration Supportability

Maintainability kneac
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SOME PROBLEMS IN DUFINING
MAINTAINABILITY AND ASSOCIATED TERMS

H. Walter Price
Chief, Reliability Branch
Harry Diamond Laboratories

INTRODUCTION

Maintainability, in a sense, is like workmanship. That is,
each term denotes an area which is undeniably important end which
requires a term to specifically define and delineat. that area.
Yet, in both cases, attempts at precise, quantitative definition
have not, in general, yielded results-which are in any way satis-
factory neither from an academic nor a practical standpoint.

There is considerable evidence that this difficulty exists
and that it is not easily disposed of. For example, the document1

which established this meeting exhibits a rather comprehensive aware-
ness of this difficulty.

Unfortunately, this difficulty is not restricted to the word
"maintainability" itself but extends to many term which are a
necessary part of that area which is connoted by the term "n intain-
ability".

REFERENCE DOCUMENT

A "Proposed Military Standard for Definitions of Terms on System
Effectiveness" has boon recently circulated for comment. 2 Since fri-
quent reference is made to this proposed standard it vill be convqn-
lent to refer to it as the "reference document" herein.

DEFINITION VERSUS "QUANIPICALTIOW"

Definitions of technical terms are almost always qua.itlta-ive
definitions. In many cases the definitions are exclusively quantita-
tive (i.e.g the definition of a dyne). In other cues, the definition

to Ary Teemsleul etI eq q"tifestiea of Ulhtalnbillity (31) urin itgereb and
DM5 sent of ht (muyh " ow U adted , woIwd jam 1%5)

.6 Ptlsoot eotepte of th utter's e6m0mts a this pespeec "ended an boinO elfrSletedso a eopestt deseto

/
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may not, in fact, delineate quantitative values, but i;,ijl .y that
measurement is possible and that tiuly quantitative term~s are
available or can be easily defined as needed. For example, the
definition of mass implies that it can be muasured and that suitable.
units for such a measurement either exist or are definable.

To paraphrase Lord Kelvin, a non-quantitative definition ic
almost useless in any technology. In the field of maintainability
this statement is no less true. The word "maintainability" and a
host of terms which are needed within the field require quantitative
definitions if anything meaningful is to be made pavt oF the rrjcuirc-
ments for an item and if something constructive is thY ~lcy -ch!evcd.
Otherwise, the situation- "- the contractor shall use the best work-
manship -" will prevail.

The naed is clear. Unfortunately, there are A. cave diffi-

culties in achieving these definitions.

DUALITY IN QIElING OF MAINTAINBII.ITY

Maintainability is a term which has at least two eutirely dis-
tinct meanings. First, it denotes the area or technical field which
is being discussed. Second, it denotes soma (hopefully) quantitative
attribute of an equipment or a man-machine complex. In this respect,
the term "statistics" denotes both the technical field and
some specific concepts or i~jems within that field. Such a duality of
aeaning, in general, causes no serious ambiguity and, at vorst, is
an occasional mild annoyancu. Hence, the writer in no way objects
to this duality. iowevnr, it is important that this duality be ra-
cognizod and that separate definitions be accorded to each sense.
It is not the purpose of this paper to present solutions to thu ,
'difficulties but to delineate them to facilitate and stimulate di,;-
cusson.

Mt;TAINAIAILiTY IN MlC FIRST SENSE

Dcflin.vig olintainchility in the first seusu pitsents no diffi-
culties which are not inherent in defining any field. The writer
does not wish to minimize these difficulties, he simply wazits to
distinguish this type of difficulty fron the typo of difficulty which
is encountered in attemptig to define muintuinability in the second
senses

The difficulties in defining a felod ar') centered around the
basic inability to delineate a complox situation i" concise t(r:.n
This has long been recognizod and variouz expediencies havy bon used.
In gonral, the layman has som vague (usually erroneous) notion of
what the field is (does the laymn really understand what is meant by
the tern 'mathematics"?) and the profossional is so immrsed in the

7 -



fi Id that he doesn't need a forra:l dcfiniti ,,'

It has been said that tho tealm "pilysics'" i ' , ;, ,
" that whiih a physicist does." whicdh c'ircSd.S:i. :S U
it does illustrate the frustration in .ttcmpc ig i d. uil
term.

Thus, as far as the first sense is concerned, :ne is ief;l w ith
the need for a definition tosatisfy the layman which need only be
-acceptable to, and not necessarily satisfying to, the professional.

PIROPOSED DEFINITION (FUt Seme)

Molaintainab y i6 that techicaZ fL.etd .hict i6 conc~ne i'.
* ~~he &e&;,Lwe ewce o 6 ac tUonz which cw~~act nicl.bunctbon Ga V thich ;:~

duce .;e &rci.dence o 6jutfae ?atctoi. Thue ac~t(.0w Wae~C
"00jpecuVi maintenance" and "pLe venti.e =aintzancV " ite p cp,.tUve'y.

'MkINtAINABILITY IN TIHE SECOND SENSE

It is the definition of maintainability in the second sense
that really formidable problcms arise. For thi3 ifassjol'A
term. This is the term with which he must work, The layaa's nZd
has (presumably) been satisfied with the definition in the first cnsa
and, hence, his need and his views will not be consid.red further.

From the professional's viewpoint, the second sense definition
must, perforce, be quantitative. Mere than this, it must be meaning-
ful, clear, concise, unambiguous, satisfying, and useful. This is
quite a requirement. It is doubtfu! that it can l'c Ltaijtd cowpIlto-
ly. Any definition must, at bvst. be a C6ipxom .se of Lhcs, ,
ments.

It mnight be useful Lo aLtocmpL : nking of , .: u
these requirements. To do this roquih'es tn c.tiL,.:,.,ont a
terion for such a r"ahing. OGn; cI'iTL;'ion could be that oT dcrz2.. .
Another criterion could bo that of es-Limated ease of ach.of vnmir'. A
third ranking could then be mado which rop-oscntod some cowprc.niz' of
the two criteriv.

Any such ranking is, of course, a mattt;: orf ot ion a. i.
fore, a subject of controversy.' It is charute:isti. of such coi-
trovorsy that the further one proceeds down sucl i list - tht Srer..:
the likelihood of controversy.

rAA-'



From a desirability standpoint, one might list

Meaningful
Satisfying
Useful
Quantitative
Unambiguous
Clear
Concise

From an estimated ease of achievement, one might list

Clear
Concise
Unambiguous
Meaningful
Quantitative
Useful
Satisfying

Unfortunately, these two lists are almost %.xact op;p-to s in
order. Therefore, making a compromise list can bc ex;tremeily diffi-cult (and extremely controversial).

Two Cus.tomers

There are at least two distinctly different types of Jpersons
*who have a legitimate need for a second-sense definiti.ca ur- i.Uily.
For convenience, one type will be designated the 'prJctical" tyc and
the second will be designated the "theorexical" type. WVitout quostiort,
each type's need for a definition is real and is impoitant. Ca,' a
single definition serve both customers? This question rnerits fu'thcr
consideration.

The practical type includes all persons who arc concerned widh
the direct performance of maintenance, or io designing cquipment to
facilitate such maintenance. Thus, this type includes de.ign cn-
gineers, process engineers, maintenance superintendents, ;:.-cainics, Qtc.

The theoretical type includes all persons who are concerucd with
studiJes to minimize costs or to maximize effectiveness with -cspect to
maintenance. Thus, this type includes mathematicians, economists,
operations research workers, etc.

In these categories, the obvious categories of persoas have been
explicitly included. There are otior categories of persons where tho
correct type designation is not nearly so obvious, To w4hich typo, for
example, does the contract writer belong?

1yz 1



What Does Maib-tainalbility Include ?

It is pertinent to inquir: What does r, 'i.ai.i ;i.y icxude?
Is it

1. An attribute of the Qtipw iL o.ly?
2. An attribute of the wainton,,ncc crew?
3. An attribute of the maintenanco policy?
4. An attribute of the mai, ntenance organization?
5. An attribute of the supply s),stO 1?
6. A combination of some of these elcments?
7. A combination of all of these elements.?

This is not a trivial questicn. Although, number seven is frecquent-
ly avowed, efforts seem lfmitnd to number one. Agai., thcz"' is a ccn-
flict between what is desired and what can be adhieved, The r--.cer-
once document contains terms which ostensibly Col f o thVs. alter-
natives, but all thirteen of the terms which Oiar, :. Lh word Inain-
tainability" limit (implicitly or explicitly) Lh-ir coverage to ntimber
one.

There are a number of reasons why there i: a s-Lvo ig prc',ssu :O
away from number seven towards number one. First, consider the word
itself. If reliability is an attribute of an equipmeat which is con-
cerned with its abiliL- to be relied upon, then it would be le l Mv , t
to interpret the word maintainability as an attributc of the equip-
ment which is concerned with its ability to be maintained. But is it
as legitimate to interpret the wor lpaintainability Y a-ie-abili.y of
a maintenance crew to perform mauintenance, or the abi o--i5-s"i' X
system to allow maintenance to be pervFormed? Such intnr.rctations arc
at variance with the usual intcrprctni.ion-- of words wiL Lh.- '
"- able". Thus, trainability is Lha ability of a 0O.TSLfnl to ,i
- not his ability to teach others. !,ikewise, reasonability 1"o
ability of a person to be reasoned with - not his a!i. i..y i:- . na,'.
So, linguistically speaking, the right is on ie side of 6he niiiitsr
one advocates. However, one can alwiys use tbo argur-'it, lihc
Carroll's caterpillar, that a wordmcmns only what one .'.its it C,)
mean. Such an attitude is not conducive to unaambiguivy annd 'vco1'Cal1C4.

Second. consider a contractor's role in 140,11taiulabiliLy. 1Iopi.
fully, he can exorcise some control in rzoa nuubaer one. 1 q he..s no
control over numbers 2, 4, aiid S. And, hc hat only un Ldvij'ury reLi,
at best, in number 3. Of a nbcc~sLty, then, tho coitLracCor (ano the
contracting officer is only inLcrcskcd In numt~b:; 1. If ,nythnh , ethor
than numer one is to be impleeoatcd i: must b by Ova ning orgai-
zation. For some reason the using o,'jani-u:' havo teen singularly
lacking in action in these other areas.

'Altird, the elements other than number one ure convernad with
matters far less tang'.l and less trzactble than do tumbor one.
Number two, for example, decls Mr-rc:.1y with the great intangiblt and
intractable factor called the h-,a hctur.

'P .Pi\



Hence, one can conclude that it has btcji epid.'cnr i..'nore 4ll
but number one element in attempting to upply the conr..: . of i .intain-
ability. The question at the moment is whother to cont .a.e to restrict
maintainability to this area or to make an attempt at TwL,)or seven.
(It should be remembered that the ra~a of progrcs: in ztpplying end
obtaining results from number one has not beon significant.)

Is Maintainability a Probability?

Attempts have been made to define "maintainability" as a proba-
biity. This attempt probably arises tharough a cohbinution af' the

EL influence of the theoretical type plus the success which has been
achieved in. defining "reliability" as a probability, i|ow.wvere, as wil
tc s, -n, the two concepts of reliability and maintainabi.'ity a.-e suffi-
c;- -.-. y different, that the approach which was (more r 1. success-

,.31 the reliability field is not necessarily a frutt--u, approach in
tCi maintainability field.

Although of potential usefulness to'the theoretical typo of main-
tainability practioner a probability definition is unli!.:ely to be of
much utility co the practical typo. This is pI.h.ps ;tof.:ted .n the
reference document wherein the basic term "maintainability" is defined
as a probability. But, in every one of the 13 e;cponded rmiintainbility
terms (such as Achieved Maintainability) the entire concept of riain-
tainability is dropped. This same pattern can be 'observed in the alli-
ed term "Availability" where the basic term is defined as a probability,
but the qualified terims do not include the prou ability to any pienomena.

L

The concept of probability is ,ite ful in any siwuatifln vit-io.
the phenomena exhibits a tandom variation in vaiuu anod £'.'C":L ion
is of such size relative to the average value as to be i" c" ".I In the usual statistical sy- bols, the concept of probability 's ,:fu.
when G-- is comparable to.0, . If the variation is quito ;iaii compar-
ed to the average it- usually suffices to coasi.'.e . plt, oni to be
deterministic. Thus1 if an object is droppad it ,.sually st-f.ces to
say that the greatest variation is in the humna eleaient. Conircr,
first, preventive maintenance. As f.r as a given piece a ofquiipment
is concerned, .*. should require a certain anount of time to po"L-fom
a given.preventive maintenance task. Any variation in i:-ils ti-me would
be due, almost entirely, to the human and other nn.. cqupji.c1 t soucccs
not to the equipment itself.

Even for corrective maintenance, the largest v.:.ia.:ion is duo to
humans. Thus, it should take a given time to diagnose and rcpair a
given fault. Any variation in this tinie'is a..nist entirely due to such
factors as human intel!ige.e, skill, dexterity, expcrience, dducation,
health, mot,,ation, intere!st, and other intangible factors.

The reliability case, often used as a pa.ailel for maintainability,
.is quite different in this respect. Reliability is concewhed with the



occurrence of failures which is properly traat -d
and which is a proper attribute of the equipient.

It would seem logical, then, to consider thi equ-ipi:,nt s oSPOCs
of maintainability as deterministic and restrict the probabilistic
treatment to the non-equipment aspects.

But there are still further difficulties in treating maintain-
ability as a probability. These difficulties center around the types
of distributions which may logically describe the phenomena. In the
field of reliability, a majority of the applications have involved
the exponential distribution, Much of the success achieved in these
applications is due to the tractability of the expressions which in-
volve the exponential distribution. In general, grave difficulties
face the user of any other distribution. The use of the sxponential
can be justified on the basis of the rationality of the constanrt
failure rate.

How rational is it to apply the exponential distribution, to the
maintainability case? Consider a maintenance crew p erfo.ming a pre-
ventive maintenance task. Is it rational that the probabi iity o0 com-
pleting the task is independent of how long they have been woriir?
Rather it would seem that the probability of completion should in-
crease with the length of time that the operation has been underway.
A similar argument seems rational for the supply delay. Such a
pattern requires the use of a distribution which is known as a "wear-
out" distribution in the reliability field or mi "old-age" distribu-
tion in Lhe acturial field.

Consider the case of a crew peif r, ing the diagnosis portion of
a corrective maintenance task. Unless the crew is performing like the
proverbial monkeys punching typewriter key*, again it is not rational
that the probability of completion:is independent of how long t',e cr";w
has been diagnosing. For any organized policy of trouble-shoouting.which
can be imagined, the probability of diagnosis should increase with this
length of time.

Thus, it is perhaps understandable why there is considerable con-
fusion in the attempts to define maintainability and variation3 tioro-
of in the reference document (and elsewhere, for thae matter). 1 is
also likely that these same difficulties will coniritte to p1ago future
attempts at definition and application.

SOME OMhR 1AINTAINAU LIT? TERMS

It would indeed be fortunate if the diffiu ;es wsr3 linited to
the term "maintainability" itself. Unfortunately miany of Nho other
tcrms used (or usable) in the field of maintainability ar likewise
beset by difficulties. A perusal of the refer nc doevuant will re-
veal a considerable amount of confusion, duplication, and genierally
f'usy thiskil.
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Consider for example, the term "availability". Again the attempt
is made to define the term as a probability. But the definer gets him-
self into several types of difficulty such that he defines a probability
which is quite different than the probability he started out to define.*
Moreover, the quantitative term which is given, is not apparently a
*probability but a ratio of mean times. And again, in the qualified
availability terms there is a running confusion as to whether avail-
ability is an attribute of the machine, the other less tangible factors,,
or some (unknown) combination of these elements. 

0

There are a proliferation of terms, which overlap or duplicate
either in intent, in content, or in both in a general confusion. These
include:

Availability
Dependability

Item, Interchangeable
Item, Replaceable

Maintainability
Maintenance Ability
Maintenance Capability

Maintainability
Repairability
Serviceability

Rcpair
Servicing
Maintainability

Supportability

and many others.

The writer suspects that the reference docu;=nt. cnteins r:crc terms
than can be usefualy defined as unique terms. That is, a considerable
number of these term should be dropped (thereby made available for
vernacular use) and efforts concontrated upon attempting to defina the
remaining terms as well as possible. Again, the writer suspects that
the proliferation of terns is a smoke-screen to'hide the c,-nfusion of
ie originators of the reference document. It would seem advisable to

strip away the screens, recognize the problems, make the best definition
possible, admit the shortcomings, and apol6gito fo no-one.

I" tie ~4oeptf the wIWteeIe e 0ste I"th. mpa.te dofutftt.



EXCERPTS* FROM "COMMENTS ON 'PROPOSED MILITARY
STANDARD FOR DEFINITIONS OF TERMS ON SYSTEM
EFFECTIVENESS' (I April 65)" (July 65)

It. Walter Price
Chief, Reliability Branch
Harry Diamond Laboratories

INTRODUCTION

A document entitled "Proposed Military Standard for Definitions
of Terms on System Effectiveness" dated 1 April 65 was recently cir-
culated for comments. The writer responded with extensive comments
through the appropriate channels. Since many of the included terms
are relevant to maintainability, the writer thought it appropriate
to make the excerpts which are included herein.

FORMAT

The format of those excerpts consists of the proposed definition
followed by the writer's comments and suggested revisions. Each item
is coded in accordance with the following scheme:

PD - Proposed Definition
C - Comment by the writer
R - Recommended amendment/revision/alternative by

the writer

EXCERPTS

PD: f A desip featura hich affects the
ease or amlission to an area fbr the perforumnee of visual
and mnpulative maintenance.

PD: b Deftion: A desnp feature which affects the
ease or adodss1n to an area within an item fbr the per-

of mantenne.

C: It is probably not good usage to equate the abstract noun
"accessibility" to the concl 2t& noun "feature". A design
feature ight be a removable cover - but the cover is not

.... ',..t of tihma It*. leh we be. '.ved to be mtpsflcmtly roltvust tomeena IJbl tty./



accessibility. Therefore --- it is illogical to say that
accessibility is a "-- desiga feature -- ".

R: A da ateAiatic o6 an item which ket&ae to the 'ketative
ea~e o6j admi4,don to va'tiou. a'cea,6 o6 the item 4equi~ed 6o,%
the opekation ox the maintenance o6 that item.

AVAILABILITY - -

PD: Existing Definition: The fraction of the total desired
operating time that the item is actually operable; a measure
of the system condition at the start -of the maission, when
the mission is called for at an unknown (random) point in
time.

PD: Proposed Definition: The probability that at any point
in time the system is either operati;ng satisfactorily or
ready to be placed in operation on demand when used under
stated conditions.

Cl: There are apparently a number of different (some decidedly
so) definitions of "availability" which hame been advocated
and which are in more or less use.

I4

One definition is used in the queueing theory area where 4
it pertains to the idleness of a server(s). In this meaning
it is implied that the server is operable. Thu3, if one
needs a haircut, Q barber is available if he is health: and
does not, in fact' have a customer in his chair.

The other definitions are presu'ibly due to th,. mii,-
tainability practioners. 1iare therc saews to bu a vi-ie~y
of conflicting meanings as indicated by two distinct de-
finitions in the "Existing Definition", a thizd distinct
definition in the "Proposed Defnition", and yet ocher de-
finitions are implied in the various availability entries
with adjective appu 'nges.

C2: Existing Definition (First sense) - The first clause in this
definition seems to come the closest to beinG somawhat con-
sListent with those definitions tLoat follow availability-
plus-a-qualifying-adjective. In face, in the ruintoiaabLlity
area (as opposed to the queueing arau) this definition is
probably the least objectionable. It makes no pretence & jouc4

being a probability but is content with just being a fraction. "

C3: Existing Definition (Second sense) - The second clause in this
deftinition does not automatically follow from the first clause.
Therefore. it may or may not bo consistent with the first
clause. The second clause is certainly imprecisely stated.
What is the basis of this 'measute"?



C4: Proposed Definition: This 6-initioi , to denotce the

same meaning as the second clause of the exs ting definition.
However, the word "probability" has been addcd Now, it is
not at all evident (or proved) that the "fraCLLon" mention-
ed in the existing definition (and inded. used in all of thefollowing adjective modified definitions of availability) is
in fact, a probability. It seenm to be a, ratio of iaean
times. Probabilities, in geineral, are derived by integrat-
ing a density function; or, by combining combbinations ofjoint, disjoint, and conditional relationships of other pro-

babilities. Since no distribution or density functicn is
in any way evident in connection with this definition or
availability, the approach of combinidxg probabilitlas will
be taken.

Suppose

A - P(B)P(C) + P(B)[l - P(C)f*

where

A - availability

B - state of being operable

C - state of being operated (i.e. processing a work Icad)

Then

A- P(B)[P(C) + 1 - P(C)]

.- P(B)

Thus availability turs out to be thc probabiliLy o' ibLin4
operable and the res f the statent obout " r:iBg operatedor ready for operation" is so mu,.h (misleadn;) ! l1U,-
baggage. If this is the coea, it would seem lc: cal co call Ithe probability of being operable, "operability". " r, would
free the term "available" to be used exclusAve,) i Cc cut.ue-
ing theory sense.

05t Pronosed Definito.; The placamant of the word "diat" iz in-
portant. The proposed definition implies that availcL'1i y
is invariant in time when, like. failure rata, ir uy ba ia
fact, a function of time.

C6 Queueing TheorY _Dfinition:. A tar co d4noote availbilizy in
the queueing-theory sense is essential to a Syatcr Effactiv4-
nes language. For eoaple,, in cta tderit a fire Con::ol
sytR wherein there are a number of trackina radar s4a for
tracking a number of different aria~t siulttoously, it is

?hi Is the lmeLUtIGJl tetOt of 0- Is either opruaLono tatirfactotly o emady to b
pleed It oeptlef -%



important to know the availability (i.e. che probability that
there is an operable, idle tracking spet) of the syite.m should
an additional target appear. Such situation; L:e certainly
not unusual and there are many cascs of system effectiveness
analyses which involve multi-server qucueing line models.
Hence, the necessity of Aaving *such a Minern as "availability"
(in the queueing sense) in the System Effectivene3s lanSuave.

C7: It is strongly reconmtended that the terms "available" and
"availability" be reserved for meanings in the queueLng theory
sense. The terms "operable" and "operab 11ty" can then be
used in the "Propozsed Definition" sense. To dr.irnatc the
fraction of mean ties in the "adjactva-ndifiad" :nse the
term "Vitality" can be ised.

RI: AVAILABLE - The .tate o, bZ;,.j c pVIu0ZC (h.v.) i-.id ids (i.e.,
.theAe is no aLent wokoad).

R2: AVAILABILITY - The poLobabity at anj poir t in d:ttat one

R3: OPERABLE - The 6tate o' be.-ij capa.i'.' c-1)f b' ,:g cpeWY.c. ? ""

R4: OPERABILITY - The probabifity at any po~in in Zi,!c .4tLac the
zyzter (.utb-z4 y.Cte, coaponent) is opewabtz.

R5: VITALITV - A Aat,'o o6 we an tjzA W';%WL Cxpr sU .. c ovLage
portion o6 e .tLme hic -ie e.qu.rinnzt .& opej&LcZ2 When pze-
venmave and/o' /ojncdLatZ maZn.tear1ze i6 a paic.t ,' .,. poZcy.
(See 6peciZic adjectiuc- modtifed de,,'.t-; ' bexow. I

AVAILABILITY, ACHIEED - -

PD: The probability that a system or equipm:.nt when uiei~d
stated conditions in an ldeal support env':r~rAn (i.e.
available tools, parcs rinrpc,.er, aGnuals, etc.) sIall oerate

satisfactorily at any fgivcn tLne , Achieved Avallabillby ex-
cluded Supply Downtim and Waiting Adilnistrative Downtime.
It nay be expressed as:

Achieved Avaf l biAity -
illh~ + M

where
1VBM "Mean tinx- bet,:e7n z i.nce -i-d veadv

tirre di.rng thl sa=- tn - inter-,a i
M = Pean Active Mair :n nca Dn; rmvi rest JI

from both preventive and courrectihe mfn-.-
tenance actions.



Also defined as a statistical estimate of availability based
on actqal demonstration under specified conditions. The
specified conditions may be test conditions or operational
conditions, but the conditions r.ust be cleazly stated.

Cl: Pursuant to the extensive discussion under the "Availability"
entry, the word "Availability" should be changed to "Vitality".

C2: The word "achieved" here seems quite contrived. The natural'
connotation would seem to be synonomous with the definition
given under Availability, Operational: Therefore, it would
seem quite desirable to replace the word "achieved" with a
less ambiguous word, perhaps the word"ideal" or the set of
words "ideally supported".

C3: The definition of HTBM as presently stated is not unambiguous.

C4: It seems basically incorrect to define a term to be an estimate,
per se. It is doubly incorrect to assign an estimate meaning
to a term which also means the true value. The ambiguity (and
consequent lawsuits) can be formidable.

C5: "M" by itself does not seem a consitent designator.

RI: VITALITY, IDEALLY SUPPORTED - The vit2ty oj the eqw.,VAent
in an ideat 6uppo't envi. m. t (i.e., av.Zoabe tooZ and
po tt, avaitabte and competient rnpowek, avaZflabt and
adequate manuwae, etc.) Supply Downtbre aid Wqan Ad-
mu4tkative Timne a,%e .6peci6ica.Uy exeluded. It~ mayq be
exptuea ed ah

IDEALLY SUPPORTED VITALITY a -

wher
MTM - Mean t.rna between nmia enance actto.n.

MAM4T a Mean activ'e maiZntenance tim~e (dtv,"'
which te equipment ia not opeu.Ze?
i.ncucln3 botJt p.evat.ve and couci.ec.uve
ma.Zntenan..e actonm.

R2: VITALITY, IDEALLY SUPPORTED, ESTIMATED - An e t :at, o6
IdeatJ SuppoWe.d Vitat.ty ba6ed upon 4'h. '.e ut., o6 a
*4.&,2.tat cai. vaid and aZevant .te t., The conao.torm o.
.the t * Wtu expUi~ty &.toftd ince e. 6~nt Cco .d~tion6
Myu p4oduce 4&en "46tnat..

: ! p



AVAILABILITY, INIERENT--

PD: The probability that a system or equipr-Ln: when used under
stated conditions, without consideration fo- any scheduled
or preventive maitenance, in an ideal supprt enviro nnt
(i.e., available tools, parts, manpower, ranuals, etc.)
shall operate satisfactorily at any given time. Irherent
Availability excludes Ready Time, Preventive Maintenance
Downtim, Supply Downtim , and Waiting or Adinistrative
Downtin. It may be expressed as: _

~MTBF
Inherent Availability = F + ,

'where whe BF = Fn Tire Between Failure, and
MTR = Mean Time to Repair.

Also defined as the theoretical raxim availability of a
design, assuming no design changes, and operation in an
ideal, standard or theoretical environment (a Standard
Summr Day, or an ideal supply environment). The details
of the ideal, standard, :r theoretical environimant must be
clearly stated. I

(First Meaning)

Cl: Pursuant to the extensive discussion under the "Avail-ability"
entry, the word "Availability" should be changed to "Vitality".

C2: Again'a~word is used ("inherent") which naturally conaotcs a
meaning which is not intcnddd"in this particular usa;c. ;aU,
again, it should be desirabl2 to preclude misunderstanding by
using another word (or set of-words). For example, "without
preventive maintenance" would seem to unar.biguously denote
the intended meaning.

C3: "Ready Time" should not be excluded since the equipr.nt is
operable during this time.

Rr VITALITY WITHOUT PREVENTIVE i'M9TENANE - The.c Z:
Viec equipient in an ideo. 6uppokt uvi'&on;,a;'_...- ~i
~toot6 and pa44t, oavaitabtz aiud coutpatenC aipove4,a&bi
and adequaote. na2., etc.) whekein no pJ~evaCZ.vc c
Z4 ppAjouned. fteven~Lva !tat~zne Votkpia, Suvp1.1, Vc'v-
£tmI and W&UWne Ad%!n~stu6Uve Downr a Ji. 6peci I 62Zat -.-
etuded. In =ag be ".p&waed az s

VITALITY WITHOUT PREVEN.'TIVE PAINTERJANCE WON

-i!

.i.I

-a/ I



.........................................-

IM(f3F -Mean Timne Saevieen Faibute.
M1TR - Mean Tijii To Repat.Z

(Second Meaning)

Cl: This definition is so general as to be almost t.seless. What
is the mathematical expression? What is the relevauce of "no
design changes"?

C2: Until this meaning is made more definitive, it should be de-

leted.

AVAILABILITY, MINIMUM ACCEPTABIZ - -

PD: An availability belw which .the item is consider~ed unaccept-
able; also a contractual requirement used as a conditicn for
acceptance.

Cl: As before, change "Availability" to "Vitality"'.

C2: This definition should indicate that tL'i worcs "fui.n.muna
acceptable" can be affixed to all othe-cr varietie4, of vitality
such as "Minimum Acceptable Operational Vitality", et.

N.

R: VITALITY, _____, IMUM ACCEPTA3LE - A combfining /o.jn
as in "MZinmu Accep ebZ Opeutiono2 Vitat.ity" to indZ&c±ae
~the mnimw tote.'uib4 vatue, o6ten u~ed a6 aL cont,&Zcua4 J~e-
quLuennt tjo4 acceptance.

AVAILABILITY, OPERATIONAL --

PD: The probability that a systen or equipmznt wh s.eu;.ded
stated conditions and in an actual supply e shall
operate satisfactorily at any given time. It nay b -
pressed as:

Operational Availability - T +

where
MIBM = I'ean tiiz between Lraintenance :,:i. x-eaay

ti=ra -,during the sare time inteovp I, and
MDT - Vean Dontin including Supply Dc.,ntxe

and Adrniistxtiv; )Qr.lJiim dtn, ng the
same tiin interNal.

Wien Preventive Maintenance DowntjTm, is zeo or not con-
sidered, MBM beccakes D93F.

It is also defined ms the av J.o.bility of an itea when
operatingand being ra tLtn1Ciiad in a specific operational
environmnt, ust,.-1 y by military personnel.



Cl: As before, change 'Availability" to "Vitality".

C2: The definition of MTBH is not unambiguous.

C3: The last prargraph seems at best, redundant; at worst,
confusing.

R: VITALITY, OPERATIONAL - The v&tat-ity of a sy6tem in an
actuaZ u6e and 6upp&J environent which may 04 ma not in-
caude pteventive maintenance a6 may be appopkiate. It
may be expw4ed by:

OPERATIONAL VITALITY = M{TSM Q DT

wheae
MTSM .Mean time beteen ai.ntenance -.at.on6.

MD~T -Mean Vowntime. uinc&Z SuppZy, AdmnZni,6-
ttative and active maintenanee downtime.

I p'eventive ma ntenance ia not apprwpiate MT3M becomez
MJSF wheke

MTlF = Mean TZne Between FaZjt.. .

AVAILABLI, POT IAL - -

PD: She theoretical maximum availability which can be expected,
assuming improvements from desigi changes due to familiarity
with operation and maintenance on item, and other types of
availability growth.

Cl: This definition is so general as to , , virtually useless.
What is the mathematical expression?

C2: A dangerous definition. Who assigns values to the assumptions?
In accordance with this definition, the Potertial Availability
can **aily be 1.0.

C3: Until this meaning can be made more definitiva and oblci.ve
it should be deleted,

PD: 7he t w content of testing an item to determine whether it
is rulltioflIng within specified limits. $

C: What is the "on0tent" of testing an item?

R; A t#At tCo detewMai .4 an .Uem .16 uettoniaig ioU.4t to&A-

%MCA$



CHECKOUT TfZ - -

PD: The time (either in man-hours or a point in a schodule)
required to detemine that a system or equip nt is in a
satisfactory operable or operating condition.

C: It is inadvisable to have two meanings for the ;ame cerra.
In this case it is suggested that the t tpoirn in schadule"
meaning be deleted.

CIRCUIT MALFUNCTION ANALYSIS - -

PD: Existing Definition: The logical, systematic examination
of circuits and their diap ,ams to identify and analyze the
probability and consequence of potential malfunctions for
determining related maintenance or maintainability design
requirements.

PD: Proposed Definition: The logical, systeiatic examination
of circuits and their diagrams to identify and analyze the
probability and consequence of potential malfunctions.

C: The proposed definition is better.

COMNEN PART - (Piece Part) "

PD: A part that perforzns no function by itself and n7ut be con-
nected to other parts and energized before any function can
comnce, and which is not practical to disassenile for re-
pair or maintenance.

C: There is a serious objection to this first part of chis de-
finition. Certainly, if a part performs no funcrloa by it-
self, it is not able to perform any function in cowbinioa.
A capacitor, by itself, stores a charga - this ic a function -

if It cannot perform this function it is useless.

Ru A pat*, whi by cuwt and Z&.'4Wo4, i6 not u~u:Uy~ ai-I a~ejrhted So4 u&pai,% oJ matittrsar.ce;L a6 a capC.LPoi, a itz-.

oOn'RzvzM ACIION -

PD: The action required to prevent recurrence of a defect, do-
ficiency, failure, or problom by means of a design chgane,
process pwovement, tooling chango, iJnspaction procedure
irovement, ohanp in operational procedure, etc.

Cl: The Inclusion of this term seams unnacasa .y sinca it would
seem to be self-deftiLtive. e e listed definition certainly
adds nothing to such self-definition.



C2: If the term must be included it should be coi'rected. One
can-reduce the incidence of occurrence, but one cannot
prevent the occurrence of defects, deficiencief!. failures,
problems, or any other random event.

C3: Why not delete it as a triviality?

DEGRADATION

PD; Gradual deterioration in performance, strength, resistance
to environmental stress, etc. of a characteristic of an item.

-C: How gradual is "gradual"? This definition should be sharpen-
ed by including an exampl. of degradation and an example of
non-degradaiion deterioration.

ance o4 a ch4,uwteAhtic o6 an itent. Hence, a contnuou

change in capacit vatue of a capacito,% wou~d ix cat,7or%-
ized a4 degadat on. A 6hot e.ZA'cut occutWtA'ng e6zentZay
mtanft4neow4y woutd not.

DELAY MME - -

PD: The time during wtich no maintenance is bing acccAith~d
on the iten. because of either supply or administrative reasons.

Cl: Come, now. Is it reasonable to put such a restrictive mean-
ing on such a commonplace term? Obviously, various adjectives
should be appended to the term to designate the type of action
in which delay is being experienced.

C2: The distinction of "supply" and "administrative" is neither
clear nor comprehensive.

C3: Nothing is mentioned about the necessity of the maintenance.

C4: The word "accomplished" is not quite proper. "PQrformad" is
the more proper word since considerable effort cn be expend-
ed without any real accomplishments.

Rt DELAY TiE- - The t~me dwring whichi a pauaaw L4Za nec4d activity
cannot t~ke ptuace. bewmue oJ cawe. idtc pAeua.rt that aaicv-
noo dd metn,,Aua . bei.ng peAo ed be . o6 a vo ety,.
0J .UWoM oA~ PA oW! 06 td, PEU o102, 0.4 t0o1.

PD: 7he prcbsb1lity that a syStem will be both available and
opeMtin aW poInt In time - - the Plod= of availability
wad rebility probabilities.

10

I s .



Cl; This definition needs rewording to clarify it and to distin-
guish this term from its constituefts.

C2: It is important to distinguish between "oporatingl" and "operable"
since this distinction is the essence of this particular de-
finition.

C3: A supplemental mathematical definition might be desirable to,
unambiguously define the term.

R., The joinvt p'wboabA.Zvt that an equinen Li,5 opexatbZe (q.v.)
at tme% t 0 ad wit con-tinue to be opeutabe oveA tine 41&teJL-
vaZ. t0 to°it Mathemaotica,j,

DEPENDABILITY = OPERABILITY X RELIABILITV/

ri
Opew. 6bi. -'P(A)

RetiabtUiy a P(BIA)

A - Atate od bei.g ope,.bt.e t ,

8 - 6ta. o6 being opeute dminZbrtle
inte~va~t d'wm t 0 toti

Then
VepeidzbitLUg - P(A) P(8 jA)

v P(AS)

FSMQUENCY OF USE PRINCIPlE - -

PD: The principle of positioning the n 1e rquenlLy rinitained
items in preferred (readily accessible) locatiorm.

Cl: This is a classic can-of-worms. The term and its deZinition
seem to be inconsitent. Is the use of the equLpuaat or the
maintenance of the equipment being treated?

C2: Is this a principle or a policy?

C3: It would seem that this requires two definitions. Note that
these two policies may be in conflict.

R11 FREQ.UENCY OF MAWT , .AUCE POLICY - The pot... oJ po,6ii.ong
* ~~tht equapm*t .uhItc AeqUUe Ma~atPMe mO6t J"ULeft& in

Mh Nt WcA i tOWA M .

Eli iI

' V .



R2: FREQUJENCY OF USE POLICY The poticy oS pozitZoning the equip-
mentC whi i,6 u~ed rnoit S}u.qernty in tChe mo6t accue6ibte

INTGRATED LOGISTIC SUPPORT (ILS)--

PD: The requirement that the logistic support (provision for
system maintenance) be considered jointly with the technicalI
aspects of the system.

Cl: How can a "support" be a "requirement", per se?

C2: This definition seems so vague as to be worthless.

C3: Until this term can be better defined - delete it..

DWIERATED MADNTNANCE MANAGEMEN (1M)--
PD: A contractoral obligation upon the contractor for prompt

establishment of an organization to achieve the integration
and management of maintenance resources.

Cl: How can a "management" be a "requirement", per se?

C2: A fine bit of gobbledegook - what does it mean?

C3: Delete it unless'it 'can be defined as a meaningful concept.j

IM -----GEA--

PD: When two or more item possess such functional anid physical
characteristics as to be equivalent in performance and diai-
ability and c,-able of being exchangd one for the other with-
out alteratior, of the item themselves or of adjoining ite-.,
except for adjustment, and without selection for fit or per-
fonnance, the items are interchangeable.

(No Comments)

I=E REPLACEAI3LE - -

PD: An item which Is i'Lrltionally interchangeable with another
item.

Cl - A coma seems to be missing.

C2: This definition makes this term synonomous with Item, Inter-
changeable.

CQ: Why not put this term to work? Let it dnote a differeno con-
cept than "interchangeable.

INEGATD AITEANE ANGEEN I. --



R: An item which can be %emoved and tepaced taith aothv, i ~Lc
6o a6 to achieve a diiferent function o 4o a4 to achiZeve a
epaiA.

ITEM, SUSTITUTE- -

PD: When two or more items possess such functional and physical
characteristics as to be capable of being exchanged only
under certain conditions or in particular applications and
without alterations of items themselves, they are substitute
items.

C: An unnecessarily complex definition which seems to success-
fully miss the essence of the meaning.

R: An item which i6 a6ed becaaue an Interchan eabZe item iz not
avaiabZe.

MAITAINABILIT --

PD: Existing Definition: A charact:ristic of design und in-
stallation which is expressed as the probability that an
item will conform to specified conditions within a given
period of time when maintenance action is performad in
accordance with prescribed procedures and resources. it is
denoted by symbol M.

PD:, Proposed Definition: The probability (when maintenance action
is initiated under stated conditions) that a system will be
restored to its specified operational condition within a
specified period of downtime.

Cl: The proposed definition is clearer than the existing definitior.

C2: The proposed definition does not pin doin the competence level
of the maintenance crow - or the size of :he crew. This is a
complex situation. Not only does this probability depand u~pon
the equipment and the competence individually, but also as an
interaction. The effect of the size of the crow is also co.-
plex. One could argue, of course, that the parenthetical
clause covers this complexity. However, it does not apsem rea-
sonable to dismiss such a vital complexity with such short
mention.

Rs The powbabiJJ4 t a 6jptem WW& be. 4 tou~d to A044Irn
OpWtiOna conud~too wkthin a apecied petod o6 tme .ub-
eqzutt to I&Uuu&AeA a &pec.ekld mni wnime cwA oj

Apeei6 wMetenc"t putto w o-kk.



MAINTAINABILITY, ACHIEVED--

PD: A statistical estimate of maintainability bssd on actual
demonstration under specified conditions. The specified
conditions may be test conditions or operational conditions,
but the conditions must be clearly stated.

Cl: Again, the confusion of the thing, itself, with the estimate

of that thing.

C2: Again, the misleading word "achieved".-

C3: Since this is an estimate, why not call it an estimate?

R: MAIN TAINABILITV POINT ESTIMATE - A ztat-tW&aZ point etwte
o6 tke ianta o U.ty ba~ed upon anayzia6 oj data obtained

40m 'waZ o 6,iadted expe.nce.

MAflIABILITY ASSURANCE - -

PD: The program of inspection and test to determine the degeeof compliance of an item to maintainability requiresents.

C: Why so restrictive? This definition'excludes simulation, for
example.

R: The pog.a to detmine .the deg'e o conmip-a to r-.in-
.talni~bi2.tq 4e.q&iWentA.

AI-WAINABILITY F'NMONAL ANALYSIS FOR - -

PD: Exdsting Definition: The analytical basis fo- alloca.np tas s
to persom,1 and equipment saas to achieve optLmua system
maintainability.

PD: Proposed Definition: The analytical basis for allocat~in
tasks to personnel and equipment so as to optimize systen
mintainability.

Cl: A cumbersome term. Why not eliminate the comna and tha "for".

C2: Bothe definitions (which differ only in"grar) seam to be-
lie the words in the term. The definition s~ems to concern
itself vith allocation - not function - and not analysis.

C: Does one allocate "tasks" to equipment?



C4 How can one "optimize" maintainability? Sinc .aiT.bilLcy
is defined as a probabilit, its maximum value is cn. Since
this value can be approached but never eatafn.d, in t-lit sense
does one "optimize"?

Rs MAINTAINABILITY FUNCTIONAL ANAC".SIS - An ouwiL o4 -th
A4.6tem to detomne the (6unctioiw! ute .that pe.A4*Fu-.Lt amd
equipmen~t .rnL6t ptay to o'iniotLze the toat.-t A,, Vi ,,. ~ys temn
op|xation and ,mnena.te ..

M&INTAIN'ABILIT INDEX - -

PD: Existing Definition: A-quantitative figure of mznrlt .,chn re-
lates the maintainability of an item to a sta.d. t ri- -ecnce,
such as the anmunt of direct productive labo-o rsqiirad to
support the system, subsystem, or equipmen unlt psy a thou-

• sand operating hours of same.

PD: Proposed Definition: A quantitative figuno of ir.'t vi.bih ru-
lated the maintainability of an item to a stand3rd refernce,
suc as the amount of direct prcductive lsbo z r j ,,rd to
sup ort the system, subsystem, or equipmant p-r sr'-;xificd
number of operating hours.

Cli Both definitions: Why "quantitative" can a fir4 2.ir_ ok rk. cr

be other than quantitative?

C2: Proposed definition: Why past tense? Is it im:l:lc t-
this term is no longer in use?

C3: Both definitions: The word "relate" Is quite '-

Sense*

Ru- A 6iguu't o j me.'it which aornpa~w the. m~t;WZL
.item to a zandaid a4ene. . Fot~ excmip-* tJ3z y f
e66oaj ttequi.'Aed to na~naln a .ytern pvt .pea.Lt.d %
opemvtting houu.

AINAWMI Y, MNWW ACCPTABLE. - -

PD: A maintainability level, below which the i em Is ':c:., ,
unacceptable; also, a contractual rquLirermnt - e. a con.-
dition for acceptance.

Cl This definition. should indicate that Iho t7or4 't", ty-,,
able" can be affixed .o all other varieties cf m:v..inabili~y
such as "Minimum Acceptable Inerent .I aialIty", ut.



R: MAINTAINABILITV, MINIMUM ACCEPTA'3LE - A corn-
- -. bining do a6 inT"i Aceeptabe Inheaent Maintain-

abii ' 0to indicate the ,mnan towZe.b vatue, often
uwed aa a conVottuat kequdAent o acceptance.

MAAW AILY, OPERATIONAL - -

PD: The maintainability of an item when operating and being'
maintained in a specified operational enviromment, usually
by the nlitary.

C: Avkard construction.

Rs. The ri Lbl xbiZity expuvtZenced when .the 6y,6twf Z6. in a~c.tual
u~e by the (UuaUy, mit-tat) u~Am

MAIR=03=ABL~ PARAMMWIES --

PD: Existira Definition: A group of variables (enviro=,mtal,
human, ha are) related to the maintenance o, arn item.

PD: poed Definition: Variables (envirormental, human,
hdara) related to the maintenance on an item.

Cl: Both definitins: In technical use, the word praneter means
Zmoe than "Variables -- related to -- ". If the lay use of

the word is intendedi - it is sclf defining and needs no formal
inclsiaion here, Tecnaically, a parameter is usually a con-
stant (as opposed to a variable) whose value depends upon
;pecifLc cases of a general form.

CU If-the lay use of the word is intended - dalate tha entri, it
is not needed. If a echn cal inse is intended - dinv. it
in a technical way - otherwise delete it.

NAIADA4R Y - PWDIAL - -

P~a: 71b theom'eb oa num Whi4ch can be wpa~cted.) LIM-npr t fru dei4 chanse due to 11i" ty .it-
im~to end =lAiterance on the ltUm. and othor t,'jpes Of-- . uzntainability pth-..

Clt A dangerous. definition. -Depending, upon the aptizui_-m o. h
delign chanw r -- th& potetial maintainability cav have
the value 1.0. Who calculates this valus? How? Uhat a.e

Cl: Too daneroua - delete it*.



i
MAINTAINABILITY PREDICTION - -

PD: A computed value derived from analysis of failure modes,
repair times, and other attributes expected to affect
maintainability and supported by past experience with
lke or similar items.

C: In keeping with the definition - this term would seem to be.
"Maintainability, Predicted".

R: MAINTAINABILITY, PREDICTED- (VeZvti.on a t led).

MAINTAINABILITY, QUALITATIVE REQUIREYENT - -

PD: Existing Definition: On which is expressed in qualitative
terms; e.g., minimize complexity, design for minmu-n tolls
and test equipment, design for optimum accessibility.

PD:. Proposed Definition: A requirernt expressed in qualitative
terms; e.g., minimize complexity, design for mirn.imum tools
and test equip:..nt, &esign for optimum accessibility.

Cl: Why the comma?

C2: Proposed definition: The word "minimize" is objectionable
since what is really wanted is a minimization of the over
all costs - not the minimization of complexity at any cost.
Does reduced complexity always result in higher maintain-
ability?

C3: Proposed definition: The word "optimum" is objectionable.
Accessibility (if it had a scale) could be measured from
0 to 1.0. The value 1.0 would represent the utmost in
accessibility. Accessibility, then would be a monotonic
increasing function with no "optimum" regions.

C4: Preposed definition: Does reducing special tools improve
maintainability? One special tool. may save hours o' ,ork.
Ever try to remove a cork without a cork screw? Or open a
can without a can opener? Or reline a set of truck brakes
without spring retractor pliers?

R: MAWTAINABILITY QUALITATIVE REQUIREMENT - A reqw,',iuiz in
q'Va.Ut4ve itevm6 to p'wvide. eatwua" which awe conduacve .to
a.n tai.ZabUy.

MAINTAINAOILITY QUANTITATIVE HQUI - -

PD: Existing Definition: One which is expressed in quantitative
items; e.g., a figure ' of merit in measurable units of tme or
resources required to accomplish a specific maintenance task,

1. "I



or group of tasks, in relation to the applicable performance
requirements (for example, aintenance Reaction Tire, Turn-
Around Time, cost per maintenance man-hour, preventive check-
out time, depot turn-around time, etc.).

PD: Proposed Definition: A requirement expressed in quantitative
items; e.g., a figure of merit in measurable units of time
or resources required to accomplish a specific mainterance
task, or group of tasks, in relation to the applicable per-
formance requirements (for example, Maintenance Reaction
Time, Turn-Around Time, cost per maintenance man-hours, pre-
ventive checkout time, depot turn-around time, etc.).

Cl: Why the comma?

C2: Since maintainability is defined as a probability how can a
quantitative requirement for it not be a probability? Perhaps

- maintainability is not really a probability after all?

C3: The definition contains jargon.

C4: The definition should be split into two parts - one for Main-
tainabilicy Index and one for Maintainability.

RI: MAINTAINABILIT INDEX QUANTITATIVE REQ.UIREMENT - A .quir.e-
ment that a ,6pecied niaintainabiity index be mzt o% 4t-
pa6ed.

R2: MAINTAINASILITY QUANTITATIVE REQUIREAMENT - A requZ erent
that a .p ici4'ed ptobabi.ty o4 iepaiA in a 6pecified tir.e
peAiod be met o% 4tpa4.ed. I the probabili.t diAttibation
i6 known o% can be Jtea-6onabty a6umed, thiZ6 probbiJJty
might be expaezed in tem. oJ the pataretmA o6 the di-
tbLbutLon 6uch a.6 mean-time-to-rApai%, etc.

NAWlAINABITY REQUIJOE - -

PD: Existin Definition: A comprehensive statement of required
maintenance characteristics, expressed in qualitative and
quantitative terms, to be satisfiedby the design of an item.

PD: Proposed Definition: A statement of necessary maintenance
characteristics to be satisfied by the desiep of an item.

Cl: Proposed definition: A triviality.

C2: Proposed definition: This subject seams to have been better
covered under the other maintainability requirement entries.

C3: Delete Lt.



VAM AINABILITY VERIFICATION AND DEMONSTRATION - -

PD: The test program designed to determine the predicted
minium maintainability and to demonstrate its factualexistence.

Cl: It is not clear in the definition whether the test program
is conducted to make the prediction or to determine the
accuracy of the prediction a posteriori.

C2: The word demonstrate is not really an objective term in
this context.

C3: What is the "factual existence" of a prediction? All that
is necessary to show the existence (factual or otherwise)
of a prediction is to say "the prediction" (or write it).

C4 This term seems to overlap "Maintainability Assurance".

R: See MAUThAINABIL1TY ASSURANCE (p,.e e4Aed tem}).

MAINTENANCE - -

PD: All actions necessary for retaining an item in, or re-
storing it to a serviceable condition. Maintenance in-
cludes servicing, repair, modification, modernization,
overhaul, inspection, and condition determination.

C: What is "condition determination" other than inspection?

R: 'A 14, delegtnq "econdit.o& detmantwtteW'

M f N ABILI - -

PD: Existian Definition: A figure of merit for a crew of a using
organization defined as the ratio of the maintenance =mn-hours
established on specific item by a trained and expert main-
tenance crew to the aintenance man-hours figure established
by the crew of the uslng organization on the sam item andunder similar maintenance conditions.

PD: ProBosed Definition: The ratio of the maintenance man-hours
establihed on specific item by a trained and expert main-

* tenance crew to th- maintenance man-hours figure established
by the crew of the using organlzation on the same item and
under similar maintenance conditions.

Cls Wowl This is a tough one. The definition Is clear - but the
uctilty raises serious dnubts. Are average values meant? If
the variance is large, how many "runs" are necessary to
establish the averages? Is this a stochastically stationary
process? What constitutes & "-trained and epert crew"?

!:[: V



This definition refads like the definition of a kilogram -

but doesn't seem to have a similar foundation.

C2: Delete this hot potato unless it can be made more objective-
ly definitive.

MAINRENANCE CAPABILITY - -

PD: The facilities, tools, test equipment, drawings, technical
publications, trained maintenance personnel, engineering
support, and spare parts required to restore a system to
serviceable.

C: This seems like a real misnomer. A capability is usually
an attribute of the doing organization - not an attribute
of the work piece.

R. MAINTENANCE LOG1STICS REQUIREMENS (De)iLnUon g Z4).

M lTENAINCE COST RATIO - -

PD: The ratio of the cost of maintenance to the initial item

cost for a given unit of time.

Cl: This term seems practically meaningless unless a unit of
time is standardized.

C2: The term "first cost" is well-established-and would be pre-
ferable to "initial cost".

R: The iA~to oit co.6~t o6 ma~nenanct 6o4 one ye"4 to the
* ~ Zgut co~t 06 Vie iLtem.

MAINTENANCE, DIRECT - -

PD: The maintenance operations and costs directly associated
with keeping the item in operable condition.

C: A circumlocation, which gets nowhere.

Ri The ma~.RenaniW 0petiem~r~ whoe c0.tA a~e diAtC~t chw~ge-
ab&e tsuck 46 the coat6s o4 dibeuot taboL, o6 -teptcement pa&U.,
Wt.) to maiLntaining the Ume in ope.'wb~e cor4tion.

MUAINANCZ LEME - -

PD: The assped .looation or stare of maintenance operation,
such as, aboard, ashore, depo;t etc.

C: A misleading term. Why not use the well established "echelon"?

/ a



R: 4AINTENANCE ECHELON - The type oj maintenanc.e acvtvie
rsig nd to a particuar .organization. Zeve. 6a h. a aboad,

a"hore, depot, factry; etc.

MAINTENANCE RESOURCES - -

PD: Facilities, ground support equipment, manpower, spares,
consumables, and funds available to maintain and support
an item in its operational environment.

MAINTENANCE RESOURCES, DIRECT - -

PD: The tiz n n man-hours and material in dollars expended
* directly on the item, being maintained during the period of
active maintenance.

MAINIM'NANCE RESOURCES, INDIRECT - -

PD: That time in man-hours and material in dollars which, while
not directly expended in active maintenance tasks, con-
tributes to the overall maintenance mission, through the
support of overhead operations, administration, accur.ulation
of facility records and statistics, supervision, and facili-
ties upkeep.

Cl: The second two definitions are completely inconsistent with
the first.

C2: The second two definitions are redundant with "Maintenance,
Direct" and "Maintenance, Indirect".

C3: Keep the first definition as is. Delete the second two.

MoafltENN Sam=U~

PD: The time-oriented program for sei vice, repair, or overhaul
action at predetermined intervals.

C: Pentagonesel "Time-oriented", indeedl

Rt The 6chedate jox pe~do'.milg 64mie, J4tpOaZ, 04 ovvthaut
aetion at pe±deetvaymird poirA -i tm&.

MMAMM!NNC SUPPORiT InmE

PD: The total number of direct and maintenance m-hours for
prventive and corrective maintenance required to support
each hour of operation.

C: Seem redundant with "Maintenance Index".



R. See kintenance Index (paeMeued teu).

EAN TIVE O REPAIR - -

PD: Existing Definition: The statistical mean of the distri-
bution of times-to-repair-; the surmtion of active repair
times (in hours) during a given period of observation,
divided by the total number of malfunctions during the
same time interval (and which have been repaired).

PD: Proposed Definition: A measure of repairability, expressed
as the total repair time over a specified period divided by
the tdtal repairs made during that time.

C: Proposed definition: The word "time" is used (ambiguously)
* in two senses. 1

R: A mea6uwe oJ tepaoabity; exptesed a6 the totat active %e-
pai& Une over a .peciiia peLod divided by the totat nwuber%

Sod kepaiAA adcheved duxing that peAiod.

WJA TIVE TO REPAIR, GEO M RIC - -

PD: A measure of central tendency for repair time based on ob-
servations which show repair time durations to be log-normal-
ly distributed. Deals with the same phenomena as the Man
Tim To Repair.

el: This is a measure of central tendency -but not necessarily
tied to-.the 'log-normal.

C26 To be consistent, this definition should be in terms of how
it is calculated.

Rt A meahwtxe oJ ktepaiabitity; expaLeeed u~ the n th 'toot oJ
the p'wduc~t oJ the timea to comptete 4epaiu whVe.e n iA the
nurrbe't ad 'tepai.u compteted.

PAR - -

PD: One piece, or two or more pieces Joined together, which are
not no~milly subject to disasserbly without destruction of
desiged use; and article which is an eloment of a sub-
assenbly or an assembly, and is 9f such construction that
it is,not practically or econmically aumnable to further
disassebly ftr maintenance purposes.,

C. This seem to overlap - Component Part.

I S"t Com nt PeAU (puieed te , m).

E. ;,
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RERSONNEL ERROR - -

PD: Incorrect performance of required duties by operating or
maintenance personnel which cause a failure. See Failure,
Human-Initiated.

C: One term should suffice - cross reference it.

R:. See FAILURE, HUMAN-INITIATED (pereAP.ed Wh .

REPAIR - -

PD: The process of returning an item to a specified condition
by either repairing it in place; removing, repairing and
replacing the same item; or by replacing the same item;
or by replacing with a like serviceable item.

C: Gibberish.

R: The p,c.A," oj tetunnq an item to ope4a.tona condition
JoUowng a becadowln.

REPAIRABILITY - -

PD: Existing Definition: The capability of an item to be re-paired easily.
PD: posd efinition: The probability that a failed system

wIll be restored to an operable condition within a specified
active repair time.

Cl: Existing Definition: Ridiculous

C2: Proposed Difinition: Seems to duplicate Maintainability.

R: See MAINTAINABZLZTY (pte.e.ewd W.t.

SCHMDLSE, WMPACOVEW? - -

PD: The specified periods when items of operating equipmsnt are
to be replaced. Esplacement means removals of items which
are approaching the end of their maximm useful life, or*
-the time Interval specified for item overhaul or reworic

'and installation of a serviceable item In its place.

Cs The syntax Is pretty bad in the second sentence.

Rsg A Ochu~e Apeck'oing when Um o& opwu~nq eq&4mAC to,%
Apaue patt4 iEW&KbW'g aft Achedu.Le0d600 be 4iLe .pWd

4'



SERVICEABILITY - -

PD: A characteri. ;ic of an equipment design that makes it con-
venient to w.intain and repair in operation.

Cl: This definit )n seems to duplicate the "existing" definition
for repairability. The repairability definition was previous-
ly criticize4 as being ridiculous.

C2: Whatever, this is, it would seem to overlap Maintainability.

R: See. MAINTAINABI.ITY(paefemed .vi). "

SERVICING- -

PD: The performance of any act (other than preventive or corrective
maintenance) required to keep an item of equiprnant in operat-
ing condition; such as, lubricating, fueling, oiling, clean-
ing, etc. but does not include periodic or corrective irainten-
ance.

Cl: What a strange definition! Certainly, lubrication, cleaning,
adjusting, etc. are normally considered as "preventive" main-
tenance. Why, otherwise, does one have his car lubricated at
periodical intervals. Or his tires rotated? Or his hydraulic
brake resevoir checked? Or his battery water level? Or his
tire pressure? What, then, is "preventive"*maintenance if it
does not consist of these acts?

C2: To this commentator, the words corrective and preventive cover
the entire domain of maintenance leaving no room for "- any
act (other than preventive or corrective maintenance) required
to keep an item of equipment in operatine condition -".

C3: The act of fueling is not an act to "- keep an item of equip-
ment in operating condition -" as it in no way changes the c-n-
dition of the equipment.

C4: Del,9. it.

&XIIL xsv --

PD: The olassification system used to rate personnel as to theirmelatiwe abilities to perform their assigned 4obs.

Cl: It is illogical that."skill levels" can be, per so, a "classifi-
cation system°'. Thers~can be a classification system of skill
levels, pprhaps; or skill levels can be used in a classifica-

tion'system. But, skill levels is a classizicacion system -
impossible.



C2: What classification systeu is being referred to? is this
covered in a MIL-STD? A Federal specification? Ihat?

C3: Unless this term can be clarified - drop it as a formal

term and let it be used in the vernacular.

SPECIAL TOOLS - -

PD: Tools peculiar to the maintenance of a specific Item.

Cl: This term is not sufficiently restrictive. Suppose, for ex-
ample, that a tool can only be used on two items, does that
make it non-special?

C2: Properly, a special tool is any tool which is not a standard
tool. But, then, a standard tool must be defined. This can
either be done by referring to the common lore as to what
constitutes a standard tool. Or better, DOD should prepare
a list (periodically revised) of standard tools (anouher
MIL-STDI). All other tools, then, by definition, would be
special tools.

C3: Until the new NIL-STD (for standard tools) can be (or is)
written, the reference to common lore must be resorted to.

R" (Inte;n De e Z~ on) Any .ooZ not ua.au y eo idepcd 4tandwd

o,% paA~t o6 the oitd~wAL .teclmicuan.6 kiat ad toots.

SUPPORT COST - -

PD: The cost in dollars or some other suitable measure of t!-Aose

resources expended in the maizntenance of an item; th total
cost of ownership, excluding or-.-rating cres and u..ir per-
sonnel, of an item durirg its operational life includirng .he
total impact of requirements for skill levels, techr.ica.
data, test equipment, spares, spare parts, special tools,
operational and maintenance equipment, facilities, levels
ai4 location of maintenance facilities, rnpower, zrainins,
and training equipment.

CI: The use of the word "impact" is, at best, colloqoinl.

C2: The definition seems confusingly verbose.

Rt Tie coat, expke.~ed i.n dot~oA, =WO~~tA4w, o,% o~CeA aitabZC.
mnea~wk, exzpen~ded A tk aint en~ance oA otohi.p oan -item
The eCo may 4.,z.&ad ZnteAe~t on th i neAte4 1ds tag

M"'A 7PkLVenave .t tenJ~ce 6Luppu"e Cd owkiplow&, e&~
speciZA~ tzCMIAed iA the coat oj the ope~aoting 04% u&.fg'P/ISoMAIC.

V]
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SUPPORTABILITY ASSURANCE--

PD: The provisions made in the item design, manufacturing and
maintainability planning to insure a staisfactory and eco-
nomical support of the item during its developrnt, pro-
duction; delivery, installation, and use stages.

Cl: The word "assurance" is nct consistent with the definition.

C2: Notwithstanding, this tera is either a triviality (with a
ostentatious name) or an cverlap of a maintainability term.

C3: Delete it.

TEST, FINAL--

PD: That element of maintenance required after coap.letion of
adjustments and calibration to verify by measurement of
performance that the item is in a condition to perform its
function satisfactorily.

Cl: This definition is entirely too restrictive. The term "final
test" is widely used, as a counterpart of "final inspection"
in a-production operation. To force, by fiat, the abandon-

ment of this usage is hopeless.

C2: On the other hand, the term, "final check" is used in the
sense of the given definition.

R: CHECK, FINAL - VeAL 4icat.on oj a cornptete4 mainenane action
~to g66W~e *tat .the 4ter Z4 an .at8jactC.oJy condWon. .

TIME, ATIVE MAINIMANCE - -

PD: The time dur&  g which preventive and corrective maintenance
work is actually being done on the item.

(No co=Wnts)

TIWOE AMTVE REPAIR - -

PD: Tr, time durUg which one or =ore te2,.ic.cians are workdn;
on an item to effect a repair.

C: Overlaps Time, Active MaLatenance.

R, Sut TIME, AWfIVE IJAIMTSkJACE Cptae.Aad teAm).

TIM$ AC='IE 7SCHCIAN --

PD: tat tim exeded by one or more techicians in active
peribmam of a maintenano task, in un~-zr.

I _.
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Cl: This definition is misleading. It is not t that is being

measured - but effort.

C2: It might be preferable to designate this as, "Effort, Techni-

cian Active".

R: EFFORT, TECHNICIAN ACTIVE - The e4foxt, exYpAU6ed in i Wan-howL,

expended by on. on r oi mou tehn..cAmi pV*fing r-zEn.na .

TIME, ADJUSTIVET 90 CALIBRATION - -

PD: That elemnt of Active Maintenance Time required to make the

adjustmnt and/or calibrations necessary to place the item in
a specified condition.

C: This is an example of a specialized term which is trivially

self explanatory. One could list a large nualbcr of such

teims. Delete it.

TIDS, AMNISTRATIVE --

PD: That portion of Non-Active Maintenance Tina which i not in-

cluded in Supply Tim,; any type of Delay Ti.L2a exce. t
of Supply Time.

C: This ter: is intrinsically ambiguous. The word "delay"
should be included

R: TUAE, AWiMISTRATIVE ELAY -, (ODe.jnLti.on a ..

TIM, COFMCI'IVE m"Afi'Nm~nz - -

PD: The time that begins wieth the observation of . n
of an item and ends v-hen t:e ilk- e c ?tora to a

* factory condition. It :ay be subdivided .,vo ...

Maintenance Tim and Del.a Tiiz (if a dei -S 's :i:

and does not necessarily contribute to equi,.mn cr systee
Downtim) if a1ten-ate odes of operaticn or ,--.,cr ay
are u 1.

C11 The second sentaacs scamts garble4.

2: A sub-dLvisio of Cotractiv Maivtanance ci ..,ct be
"Corrctiva Maiutaanco Tiaa" - why oot u! ;,A ve ,-i=tn
aoce Tim?

Rs The, t peA~lod whi~ch beq vt t cti. of~ a~ ow
AIRtf a~ Wi antepl "~d U14 4&vtalt i4 Zt Auivaet~d to

£ 64DtOt4 conuLtim Thia £&4 c be ,uba~v4ad .Ltn
M~LvtM~Za e~ Tift axd Pe&Uge TUbr.

Oi .l



TI 5 DOW~rDE

PD: That portion of calendar time during which the item is not
in condition to perform Its intended function.

Cl: This term may be poetic- but is grammarically illogical.

C2: Downtime is of no particular significance if dhre is no (i-

mand for usage. If operazion is primarily or. z single 8 hour,
5 day shift, why account for the remainder of the hours o"

the week?

R: VOW7WTM - That po.tion oj time when iheie i6 a demand. lo,
6e .vice and the equ2pent i6 not in.con&,tion to p.zom
it6 junction.

MIEs EQU I E 1PAIR (ER?)--

PD: The median value of individual repair tizrrs for an equipment
or system.,

C: To attempt to restrict such a general set of words to denote
such a apecific concept as "mdian" seems futile. Why not
call the median the median?

R= TIME, MEDIA REPAIR (,RT) - The median u&oLa o' keai timu

OAan iZtem..

Tne, FAMULT C- -

PD: That elemnt of maintena.ce t1m. required .. ,c. a i..."
maintenance philosophy to correct the ma t y
consist of correcting the malltunction with th. faut; -.,em
in place, remving and replacing the item v:Ith i. : se-'-
viceable item, or reoving the item for corrective+.;.2.ne,-
a= and reinstalling th m iem.

Cl: It would seem logical and useful to dstinruirih L' s torr
from Vault Location Time (better yet, Diagnosis -&. Tho
present definition does not maka this disci.nctiOa cl-ar.

C2t In the interest of economy of words - why not call" this :-
ne mdial Tins?

C3I "That elament of maintenanca tinme -" sounds ait .

-4a Of what relevance is "- a spocifioe: =intenarca philosoophy -"?

whac is a aintenance philoophy"?

Rt TME, REMEIAL - Thert- 4~nqda~d to coma.ct a jaL .,ct
tU jaILU Wa4 bua diqmud.



TIME, FAULT LOCATION

PD: Existinr Definitioi: That element of maintenance required
to test and analyze an item to isolate a malfunction.

PD: Prooosed Definit.oi: rflfat element of maintenance time requir-
ed to test and analyze an item to isolate a malfunction.

Cl: Again, in the interest of word economy (and established
usage) why rtot call this, Diagnosis Time?

C2: Here's that "elemenr" again.

R: TIME, DIAGNOSIS - The. A, %eqtiAed to tut 6o4 and to i&otat
•the fatit in a afunctonihZg item.

TIME, FINAL TEST - -

PD: That element of active repair time requ.red after coinpletion
of,.maintenance, adjustments, and calibration o verify by
measurernnt of performance that the item is in a condition
to perform its function satisfactorily.

Cl: Consistent with an earlier comment, this term should be
"FINAL CHECK TIME".

C2: Why redefine "Final Check".

R: TIME, FINAL CHECK - The tme requi4ed to perfokr, a inal &heak
o4 the eqwirient.

TIME, INACTIVE--

PD: Existing Definition: The period of tllw when th e ie i
available and considered to be operable, bat is nv ither need-
ed, assigned, nor operating for its intcnde d fu-nc-Lional pur-
pose.

PD: Proposed Definition: The period of tii when the itoia is
available and considered to be in an oparabl condition,
but is neither needed, assigned, nor operating for its in-
tended functional purpose.

Cl: By any definition of "available" - it must be operable to be
available. Hence, the existing definition contains a re-
dundancy.

C2: The definition seems to be unnecessarily vo bose.

R~: The pmiod o6 tbuie when .te itba A avai4b but~ h" no da -
tnand 6o uae.

TIW, ITEM PROCURm7N - -

PD: That element of active repair time requimed tO obtain the



needed item or ites from base supply stock rooms, etc.

C: This seems to duplicate Supply Time.

R: See TrAE, SUPPLY (prezef~ed tvue).

TIME, MAINTENANCE--

PD: The time during which preventive and corrective mainten-
ance is actually being performed on an item.

Cl: This is either, '(1) duplicate of Active Maintenance Time,
or (2) a distinct',Mitept which is poorly explained.

C2: Of the two alternatives, it. may be useful to select the
second.'

R: The totat time aequiied to compZtZe a maintenance action in-
ctuding Active Maintenance Time, Admnini.tive Detay, Time,
SuppZy VeDay Time, etc..

TIIV, NON-ACTVE MINTENANCE - -

PD: The time during which no maintenance is being accomplished
on the item because of either supply or administrative2 reasons.

(No co=ents).

TIME, PREVENTIVE MAINTENANCE - -

PD: E'-tstina Definition: That portion of calendar tir= usea in
acconplishing preventive maintenance; made up to t., &,
in performance wasuremerit, care of nechanical wea,'out' -;,r
front panel adjustment, calibration and align.n , cLc: ;,
etc.

.PD: PM sed Definition: That portion of calendar tie uu4d in
acconplishinIg preventive maintenance; mde up of time sp,:- .
in performance measument, care of mechanical wearou'; items,
adjustment,, calibration and aligrant, cleinng, at z.

C: Why redefine 'Trventive Maintenance"?

Rt, The tbme 4tau.&ed .to peApn.' ptreventive mrxrbC.ate

TD, SUPPLY--

PD: That portion of delay time (non-active raitenance tilme)
during which maintenance iz delayed solely because a needed
item is not, immdiately available.

/ c
- , -
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C: To be unambigious, a distinct-on should be made between "Supply

Time" and "Supply Delay Time".

R1-: TIME, SUPPLV - The time kequiLed to obtain aepai& pact6.

R2: TIME, SUPPLY DELAY - The detay incuwLed when waiting £o4 tepaiA
parta.

TIME, TECHNICIAN--

PD: That time expended by the technician(s) in performance of' a
maintenance task, expressed in man-hours.

C: Duplicates Technician Active Time.

R: See TIME, TECHNICIAN ACTIVE (ptereAAed te ).

TIME, TECHNICIAN DEAY - -

P.D.: The number of maintenance man-hours expended on a rnaintenance
task while no maintenance is performed either because of supply
or adminIstrativ% reasons.

Cl: "Delays" would be a better word than "reasons."

C2: Again, effort rather than time is defined here. These ara two
separate (and useful) concepts which should be distinguished.

RI: INACTIVITV, TECH4I1CIAN DELAV - The numbeA of moanhowu w ed
dwWing a maitenitzne ope'w.i2on du~e to 46uppZy 04% adm-;,:tti-<A'

R2: TIME, TECHNICIAN DELAY - The numbe. oS ho .hat .t.chahaod :,'Z.

idfe due~ to aujopty o'k anWAi.v e de~oyas.

TDZ, TOTAL TECWICILX - -

P.D.: The total ma -hours expenditure required to coMlete a -ainter.-
ance task; Inclues, active technician ttme, and delay tachnicia
time.

C: Once more, effort is being defined - not tima. Time is measured
Ln hours. Effort is measured in man-hours.

Ra EFFoRT, TOTA rcuicm - Tot.a Abe 06 nww4 expandd
P"MjO a maintIA4w1c opwiA4on £t.&td~r; b3th aet.ive e'o,. ajLd
'bac*Lv didAy.



TROUBLE SHOOTING - -

.PD: Locating and diagnosing nalfunctions or breakdowns in equipment
bi( means of systematic checking or "anysis.

C: An acceptable colloquialism buz in't "4ia~rozis" a more con-
ise torm?

R: An attenate .te/un 62 DIAGNVOSE (~j

SECTION ENTITLED "ADDITIONAL
TERMS WIT DEFINITIONS"

"From AR 750-6"

GENAZ7 L COENT

This list does uot seem to contain definitions, per se. Rather,
they are expoitlos or elscrlptions of terms. Soma of them, such as the
"Naintenance Folicy" terr, are unique to the regulation doc~u :,n . This list
does not senz, suitabie, as is, for inclusion in a definition tandard.

-XALNANCE SUPPOTT PLAN -

PD; A contnually updated plan initiated at the be inni.- of the

development phase for an item of military design and at the,
beginning of the procurement phase for a comnercial item. Te
plan provides narrative data concerning the plan.ned use of the item
end establishes a time-phased schedule of the major actions
required for mainenance support of the item in the field (AR 750-1).

Cl; This seems to be more than a definition - perhaps a iescription.
SA plan can be a maincinarnca :upport plan whether or. not -t is
!%continually updated -", or when it is initiated.

C2: The term should be defined - not exposited.

R" A gan Jo4 p&ovUidi..g ma.inaence to an item o,% ,616em.

MAINTENANCE POLICY - -

PD: Published statemant of guidance by Headquarterz, D.part-.nt of
the An.%o on the eneral course to be followed in the develox, era
of maintonance support concepts.

C: Thi is not & deflult!g in the "standard definition" sense.
A maintan~ce policy is a maintonance policy ragardless of the
authorship.

Rs A apw.4a& poLt.gto be 6oUowed in the opemwtZor o6 irzain-
We~A=w pkOWt44

k 4



KAXIMMCE CONCEPT-2 -

PD: A concept which describes the marner in which an end item will be
maintained and supported. it indicates maintenance capabilities
required of the using tult and supporting units and provides intor-
ation concerning the tactical employment, unusual nainterance
envirornent, mobility considerations, allowable downtt2..., arid
other operational requirements. Additionally, the tec1nical infor-
mation required to develop military and civilian occupational
series codes to recognize new or changed skill requirements is
included.

C: This seems to add nothing (of a defiiiction nature) to the

"Maitenance Policy" recor.maended definition.

R: See .IN6VANCE POLICV (p Le6e zed dtem).

.LOGISTICAL SUPPORT PUUA, - -

RD: A Department of Army approved document outlining the logistical
factors involved in the support of the particular end item and
related ancillary equipf.ent. This plan norwmally is written to
provide the tactical co. uanders the necessary informtion to
assure orderly deployment and support of an item Ln the field.
Logistical support plans will be prepared only for those items
specified on an individual basis by DCSLOG.

Ci: Again, a non-definition. Approval is not part of a definition,
the purpose is not part of a definition, and for what items
they shall be prepared is not part of a definition.

Rs The ptan joa p'wviding Zogi~tZw2. suppo'~t .to 0.4 aen.

HM NCE PZZOCATIN CHARTS - -

PD: A listing of maintenance operations applicable to an ite;*, cf
equipment with an indication of the oest category of rainten-
ance to which each operation is allocated. This chart will
cover the rjor end item and access6ries issued with tha end
item. (bnrmat included in AR 310-3).

Cl: Still, a non-definition.

02: The first sentence Is classic Pentagonaso.

RiA ChasW .ou6im *t 444 Wete oj mantni ncz rxoma £o- a
dtoach m iteunce ecIteun

3



EQUIPMT SERVICEABILITY CRITERIA - -

PD: Tests and measurements prescribed for each mission-essential

maintenance-significant item of equipment to evaluate its capa-
bility to satisfactorily perform its combat mission for a period
of 90 days as established by AR 750-10.

Cl: Awkward syntax. Non-definition.

C3: The question of satisfactory performance for a period of 90

days is a probabilistic question (indeed, it is reliability,
itself). Nothing is stated here about this probability nor
about a confidence level for predicting (or determining corm-
pliance with) such a probability. If this meaning is meant,
it should be called "90 Day Combat Reliability" or some such
term.

* aeto~j condition to peAjo/rm ita Junctioni.

"From MIL-M-55214 (EL)"

PERSONNEL INJURY - -

PD: The probability of injury to maintenance personnel during
performance of normal maintenance.

C: If .his is to be defined as a probability -,it should be called
a probability.

R: PERSONlNEL INJURY PROBABILITY -(VeiinZition a6 given)

UNITIZED CONSeXIOe - -

PD: A type of equipment construction consisting predominately
of replaceable assemblies or modules.

C: This seems like a real misnomer. "Uniitized" usually means
"in one piece", as a unitised chassis for an automobile.

Rt MODULARIZED CONSTRUCTION - (VeitmWont #A givent).

EQUIFNT DAMAGE - -

PD: The probability of damage to equipment by maintenance personnel

as a result of pertbaing normal maintenance.

C: Should include the word "probability" in the term.

Rs EQW DA AGE PROBABILITY - (Vej~vt on PA. given ).

160
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"From Calabro"

UP-TI[E RATIO (TIME AVAILABILITY) - -

PD: An expression of equipment availability applied to continuously
operable maintained systems. It consists of a steady-state
component and a transient component. The complete expression
is given by:

* . JR -- + - r exp -(r+u)T]
r + P T(r + p)2  T(r + p)2

This represents a measure of availability of the system,
sin.e it gives the probability that it is on at time T. As T-
the transient state disappears and the general expression for

UTR reduces to the steady-state equation: UTR = , or since
r +w

_ - . (This is the ratio of the up,r-and +=-',UTR -r+

or operable, time to the sum of the up and down, or inoperable
time.)

Cl: This definition should be attributed to Barlow and IIunter -
not Calabro. (See Calabro footnote P. 135) Barlow and Hunter
use p in place of r and A in place of U. This seems to be
consistent with general use, Calabro's use is therefore incon-
sistent. There seems to be no purpose in not using Barlow
and -Hunter's symbols.

C2: Tae text of the definition, especially in the latter part,

seems somewhat garbled.

C3: The symbols should be defined.

C4: Consistent with this co.aentator's earlier comments r'.rding
'1availability" this term should be changed to "operabiltty".
Notice that Barlow and Hunter do not use the word "availability"
in connection with their expression. Their term is "expected
fractional on-time".

M5: This should be defined as an exoected uptime ratio since it
is a mean value.

R8 EPECEV P .ATIO IEUR) - The exece juto oj the
ait. DUM .ntUW~ 0 to T. that anitm04Ste)<
opCe be. This teva U appL~cat to ni:.Zd6tea

;>m



-(A + p)T
E(4R N +eA+j T(x +p) 2  T(A+ V)2

whe'te

EUR - expected up~tie 4&U o
/ " tepabt Ma.te

xa 7-L i&w:te
T -time pe~iod oj intee~

Aa T -

U
EU1 + -

A+j

DOWN TIME RATIO - -

PD: An expression of equipment availability applied to continuously
operable maintained systems. It consists, of a steady-state
coponent and a transient component. The complete expression
Is given by:

r r + r xp

r + p T(r + u) 2  T(r + )2

As T - the transient state disappears and the general expression

for DTR reduce3 to the ste-dy-state equation: ' or

sincer and VM a DR( (This isthe ratio of
t r M r +.

the down, or inoperable, time to the sum of the up and down, or
inoperable tim. )

C: All of the comments for UPTIME RATIO apply here.

I: EXPECTEh OWITIUE RATIO I(ER) - The expected JJAaction o6 the
Zima. oval inteAvat 0 to T, tha dit U~eM (04 6g4teM) " -in-
opwWb~. Tk4 tu i 4 appt~cabt to wnviaiZued Aystem.

EDR * 1- ELR

EV expected dowtime 4atio
EU expected uptime uDUo (q.v.)

36
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"From AR 705-25"

PREDICTED TURN AROUND TIME - -

PD: The predicted time nc.;,sary to service or check out the materiel
for recommitment.

Cl: Is this intended to be an average value? If so, the definition
should so state.

C2: From the words used in the turm, it seems an unwarrented presump-
tion to restrict the term to such a narrow meaning. Such a re-
striction is part.cularly unfortunate with this term since it
has such Wide usage in many fields.

R:- The predicted average tbne necus&aAy to compte. an opewtion
incLuding att attendant detaiy, tar6po4Ataion time, etc. The
tw ' i6 auat2y appeied to an opeaton, such a,6 mabLntenance,
whiZch i6 auxt#aLy to the ptJiaJty, opewtion oj the equZpnent.

E? 7

1<!
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16 July 1965

UStECOH HINTAINABILITY SPECIPMICATION

Vf in 15-. we were ;:o ash zny of che de)arrmentc for - specification that
'ermitted the mcasurement of mainta;inability, the charces are that we would be
greeted by the tak:ina of the Fifth Amendment, -leas of temporary aenesia, end
excuses thet there ;Ycc no breaktrhough in the state of the art.

By 1964 that breakthrough must have bore more than a passin3 resemblance to
the Mississippi at flood time, because you would trip over the number oz techniques
that found their way into specifications. The Air Force had its MIL-M-26512; the
Navy, the Bu Ships side, had its MIL-M-23313 (ships) while their Weapons people
had WS-3000 (Weps) and MIL-M-23603 (Weps). Not to be outdone, the Army:s Electronics
Comand had its MIL-M-55214(EL); the Missile Command, its MIL-M-45765(MI); and the
Mobility Comndss contribution was MIL-STD-1229 (Army). This imressive array
was further rounded out by a NATO standard on maintainability, STANAG No. 2817.
The advantage of the latter document was that if a contractor didn t l.ike the
wording in English, he could switch to French, or any of the other NATO languages.

While questions could undoubtedly be raised as to the absolute validity of
any of these techniques, there is certainly no doubt that their applicat.on to a
design would unquestionably result in a vast improvement in the ease with !)hich
the design could be maintained in the field. In fact, it is possible that in the*'
absence of a universally aclmo ledoed technique, wa may be able to borrow from
the efforts of our counterparts within other organizational segments of the DOD,
and thereby ft her improve the means by which each of us are currently assurina
the integration of maintainability into our designs.

It is in this context that I will discuss the Electronics Command's
specification MIL-M-55214(EL) entitled: 'Maintainability Requirements, Coneral;
For Electronic Equipment." Copies of the specification will be distributed to
each of you at the conclusion of this talk.

Our approach to the quantification of maintainability, was developed under
contract with the American Institute for Research. It essentially is a technique
on which the equipment design is checked and audited for maintainability.

In brief, the technique identifies the design features which affect or
influence the maintainability of an equipment. Principally, this was developed
by the preparation and submission of a questionnaire consisting of all possible
design features which could influence maintainability. The original list of 241
design features was rated by experienced field maintenance personnel on a five-point
scale to indicate the relative importnce that the abserca of that feature iould
have on maintenance operations. Though these design features were primarily
applicable to communications-electtonica equipment, they were found to be
sufficiently general to be used for a wide variety of electronic equipment.
They were further categorized into nine design factor groups.



UAECOX Maintrincbility Specification (IML-M-55214 (EL) -Cont.

To establizh a rolationship bet.een design features and the case ',ith which
mrintoorce could be yrformad,, the concept of wcntenance consequence .rec-
va develo-,ed. La defined in this ctudy, a m.intenance consequenco is the way
in which cdequ.Ce or inadequate design for m.intaincbility tffectc mrintenence
load rud operation. Five such conaewuence areas were established. Theae were:

1. Down time: The time required for the ;erformance of preventive
•cnd corrective maintenance, which prevents the scheduled oweration
of the equipment. This total time is exrescsd in cuimrnent hours
nd does not include maintenance lg tino, which is the time lost
due to unavailibility of parts, :,erconnl, or facilities.

2. Maintenunce time: The total time or xrooed in m.n hours, required
to cerry out ell preventive and corrective maintenrnce procedures.

3. Loicticsorevuireaents: The dem.nds made on the logistics system
for the .itentance of 'an equi.ment. This includes such factors
a toolc, ,,arts,.perzonnel, facilities, etc.

4. Equirasent dr.m.e: The -robbility of drmage to equimrant by
mrintenence :.eroonnel cs a result of performing normal maintenance.

5. Personnel injury: The vrobability of injury to mcintenance
'ersonnel during reforme.nce of normal m-intenance.

Durin- _al~octLonr e~ch design feature is scored yesa or 'no indicatin-
ite :trence or asence in the equipmaent, -nd weighted -.ro~ortionate to the
indluence it exerted on the'concequence creao. The design featur wcights are
cucnied up by consec,-uence area cnd Factor Crcu., into raty score form, and then Chart 1
couvorted into computed cores. To convert the rat; schores, cht iutotal -ye.

scores are divided by the total 'yea; plus the total no zcores and ttultiled
by 100. Design features not cpplicable to the ecui:.r-,ent being evaluated are
eli, inated from the scoring. The data frow this evaluation.-ic the maintainability
profile of the design under investigation.

To '.rovide a base for dcterir.idg the '.cc6.,tability of the dosisu from a
maintc.inability. qVmpoint, standc.rd profilea were etabllshad ;fha'ch raproeented
the user s mini ,aacc~pt.ble maintainabiliLy requirements. This w.s obtained
by submitting a cuestionneaire to a cross section of coome|.ud .erconnel xho
a=.recsed their maintainability requirments on r. hundred ?)oint scale .Sor each
concoquence arean for six different equipment cate-ories. These were for:

1. Permanent Installations Chart 2
2. Fixed Field Installations
3. Mobile end,,or Orerator Carried Chart 3
4. I.irborne
5. Test Ecuipment
6. Recorder Reproducers Chart 4

2
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USAECOH Maintainability Specification (HIL-M-55214(EL) - Con't.

By comparing the computed profile with thet of the applicable standard)
it is possible to determine whether the maintainability of the equipment as
reasured by the index has met the requirements of the eventual 6cers of that
equipment.

In addition to this, the index provides the designer with an analytic tool
for identifying specific deficiencies in the design and thereby indicating areas
for redesign. The weighting factors. or, the other hand, furnish the basis for
trzde-offs between various design features.

While the a~orementionad technique is not based on any requiremont for
time measreaents; it is to be emphasized that if a specific design feature Is
not included in the design, any repair task involving that feature will tal:c
longer to accomplish.

Though this techniLque reprc:sents the hard core of the Slectron.ics Command *s
ranintainability cnecificationl MIL--55214(EL), there are many maintenance Chart 5
fact-rs which, while not currently susceptible to quantification, must be
considered if the design is to be maintenance oriented. It is ho.ed that the
various efforts to obtain a measure of system 's- effectiveness will utlimately
permit the assignment of a "number" to these elements. In this connection) the
Air Force deserves much credit for spark-plugging the development of such
mthodology through their WESIAC group.

However, since this is still in the future, the Electronics Command felt that
the contractor should be given &n envelope within which he should conduct his
maintainability program. Thus, in addition to furnishing the contrzctor with Chart 6
the minimum acceptable scores in each of the ronsequence areas, it is also necessary
that he be provided with the basic concept that describes the manner in which th- C1 art 7
government will raintain the design.

This, in turn, must be supplemented by information ac to the operating =,d
maintenance conditions. This includes the hours of operation par day, how and Chart 8
where the equipment will be used, tolerable down time, and work environmant.

Since we are very much concerned over the increased complexities of equipment
as they affect our training requirements, it is necessary that the designer
develop his equipment and its support so &c to minimize or even eliminate the Chart 9

need for upgrading exisitng operatinS and maintenance skills. To do so, it is
ssntil that he be advised a.o to what VAIS'a ca available for this purposas Chart 0

as well as their technical capabilities and limitations.

If ve are to minimize the unnecessary introduction of now items of toolc and

teat equipments to the maintenance organizations, we must tell tho contractor
what is currently available in these organization. Nor should tha interests of Chart 11

stcndardization be neglected by not requiring him to screen Air Force, Navy, or
other Army Counodity Comsands' resources in those instances where organizational
itema are not adequate.

3
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USAECO4 Maintainability Specification (MIL-M-55214(EL) - Con t

Because any effective maintainability prograi must consider all ot these
aspects in the design, it stands to reason that the knowledge acquired by the
designer should not be restricted to efforts directed to the design alone.
Instead, it was felt that the system analysis could Ilso be applied, and at very
little addtional cost, to the determination znd preparation of:

1. Tool and test equipment requirements and ,llocations,

2. Maintenance procedures and instructions.

3. Maintenance technician classification to include specific requirements
for training.

4. Repcir parts lictc by item, number, and echelon allotr.ent.

,In other words, implernntatioi of the specification should not only result in
the LIrovement of the inherent maintainability of the design, but of equal
importance--to derive for us the specific requirements of all elements of
maintenance support.

Chart 12
This gentlemn., concludes my tall,. Are there any questions?

/
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COTNmUTATIIN U15' MINTA:XABLITY

a.io'cach of the live colu-mnas i, TLabl,- 1, total the

wei-ghting- factors for all design features adopt-ed and.
preczt -.n the equip-ment. To be counted "yes, ' thal
Ieaturc mu~st be present in every possi-ble applicLet-icn
in the-L equipment. Omission in spccific situations
shall be adequately Justified.

b. ?x. all design featuras waighlting factors Z feture
not -17ncluded ina the de~ign fo-. any reason ote han rnot

~~pcaoto the nature of the equip-aient undez design.
Tlhose "no items sha.1l include those features no-L
employead to the maximumi extent possible.

c.The "not applicable" features shall be dropped from
the computation.

d. Perfor-m the following computation for each colum:

M Yx 100
Y+N

where M =maintainability,

Y=total of "yes" 1*ie 1g j; actors, and

N total of "no" weighting factors.

IH
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OPERATION WOODPILE

DEVELOPMENT OF TECHNIqUES FOR MAINTAINABILITY DEM4ONSTRATION

AUTHOR: Michael Bialkowski

U. S. Army Electronics R&D Activity
Fort Huachuca, Arizona



OPERATION WOODPILE
DEVELOPMENT OF TECHNIQUES FOR MAINTAINABILhTY DEMONSTRATION

Operation Woodpile is an in-house research project on techniques to
derive reliability and maintainability data from operation of standard Army
communications-electronics equipment. It is directed by Jim Lamb, Chief
Scientist of the Army Electronics Research and Development Activity at Fort
Huachuca, Arizona. The program uses as a research vehicle the large scale
EMTF program at Fort Huachuca, which is to test interference effects among
groups of electromagnetic radiating equipments in a field environment simu-
lating large-scale Army tactical operations.

A feature of our program is the use of running-time meters and func-
tional cycle counters installed with selected equipments to assure compre-
hensive quantitative time data. Typical installations are showm in Photos
1 and 2. Combined with accurate knowledge of the operating environment and
with disciplined reporting of failures and maintenance actions, the data
collected are ideally suited for the analysis of equipment reliability and
maintainability.

While Operation Woodpile generally treats reliability and maintain-
ability studies as inseparable, certain information and conclusions on
maintainability alone will be discussed.

To start with, our mutual objective is to maximize availability of
equipment. Availability, as defined in one form by Mil-Standard 778 is
TBF over MBF plus Mean-Active-Maintenance-Downtime. This simply means

that downtime must be minimized. One of the objectives of Operation Wood-
pile is to obtain a realistic measure of this time. No scheduled mainten-
ance is practiced on this project; however, maintenance checks are made
during active repair. The Active Repair Time is separated for analysis into
Diagnostic Time and Corrective Time.

As one example, operating with consistently high-level disciplined
maintenance personnel, diagnostic and corrective times were obtained for
110 repairs on 12 types of radio equipments to determine the statistical
characteristic distribution. These times were aggregated and ranked without
regard to equipment type and without regard to whether failure occurred in
TRANSMIT or RECEIVE mode. From these data, graphs on logarithmic normal
probability paper were developed indicating percentage of equipments versus
time as shown in Figures 1, 2 and 3.

The fit to a straight line is good in each case, indicating that the
data are well described by the log-normal distribution. Estimates of the
parameters of this distribution are also included as shown. It is to be
noted that the mean times are larger than the medians. This is typical of
skewed distributions such as the log-normal and the expoential. The.
median is easy to determine from the data and is usually the parameter for
characterizing the log-normal distribution and the one often reported.
However, for purposes of calculating equipment availabilities or estimating
long-term maintenance requirements, the mean times are used. It is also of
interest that in this aggregate of mixed types of ccumunications $equilpment,



~about 60% of Active Repair Time is consumed in diagnosis of failure before
~corrective action begins. This suggests room for Improvement in our

V|
i standard diagnostic procedures. * i

To Indicate the effect of different equipment types on Active Repair

Time, data are plotted in Figure 4 for two equipment types which represent
extremes in repair time characteristics. As shown the median time to repair
VRC-9 equipments (RT-67 FM Radio) is 1.3 hours whereas the median time to

repair GRC-19 equipments, which contain a complex automatic t'uer, is 8.7
hours.

An additional aspect of Operation Woodpile is to develop techniques
for computer analysis of reliability and maintainability. This is
facilitated by formats designed for punched cards. Another aspect is the
development of conversion factors for different operational environments.

To sumarize, Operation Woodpile seeks to establish a basis for I
maintainability quantification for both standard equipments and for future
equipments. The essential attribute for maintainability measurement is
time. Elegantly, the relation can be stated as M--f(t). Inelegantly, it is
stated as follows: "It ain't worth a dime if you ain't go' that tim."

NOTE: Presented by Mr. M. Bialkowski, LUZADAA, on 19 July 1965 at the
Army Technical M*eting on Quantification of Maintaibility During
Research and Developnent of Materiel.
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HUKAN ENGINEEING RELATIONSHIIPS TO MAINTAINABILITY )1EASUREHENT
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HUMAN ENGINEERING RELATIONSHIPS
TO MAINTAlNABILITY MEASUREMENT

B. Lawrence Sova, Jr.

(Presented at the Army Technical Meeting on Quantification of Maintain-
ability During Research and Development of Materiel, 19 July 1965, sponsor-
ed by the Chief of Research & Development, Department of the Army).

I am sure that most of you are somewhat familiar with what Human Factors
Engineering is and what it does, but just for the record I would like to present
the definition contained in AR 320-5. Human Factors Engineering is, "The
application of scientific principles concerning human physical and psychological
characteristics to the design of equipment, so as to increase speed and
precision of operations, provide maximum maintenance efficiency, reduce
fatigue, and simplify operations."

As can be seen from this definition, the Human Factors Engineer studies
the relatioA,,Lips between humans and machines.

Many handbooks have been written on the subject of human factor aspects
of Maintainability (M), and there is no need to dwell on the details of these
points. It is presumed that if the suggestions in these handbooks are followed,
the equipment will be properly human engineered forM.

There are several problems with the handbook approach. This morning w6
have had several definitions of M and have been talking about costs and
specifications. I would like to enter another major problem into the discussion,
.Hew'ao we give the individual designer the tools to design the most effective

- system." It is here after all that the effectiveness of an N1 program or
reliability program lies. The firs problem with the handbook approach is that
the designer may not apply the suggestions in the handbooks because of cost and
scheduling problems. He must design a low-cost item that meets all sorts of
physical specifications and he must do it in X weeks. With these pres. res
he may not have the time or the inclination to study the suggestions made Li a
handbook. His problem Is far more lmmediatej his boss told him to have the
design ready In two week s.
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A second problem is tkat even if he does study the handbook, it usually
presents several alternatives for a design since it was written for a wide
range of equipment, and in different equipment different courses of action
are best. However, the designer has no way oi deciding which of these
alternatives are best for him unless he carries each of the alternatives to
its ultimate conclusion; all of which takes more time, more time than he
wants to give, more time than he has.

One approach to quantifying the human factors in an M program is pre-
sented in Mil M-55214. This specification takes many of the Human Engineer-
ing handbook-type statements and applies a weighting to them. In this respect
it eliminates some of the objections of handbooks in that it is quantitative and
less vague. However it still incorporates a considerable number of subjective
statements, hence is not a direct measure of the adequacy of a design.

This specification is probably the best tool to. date that we in Human
Engineering have to evaluate a design for M, but I disagree with the
implication that we now have a measure of M by simply assuming the presence
or absence of a design consideration. Many changes can be made in a design
without affecting the thing we are really interested in. Therefore it seems f.r

"
:

that in order to quantify M we should have some direct measure of the effects
rather than try to evaluate the causes subjectively. In Mil M-55214 we have .
a better tool to evaluate causes, however the specification should be employed
as such.

In conclusion, our problem is to define the relationship be.ween M and
Human Engineering design considerations. An additional problem is to find
techniques more effective than handbooks which will insure that the individual
designer can make the proper choice of alterndtives.
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USING MAINTEANCE FDOAT TO MEASRE THE MONET VALUE OF MAINTAINABILITY

One of the problems associated witi 'eproving maintainability is demonstrating;
its value in money terms. This is important, because some basijumust be found
to justify spending time and money for the purpose and the simjplost, although
not the bpst, measure is its money value. This brief paper describes a quick
andreasonably accurate method of doing this by its effect on a high-cost element
of support, the maintenance float. The effect is sufficiently pronounced that
it can be used as a decision guide.

Maintenance float is a pool of eq ipment held at a maintenance facility
as -eplacement for items which fail. T e replacement is placed in operation
and the unserviceable item is repaired d returned to the pool. It is this
feature of replacement and concurrent rep ir that is unique to the float system.
The amount of float required is related to the supported population by a float
factor. In arpq operations, the float fac or ranges from 3% to 30%, averaging
about 15%.

One way of measuring maintainability is n terms of repair time or, more
formaly, Mean Time To Repair (MTTR). It ha been shown, for equipment which
has an exponential failure distribution, that e maintenance float factor is
a function of population and g, the ratio of I TR to MTBF. That is

TotalFloat F Q f (Eq )

Fl.oat Faotor f I-( )( ) Eq 2)

The float factors are plotted in Fig 1 and, for practical values of g, in Fig
2. (Ref. 1)

Using this relation, it is possible to calculate the cost of maintenance
float for present and projected values of repair time and to show the savings
directly. Using the expression in reverse, it is possible to calculate a
maintainability goal which will achieve a given reduction in the cost of the
float.

As an examle, take a radio for which data are available from a Rseearoh
Am Oyls Corporation study (Ref. 2). Consider 4he following sumary:

a. Cost: $4W0 each

Assumed
Present, Iirvmn

XTTR 2 dqs I day
N2W 16 dep ay

Float factor 12% 7%
frm fts2)

Prupared by Boris Levine, Deotrical fzginerp Milita7 Riime ivisioul
Office# Chief of Inglzaerep V.8. Arvq
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b. Float Cost for 1000 units

Original design $ i0oo (l000x.12) -$480,000
Assumed improvement $4000 (l000x.07) - 2802000

Gross savings 20000
Less: assumed engineering costs 100000

Net savings due to $100,000
improved maintainability

That is, if the repair time can be out in half, the reduction in float will
pay for $300,000 worth of engineering and still leave $100,000 net savings.

Thus, application of this approach to demonstrating the value of maintain-
ability is quite direct. The two basic parametersOTTR and MTBF, can be
obtained from TAERS data for existing equipmentf estimated for new developments.

.They can then be used to estimate the value of changes accomplished or the
money available to expend on improving maintainability. Or, conversely, the
amount of money available for float can be used to estimate a maintainability

Data with which to ohec& the validity of the float factor expression are
hard to come by. However, float factors computed in the same RAC study are
about 1.3 times the factor derived from Eq. 2. Thus, the savings previously
estimated are, if anything, on the conservative side.

For simplioity in the example the maintainability was improved without
affecting reliability. In practice the two would probably be mutually affected.
However a discussion of this inter-relationship and the resulting trade-offs is
beyond the scope of this brief presentation.

References:

1. "Estimating Maintenance Float Factors on the Basis of Reliability
Theory" Boris Levlne$ dustrial L9.: Control Feb 1965.

2. "Allocation of Naintenanee and Support Resources for Tactical
Oo~~mioa ta ~ipment." John H. Mos, Carl P. Blos Robert W. Bluebdorns

Margaret H. Tupper Risaa Aalyis gpor~zation Technical Memorandum RAO-T.'Zi3t
August 1963.-

13 Juy 31965
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Army Research Office Sponsors Research on State-
of-the-Lrt on Reliability

by Sumner Meiselman

The Scientific and Technological 4pplications Forecast (STAF),

entitled "Research on Materiel Failures" a reliability research

effort is sponsored by the Research Plans Office of the OCRD, D/.

This project was initiated very early in 1964 which resulted i' the

award of a contract to the University of Michigan in October of that

year.

This STAF will consist of a published compendium on major areas

of prime interest to military research and development organizations,

industry, universities, and other organizations concerned with

military materiel requirements. Many such organizations will be

contacted for STAF source information, and their support is being

solicited.

The major areas covered in the reliability STAF are: 1. State-

of-the-Art, 2. a Forecast of the State-of-the-Art over the next 20

years, 3. a research plan suggesting how identified gaps in the

State-of-the-Art may be filled, 4. a matrix section reflecting the

scientific and engineering interdisciplinary relationships and

reactions of some 17 life cycle program milestones (of prime interest

to managers and engineers) and five major categories of scientifiz anr

engineering considerations, 5. an annotated bibliography, 6. a direc-

tory of selected organizations and personnel engaged in reliabili'y

research activities.

This reliability STAF was initiated after a review and sampling

of reliability activities in the research, development, and produc-

tion areas of industry, government and universities over the past

7



three years. It is well-known that a great deal of reliability

oriented research has been accomplished since World War I, especially

since the release of the AGREE* and the PSKR-l (Darnell)** reports,

However, early in 1964 there appeared to be an urgent need to collate

the results of these research efforts in order to identify those . -

which were being oversupported as well as those which may be lacking*

support. The mechanical reliability area is being particularly

emphasized since reliability activities in the electronic field has -1
received significant attention and financial support from the military

establishments over the past few years. The current administrative

efforts to reduce costa and to obtain the optimum return on basic and

e xploratory research dollars not only justified but made mandatory..i,,

this STAF in order to increase the effectiveness of research planning.

A successful reliability STAF focused towards mechanical engineer- -

ing required project personnel thoroughly familiar in this field...

Hence, the contract was awarded to the University of Michigan and a

managerial team was established by the designation of Mr. Sumner

Meiselman of the Advanced Technology Branch of the Research Plans

Office as the Contracting Officer's Technical Representative, and

Dr. Charles Lipson of the Mechanical Engineering Department of the

University of Michigan as the Contractor's Project Director.

The reliability STAF work is presently on schedule and the analy-

sis leading to the establishment of the state-of-the-art is being

performed. For example, the work accomplished to date has included

the review of some 4,000 classified and 10,000 unclassified abstract

* AGREE Report "Reliability of Military Electronic Equipment,"
dated 4 June 1957 - OASD(R&E).

•* PSMR-l (Darnell Report) "Parts Specification Management for
Reliability," Vol I & II, dated May 1960.
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reports fron the Defense Documentation Center. This included the

Center's total input on reports relating to reliability and furnish..

ed to the Center by various activities sponsored by the Department of

Army, Department of Navy, and the U. S. Air Force. In addicion, sc.me

1800 National Aeronautics and Space AMministration abstraats and :t:.h-

nical reviews prepared by the Research Triangle Institute concerniag

Reliability oriented papers published in Professional and Trade fou.nals

have been analyzed. An unspecified number of complete papers and ;,x.s

are being scrutinized as part of the input to the state-of-the-arz

analysis. However, this effort is not considered or required to be an

exhaustive analyzation, but rather a sufficiently comprehensive one

to identify and establish the state-of-the-art on reliability.

One of the most difficult aspects of this Scientific and Tech : -

lowical Applications Forecast was the development of the idenLifica-

tion and relationships of the vast number of scientific and eagineer-

ing considerations directly affecting the reliability of materlcl.

For example, the selection of material is an important fa., z .

other coequal but less spoken about factors, are envirorzeatal ,

ditions, physical or mechanical loading, human factors, and aaluation

techniques, all acting in their independaut mcdes but inceraz;.ng to

affect the atriel's re!tability. To compound the problam, '

impacts and interactio.-s do not.have a fixed or €onstact rela -. .

but vary as the material system progresses throush its lifs 21,1

from concept tiljuh davelopment, production an use phaies: ', in

the Jargon of reliability, the specification, prediction, vn s . -

Spreservation phases. As a result of the managerial ea ,.:;.

Dr. Lpson's aassitants have tentatively identified apprimtatly

2,* 3
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interacting groips of matrix elements which are further subdivided.

These major groupings do not includc some 76 environmental factors

which have also been identified as ,ausing damage to materiel and

,which are not generally specified in system development contracts,

However. these environmental factors will be discussed in the STAF.

The managerial team expects that certain elements of the

Scientific and Technological Forecast will be of great value to

industry and government organizations alike such as the sele -ted

directory and bibliographical sections. In view of this, the Univer-

s'ty of Michigan will solicit the assistance and cooperation of many

industrial organizations and professional and technical groups for

source information. For example, it is well-known that the Society

of Automotive Engineers, the Society of Mechanical Engineers, the

Aerospace Industries Association, the American Society of Quality

Control, the Institute of Environmental Sciences and others have ad

hoe and standing committees engaged in reliability efforts. Yet

much of this information is not known or readily available to person-

nel who are acti~ely engaged in work which can or should advantage-

ously utilize the knowledge and/or engage the services of these

groups. T,., this end, one of the motives of the Reliability STAF is

to open channels of communications amongst perscnnel working towards

the common goal of known ruliability in materiel. For example, rhe

managerial team has c.- tacted depositories of resaarch rtp,)%'ts .I. Oh

as those sponsored by the Bureau of Re,:lamatinn a.-.d the ith,.

Institution of the Department of the Irterior. These orxganzat-.:s

have responded with enthusiasm and have already - rtrib-ted to the

Army's reliability STA.
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Another very important section of this STAF will be the id'ntifi-

cation of basic and applied research needed to fill voids in the t~ta

reliability effort. This identification will enable industrial,

university and government organizations zo chann-el research s-Dp-,rt

the needed areas rather than duplicate efforts already accomplished

not known generally. To assist in this effort, current plans call for

the primary distribution of the unclassified portion of this relia-

bility STAF to select industrial and educational research insti_-u~i~.

who indicate an interest and a desire for the compendiLm scheduled fcr

publication in September 1965. ..;uiries relating to this reliabilit.'-

STAF should be addressed to the Chief of Research and Ddveiopment.

Attn: Research Plans Office, hq, Department of tht A-rmy, Wjashingtorn:

D. C. 20310.

Po-W01D T VT,-7.RA~rS

ThO Array 00oatractor surveyed I..zustria1, adu -.;±oaz4 a.-;
r.over"-.r.0n sources f'or reliob,.;iy and =nieitmbil±;z reyeC.ch
Inor-atioa perzinat to this STW?.

In view Of this Mae-iatili±1ty m.aetng, he W" a.3~44 zo r;a
r.do? st:00 Of repl.ies to his l.ettesrs of imqOy±?y. Aoco?.?-.

11@ folw~~fra~~ Ws& furnished by the ccorLraoror- a.
PreaeQx~.& VI±hout bias.
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DISCUSSION: QUESTIONS, PROBLEMS,

P ~~~CHALLEMGS AND RSCQENAIS

Moderator; Mr. Abraham S. Pollack, OCRD
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LT COLONEL LEDFORD:

Let us see if we can get some discussion, some recommendations,
something constructive and concrete if at all possible, and whether there
are fuzzy areas or areas where we cannot get solutions. The rest of the
afternoon, other than a short summarization I will attempt to give at the
end, we are going to spend in a period for discussion. The presenters that
you have heard today will act as a panel for this discussion.

. GARDNER:

The objective of the symposium today was to discuss the problems of
maintainability in research and development. I think the first step we
should take is to define just where we start applying maintainability and
reliability factors as defined in AR 705-25 and 705-26 and required by AR
705-5. I don't think in basic research you are going to have maintainability
coverage. I don't think in exploratory or advanced development it is proper.
I think the proper place to really delve into this is in engineering develop-
ment, the 6.41 element. Yet we have TDP's required by CRD in the 6.31 element,
in which it is very hard to define maintainability and reliability aspects
of a proposed weapon system; which we are only getting prototypes to define
whether we should go on into an engineering development. I think we should
define right now which should be the applicable elements to which these AR's
are directed.

LT COLONEL LEDFORD:

Okay, can I just postpone a little bit until I finish here, a few
administrative arrangements and then I will address myself to the question.
Mr. A. Pollack will act as the moderator, here this afternoon, for this
question period. I ask that you state your name so that we can catch
it on the two mikes that are in the front of the room and try to tape this
discussion period. Now are tiaere any more questions before I turn this over
to Mr. Pollack? All right Abe, we'll give it to you.

M. POLLACK:

Thank you, Gerry. Before we field that question, suppose we start this
discussion period by outlining what we are trying to accomplish. I think
we are trying to discuss things aimed at identifying the base factors which
will give us an ability to predict and measure maintainability and secondly,
generate some relatively specific suggestions for tackling the problem. I
am happy to note that our speakers have given us a lot of excellent material
suitable for generating questions, opinions, suggestions, controversy,
challenges, etc. and I would like you to feel free to direct yourself at the



• S.

speakers or at anybody 'on the panel or at the panel as a whole. I would
like to add a couple of targets for you to shoot at in addition. As a
general comment,,I think that studies and research in maintainability
should concentrate on those problems which can yield large potential pay-
offs, in-putting in hand the first significant figure of the sort of
information needed for systezQs analysis or cost-effectiveness models,
before we jump into efforts to define the second significant figure. Now
a couple of problem categories which generally meet this sort of criteria
of potentially big payoff. One, I guess, is kind of obvious from the meeting
here - establishing analytical techniques which recognize the effects of
more of the significant parameters in the practical situations and which
are relatively simple to apply. Of course, this is not an easy thing to do.
These techniques must account for the fact that what is important in each
case is not necessarily the same specific form of downtime or say of main-
tenance costs or manpower that was used in another situation but rather
that form o1- downtime which serves as a needed input to the next higher
level of decision that must be made. Present techniques, I feel, some-
times ignore or insufficiently recognize such things as effectiveness of
the human subsystem, supply system effectiveness, preventive maintenance,
assessment of individual elemental tasks rather emphasizing, say, the
statistical distribution. This would make the usefulness of data more
easily transferable from one system to another. Perhaps, a second big
problem category would be establishing a data base which is useful to
aesigners. Data is needed on both effectiveness and costs and speakers
have mentioned the need for study of data format and things like Operation
Woodpile - more of this sort of thing. A third category which I feel meets
this criterion is detailed breakdown of the elements of supply and administra-
tive downtimes which constitute the major portion of your actual downtime
in practice. A couple of notes before we go on. I would like to recommend
the fairly new book by Goldman and Slattery since it is one of the few texts
on Maintainability. It is called "Maintainability - a Major Element of
System-Effectiveness." Mr. Frishman of the Army Research Office, who had
to leave, asked me to inform you that if there are any areas of mathematical
or statistical research problems, there is a continuing effort that Army
is supporting at several Universities, including the Mathematics Research
Center at the University of Wisconsin. He suggested contacting his office
if there are any specific suggestions. Now I would like to turn it over
for open discussion.

LT COLONEL LEDFORD:

As to the question where do we pick up with reliability and maintaina-

bility, specifically? TDP's go back into the Advanced Development 6.31
as you say. Colonel Erickson, in the future TDP, will it again be 6.31
and 6.41, or will there be a cut off?

2
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LT COLONEL ERICKSON:

To answer that question, specifically, yes; howevez, the draft DOD
Instruction which we have only worked on Informally makes provision for
the fact that there is a requirement for less detail in 6.31 to include
reliability/maintainability than there will be as you go on into engineering
development. I think this same caveat is in the current regulation. It's
just a practical acknowledgment of the fact as you point out that you just

F •can't write these things definitively for 6.31.

COMMANDER SARGENT:

I think one of the problems that is plaguing this whole area is a
failure to address reality and it goes both directions. R/ are an implicit
part of your design. When you design a system or an equipment - the minute
you take this pencil and put it to the vellum you are establishing the
maximum reliability and the maximum maintainability that you are going to
get in that system. And from there on out, having established this inherent
maximum, all the rest of the efforts, including quality control, are
avoidance of degradation of this theoretical maximum that you have put in
your design and if you don't address reliability and maintainability in
the advanced development phase you're not going to be able to backfit it
in. This is not the sort of thing that retrofits. It means you are going
to have to redesign when you get into the engineering development. Now
this is in one direction - in the other direction I think we have got to
face reality just as well. It matters-ittle how much inherent reliability
or inherent maintainability you've got in your design-if you do not follow
through with a reliability assurance and maintainability assurance effort
all the way through, including delivery and operation, you haven't accomplished
a thing. You have only kidded yourself and tried to impress your conferees
on your own erudition. The payoff is, and can only be, in the ability to
accomplish the mission. This mission must be accomplished with the GI out
there in the field, not with some PhD in the laboratory. So I think that
we in reliability, maintainability and systems effectiveness have got to
look both ways and while it's all nice to say "well, that is not my area
of responsibility" and "I couldn't control that," these are nice built-in
excuses for the individual but the payoff for the U. S; comes from looking
both ways in reliability, maintainability in exploratory development.
We will never be successful in either reliability or maintainability until
these considerations are a way of life thinking for every design engineer
and every production engineer. right from the very concept of the idea until
the thing is in operation out in the operating forces.

MR. JACKSON:

I want to make a basic comment. The DOD Instruction 3200.6 requires
the more formalized program for maintainability and reliability in engineering
development and operational systems development categories. Now, the

3
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Instruction balsobasicalljsays that you have to give adequate consideration
for R/M in the earlier categories to the extent that is is appropriate.*
When you are"talkiig about advanced development or even. exploratory develop-
ment this covers a pretty wide range of area in the types of things that you
are dealing.with...Zt is pretty hard to be'real specific, as to what is to
be included there but the Instruction is very specific with regard to
engineering development and operational system development. I think this
was intended to be reflected in your regulations.

MR. NUCCI:

May I add to that? In advanced development and exploratory development
we're concerned mainly with innova fg-and feasibility and we do not take the
attitude that you should contract/the hard requirements. Goals are appropriate,
but let's be ialistic here -'we do not want to constrain innovation but we
are looking to advanced development for designing building blocks which will
later go into engineering development, but on the other hand one of the most
important objectives is innovation and feasibility for reliability as for
any other performance capability. The goals I think are more appropriate
than any hard requirement.

MR. MEISELMAN:

Commander Sargent raised some interesting points. However, I raise the
question as to how the design engineer can put in the inherent reliability
and maintainability if he doesn't have the necessary tools and cannot
understand the language of the individual who has prepared the TDP or the
MC's or the basic requirements documents.

CONMANDER SARGENT:

You have two things that have to be done. One I understand to be
the purpose of this conference. Until we learn how to measure - he can't,

and indeed I have raised the question this morning about how do we handle
this annual fiscal appropriation thing.* The answer there is measurement.
If we can't meadure and can't express it in measures we simply just can't
come to grips with the problem that we have with annual fiscal appropriations.
On the other side is also an unexpressed purpose of this conference, as I
understand it. And that is education.

MR. WEINGARTEN:

Yes, isn't it basically true that, like the many other -abilities that
have been around; as we who are theoretically leading this onslaught get
smarter those who follow behind also get smarter. Some years ago the Human
Factors people started ih with tremendous innovations and now they are kind
of pooh-poohed in their own circles as the "knobs and dials boys." We should

4



not forget them. These "knobs and dials boys" put a school of information
at the design level that take away the requirement to go into these great
details and to be able to address the more theoretical and perhaps more
esoteric underlying things. As we know more about what we're talking about,
they in turn also would get smarter. It hi's to follow.

MR. BYRNE:

I would like to address my question to the nuts and bolts type problem
as regards data collection. It appears to me that the output of the main-
tainability program can only be as good as the input data first of all. My
information leads me to believe that the input data in the electronics
area is better and more realistic than the input data in the mechanical field.
I would like to restrict my question on data to the mechanical field. My
basic question is "Where is this data on mechanical items or mechanical
components andihow do you develop this data if, in fact, it is not available
and finally, what are the recommendations." If this question can't be
answered because the state-of-the-art of gathering this data is such that the
data is not available, and if nobody has worked out how to compile it, is
ic possible to address future studies in this area to acquiring for design
engineers this data, methods of getting data, methods of communication between
the various Services for pursuing acquisition of this data. Is this possible?

LT COLONELLDFORD:

I will try to field that question. Army-wise, I think that we have to
take a hard look at the TAERS system. The TAERS system is costly for us,
costly in manpower, costly in dollars. It has, inherent to it, a communica-
tion channel and electronic data processing equipment. I think that
from the research and development standpoint that we have to take a real hard,
cold look at this TAERS data. One of the times to do it is right now during
TAERS Evaluation. If the data collection is not what we need, if we need
to take small samples (quality versus quantity) without paying the overhead
costs for world-wide collection, then maybe that's what we should consider.
But I th~rk Army-wide, we are going to have to look to TAERS for the big bulk
of the -- a collection system and to feedback MTBF, MTTR, and the logistics
time. Now, today we have a dichotomy of information. Out of TECODI and out
of the R&D contracts, we do have a feedback of information failure data
similar to r-me of the data published in the FARADA. It could be published
in IDEP and some of the others, but the information is of a small quantity
and in talking to some of the people who analyze this, the raw data is many
times questionable. Our data is getting better but we may have to look at
data in the light of can it be also incorporated into the bigger data banks
such as-TAERS-and can we get readouts here which are beneficial, not only to
maintenance and consumption people, but back to the engineer in R&D. We
haven't even begun to scratch the surface here, but it appears right now
that for a data collection effort we have the basics here, the framework by
which we can build. Now is there any question?
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ML RICHARDSON:

The TAERS system is good and it's a historical collection agency.
That's what it is. It will do us no good when we are working on a new
innovation in a weapoxis system such as the SHERIDAN/SHILLEAGH. All the
components there are new, untried, being tested now by the Test and
Evaluation Command. As you point out, however, there are some rather
frightening things in this R/M bit. We in TECOM get so few prototypes
that almost every failure we come up with, the developer is inclined to
say "This is a random failure." All I say is we are having a lot of random
successes too, which are rather frightening. We do furnish data to the
developer and how he uses it is his business. The only thing I do point
.out - we cannot come up with the MTBF too well nor the Mean Time To Repair
because we have to knock out the logistics implications. All the supplies
required are not in the supply system. They are all hand-made. So certain
things we have to knock out. Our information has to be used judiciously.
There isn't any question about it.

LT COLONEL LEDFORD:

We recognize this I think. TECOM comes closer to having inherent data
thAV, you can measure than we get from the field, but we must be able to
measure the inherent as well as the logistics down time. I think that the
Air Force, in their system, has gone into data collection by which they are
tying their contractor into their overall data collection system, have you
not, Dick?

MAJOR STANTON:

Yes, sir. Of course you are probably going through - I am guessing
because I am not intimately familiar with your TAERS system - the same
problem areas and growing pains we had with the 66-1. It was basically a
maintenance management data collection system that everybody wanted to be
all things to all people. It did not address itself to the R&D environment
and as a recourse we have had to supplement some 21 additional data elements
that the normal 66-1 data system did not provide. In this respect it is
feeding back to us and if it were used single-thread through the evolution
of the weapon system in development on through to the operation and we could
sell a single-thread'.:ddta system, then we would have the basis for the types
of data that I think you people are really looking for. It would have
historical significance and could be used to update prediction models, for
example, and that in itself would be a tremendous help data-base-wise for
follow-on evolutionary systems, not revolutionary, of course. So I think
you are probably going through the same growing pains the Air Force had
for a number of years. We don't have the ultimate solution, but I think
we have an acceptable temporary one.
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M. BURCHFIELD:

One thing the TAERS system does is to provide a means of determining
where product improvement is necessary. I understand that there has been
a move to discontinue going out with copy 5 of 2410 reports, which shows
the wear-out rate and consumption rate of various parts for components.
With sufficient information in this area and proper dZistribution, we can
determine a great deal from this information. I understand they are
planning to discontinue this before it even gets started.

LT COLONEL LEDFORD:

The frequency of the report has changed from a weekly to a monthly
or quarterly, I forget now. I don't know of any attempt to discontinue
the DA Form 2410.

COLONEL KNIGHT:

The 2410 is a record of components, is it not?

MR. BURCHFIELD:

Right. The back of copy 5 lists the items that are replaced on each
overhaul of the component.

COLONEL KNIGHT:

I don't know of any move to discontinue using the 2416.

MR. BUECHFIELD:

I know there have been deviations granted to certain organizations
which deletes certain information we need.

MR. UIIRIG:

I have two questions that I believe are basic and germans tc this
discussion inasmuch as so much emphasis is placed on it by the apeaker.
The first one is, that if there is a communication problem, and apoarently
there is, because everyone says there is, who is going to decide and write
the definition of maintainability and when are we going to get it done?
This appears to be the very first thing that has to be done b'fore we can
even stArt getting usasurements,
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ML JACKSON:

Yes, we definitely have a definition. It is in the MIL-STD-778. There
may be some reason for modifying it at the present time. We have this Trn-
Service Working Group who is reviewing it and we have had time now since
April of 64 to get a reaction to what we have had out. I think that the
only modification, unless something comes out of this that might indicate
a change and there might well be, the change that is being contemplated
is not basically different from the way it is defined right now. The only
change contemplatO might clarify it a little bit; but the basic elements,
unless something comes up that indicates that we do have something real
wrong with the definition that we are not aware of, we have a definition
and we don't anticipate a change. It is pretty specific.

HR. NORTON:

Is that pretty much in line with what Major Stanton suggested?

ML JACKSON:

Yes, that's right.

HR. NORTON:

I think what he has there is a real fine definition. I don't see why
we don't take it and go with it and quit stewing about it.

HL JACKSON:
It is basically no different from the present definition except that

it clarifies one point.

ML NORTON:

I don't think anyone objected to the definition he's got except the
people in the audience.

HRL MISELMAN:

I don't think there is a problez of what the official definition is,
I think the problem is what will industry buy in terms of interpreting it.
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14R. JACKSON:

Industry participated in this definition. Because of the fact, as you
have mentioned, that there were some 30-odd definitions, we decided that it
was high time that we established a definition. Initially, when we talked
about maint&inability we wanted to give time for people to have their say.
There was time. There were many definitions proposed. In April 64 we
established a definition which was coordinated with industry and to my
knowledge was accepted by industry and that is the definition that is being
used in contracts to the extent that we know about it.

1R. POLLACK: J

The definition is not really the problem but we have to be aware that
in using this definition on a specific contract or job that we have to
communicate properly anything that this definition doesn't cover. No
definition can be all-encompassing to everybody.

ML UHRIG:

There were at least 4 presentations that stated that this particular
thing was a real problem and if this is a fact and if these people recognize
the problem, perhaps we're missing a good point here in not getting it
clarified.

R. COX:

I think the communications problem is not the definition iLself, it is
the way individuals use it. Let the individual read the definition and
understand what it says and then go out and use the word, I don't think you
will have all these communication problems.

COMANDER SARGENT;

I think this is a manifestation of the semantic problem. The point was
made this morning that we have to have two definitions. I thoroughly subscribe
to this. I have a definition in layman's terms, if you will, for everyone of
the terms that we use in systems-effectiveness. These definitions dq not
use the term "probability." To begin with, outside of the statistician and
the engineer who has been exposed to statistical analysis, there is a
misunddrstanding of what the term probability means. Now we use this
definition for the lay people for this area of effort. Then we have the
definition which uses the tem probability. It is used within the crade, asit wvee. The term probabity has meaning to anyone who understands statiscical

analysis.-
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EMBER OF AUDIENCE:

Now Commander, how many designers are statisticians?

COMMANDER SARGENT:

Not very many - too few of them. We have to educate. For instance,
one of the great critical problems that we have in trying to work with our
engineering people is to get them to understand that the probability is
completely devoid of any meaning unless you express the associated confidence
factor. Probability doesn't mean a thing without this. As a matter of fact)
my professor in statistical analysis said "you give me your data and your
objectives and I will prove it, and as long as I'm free to establish the
confidence factor-I.can proye anything I want with any set of data." Now
this fis a diffiedk a'h it. takes a degree of expertise in statistics
in order to be able to handle it. This is our educational problem with the
designers.

MEMER OF AUDIENCE:

All right, then let's get back to it. We are handing the AR's and all
the rest of the publications to the designer. Therefore, the semantics
should be clarified so they can understand it; if it is necessary in lay-
mants language.

I ~ CMMANDER SARGENT:

We are guilty of very loose use of our own verbiage.

M. NUCCI:

But here is where the designer can make use of his reliability expert.
Put him to work. Use him as your consultant. Let him unravel some of these
implications for you if you don't undersgn why we have full-time
reliability people. One of our troubles is/ s a new area, the techniques
have been derived and developed by a handful of people called reliability
people who spend their whole time at it. Now we have to educate designers
into accepting these kinds of data and these kinds of techniques like we have
done in other areas. How are we teaching integral circuits now to designers?
They have integral circuit people who are working closely with the designers.

MMR OF AUDIeNCE:

I think we are confusing an engineer with a special job to do Vith the
total job to be done. But X have yet to see anyone visit a design activity
and all they found were engineers. Surely they must have found people with a
lot of other specialties and this design talent should be able to produce the
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ultimate design product that we're searching for; which would include some
amount of maintainability or reliability. But, I assure you, I defy anybody
to find that one man who says here's the designer that is going to have this
bulk of talent. So when you say design, let us talk at activity level and
then look at your organization. If you are hiring the wrong people that's
a problem. You have to hire the talent to meet yo~ir requirements. If one
requires the hiring of a statistician, an engineer, or a technician, this
is what must be done. Don't tell ma it is an ergineer with all your problems.
I only contribute a certain amount of information to solving a design problem,
but certainly not all of it. We must define this thing.

14R. HEISELMAN:

We have been talking about the design engineer. *These chaps are fresh
out of college. They are not reliability people, they are not maintainability
people. We have got to bridge the gap down to those "design engineers" c:i
we ought to identify who they are and what their background is.

LT COLONEL LEDFORD:

Within the Army there is a program now underfoot by which we will
take on an annual basis, some 22 fresh out of college engineers and put them
through a year and a half program at AIETA where the first six months will
be-a formalized reliability/maintainability type curriculum. They will be
farmed out for a year to the various commands. I think that there we have
a nucleus for these young designers that you talked about that will have some
capability to lead them down the road for a specialty in reliability and
maintainability. The AF in its Officer Corps, to a degree, has that today.
They have had it now since 1961 and they are seeing the products of it. We
will do that here if plans go according to AMC and AMETA and they intend to
recruit the first class about February bf this year. Now, as to the
definitions problem, is it fair to say that with the staffing tri-service-
wise and ending up again industry indorsed for this maintainability/reliability
definition document, that we can expect this problem to have further errors
and no hope for a solution? Every command. Army, Navy, and Air Force, has
an ample opportunity to interject, and I hope that the working committee
at a later date comes up with a definition, if the existing does not fill
the bill, that is compatible with the requirement.

M JACKSON:

I would only say at this time that we would want to get some real
specifics together in terms of making any major change to the current
definition, because it has taken a long time to arrive at what we have.
One of the problems is trying to get some stability into some of the basic
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maintainability techniques and language and things like this. This is the

reason that we are consolidating some specifications and trying to arrive
at some stability here. But we are at a time when in all of these areas
we are in a position to take inputs that would come out of this conference,
or come out of the coordination that is taking place on all of these
documents. These major documents right now are in a coordination stage.
I would suggest that we take a real hard look at these because this is one
of the few times you have a chance to really do some good.

IEMER.OF AUDIENCE:

I think we should prescribe our requirements under maintainability
requirements and forget about the definition - we already have a definition.
If we are going out to buy something let's say what we want under maintaina-
bility to the contractor.

f L POLLACK:

May I suggest that we drop the definitions problem and'go on to something

XL. KICAK:

In the design we try to meet the requirements of the QMR. The format
for the Q14R is specified in AR 705-5. You don't find the term "maintaina-
bility" mentioned whatsoever. You look at it and you see that reliability
requirements are picked up under "Performance Characteristics." You don't
find "maintainability." You find a section called "maintenance characteristics."
So in this case, we, the designers, are never really shooting for satisfying
a maintainability requirement as called for in a QMR. The only thing we
have is AR 705-26 which specifies that it shall be cranked into a QMR. The
format as specified by AR 705-5 doesn't provide for this to be cranked in at all.

MR, POLLACK:

We are aware of this problem and as you know wn are kicking it around
informally with a view towards doing something about it.

LT COLONEL LEDFORD:

Like many of our specifications, by reference, it references one which
references another, etc., etc.; AR 705-5 does carry the reference to the
AR 705-26.

ML I.CAK:

Nowhere within the framework of the QHR format can you crank in the
maintainability aspects.
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MR. POLLACK:

Yes, it is somewhat nebulous, that's true.

MR. NUCCI:

Now to get back to your TAERS program, I tried to go back and find the
AF reference, the supplement to the 66-1, which is AFSC 258-5. Now, they have put
a lot of work into it. It might save you some work if you got a copy of
that in the adjustment of the TAERS form. One caution, even the AFSC 258-5
has got to be used with an operating log, so you count the living with the
dead because there is a big difference when you count everything. The
reporting system only counts the dead and needs to ac-count--for both.

LT COLONEL LEDFORD:

The operating log today is an integral part of our TAERS system.

M.NUCCI:

If you have equipment that has not failed, there wiil be no reporting back.

COLONEL KNIGHT:

That is a separate report but it is all a part of the TAERS system.

MR. WILSON:

One of the things that I don't think has come out in the open here
(having been a member on the DOD Group working on a requirement for M
program) is the fact that we've got two facets of maintainability which
get expressed here in the conversations. One has to do with the support
and logistics and the other has to do with the design. Now the M basic
standard which I allude to - early in the process we considered that which
is in the Navy specifications, 'in the AF specifications, and in Army
specifications - the fact that these documents had considerable coverage of
the logistics. Now, in the DOD standards draft which has been prepared
and dated the 13th of July and sent out to everybody and his brother within
the three Departments and industry, this alludes to the design aatd it
reflects the logistics consideration as an interface and a tradeoff. There-
fore, much of this which we have heard today is going to have to be covered
by different documents, integrated logistic support planning, systems
effectivenass or something else, and therefore it would seem to m that we
ought to be addressing ourselves to how do we express the quantitative
requirements for M as covered in this DOD draft documents unless we don't
thik this is going to go down the road.
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MR. POLLACK:

Is this a statement which someone might like to comment on?

MR. JACKSON:

I think what you are referring to is that in this particular ML-STD
it establishes the basis for requirements for a M program. The M program
must be based upon certain mission requirements an4 certain basic M require-
ments that are established ai:a part of some of our earlier discussion that
we talked about, either in your QM's or whatever other type of documents.
We expect to see these types of characteristics included in the TDP's because
this is required in 3200.6. We are auditing the TDP to see to it that this
type of information is being included in it. But now the adequacy of this
information and what type of operational malices went into establishing,
these requirements is a basic problem. I don't know that it is something
that is within the scope of this meeting.

MR. WILSON:

As an example, I would read from para. 5.11 draft MIL-STD, Requirements
for a Maintainability Program: "Prepare X Program Plan" and down under "i"
it says "Plan to accommodate the interfaces between the M program and the
following closely related programs or efforts.

(1) Maintenance analysis or evaluation
(a) Maintenance requirements analysis, maintenance task analysis,

tools and test equipment, manpower, training, skill requirement determination,
maintenance information system, or equipment and facilities determination,
reliability programs etc."
The plan will describe the interfaces between these. The thing that we have

got to do as far as coming to grips with the quantitative requirements is to
develop the quantitative term that will apply to the contractual effort in
getting your X requirement out of the contract, not necessarily these inter-
faces. It will describe what these interfaces are.

HL. WIENGAIMZ;

We are back to our statement earlier on design. We are dealing with a
system, therefore the systems designer or if you will, the program office, is
supposed to be paying attention to, among other things, reliability as an
effort, maintainability as an effort, and logistics as an effort. We could
go into a long hassle on when logistics should get in here, but disregarding
when there is an explicit tradeoff which can be made under the guise of both
reliability and maintatirability in the logistics world, just stay with it
for the .0ent. I think that rather than merely discussing interfaces, it
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is implicit that there are honest-to-God, deep and dirty arguments in the room
under program management on what you do. Do you now revise and buy Mlinuteman
parts or do you modularize this so that you buy N spare black boxes? These
kinds of tradeoffs I think can be made muchmore explicit rather than merely
keynoting some passing words on interface. I would suggest an AF document
(SSD) on where maintainability fits into a program plan. One of the things
that I think we are doing is a pretty usual thing. We are now worried about
reliability and/or maintainability alone. We are against the world until
this is a part of a larger system, which is FOB target, if you will. I think
we have got to lay ourselves open to the arguments back and fort.h within the
total program context - trading off a CEP vs an hour of life, a logistics
black box vs an hour of maintenance time. These kinds of things are explicit
tradeoffs, not to the designer, but to the systems designer or the program
office. It first requires that the military does its homework so it can look
down and know what it wants.

VEMBER OF AUDIENCE:

I am rather surprised in all the discussions this morning no one has
come up with the idea that the maintenance engineering, and logistics people
should take part in the design reviews, the milestone reviews, that the
systems office conducts.

M. URRIG:

They are supposed to by Army Regulation. I have only been in this a few
months now, but already I am beginning to detect the side effects of all
these prescriptions that maintainability must be defined - that people
are beginning to listen to the maintenance engineer in the IPR. He
used to be far away from the confert.nce table, now he is getting a place
up there in front. He is getting a chance to be heard as the' derign
proceeds. The programs now, which are goin& well ".t ATAC and other places,
are the ones in which the maintenance engineer is getting a chance co talk.
When he is ignored because he is subordinate to the design agency, "he design
gets into trouble. I think that while we are working toward getzing
maintainability defined we are also going to have paoplc pzying &ttention
to the maintenance engineer. Now he has to be qualiiied to talk to the
designer in the laL. iage the designer uses.

UL NUCCI:
Ledford,

By the way, Cal / despite the fact that evwrybody says it is in the
regulation and required, I have had Army officers come to me and tell me
that the mainterance people were not wanted at che'Aasign reviews.
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MR. BONOSEVICH:

This has happened, but you'll normally find that if your top man will
go to their top man they will attend. AR 750-6 now calls for a maintenance
portion of the service test to be prepared. The test itself is to be
conducted by the Test and Evaluation Command to determine whether the
maintainability requirbments included in the QMR have been met or to what
degree, if they are included. If they are not included~then I say that we,
ourselves, are to blame.

ML RICHARDSON:

You force us to establish the criteria if it is not included.

LT COLONEL LEDFORD:

Today, the QMR, good or bad, quantitatively does hav& expressed a
maintainability design characteristic before it goes out of DA Staff as an
approved document and prior to AV setting up a project or task. The
quantification can be left to doubt, at times, as to whether or not it is
right or wrong, but until we have a reporting syu.nm that will give us
historical data by which we can predict, then we have to go with what we
have now.

M. BOtOSEVICH:

It appears to me that the majority of presentations which we had
this morning were presentations which were primarily orionted tcward the
electronics area and it is true that only two of tha commands have electronic
equipment. We haven't heard from ATlC, MCOK, Weapons Command, and MUCOX
I am wondering what maintainability programs they have afoot because we are
coming out with military standards that are going to be put on your shoulders
to accomplish. This DOD Standard that We Jackson is talking about is
going to supersede any bit of paper you have got at the present time. It
was mentioned also that thu'e is a problem in determining what roliabiliry
figures can be tagged on to mechanical items. To my knowledge there are
very few, if any.

here are very few right now. We ae just getting Qur feet wet. We
are getng amee infO ltion. Data is itarting to ctca in from all the test
sites. Sass of tie test stations ar kind of lax but it is coming along
p - tty good am. ie have another poblem. Bow many articles are we &oinZ
to test? If you an going to test as may tracks or combat vehicles as you
would electronic equipmsnts that poses a problem.
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LT COLONEL LEDFORD:

I think to try to answer you, Mike, that-if we go back to history
in reliability that the AGREE came along some ten years ago - 1955-57 -
with emphasis into electronics. It recognized the unreliability of electronic
components and something had to be done. The mechanical end of it, I think
will prove to be much more difficult, more complicated than were the electronics.
Today we car, express in the electronics field with a fair degree of confidence,
reliability and unreliability of many of our components. Now, on the mechanical
end, it is difficult to come up with an expression for other than historical
trends and historical data. The prediction methods for reliability that we
have today are largely based upon historical data. In the mechanical end,
until we know whether we can make a matrix which includes all of the variables
,of tolerances, temperatures, et cetera (if we are ever able to do it with
the computers and the technology at hand), I think we have to go based upon
historical data, applying it with a K factor for the- state-of-the-art in the
foreseeable future. The mechanical people no doubt are behind. In maintaina-
bility too the mechanical end, I think, will go along at a slower pace than
the electronics end.

MR. BONOSEVICH:

My only reason for raising the point is that I feel that the mechanical
end is going to suffer once we are going to be required to implement these
standards. Somebody will monitor and tell us that maintainability has to be
incorporated. Electronicaly, sure, I think we can handle it, but mechanically,
I suspect we are going to be stuck.

MR. MYRON:

One of the problems I find is that a lot of people are confusing
"reliability" with "durability" in mechanical equipment. This is one of the
big stumbling blocks I have found. Even in the literature that is available
on mechanical components some of them seem to-confuse "durability" and use
it iiterchangeably with "reliability."

LT COLONEL LEDFORD:

We find that in the QMR's and I think that in this now definition
documant we have to face up to the fact that we have to know what we are
talking about when we talk durability. Maybe that is one other of these
terms that we don't find in MIL-STD 721A or MIL-STD 778 today. We have to
recognize this so that at least we are on the same footing.

MR. MYRON:

Right now all our plans that I have seen all specify durability and
they interchangeably use it as. reliability.
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MR.. NORTON:

I can't see the difference between durability and reliability. To me
these tes are synonomous. I can't say anything about one that I can't say
is true about the other. I have queried dozens of people on it and no matter
how they deftne'durability I can also twist it around and get reliability
out of it. The only difference I see is some emotional difference in this
thing. Durability is the law that permits you to maltreat something, to
mistreat it, whereas reliability is treating it the way it is supposed to
be treated. Let me speak to Mr. Nucci here about the mechanical part of it.
I am wearing two hats today. I am representing the Maintenance Board and
also AVCOM. On the mechanical part and in the airplane part of this thing
for :the past 3 years I have consistently tried to use MIL-K-26512 and
MIL-1-27542, two MIL-STD's for reliabilicy and maintainability. Let me
tell you, this brings up another little thing which could be a crusade, maybe
for somebody. That is the fact that these thingsiiaye got the simple little
letters USAF after them which stands for "not too well accepted." The
Army won't accept these things because they don't understand them. They
are good documents. I have tried over and over, but I cannot get the Army
to accept anything that has a Navy or Air Force symbol on it. The real
fine Navy document "Engineering Reliability" and the one that came out of
the Electronic Systems Division, the book on reliability and maintainability
monitors - both of these are excellent documents. It seems to me that the
Army should take these things, adopt them, put an Army label on them and
start using them before this week is over. I just got another one which I
talked to you on the phone about and that is the ESD document on Maintainability
Validation. This is a real fine paper - it almost reads like a novel.

. NUCCI:

We are fixing part of that now. HIL-STD-785 will supersede MIL-R-27542.

M. NORTON:

One other problem is how to fix airplanes, how to be a mechanic, how to
work on a helicopter or an engine. I keep getting these crazy documents over
my desk and Lord knows there is no greater advance in the state-of-the-art
than how to work on an airplane but the Army keeps wanting to redo these
documents. The ones they are redoing are only 5 or 6 years .ld. Not only
that, the Air Force published real good ones years and years ago and so
did the Navy and you can buy them on the bookshelf. Why do we have to redo

7 these things and support a little empire that keeps redoing these documents
that we already know how to do?
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MR. BURCHFIELD:

You should have stuck to the Aviation Board. I'm from AVCOM too.
We are using MIL-R-27542. We are also using the maintenance documents by
the Air Force, especially on some of our new development systems.

MR. SIBTHORP;

I object to his comment that the Army. doesn't use the AF or Navy specs.
The )MCOM spec on.1 is almost a verbatim copy of AF spec.

M. NORTON:

Why don't we just use the Air Force one without changes?

MR. COX:

I will tell you why. On page 2, I think, is a list about 6 inches long
of Air Force references that we couldn't get our hands on. Our standardization
people said we couldn't reference it unless we had all of these docuuents
so all we did was to take off in an Army direction, knocking out Air Force
references, knocking out some of what we considered unnecessary.

MR. NORTON:

Couldn't we have just called the Air Force and asked to get together on
this?

MR. COX:

Had we waited until MIL-M-26512C came out, we could have used it as it is
because the list references is much smaller and we can get ahold of those
now. We wanted to go through an exercise of deleting &L-R-45765 in favor of
MW.-M-26512C, but the new ML-STD-785 coming up, it was no longer necessary.
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SULMARIZATION

Lt Colonel Ledford, OCRD



LT COLONEL LEDFORD:

Our time is running out here. I think that from ihe discussions that
we have had here we see that we are a long ways from solving all the Army,
the Navy, or the Air Force problems in maintainability. We have hardly
scratched the surface but at last in our own minds I think that the
definition of the problem should have been clarified to a degree. The
presentations that we have had - one of the big things to me has been that.
the problem of definition of maintainability evidently is in the minds of
many of the people. The difference between maintainability and maintenance
still is in the realm of conjecture. I think that the solution is within
your own commands in the staffing of these documents - give it a real try.

_.If our definitions now aren't sufficient let's come to accord on these
definitions, let's get them where we can use them, where we can speak the
same language. The conference that we have had today has been an endeavor
to bring our R&D people, materiel readiness, and maintenance people together
to mutually discuss some of the problems that we know are inherent to our
business. To drop the conference now is part of today's business, but to
continue in the future with the question of maintainability - what do we do
about it - what can we do about it - can we really quantify it - can we
measure it - still has not been answered by'this conference. I think that
within the individual commands of you representatives here you have a big job
to do individually and collectively. We recognize here that the Army, Navy
and Air Force have a big problem talking the same language - to be able to
quantify maintainability, measure it, test it, and collect data, and

pmeaningfully to express what we have done. I would welcome any suggestions
from you pembers of the commands here from the floor as to any continuance,
whether or not this has been a worthwhile conference on your part, whether or notyou think that in the future like conferences are apropos. I Am open to anyj suggestions from the floor.

MR. NORTON:

We have been somewhat successful but rather frustratingly not as successful
as we think we should be. I think this is an excellent start at something
that might speed up this program very fast. I would like to see and I would
certainly recommend that maybe a small working group of somebody from your
office and from the Maintenance Board or AMC or AVCOM or CDC -et together
and see if we can't plan for a continuation of this sort of thing because
we really have Just skimmed the surface of these problems. We all have
ways of getting them solved and I Lhink we should certainly earn our motley
and make this thing pay off as a continuing thing.
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MR. KICAK:

I agree with Jack that this should be a small group. Initially, though
I think it should be from HQ, AM and perhaps SMC, select personnel to more or
less establish a position. After we establish a position then we can go and
bring in review elements.

MR. NORTON:

I think we need CDC on this too.

MR. KICAK:

Yes, I forgot.

LT COLONEL DIAMNTES:

I certainly agree that we should have more meetings like this one. I
think that a conference during the next quarter might be worthwhile. I am
certain that CDC would be very anxious to participate. We are anxious to
crank into all our QMR's, SDR's all the necessary data. We recognize all
these problems and have been looking at it for several years now. We are
very anxious to participate in these types of meetings.

MR. NUCCI:

I would like to make a suggestion. I don't know whether you can do it
within the next quarter but in the future I think it would be well if we
could get some case histories. I know Jack Norton would be real happy to
talk about the LOH because I personally, think he did a beautiful job on
it and it is really buttoned down. And I think the AAPSS was very well done.
There is some real good-work and if you could show other people this real
good work and how they did it I think a lot of this hullaballoo about
definitions will fall by the wayside because with all the shortcomings of the
technology, the technology is being used and used effectively in many quarters,
maybe not as accurately as we would like to see, but to a real advantage to
the Army.

MR. NORTON:

I would like to remind the colonel that this quarter just started
and there is almost a whole quarter before the next one starts. T would like
to do this before the next quarter.
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LT COLONEL LEDFORD:

I would like to just throw out a thought on this timing and phasing. We
have, by example, shown you the way. I would like for the conmands represented
here, with their major headquarters, to examine and determine if they would
like to host. My office, General Marlin's office, and OCRD itself would be
only too happy to work with and assist any host. We would like to see it
perpetuated and hosted by other agencies represented here.

MR. NORTON:

Would it be appropriate if I got the Maintenance Board to do this?

MR. KICAK:

One thing I wanted to bring in. I still think we should have our
small groups together to work some of these points out before we start going
out all over the country.

COLONEL KNIGHT:

I am more inclined to agree with Mr. Kicak - that we ought to get DA,
AM, CDC, SMC together to lay out the ground rules, establish the parameters
we are going to work in and then bring in the additional people. " But the
fewer people you have talking the more you are going-to get done.

M. SANDS:

In September, I think it is the 9th of September, we have the General
Breakefield Seminar to be held at ATAC. I would suggest that Colonel Ledford
be on the agenda to make a summary at that seminar of what this meeting
discussed, the comments on maintaiuability, and then carry on and add to it
any developments that may occur between now and the day of the seminar.

LT COLONEL LEDFORD:

That can be arranged if the invitation is forthcoming.

M. WEINGARTEN:

May I make the suggestion that that first small work group take a look
at that blackboard1 and at least approach that first column. Ideally, I
think we should hit both columns but that board looks strangely blank.

1 Blackboard showed two columns at this time. First column was headed
"Problems" and second column was headed "Recommendations." Columns
were blank other than the headings.
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Mayba a first-cut delineation of those problems which are most apparent would
be worthwhile if only as a point of departure to discuss what other points
should be looked at, let alone solved. I think that kind of thing - a lst
of problems immediately apparent for written report or whatever form you
would like to see it would be worth at least the time involved in compiling
it, sending it out, and looking at the returns.

LT COLONEL LEDFORD:

In our letter that went out originally, we tried to anticipate some
of the problems facing us to give you food for thought in coming in here
and I heartily endorse that these problems be put out. I know that a
working group of this size in the consideration of these problems cannot
accomplish too much. A small panel probably is the best way to do it. The
small panel will address themselves to specific problems and come forth with
recommendations. That type of a meeting is, of necessity. longer than one
day. To kick off such maintainability here, one day is all that I could
foresee that would be constructive. In future meetings of this type, the
panel and the picking of panels should be a consideration by anyone who hosts
these meetings. Is there any comment on that?

14R. NUCCI:

If you could make known the names of these panel members, the people
in the commands could be urged to send any specific problems to the focal
points so they could bring them to the small panel meetings. This might
help a lot.

LT COLONEL LEDFORD:

I think probably that this is along the line that John Kicak had in
mind when he said "We want to get our ducks in a row and line ourselves up."

M. JACKSON:

One of the things that we discovered in going through these various
specifications to consolidate thef into MaL-STD's was that there were some
real problems tLat we had to deal with and we had to consider; what do
you put in this document, and what is it that we need that we don't have now
that we can't put in the document. I think that these documents that are
circulating around and the other one that will be available you might want
to look at it from that standpointo What we have tcied to do is put a basis
for the use of technology as it is today. Let me illustrate: in the
Demonstr&tion ZCL-STD we have, I think it is six test methods. We are not
sure-all these are going to stay in the Standard. We are going to see what
happens as a result of the comments, but these were the best test methods
that we found available today. At least this was the judgment of the group
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that worked on it. It may have some shortcomings. There are some who feel
there are some shortcomings, but be that as it may, this is the best that .we
have today that we are knowledgeable of. Now, looking this over, we don't
want to say "this is no good." We use what we have and what's best for now,
but looking at this might give some of you a basis for saying lHere's where
we need to go from here in improving our test methods for demonstration" or
maybe I should use "verification." By the same token, in looking over
prediction techniques we have a lot of criticism about prediction techniques
but we say these are the best prediction techniques we have now. Let's use
what we have now and try to determine which of these are the most useable,
but where do we go from here. These types of things, I think you can deal
with as you go through this coordination.process. Be thinking about where
you can go from here and give us constructive comments on what we've got and
then be thinking of the future.

LT COLONEL LEDFORD:

General Marlin, have you anything to say before we break up?

- . GENERAL MARLIN:

Yes, I-V;o d-4Lke to just take a couple minutes of your time, gentlemen.

When Gerry and Abe came-b-wi~hhe idea of this conference here today, I
think they anticipated a lot of r6i-oBnce on my part and that of General
Dick. They arranged for some time to come-in-t-o convince me about the need
for a meeting such as this. I looked at their outlihe-p ep.r and they said
"When can we come in?"; I said "What do you want to come in~fi?" I agree with
you 100% that we need to do something in this area. The question in my mind
is how much initiative should we display in OCRD and who picks up the ball?
Now I would suggest that we have aired a lot of views and it has been fruitful.
I never expected to see problems clearly defined and recommendations made
concerning their solution as a result of one day's discussion. I think that we
are looking for someone now to pick up the ball, to enlist the cooperation of
CDC, to ask us for any possible input we can make so that we can be helpful
at any particular time. But'we are looking for AMC to pick up the ball. Is
that a fair statement? Now if we're wrong about this and you would like us to
keep the initiative up, I wish you would let us know. As a result of this
meeting here in which a lot of fruitful thinking has been done, we are really
in the back of our minds, looking at AMC. If you don't think that is right;
if you think we should maintain the impetus and keep the ball rolling, set
up the conferences, the agendas, and so on; we'll do it. But I was a little
reluctant to get too deep into this without knowing just how AMC felt about it.
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M. NORTON:

May I just ask one question, please? Who is responsible for seeing that
AR 705-25 and AR 705-26 are adhered to. That's the agency that should do it,
it would seem to me.

ML. KICAK:

I would like to say, Jack, in your case AR 705-25 and AR 705-26, logically
speaking, it should be R&D. But such is not the case. In other words, those
particular regs go outside of areas other than R&D. We can't pick up the
ball for total AM. This has been one of our problems.

COLONEL LEDFORD:

For policies set forth in AR 705-25 and AR 705-26, OCRD has the
responsibility. The implementation, of course, goes down into AE,
CDC, OCE and Army Security Agency. Now, on this implementation, the
intricacies of how it is implemented rests within those agencies.
Generally speaking, AMC has the bulk of this and because there is some
split maybe all of it doesn't rest within R&D at AM , but part of it may
be in Materiel Readiness, or it may be in Quality Assurance. Still within
AM is the bulk of maintainability and reliability that is done Army-wide.
They also take that responsibility on to a degree for ASA and for Chief
of Engineers projects.

MR. NORTON.

Is there any particular agency in AM that follows these regulations
diligently?

LT COLONEL LEDFORD:

That question has to be addressed to the AM people. I can't answer

it.

MEM OF AUDIE1CE:

How much of this is delegated to the Commodity Comands?

MR. NORTON:

Whoa, stop passing the buck that way.

.- KIMh:

1, .personally, was looking teud OCID more or loss to keep this
rolling until we, in turn, can pick up out own responsibility.
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GENERAL MARLIN:

You would like us to continue the momentum in some fashion?

MR. KICAK:

Since CDC gets into the picture, OCE, ASA, etc., etc., yes.

GENERAL MARLIN:

Okay, well I got out of it what I wanted. Frankly, in the back of my
mind, I felt we were not going to come up with specific quantification problems;
we were not going to come up with recommendations to solve these problems,
we were going to get just what we've got - a group of rather diverse vi...
on the whole thing which is probably why we haven't moved out a little faster.

LT COLONEL LEDFORD:

Gentlemen, there are handouts available for those who haven't picked
them up on the table. We appreciate your attendance, the attention you haxe
given the presentations. I thank each and every ontof you here on behalf
of General Dick and General Marlin.

EWER OF AUDIENCE:

This is the first time I ever heard of the Maintenance Board. Is this
an AMC activity? Is there any R&D reprrsentation on this board?

ML HORTON:

I represent R&D nu the Board along with the other three gentlemen alludad
to in the field of reliability and maintainability.

LT COIAL LEDPORD:

The AM Maintenance Board is a subordinate comand of Supply and
Maintenance Cotmand of AMC located at Fort Knox, under the President of
the Arq Haintuanqce Board.

Gentlmen, with that we will close the conference. Thank you.
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MAINTAINABILITY DESIGN
AND.

MAINTAINABILITY-RELIABIiITY-M,,AINT"NZANCE
INTERRELATI ONS

ReliabiL..f-Maintenance interrelat onsl" feoling that this ibrc: dcr covorageI would better riespond to the objectivas of Panel No. 5 and tho diacu~sion

for evaluating maintenance requirements and the determination of Mmagement
techniques for optimizing maintenance capabilities it would seem L.propriate
that there be discussion riot only of:

a. Maintenance-Reliability interrelations but also,

b. Reliabiliiy-intainability-interrelations, and

a. bXiintainability-Ylaintenance interrelations.

Of the discussion areas outlined in'the aforementioned memorandum
this paper will attempt to address, some remarks to the folitraing:

a., Determination of maintenance deandi for a new weapon system
(in advance of its detailed design).

b. Design for ontimu maintainability

a. Deteimination of support requirements

d. Assessment of impact of maintenaiace neqds for new systems on
existing workloads.

e. Determination of management information needs for effective
maintenance management.

f. And, finally, design of systems to fill these needs most
effeotively.
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II. Abstra.ct

Accordingly hia papor will treat of tho follcwiha3

a. Definitions of Maintainability, Reliability and @intonznco.

b. DoD Pol4oioo for Reliability and MWintainability (aa applicable
to En-ineoring Devolopmont and Operational Systoms Dovelopmont projocts).1

o., 1aintainability Design (including development managomont and
design tochniquo)'

d. Reliabil1ty-'Mintinability interrelations.

e. Mintainnbility-Maintenane interrelations.

f. Yintenanc-Reliability intc-rolation.

g. Human F;ctors interface with Yintenance/Reliability/V.ain'ainability.

h. M.iintainability Research.

is Concluzions:-'and Recommendations

III. Definitions of Maintainability. Reliability and MIintentnce

It zooran appropriate that we should first define those three torms to
establish a clear understanding and a true base for diocuosion. Though I
find i-c difficult to believe, very often we find the terms Mintainability
and :lintorance used synonymously; aftd-sometimes all three terms are used
synon.ouly. Therefore, the definitions are as follows:

A. , .int, inn i t 2

VMintainability is a characteristic of design and installation
which io e-presoed as the probability that an item will conford to
specified conditions within a given period of tihe when maintenance
action is performed in accordance with prescribed procedures and resources.

.... 1 - DODI 3200.6
i'oring development, includes those development pror.TLis
a-e being engineered for Service use but have not yet been

L...:.coved for procurement or operation. Operational systems
d; u, Joopment includes research and development effort directed
tc.z.. development engineering and test of systems, support

'.rn.s, and vehicles and weapons that have been approved
for xroduction and Service employment.

2 MIL-STD-778 "Maintainability Terms and Definitions"
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' 2nti ilit is a system pfrforranco l-t n, rolatina
to the probability of restoring or maintainin a syotom in a condition
of .satisfactory porformance, within a spocifiod poriod of timo.

Often we will find measures of mintiinability opooificd in
terms of "Mcan-Time-To-Repair" (MTTR). The mm-suro "Maintenanco 'Man
Hours Per Oporating (or Flight) Hour" is comotimos ued as a 1.-intain-
ability Index but it relates more closely to tho =intcnance lmd
factor rather than the maintainability charactorictia of tho oyAtm
which depicts the relative ease and speed of accompliohing maintonance
actions.

Reliability is the probability that a systam, aubzyatem,

component or part will:

a. Perform its intended function,

b. for a apecified period of time,

c. under stated conditions.

Again we have a gvatem or eur ent .nrfqm'ne .,
related to the critical time period over which satisfactory porfo.ance
(within 'the specified tolerances) is sustained.

Reliability is often expressed as "Probability of .to .ion Success"
and at tincs in terms of "Foan Timo B3tcen Failuroal' (V'E). '1.3 C F
can bo quickly converted to a "Probability" rolated to a critic-l time
poriod (mission time duration). And though it may appar obvious,
"Probability" alonn does not express reliability.

~2
C. .ii.intenance

All actions necessary for retaining an item in, or restoring
it to a serviceable condition. MAintonance includ-s servicing, repair,
modification, modernization, inspection, and condition detoriination.

In summary, Reliability is the system performanco czy:rctoristic
related to the period of satisfactory oporation(UP-Timo); Vi.le
Viintairabijity is the system or equipment characteristic roating
to the system or equipment outage (Down-Time). Those characteristics
R il.I_ ity and M.Aintinnbilitv must be designed into the hardurare.
Ll,%.,nninca the effort and actions required to reatore or retain
equipment operating within specified tolerances, is a function of

Refeornep 2 IUL-STD-778 "MIintainability Terms and Dafinitions"

Reference 3 MII-STD-721 "Definitions for Reliability Egineering"



ROlikbb3ity relative to the frequency of maiitmrance and a function ot
kntaimablity ralztive to the time and Wortb reqi±red to restore or-.

p~'esorve the Reliability dcgigned into ,the hardumro.

Va aiaiiyaxid rmintairnability policies, asapilto
Eneimnrizg Development-and Operational ~ystems eveom applie

7 arc in diro~t support of the prime objective - .the acquisitioni of
adequ~te ucapon. cystem3 ia proper tima acalo, and at rcasolnblo cots
AJlsog the-,y support a basic DoD developrxint Managaont policy tin~t
pzrog'am approval will be based increasingly on avallxition of the
cost/ofooiveneca of tht eystem for Ita -totL1. planned op-orational
lifo*

Thoso Rallability arid kkintainablity policies aro a~s folo;;,a

*1. Rliability and lVaintainability goalse, stitod in qu.-.titztiVb,
mission-responsIve terms,'must be astabliched for ali dovclopzmt

2. Thcw elabizdlity and Maintainability Soule : z. be ti
basis of technically realistic requirements tliit can be contractuanlly
specli±'dK with appropriate demonstration plans.

3- Reliabilitar and maintainability can be &taiw,,d effectively
onyby sound enginriing during design and developmrnto

4. Relability and maintaibility nust be designed into tho
equip%=tj but must be designed in ot a systcm bacis and 1a t be

abjecc- to tradeoff consideration witA all other critical oarac-
tarLties uch an perforua~oes weight, cost$sae.

S. Rllability and mairtainabillty are the direct reaponibilities
of the projoct max Igment crpinft~on.

* .Achioveast of reliability and walatainuiUty rc quircaeto
catn b-asoured ovly by tonstaut monitoring by the projoct~ o
and hij staOf, utilizing Carefully conceived plans f'or. periodic
roviev and for selctud dAonstrations, Such plans must cover tho
G~at or developwanti pz'ooi~U'nt$A aM petions.

TA these PO~.±±0Syo will Atte that w are ooemitted to a
~...Laative approach to I1A~jUi aa SM t~j~ and tka
oUatc' , (the iiW) :a-a osfabash qiauztitati-ve goeils basod
an ~ completO M~± tte amlss f aUtWx iissica

1. -DDI %=66



These goals then become the basis for establishing tochnicallr
realistic contractual requirements and appropriate demnatration
plans. These requirements and demonstration plans will go through
a process of refinement and definitlzation in going from the

Preliminary Technical Development Plans, through the ProjectDefinition Phase, and finally into the contract for development.

These policies recognize and establish reliability and maintain-
ability as integral system performance characteristics that must
be established on a total system basis, with achievement a direct
function of sound engineering. Reliability and maintainab-lity
monitoring by design reviews, prediction calculations or selected
demonstrations is essential to their schievement, providing the means
for desi and Yr 'ornment decisions. And finally, the project
manager (the line manager) is directly responsible for the system
reliability and maintainability.

The above relates directly to the development management fmc
Reliability and Maintainability. However, Maintonance Plaing
Activities should be monitoring and following this development
process of establishing goals, refinement and definization, trade-
offs and final hardware achievements to continually refine the
maintenance and logistics planning if effective Integrated Logistic
Support for stems and Equipment (DoD Directive 4100.35) is to be
achieved.

V. Maintainrablity Desire

A. To give the impression that design for aintainability is
new would certainly be fallacious. In fact there h-ve been extremely
successful past efforts in the development of automatic chock-out
equipment, design for accessibility, etc. Though efforts along
these lines have continued, the more recent efforts have focused
on. the development of design techniques through which maintainability
(and also reliability) can be dealt with in a quantitative faahion
and controlled during design. A review of these techniques reveals that
they basically represent refinements in our engineerino practices with
a quantitative orientation. This quantitative treatment results in a
completh change in design philosophy, dez'ign approach and design man-
agement, which in the past emphasized deaign for caximum or optm um
reliability and maintainability (a point of discusoion in tho 10 March
Panel No. 5 Memo). These new techniques attempt to bring the intuitive,
qualitative design Judgments into a realm of quantitative measures

• and estimates. They permit us to establish design goals for the"
oharasteristto8 and orient the design to these specific mission
responsive gals - not the woptawsm or e6azxmum "d wic~ 'o
Additionally, tey dmw upon mathematical and statistical teahniques
as tols for obtalning quantitative assesmeant and evaluation of
desig achie amt. As a result, the application of the quantitative
tochnolov provides an improved basis for design and management decisions.

i ... . .
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B. ,.intninabilitv Des ign Techniques

Much effort and study, yet-not enough, has been devotod in rocont
years to the development of methods for the quantitative approach to docian
for L.intainability, These include prediction and measurement tochniquo;
mzintenance task time analysis; statistical analyses of maintsnance task
times foi test point allocation, sensor selection and location; design
revioi,- for maintainability; deoign for reduced maintenance (servicing);
allocation and planning of scheduled maintenance actions; modular
construction; computerized performance monitoring and rapid fault isolation,

B-I. VNintainbilitv Prediction

Perhaps the technique being given the most attention is Iintinability
Prediction; and, it is one of the important innovations. The state-of-the-
art in Maintainability Prediction i that there are several methods
available and studies continue to refine these for increased accuracy.
The following methods are presently used:

Method. Often referred to as the RCA method, 9as developed under
Air Force contract originally for Ground Electronics. A roviow and analysis
of the design features and maintenance factors is made using cheek lists
and associated criteria to score Design Factors, Desi,7n Dictates (.-inte-
nance Skills) and Design Dictates (Facilities). These scores are applied
in a prediction equation or in a nomograph to estimate the Active Doum
Time (time when work is actually performed on the system). By a conversion
chart this time is converted to the time expended by a technician in
active performance of the maintenance task. This Corrective Down Time
then can be used by applying a factor of 1.4 to make an initial estimate of
Preventive Yaintenance Time. (See Appendix & for Nomograph, Charts and
Check Lists). .

The individual scoring of specific elements of hardware design
or maintenance tasks is valuable in detecting those hardware locations
needing maintainability improvement. These scores can be used as an aid
in selecting Min.ainability features to effect the improvement; and, of
course, this sccring is useful in eyaluating alternate designs.

A recent attempt Yo apply this technique to TITAN I strongly
suggests its applicability for generel use if the checklists and
crite ia are genrali sed. There, is also a ourrent effort under way
to refine this technique and extend its applicability to Airborne

;tems.

&VhMJ. Developed br hpublie Aviation, the method is based
on raintenanoe task-time analysis Of the mW maintenance actions required.
Utiliing past experience data for m anee task ties, the predictions
become eomputation of these avenge task-time figures. Where experience

267
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data is not available, estimates are made based on prototype tests, laboratory
tests, mock-up analysis or engineering judgments made from design analysis.

Though developed for analysis of aircraft design, tho mothod -to,

a basic maintenance task-time analysis and computation. Therefore, this
technique should be applicable to any type of hardware.

Methods 1 and 2 are presently permitted in the Air Force Specifi-

cation MIL-M-265120 "Maintainability Program Requirements for Aerospace
Systems and Equipment" (See References 4, 5, 6).

Method3. A third method is one developed by ARINO Research

Corporation for flight-line maintenance. It predicts active repair times
and down times of airborne electronic equipments. The prediction compu-
tations are based upon past field experience related to equipment charac-

tistics such as numbers of components, flight line replaceable components,
spares, test points, failure rates, mission length and maintenance policies.
The computations, which can be done manually and have also been programmed

for the IBM-1401 computer, result in estimates of the distributions of the
active repair times and system down-times. (Reference (7)).

Mthod A Another method is one developed by Federal Electric

Company under contract to Bureau of Ships. As a resul' of analysis of
shipboard electronics maintenance experiences, a set of charts have been
developed to indicate the average task times for Diagyrsis (Localizatio-n

and Isolation), Replacement (Disassembly and Reassembly) eni Test
(Alignment and Checkout) for system malfunctions caused by failure of
tubes or plug-in assemblies and those caused by part failuse:3. The

task times are charted for the several functiorAl levels vithin a
system reflecting depth of penetration to erfect the repair action
(Aendix B). The studies establish the distribution of doi.-timas

*as a log-normal distribution which becomes the basis of the mathcatical
computations. This method is required in Bureau Ships Specification NIL-
M-23313A(Shps). (Reference 8).

There are other variations of the predictica teehnique. A roview
of the presently used Maintainability Specificati-ons (Appendix C) will
reveal these. In the main, the Maintainability Prediction Lethada are
based on Maintenance Task-Time Analysis. Ths method tmed in tho Army
Specification MIL--55214(EL) differs.. It is not truly a Vhinainability
Prediction in that it does not result in a computatJon of i*,.IR. It is a
method of design analysis and scoring of the desin festurvs. The index
113eW oCmputed is a numerical rating of the maintainability.

There are efforts presently under way to obtain bettor validation
of the available techniques, to increase their accuracy and to extend
their applicabiliVt. An CD/TrL-Service task group effort is presently
evaluating the available techniques to adopt the best eor inclusion
n fri-ervice Military Standard. (Appendix C). From Appendix (C)

2 "z



you will note the plan of the effort under way to consolidate preoont
Maintainability Single-Service specifications into a few Mri-Srvico
Zlitc y Standards.

Aothar effort which should be mentioned' is the Air Force contract effort
with ARINC Research to develop a method of Maintainability Prediction by
Function. The object is to provide a technique for establishing a quanti-
tative relationship between equipment Line Replaceable Unit (LRU) function
i.e., transmitter, receiver, scope, recorder, data processor, display,

etc.) in terms of l-intainability design characteristics expressed as
an influence on fR. Such Maintainability factors as skill level,
packmging, accessibility, adjustmentri, depth of penetration, etc., will
be included. The product output will be a computation, method to predict
equipment (LRU) maintainability during the planning stages when required
functions and some system parameters (weight, volume).only are known
and during early design before cirauit detail has been decided.

B-2. Other _intainability- esign Techniques

Formal lmsi rn Review fL 2aintainabilit . Discunsion of this
valimble technique will touch ou several other specific techniques. The
Design Review is closely allied to the Yaintainability p:.-icticn ir'-"--
as the predictions are generally based on design and tasr time analysis.
A very interesting tool is the Analysis of the Distribution of Cbrt'rved
or Predicted.Downtimeus. If the distribution is bimo=al or if it has
decided spikes, this knowledge can be very valuable. This information
can be used to aflomto, relocate or optimize the location of test
points or sensors. The bimodal nature might indicate the need for mreator
accessibility for those areas (in the distribution) representing poor maintain-
ability. Perhaps, for these areas, the use of modular construction (quick
replacement, plug-in design). is suggested. It may also lead to a consideration
of ultra-reliable, long-life design for these sectors so that the infrequent
difficult raintainability can be tolerated or possibly eliminated for the
useful life of the system.

From a slightly different point of view - the results ofa test
observing the maintainability for a system revealed a bimodal downtime
distribution. This equipment contained both integral and modular
construction. A conclusion drawn was certainly obvious: - The bimcdel
distribution clearly revealed the value of modular conctructicn.

Another technique: Where Perfor-nce Den.dation Lmt_ can be
estimated, these can be used to determine requirements for marginal testing
devices and optimizing scheduled maintenance.

Further an Analysis of Downtime Distribution, versus Performance
Degradation Rates may allow a maintenance plan that will permit a group
of failures to occur and establish the maintenance action for the group
of failures.



C. DeveoI~oa0mnt Ynsement Tochniaues for. _4in-dnt!.L i!L

(G-i) ThnipAl Develoment Plv.ns (TDP_) : Documonting the dovolop-
Ment program content, plan and approach, the TD ic a princiml docuont
in the program approval process. Guidance for preparation of a TDP ip
contained in the DoD Instruction 3200.6 (Reference 1). The 7 June 1962
revision established the requirement that TDPs include specific opratioaal
use data, which is essential in the design for reliability and rzintain-
ability and the plans for achievement. Inclosure (2) of DQDI 3200.6
establishes the following as the types of data required in a TDPo

1 . ggminl infori'tion tt1Rt affect"I r")UPM~.ity-arid
mintainbility deir.

- Planned deployment

- Reaction time required

- Mission duration requirement for each type of
mission

- Turnaroumd time requirei (e.g. for aircrft, the
elapsed time from landing to ta.'o-off assuming no
repair action)

- Over-all mission reliability for cach type of
mission

- Availability or com, et rcady rate (porcent or
number of an item capable of p.forin the
designed missioa vs the total nuaba r of itcms)

Ykintenance and operating enviroruaantal conditioaa
(olimite, facilitie3, oupport, etc.)

Planned utilization rate (conc rnr. the nuaber of
hours, xiles, firings, flighta, etc., por unit
of time)

2. Planm n informtIon j !.M VJtv rcrd--

" I- 14 n-tiam-t-rtrn-to-s.rice gc Io

- Reliabilty after storaze scals (e.g., 90% reliability
after 3 Yomr storag)

- ala allowable tie beteen mhduled =iatenance

K/



- Test and checkout philosopby (extent of autcaticity,
complexity of test, degree of fault isolation at
various echelons, special vs multi-purposo test
equipment, etc.)

- Echelons of maintenance or maintenance concept to
be used and specific raintenance responsibilities
for each

- Maintenance and crew personnel (numbers and skills)
and training allocated for support of this program

3. Plans for a riiabilitv program outlinir hot? raliabilitv
will be achieved.

Determination of equipment environmental conditions
(system, subsystems, parts, etc.)

Periodic specification review (when, how often, otc.)

- Reliability apportionment and predictiun

- Reliability design reviews

- Human error analysis and prediction

- Reliability test and demonstration

- Malfunction and failure reporting and analysis

4. Plans for, a maintainability. prorm.. outliimnn ,_c.! n,"-in-
tainability will be achieved.

Quantification of maihtainability (concerna the
development.and application of numerical m±surcs
of maintainability. This also involves allocation
of over-all system measures of maintainability to
all major lower-order elements of the system. Mean-
time-t-return-to-service is an example of one such
measuyre).

- Yintainability prediction (extent, schedule, design,
influence, etc.)

- Maintenance task and skill analyses

- Maintainability design reviews

- -Tat and dataotration

- Maintenance data collection, feedback and analysis



t is obvious that the pulpose of this DoD Instruction
is to (1) ensure adequate consideration of reliability and maintainability
in the early planning phases, and (2) to establish spocific q=tit .1-;o
mission requirements that need to be met and the planned operational use
of the system. These data then et blish the neceasary quantitative,
mission-responsive goals which becom~e the L.i for technically realistio-
contractual requirements knd demonstration plans.

Tichnical avelopment Plans are mzandatory for all engineering
and operational systemsdevelopment projects.

". P riodic audits - reviewing the TDP9 to determine their
adequacy relative to the reliability and maintainabilitv requirements
shoAld be made. We did conduct an audit some time ago aid requested,
that the Services eorrgct deficiencids. These reviews should be
accompished while the programs are still flexible and changes can be
made o

Or course, to clce the loop, periodic auditL should be
made of contract skecifications and work statements to ensure that the
MP approved plan is properly reflacted in the contract.

(0-2) -intairna ity Stttus Recordrln

Status recording of the predicted and achieved (tested)
raintairbility (for all subsystems and the over-all aytem) aninst the
contractual r-iuirements is most valuable to both design and project
maagement. Logisticas and miutenmnoe planners should ! 3p this kind Of
)L~ltainahility pr~oja under continual survellance.

Status recording of operatioral reliability and maintain-
ability should paove most valuable not only to m=ntonaice mrangement
but also t'w product improvement program, for operational planning
and for feedback to desin.

VI. M1ail& wa Mlnt~mbiity inL-ir Ittgn!

What can be said of the interrelatioizilps Ad trx -offs botxn R
and I? a eam -Oes apply to A and H as to other partoranoo chArac-
terisatios a such, theyv shall be subject to trado-offe with each other
as W.l as with the other, perfwtuace and critial o)aicotariao*cs.

...-A. I.t'. _ atai A fla1M - the applicable bacic forcua Is:

A. ~were A %Availabl ty
-go.

1M*T



It is obvious that the same availability can be satisfied by a
number of R and 14 combinations. Availability can be increacod wYith
increased R or.decrcoced(bottr)L,. Conversely we may be willing to
o .. some a with an improved Yintainability. This iz all joll und

good; tho mathematics is simple and time and money might be cavcd in
this considoration. However, one safeguard! If tradeoffs are considered
in this r-anner, the resultant requirements should be checked to assure that
these computed values ofA and M remain consistent with the apeolfic
mission requirements. For example:

., A requi.-ement states that a Prime Search Radar must be

C o of 23 of 24 hours of operation.

2. An Availability of at least 90% is roquirod.

3. A iaintainability of 2 Hours MTTR is acceptablo.

The coputed A turns out to be roughly 22 Ho,L. Yot this R
is far from satisfactory to meet the 23 of 24 Hours Sarch FLdar
oporation-l rcquirment. To meet a requirement of "23 Hours - no
failure at 90% probability" the MTBF is approximately 230 Hours and
not 22 Hours.

B. lLi ion and Product Consideration .- The design for and trJ::loorf of
_ and It is also dependent on the product and its mission rcquirc=ants. For
expendable items it is more appropriate to assure reliability acliovcment.
The Yaintainability must only be consistent with pro-operation tost and
maintenance; and periodic inspection and test during storage. And hore
we have some of the criteria for Discard-at-Failure-Maintonance concepts,
and the concept of plug-in Modules.

C. Continuous Performance Monitoring.- Techniques including marginal
testing to monitor and detect performanZo degradation (somotimas considered
a Reliability technique) becomes a valuable tool for Maintainability
improvemont. Thlz technique reduces the fault detection time and allos
planning of scheculed maintenance for replacement during convenient off-line
time.

D. Freauencv' of_ AtcF-atic CheckipTd - In reference (9) the author
speaks of improving the Roliability and Availability by increasing the
frequency of Scheduled Automatic Checking. Here again, a word of
caution! When this is doue, care must be taken to assure that the
probability of inducing failures during this checking doos not bacom
a significant factor. There is evidence that maintciianco induced
failures can became significant as indicated in Reference (10).



VII, Y ilta.Snabii tip ai~tr '.T~ icr

What are some of the relations-' o botivoen. '.zintaimzbility (LI) and
MAintenancel The Kaintaina,.blity :L- deAsirnd a-nd built into the eq~uipmoat,
M~aintenance mu t live with whatevor 1Y .i'ntairnability Ic intherant to tho
harelv.aro; and, conver;oeiy I.airntoranco must p:r,,erve this dos In.c.ablt.
F~rther, by poor trainirjg, poor ji4:A nt careiozsne ;s, irapropor inmotructions
or toolo, 1K'aiatoranca car, dcgzmde Lkaintainability. ZL-intranca loc]., Iowovor, is
a dirEct function of 1 "intainabilitl,

1aintena-ace En,,inering a.- a fLnctfior nu.ot Lrd hams a rosporlibiLity
to collect arnd analyze opera ticral mantLerance data Thiam exp ;Arenee data
should be fcd bacek to design with ar;y rocontonklatior.L. for deoirn (14airtain-
ability) Improvement.

hintenance Engeineering pacannel ohould prov'ide an i..out in the
establishment of syjtF- Artairn.bility characteristica for nowr aystem
developmeont projects. 2ztnrcoErgineering p eroonnal shaoi:ld be
reprezonted in Design Reviews for Ifainta-Inability to agail: bringo the
benefits of fiald ex:porienca to the proposed dxi -1u 0a

With V'ointeranco baing &;pcndent upon mny nariables (Le0 , Miints-
nance envirom'mentso installation, perzionnel capability, and training,
logistic support) the maintenance effort will in all probability differ
for each operating coneeand, dopot oi. installation. This become.3 apparent
when we observe the seine eqL1,ipae-nt initalled and oparated at different
bases, in different ship,3, aircraft o-, other type imhic.es Tha llmean-
time-to -repair" or "ma-iz~or tr-oete' tr~-p~ io"can
be excpected to differ. Thuoec-rno data Ohoujld be coliectcd, collated
and analy ;.d to eota'blish av=a:re xnxntoran;oe tac-timaj -nd, iwhc5:a possibles
eatinzites of correlation f ,ctqr , to the variable rainternco coalitions
should be developed,

VII Maintgrance - PQ~IP1IjjitX Thte.'"'rn

To close the trianaie (Sec-tiong VYX 1,I1 ,r. I-) how doec~ V'Anternance
effect Relia.M ' 'ty and via vearoa? Ifz.tcrnxc.- 1cz:;do uill be a direct
function of ",;_Lability since the alreoct ori-h 1Vnr-n-~te
Failures" is the prime factor in o~Lbsigtho f:,,qtwincy of Yaintceance
actions. The M- .inrnq Tod j io diroct ftic,-tioo of' t~i corbined R and
M. Again, as in c ,sa of I"Mainterna 41inta.ircbility' intejrAolations,
Maintenance must live with the ii~herent reliability of tile hardware - with
its inherent time-between-failu-ra, YainteL-nce, however, hao responsibility

* to preserve the, built in reliability; anl, a.-air by poor paromnol
capability or trn-Ining, poor u.ainterance raxspoor lo~di~ao support,
poor m~aintenance anvirorment, carelessness, otc., waintenance can easily
degrade' the reliability.
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A. Commniation Between the Designer and the Oerator and, Yinal r

In a .,ecent article it was stated that a vital factor for improved

eliability and system effectiveness is improved technical comnunications
between the designer and the operator and maintainer during system
operation. The equipment or system technical manual is the general form
of communications between the designer and the operator and aintaincro
It also ;tated quote: "An ideal technical manual is one that tzrnits
all the designer's knowledge to the operator and maintainer." This is a
good statement of concept - but it is labelled "OhE WAY STREET!" 1 Maintenance
must report back all failures and the associated circumstances. True t1at
this data can and should be used for maintenance management but cqually
important is the feedback of this failure data to design. Howavr, to
meet design needs, this failure rciorting should provide the Calta nxceary
for reliability assessment and improvement -- time information io c.ontial.-
"time-to-failure"of the item as well as the mode of failur'e, iocation in the
system, equipment operating environment, etc. Most of the failu: reporting
systems in operation today do not provide "time-to-failure" information.

This was recognized in the AF 66-1 Maintenance Yanagement reportif.g system.
The Air Force Systems Command has modified the AF 66-1 form to AFSC-258-5
to correct this deficiency and AF Regulation 80-14 states that this form
is mandatory for Category I, Category II testing and optional in Category
III testing. This improved form, I understand, is not required for reporting
during operational use. Even with the AFSC-258-5 refinement foi data
related to nin eknce. task time, it must be used in conjunction with an
independent operational log which combines with date and time to assess
reliability - we must count the "living" as well as the "dead" in the over-
all reliability computation.

Without the modification to require date/time of failure through
which frequency of failure can be estimated, it is difficult to understand
how accurate maintenance loads can be estimated. The Army TAERS zystem
does provide for reporting "time-to-failure" but this system is newly
instituted and not as yet f lly operationa .

Needless to say, designers need feedback not only on what failed

but how, where, and when including estimated (if not measured) "time-to-
failure." This feedback to design is essential if field operational
reliability is to be assessedl and, it is most important for design and
management to have all the facts by which they can assess the criticality
of the failures (besides quantity) to properly evaluate priorities of
maintenance or design improvement programs.

B. Rliabilitv versus Maintenance Load

As indicated above, the Maintenance Load related to the frequency Qf
failures. In the case of the AN/ARN-21C Airborne TACAN the reliability
was increased from 17.9 Hours MffBF to 150 Hours NTBF. Based on 9000
units to be installed and a 5 year life, the Air Force estimates that



this improvement in reliability results in an estimated savings in maintenance
funds of $123,000,000.

In discussing Reliability and Maintainability tradeoffs I mentioned
expendable systems. In the case of the Bullpup Missile, field checkout
equipment was made unnecessary due to the increase in reliability. As a
result the Navy has cited a saving of about $6.7 Million in the first year
of production that would have been spent for field checkout equipment.

With the DoD annual maintenance support now exceeding the $11 Billion
mark, it is obvious that any smll increases in reliability will decrease
the maintenance load and maintenance costs substantially.

C. Advanced Design and Maintenance Policies

Some of the Advanced Design techniques, particularly the electronics
solid state and semi-conductor integral circuits, are star okng to appear
in our inventory. The technology features micro-construction where for example
a 5 inch cube may contain 90,000 elements and this is far from optimum
density. These elements are assembled in modules which may be mounted on
boards or encapsulated. 'These new devices are showing a potential for
orders of magnitude improvement in reliability. Reference i11) cites
for example APOLLO computers having 13,000 circuits which were put on life
test by Massachusetts. Institute of Technology. These models have had over
33 million circuit hours with no failure. The circuit fail',:e rate reported
by M.I.T. -- 0.0065 percent per 1000 hours at a 90% confidence level --
is based on one mechanical failure that occurred while the equipment was
being assembled. With respect to Maintenance we have a condition of
virtually no failure in these circuits. Further, their micro nature
raises the question as to what level of assembly will Maintenance be
planned, at what level will repairs be made and at what organizational
levels. The advent of micro-circuitry will demand a serious re-evaluation
of Maintenance policy and approach. Relative to 1iabli, other than
physical damage (or new but not anticipated modes of failure), the
Maintenance Load in this area should reduce sharply. . Refere.co
(11) states, quote: "Already there is every indication that those parts
of military systems that can be built of integrated circuits will last
through the system's useful life with very few failures, perhaps none
at all."

IX. Human Factors Interface with Maintenance/Reliabilitv/Maintainabilitv
The human factor is the common element to Maintenance/Reliability/

Maintainbility and to. the total operational System Effectiveness. The
oalability, the training, the motivational attitudes, the operational
environment., and the variability between personnel all have a definite
impact on the system or equipment operational effectiveness. These human

factors must be inaluded in: (I) the design considerations to enAsure

I
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that the equipment is compatible with human capabilities (e.g., HIL-STD-803),
(2) the planning of the maintenance and logistics support (DoD Directive
4100.3),(3) the instructions and training for operation and nmintoainco; and,
theze are all r3fleoted in the actual ope:ation, maintenance and logistes
support of the systems in use. Though much has been done in Human Factors
Engineering much remains to be done to measure human capabilities and
correlate these to design, construction and maintenance teclniques. Some
of these aspects are outlined under "Maintainability Research Needs."

X. Maintainability Research

Much pro~ress has been made in the development of quantitative
techniques for both reliability anC maintainability. However, our
experiences to date are revealing how much remains to be done in terms
of needed refinements, extension of the technology, and gaps in the
technology. These then are the areas to which our efforts and research
should be directed.

Since the min focus of this paper is "Maintainability" the following
addresses the "Maintainability" sectorj for "Reliability Research Necdu"

see Reference (12).

Some of the more important maintainability tasks and problems are as
follows, categorized as (1) Immediate Tasks, which are being pnrsued;
and, (2) Maintainability Research Needs to which studies and research
are being encouraged.

1. Immediate. Task Efforts

a. The first immediate task is to see that greater use is made
of presently available maintainability methods and techniques (i.e.,
apportionment, prediction, measurement and design reviews for maintain-
ability, etc.)

b. We need to expedite the evaluation of presently available
maintainability prediction and measurement techniques to determine their
adequacy and applicability to the major categories of systems and equip-
ment in our inventory.

'4..Joeded is the,canpilati..on..of .maintalnab.,ty .tmc,.ralyala,&ta
that can bd put. ito handbook form to establish a base for maintainability
prediction (a series of handboks may be required relating to different
products). This (or these handbooks) would be similar to the NIL-HDEK-217
failure-rate data for reliabilitypediction. Each agency should be
encouraged to develop their own data; and, any possible consolidation can
be considered or-z.e the initial handbooks are available.

4-d
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d. With recent emphasis given to maintairability (and reliability),.
there is a tendency to simply add separate tests for those parameters to
the total test program. Greater emphasis should be given to the design of
Integrated Test Program wherein the demonstration of reliability and main-
tainability might be combined with the demonstration tests for other
performance. This could result in substantial savings in costs for
testing, reduce the ,aeed for procuring additional syste=m or equipment
for test, better utilization of test facilities and reduce test time.
This is not a new concept but certainly one that needs increased attention.
This concept is being emphasized in our specifications.

e. Che last item, as an immediate task, is the education of line
managers, at all levels, in maintainability (and reliability).

As previously noted, experience to date has indicated the usefulness
of the techniques for improved program and design management as well
as for more efficient procurement. Yet these techniques and the efforts
expended in their development become meaningless unleos they are put
to use by all levels of line management in their program decisions, by
engineers in their designs and invoked contractually. Line managers,
design engineers and procurement officers must be made aware of those
reliability and maintainability techniques so that they fully unl orstand
the benefits to be derived, the usefulness of these tools and, at the
same time, recognize the limitations in their use. That these educational
efforts be undertaken is a responsibility of mnagement, but the educ+: tional
efforts per so must be undertaken by the reliability and maintainability
specialists. Reference+(13) stresses the need for maintainability education.

2. itainabilit Research..'eeds

a. ReUuirvmntslDefinitio : Tdform methods and guides are
needed in how to establish realistic, mission responsive maintainability
requirements.

b. e n easeirnt " Early validation is
needed of the accuracy of existing maintainability prediction and
measurement techniques and their applicability to the many different
types of military systems and equipment. Simplified methods are needed
for quick estimates of feasibility in the early stages of design as
well as for early monitoring of development.

. Contractor vs. Military &intenanee; Determine correlation
factors between contractor maintenance personnel and military operational
personnel related to the system maintainability and methods for integrating
these factors in prediction and measurement methods.

4. Desiun Technioues Continued efforts are needed in the
development of simplified, rapid fault location techniques and methods
for early detectio of deterioration and tbL redietion of imminent
failures.

2/IL
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e,* Donb'a r~nd ~C~_~onn~cv, 'n qivi' : Etablich quantitativo
-actors relating th .effects of. dosign and oontruotion toc!niqu:z to
the Iaintonance Task Analysis Data. Also, uniform criteria era dozirablo
ro .attng 'maita~inbility levls Andl nintgrnco oncopto to doc!en nrA

canctructiom techniques; this includes repairable verau.n modular dooiLr,

S. ______

need to, establish ground rules and uniform criteria correlatin,
i!ntonanco perscnnel capability tnd training levels to tho objoativcs

and accopt/rejoct criteria of test and domonstration plan.

Allied to reearch needs, there rust bo continual suvoillaico of
tdvancoo in tchnblo~r related to new devices and construction tochniqusr
to ensuro that the mintainability techniques romain ccipatiblo and
responsive to thoso innovations.

- XII. ConcIVnionq rnd I eornidtinni

A* cm011-ionsw

1. For efficient operation, tho interrelations botuoon Maintain-
ability, Reliability and thintenanoe dczand effective oo-rnuncation3 and
coordination between Operating, laintenanco and L<sistic Support forcoo with
the Design and Development activities.

2. Development Vanagoment has found the quantitative tochniqu=o
for Rolability and MY1intainability powerful tools for dcoign and =naa-
ment decisions. For effective implementation of Coat Effoctivonocs
Evaluation (over. the total system life), n~ oins ,t l:z ain,
Project Definition and Integrated Logicties Support, it appcara that
aco. of the very same design techniques may be equally applicable to
ii:,tonance and Logistic Support cost and workload analycea (Reference 14,

pp 29-33).
3. Experience dAtd related to failures and dotmtimo are not

presently fully exploited kor new dcJip or for maintonanco and logistics
management.

4. The advent of certain advanced technology (such as electronics
micro-circuitry and semiconductor integral circuits) cstablishas an
immediate. requirement for the reevaluation of manto=nco end logistic
support policies.

5. Though much has been accomplished in the Hizan Factors area,
it remains as the principal variable and largely uknnn factor effecting
Reliability, Iaintai&nbiluty, VAintenanco and Logistics Support.

.2t , .3



B, Rocor. m~netionn

It is recommended that:

1le Actions be taken to adapt establiched reliability and
maintainability design techniques for imaintenanco, logiotica support
and spares procurement operations.

2. Action be taken to ensure:

a.* The timely feedback of experience data (ma.intenance
f reporting, performance and malfunction reports, and failure reports)

to design as well as to maintenance and logistic support functional

b. 'The adequaicy of the data content to porait reliability
and maintainability assessment (time to failure data, maintonanco task
time data, etc.).

c. That this reporting be etablished as a rc:u'zc--nt
throughout dovelopont testing (-ie, through Catoaory tootina or
equivalent Arzo Navy testing) and also for at lcact tho Cirat yc-ar
of operational use; and

do That emphasis be placed on the surveillance of tho, mjor
* weapons systems as priority effort,

3. Efforts shall be made for carly implcz~ntation. of
VC of DoD Directive 4100.35 nDovelopxz~t of Intogratcd LorZLt, a Sui.n'o:to
relative to active yarcipatio of Lo,'Icticiana Q !j
E.niernppsna in Dovelopment Lilostono as-tica-i incl- Irr,
(a) preparation of requiremout3 documents TD~s and cont-ictilil rC-
quirements, (b) reviews of contractor plans en~inaorint, ohanmo pco~s
system analyses, and (a) design reviews, development teato and inzpoctions
and approval demonstrations.

4. Steps should be taken to establitli Periodic Reliability and
KAintainability Status Recording for selected systems in the op-rational
inventory (at least the Mjor Weapons Systems) tar mzanaaemo±nt vi'-ibility
and for feedback to dasign for product improvement; also, to maintenance
ard logistics management. Reoo~nend the Armr and Kavy roview tho e ontly
initiated Air Porm PIROSO (Improved Reliability of Operational Systems)
propam, covered by Air Force Regulation 400-46,

Similar~y# the periodic assesamente of reliability and
maintenance and logistics planning.

5. Periodic audits of maintenance downtimes and maintenance loads
related to specific systems should be conducted to determine the adequacy of
methods being atilined and the. degree of implementation of existing Instructions.
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6, Efforto should be initiatcd in tho Mlliit ,.r7 to
davelon 11,*itrac-akT-n--t 1 =.dbooicc" from -- '

can bo us~d by ma~intenance and lo~ictico t1.port an>~,un'. by
deni~ioi' for prcdiiotion of raintainability. Thooa hzndboo!:o r-, bo
tailored to specific products; I.o., TanL- ucdVicular, Ciinmaca Air-
caft, Ships Ground Electronica, Eilistic Missiles, etc.

7. Studies should be initiated to plan any rovi~iion of t--int ,zacn
a~nd lop'ietic support policies in view of new advanced tcchnoloay; ouch
as, micro-oloctronice and cadn-condactor integral circuit:;.

t8. Continued efforts are race=rnandcd in the purouit of ooluti=n
to the mainaina.bility recoarch noed- dictmLd in the wpz- u~ith
empLasle on studies related to L. z-ouroa of hmurn ccmpabiitioa a~nd
training levels# for oorrelation to raintonmnco taakslc-,Lics c uportg
eosign ad construction techniquos and, traininS.
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Refrence (1) DoD Instruction 3200.6 tIRopo1.tipg of R~~h

Dovelopment and Enginccring Pxog'zr1 Irafot.tica

* (2) MnL-&SD-778 ":aintainnibility Torm.3 e~nd Daflnitionc"

(3) MLI-STD-721 "Dofinitions for Roliability Riei?.C-ring"

Progr=u 111,,uiremonte for Acrorupice Systen-w and
£quipmontaly

()DDC Roport AD-4O.-893 and AD-404C99 1I intainabllit7
Enginec.riP;1 (Volumes I rtr4 II of RADC-TDP6-63-85)

(6) DDC Yaintainr UAlity and Supportability Tochziiqws'

a. DDC ITO. AD-,245130 (OT13-PB63352)
b. DDC No. AD-2.19390 (ajrS-PBn 63353)
e. DDC No. AD-249391 (omI-PB1 6315i.)
d. DDC No. AD-249069 (OTS-PB163355)

iit DDC (Defense Documentation Center)
M! (Otfce, TecnicalJ Services)

Reference (7) ARINC Report 267-02-6-420

U (8) ?flL-M-2331A(SUPe) O"Iintainmtbility 2:t
for Sip/Shoro hEioetzonic Byatc:: v.nd Z~~

* (9) A Pratical Reliability and iMint-Awzbility 2.-c31
and It.~ Apjcai~ -- 1.1aL d ".D.

Voegtlen ?rooevdfr~s 1, ̂,,h1S oz.
R&QJCq Janumry 1965

(10) RAND) Report No. R-3645-Pa(Ax-id- d) "p~s. ~k
ouat Intarvals and Launch Lapabili-W of Lal1iiaic
Missiles"

* (11) M~icroelectronics In Defense SBy.t=m'~c 16 ~
1965, j. x. Bridges, Sp-acii&,l Ax~iatat to DDRM
for Comwd and Control.

' (12) '8lb~1±try Y&.Utainab.L~t6T aMd 43toZX ffOCtiVenOG91
dated 10 Aupuet 1964 byr A. J. wiCDV2,I CMY

k 0 (3) NXaaation for Mnaiz)a1 t," Kmote Address at
Fifth RUL Workshop an Yb tanlmL ity.%y S 94
kb 3. J. ftouo COM, MD (A3inooring;X g~t

* (1~4) *Uft W'ol Coa03" In 149p~mt ft00==mett MI :!pct
dated April95 M. That 4C-5.
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2.1.2 Checklist A, Scoring Physical Design Factors

I. Access (Exrternal)

a. Access adequate both for visual and manipulative tasks
(electrical and mechanical) .................

b. Access adequate for visual, but not manipulativo, tasks......2

c. Access adequate for manipulative, but not visual, tasks...... 2

4. Access not adequate for visual or manipulative tasks ........O

2. Latches and Fasteners (External)

a. Extornal latches and/or fasteners are cal3vive, need no
special tools, and require only a fraction ol a turn for 4I

b. External latches and/or fasteners meet two of tho above
thre criteria .......

c. External latches and/or fastener3 meet one of the above
three criteria ...........................0

3. Latches rnd Fasteners (Internal)

a. Internal latches and/or fasteners are captive, need no
special tools, and require only a traction of a turn for

release.,., ~ ~ ~ ~ ~ ~ ~ ~ o@ ......,,.................. ..... 4

b. Internal latches and/or fasteners meet two of the above

a. Internal latches and/or fasteners meet one of the above
Ihree
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4. Access (Internal)

a. Access adequate both for visual and manipulative tasks
(electrical and mechanical) ... .... ......

b. Access adequate for visual, but not manipulative, tasks ..... 2

Sc. Access adequate for manipulative, but not visual, tasks ....... 2

d. Access not adequate for visual or manipulative tasks ......... 0

5. Packaging

a. Internal access to components and parts can be made with
no mechanical disassembly... ................................... 4

b. Little disassembly required (loss than 3 min.)...............2

c. Considerable disassembly is required (more thaa 3 min.) ..... O

8. Units - Parts

a. Units or parts of plug-in nature.............................4

b. Units or parts of plup-ln nature and mechanically held ....... 2

c. Units of solder-in nature....................................3

d. Units of solder-in nature and mechanically held.............. 0

-
7. Visual Displays

a. Sufficient visual nformation on the equipment Is given
wIthUn oe display area ..... *, ........... .4

b. Two display areas mst be consulted to obtain sutfioient
visual a***oGroaot .......... .,. .... ..... ,,, ........ ,,.a

I " 2



c. More than two areas must be consulted to obtain sufli-
lo€ent visual information ....... . . .0

8. Fault and Operation Indicators (Built-Zn Test Equipment)

a. Fault or malfunction information Is prov. clearly
and for rapid action ......................................4

b. Fault or malfunction information clearly presented, but
requires operator Interpretation ............ ............ 2

c. Fault or malfunction information requires no operator
interpretation, but is not clearly presented ................ 2

d. Fc It or malfunction information not clearly presented
ana requires operator interpretation .................... 0

9. Test Points (Availability)

a. Ta. did not require use of test points ...................... 4

b. Test points available for all needed tests.................. 3

c. Teat points available for most needed tests........2

4. Test points not available for most reeded tests .............. 0

Iv. Test Points (Identification)

a. All test points are identified with required readings"

b. Some are suitably marked.....................................

a. Points are not mwked and test data Is not glven ............. 0I.

I.



11. Labeling

a. All parts labelled with full identifying information and
all identifying information clearly visible ........... 4

b. All parts labelled with full identifying information,
but some information hidden..................2

c. All information visible, but some parts not fully iden-

d. Some information hidden and some parts not fully iden-

2::tified ................... . . . . .0

a Noadjustments or realignment are necessary to place
equipment back inoerto. .. . . .. .... . ...... 4

b.A few adjustments, but no major realignments are required....2

a ny adjustments or major realignmints must be made.e..p....0

13. Testing (In Circuit)

a. Detective part or component can be determizod without
removal from the

b. Testing requires removal... ****..*...............

MW -



14. Protective Devices

a. Equipment was aut omatically kept from operating after
malfunction ocurred to prevent further damage. (This
refers to malfunction of such areas as bias supplies,
kep-alive voltages,et).................* ............. 4

b. Indicators warned that malfunction has occurred.**..* ....e..2

c. No provision has been made.......... 0*.**....

15. Safety (Personnel)

a. Task did not require work to be performed in close
proximity to hazardous conditions (high voltage, radia-
tion, moving parts and/or high~ temperature parts)....*.......4

b. Some delay encountered because of precautions takensoo.......2

c. Considerable time consumed because of hazardous condi~tions...O



2.2.2 Checklist B, Scoring Design Dictates-Facilities

1. External Test Equipment

a. Task c£ccomplisllment does not require the use of external
test equipment. . .. *.e.* * ........ ... *.. ... .

b. One piece oftest equipment isneeded............. .. .. .

a. Several pieces (2 or 3) of test equipment are needd.......

do4 Four or or* items are required ...... *.................. O0

2. Connectors

a. Connectors to test equipment requir e no special tools,
1ittings, or Adapters.............................

b. Connectors to tes't equipment require some special tools,
fittings, or adapters (less than two) .......... 2

c. Connectors to test equipment require special tools,
fittings, an adapters (more thantw)......~....

33 . jisorFixtues

a. No supplementary materials are needed to perlorm tasks......4

b. No more than one piece of supplementark material ts
needed to perform ~ ... . ...... . .. 2

a. Two or more pieces of supplaestary material aro needod. t.s.O

C2111



4. Visual Contact

a. Th. activities of each member are always visibl, to the

other member..,.. . .. s ... 4

b. On at least one occasion, one member can see the second,
but the reverse imnot the case ....................*.... 2

c. The activities of one member are hidden from-the view
of the other on more than oneocain.......0

a. Assistance (Operations.Personnel)

a. Task did not require consi.. .-.tion wit'.- operationz, ;
sonnel................................... 0.................

b. Some contact was required ......... .......

6. Assistance (Technical Personnel)

a. Tfkksc equired or .y one technician forcopto.....,.

b. Two ttchnicians were required ..... . . 2

c .. Over two were ue......................

7. Assistance (Supervisors or Contract Personnel)

a., Task completion did not require consultation with super-
visor or contracot personnel ................. .. 4

b.Sm epnee .......................



it

2.3.2 Checklist C, Scoring Design Dictates-Maintenance Ski1l:

Score

1. Arm, Leg, and Back Strength

2. Endurance and Energy

3. Eye-Hand Coordination, Manual Dexterity, and Neatness

4. Visual Acuity

5. Logical Analysis

6. Memory - Things and Ideas

7. Planiulness and Resourcefulness

8. Alertness, Cautiousness, and Accuracy

9. Concentration, Persistence, and Patience

10. Initiative and Incisiveness

t,9

j S

N/



IIM

ILI

--I

ILL;LII LVZI; P-r



CLi

LLJ V) V

LU AJ EC *" V

I- ~LLJ

(7V) <~C

1;t ~~ 
-. 

V- ' M

czc- JD

0~0,
IS C;%

Ir z YC

.9.

ILAJ ii O

1210

AMmbh'/



TITLE: AVCOM RELIABILITY AND MAINTAINABILIY.1 PROGRAM

AUTOR: Mr. D. D. Burchfield

Chief, Quality Assurance Office
U. S. Army Aviation Materiel Command
St. L~ouis, Missouri

HMU: Tat. paper vas not presented oraly at the 19 July 1965
Azq technical Meaeting on Quantification of Maintainability



Ir

For
19 July 1965

RELIAILITY AND MAINTAINABILITY PROGRAM

By: Mr. 4. D. Burchfield, USAAVCOM
Chief, Quality Assurance Office

In developing Army Aircraft Systems, iyhe attainment of reliability and

maintainability must be a primary objective.

Every detail of design and construction can affect the quality,

reliability, and maintainability of a product. Goals must necessarily

vary from one type system 6o another, depending upon the item and the

performance required. Goals should be realistic and economically feasible.
Inherent reliability, optimum maintainability and required environ-

mental characteristics must be designed in. At the present time, the Army

needs aircraft designed for Army use, in Army environments.

Reliability and maintainability techniques provide a method of

engineering discipline for prediction based on the design and means of

evaluation. It is also another tool for achieving quality assurance

throughout the product life cycle.

Because the terms reliability and maintainability are an integral part

of each other and cannot be separated, this presentation will consider both

and will not attempt to define either term# since they gre adequately defined

in Nil Standard publications.

The primary purpose of the AVC4 reliability and maintainability pro-

gram is:

...;i~' i



a. To establish a method to achieve reliability and maintainability

as a normal design function on Army aircraft.

b. To insure that reliability and maintainability are treated as a

design parameter of equal importance with other factors.

c. Provide customers with maximum reliability with minimum main-

tenance utilizing lowest skills level.

d. To alert the Commander or Project Manager to any reliability

and mpintainability problems.

The AVCOM program begins with the concept or W4R's or SDR's and must

continue through the usage phase.

A. Contractor requirements are basic and are defined in the contract and

work statement. The contractor's experience is utilized to the greatest

extent.

PROMRM IMPLEMENTATION (HFP)

THE CONTRACTOR'S RELIABILITY AND MANTAINA,9ILITY PROGMAM SHALL INCLUDE:

1. INDEPEDENT ORGANIZATION AND ASSESSMENT.

2. EFFECTIVE MARAGDMENT AND PLANNINU.

3. DEFINIrION OF PROGOAM ELN(ENTS AND TASKS.

4. 'RELIABILITY AND YAINAINABILITY ANALYSIS OF ALL DESIGN ASPECTS.

S. PREDICTION OF PIABILITY VALUES ON MECHANICAL AND ELECTRONIC
SYST34S, SURSYST24S, AND COMPONENTS.

6. ANALYSIS OF ALL ENVIRONMENTAL CHARACTERISTICS TO ASSURE RELIABILITY
AND PROR MAINTENANCE CYCLES.

7. EVALUATION 0F VALUE ENOINEERING PROPOSALS AND CHANGES TO PREVENT
DEGRADATION OF QALITY, RELIABILITY, AND M4INTAINASILITY.

2
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8 UMAN ENGINEERING ANALYSIS TO PROVIDE MAXIMUM OPERATOA CAA ILIrY,
COMFORT AND SAFETY INCLUDING INDICATORS AND/OR INSTRUCTIONAL
MATERIELS FOR SAFETY, EASE OF MAINTENANCE, AND STANDARDIZATION OF
INSTRUMENT AND EQUIP4ENT LOCATIONS.

9. RELIABILITY AND MAINTAINABILITY D34ONSTRATION OF SPEC- IED VALUES,
THROUGH TEST AND EVALUATION.

10, UP-TO-DATE STAtUs OF PROGRau EFFECTIVENESS THROUGH IP.,GRESS \
EVALUATION AND REPORTING.

11. DOCUMENTATION OF AC-TIONS, INSPECTIONS AND TEST.

12. EFFECTIVE CORRECfIVE ACTION PROGRAM FOR PRODUCT AND DATA D FaO'V'-
*MENT.

.13. FINAL CALCULATION OF RELIABILITY PERFORMANCE AND MAINTAINABILITY
VALUES.

14. MINIMUM MAINTAINABILITY DOWN TIME, MAINTENANCE AND COMPONENT CHANGE
TIME FOR GREATEST UTILIZATION OF AIRCRAFT (FOR AROUND THE CLOCKOPERATIONS).

ACCEPTABILITY BY GOV&SNMENT

THE CONTRACTOR'S RELIABILITY AND MAINTAINABILITY PRORAM SHALL BE SUBJECT
TO REVIEW AND DISAPROVAL BY THE GOVERNMENT.

R3 . The Reliability and Maintainability Program Plan is as follows:

1. Statement of the System Reliability and Maintainability 'Requireents.

Before any reliability and maintainability estimates can have any

meaning the following terms have to be defined:

TEWIS TO BE DEINED (BY ARMY)

a. MISSION IN TLMS OF TIME (FLYINO HOURS).

b. FAILURES (WHAT CONsTITUTES A FAILURE).

a. CONDITIONS OR ENVIRONM IT OF OPFATIONS.

d. MAINTIXLILITY AND KLW3XNANC.DSSIOK
PARAW.

3
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2. AVCOM is presently contracting for an Integrated Logistic Support

Plan to provide for maximum maintainability requirements as a normal logistics

management function,

3. The following quantitative terms (examples) are defined for each

aircraft system (as required for each system) commensurate with the state of

the art.

EXAMPLE OF RELIABILITY AND
MAINCAINArILI'Y DESIGN REQUIRR4ENTS

RELIAV rLTY MINIMUM OBJECTIVE

SYSTEM 0.75 0.85

CMPON-TS AV. (N-I0) 0.96 0.98

CONFIDICE LEM 0.95

FORMUIA: CATASTROPHIC RELIABILITY R v eCT

MISSION RELIABILITY R = erT

SISTEM RELIA1I1ITY R e sT

WHERE c = CATASTROPHIC FAILURE RAPE

m MISSION FAILURE RATE

-" SYSTE4 FAILURE RATE

T zMISSION TIME

* : 2.718...(A CONSTANT)

MMAWIAINA31MY

a. TURN-ARUD TDM - MAX. 30 MINTES EXCUSIVE OF REPAIRS AM)
CO)X0MRATION CHE TINE

b RCTION TM (AULt' STATUS) -kX. 10 TMIS FOR BRIOINO
U IfIEN To oP fc

1&
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c. ORGANIZATIONAL LEVEL - 4.75 HOURS FLIGHT HOUR SCHEDULED AND OR
UNSCHEDULED

FORMULA: OM " TOTAL MAINTENANCE HRS.
TOTAL FLIGHT HRS..

d. SCHEDULED INSPECTION TB-AVN 23-67 MINIMUM - 300 FLIGHT HOURS

FORMULA: SI a MIN.NUMBER OF FLIGHT HOURS BETWEEN INSPECTIONS

e. TIME REPLACEMENT ' COMPONENTS (DURABILITY)

1. DYNAMICS - 1200 HOURS TBO'(OR INDEFINIrE)

2. RETIR34ENT LIFE (NEAR PARTS) (NONE OR MIN. 3600 HRS.)

f. TACTICAL AVAILABILITY 75% (24 HOUR REQUIREMENT) ARMY TO PROVIDE
CONTRACTOR WITH PREDICTED RATE OF FLYING HOURS PER DAY AND
AVERAGE FLYING HOURS PER MONTH. (NORMALLY AROUND THE CLOCK
OPERATION).

FORMULA: P(AVAIL) : l-e-Ut(l-e f T )

WUERE u - AVERAGE TIME TO REPAIR

t = MAX. ALLOWA9LE TIME TO REPAIR

T a MISSION TIME

f = FAILURE RATE

U 2.718...(A CONSTANT'

C. Other factors which must be considered during design aret

1. PRODUCIBILIf - The contractor must, in the producibility engineering

phase, institute a program to analyse and assure that the system component design

is acceptable for quantity production and within present or improved state of the

art- for production methods. Components and supply parts of a system oust be

Interchaneable and/or renlaceable. any changes *hich may affect these items

must be approved by the AW Aviation configuration control board which is a

board for eviewing and approving engineering changes or modifications.

\$
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2. VALUE ENGINEERING - The contractor is required to establish

.a value engineering program directed at analyzing the functions of the sub-

systems and components to achieve the required function at the lowest overall

costs consistent with performancerequirements. The objective of this program

is to reduce the costs before and during the qualification test stages, research,

development, and test, evaluation, and production of the system. (In other

words, get maximum performance and eliminate the gold plating!) For cost

effectiveness, the optimum design, rather than "too much" or "too little"

quality, is the objective.

ANALYSIS FOR VALUE ENGINEEFING

a. ELIMINATE GOLD PLATING

b. MAXIMUM PERFQOMANCE

c. AFFECT UPON RELIAILITY, QUALITY,
ENVIRONMEAL CHARACTEISICS

d. COST EFM~IVE' SrIES

3. HU N FACTORS - In any wenons system or aircraft program the

contractor must establish a human factors program which is directed at

analyzing the equipment, procedures, environment, and facilities associated

with system functions which are identified as involving huan performance;

such as, minimizing visual sweep and standardizing operatins in the air-

craft operation. The objective of this program is to help realize maximum

performmnce of the system - (including the personnel performance) without L

degradation of system quality or an Increase in operating costs. This

objective is accomplished by applying human factors engineering principles

(during system definition and the acquisition phase) to reduce demands upon

6



manpower resources in terms of the number of personnel, the diversity of

skills (to the lowest possible levels), minimize training, and increase

the ability to execute operations with maximum safety; provide for the

survival of the human component by applying basic human performance and.

safety criteria; and avoid the erroneous induction of poor features in

the design selection and definition phases.

HUMAN FACTORS ENGINEERING ANALYSIS

a. ENVIRODMENTAL CHARACTERISrICS

b, SYSTEM FUNCTIONS

c. INSTRUCTIONAL AND OPEPATING PROCEDTJRES (SIMPLIFICAtION)

d. MINIMUM SKILL (MAINTENANCE & OPEUTION LEVELS

e. STANDARDIZATION (AIRCRAFT TYPES) OF INSTRUMENTATION
AND OPERAIONAL flEQUI ENTS

4. QUALITY CONTROL - The contractor must establish a program Jor

control of the quality to enhance the Reliability and Maintainability program i

of the aircraft through complete Quality Control, inspection, tests, and

records. The inspection procedures and tolerances submitted should be in

accordance with applicable design specification requirements. Tests (con-

ducted under the approved procedures) must be performed to assure that

quality in maintained thro'ahout the program. The prime contractor under

!jR--9858& is not only responsible for his quality assurance program, but

also that of his subcontractors and vendors, The prime contractor is also

responabile for oalibration of inspection and test equipment maintaining the

quality of any gove-mnt furnished equipmnt, as received, and during

Ak



installation and usage, until delivered to the government.

QUALITY CONTROL (MIL-Q-9858A)

a. SUPPORT FOR RELIA9ILITY AND MAINTAINABILITY PROGAIW4

b. CONTRACTOR QUALITY PLAN

c. QUALITY OF TECHNICAL DATA (EVALUATION AND COLLECTION)

d. EVALUATION OF C0NPRACTOm (QUALITY CONTROL AND PLANNING
AND PRODUCT1ON DESIGN-CRITICAL ASSESSMENT)

e. TOTAL IMPLKV1TATION OF QUALITY PROGRAM

f. CONTRACT ADMINISrRATION OF QUALITY

g. AUDIT PROGRAM

h. SPECIAL INSTRUCTIONS FOR INSPECTION

i. QUALITY COSTS

J. INDUSTRIAL FABRICATICK ZNVIRONMENVAL CONTROL

k. CALIBrATION AID MEASUREmENT (METROLO=Y)

NOTE: In Igor Baovsky's book entitled, "Reliability Theory and Practice,"

comments on quality control place reliability in perepective as follows:

"Reliability thus adds a new dimension to quality control work without %ub-

contracting anything from traditional quality control work and methods. It

extends ouality control work into the time domain, and greatly increaces the

area of activity and responsibility of the quality control organiution into

a quility and r eliability control organisation."

TEST MOW! ATION is for the purpose of detarmining he efective-

ness of the predicted design parameters,

8



DEMONSTRATION

a. EVALUATICN'OF RELIABILITY AND MAINTAINABILITY

mEDICTIOm AND DrERWgN ACTUAL VALUES

b. D4PLZMENTATION OF TEST K.OOtAX PLANS

C AFFECT UPON PR3EICTED DURA3ILITY (AVEAGE
LIFE TO FAILURE)

d. SYSTEM COMPATIBILITY TESTS
6. ENGINEMING AND QJALITY ASSURANCE TESt PROMAM (PRODUCT ASSESSN'r)

(USATECOM, AVCO AND CONTRACTOR)

a. TEST PLAN

b. SCHEDULE

c. SURVEILLANCE

d. R EFORA r L TS

. U2ALITY Ay RELIABILITY D4 , n . .TuCTION)

f. CONF'.zUCTORY TEST

g. FOLLOW UP

h. DATA

7. TWHIDCAL INTEMUTION - Technical integration is actually a mna&ment

responsibility and requires the integration of all tecmical aspects for the

overall system performance. This rquire. that anagement be constantly aware

of the total technical responsibility and that he establish the manament

controls) necessary to accomplish the total program of cost effectiveness nd

also provide the governmnt with a reliable, quality product ase Specified by

the contract. The government looks over the ontrator's shmlder, during

technical 1nt*gt=m when he analyses sytem requirmnts to determine if

9



design compromise: is to be made; to achieve priority-for-necessary-effectiveness

of system performance, safety, acceptable maintenange-levels, acceptable costs,

u126,. tiurability, weight, and. interchangeability,

TECHNICAL IwrEGR.ION (TRADE-OFF FACTORS)

AkLYSIS CF. ACHIEVD(NT AND INTEGRATION

b. SYSTEMi PERFORMANCE

c. HUMAN F~ACTOR~S

d. MAINTENANICE

e. OVWEALL COST EFFICT IVDIESS

f. SIZE

g, DUA13ILIY

h. WEIGHT

-i. INTERCHANGE&SILTY

8. The overall Evaluation of Contractor' Performance'must include:

EVALUATION OF COHTI&CTOR-PROPOSAL AND. AIRCRAFT PROGRAI (SuNARY).

a. RELIABILITY

* b. KLINTAfIABILITY.

0. PROTJCBILITY

7 d. VALtJE ERGINEZRING

e. HaMAN, FACTORS.

* f. TECHNICAL INTEG RATION

g. QUALITY CONTROL

10



Appendix I provides a check list for evaluating contractor Reliability and

Maitainability contract proposals and programs.

D. Training:

1. Mr. Bazovsky said in his book, "Reliability Theory and Practice,"

"Before any serious reliability work can begin, an education in reliability

principles, theory and methods must be offered to all engineering personnel.

---Graduate engineers require about twenty to forty class hours of tbeory,

with examples of reliability problem solving by numerical calculations to

establish a sound background in reliability theory and methods from which they

can start to develop their own experience in actual reliability work without

making grave mistakes."

2. In our estimation, this level of training is necessary for every

engineer working in reliability. Therefore, we plan to have an intensive

training program throughout the Army Aviation Command.

E. Summary:

We think we have the basic framework of a good sound reliability,
5I'

maintainability, and quality program.

This work ir progressing slowly.

We are in abour, the same position as most organizations, that of having

a grave need of quality feedback data to pinpoint and analyze problems. TAERS

should be most helpful in this area along with specific input from contractors.

elI



APP=11DIX I1

RELIABILITYN PROGRAM EVA-UATION

CEECIZIST

(Each iLtem to be answc -ed ycs or n.o.)

1.Reli.billty Procn-ri

b.Eacompasses vt;anagexnent and technical fnctcrs.

c. ConsiJers all phases of the Life cycle.

d. Interfaces and coordinates related QA activities.

2. Rellabllity Organaio

4 . Identifies organization and personnel responsible for

managing the over-all program.

b. Clearly defines responsibilities and functions including

policy, action, and authority.

c. Relationship in chain of comnmand defined.

3. Ngnagement jrnd Control

a. Detailed listing of specific tasks.

b. Man-loading per task.

c. Procedures to implem~ent and control these tasks.

d. Task description.

a* Organizational unit responsible for cx~..uting o~c tazk.

f. Method of control to Insure execution of each~ task.

g. Scheduled otart and completion datea of oach task,



h. Milestone chart.

1. Definition of Interrelationships.

J. Estimation of times required for reliability program

activities and tasks.

k. PERT is utilized.

4. Program Revli

Program is organized and scheduled to permit status review,

including status achieved, at preplanned steps or checkpoints.

5. Mathematical Models. A~portionment.-Prediction Program

a. Mathematical models based on system analysis.

b. Apportioereliability over major system elements.

c. Initial prediction.

6. Reliability Requirement Studies

a. Provisions for preliminary and continuing studies of

reliability requirements.

b. Definition of functional performance limits.

c. Duration of operation In time or cycles.

d. Environmental conditions of operational use.

7. Test Reguirements for Develormtnt Qualification and Agoeotarce

a. Estimated achieved reliability of equipment by test.

b. Feedback data for reliability imprcvemtttse

c. Test Program



(1) Confirms adequacy of selection of components and parts.

(2) Determines capabilities and safety margins.

(3) Evaluates drift of component parts w/time.

d. Items having significant effect on inherent reliability are

tested or validated early in development.

8. Environmental Requirements for Epuipment Design and Testing

a. Tests under use-environment are used.

b. Environmental problem areas are identified.

9. Coi onant Parss Testing

a. Component parts used in production equipment are assigned

a reliability index. '

b. MIL tests are used where applicable.

If contractor's test procedures are used, he presents

justification of MIL testing unapplicability.

c. Test data is retained two years from contract completion.

10. Maximum Preacc62tance Operation

a. Provides and maintains a list of items having critically

limited useful life.

b. Methods of determining uaximum allowable operating time

are clearly defined and justified.

11. Parts Reliability

a. Uses parts with known reliability determined from current

or previous testing.

3



b. Avoids duplication of testing.

c. Recognizes risks involved using data recorded under

different use-environment.

d. Preferred parts list are maintained.

e. Reliability improvement program is included.

12. Furnished Equipment

a. Uses known or estimated reliability values.

b. Reports potential reliability problems and indicate and

justifies system changes necessary for efficient system

integration.

13. Critical Items

Provides for an effective method for identification, control

and special handling of critical parts, components, or subsys-

tems from design through final acceptance.

14. SuplIter's and Subcontractor's Reliability Program

as Supplier and subcontractor (S&S) achieved reliability levels

are consistent with over-all system requirements.

b. Imposes quantitative reliability requirements and acceptance

criteria on S&S.

c. Incorporates applicable portions of MIL-R-27542 in subcontract

and purchase orders.

d. Surveillance of S&S activities include:

(1) Quality Control.

-p--



(2) Foci lities.,examinatiot.0- '

15. Relisbi Iity Indoctrinatf n am _,ri

Supplements basic training and ;1 itcrlfmstio th, radt

advancing technolo~ies and requ~ipts pof the system.#

16. Statistical Methods 7

a . Provides for opzinura utilization of statisticfl.P~aflffg,

and analysis.

b. Includes such methods as:

(1). Design of experiments'.

(2) Analysis of variance.

17. Human-Engineering,

Human Engineering-features are incorporated to minimize the

possibility of degrading reliability through human error.

18. Effects of Storage, Shelf-Life.-Packaina~g. Transagrtation,

Handlingf and Maintenance

a. Determines by test or estimates'the above eff .ectt on the

reliability of the product*.

b. Provisions that special requirements or Ilimitations on

above actions are mad. known to the U. S. Army.

19. Design Review

a. Periodic reviews are made of systemdesigne.

b. Denotes -personne Oarti cipat InMgi~f e4: and Inc ludes

their authority.,'



c. Compares des' &n with previously defined qualitative and

quantitative I.equirements.

d. At least ten i\,ys' notice prior to scheduled formal design

review is give..i,

e. Minutes of revl.,w are made available.

20. Manufacturing Contr' , and Standards

a. Control of manuf::-turing processes.

b. Production tnont toing. '
c. Process Standards ind Procedures.

d. Manufacturing persh nel job tasks.

e. Reliability consi~ation for engineering changes.

21. Failure Data Collection \nalvsls and Corrective Action

a. Has closed loop sys n for collecting$ analyzing and

recording all failuxz,.

b. Describes reporting iocedures including flow charts for:

Analysis, feedback, -~I corrective &ction.

c. Recording differentia.,s equipment failure from human

error in designing, p.,cessing, handling, transporting,

stori nl, ipaintaining, a operating the equipment.

d. Includds provisions tt assure effective corrective

action.

e. Establishbs audit to i view all open reports.



22. Reliability Demonstration ... t

a. General Plan

(1) Includes number of test articles or estimate of

confidence level.

(2) Includes trade-off curves showing number of test

articles and operating test time, or test effort

versus confidence.

b. Specific Plans

(1) Includes revisions.

(2) Includes ground rules for classing success, failure,

or exclusion of test.

(3) Applies all valid results from which measurement or

assessment can be obtained.

(4) Includes Engineering tests and analyses to supplement

statistical measures.

(5) Plans are submitted for approval as required to

procuring activity.

23. Periodic and Final Repo ts

a. Provides for intervals not exceeding three months.

b. Provides accounting or progress on each task in program

plan.

c. Includes charts and illustrations comparing

.7
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DESIGIINCG FOP MAINTAINA-ILTTY

IN ORDER TO DEAL ADEQLATE'I' WITH THIS SUBJECT, IT IS ESSENTIAL TO

DEVELOP SOW~ EFINITIONS FOR MALNTENAICE, MAINTAIN/GILITY, AVAILABILITY,

RELIABILITY, AND EFFECTIVENESS. WIE WILL DISCUSS THE POCCEDURES FOR

SPECIFYING MAINTAIN-AILITY, THE IMPtLEfrENTATIM' CF A Mi.'7AINA31LITY PRO-

GR~AM IN A CCNTR.ACTOR'S FACILITY, THEc ACTIVIT IES OF A -,"S~iEP, AND LASTLY,

A LOOK AT ThE FUTURE FROM THE STAN[)POj.,-. Cf MAINTAI.NoknI LI TY.

A YUkIE leI-iO H;6 LF-PE4DED UPON'O, iil OR POSSESSED PROPFRTY hAS AT

SCNE TIME CGNCERNI'EC) HIMSELF WITh TI E PfRC3LES Cir SUSTAINING HIS DPOPEPTY

IN A CCND)ITION WHERE IT WILL PERFO,7U4 IW.'THIJi CERTAIN LIMITS. THIS ACTIVITY

MAY GENERALLY BE CALLED MAINTENPJ4ICr. DESIGN!NG FOR MAINTAINkBILiTY IS tN

ENTIRELY DIFFERENT ACTIVITY. TO CLAPIFY THZSF -.WC STA ThMENTS, ITS

ESSUITIAL THAT WE FIRST EXAINE ANCC. WILL ATTEMPT 1-0 DO TAtIS

BY CATEGORIZING AND CLASSIFYING THE VAFII(XJS TYPES OF MAINTENANCE ANt)

ELEHENTS CF MAItnENANCE. ONE CLSSIFICAi ON\ Ei~t-COIES ~COC.P T

PREVENTIVE MAINTE1044CE " CORRECT!VLC PAINTENi:.CE. P,,EWrNTIVE ~~~NC

IS PLANNIED CAR~E AND SERVICIN4G OF CQUIP.-VNT RY SYSTMVATIC IPC~S

LUBRICATION, PROTECTION, AND, OF CCUKSE,# CL!.A%'INC G

MNIJNT&i4aN, ON THE OThIER ttANO, IS fti-FOPK.D CJA'llJL . .~T

RESTORE E(qJIPMENT TO SATIF \ CTORY C CN'TI.-N ;-.LFTF A Z.AT~.

OCCURRED. IT SH!ULD) BE 1FVlrNT TlfAT SINE WLFL'z:Ti.S CiCtCI'

IHAT CORRECTIVE MAINI'ENP4CE MS7 14E M'ALT WITH AS ARN A :VI7'y.

LET US NIW EXAMINE SOME OF THE EWLt t% CF i~~ ~; CSPECIF IC,'i-Ly



CORRECTIVE MAINTENANCE. AFTER A FAILURE HAS OCCURRED, IT MJST FIRST E

DETECTED OR EVIDENT TO SOMEBODY THAT IT HAS OCCURRED. THEN CCAMES THE

PHASE OF FAULT ISOLATI(N. SOMEBODY M4J5T DETERMINE WHAT HAPPENED. THE

1EXT LOGICAL STEP IS TO CORRECT THE FAULT. HOvEVE.R, THIS MAY NOT RE AS

SIIMPLE IN THE REAL WORLD AS IT SEEMS BECAUSE HEPE IS M'EFE WE BEGIN TO

RUN INTO THE ADMINISTRATIVE DELAYS OVER 1,-HICIi ThE f:iSI(ZP HAS LITTLE

OR NO CONTROL. IN PASSING, IT SHOULD BE RECO(GNIZED THAT FAULT COpRECTION

MAY BE CATEGORIZED AS "REDOVE AID PEPLACEM0NT," GR F"X!C OR A'"]STING

THE OFFEC:Nd PART, AND FINALLY THE CHECK-OUT ACTIVITY.

CHART 1 CI i

THIS LITTLE CHART SHCWS THE RELATICStIIP A iNG TSE ELFUENTS OF

MAINTENAUCE. IT IS IMPORTANT TC NOTE ThC ALTERNATIW PATHS Ol' DnIE CHART.

CHART I FF

LET US LOOK AT A C-ART SH ING THE DISTRIBUTION OF TItE TO PERFORM

THESE ELEKNTS.

,ART' 2 ON1

PLEASE NOTE ITEM H "CC.NTING;4CY ITES," tNt O AT THIS ,C.;LA-ZS

OF TH: TIM TO DO MAINTEIiNCC. THIS ELE..NT DOES NOT C(N:T IfUTE PRO-

DUCTIVELY TO MAINTENMt4CE SINCE IT C(ONSISTS C4" AD.MINISTPATIVE D'ELYS. TH2

DATA IS 8SED . AN ftALYSIS CF 1-01 TASK ZASLUREEITS "i'U'VEN C-. T.i-E IF- m
FERENT EQUIP-tNTS.

01APT 2 CFF

II

THERE ARE TWO O1THEK MCATGORIZATI(XiS OF ' j'¢ W.,,11 c"I I'i.

MOONED IN PASING. ONE OF THEfM OMS' , WIT11 V.-CRE T}l-S !441UVTDANX E !S



DONE OR BY WHOM IT IS DONE. IN THE ARMY WE CALL IT ORGANIZATIONAL,

DIRECT SUPPORT, GENERAL SUPPORT, AND DEPOT. IN THE AIR FORCE IT IS

CATEGORIZED AS ORGANIZATIONAL, INTERMEDIATE, AND DEPOT. THIS CATEGORI-

ZATION REFLECTS SKILL LEVELS AND FACILITIES AVAILABLE. THE SECOND

CATEGORIZATION REFERRED TO ABOVE IS WHETHER THE WORK IS DCNE WITH THE

SYSTEM OPERATING OR NOT OPERATING (I.E., A MISSILE). THIS DISCUSSION SO

FAR DEALS WITH MAINTENANCE, BUT NOT MAINTAINABILITY, RELIABILITY, AVAIL-

ABILITY, OR EFFECTIVENESS.

NON' THN USER IS PRIMARILY CONCERNED WITH THE EFFECTIVENESS OF MATERIEL

OR THE PROBABILITY THAT IT WILL DO THE JOB AT HAND. WE WILL DEFINE EFFEC-

TIVENESS AS A PRODUCT OF RELIABILITY, AVAILABILITY, AND PERFORMANCE.

CHART 3 ON

CHART 3 OFF

TO SIMPLIFY OUR DISCUSSION, WE WILL ASSUME_ THAT THE FIGURE OF ERIT

OR VALUE OF PERFORMANCE IS ONE, THAT IS TO SAY, WHEN THE EQUIPMENT IS

FUNCTIONING PROPERLY, IT CAN DO WHAT IT WAS INTENDED TO DO. RELIABILITY

IN THIS DEFINITION IS DEFINED AS THE PROBABILITY THAT THE ITEM WILL

PERFORM ITS INTENDED TASK FOR A SPECIFIC LENGTH OF TIlE (MISSION TIME)

IN A SPECIFIED ENVIRONIvENT WITH THE ASSUMPTION THAT IT WAS OPERATING

PROPERLY AT THE BEGINNING.

SCHART 4 O

CHART 4 OFF

THE NEXT TERM WHICH NEEPS DEFINING IS AVAILABILITY. AVAILABILITY

IS DEFINED AS USE-TIME DIVIDED BY USE-TIME PLUS MAINTENANCE TIME.

cHART 5 ON

Jo
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PLEASE NOTE THAT WE'CALL USE-TIME MTF, W!HICH IS EANTIME BEITWEEN

I - FAILURES AND REPAIR TIME AS MTR, MEP-TIME To REPAIR M'TBF IS CALCULATED

BY ADDING TIME TO THE FIRST FAILURE PLUS TIVE TOThE SECOND FAILURE AND

SO FORTH DIVIDED BY NUMBER OF FAILURES. MTClIS SIMILARLY CALCULATED.

THIS FORMULA CAN BE REWRITTEN AS MTR EQUAL TO MTBF TIMES CNE OVER AVAIL-

ABILITY MINUS ONE. ALSO PLEASE NOTE THAT THESE DEFINITIONS INVOLVE

PROBABILITIES SINCE THEY' bAL WITH RANDOM VARIABLES.

CHART 5 OFF

TO LAY A PROPR FOJNDATION FOR WHAT IS TO FOLLOW, LET US EX-AMNE

THE WORD PROBAILITY FOR PiE MOMENT. THE PROBABILITY OF AN EVEIT CA-N BE

EXPRESSED NUMERICALLY AS SOME VALUE EQUAL TO OR GREATER THAN ZERC AND

~TPjN OR EQUAL TO ONE. PROBABILITY CAN BE ILLUSTRATED 3Y MEANS OF

PROBABILITY DITRIBUTIONS tnD WE WILL DEAL WITH THREE TYPES, EXP(NEN!TIAL,

NORMAL, AND LOG NORMAL.

THE EXPONENTIAL DISTRIBUTION REPRESENTS THE PROBA3ILITY OF AN EVFNT

OR FAILURE WHERE THE HAZARD RATE IS CONSTANT; THAT IS ro SAY, THE CNC,

OF % lY ITEM FAILING IS THE SA-E AT GE TIYE ki ANOTvZ-P. 7-,'PIFl] .

PERFORMANCE OF EQUIPMENT AFTER THE INITIAL .... O FAILU" £k Tn

IMPROPER ASSEMBLY, MATERIEL DEFECTS, ETC., AND BEFORE Tl- EFFCT. GF,

WEAR OUT TAKE PLACE.

CHART C ON (BATHTUB CURV-7)

THIS IS REPRESENTED BY TiE rLAT PART OF THIS CURVE.

CHART 6 OFF

04ART ON

II



THIS IS THE EXPONENTIAL FUNCTION I ITS SIMPLEST FORM. Y IS EQUAL

TO e "  e IS THE BASE OF THE NATURAL LOGARITHMS AND IS

APPROXIMATELY 2.718. THE AREA TO THE RIGHT OF X EQUAL TO 1 Is 37% AND THE

AREA TO THE LEFT IS 63%.

CHART 7 OFF

NOW, LET US APPLY TH;S BIT CF THEORY TO THE PROBLEM OF EXPRESSING

QUANTITATIVELY THE ATTRIBUTE OF RELIABILITY.

CHART 8 ml

* HERE WE SEE THE SAME FUNCTIC4 EXCEPT THAT Y NOW REPRESENTS THE FRE-

QUENCY OF FAILUREf.t), THE INDEPENDENT VARIABLE, AND ,.fTBF IS MrEANTIMVE

BETWEEN FAILURE OR "CHARACTERISTiC LIFE" ANJD IS CCNSTANT IN ACCORDANCE

WITH THE FLAT PART CF THE BATHTUB CURVE. AT A TIE t , THE NUMBER

OF ITE6 WHICH HAVE FAILED IS REPRESENTED BY THE AREA UNDER THE CURVE

TO THE LEFT OF t1  . THIS AREA'CALLED F (t) AND EQUAL TO j t)CL.T
t I . -

IS EQUAL TO ,F m e i d.t IS EQUAL TO ---

IS EQUAL TO " - tT13F. THIS IS A PLOT OF Ft) AND THE AREA

TO THE LEFT OF t I IS REPRESENTED BY THE HEIGHT OF F It. S;CE -miS

REPRESENTS THE FAILED ITEMS, RELIABILITY IS REPR"SEhMED BY -

WHICH IS EQUAL TO C -I1TF. FOR ,X.,4PLE, IF MTBF IS EQUAL TO 60 .'.OUPS

N4D MISSION TIME IS EQUAL TO FIVE HOURS, PELIABILITY FOP FIVE KV.URS 1S

EQUAL TOe" IS EQUAL TO IS EQUAL TO- 92 . .PFEASE

NOTE THAT " IS NECESSARY IN 7; 't SO THAT THE TOTAL ARCA LNOERT'O.L ARF TW ZER

F Lt) WILL BE CNE SINCE PROBASILITY IS EQUAL TO OR lCEATER Th-P, ZERO AtD

EQUAL TO OR LESS THAN COE.

CHART 8 OFF

5
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THE NEXT IS THE NORMAL DISTRIBUTION OR THE FAMILIAR EELL-SHAPED

CURVE. i'r EXEMPLIFIES A SITUATIal WHERE THE HAZARD PATE IS INCREASING

AND THE FAILURES ARE EQUALLY DISTRIBUTED ON BOTH SIDES OF AN MBF.

CHART 9 ON

HERE IS THE NC)RMAL DISTRIBUTION IN ITS SIMPLEST FORM. Y IS EQUAL

TO 4 I- c NOW LET'S ADAPT THIS SIMPLIFIED FUNICTICN SO THATIT IS USABLE. f (-- t) IS"

SUBSTITUTED FOR Y ANDO I INCLUDED TO ASSURE TT" A

NI'D INTRODUCED A NEMW PA ZIE'ER< S. ALSO T11-AT IV WILL. BE USED IINSTEAD OF

MTBF. USING - \ INSTEAD OF t ENABLES US TO SHIFT THE CURVE FROM

BEING CENTERED ABOUT ZERO TO ,THE POINT M ON THE X AXIS.

CHART . OFF

C~ART 1O ON

M IS CALCULATFD AS FOLLOWS. M IS EQUAL TO -- ""<)AL

TO . N'OW LET'S DISCUSS ThL P" ....... .'R S. S

IS EQUAL TO THE STANDARD DEVIATION. S IS A OFV.UPE , VARIANCE. CF, SPRCAD.

" }' !S EQUAL TO VARIANCE, $ S ALCULAir- AS r-0,t :

iS EqUAL ro ,I L IS EQUAL TO

CHART 10 OFF -

CH.WT 71.G.'

TO ILLUSTRATE WITH SOVE SP5CIFIC NUMBSERS. READ FROM CHART.

CHART 11 OFF

THIS CHZT FURTH-ER ILLUSTRATES 7 ". 5I'ICANGE OF S.

6,
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*;ONE S ON EITHER SIDE OF M INCLUDES APPROXIMATELY 68% OF THE AREA,

:-NEO S ON EITHER SIDE OF M INCLUDES APPROXIMATELY 95% OF THE AREA.

ZTHREE S ON EITHER SIDE OF M INCLUDEt 99.74% OF THE AREA.

TO THE RIGHT IS A PLOT OF F(t) . HERE AGAIN THE HEIGHT OF FC*)

REPRESENTS THE AREA UNDER fL(')TO THE LEFT OF SOME "7.

CHART 12 OFF

CHART 13 ON:

THE LOG NORMAL DISTRIBUTION IS THE ONE THAT IS FUNDAMENTAL TO

MAINTAINABILITY AND IT IS A SKEWED CURVE, IT IS GENERALLY REPRESEN-

TATIVE OF TIME, t, TO MAKE REPAIR. IF t IS A RAI)OM VARIABLE WHICH

HAS A LOG NORMAL DISTRIBUTION. THEN LOG -b WILL HAVE A NORMAL DISTRIBUTION.

MATHEMATICALLY. A VARIABLE t HAS A LOG'NORMAL DISTRIBUTION IF "

is EQUAL TO e Lo (a S
T, LoGa$

TO REPEAT - IF t IS A RANDOM VARIABLE WHICH HAS A LOG NORMAL DISTRIBUTION

THEN LOG t WILL HAVE A NORMAL DISTRIBUTION,

CHART 13 OFF

CHART 14 .ON

. LOG Mj = E L= (L=S "6 r S).

CHART 14 OFF

.CHART 15 ON
HZ.RE IS AN ACTUAL PLOT OF TIMES TO REPAIR. NOTE THE LOG NORMAL

SHAPE AND THAT M OR MTR (MEAN VALUE) IS 2.29 HOURS A S IS 2.23 HOURS.

CHART1 5 OFF

* LET US NOW REVIEW THE LAT FEW CO NTS BY MEANS OF A SPECIFIC
I EXAMVleG

CHART 16 ON

. . .. .. . x-.1,



Ii AN AIRBORNE COMMUNICATION CENTRAL IS TO BE DEVELOPED TO MEET A SPECIFIED

EFFECTIVENESS OF .90; THAT IS, IT MUST BE CAPABLE OF OPERATING ON DEMAND

NINE TIMES IN TEN THROUGHOUT A FIVE HOUR OISSION. INITIAL STUDIES

INDICATE THAT A RELIABILITY FOR A FIVE HdUR MISSION OF .92 IS FEASIBLE.

THUS, AN AVAILABILITY REQUIREMENT OF APPROXIMATELY .98 MUST BE MET TO

SATISFY THE EFFECTIVENESS REQUIREMENT. THIS IS DETERMINED BY DIVIDING

AVAILABILITY BY RELIABILITY AND PERFORMANCE - ASSLING PERFORMANCE - 1.

NOW REMEMBER THAT AVAILABILITY IS EQUAL TO MTBF DIVIDED BY MTBF PLUS

MTR OR MTR IS EQUAL TO MTBF TIMES ONE OVER AVAILABILITY MINUS ONE.

ASSUMING THE COMMUNICATIONS CENTRAL HAS A FAILURE DISTRIBUTION DESCRIBED

BY THE EXPONENTIAL, THAT IS WITH A CONSTANT HAZARD RATE OR CONSTANT

MEANTIME BETWEEN FAILURE, WE CALCULATE MTBF TO BE 60 HOURS, APPLYING

THIS. IN THE FORMULA FOR MEANTIME TO REPAIR, WE CALCULATE MTR EQUAL TO

1.2 HOURS. THIS IS THE BASIC MEASURE OF MAINTAINABILITY THAT THE

EQUIPMENT MUST BE DESIGNED TO ACHIEVE IN ORDER TO SATISFY THE 90%

EFFECTIVENESS FOR A FIVE HOUR MISSION WITH 92% RELIABILITY IFOR 'VE hOURS.

CHART 16 OFF

UP TO THIS POINT., WE HAVE DERIVED AND USED IN AN EXAMPLE THE BASIC

ENGINEERING MODELS FOR EFFECTIVENESS AVAILABILITYo RELIABILITY, XD

MAINTAINABILITY. LET ME EMPHASIZE. HOWEVER, THAT IT REPRESENTS A

GROSS OVERSIMPLIFICATION. FOR INSTANCE, IN THE MODELS WE HAV4- USED C;C.'"

THE MEANS TO REPRESENT THE ACTUAL PROBABILITY. DISTRI ;UTIONS IN1/OLVEDe

CONSEQUENTLY OUR RESULTS ARE ONLY IN TERMS OF MEANS OR AVERAGES. WE

DEVELOPED THE STANDARD DEVIATION AS A MEASURE OF THE SPREAD OF A

DISTRIBM)TION AND SHOWED ITS SIGNIFICANCE. IT WOULD 'MREFORE BE NECESSARY

8
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EMPLOY MORE COMPLEX MODELS IN ORDER TO ACTUALLY KNOW JUST WHAT THE

AVAILABILITY WOULD BE. FURTHER, WE HAVE DiZALT WITH ONLY AN INADEQUATELY

DEFINED STATISTIC MTR. IN ACTUALITY MTR IS A COLLECTION OF DISTRIBUTION

OF THEi OdLTaMINPNTS 0OF MAINT&NANCe AS 0OCQSJC EAALIE.Ro

CHART 17 ON

THIS SH~OULD GIVE YOU SOME APPRECIATION OF THE COMPLEXITY OF MTR.

CHART 170OFF

SPECIFYING MAINTAINABILITY

WITH THIS TECHNICAL BACKGROUlND LAIDO LET US NOW DISCUSS THE SUBJECT OF

SPECIFYING IMAINTAINABILITY, THE UNDERL-YING PRINCIPLE HERE IS THAT YOU

WILL GET ONLY WHAT YOU CONTRACT FOR AND ARE WILLING TO PAY FOR. AND POST

IMPORTANT OF ALL --- PAY TO H1AVE DEMONSTRATED THAT. YOU ARE GETTING WHAT

YOU CONTRACTED FOR.

TO REVIEW IN DETAIL. THE MILITARY SPECIFICATIONS AVAILABLE TODAY

DEALING WITH MAINTAINABILITY IS IMPOSSIBLE IN THE TIME REMAININGs HERE

IS A PARTIAL LIST.

r CH~ART 18 ON

CHART 180OFF

LET US REV IEW THE NEEDS OF TODAY DEVELOPED BY MR* JCO'J Es O~

OF REPUBLIC AVIATION WITH RESPECT TO TIS SUBJECT.

FIRST FROM THE STANDPOINT OF THE CUSTOMER

CKART 19 ON

1. QUANTITATIVELY ACHIEVABLE GOALS SHOULD BE SPELLED OUT BY THE

* CUSTOMOR OR DEVELOPED BY THE CONTRACTOR ADAPPROVED BY THE CUSTOM'ER.



2, ALL LEVELS OF MAINTENANCE SHOULD BE COVERED BY THE M SPECIFICATIONS$
3. DOCUM1ENTATION' OF THE M ELEMENTS SHOULD BE MADE SIMULTANEOUSLY AT

THE TIME OF DESIGN REVIEW,

4. TRADE-OFFS SHOULD BE MADE IN TERMS OF DOWNTIME AND DOLLARS AS LONG

AS THE UPPER BOUND OF THE SUPPORT RESOURCE CAPABILITY IS NOT EXCEEDED,

5. TECINIQUES AND DATA USED IN M MUST BE STANDARDIZED IF WE ARE TO

BE ABLE TO COMPETE AND BE EVALUATED ON A COMPETITIVE BASIS.

6. M TO BE EFFECTIVE SHOULD START AT THE CONCEPTUAL STAGE AND FOLLOW

THROUGHOUT PRODUCT IMPROVEMENT.

7. SPECIFICATIONS SHOULD STATE THEIR SCOPE CLEARLY AND NOT TRY TO

BE "ALL THINGS" TO ALL PRODUCTS.

CHART 19 OFF

HERE IS AN*EVALUATION MATRIX OF THESE NEEDS VS THE LIST OF

SPECIFICATIONS,

CHART 20 ON-

CHART 20 OFF

CHART 21 ON

NOW HERE ARE THE NEEDS FROM THE CONTRACTORS STAkDPOINT.

CHART 21 OFF

PROGRESS SO FAR IS EXEMPLIFIED BY THI3 LIST

CHART 2 . ON4

OF PROJECTS WITH CONTRACTUAL MAINTAINABILITY REQJIREMENTS.,

CHART 22 OFF

IMPLEMhNTATION

TO ASSURE THAT MAINTAINABILITY OBJECTIVES ARE ACHIEVED, A MAINTAIN-

ABILITY PROGRAM MUST BE IMPLEMENTED TO RUN CONCURRENT WITH EUIPMENT

4-0



DESIGN, DEVELOPMENT. PRODUCTION, A D FIELD OPERATION. SUCH A PROGRAM IS

ESTABLISHED TO MEET THE REQUIREMENTS OF MILITARY SPECIFICATIONS CALLING

FOR MAXIMUM EQUIPMENT AVAILABILITY AND RZ'DUCED MAINTENANCE COSTS. THE

FOLLOWING DESCRIBES THE ORGANIZATION PROGRAM TASKS, AND MAJOR MILESTONES

IN A COPREHENSIVE MAINTAINABILITY PROGRAM.

THE MAINTAINABILITY MANAGEMENT CONTROL FUNCTION MUST PROVIDE FOR

INTEGRATION OF EFFORTS AND OPERATIONS UP THROUGH HIGH ORGANIZATIONAL

LEVELS. THE AGNITUDE AND SPECIALIZED NATURE OF MOST LARGE MAINTAINAILITY

FROGRAM S PREVENT THEIR EFFICIENT ACC(MPLISHMENT AS AN ADDITIONAL DUTY OF

THE EXISTING STAFF OF ENGINEERS, SUPERVISORS, AND MANAGERS. TO BE

EFFECTIVE SUCH A PROGRAM MUST BE LED BY A SPECIAL GROUP IN V,-!CH IS VESTED

THE RESPONSIBILITY FOR THE MAINTAINABILITY EFFORT, ORGANIZATION, AND RULES.

PERSONNEL TRAINED IN MAINTAINABILITY TECI-NOLOGY SHOULD BE EMPLOYED IN

EACH PHASE OF THE PROGRAM FROM PRELIMINARY PLANNING THROUGH FIRL FIELD

EVALUATION. IT IS IMPORTANT THAT SPECIFIC ASSIGNMei\TS BE MADE TO

ACCOIMPLISH THE NECESSARY TASKS DURING THE DEVELOIRMENT CYCLE; AND THAT

THESE TASKS BE COORDINATED IN EACH STAGE OF EqU ,EN r GROWTH.

HERE IS A SHORT LIST OF THE TYPES OF PERSONNEL NECESSARY TO A

CONTRACTOR.

CHART 23 ON

MAINTAI.NABILIT lNINEER

MINTENANCE SERVICE SPECIALIST

DESIGN ANALYST

DATA ANALYST

11.
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MAINTAINABILITY MONITOR
i CONSULTANTS

STATISTICIAN

MATHEMATIC IAN

HUMAN FACTORS SPECIALIST

CHART 23 OFF

ACHIEVING TIME OBJECTIVES OF A MAINTAINABILITY PROGRAM INVOLVES A

NUMBER OF TASKS. EACH ISOA MAJOR REQUIREMENT IN ASSURING A COMPREHENSIVE

PROGRAM. THEY WILL, OF COURSE, VARY IN SCOPE CONSISTENT WITH THE

PARTICULAR END. ITEM.

CHART 24A ON

READ FROM CHART,

CHART 24A OFF

CHART 24B ON

READ FROM CHART,

CFART 243 OFF

ACTIVITIES OF A O[SIGNER

THE VAINTAINkelLITY RE(JIREM.NT OF A SYSTEM MUST FIRST BE APPORTIONE,)

AMONG; THE SUBSYSTEMS, THEN THE COMPONENTS, ETC. IN OTHER WORDS A

DETE!.4INATIOIN KJST BE MADE BY ENGINEERING MAVCXVq L IN THE CONTRACTORS

FACILiTY AS TO HOW MUCH EACH SUBSYSTEM,. CC-PC, ,T.. ETC. WILL BE A.LOWED

TO CORIEUTE TO TH OVRALL MA!NTE N\CE l.EQUI W OF THE SYSTEM.
I 'TIS SAVE TYPE OF ,APPORTIWIET P USTp OF OUP.CE* BE DON FOR RELIA-

I BILITY,, COS'T* AND WEIGHTp TO ASSUR E THAT THE SYSTEMS ARE WITHIN CON -

TRACTURAL ,ESTRAINTS. iN ThIS WAY EACH .SSI(NER HAS A SO CAUE BUDGET

FOR EACH OF THEM, ATTRIBUTES THAT hE 14JST DESIGN TOO

, 2
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WITH RESPECT TO MAINTAINABILITY THE DESIGNER PJST CONSIDER THE FOLLOW-

ING:

CHART 25ON

THE MAINTENANCE CONCEPT

THE MAINTENANCE ENVIRONMENT

FACILITIES AVAILA3LE

COY;',ION AND SPECIAL TOOLS

SKILL LEVEL OF FAINTENANCE PERSONNEL

OPERATION USE OF SYSTEM

REACTIa4 TIME

TURN AROUND TIME

RELIABILITY

HUN FACTOkS

TEST ECQJIPrNT

THESE REPRESENT THE CO-NSTRAINTS IMPOSLD UPON TKE DESIGN. CONSEqUENX Ls

THEY . JST BE UNEQUIVCALLY AND UNA4MIGUJOSLY STIPULATED CONTRACTLALLY :F

THE USERS NEWS ARE TO 13 SATIATED. OBVIOUSLY, TPRADE-OF7$ AYC,-3 THESE

RESTRAINTS ARE NECESSARY IF TIE DESIGN iS TO REPRESENT Tih c,,-X STATE

OF THE ART. It ThEREFORE FOLLOWS THAT THE RELATIVE VAU , T ' !:

OFFS M4JST ALSO BE U4EQUIVOCALLY AN'0 UVMIGUOUl.Y STIPULAT,..

CMAST 2$ OFF

NOW IN ADDITION TO TIK ROM TO MANEUVR AS EXEMPLIFIED BY THE

CTRACT'ALY STATr. ACCEPTABLE TRADE-OFS,, ThE DESMG1R l.AS A QRCUP OF

DESIGN FEATUlES THAT I IS FRE TO MNIPJATZ US'ALAX WITHOUT C( IThTUAL

R ,, INT, S, 01 ThS MR:

t' .' ,t: !, :." t "/,'13



CHLART 26 ON
FAULT INDICATORS

TEST POINTS

EXTERNAL TEST EQUIPMENT

ACCESS

ADJUSTMENTS

LABEL ING

COLOR CODING

PROTECTIVE D-=VICES

P-"PHW LAW FEATURES

CI1RCUIT DESIGNS

CiVPCNErNT SELECTION

LUBR ICANTrS FUELS.. COOLANTS.. ETC.

MATERIEL

MATERIEL FINISHZS

I'ATERI EL. thEAT TREATmENT

FASTENERS

MWXTO.Zs

MODULES

ThZ- IIST IS INTEM1AU 4~

CHMAT 2,$ OF?
W I WANr T0 01IVE YOUl ONE CWT TMT LXEPLrFIES THE IMOTAC

OF THEDMEIGME IN THIS kd1Otr FCUS,,

14
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I CHART 27 ON

THERE IS LITTLE I CAN SAY TO EMPJHA IZE THIS OTHER THAN THAT THE WHOLE

WORLD OF REQU!REtIEN'S HiST FLC;4 TiROUQ4! THl;S YAN'S EYES, EARS, BRAIN, AND

HANDS TO PRODUCE THE LINE ON THE PAPER A) Ti. WORDS IN THE TECHNICAL RE-

PORTS ThAT DETERMINE JUST EXACTLY 1riAT THE EQUIPMENT WiLL BE LIKE. YES,

HE DOES HAVE A FEW TOOLS AT HiS DISPOSAL. A SLIDE RULE, A DRAFTING YACHINE,

PFNCILS, ERASERS, PAPER, A LIBRMY OF ENGINEERING HP4,02OOKS, STANDARD PARTS

* CATALOG, MATERIALS SPECIFICATONS, AZD QCC.S!O~IAL.Y A COMPUTER. AND ITIS

'ITH TPESE AND HIS PERSISTENCE, ?AYIE.C_, EXPERIENCE, /4D EPAIN, THAT HE

* PRODUCES OUR CARS, GJNS, AND SPACECRAFT AND KEEPS THEIZ MAINTAINAB,.TY

WITHIN THE CONFINES OF THE LOG NOPtAL rISTRIBUTION CF" TI"E TO PLPAIR.

DURING rHE YEARS SINCE 1946, A GREAT MANY EFFORTS HAVF BEEN MADE TO

PORTRAY DO'S AND DON'TS IN WHAT WAS FIRST EASE OF MA[.-TE ACE AND LATER

* BECAME MAINTAINABILITY. THE AUTO.'TIVE DIViSION, DEVEL.'cMKNT AND PROOF

SERVICE DEVEL.OPED SEVERAL VOLU ES OF PVj\Z'BCCS FOR Cj'EA,;.T AND T.-.CTICAL

VEHICLE DESIGN, ND LATER THE ORf.cN.ANE TANK-AUTG,,,nrlK. COV-,N,4D DEVELOPE.

A SERIES OF DCESIGN HANDBOOKS. FOR ORDNMANCE DUPR'.1 ITS EXISTENCE, 7HESE

EFFORTS ',ULMINATED IN A SERIES OF ABOUr .o !"'^N"E ENGINEERING DESIGN

HANDBOOKS WITH A BASIC MnJUAL ;np N'AIA 'CL D UP). HERE IS ANOTHER

UNDER AMC FOR THE MISSILE COWM.r. THIS IS 'CNE OF OVER 75 CF' TH.,ES N-E:E.

ISSUES. IF YLJ CHANCF" T' -"-MINE THESE, YOU WILL NZOTE A \VIER :,-

IN APPROACH,

REGARDI !7.j CF APPROACH, T'-IE RELA.LY CRITICAL Rk)INT IS "WHAT DiD YOU

FORCE ", CONTRACTOR ro DO? REME[3 .R MY EARLI ER C(';S:'NTS AB 3UT THE

"NA' NTAINAIBLITY SPECIFICATIOn? YOJ MUST C(XJTrAC7 1, WHAT YOU WANT. YOU

HAVE TO BE ABLE TO STATE WHAT YOU W44T, MND YOJ MUST DCTERMNE THAT YOU

RECEIVED' IT. (EXAM'l.E OF DETAILS AND CALL OJT DRAWINGS.)

CHART 27 OFF
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A LOOK AT THE FUTURE

MAINTAINABILITY HAS LAGGED RELIABILITY IN ITS EVOLUTIONARY DEVELOPMVENT

BECAUSE IT IS MORE CPOM'LEX AND BECAUSE THE HLlVIAN ELEMENT IS MORE PREDOMINANT.

IT IS IN-! THE AREAS OF PREDICTION AND DESIGN THAT THE GAP BETWEEN THE TWO

DISCIPLINES IS SO APPARENT. AT THE PRESENT TIME, THERE ARE NO SUBSTANTIAL

HANDBCOK TYPE DATA AVAILABLE, PARTICULARLY IN THE MECHANICAL AND ELECTRO-

MECHANICAL FIELDS. FOR INSTANCE, THERE IS NO REFERENCE AVAILABLE TO A

DESIGN R TO DETERMINE HOW LONG IT WOULD TAKE TO REMOVE AND REPLACE AN OIL

PUMP IN A TANK ENGINE. THE INFLUENCING PARAIETERS HAVE NOT BEEN IDENTIFIED

AND INTERRELATED. I WOULD PREDICT THAT THIS PROBLEM WILL NOT SEE A START

OF A SOLUTION UNTIL 1967 AND BE COMPLETELY SOLVED UNTIL 1970.

PREVENTIVE MAINTENANCE CAN EITHER IIMPROVE OR DEGRADE THE MAINTAINABILITY.

OF AN EQUIPPENT, DEPENDING PRINCIPALLY UPON THE DISTRIBUTION OF LIFE TIMES

UNDERLYING THE PARTS REPLACED. PRESENT PRACTICE WITH REGARD TO THE USE AND

SCHEDULING OF PREVENTIVE MAINTENANCE IS BASED UPON LITTLE MORE THAN G ESS-

WORK. THE NEED EXISTS FOR A STUDY TO IDENTIFY THE PART TYPES AND MAINTENAN,'-

TASKS WHIC1t SHOULD BE SUBJECTS OF PREVENTIVE MAINTENANCE AND THE CONDITIONS

(INCLUDING TIME) UNDER WHICH SPECIFIC MAINTENANCE ACTIONS SHOULD BE PERFORMEr

IT SHOULD INCLUDE:

(A) THE COLLECTION, AS REQUIRED, ANALYSIS AND ORCANIZATICN OF GENERAL

GUIDELINES CONSISTING OF DEGRADATION CHARACTERISTICS OF PARTS WHICH ARE

AMENABLE TO PREVENTIVE MAINTENANCE SCHEDULES.

(B) DEVELOPMENT AND COMPILATION OF A COMPREHENSIVE SOEDULE OF MEAN-

TIME-TO-REPAIR FOR EACH TYPE OF PREVENTIVE MAINTENANCE TASK.

(C) USE OF THE INFORM44TION DEVELOPED IN CA) AND (B) TO ESTABLISH THE

VALUE OF K IN THE RELATIONSHIP PREVENTIVE MTR = K TIMES CORRECTIVE MTR.

1966IS A REASONABLE DATE FOR SOLUTION OF THIS PROSLEM WITH RESPECT

TO ELECTRONIC EQUIPHENT AND 1969 FOR MECHANICAL EQUIPMENT.

PAST STUDIES HAVE SHOAN THAT THE TIE DEVOTED TO DIAQ4C6IS OF FAILURE

I5 1Y FAR THE BIGGEST PART (,F THE TOTAL DOWNTIME INTERVAL, EXCEPT FOR

].16



ADMINISTRATIVE DELAYS. WITH SYSTEMS BECOMING ,)RE COMPLEX AND WITH THE

INCREASING APPLICATION OF MICROELECTRONIC CIRCUITS, THERE IS A NEED FOR

THE DEVELOPME.NT AND APPLICATION OF NEW APPROACHE5 TO SOLVING THIS PROBLEM.

IN FAULT LOCATI(ON WE NEED SIMIPLIFICATION AND STANDARDIZATION. WE

NEED TO SURVEY THE VARIOUS APPROACHES TO FAULT LOCATION AND TO IDENTIFY,

FOR INTERIM STAN.ARDIZATION, THOSE WHICl OFFERADEQUATE CAPABILITY IN frOST

SIMPLE FORM. DATA DERIVED FROM MAINTAINABILITY PREDICTION A14) RELIABILITY

STUDIES SHOULD BE USEFUL IN IDENTIFYING EQUIPMENT AREAS IN GREATEST NEED I
OF FAULT LOCATION. CRITERIA SHOULD ALSO BE DEVELOPED TO ENABLE THE

DESIGNER TO KN !- -AT THE OPTItlUM DEPTH OF PENETRATION OF FAULT LOCATION

IS; HOW FAR INTO THE EQUIPMENT'S "INNARDS" SHOULD HE GO? (MODULAR DESIGN)

FAILURE PREDICTION, OR CATCHING SOMETHING BEFORE IT FAILS, WILL BEC-E

MORE IMPORTANT AS DEGRADATION AND DRIFT FAILURES BEGIN TO. PREDOMINATE. NEW I
DIAGNOSTIC TGOLS ARE NEEDED TO DETERMINE T.HOSE PARAETERS WHIof ARE PRE-

CURSORS OF DRIFT FAILURES, AND RAPID METHODS FOR THEIR MEASURE.VENT. ThiS

IS PARTICULARLY TRUE OF THE NEW TECHNOLOGY OF MICROHLECTRCNICS.

ALTHOUGH THERE HAVE bEEN MANY STUDIES OF VARIOUS THEORETICAL APPROACHES

TO OPTIMUM FAULT LOCATION AND AUTOMATIC CHECKOUT TECHNIQUES, FEW, IF ANY,

HAVE BECOME CONVERTED TO OPERATIONAL HARDWARE. ThIS IS BECAUSE T-CRE

ARE EITHER NO QUANTITATIVE MAINTAYNAILITY REQUIREM NTS TO BE MET, OR TIIL

AND COST CONSTRAINTS PREVENT THE DESI GN OF THE OPTIMM ,AIINTEN; c. 3YSTEM.

AS SYSTEMS INCREASr IN COMPLEXITY AND QUXITITATIVE MAIrTAINPO ILITY ,

MtNTS BRCOMt THE RULE PATHER THAN THE EXCt!PTION, WC SHALL SEE GPEATU,'

APPLICATION OF THE TOOLS OF FAILURE DIA0N4SIS THAT HAVE bEEN LANGUIStIN;

ON THE SHELF. IF THE TECHNOLOGY CONITINUES TO EVOLVE AS RW4LIDLY AS IT

tAS OF LATE, T1HIS AREA MIGHT FIND ITSELF "LEIJFROGD' iY THE CSIGNER'S

ABILITY TO (*SIGN AROUND FAILURES THkOUGH APPLICATION ({F TECHNIO-L.S SUC,

AS REW:LDANCY AN AAPTIVE MEOHANiSI6.

17
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REDUNANCY HAS BEEN~ 7HE SUBJECT 0t EX 13 VE STUDY DU IN THE PAST

FEW YEARS. AMVHEMATICAL MODELS CORRElJTING RELIABILITY WITH VARiOUS

FACTORS SUCH AS NUM3E.7 OF REDUNDAINT 'I. NTS EQUIPM',ENT LEL LEPET

EWASZMBLY, MODULE, ETC) OF APLICA~IoN E70,%i N V2L? TO

HIGhLy SOMISTICATED DEGREES. UNFORTU:C ATELY, LIKE rrhE5 WEATHER, ALTK)4UGH

MUCH t-i FkAS BCER SAID ABOUT IT TFHE.RE. ARE FEW CONCRETE EXXAPLES OF /kNYBODY

*DOING ANYTXING ABOUT IT. SIMILAR TO FAULT LOCATION, TH ER= PAE *rECa\UQUES,

ON-THE-SHELF, CRYING TO BE USED. THE'! WILL NOT 6~E USEDp, HOW EVER, UNTIL

THE COM91NED EPFFECTS OF INCREASED S' c.TZMr CCXPLEXITY %0 HIG.'.ER RELIABILITY

REU \ -TL OVERTAKE THE RELIABTL!Tty TH-AT ONZ CAN ATTAIN FROMl SiP! EXED

co 5 c SOF COM ,PONENT PA~i'S. VO \T REDUNDAN'2Y TECHNIQUES USED 17ODAY

CONSICST OF THE SIMPLE "LA4CK-UP" TYPE IN WH!CH 5PWARE UNITS NARE PROVIDED

FOR MAPID REPLACEMENT OF TSFTiHAT HW~E FAILED. PREC,'!iNTLY, T02.VA

IT WILL F?.C3AEL rHAI Th k)~ST OF','E7N USE" C~M F~UDNY. lI

LONG AS IOVM TSIN RAPID "FAILT L0CA'TlCN AV) ,ON L>( LZ

MEN A EI AXRi TO W, 
7\TA IN' SYST. . VALIJWLALTy T7.v,~-

THER AI.

FAILED CY3 NEZNT OG Z Tli .E TfA.& L i3UCA'.F; ....

EI.E 7 .-1 2YS, C." PA&., ~ ... TQ , *,>~-

TH.Z EL.-Z A.\0 P,"' c TZ. . ,.k., . .. .. *

T-~ ORIGItWAL CE 5AILS, I N TH-. Z& .



SWI CHING ELEMENT, WE GET THE SITUATION DEPICTED HERE,

CHART 28 ON

VHERE WE HAVE PLOTTED THE PROBABILITY OF 47 LEAST ONE ELEMENT SURVIVING

AGAINST THE RATIO OF DESIRED OPERATING TIME TO MTBF OF THE SIMPLEXED

ELEMENT. EVEN IN THE IDEAL CASE, IT CAN BE SEEN THAT THE;NUMBER OF UNITS

REQUIRED FOR A GIVEN RELIABILITY MAY BE IMPRACTICAL OR UNECONOMICAL IF THE

DESIRED MISSION TIME IS MUCH HIGHER THAN THE MTBF OF THE SIMPLEXED UNIT,

CHART 28 OFF

WZiEN ON- tA)S TO THIS THE FACT THAT ANY FAULT SENSING AND SWITCHING ELEMENT

HAS A FINITE FAILURE RATE, ONE RAPIDLY REACHES THE POINT OF DIMINISHING

RETURNS IN TERMS OF PRACTICAL APPLICATION OF THIS APPROACH TO ACHIEVE

LARGE INCREASES IN RELIABILITY.

BY i970o, REDUNDNCY WILL BE COMBINED WITH CRUDE SELF-REPAIR SO THAT AS

A BLOCK FAILS, THE FA14VRE IS NOTED, AND THE FUNCTIONAL BLOCK IS AUTOMATICALLY

REPLACED, E.G., LIKE CIGARETTE PACKAGES IN A VENDING MACHINE. ON TH!

OT-ZR HAND, IF ENOUGH BLOCKS WERE IN A REDUIDANT CONFIGURATION, THEY MIG.T

BE PERMITTED TO FAIL AT A FINITE RATE (LIKE BODY CELLS) UNTIL 'A 4

POINT WERE REACHE;D AT WHICH TIME THE FAILED ELEMENTS MiGHT AL". .

WITHOUT CAUSING SYSTEM FAILURE.

TO SU1A1A.IZEfWE HAVE DISCUSSED THE VARIOUS CrATEGORATICNS ..5

DETERMINANTS OF MAINTENANCE; SHOW THE MAThEMATICAL RELATIONSH."PS k'.O

MAINTAINABILITY. AVAILABILITY, RELIABILITY, AND EFFECTXVE $SS; AND Z.4? ASiZZD

THE DIFFENCE BETWEEN PAINTENANE AO MAINTAINABILITY. FUTC'H. "T AVB

DEVELOPED THE TIREE MOST IMPORTANT PROBABILITY DISTRIBUTIONS - EXPONEIAL,

19



NORMAL, AND LOG NORMAL, AND HAVE SHOWN THEIR RELATIONSHIP TO RELIABILITY

MAINTAINABILITY, AVAILABILITYo AND EFFECTIVENESS. WE HAVE DISCUSSED THE

IMPORTANCE OF THE PARAMETERS - MEAN AND VRIANCE IN DESCRIBING PROBABILITY

DISTRIBUTIONS. WE HAVE DISCUSSED THE IMILEMENTATION OF A MAINTAINABILITY

PROGRAM FROM THE STANDPOINT OF A CUSTOMER,AND A CONTRACTOR. FURTHER WE

HAVE DESCRIBED THE ACTIVITIES OF A DESIGNER IN A CONTRACTOR'S FACILITY

AND HAVE EMPHASIZED HIS IMPORTANCE IN THE ACQUISITION OF NEW MATERIEL.

AND LASTLY WE HAVE DISCUSSED SOME OF THE PROBLEM AREAS IN THE FIELD OF

MAINTAINABILITY ENGINEERING AND MADE PREDICTIONS AS TO WHEN THESE MAY BE

SOLVED.

THANK YOU.
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DEPARTMENT OF THE ARMY

U.S. ARMY MOBILITY EQUIPtENT CENTER

Maintainability Engineering Program

in the

Equipment Development Phases
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DESCRIPTION OF WORK PERFORMED
MAINTAINABILITY

I. Maintainability. Maintainability is expressed as the combined Features that

have been designed into an end item which facilitates the accomplishment of checking,
adjusting, troubleshooting, servicing, repair and overhaul with minimum time, skill

and resources in the planned maintenance environmernt; all of which through evaluation
and test is expressed quantitatively to determine whether the item meets quantative
maintainability requirements.

2. Authority.

! AR 11-25 Reduction of Lead Tim.,

AR 700-20 Type Classification of M-.teriel

AR 700-35 Product Improvement of Mc.'eriel

AR 705-5 Research & Development of Materiel

AR 705-26 Maintainability Program for Materiel & Equiprment

MOCOM REG 705-1 Specific "In-Process" Review Points in Materiel
Research & Development

MOCOM REG 715-8 Management, PEMA 4900 Production-Base
Support Program

ERDL REG 70-3 Preparation of Certificate to Support Typo
Classification of Materiel

ERDL REG 705-4 In Process Reviev~s During Development

ERDL REG 705-14 Interdepartmental Participation in the Development
and Standardization of Engineer Materiel

3. Work Source.

R & D Schedule

In Process Review Schedules

Army Materiel Program (AMP)

Production Enginering Measurm Contracts

iJ



4. Procedures.

a. In-Process Review Evaluations.

At each item review phase, as listed in the ERDL In-Process Review
Schedule, maintainability engineers and technicians analyze the item and prepare an
evaluation report on the adequacy of the maintainability characteristics of the item.
Maintainability engineers and technicians contact project engineers and review
available requirements statements, concept layouts, drawings, specifications, test
duta and equipment hardware in order to provide to the project engineers a main-
tainability evaluation which contains as appropriate, maintainability requirements,
predictions, trade-off improvement change recommendations and/or comments and
interpretations on the maintainability contents of the reviewed documents. The
maintainability program follows the equipment development phases as outlined in the
following paragraphs.

(1) QMR or SDR Phase.

The QMR or SDR is an approved statement of a military need
for a new item, system or assemblage, the development of which is believed feasible.
These documents indicate the general overall equipment life and. maintainability
requirements of the items to be developed including such performance and availability
characteristics as allowable downtime, Mean-Time-Between-Failure (MTBF), mission
time, turn-around-time, allowable corrective and preventive maintenance, available
maintenance skills etc. These documents, in draft form, a;e reviewed by maintain-
ability engineers and technicians and comments and interpretations submitted as to
the practical validity, of these requirements and highlight the maintainability problem
areas.

(2) Eng;neering Design Phase.

This phase includes concept studies, feasibility studies,
Technical Development Plans (TDP's) and engineering design. These documents are
reviewed by maintainability engineers and technicians and comments and recommenda-
tions are made as to the maintainability suitability of the proposed designs.

(3) Engineering Prototype Phc 3.

The engineering and/or service test prorotype stage includes
procurement and test of the test model. The Purchase Description is reviewed by
maintainability engineers and technicians to assure that appropriate maintainability
requirements and tests are Included and when required technical assistance is provided
in monitoring the contractors maintainability effort. Similar assistance is provided for

L Production Engineering Measures contracts. When the prototype mocel is available,
It Is completly disassembled under simulated field conditions and a formal "Maintain-
ability Study" Is conducted on the item as outlined in paragraph 4b bel3w.

-2-
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b. Maintainability Engineering Studies.

In-house maintainabilitystudies are performed on selected items of equip-
ment where it is anticipated that major breakthroughs in maintainability can .e mode.
The selected item is completely disassembled under simulated field conditions and a
formal "Maintainability Study" is conducted on the item by maintainability engineers
and technicians using the "Trade-Off" technique as developed by the National Security
Industries Association, Maintenance Advisory Committee, Maintenance Reliability and
Mai-ntainability Panel. The "Trade-Off" technique is such that each particular design
feature change that is desirable from a maintainbilitystandpoint is considered individually
on a " or "t-oded-off"", through a numerical value weighting
s temin terms of-the effect of the change upon any and all end-item weighted functional

parameter This completed study provides the project engineer with a means to conven-
ie, ,ly make a decision on the relative merits or demerits of each proposed maintainability
improvement change.

c. In addition to the maintainability effort directly connected with the
equipment development cycle, the maintainability function includes certain other
activities as covered by the following paragraphs.

(1) Maintainability Data File.

Maintainability data on equipment and components is collected
for future dissemination and use on other developments. Equipment and component
maintainability studies and test results are made available to designers of other equip-
ment as appropriate. This data will be correlated and assimilated into the data systems
developed or approved by the Army. The data includes obtainable feed-back data
from users for use in upgrading next generation equipment maintainability and for
evaluating the effort that was conducted during the development cycle.

(2) Training.

Through attendance at seminarm sponsored by other
Government Agencies and commercial companies and by participation in the
"Maintainability Team Evaluations" project engineern are afforded the opportunity
to broaden the maintainability effort.
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