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ABSTRACT

This repoxt presents a compilation of papers presented and discussions
record.d at the Army Technical Meeting on Quantification o Maintainability
During Research and Developumest of Materiel sponsored by the Chief of Research
and Development at the Pentegon, Washington, D. €., 19 July 1965. Several
other pepers which were not prescuted at the meeting due to such factors as

late submigsion are also included herein.
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TO: SEE DISTRIBUTLON

1. The subject of maintainablility 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 or the current state=
of-the-art and to provide an exchange of ideas in this promising field,
my office is sponso.s.ng & mucting 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 performe
ance, The requirements of AR 705-26 and AR 705-12 pertaining to maintaine
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, ’

J. The number of attendees should gencrally be limited to one per
addressee, Volunteer presentations arce cncouraged and attendees are ex-
pecte:d to have suitable experience and interests and to actively parcticipate.

4., Names of attendeaes, subjects for pruscntation and visual aid needs
should be furnishod the Office of the Chiel of Rescarch and Development
(CRD/U2) by 9 July 1965, It will be necessary that travel and TDY expenses
be borne by attendea organizations.
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ARMY TECENICAL MEETING ON QUANTIFICATICN OF MAINTAINABILITY (M)
| DURING RESEARCH AND DEVELOPMENT OF MATERIEL
1. References:

a. Department of Defense Instruction 3200.6, 7 June 1962, Reporting
of Research, Development and Engineei'ing Program Information.

b. AR 705-26, 16 April 1963, Maintainability Program for Ma.teriel
a.nd Equipment .

c. MII:-S'I.‘D-T{B 22 April 1964, Maintainability Terms and Definitions.

d. MIL-M-55214(EL), 8 Pebruary 1963, M&inta.inability Requirements,
_General; for Electronic Equipment.

2. Date: 19 July 1965, 8:45 AM. to 4:15 P.M.

3+ Place: Pentagon, 0SD Auditorium, Boom 1E801 (1 flight down from Mall
or River Entra.nce) .

mnso : Office of the Chief of Research and Development, Department
of the

5. Security Clearance: None required.

6. Attendee Informetion:

a. Experience and interests: Attendees should be Army military or
civilian personnel and should have & generally creative approach to M quanti-
fication problems. They will be expected to participate actively and to make
a positive contribution to the discussions. It is preferred that the attendee be
the incumbent of a position having the responsibility for the actual develop-
ment and supervision of the M program. Attendees should be technically
qualified in at least one of the following:

(1) Maintainability (M) Design

(2) Human Englneering

(3) Systems/Equipment Design

(4) Systems Analysis |

(5) Operations Research

(6) Msintenance and logistic support planning

INCIOSURE 1
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b. Presentations: Attenless who desire are encouragedto prepare a
formal presentaion. Tacse presentabions should generally be limited to 15
minutes. Written hzndouts (80 copies) are Gesirable bubt coutent need not be
limited to. the verbal presentation. Handouts to be distridbuted without an
accompenying formal presentation will also be recognized.

c. Arrangements: Arrangsments for presentations should be made by
contacting the Arrangements Committee prior to 9 July 1965. Vugraph, pro-
‘Jectors, screen, and easel can be made available.

7. Purpose:

&. 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 Army field commands, Navy and the
Air Force

8. Backgrourd:

~ a. References la =cd 1b prescribe policies and responsibilities
to assure the development of materiel and equipnznt of known and quantitatively
specified M qharacteristies , ircluding the following:

(1) Planning documents such as Technical Development Plens must
describe hov M will be achieved, including a specific plan for quantification
of yvu)n test plans for M demonstration (refsrence b, paragraphs Ta, T4,
and Te).

(2) Army procedures and technigues for quantifying M vill be
published (reference lb, paragraph 43).

b. The ability to quantify a.nd o measure M is of fundamental
importance. While o good deal of work has been dope in this avea with soms
measure of success, mch remains to be done before we can specify and measure
M with a high degree of cqufidence and with knowledge as to the precise
meaning of vhat is being dune.

9. Deﬁ.nition'

a. Maintainebility (M) 1s s characteristic of dssign and installation
which is expressed as the probability that an item will conform to specified
oonditions within a given period of time when maintenance action is performed
in agoordance vith prescribed procedures and resources (refererce :t.<3e

Jv
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b, Quastification of M is usually in the form of one or morve of the
Tollowing indices rather than a probability:

(1) Cexrescbive Muintenance Downtime.

(e) MNesn
(b) Hedian ,
(e) Maximum (95%h percentile)

(2) Preventive Meintenonce Dowmtime.

(&) Mean

(b) Median

(¢} Meximum (95th percentile)
(3) Mean Maintenance Downtime (Corrective and Preventive).
(%) Maintenance wen-how. [Oper~ting houz.

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

c. M is sometimes expressed in terms of a welghted check list score
as in reference 1d. However, meny of the it..s on these lists are qualitabive
and do not relate to the probavility of accomplishing maintenance in a given
time pericd.

d. Mis considered to be dependent on many veriables. These may be
generally lumped together as:

(1) Design features (including physical Gesign, human engincering,
and required support facilities).

(2) Persomael factors (including proficiency aad motivational
factors).

\3) Suppozrt fectors (including supply, test ecuipment, and
technical data factors).

10. Problex Areas: The presant stato-of-the-srt includes carbtain 500%
areas vhich tend to detract frum the abiliby to quantify mainbsinability ().
Tae net effect of these prublem creas is to make it extremcly difficult to
predict or meusure M vitlL any accurccy or even with knowledge of the precise
aecaning of the figures we are using. Problems include the following:

-




a. It ils Gifficult to evelumbe how Tax 4o go in o Ii progro,
Including how far to go in guartidication, because \‘.ne asgccilucd cons
(i.e. » added suguisition costs ve reduced support €osts ) are not well knewm

for cach of the va:cioas alternstlves.

* b. The nuzber of factors o variebles wilch are knowm to aifect M,
in sow way, iz very larga. Thare may be unknown factors. The cxact relation-
ship of M to meny of the known fectors iz unknown or else only grossly kncwm.
Ihiu is paxtlculaxly true of the factovs lnvolving huwens. In alddition, thz
1;*1.‘:);:1.1 n associated with the variebles may be waknown or huve verr ';';:13

yaxi zace (for example, the speed of mailubenance persomuel in cecrolisaing o T
speclilc task).

cs The yerbinent varisbles may or moy not be indcpendent. Further,
the relstionship of M to these variables may be cemplex (i.c., nou-linear), or
certoin vuriables may not lend taecw. .lves to expression in a methomatical sense

'&t a].lo‘

d. Certsin varizbles nay be difficudt to eoultzol or rlasure in
specific tost or use situstions.

e¢. Availsble dste on specific equipments coe usuolly limited in
guantity and not such that all the pertinent veriebles are well dofincd.

.f. M assoclated with the system is a distinct depsrndent variebl
from M of subsystems or components (the relationship being showm by =
mathematical rodel). The provlem here usuelly is gotting sufficient informsion

from the uscr to know what he really wants and what tradedffs are permissible.

-

g+ Demonstraticn of M usually involves simulation : Jaher jben achusl
operating conditions.
-
S . Technigues forr preaict ting and demoastruting logistic cnd
aﬂ.ﬁ.nisbr tive dmmumcs, wilsh ofben constitube most of the tobal dowatize

uader actual coadltions, are essentially nonexistont.

1. Prediztion axnd demrnstretion are further ccmplisatsld if it is
desired to seperate maintenance echelons.

o

J. Prediction ¢f M growth through deveicpmirt, test, and use puascs
presents further difficulties.

k. Certain inpherently gaalitative elements are diificult €o avoll
<he assessment of M.

e
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1l. Digewesion Gulde: Discussions ave to comsis$ wmainly of uninhibited,
inforinl couvarsasicas wialch will welesne ideas whebthor or not they confoxrm 60
bregent poiicies or procedures, and will iaclude the followlag:

&, Problen arcas indi-zateld chove as well as others presented by
participanis.

L. Idemsificabicn of any nzedsd b*wlwn:mu:,l}s , studies or research
with specilic recomuendations as to a course of action.

¢. Specific recimacrialions as to necded policy or procedural changes.

d. Specific reccamsndctions for procedures wiich should be followed
by the Army (using and develepirg) fieid commands.

12, Tonbtative Apends

0845 - 0900 Registraihioa.

09Q0 - €910 Welcome by Chief, Resesrch cnd Development.

0910 -~ 0915 Administrative rersrks.

C915 - 10i0 Presentations by Navy and Alr Foxrce Representatives.
*1010 - 1020 wegbicons directed $o Navy and Air Force speakers.
1020 - 1145 Presentations by Army Representatives.

1145 - 1245 Luach.

1245 - 1400 Presentations by Aray Represcaiabives.

1400 - 1425 Questions divected to Army speokens.

1425 - 1445 Soffee Srank.

145 - 1545 Open Discussion moderated by Abarchan S. Pellack, OCF
1545 - 1605 Swmrarization by Lt Colonel Geruld E. Ledserd, OCRD.
1605 - 1615 Closing remarks.
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13. Arrengemerits Commdbies: . Abwabea S. Pollack and IL Celen:l
CGerald E. Ledford, Devarxtment of the Arxy, Office of the Chief of Roonamch
end Developmant (CIR/U2), Pentagon, Washington, D. C. 20310, OX 5-6533 e
0x 7-Cskk . '
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PURPOSE

In addition to reporting on the indicated meeting, it is hoped thab “the
material contained herein will prove useful to future Army efforts in the
area of Maintaingbility including menagement of speclfic 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 logisti;:s/persomel support of this materiel in the field.

The purposebf the meeting is indicated in the 19 June 1965 » letter of
invitation from the Chief of Resemh erd Development which initiated the

meeting (and which is included in this report).

li
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| PROCEEDINGS AND REFERENCES

a. Presentations:

| The agenda, which is included herein, indicates generally how the
meeting proceeded., Each speaker submitted & paper which is included
herein (see contents) and which contains substanﬁially wihet he presented
as well as some additicnal material in some cases.

b. Other Discussions:

Lt General Williem W. Dick, Jr., opened the meeting by welcoming
the attendees. His remarks included emphasis on the importance of
materiel readiness to the Arzmy. Mr. Albert L. Jackson gave & short
summary of the Department of Defense Maintainability Program, noting that
a package of two MIL-STD's and one MIL HDBK on M should be completed

afore the end of this year. ' )

A usable tape recoxding was cvaeilable only for the discussion and
sumcrization periods at the end of the meeting, which are transcribed
herein. An incomplete list of points made at the meeting ({uring other
question, answer, and discussion intervals follows:

1. Maintainability vequirements mist be tailored to the specific

procurement .

v




2. Demonstrétion tests can be used as the start of a data pool and
point of departure for data from actual Tield operations.

3+ Required fie.f;d data should be realistic in terms cf vhat dsta
will likely be filled in at all as well as what 1s needed for retrofit,
loglstics and design.

b, Full life eycle costs need to be recognized.

5. A non.:compmntalized overall systems approach must be used
rather than attempting to optimize based ou individual diseiplines such a3
Maintainability by itself.

6. Maintainability verification should be integrated with other
tests including flight tesis, etc.

7. Further research is needed to develop a -reasonably useful ability
to quantify Maintainability.

8. A better data base is required.

9. Setting realistic operational requirexsnts do not just involve
CDC but ruiher an iterative dialogue between CDC and AMC. They olso reflect
consgideration of available dollars.

a. Other Referonce Publications:

Certain other publicutions not included herein werc available for
distribution to the attendees at the meeting or were mentioned et the wweting
&3 Luing of interest to the attendees. In addition some othicr rclated materisl
has beon distridbuted Dy meil to the attendees. Taese other relerence public-
ations are as follows:

9
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1. "System Effectiveness," Januery 1965. Address inquiries as to
aveilability to Office of Naval Materiel, Systcms Effeciiveness Braach,
Washington, D. C. (Telephone Number: Arca Code 202, O:xford 6-5120 or 6-5110).

2. '"Maintainability Study; Tractor, Universal, ZEngineer, Rubber-
tired; (UET-RT) Model III, Diceel Driven, w/Sereper Center Section," February
1963. (Uses technique based on that develened by ilztional Sseurity Industrial
Association, Mcintenence Advisory Comcidttze, Maintenonce Folizbilt y and
Maintainobility Panel). Address inquiries as to aveilobility to U. S. Army
Engineer Rescarch and Developmert Leboratories, Fort Eelvoir, Virgiaia, ATIN:
(QEFB-XT) Mr. C. L. Olson. (Telephore Number: Area Code 7C_, 781-8500
Extension 64128), |

3. Militory Specification MIL-M-55214(Zn), 8 Februory 1953,
"Maintainability Requirements, General; for ilectronic Eguinment.

4. "Maintainobility Engincering Guide," 1 iy 1984, Deoport No.
RC-S-€h-1. Address inquiries as to availsbility to Defonce Docum:utotion
Center or to U. S. Army Missile Command, Redstone Arsenal, Aicbera 35809
ATTN: (AMSMI-RCR) Mr. Charles D. Cox. (Telephone Nuiber: 875-2835).

5. "Maintenance Participation through the Daveloniont Phcse" by
MNr. Williem J. Donnelly preparec, Tor the Aray laintenance Serdner, 2. Louds,
Missouri, 13-1k Aprdil 1965. Address inquirics as to eveilatility to U. S.
Axzy Munitions Comxand, Dover, New Jerscy, ATE: ANLU-SU-C.

6. "Dovelopzant of an Indox of Electroaie laintolanuility" by
Mamus R. Manger and M. Paul Willis of Hurcn Feetors Oifice, Atzzicin
Institute for Research, Pittsburgh, Peansylvaniz, 1959. .diress fnguiries




as to availability to U. S Army Electronics Command, Fort Monmouth, New
Jersey, ATIN: (msm-wm-ﬁie) Mr. M. Bonosevich.

7. "Mainteinebility: A Major Element of System Effectivencss" by
A. 8. Goldmen and T. B. Sléttery, pfo University of California Engineering
ard Paysical Sclences Extension Series. Copyright 1964 vy thn Wiley and

Sons.
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MAINTAINABILITY MEASUREMENT

Berfore launching into a discussion of Maintainebilily Measure-
ment, one should first esteblish the terms of reference to he used
and the total context within which these terms arc to be used., This
can be & tedious process which tends to demean the listener who is
en expert in the area. However, one resl lessen wilch this author
has learncd is that in any enalytical erca, failure to carefully define
results in confusion snd misunderstendings and upon occasion, can lead
te fatal defects in enelytical approaches.

To avoid this type of difficulty, we have develcped a triad model
as a means for keening our analyses in context and as & base for our -
specific definitions., The model tekes two forms, the conceptual and
the functional. The conceptual trisd has becn presented in a nuwber of
pspers by Stone, Rohe, Jayn., and others &s well as this author.

(SLIDE #1)

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

E = PAU
s
Where: 1‘:‘.5 = Systews Effectivencss Index

P = Index of Perforasnce
A = Index of Avallabillty
U = Index of Utilization

(sLE #2)
The socond expression of the triad is that for Coct Effectiveness:
PAU
Ec = Co¥Cy
Where: ‘ E . ™ Cost Effectivencas Index

c‘ = Cogt of Acquicition
c“ n Coat of Utilisation - ond -

P, A, & U are &3 indicated in the basic
expresaion.
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(SLIDE #3)

The third expression is for the concept of Defense Effectlveness:
¥ (PaU )
E, =E, (Cla‘Lc“u—-)

Where: E Defense Effectiveness Index

d
W

Index of Military Worth
El

Indax of degrodetion of oilitary
vorth £5 a4 funclica of Lius - cud -
the remzining terzms are as pree
vious’y dezeribed

Innlicit in the comsideration of this trlied li o Pundenuai:
axlioa, "ie sole philozophical end of any givea .ilitury u,;ww is
r.*_scion ecoplishzent”, This becones emplicit tLrouzh dhe wis of
the indicea. i Py A & U the base for their indiccs is avsoliute
mizsicn accomplishment of the system. The terw W likzswise ia an
index of nission eccoxplishzent but to the somewhat broader base
of gervace nission,

7o give somewhat more su'bstance to the conceptual model, we
heve davaeloped the functional nodel triad.

SLIDE #4)

are 15 shown the funetional equivalent to the basic wpressieon
E = P.; U. Ve will como back to thiz model in a mouint.

(FLIP #1)

Yo the besic functional radel, we have added the cost fauchors,
Inodhe cud cnalysis the cost factors are taken in cogreszie. Iu.*r*“-
less, there are essoclative rclotionships bebwesn costs end the
in d.vidus.l clcnents of our baslc model struecture, In ecrlicr poucrs the
Tirst Wy or Militery Wourth waa included in the Coct u.fectiv:ne:: EXw
paession. In this model, military worth ic not sddrecsed. Thls then is tue
Awetionel cquivelont of the conceptual model Ec = PAU chowa carlier.

CotC.
e L oa cnalytiecsl atendpolnt, this ic a clecner apo"o.v prevles
L3 othav in top dofense nanggencat circlen, we find the duna oo.o Bifeetive
Yo.n belns usced to include consideraticns of military worth, It du

Al

whasre, necussary to includs those considorations in tho - \cf.ul
..*; v gre watil such tine as we oo gedn accoptance of the notica of
e .. effuetiveneas,

(- LIP #2)

e S 0 AT
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The choice between the two exprescicns will be discussecd a bit later,

Cexpleting our triad is the fuactionel model for Delense Elfective-
. The considerations of military worth 4o the service or DoD
niscion oceomplisiment and ite degradation ez a function of time are
introduced. This time degradatioa can stem from any vhase in the life
cycle of the system and is not limited to R&NL schedule consideratlons.

(REMOVE TLIPS 1 & 2)

Returning to the basie functionel model, we ind the term A as
tha cehter of the structure. This substructure has twd win steas,
mechine modules and mnan modules. Thege are held together by a character-
istic ecalled compatibility. You will note thaot zaindeinzbility is an
elemen® of both stems. For the purpuses of thils presentation, wa will
ackrowledge that maintainability of man module functions is en element
to ve considered. However, the remcinder of our time will be cddressed
to the maintainability of the machine module(s) end measurenent thereof.

In this model structure, nainbalnebility hes Leer zziparated Into
- i -~ . - »
tvo mejor areas, (SLIDE #5) repeirsbility and serviceabiliiy.

In an attempt to reduce, If not eliminate, misunderstondings,
definitions of these terms arc poziviated.

(SLIDE #6)
M:iﬁtainability - A measure ¢f the extent to which & syston can

be expected to remain in service or be restored to serviee through
maintenance action.

{SLIDE #7)

Repairability - A measura of the extent to vhich a sysiem, which
is cdown, can be restored to service through maintenunce zctlen,

- (sLmE J18)

Serviceability ~ A measure of the extent to which a system can
be expected to remain in servica through meinteinence sction.

(SLIDE #8 off)

From the foregolng definitions three things beccome quite cleer,
Tirst, we are addressing the capability for muiantensace acticn, Second,
we must be able to measure this cepebility. Thiréd - and of primavy
significance - The focus of both is minimizing downtirc. It folleows then
that we must address malantenance in terms of tine, :
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In order to attack the problem one must separate the various iime
factors. Let us look at repairability first.

While repair action can ve discretely measured after the fact,
repalr prediction or repairability must be expressed in paremetriec tern

with associated distributions. -This then leads to a probability aﬁﬂroach
to measurement. Thus repairability can be expressed &s

T
(sLioz #) P(t ¢ 1) 1’ £(t)dt
Whgt we wish to do is minimize the downtime or find

Min f., =1t +1
(SLIDE #10) v A W

Vhere

“ t 1s the downtiae,

cf
n

A sctive downtime, wad

t = welting time
W '
(SLIDE #11) In turn, both t and t may be further sub-

divided as folldws: W

1. Active Downtime

t =¢% + t +t + %
A . det diag corr verif

Waere
td . " detection time (recognized)
e
tdiag = diagnostic time (localize end isolute)

t = corrective time (disasscuble, reucve,
corr ~ replece, rouscable)

." verification time (aliguent ard checkout)

{oLIZ j12) 2, Delay Tinme

+ ;
tw = t“ tm + tp + tl + ta

ol
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Where

t, = undetected feilure deley tine

tm = maintenence technicisn delay tinme
tp = preparetion delay time

tl = logistlcs delay ftime

ta = administrative delay time

The undetected failure delsay time includas the time that the
system is in a failed state end 1s not noticed either because it is
not monitored or not indicated, or is between systez checks.

The meintenance technician delsy time includes time {o notify
technicien and for him to become avalleble to stert a zalntenance setion.

The preparation delay time includes time for tecinician to gather
tools, test equipment, menuals, etec., to start the rapalr sequence.

The logistics delay time includas the tiume required to ol
parts either on board or from an exbternal source.

| e}
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might prevent repair action from being performed.

The foregoing mskes e neat epproach to the measursaznt of reuuive
ability. Each of the contributing elements can be disersioly moasured
end quite logically add up. While they add up in logic, they do not
always add up in fact.

{SLIDZE #13)

In those instances where the mecsured eveants are erclusive thorc
is no problem as illustrated in the top half of the figure. Lowever,
when the measured events are not exclusive, as shoua in 4he bvobdiow
half of the flgure, actual down time will be less than predicted. Since
the introduced error is in the conscrvative direction, this need not
be viewved with great alarm. Nevertheless, it is en area which raquires
additional examination and analysis,

(SLIDE #13 oft)

While we do have the foregoing tools with which io aselyze pro-




blens and reinforce or support experience based intuitive Judgement,
v}

e great deal of theoretical work remailns to be done before repairebility
vrediceion becomes o scientific tool.

I~ the area of serviceability our approuccn 1s even luss sciencif

L,
thile the mechanice of designing o system with serviceability in terms of

accaselibility, test points, monitoring, ete. are falrly well understocd,
the degree to which this contributes to meintainability is not. Much
of the uighly touted preventive maintenance apo“ouch is b ~n; cuestionad
and re-examined, As with repairability, we are lackin
of generalizations of fwactions of a rather well auor»“

iy expor.enced maintainer can provide an opinion on the
sarvicetull vy end resultant meiatainedbility of
fact, he usuwally is not too far - g in hile ws
subsequent experience in his own orranization,
foirly general agreement amory the mainteirers!’
one seldom finds agreement among the revlonalcs sup:

A s s

Thie is the cnlfme facing the meintainen? |;Lv ulecr-nuL

poae 4
dav b

resent Su&gu of development of malntainabiliuy: ;n*", 1t iz ot o

clecr what distribution (if any single dist*ibuuxoﬂ vill s

proper for deseribing maintenance actions which woudl be periormed whore
clunce failures occur. There is mueh evidence to indicute thot the
lognoraual distribution is suitable or Tits many cuscs ond ’Huv the o
ponential Gistribution is sultsble in only & few. Dut there sre voric
versions of the lognormal distribution dependijz upon how aony poraseters

Cd 1%
are used to charucterize the distribution. Iuich work is going on ab <ho
prenact Sime dn thie area, Wheress the erponeniial distribution nckes
uze «f an arithmetic meantinme of the puraueter, the legnoraal distoiutlon
weite: use of a geometric meusilme of the purcmeter oxr an arithmelic woan-

AA.L
tios o the log of the peremotor, Assuming that the lognomn:l distrivution
i o pwennr one, then the exprossion for mal Sainabilily sssumss 2 nove
couplen Lo, .

TN
A

m ta» L <¢going, ore might conclude that we ore in Dretty mo
ghinz, cage disabuse your minds of that idea., Certa A*J'WS TOVE el
to do to reline the tools for measuring maintainqbi;iny ith exaelisuda,
Zar - Ane Americon Indian ouilt canoes with the drudest of luplemants

wav Junctioned for thelr purposes &s well as any buill today, We, too,
o oulld systems, using relatively crude tools, which hove maintoinebility
oo acceptuble levels, Thet we don't always do it is more atiributeble o
e user of the tool than the tool - or perhaps more te the point -
_..,‘bx sable to the designer who doesn't even bother to use tae tools
vll. A &V&ilable .
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We do know how to measure maintenance and from this can ex

lete to similar situstions by way of predicting mainteincbility. While
this is not cxact, it does provide coarse puidance, Parentheticelly
you cen spell it CQARSE or COURSE as you will, Our current press for
Systais Effectiveness effort in the Navy has as one of its objectives
the structuring of e discipline vwhich reguires use of the tool for
maintaipaoility prediction. Crude as these indices may bve, thelr use
will insure that we are in the right ball park at least. As we Decoume
nore adept in their use, we'll find ways %o sherpen their edges.

Xhrapo-

This, in brief, is how we &re approaching maintalnebilisy in the
Navy. While we ere attempting to develcp en acceptable theory of
maintainability, we are placing great emphasis on the use of the
analytical tools we do have sveiloble., "Qur prineipel concern is to
keep our maintainability work in context with owr end objective of
nission accomplishment.” We recognize that maintainzbility for main-.

teinabillty's sake is not Justified. Althoush & very irpertent ores,
nmaintainabllity is but one element of our systems effcctiveness efforts

In conslusion I feel that I should mcke our position c;ea“ with
regard to this meeting, In my shop JIH has but one ,eandngh Wational
Insfitute of Health, My principel purpose here iz not to bl 1nﬂ you

vith the Navy's brilliance in the field of meinteinability quantificetion.
Rataer, I intend to learn all I can adouv your achlevements in the
Aray. We will have no compunction vhatsoever in eppropriziing your
successes for our own use, I Just hope we're smurt suovzh to recognize
‘a success when we see it.
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MAINTAINABILITY - A MEASURE
OF THE EXTENT TO WHICH A SYSTEM
CAN BE EXPECTED TO REMAIN IN
SERVICE OR BE RESTORED TO
SERVICE THROUGH MAINTENANCE
ACTION.




REPAIRABILITY - A MEASURE OF THE

EXTENT TO WHICH A SYSTEM, WHILCH
IS DOWN, CAN BE RESTORED TO SERVICE

THROUGH MAINTENANCE ACTION?
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SERVICEABILITY - A MEASURE OF
THE EXTENT TO WHICH A SYSTEM
CAN BE EXPECTED TO REMAIN IN
SERVICE THROUGH MAINTENANCE
ACTION,
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Min tp = Tty + Ty

Where

ﬁc is the aosaﬁmsm.

ﬁ> = active downtime, and

ty = waiting time

SLIDE 1o

.
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det ¥ Ydiag * tcorr * tverif

,Qmﬁmnﬁwos tine (recognized)

diaghostic time (localize and isolate) .
corrective time (disassemble, remove, -
replace, 1mmmmmac_mm
= verification time (alignment and

| checkout)
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By = by + byt tp r t r Y
W Where |
| t, = undetected failure delay time
ty, = maintenance technician delay time
ﬁn = preparation delay time $
: T; | t u,_ommwﬁ,om delay time
w g, = administrative delay time
SupE 127
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QUANTIFICATION OF MAINTAINALILITY

I. INTRODUCTION

; ' The purpose of this.presentation'is to give to you scme of the current
Air Force thinking on the subject, "Quancif?gacion of Maintainability.” But
before the question, "How to Quantify Maintainability"?, caﬁ be answered, the
term Maintainability (M) must be rigorously defined. In 1964 the Air Force, .
other services, and the Department of Defense defined and published a M
definition, along with other terms relaﬁing to M in MIL-STD-778, "Maintaiaabality
Terms and Definitions,”

The Air Force has found this to be an acceptable and useful definition,
.although there héve been many misconceptions and perhaps some changes are
needed to clarify.the definition., Let gs-look at the definition very closely

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

II. THE MAINTAINABILITY DEFINIT;ON
Thé current definition of M in MILnSTD-778 1s: "Maintainability is a
characteristic of design and 1nsta11atiog which is expreésed as the probability
that an item will conform to specifie&'tcﬂditions within a given period of time
when maintenance #ctipn is performed in accordance with prescribéd 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 15. Ther%fore we recomhend the following defiﬁi:;on, i
wﬁich has slight éhanges for cla?;cy, be adépted: "Maintalnability is a

-

' characteristic of design.and installaé;On whiéh is expressed as the probability

1

»
~
N
'




P

that the maintenance action to restore an item to specified conditions or
to verify thar an item conforms to specifie- conditions can be completed
within a specified time period when maintenance is performed in accordance

M

with prescribed procedures and resources.'

IIT, 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-
ationY..is the first segment. M is a des;gn parameter that can be specified
and measured, and for which thE'cusﬁomer is willing to pay; The purpose of
M engineers is to influence design to achieve 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 question, "How are the values of repair -
times distributed?", particularly if you are initially trying to answer tﬁe
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; e.g., arithmetic mean, geometric mean, median, and mode.‘ So to de;er-
mine how repair times are distributed we need to plot and examine empirical
data, and use curve fitting techniques tc gain iﬂsight into the probability
density function and assoclated cumulative distribution function. Thén, bnce
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 locacién para@eters'ﬁecomes tlie basis of specifying quantitative

maintainability requirements. Thus, we see that statistical knowledge and

and abilicy are essential to M.
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(Chart 4). Looking at the following segment of the proposed definition...
"that the maintenance, action to restore an item to specified coaditions os tc
vervify that an item conforms to specified cohditionsom.", we see that the defini.
tion includes both preventive and corrective maincenance actions, as it should,
and that the cenditions~must be specified. 'Th;c 1s, 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, fo; example, as in the case of servicing a hydraulic system,
should be specified to judge conformance.

(Chart 5). The next_segment of che definition 1s..."can be completed within
a specified time period.,." M basically concerns time as an element for specifi-

cation, prediction and demonstration. 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 emeznate from time measurement a bit later, Also refarring

to the probability aspects of the definition discussed earlier, it is obvious
that "time-to-repair!" logically fits the "randem varieble" statistical requirement.,
Maintenance times are distributed according to a probability distributicna,

{Chart 6)., Now we turn to the final segment of the definition which is...
"Qhen maintenance is perfermad ir accordance with prescribed procedures and
resources." The term "resources" include tools, data, equipment, tcaining,
facilicies, spares, manpower,'and possibly others. The term "procedures™ involves
the maintenance concept and environment and policy as they affecc 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 makee it incumbent upon the procuring activity to unequivocally stipulate
contraccually'any cc;;traints imposed upon the desién in terms of limitations

on resources and to insure that the maintenance concept and maintenance envic.
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onment are clearly ideatified for thz contractor.

TV. TIME AS BASIS FOR QUANTIFICATION

There was oaa point iIn che discussicn of the definition I indicated I would
return to. Undoubtedly many of you are concerned that the definition of M is
concerned with cime as a basis of specificarion, prediction and demonstration.
(Chart 7)., Szcondly you will maintaia that our current service specificarioas,
in fact, the current deaft of tri-service MIL-STD, "Réquirements for a Maintain.
ability Progvam"” contains examples of quantitative terms categorizad as to timra,
crate, maincenanze complexity, maintenance costs and accuracy. We maintain chat
with the exception of Yaccuracy"” the lower hierarchy data base is "time" as a
weasure. The hieracchy of system models alluded to is as follows: (Chart 8)

As you can sce theve is a natural ordering of mathematical models used in the
systems engineering process in which system reliahility and maintainability
models' outputs provide input data to higher order models for logistical and
sytem/cost effectiveness decisions, and these R and M models are time-base
oriented. This then is the realm of the M engineer. In his efforts to influence
design to control maintenance time requivements, he also is affacting maintenance
rate, complexity, and cost considerations which may be derived from higher order

models, However, he cannot affect them autonomously.

‘' AVATLABILITY AS A QUANTITATIVE MEASURE

Perﬁaps we should take time also to recognize that spacifying an "avai.-
ability" requirement is an indirect way of also specifying M as seen from the
formula: Ay = MIBF However, logic and experience tell us in this

MTBF & MITR
regacd, also, that it is judicious to specify a minimum acceptable mean time

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



may meet the availabil?ty requirement with such a relarively low vaivs of MTRF
(compensated for by a low MITR) as to cause logistics and stock level problems.
Also it should be clearly statrd whether the numerical requirements pertain to
intrinsic parametefs (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, SUMMARY

Although there are many more facets to "Quantification of M" which I have
not even touched upon; e.g., statistical discrfbutions and cheir associated
parameters is.é subject of considerable magnitude. However, in closing I would
like to summarize the'main points of the presentation and pernaps offer a few
cautionary considerations for thought.,

1, Although the Air Force has found the definition of MIL~STD-778 to be
acceptablé, misconceptions based on semantics or limitations of the communicztive
arts justify minor changes for clarity.

2. The M definition is important and must be virorously defined since ali
quantification 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
ngerping statis;tcai distributions reather than a combination of goodness of fit
to empirical dacs, theqfetical Qignificance ard :racnability;

4. M basically cdncerns."TIﬁE" as a basis for quantification, specification,

prediction, demonstra:ion, and data collection. Maintenance times are the rezl




realm of the M engineer. Other M quantitative terms, not directly expressed
as time, are directly affected by time and 2manate from higher order models

to which vime is a basic darta input,

5. The use of MIL.STD-778 or its successor as a centract specification and
the DOD/Tri-Service effort to standardize yqspacificacions should significantly
reduce inter-service communction problems and the similar dilemmz that iﬁdustry
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 procuremeat based upon'proper definitions 6f terms,
Coupled with this the procuring agency wmust clearly state the ﬁaintepance concept,
maintenance environment, and any constraivis imposed upon design.

7. As a final thougéi 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 requiremencs the

effort applied to quantification will te negated.




CHART 1

RECOMMEND M DEFINITION .

<

MY IS A CHARACTERISTIC OF DESIGN AND INSTALLATION WHICH
IS EXPRESSED AS THE PROBABILITY THAT THE MAINTENANCE ACTION %0
RESTORE AN ITEM TO SPECIFIED CONDITIONS OR TO VERIFY THAT AN
ITEM CONFORMS TO SPECIFIED conblrxons CAN BE COMPLETED WITHIN
A SPECIFIED TIME PERIOD WHEN. MAINTENANCE IS PERFORMED IN ACCORDANCE
WITH PRESCRIBED PROCEDURES Anu.nzsouncﬁs."

CHART 2

"M IS A CHARACTERISTIC OF DESIGN AND INSTALLATION

CHART 3
WHICH
. : ' ’ \,
iS EXFRESSED AS THE PROBABILITY
CHART &
| THAT THE MAINTENANCE ACTION TO °
| RESTORE AN ITEM TO SPECLFIED CONDITIONS CR TO VERLFY THAT AN

ITEM CONFORMS TO SPECLFIED CONDLTLONS
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-CHART 5

CAN BE COMPLEIED WITHIN

o<

A SPECIFIED TIME PERIOD
CHART 6

WHEN MAINTENANCE IS PERFORMED IN ACCORIDANC.

WIT: PRESCRIBED PROCEDURES AND RESOURCES."
CHART 7
' M QUANTITATIVE TERMS

IIME (MZAN AND MAXIMUM MAINTENANCE nowmnm MEAN AND MAXIMUM ©.2ES .0
REPAIR ,MEAN TOME BETWEEN MAINTENANCE ACTION).

RATE (MAINTEI\ANCE MANHOURS/FLYING OR OPERATLON HOUR, MAINTEMANCE
MANHOURS/MISSILE ALERT HOUR, MAXTAHM MAINTENANCE TIME/DAY .. ORL:.).

‘ MATNTI‘\’A‘QCE COMPLEXT ""Y (NUMBDR AND SICT.LL LEVELS OF MAINTENANC: 2ELslUSTL,

VARIETY OF surrom: Equzmm)
MAINTENANCE COSTS (mmmca COSTS rm OPERATING HOUR, MANHOUR COST
PER OVER:IAU'L) : Co .

ACCURACY (TOIERM\CES OF PERFOIC&ANCB “TOLERABLE ERRORS, EI‘“IC.:.D\CY OF RERAIR).

st




CHART 8
L B SYSTEMS |
EFFECTIVENESS
i COST
r ? EFFECTIVENESS |
/ \ .
/ \.
/ \
SYSTEM \
f / LOGISTICS \ . Cod
/ MODEL \
| ’ N\
| SYSTEM .| SYSTEM f
! R M
| MODEL MODEL
| 3
TEST & DEMO
, DATA
PREDICTION
DATA
_ HISTORICAL ‘
: TREND DATA i !
; | - J
* TIME BASE ORIENTED *
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Chapter T

INTRODUCTION

The in--2asing severity of system effectiveness requirements and
increasing ».:cificity as to means o their achievement and demonstrs-~
tion has necessitated the development and application of a variety of
Operations Research techniques to the design of complex systems. Waile
OR techniques have heen employed in system design prchblems 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 mainteinability parameters. Systems effectiveness,
or the probabill .y of & system successfully performing the mission for
which it is designed, is determined as shown in Figure I-l, by the
relation between: (1) the probability of operation with respect to
engineering standards--performance; and (2) the probatility of operation
with respect to time--availability (or alternative "life" measures
such as dependability). Availebility, in turn, is determined by the
relation between reliability and maintainability, waich ultimately
are functions of a number of design and support factors.

" Historically, primary attention has been given the performance
aspects of effectiveness. In recent years, however, the observed
effectiveness of our complex systems--particularly militery systems--
has been well below that predicted. System reliability and maintaine
abllity were identified as obvious contributing factors. During the
S ‘ : 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 laté 1750's and early 196C's, the same approach
is being taken in design for maintainability. The broasd areas of
application of OR techniques to reliasbility and mainteinabllity
design which have been under study during this pericd include:

prern

"+ effectiveness requirements determination,
* redundant and multimode availability analysis,

'+ availability, reliability, and maintainability goal allocation !
techniques, .

+ design optimization, and

* complex system reliability and maintainability prediction
methodology.

él
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> A variety of mathematical tcols lhave been employed including as
shown in Figure I-2, mnalytic, prcbabilistic, and simulaotion., The
analytical models for availsbility 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 mairtainebility
litegature. Currently, probabilistic_modeling is more extensively
utiliked, particularly in the analysis of complex, multimode systenms.

The pﬁpblems 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 paver to illustrate some of the apprcaches
and tools of introducing effectiveness parameters into the system optimi-
zation process with the objective of perhaps furthering interest in v
some of the yet unresolved problem areas. Additionally, the approaches
described represent extensions of material presented in previous g
pepers on operations research aspects of systems effectiveness, , .
reliability and maintainability in references 12 and 13. The ma%Qv-“‘
topics covered are: & representative modeling approach, design-trade-
off tools, restore time statistical distributions, and aspects of test
and evaluation. :
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Analytic

. Continuous Operation--Point Avallability

S .- Y ' ' .
Ay = WEr » wmm - MW o
. . . - l - R
where: MTBF = mean time betwsen failures () = f@)
MITR = mean time to restore (u = 'M“T'%.R‘

Stated Mission Duration--Mission Avsilebility

__ MTEF
Ay = ARg = fer + wmrm (-t /MIEF)

Allowable Downtime--Dependability |
D=Py + (1P )P, =1 +exp {-(xty +utp)} - exp {-(wt))}
vhere: P =1 - exp(-te/MTI‘R)

D = dependability |
t = mission duration
ta = allowable domtime‘
Probabilistic
P(8) = P(1) 2(0) P(LJ) P(C/LJ)

wvhere:

P(I) = pruvability that system input exisis
P(0) = probability that the mlssion will ter:inate In
& satisfactory output, given a useabie hupui
P(L,) = probability that the syster vill asswis one of
J n "life" states (1.e., vericus carbinations
of system availability at the start of the
mission end railure during the mission)
P(C/L,) = probebility tlat the mission vill be comploted
v - within specific time bounds, given that the
system has assumed one of the "lifs" states

Pgsi = prodability of mission success

Figure I-2 Mathematical Tools for Expressing and Dateraining Life Characteristics

4
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Chapter II
OVERALL MODELING APPROACH

A procedural model for system effectiveness requirements detemnina-
tion, analysis and desigr is brielly ontlined in Fipuzes IV-L1 and II-2,
and Table II-1l. The proceduvre uses as mputs o tacticel requivenaont
and impoged constraints; takes cognizence of related military missicrs,
operating environment and strmeture; establishes affectivensss measwurss
and functional requirements; uesesses possible modes of operation:
evaluates alternatives of eguipment clioices; and provides criteria for
the selection of appropriate design, maintenance, and support concepts.
The general process and inmput-output relationshlps for which the method-
ology is applicable is shown in Figure I-l. The general ayproach is
principally characterized as a nmlti-stage ‘decision process with each
stage consistiug of generation and eveluation of alternutives at
successively more detailed lavels of analysis with feedback to pre\.ed:vg
steps..

As shown in Table II-l, probabilistic modeling can e employed
extensively in the mission requirements detemmination step. As can be
noted, the apprcach is to establish effectiveness in two different bhut
velated fashions: one in a mission context, and the other in a systenm
specific context. In the first case, the eflectiveness of the systea
is. treated in relation to both the threat which it ie meant to counter
-and the environment in which it is meant to function. This approach
permits evaluatinn of changes ia eacli of the three variables. In the
recond cese, the treatment of the effectiveness of a system ia terms of
1ts component espects permits evsluuticn of chanpes in various systen
effectiveness parameters and selection of &n optimm configuration.

The system regyuirements determination step constitutes a stimcturved
process for exomining missicn requirements and constraints, militery
structure and related missions, and detailed budgetary constraints on tue
one hand, and alternative system concepts and cost on the other to arrive
at-a specific set of quantitetive design and support approaches vliich
supplement previously established misslcn requirements and constraints.

The systems englineexing step is a systematic procedure for trans-
Jating mission requirements and specified design end support appraoches
into design specifications. The design and development step includes
resolution of detalled design problems, design of the persvnnel subsysicn,
and generatica of detlailed information to improve or medilfy the establil .Jbeu
requirements and design approsches. The test end evaluntion step consists
of determining if the desipgned systom satisties all imposed requiremeuts
and constrainis and arriving o.'b decisions concerning specific corrective
actions if required.

The establishing of evallebility requirements should be the result

of detailed analysis of overall system requirements rather then a
. sterile establishing of a "mmber requirement."

65




Table II-1

Mission Requirements Determination

Objective: Define functional parameter requirements which optimize
mission effectiveness.

Define mission effectiveness: P(ME) = P(T)P(ENV)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(ENV) = probebility of a given eavironmental
state
P(SE) = system effectivencss
¥(D/T) = ) = target detection probebility
P(E/D) = f, = target engagement probability
P(S/D,E) = f_ = successful target kill prouability

3
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Mission Definition
' p—Existing systems
-$Threat ' |___Alternative counter-
© Enviromment , threat concepts
]
3 -g’ Mission requirements determination =
“ j
g Availedb
] Military Mission Mission vfinds le
o structure requirements constraints H
; ~y | ‘
Syst ir te det
% ystem requiremen etermination h
o ' :
] ! i
| S Quantitative/ System Cost and ‘
% qualitative effectiveness, acquisition time
y design and performance objectives/
% support approach and availa- corstraints
§ requirements bility require-
ments ’
{ y J *
Systems engineering < —
General Detailed Design and
design perfort 1ce, development
) specifications reliability & plan
- maintainadilivy
* . ' l specifications l
: !
System/subsystem design and ]
A development e
Prototype Test and
system evaluation
|
System teat and evaluation

Operstional system

Pigure II-1 System Effcotiveness Requirements Determination,
Ansiysis and Design
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Table II-2

System Requirements Determiration

Data requirements B SOURCE FORM
Criticality code: H high’ a
M medium 8lul o : 8
] B o =1 o]
. HE 8 R8| |o 815 5l 5812
CATEGORY ' Availability code: H high bt N ] et g 1 Bt B ST R B R S
I M medium ’&‘E“’%?*&s’éﬁigﬁﬂﬂm&%
V@ H I o 1
A E SRR RN
Ola|=|olE 2|2 5|8 | &| <8 £
Performance Design Information
Subsystem design criteria data HM| X} XXX X -
Man-machine function allocation data HiLP X XXX XX X
Automation criteria data HILI X} XXX X
Molecular electronics data’ HM [X| XXX XX | XX
System degradation criteria HIL] XXX i X

Reliability and Maintainability Date
Reliability prediction data: std. designs
Reliebility prediction data: new designs
Maintainability " " std. designs
Maintainability new designs
Checkout and test criteria data
Modular design criteris data
Availebility/readiness model data

oo
2ECCHRIE

Support System Data

Menvower availsbility (no. and skill)
Logistics chennel capacities/capabilities
Repair facility capacities/capabilities

Cost Data
Cost forecasting date
Meke-buy decision dats
Performance deslign and prod. costs
Reliability des’gn and prod. gosts
Maintainebility design and prod. costs
Logistics gosts

Facilities costs

. Manpower costs

TR EEEEE
EREEEEEES
e DS 5S> pa DS D3
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RESENTATIVE SYSTEM EFFECTIVENESS REQUIREMENTS

One of the most recent avionics system readiness sPecifications
has been issued by the Buresu 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 attziaing these goals, and the meens
of proving their attainment. The specification deals with all levels of

system design and does treaet both corrective and preventive mainte-
nance.

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

hil) 2
(T log Mct)

X 2 1

log Mmax = log M et

N

N-1l

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

N 2
N (S log M )
2 ¢t
_ Z(logh . )" -1
log M Tog M, Mct 1.65 N et 5
N-1

Secondly, although the lognormal distridbution seems to fit & good amouat

of the historical data, other distributions (exponeniial, Weidvull, Erlsng,
Gaussian, etc.) better fit certain kinds of data. The changes in disuri-
bution form are functions of the: level of automatic fault isolation, the
basic eguipment type, whether it is airborne or surface, ete. It is not
the intent of this paper to establish the .- et distribution (or,

indeed, whether there is one general distridution which will be universally
applicable), so suffice it to say that there is sufficient question that
automatically assuming lognormality is not werranted. Sec 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 mekes mo proviso for varying complexity, criticality, and
such system characteristics. A second means would be to assume the
system goal as the geometric mean of the various subsystem geometric
means and allocate accordingly. This has the same disadvantage as the
nmeens above but does present a more steble measure. Still a third
means would be to assume the system goal to be the geometric mesan

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 systenm.

- o
% 5 Mct_;G o (1)
n } R

‘ G ' - (2)
no My A
1 M4
\| I s, N G Where a is & weighting factor (3)
ct
=l i o
n o ‘ . S
M) &, Mct . (&)
jul i

v

The weighting factor medtioned is developed from relative com-
plexity, failure rate, ¢riticality, use factor, ete., and is meant to
reflect the fact that items which fail most often, or are most complex
and/or important for system operation should be fixed most rapidly for
achieving least total system downtime.

None of the techniques mentioned hhe been definitively established
as the correct method; in fact, there exists the possibility that system
type or configuration may require selection from the list above. When
there is a system comprised dasically of greatly similar equipment,
the problen tends to be minimized, but when there is a diversity of
equi~ment types, functions, etc., in the system the problem becomes more
corplex. One of the requiramtl ‘for future study is to resolve this
question.
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Chapter III

RELIABILITY-MAINTAINABILITY TRADE-OFF PROCEDURES

As part of the design selection process, various trade-off proce-
dures are required to select an optimum design. One trade-off proce-.
dure which has received considerable attention, at least in terms of
methodological development, is thet between reliability and maintein-
ability to arrive at maximum availability for a specified total cost or
min‘mum total cost for a speciftfed availability. The procedure is based
upon the systematic generation of alternative design approaches for
rellebility and maintainability and determination of a veriety of parem-
eters for each approach, including MTBF, MTTR, design time, design
and menufacturing cost, size, weight, nunber and skill leve™ require-
ments for personnel, maintencnce costs, logistics costs end the like.
The steps of the procedure ere:

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 anslysis step to establish a framework of
mission and design goals and constraints forming the
boundaries within which design alternatives are to be con-
-8idered;

‘3. Determination of the design end support parameters asso- J
- ciated with a "standard design" or a starting point desigm
assunption including MTBF, MTTR, design, production
and support costs, and physical parsmetexrs;

J&.‘ .Determination of trade-off requirements through comperison
. of the standard design parameters with spe-irfied goals;

5. A trade-off analysis step consisting of generaticn and eval-
wation of aiternmative reliability and maintainability design
approaches to determine a set of approaches vhich optimally
satisfy the mission availsbility (or dependsbility) goal;

A final step consisting of reiteration of the trade-orf pro-
cedure based upon additional or modified design information,
to refine successively the selection of design approaches.




To illustrate the steps of the trade-off procedure, their aﬂ"l;catlm 3

to a hypothetical design problem is briefly outlined:

A requirement exists to design a tranemitter which will satisfy
an availability requirement of 0.990 and e. minirum MTBF require-
ment of 150 hours.

The "standa.rd design," based upon the use of military standard
components and & minimun prescribed maintainability design
erproach, will result in a MIBF of 125 hours, a MTTR of approx-
imately 2.T5 hours, and an availsbility of O. 978.

The design is found inadequate with respect to availability and
minimum MIBF requirements, and the selected course of action

© 18 to trade-off improvements in reliability and meinteinebility
in such & manner that the required availsbility goal is achieved
at minimum cost.

Generation of alternate design approaches within the trade-off
procedure framework results in the following cormbined sets of
reliebility and maintainability design approaches (RDA's and
MDA's respectively) which will satisfy the availability and
minimum MTBF requirements, and weight and design time constraints:

["Set
No. ' MTEF | MTTR |

1

Derating components in basic design 125
Extensive modularization and sutomatic ,
testing , 1.25

: Special design to accommodate high
reliability circuitry ' 150
;. Modularization and sem:l-autmtic
testing 1.5C

Derating and partial redundancy 200
Semi-sutomatic testing anil only limited
modularization 2.00

Use of special high reliability
components 225
t Partial emi-cutmt:lc testing and
ouly limited modularization 2.25

oe o

oo se

oo
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.
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Cost data are developed for the alternate sets of approeches
including those essociated 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 1s identified as the one resulting
in minimum total cost. '

; The three more significant problems assoclated with carrying out
the trade-out procedure are those of the actual desipgn generation
nrocess-~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 cre the calculus to find mexime
end minima of functions when adequate data are availeble to describe
analytical functions, and mathematical progremming and related tech-
niques in other instances.. The analytical solution of the tirade-off
anslysis can be illustrated by a trade-off for a point availability
requirement and minimum design and production cost criterion. The
method of enalysis can reedily 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:

®oR
Cp = ~§ *+ Cpg = £(MIBF) , (1)

Cy = =5 * Cppy = £(MTTR) (2)

C., =C = £(MTEF, MTTR) (3)

o = O T Oy
vhere: C,_ = the total per unit design and prcduction cost

increment resulting from an iviprovement in the
reliability of the "standard design"

c

R incremental reliebility desipgn cost

CPR = incremental reliability production cost

GM = the totel per unit design and production cost

increment resulting from an Improvemant in the
meintainability of the "standerd design"

;h
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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 of" Gp:. can be determined by differentiating the

expression for Cpr with resp"e‘cts.to MIBF and MTTR, end evaluating the
zero value of the resulting functiodn. The total differential is:

: o Cre
_ o T
WCpr = yrimry  AMIEF)+ Smpmy OMTTR) (%)

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

aC

aCT' o (MTTR e ' (5)
O(MTBF) = 4(MIBF) O(MTIR)

For a fixed availability relationship
MITR = K,MTEF ' (6)

vhere: K, = (1-A)/A

and

a(MTTR) = K, 4(MIEF) - (7

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

Lo wrmR (8)
AMNTEF) ~ ° MIBF  S(MIIR)

The optimization .of Cpr can also be performed by & graphic pro-
cedure. Referring to Figure III-1, the first step is to plot the line for
the required availability. This is shown in the upper right quadrant.
Next the CR versus MIBF and Cy versus MITR functions are plotted in
the lower right and upper left quadrants, respectively.

\
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. To find the total cost function, a series of projections is neces-
-sary; the first is from the availsbility 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, Cy,. From Cq , a horizontel projection is
mede into the lower left quadra%t and fro CM.. , & vertical projection
is also made into the lower left quadrant. The intersection of the two
projections defines a point, Cpi,, representing the total cost for a
particular set of design a.pproac es. Other points in the lower left
quadrant may be similarly constructed, and & curve plotted. The axis of
Cpt as indicated, is 45 comterclockwise from the Cy 8xis, and increasing
Cp:, is outward from the origin. The minimum value ©f Cp: is that point
_on the curve which is tangent to the minimum constant C v line.

Frequently the process of generating and evaluating alternstive :
. design approaches will not yield adequate data to permit development
‘of approximate &nalytical functions to represent the relations between
- and MTTR, and between C_ and MTBF. However, in instances when

- that is possible, an enalyBical solution can readily be cerried out as
outlined ebove. , i

v Comparative MTBF and cost data representative of that developed

during the reliabaility design approach generation process are illustrated
in Figure III-2. The curves which treat only parts costs for a hypothetical
transistor logic circuit indicate the relative economy of the dersting
approach over a reasonably wide range of MIBF. For the example con-
sidered, derating would represent the preferable appraoch; if deratin

cannot provide the total increase required’in MIBF, spediel paits and/or
'sequential redundancy (standby elements not operating) can be applied
-gelectively. ort ccsts (manpower, logistics, test equipment, and {
repair facilitiewg may be treated in the same menner as outlined above !
by expressing them as functions of MITR and MTEF. 1

Total reliability and maintainsbility cost minimizetion may be
carried out in the same mnner as -outlined &bove. The total cost
o:qpreniw is g:lven ' ,

°m'°n+°x*xn(°r,*crt*°n); : (9)

17
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vhere:
KD = discounting factor applied to esteblish the present
value of .annual support expenditures throughout the
life of the systen, , ;

C; = smual logisti.s cost, ,. , W
Cp = annual depot repair facilities cost, and

CH = gnnual manpower coct

Illustrative cost relatiomships for design, production, iogisﬁics,

repair facilities and manpower are shown in Figure III-3. The CR and

cK cost functions are similar to those shown in Figure III-2: _
Cq = £(EDAY) 5 G = (DA )

]

= 2(MTEF) ; G, = £(MTTR)

Since the availability or other mea.sures of probability of operation vri‘ch

-respect to time, fixes the -elationsnip between MTBF and MTIR, ¢ osts
-can be expressed: '

Gy + Gy = £(IEF, MITR)

 Similarly, logistics repsir facilities, and manpower costs can be-

ax:prenaﬁ as functionl of MTBF and MTTIR:

cL+c -r{m mp L}-x{MTm,NTBF)

°x - r{mg, mp, H) = £{MTTR, um)

‘Where:

{m‘, um\p, i} represents a corpatidie set of RDA's,
MDA's (i.e., having MTEF's and NTIR's which
‘satisfy or exceed the statad availability mquiremnt,,
and J.og:lltict policies, L .

{RDA IDA, n] Tegresents & compatibls set of £ FDA's,

MDA's nnd manning policies, H i

20
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The most commonly encountered logistics policies include:

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

KR Y

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, = modules to replace disposables and piece parts not

3 contained on modules, associated with MDA's involving .
on-line replacement to the module level and higher
echelon disposal of mcdules;

DO o

LI+ = 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 & Com Z repair facility.

The most commonly encountered mexning policies include:

Hl = meintenance performed by an operator who is not assigned
to other equipment in the event of a failure

1
il

H, = full time assignment of m meintensnce technicians to the
‘ equipment

H3 = meintenance by a pool of electronic technicians who
ms ‘ntain a variety of equipments. : :

‘The optimizing task consists of examining the compatible sets:

CT = ’.RDAg)
{$0 determine the set which result in the total minimum relisbility and
maintainability cost., Frequently it will not be possible to develcp the
continuous cost functions depleted in Figures III-2 end III-3, and it
becomes necessary to evaluaté discrete design approech and associated
logistics and menpower cost data. Although & large number of variables
must be treated, ir. woet practical system design problems, consitraints
-significantly linit the number of altermatives to be examined. Mathe-

matical programming algorithmé can then be employed to determine the
optimum solution. ‘

MDA, Ly, Hj} , . - (10)

21
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Considerable advances are required before the trade-off procedure
of this type can be used in a routine menner, not only in terms of the
establishment of standerd dste 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 thcse vhich take verious decision date deficiencies

into account.
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Chapter IV

STATISTICAL DISTRIBUTIONS

A nmumber of distributions have been proposed es being descriptive
of active maintenance actions.. The two most often mentioned are the
" two-parameter lognormel 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 nornal is a two parame‘ser distribution. Once the mean and
the standard deviation are known, the distribution is completely
defined.

X=X

() = g - 53

mean = X

variance = 0'2

B. Lognormal

The usually specified distribution, the lognormal, is e 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 definsable
relationship to the median. That relationship, when described, gives
the dispersion parameter:

2(t; m, 0) = 1/t O«Pﬂ exp - {— n? (4%)]
O

mea.n-mexp(c/a)
vhere: median = m
mean =t

in = natural logarithm




Thus, with any combination of two of the mean, the median, and the
stenderd deviation (dispersion parameter) of the logarithms the distri-
bution is described. There exis* e 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 T.)

C. Exponential

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

£(t) = A exp - (At)
viere; -
A = a positive parameter
F(t) = 1« {exp - (Xt)}
mean = 1/)
standard deviation = 1/
Therefore, knowing only the mean 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 meintainability requirements of
a system if cne assumes an .exponentisl distribution; if one specifies
the required MITR, one has specified the maximum as well.
The drawback to the use of the exponential revolves sbout 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, Weibull
The Weibull distribution tekes its name from the mun who

developed it. It is an exponential function described by the three
parameters: shape, scale, and location.

2(t) = Bla(t-v)P"* exp - {t-v)P/a)
mesn = yea* Pr (148/p)
var = /B {0 (208)/p-1% (248)/)

2
44




‘where:

| o = scale pérameter
B= shapé ﬁargmeter
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 for
"describing active maintenance actions, the location parameter is zero
since the distribution itself starts at 2ero, thus the distribution is,
for practical purposes, describable with only two parameters, shape and
scale. When the shape perameter, B, ‘equals one, the Weibull bacomes
& special case of the exponential distribution.

. .
[}

-E. Erlang
]

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

l

g(t; k) = C t - (kut)
mean = l/u
mode = %El
var = c:'2 = _}E
kp
where:

‘ k
Cy = %k;
k= skawness paramgter

The constant, C., is aaoigned so that the 1ntegral of the corresponding
function over its rangs equals unity. With any two of the three descriptors
of the distribution (mean, mode, vurinnce, or "k") the distribution is
dancribcd
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F. Comparison

Much of the empirical data compiled on active restore times
seems to fit the lognormel 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 drawbacks .
to this distribution revolve ebout 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 ‘here is a commercially
available lognormal graph paper should help in this regard. (A cumu-
lative lognormal distribution forms a straight lire 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 dsta snd satis-
fying the mean, the velue of B tends toward unity, in which case it is
merely a special case of the exponential: Further, it is not a
tractable distribution but the appearence of Weibull graph paper should
obviate part of the difficulty in establishing values of ¢ and 8.

The Erléng, too, mey be ‘oo sensitive for the date but it does
hold promise as being worthy of further investigation over a broed 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 distrioutions
of applicability, especially for describing meintensace actions on
the evolving microintegrated circuits. Systems which are diverse in
nature mey 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 & given system. Other features (use, environment, etc.) may well
influence the distributive characteristics of restore times and these
vill be discovered only after future study and research.




‘Chépter v
'.msT AND EVALUATTON
One of the major steps in the overall maintalnability program is
the determination of whether or not the established requirements heve
been met. The three referenced specifications approach the same problem

‘4n 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{ USAF)

. One method proposed is as follows

A sample. based. on the fallure 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.

.n)\.l-i'l"I'R:l

Percent of S_a.m‘ple‘ = ni‘ 1 x 100
. I. n,\,\MITR ‘
1=l B R S |
'.I'hen, uaing 8 to.ble of random numbers ; the zpecific items to be faulted
are chosen. ‘
. . The sa:qple size required is estimated from the following
. ‘ ' relationahip .
t
where:
u‘-‘sml\e size

§ = desired confidence level coefficient

© = estimated standard deviation of maintensnce
dowmntime population being sampled
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X' = estimated mean of sample population

k = desired accuracy level coefficient (l-accuracy level)

1
After the first ten samples have been run, compare the resultant =v c

ratio with that estimated and if different revise the semple smze

A second method suggested is that of sequen*ial testing
but with no further specification. Other methods which can be devn;oped
cen be submitted for acceptance.

2. MIL-S-23603(WEP)

The technique for estabiishing mean snd 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, Systen,
and Weapon. Further, the sample size is based on the pércentage 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(SHIPS)

This specification is based on proportioning a fixed sample
of 20 failures according 'to tna Percent of total failure rate of each

part category.

i, Comgarison

As stated previously, the intent of a1l of the specifications
is basically the same--proof of the predictions or establishment of the
facts with certain statistical descriptors.

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

The intent of MIL-M-26512C in establishing & 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 stendard deviation and
thus to sample no more than is réquired. ,

. Unfortunately, the semple size is besed on estimating ¢

and x. The more advanced the system, the higher is the likelikood that
the errors in estimating those parameters will be lerge. The specifica-
tion mekes allowance for this fact by showing a method for changing

28
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the original sample size as a function of evolving data in the form of a
o/:'c ratio. Depending on the sequence of testing, it becomes possible
to bias that ratio and thus to develop an Improper sample size. The
meens of obviating this potentlal problem are fairly straightforward;
assign the first ten samples on a rendom sample basis a.nd/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
ve 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
setisfy 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 meintainability 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 oceur during
system normel operation. Also, the conditions under which the rer .rs
are made will generally not represent those expected in normel 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 reascnable sample size) apportioning to system and weapon
level, and derive the basic faults to be inserted using the specification:

TO CHECK INSERT FAULT IN
Weapon Systen
/Saumple Size——PpSystem | WRA
WRA 8RA
' Actual failure
SRA Plece Parts ¢—t————gelection
29
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A second methold would follow a seq‘.e“t;al tesi, ing procedure based on
the sample Seleﬂted as above.

MIL-M-23313A tech:’:nque is somewkat different than the two
preceding in two besic ways:

-« the sample %o be selected is {ixed at 20,

the sample is based cn'thev‘propo:'tion oi’ failure rate
of any category to the total failure rate.

Using only failure rate to allocate, changes the allocation basis from

downsime contribution to frequency of occurrence. Since the measure-
ment is of downtime, it is generally preferable to choose & sample
based on the former ra.ther ‘than the latter.

Further, sinca confidence varies as n , the confidence

interval will normelly be quite large or the corfidence level quite
low.

C:L a lower confidence limit

C2 = \pper confidence limit

Yi = population mean
¢ = staniard deviation
L = number of sigma to percent devistion
B= ccﬁfidence coefficlent

‘N = sample aiag

B. Seguential s
A basic 00l which zan be used‘ most e’fféctix%ly in a test

plan is the sequential methoi of apalyzing hypotheses, Which may te
described as foliows (see Figure V-1). ‘A rule is given for making

one of the following three decisions el wny stuge of the expsrivment:

3¢
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(a) to accept the hypothesis, (t) %o reject the hypothesis, (c) to

. coptinue the experiment by meking au adaitionai cbservation. Thus,

. & test procedure is carried out sequentially s illustrated below.
On the basis of the first cbservation, ons of the aforemeztiocned thres
decisions is made. If the first or second decision Is made, the procedure
is terminated. If the third decision is mad=, a sscond trial is
performed. The number "N" of observations ragquired by such a test
procedure is & random variable since it is directly dependent upon the
outcome of the preceding observations. The seguential 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, end no

.additional sampling need be done. _ .

Given the hypothesis, H., that the restore time is less than

or equal a given value (in this Tase the design gcal), observations

- of restore times made. Based upon stetiestical analysis, the indivisual
restore times are classed as "acceptable” or "nai-acceptadle.” An
‘accumilation of results when plotted witihin the framework of the specified
parameters, will lead the decision to accept or reject the given
hypotlesis, as determined when the plctted path intercepts the respectivc
limit line.

’ The general procedure for the experimental evaluation plan
would be as follovs.

a. Speciry the test constraints for the experiment: tools,
test equipment, spare parts, skill levels, etc.

b. Specify the appropriste "time to restore" requirement: this
gox;stitates the hypothesis Hl

c. BEstablish’ “accépﬁable" and "né‘:ba.cceptable" criteris ror
individual restore times, based upon statistical arnalysis.

. d, Select P the proportion of "non-acceptable restore times"
‘ 80 am.ulthnt a total number of observations having this
proporticn 15 ccisidered acceptable. Select P,, the pro-
pwtion of "non-ac .piudbla restore times," greliter than
R of-such magnitude that a total number of ctservatious
L h}vm; thss propoction 18 considered unacceptable.

R '_iaf,_# Se].e:ct @, the risk 6f rejecting a total zusber of obser-
e T vations 3n vhich P, is valid. Select B, the risik of
' - meagtin_g & total i\mber of observations in vhich Pa,
e i. Vllid. . :

Y
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f. Construct the sequential t=8% graph, with Accept Hypothesis
end Reject Hypothesis levels as defined via Pl P2 ; O,
and B.

g. Perform the restore time test chservations unitil the decision
to accept or reject is determined by the sequential enslysis.

h. Repeat the test for various combinations of failures,
test conditions, aud other variebies es required to sinulate
operational conditions.

The specifications of the sequential test parauutiers described
above require mutual egreemen® beuween the procuring agency and con-
tractor, inasmuch as these parameters are direct functions of the
desired level of maintainability.

The successful execution of the seguential tests end enslyses
will constitute proof that the mainteinsoility goals have been achieved
within the specified level of certainty. Any deificiencies will aute-
matically call for corractive action, such as design revision, system
MTIR reapportionment, or relexation.

The quality of the test plan, of course, is dependent upon the
quality of the sample selection, the detalled analysis ol the implicsa-
tions of the test conditions, and the cereful derinition of what con-
stitutes a maintenance observaticn or simple polat (& given observation
might constitute the mear restors or repair tire for i, 2, or 3 distinct
failures). Through the use of the scquen~I®L %est procedu-e, efsiciency
of method is achieved, but the daveloprent of a manazesble teat progran
requires careful attention both in experimental aesigs, and in the sa2lec-
tion of actual experiments to be perfocrwel.

In the unlikely eventuality that no clear decision wan he muse
at the end of the sampling, the two avenues of approach lert open are:
(1) to continue until the specified rick levels are sstisfied or (2)
to cease testing and ascertain the risk level at vhich a judzmen: cen
be made and use it for reportiag purposes.

1. CPIF Contract Implication.

It is worthy of noting at tnis point ihas tha selectien

of the o B values can be used most effectlvely in o e;‘nining Teu
spread in CPIP contracts. The incentive portion of tne fue can be nmdo

to reflect not only MTTR and MMAX but also the “taiti" that the value
is ., greater than the value reported.

»




TI9POKW sisATeuy Terjqusnbog T-A aangrg

e - (N). suoT3BATaSqV 3L

gsisayqodfy ays

adsooy aInssy

— mwmmﬁoeﬂz
U3 Jo :oﬂvomﬂwh Op GNMA vﬁﬁou goEUm

mGOchbhmmno ho Hmpasc Eﬁﬁw:«z

gory] e20353Y @Tqedevne-ucN Jo Iequmy

33
922




C. Testing

‘ The goal of the previcus discussion is to derive a set of
faults to be inserted into the system and to time their remeval, For
that reason, if no other, a few words ahout ihe testing itselfl are in
order. e

The choice of simulated failures provides availgbility pre-

. ~ dictions which, in turn, presupposes a knowledge of all the types of
. ‘ potential feilures, their cousequences o the funetion of “he system,
their frequency of occurrence, and what is the approach for restoring
the system to operational statis. At & minimum, the first twe of these
(types and consequences of failvres) must be lmown in detail if the
probable maintenance task is to be asnalyzed to the degree required for
preliminery M: estimates. The frequency of occurring failures may,
_[ . of necesg#y, be based on prelijinary reliskility estimates since
! L tesgﬁ are generally conducted tefore adequate field data can te
} aacumulated. The approaches which can be ftaken in restoring the system , :
-~ to operational status should bs available in detail form. A

e The overriding criterion is that a true prediction of availability
be achieved. Thus, MTBF end MITR, the iwo independent variables,
; assume equal importance. At the time of testing, the predicted MIBF
b . should be available for all system levels, thus siding in the test
L - plan development to the establishment of MTIR and, thus, svailability.
i'f S In addition to the criterion of deriving e trus prediction of availebility,
! * - however, it should be remembered that the systam is far mere than nerely
a & vehicle ror the meintainebility engineer to apply nis talents. The
o .testing which is of such importance to him requires time that is being
i called for by other people with equally pressing problems. Further,
| the system design engineers should not be expacted tc allew thelr as-
| " Yet unproved system to have faults inserted without some guavantees that
; the system will not be harmed. That is indicaltive of another level of
criteria which can, if not met, prevent ihe aitsinment of the owerriding
ceriterion.

-

. Some of these physical or engineering criteria which ave
important to the sampling procedure ure as follows:

L. It must be possible to simulste the failures withoul
. permsnent o expansive demage to the systam. Complete
absence of damage should be the goal o the extant feasivle.

2. The maintenance ‘tasks asscciated with corrscting the
: simiated failures must e ldentical to the tasks required
5 for correcting the actual failuves.
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3. Indicator states and signals or voltages at test points
snd other monitoring points must be the same for both
similated and actual failures.

Ordinarily it is possible to simulate failures without damage

to the system. Such techniques as blocking inputs or outputs of plug-

4in modules at the connectors, or unobtrusively disconnecting lseds from

terminals are used where the fault to be simulated is characterized by

the sbsence of a signal. In other cases, the super-imposing of an

externally generated signal on & normal internal 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 anelysis. Both- .

choice of failures simulated, and simulation methods are accomplisned ,

so as to minimize the possibil*ty of unpredicteble effects and/or system -

dama.ge .

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

D. Uses of Data

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

1. .Early Program

As the conceptual system progresses, some preliminary
estimates of time will generally e made by the maintainability enalysts.
This may be in the vein of evaluating different candidates. On the
basis of some preliminary model testing andfor previous experience with
similar equipment, the designers and packegers can be advised concerning
suggested design approach changes or at least probable areas of diffi-
culty. Simulations can he run at this stage to derive predicted spares
requirements, shop requirements, and so on. Further, the MITR estimates
are used (save for MIL-M-23313) to develop.the sample for the formal test
and demonstration.
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2. Formal Test and Demonstration .

The data developed here are in one sense the most important,
since there will genarslly bde contractual decisions made on the basis
of their output. In addition, they are useable as the start ol a data
pool on the system and as a sort of base measure for use in evaluating
field usags dats. They have one additional value: & limited value in
planning system retrofit.

B e ARG g Kt o RS
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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. Unfortunetely, they are the
most difficult to gather in terms both of getting them at all and getting
ther aceurately (cluster anelysis will offen show tne tendency for

"neat" times). The tré#ditional problems associated with getting the
data forms filled out for all occurrences and filled out accurately
are appliceble here. The easier the form that is supplled, ‘the more

likely it is to be completed; The more strictly formatied the form,

the more likely thut the data will be on the same base. The final
form should reflect trade-offs among the probabilities of getting them
filled out propeily, getting correct information, being able to handle
the data simply, and so on.

'I'he data derived cen be used for retrofit and iogistics
J.nf'ormation but equally imporient, they form part of the pool of deta
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 fur't;her point is that the comparison of these data
with those of the Test and Demonstration can produce an indirect

‘measure of the maintenance process and can be used to keynote problem

axreas requiring attention.
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TEN NEW CONCEPTS FOR MAINTAYNING ELECTRONIC SYSTEMS
Ir, Edgar L. Shriver and Mr, Robert C. Trexler
AR&D MAINPATINABILITY MERTING 19 July 1965

Introduction

ey

By.way of introduction I would like to comment on how we think |
 this paper is related to MAINTAINABILITY. It is concerned with ten
new cdncepts for structuring the trouble shocting process to achleve :I
better maintenance,

vThi‘s structuring is achieved in several ways: changing the
,'documen_ﬁa:uon, the ’ﬁraining,an‘d the equipment; and all three should be
brought into é_dngruence. Traditionally these three areas are under
separate responsihilities 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
'vi:l],l be made through changing the personnel subsystem. Tre h:l.;g;hest
costs are in ;bhe rersonnel 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 melntain-
ability by modifying the personnel sﬁbsyatem and also have direct
implications for sttucturing the hardware, but that because of
‘ compartmentalization of responsibility 1mplementﬁt$.on of any of these
concepts has been difficult to achieve on a system basis,

Ten Concepts

The ton concepts discussed here ware developed im Government
agencies and in privete industry, They ‘au sten from a perceived
need for change in thq conventional apprcech to electronics maintenance

"~
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which has prevailed since World War II, when majar items of electroaic’
equipment first made their appearance,

The sppearance of these new concepts does not mean that the people
who are responsible for %raining and technical manuals and design have
not been doing their Job -~ and doing 11'; well., They do represent a
view, however, that mejor chanseé in approach to electronic maintenance
can now be made which would alleviate many problews and result in
better maintenance at lcwer cost. Each concept represents a different
plan for accomplishing major changes but all have a comron approach,

They &1l share the view that some type of equipment enalysis,
accomplished by elrctronic 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 anslyzed
equipment which, when appropriately presented to the maintenance man
(via manuals, training, or special display equipment) will result ia
better meintenance at less cost. These concepts differ from the
conventional approach in that tiey call for making an equipment enalysis
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 thev equipment into con-

. gruence with the strategy whkich means test point identification and

location, as well as configuration of'parts into trouble shoot:lhg
packages.

m;.ving the. analysis made once by experts results in reduced troudble
stooting time. The experts mst spernd sizeable amounts of time umaking

tal
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analyses’ of e'a'ch eircuit, It is easy to see how mich this adds to
trouble shooting time when it is done over and over agaln by each man
on the Job -~ while the system is inoperative, The effectiveness of

one concépt (PORECAST) has been experimentelly compared to the conven-

- tional approach in three major studies., The tested effectiveness of
tihis new concept ranged from 40% to 200%. Equal proficiep.cy was found
vhen training time was reduced by 60%. The JOMTRAIN coucept wes also

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

time reduction of 50%. Ia tests on minor itews of eguipment, the
MAINTRAIN, _ATOlvBi',y_ BAMAGAT, and SIMM concepts also shoved soxa gains over
 corwentional app’r;a.ches.
Because of the relatively high cost of the personncl subsystem, the

largest potential for savings resides in increasing perscansl effective-
ness g0 that fewer men can achieve the same or grester effectiveness.
In every concept the trouble shooting strategy is worked out in terms
of "dependencies,” This means what portions of the equipmont are
dependent: on vhat other portions for their inputs. .
The trouble shooting strategy for an electronic system recpires“ :
expert analysts to lay out the systen dependencies. A bloc.. diazran is
" one format for shoving the flow of inputs and outputs (FORECAST;. The
diegrans may be reduced to a dependency chart giving the scme inforzation
(STNS, BANAGA?, D@M). Functioual loops are ancther name for dependencies
(AroMS). Still azother formet is to list the checks to be made
according to the order established by the deperdenzies (JOHIRAIN).
Thase checks can be color-coded to relate to equipmeat areas having
the same color code (NAIMPRATN). The order inm which the tests are to

eketnge aen
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e performed can also be indicated by having them physicslly arranged on
en equiprant panel in that order (FIS?). They cen also Le read ovixt on
a card resder (MEMRI, ADMIRE). ’

Every dependency chain starts at the power supply and input
stimull 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 ocutput indications eloag the
single depeniency chein (functional loop). This 13 called oymptom
collection or loop checkout. If he gets off this chein, he is lost.
All"éoncepts make this chain clear in one way or é:nother. The trouble
saooter is not required to figure out the chain ar the checks to be rade
on. it from schematic disgrams end a knowledge of theory. Experts have
already done this and recorded the information in one format or another.

Syaptom information will, on the cverage, localize the site of the
trouble to an area vhich is approximately 5% of the system. This is
about the size of a chassis or modula, Bat it will not te a module
unleés the equipment i1s configured to conform to the trcuble shooting
ﬁtrategy. With today’s typical hardware configurations, the trouble may
be localized to a.n area the size of a chassis but tke parts ia this
urea may be apread over several chacsis.

. This 5% erea is approximately equivalent to five stages, Portable
test equipmell can be employed to further localize the trcuble to a
stege by measuring the outpu';s of one stage tc the next, Some corcepts
provide guldance in selecting these measurements; others do not; any of
thenm could provi@e it. Some formats btring the trouble shootexr to this

point without seeing the overall picture of the dependencies or loops.
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Ushis use overall pictures of the loops to guide him, The Important
Point seems to be that they all get him to this poirt withcut requiring
him té vork out the dependencies for himself. The FIST concept goeé
one step further and employs transformation. networks built ixto the
roints to te measured on ths c‘fepeadency chain in order that cne simple
but specially deaigned' test instrument is used for all measurerents.
This test instrument is the size of a man’s hat and gives a Go, lo-Go,
or no test indication. |

All concepts go this far. FORECAST goes one step furtber and
orgenizes the stages into trouble shooting blocks. This means analyzing:
the stages to identify which marts will affect which test points,
regardless of feelbacks, feedbacks and other oddball electronic exceptions
th> the simple logic of a good signal into a block,and a bad signal out’
of it means the trouble is in this hlock. This additicnal analysis
furthar reduces the. nced for the trouble shooter to analyze the circui#
and determine for himself ﬁhat he has checked vhen he mzkes a check,
It aiso makes possible the use of simple re.‘.sistence checks witkin the
trouble shooting block to find the ma.lfunctionix.as pleceeport. 4his
within block trouble shooting procedure is common to all hardvare
systens. Once traingq. in +he method, the man can use it on any systen.

This erds the summary of the comcepts, In a summary as briefd as
this, the details- of eech concept may not have received perfect Justice
but within the limits of & summary it is as eccurate as we can make it

at the mesent time -- and we feel the generalizations are essentially

caorrect,
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- These new concepts for electronic msintenance have clear

_.system-wide implications for training documentation, operations and
“equipment configuration. Ciéarly, for maximum effectiveness, training,

;documentke.tion‘and eQuipment configuration mist be brought inmto line.

Guidence for bripzing ther into line can coms from these concepts,

In oru.r to compare the effectiveness of concepts, they must be
converted to & coumon denominator, This means determiring how much of
the trouble shooting process each applies to. Formulas for making this
conversion to common grounds have been worked cut and will be publisked

as part of our report on these ten concepts,

) Eva.luating the Concepts

To be of any real value to the Army, an evaluation of any of these
‘concepts for electrénic maintenance must be made inm terms of the tosal
man-machine s&stem ©of vhich each concept is & part. Any other type of
evalugtion is worse than meaningless ~- it can be outright misleading.

Evaluation on a systems basis is_a relstively new epproach and
the methods and concepté for sccowplishing it are not cowpletely
Ideveloped, However, overall system evaluation is clearly in the
mainstream of all military (and civilian) deciaioﬁs. It is no longer
sufficient to consider the cost of a nevw item of hardwere; hardwvere
mst be evaluated iz terms of the cost /effectiveness of the systenm iato
which it fits. A lowecost hardware item may require high-cost training,
whilae & high-coét manuel 2ay actually reduce training cosﬁs by far
more than the differential cost of the menuals,




.Sub-System Cptimization

. RS

Policies for the‘ entire electronic maintenance system including
training, manuals, supply, Job duties and operations were established
when electronic equipment was relatively simple, acar;:e.and. mach less
important to ihe Army than it is today. There have been minor .
adJjustments in Job structure and unit operations resulﬁing from
changes in test equipment, logistics, etec. However, no major
feadjustment which responded to the interactions of all important
factors has taken place. One reason for lack of major recijustment
is that an inltially established structure tends to perpetuste itself
due to 1its compartmental;fgation.

There are eight Army.'égenciea and commands which have a piece of
the responsibility ia the aﬁg of electronic maintenance. All of thess
agencies work tovard the optin:i'i_zation of costs and effectiveness within
the subsystem for which they are( ‘respona:lble, but at best even with
éoorcunation this tends toward subsystem optimization. It has vecome
clear that the sum of optimized sudsystems does oot equal optimization
of the total system. For 1nstance; ninimtzing manual costs msy couse
the total systen to tend tovard maximum cost and minimunm effectiveness.

The current policy for dsvelopment of mamals is to provide the
producer a relatively rigid set of specifications for their content
and ctyic. This policy is one vhich has been very successful for the
. Jrocurement of standard items like clothing, food, nuts and bolts.

The sams dagree of rigidity and specification of detell is not used
for the proourement of items wiich require ressarch and development,
0§, ircraft and radar lyl‘b.ﬂl.
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The existence of mumerons new concepts for manuals and electronic
maintenance indicate evidence of research and development efforts in
this area. It would gppear that policies for the procurement of these
products should now shift toward those used for R2D items. This would
mean the relaxation of rigid specifications and the increased use of
coordination between the procuring agency and the prcducer of manua.ls;
This increased involvement of the procuremsut office will reguire s
high degree of knowledge and competence regarding cor epts on the part

."of the procurement office. A change in procurement policles along
these lines might .well produce increases in overall system effectiveness
compﬁrable to the improvements in sﬁccessive major weespon systems which
have oc;égrred since World war II.

'I'her'\e\_‘are so many interlocking factors, currently compartmentalized
into areas 6f responsibility that it will take time and experimentation
to play then otf egainst each other. An experimental approsch will have
to te handled 1‘3“:._‘ such & way as to provide adequate stebility for our
force readiness, yet give the necessary flexibility. The pressures for
such an spproach 1§'d. to the initiation of Task MOSAIC, of vbich a
sumary of ten new concepts is one aspect.

We alvways hear it said with grest force and sincerity, "W2 can't
vait -« ve noed a solution now.™ Yet "locking on" what appears to be
a salution now and codifying 1t in specifications can result in a new
rigid structure vhich might "lock out” still greeter advances.

The ch;lon of this is that thare should exist a siste of flux
for several years. During this period, changss should bs adopted ard
their offects studied. Mmmom:houmumtounvectm“

/07




"ultimate" solution which then becomes locked into new specifications

9

for "all time," So this peper, rather than indicating which concept is
best becomes a recommendation for further research -- but regearch in
vhich currently compartmentalized responsibilities are opened up so

that a total systems spproack to main_tainability is possible,
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THE EFFECT OF MAINTAINABILITY ON MAINTENANCE AND LOGISTIC
. SUPPORT PLANNING

Gentlemen: /
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During this presentation I will make/é;rtain proposals which I hope
will provide a base for further discuss;dg and study. These proposals
have not been staffed in AMC/SMC and gf; not to be considered as'the
official AMC/SMC bosition on the subj;ct.

My assigned subjeg: is "The Eﬁéect of Maintainability on Maintenance
"and Logistic Support Planning". éo this subject I would like to add "and
how to measure this effect." However, before we consider the results or
effecté 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 ghich. in turn, give rise to the need for maintainabiliuvy.

CHARD #1 ON

"Maintenance consists of those actions required to overcome or prevent
a lack nf,reliability. This waintenance includes both servicing and repair
dpergtions. - the servicing to prevant or delay failure and repair to
overcome tailurc.‘ In both cases, failura = lack of reliability".

Why don't we have 100% reliability - and eliminate maintcnance. 1In

most cuses, the state of the art or cost will not permit attninﬁent of 100%
reliability ‘

£




CHART #1 OFF

Note that cost is a factor in achieving reliability. But mgintenanée
actions also cost. Let's look at the maintenance costs genarated by a
lack of 100% reliability..
CHART #2 ON

"Maihtenance costs are reflected in time, facilities, equipment,
publications; snpplie; and personnel necessary to prevent, delay or overcome
inherent uqreliability." On the basis that a 100% reliable item would
operate forever with no maintenance or gervicing, all support costs are
maintenance costs. |

Can these maintenance actions be costed? They can. Our reliability
engineers can predict from experiehce 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 ofveacﬁ part with predicted unreliability,
multiplied by the number of times a specific part will be replaced during
the design life of the indiviaual end item, and this figure multiplied by
the total numbe; 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 predictgd unreliability were computed and all of thesec 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 ite@, would be staggering an@\%ka need for additional reliability or

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

CHART #2 OFF .
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and so, finally, we come to maintainability. Let's look at the current o
Army definition of maintainability,"
- CHART #3 ON '
as containad in MIL-STD 778, dateé 22 April 1964, Maintainability Termsl
and Definitions. "Maintainability (M) is a chargcteristic of design and
iﬁstallation which is expressed as a probability that an item will conform
to specified conditions within a given period of time when paintenance
action is performed in accordance with prescribed procédures and resources."
Frankly, the only thing this definition tells me is that if I can
commi£ enough resources to meet a prescribed turn around timey I have
maintainability. I will admit that an item may be maintainable under such
conditiohs and when measured only against time., I submit, also, that under
such a definition the most poorly designed piece of equipment in the Armmy
inventory can have a higher degré; of maintainability (probability of
meeting a turn around time) than the best designed piece oflequipment,
d’pgnding on resources committed.
CHART #3 OFF
1 do not believe that the definition is meaningful and I propose, in . é
lieu thereof, a definition in substance as follows: :
CHART #u4 ON
"Maintainability is a design condition resulting from the incorporation
of characteristics of design and installation which reduce the cost of

" maintenance actions to the lowest economically ‘faasible lavel."--—-
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As a corollary we might deéine'?cliability as a design condition
resuiting from the incorporation. of chafacteristics of design and materiels
to insure maximum gconomically Eeas}ﬁle trouble-free operations. .Economically
feasible means ghat the cost of further increases in trouble-free operations
would be greater than the costlofythe‘maintainability features and maintenance
actions necessgry to service op.:epgi:,tpe.equipment.
CHART #4 OFF o

Please noﬁe that the.enfire cost of an end item, including design,
procurement‘én& suppo;t can be costed in'three areas - Reliability =
Maintainability - Maintenanée.
CHART #5 ON

"Baéic design reliaﬁility cost + maintainability design cost + maintenance
action cost = total system cost". 1In some cases the design and procurement
- cost of maintéinaﬁility féatutes will be sugh that additional reliability
may be ﬁodght'at a“lesser cést. ‘In almost all cases the cost of maintenance
actions (support) will warrant intensive action to build in either greater
- reliability or greater m#intainability, or both. . In all cases, the cost
figures for reliabiiity, maintainebility and maintenance action should result
in the lowest total system logistic cost figure.
.CHART #5 OFF

I have ihdicatcd previously how maintainability affects maintenance
requirements. Li:'s take a look now of the affect of these maintenance

requirements on the maintenance support plan.

CRART #6 ON




The time requirement can affect the maintenance float, numbef of
personnel, the training requirements of those personnel and total allocation.
in TOE. Skill requireménts affect personnel authorization and training»énd
speéial tools, and facilities, Tools affect the TOE, personnel and eduipment,f
of the maintenance elements of all orgaﬁizations coqéérned. Faciiity
requirements to house and operate the maintenance equipﬁent must be computed
in the support plan.

| Pgrsonnel 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 persennel to handle
these supplies. In effect, the support plan is based on maintenance actions
requirad.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 waintenance actions.
The lowest possible logistic cost requirad to meet operational availability
requirements is a national objective. Under thesa conditions the dollar cost
of reliability, maintainability and maintenanca actions is the only meaningful
unit of maasure as to how efficiently we do our job. REMEMBER
CHART #7 ON (Same as Chart 5)

The cost of RERLIABILITY ¢+ MAINTAINABILITY + MAINTEMANCE = LOGISTIC COST.




Sy e

ATAAFATSY
LA N LAY CON WDl

the otihsre wns

(L.;.:Al:-_j ouT

-

”O —\,‘, SV AL e - i oten

e Ty .
vt b0 X0 VNV LLCOR D SN v

T I T T,
B T 2 L N I -w

— e paes et g w1 mes . , e T N T U,
Lerd s dlEaLNCE INCLULES - ~ 1 DLW ICINS AR VDR T SRR S

reryam
PR YSA

IN SO0TW Cuszs, Faiiunz

RS pys

TISWFT A AT 2P s
P' \r...na (PN .J..L"L.o. &

ZLURZ AND SZPLIR "3 OVILIILD malniis

A e e

1]
E
v:
5
O
DA
) -
£
[
{c
P
r-l
P
-2
[
.

SO Y e - .- NSO v, e
NLRCE COSTE foam oaay bt atdd  haN S

PR oy
-alon

~ --ag
.:Au-ha-

AT g e Ten
&G ‘&>Al-\-

PUSLICAYICNS

§o C..»..S: S 10

2LV
i
SLliY, o2

SNV T Te,

2103».... LNA""-\“‘\T UNLZ i

s L




e

'OF CALRACTERISVI

L0181

. .o
AN gL 72

o
o]
| aal
t“
| 25
+3
129
La)
s
&
-t

J.S R U.

Cee el ey et g tears b ammpey s M sy
[FITOIEE. IR ANELONILITISINS ) EPINS BPCRERITIO FLE NN U iy

Sora me e N emet e oy -y op - .
SLLSLIED GO ‘I*Uns WITIIIN 4 =

Vadbodar & G.Lv.“\

u‘a::IGN '"I'Om 2 IN ACCOL A\U-a

TR A
ZLESOUACES,

g L e oy == Ay
La.unbguab.;..-v M Jus \ .-.--) a.ﬁ

CalT AR ITDM WAILL CONILLM

Ay w g

DRSS T TN
- i Viselai'' Jpamat

g ey o

2 K [ ] i ol ———r e
a3 PRISCIIBED PF-OCA.‘-JJ‘&-.-‘J

TANTHTO AN
10 (‘\

P
AL

MAINTAIN "LILZ".“I I8 A DIBIGH
C3 GF DzZSIGN AND

[T AN T

s

CF

ST.‘;LLAT*O\‘ h.h. CH =D

NCT ACTIONS'TO THED LOWZSY ~GO\O 4ICIL

ITI0N XZSULTING FR0N THI IXCIOX

-

[ :
VISR RN

-L

AND

NN v
- arnNast NI

N

“.JJ.\. Uavad o

--- e
Jos Ul

:‘:as.f...u., u...V Side

uTe 5 and Y.

BASIC T
+ MATNTATNABILITY
+ MATRTZN

= TOT/L SVYeTEM

NCT ACTI

2SICN ITLIAZILITY CosT

£I8IGN CoLT

? \’OSH

CcosT

174

P B A .

P -

[o\

-~ rn Ay
COST O3

1 S A >




9% JAVHO

ONINIWVYL

STIINS

JIAIWIN

TINNOSdHd

TROEe s i e

NOILLVINOdSNVYL

MBHAHmdNUH>MWm

- d04 ONIISHL -

WDZ<AAMM>NDm
ONITANVH
IOVIOLS
SINANOAWOD
=SIyvd
INTWAD V1dTY
STTIVRNSNOD

S7100L

A1ddns

NER—— e

LOddaa

aTdig

SI(1ITI0Vd B INIRIINOL

SQAVINVLS -

VIaILIdao

I °S °V .

T 1 °4

IU. lm .m

STIVONVH FOHL

SNOILVDITa0d

0l SV NVId 1¥0d4dNS FONVNAINIVH 810344V XIITIGYNIVINIYH

4sn 40d VIgILIan
FOVEOLS
NOILVO U1

TATON

SWO1d SONVEAINIVA

717




THE ARMY'S MAINTAINABILITY DILEMMA - COMMUNICATION

N | ~ 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, DEFARTMENT OF THE ARMY .)

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

1 | "'i,‘woum LIKE T0 TAKE THIS OPPORTUNITY TO EXPRESS MY CONCERN ABOUT THE

‘ WAY THE ARMY (MYSELF INCLUDED)\"\HAS WONDERED INTO A STATE OF DILEMMA WITH
RESPECT TO TIE 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 ONE 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 MAINTATHABILITY.

I FEEL THAT THE MOST sénxous MAINTAINABILITY PROBLEM IN THE ARMY @
TODAY IS CONMJNICATION. ™ "ARR §E CAN EVER HOPE TO QUANTIFY MAINTATIN- :
ABJLITY, WE MUST BE ABLE [0 TALK ABOUT IT INTELLIGENTLY. TODAY, IT IS Co
HARD TO FIND TWO PEOPLE WHO CAN SIT DOWN TOGETHER AND DISCUSS MAINTAIN- ‘ |
ABILITY AND FOR THEM BOTH TO BE TALKING ABOUT THE SAME THING, AND FOR THEM
BOTH TO B8 IN AGREEMENT WITH THE CURRENT DEFENSE DEPARTMENT'S AND THE |
ARMY'S PUBLISHED IDFAS ON THE SUBJECT. |

BEFORE LOOKING INTO THE REASON WHY WE HAVE THIS PROBLEM, LET US

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




I7 STARTS WITH THE DEFINITION OF MAINTAINABILITY TAKEN FROM MIIL-STD-T778,
WHICH STATES: "MAINTAINABILITY IS A CHARACTERISTIC OF DESIGN AND

INS'I'ALLA'I'ION. WHICH IS EXPRESSED AS THE 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. "

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

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

OR, POSSIBLY MORE IMPORTANT TO SOME......WHAT DOES IT NOT SAY? LET'S
ANALYZE IT CLOSER.

FIRST, IT STATES THAT MAIN‘I‘AINABiLITY IS A CHARACTERISTIC OF DESIGN
AND INSTALLATION, IT RECOGNIZES, THEREFORE, THAT ALL TRUE MAINTAINABILITY
PROBLEMS ARE TRACEABLE BACK TO THE ORIGINAL DESIGN OR THE MANNER IN WHICH
THE DESIGN WAS INCLUDED IN SOME HIGHER ASSEMBLY. IT NEXT 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 GIVEN PERIOD OF TIME. "SPECIFIED CONDITIONS" ARE

ASSUMED TO BE SOME MINIMUM OPERATIONAL STATE OF READINESS, BUT NOT
MCESSARILY A PERFEC‘J.‘ STATE OF REPAIR IN ALL CASES. THE GIVEN ‘I‘INE ASPECT

,APPEARSM.‘FIRSTTOPLACEAPREMIUMONTHERAPIDIT!OFREPAIR. A CIOSE

100K, HOWEVER, WILL SHON THAT THIS IS NOT S0. THE RAPIDITY OF REPAIR I8
- TIVOLVED ONGY VAEN THIS SPECIFIED TIME 1S SHORT OR IS BEING MINDMIZED,
o I THINK THE onms'rm IS ETODEN IN THE IAST EXPRESSION -- WHEN JATN-
* ZENANGE 18 PR N ACCORDANCE WITH p BED PROCEDURES AND RESOURCES.

|




| THIS SAYS THAT YOU CANNOT EXPRESS MAINTAINABILITY UNLESS THE MATNTENANCE
ENVIRONMENT HAS BEEN ESTABLISHED. IT IMPLIES THAT THE ESTABLISHMENT OF
THIS MAINTENANCE ENVIRONMENT IS NECESSARY ONLY FOR THE QUANTITALIVE
EXPRESSION. 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,. SOME EVEN
ARGUE THAT THE STATEMENT USED IN DEFINING MAINTAINABILITY ACTUALLY
DEFINES SOMETHING ELSE ENTIRELY. SOME SIMPLY DISACREE WITH IT. OTHERS
NOT EVEN FAMILIAR WITH THIS DEFINTEION PROFESS THEY UNTERSTAND MAINTAIN-
ABILITY ANYWAY. I FIRMLY BELIEVE THAT AS LONG AS PEOPLE THINK OF MAIN-
TAINABILITY AS "THE ABILITY TO MAINTAIN" WHIQH,' UNFORTUNATELY, SOUNDS
COMPLETELY LOGICAL......AS IONG AS THIS GCES ON, WE WILL CONTINUE T0 HAVE
OUR DILEMMA COMMUNICATING MAINTATNABILITY IDEAS AND THOUGHTS.

70 BETTER ILLUSTRATE THIS, I AM GOING TO GIVE EXAMPLES OF THIS
CONFUSION BY DISCUSSING SOME OF OUR "SACRED COWS" OF MAINTENANCE IN THE
LIGHT OF THE MAINTATNABILITY AS STRUCTURED BY THE MILTT\RY DEFINITION.
PLEASE REMEMBER THAT MY USE OF THE WORD "MAINTAINABILITY" IS STRICTLY AS
DEFINED EARLIER. |

FIRST, ONE ALREADY MENTIONED, IS..... MAINTAINABILITY IS NOT SIMPLY
THE ABILITY 70 MAINTAIN. THE ABILITY 10 MAINPAIN INFERS SDPLY A MAIN-
TENANCE CAPABILITY, THIS IS THE REASON MANY PEOPLE WILL INTERCHANGE THE
. WORDS MAINTATNABILITY AND MAINTENANCE WITHOUT KNOWING THEIR DIFFERENCES,

SECOND, MAINTAINABILITY IS NOT DESIGNING FOR EASE OF MAINTENANCE.
THE TERM "BASE OF NAINTENANCE" HAS COME TO BE A CLICHE' WE ALL LOVE 70

© USB, WHAT SOUNDS BETTER THAN TO HAVE EASE OF MATNTENANCE?

3
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HOWEVER, ACCORDING T0 THE DE?INITION, EASE OF MAINTENANCE IS NOT MINTIONED |
AS A MAINTAINABILITY CHARACTERISTIC, THE DESIGNER IS FREE TO LESIGN FOR
EASE OF MAINTENANCE ONLY IF THE ALTERNATIVES EEING CONSIDERED ALL

SATISFY THE MAINTATNABILITY CONSTRAINTS SPECIFIED. IT IS FOT, THEN, THE .
MAINTAINA.‘BILIT! REQUIREMENT THAT STIPULATES DESIGNING FOR EASE Cf MAIN-
TENANCE.

THIRD. MAINTAINABILITY IS NOT DESIGNING FOR MAINTENANCE AT LEAST
COSTS. ALTHOUGH WE ARE ALL OBLIGATED T0 WATCH COSTS, NOT ONLY FROM THE
ACQUISITION STANDPOINT, BUT FROM THE TOTAL LIFE COST STANUPOTNY, THE ACT
OF PROVIDING LESS COSTLY MAINTENANCE CANNOT BE CONSIDERED INTEGRAL TO
THE MAINTAINABILITY FUNCTION, ACTUALLY, TO MEET THE TTME CONSIRAINT 0

. SA.TISFACTORILY MEET THE MAINTATNABILIT? REPATR ™IME REQUIREMENT, WE MAY
L'BE FORCED TO DEMAND A MORE EXPENSIVE LESIGN, A MORE COMPLICATED AND MORE
’cosmr SUPPORT EQUIPMENT, AND A MORE EXTENSIVELY TRATNED TECHNICIAN,
DESIGNING FOR A REASONABLY LOW COST OF MAINTENANCE IS A GOOD DESIGN GOAL
AND A SERIOUS REQUIREMENT; HOWEVER, IT CAN BE READIZY SEEN THAT IT IS

 NOT THE MAINTATNABGLITY REQUIREMENT, PER SE, THAT REQUIRES THIS.
 AvoTEER THING THAT MAINTAINABILITY IS NOT..... MAINTAINABILITY IS
NOT DESIGNING FOR MINDMR MANPOWER REQUIREMENTS. DESIGNING FOR A REQUIRED
‘QICK RBSPONSE MAY VERY WELL INCREASE THE CREW SIZE.

THERE ARE OBVIOUSLY MORE OF THESE TYPES OF EXAMPLES; HOWEVER, THE
~ FOINT I WANT 70 m I8 THAT MILITARZ MAINTAINABILITY IS NOT A SUMMATION
ormmmmosmmm aoonmnmmmas. mmmn.mzsm
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 THE MAINTENANCE ENGINEER,

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

TRIED AND TESTED TRUISMS CONCERNING THE BEST PHILOSOPHIES FOR CEITING

THE MAINTENANCE FUNCTION PERFORMED UNDER FTRLD 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 SUPPORT THE CLAIM THAT COMMUNICATION IS A SERIOUS PROBiEM WITH
MAINTAINABILITY IN THE ARMY TOPAY. THE FACT THAT THERE ARE PEOPLE SIT-
TING TOGETHER TODAY IN THIS VERY ROOM WHO HAVE DIFFERENT INTERPRETATIONS
OF THE BASIC DEFINITION OF MATINTAINABILITY ALSO SUPPORTS THIS CLAIM. AS
IONG AS SUCH WIDELY DIFFERENT INTERPRETATIONS OF THE TERM CONTINUE, WE
CAN EXPECT THE ACTIONS ACCOMPLISHED UNDER THE FUNCTIONAL HEADING OF

» MAINTAINABILITY TO EE JUST AS WIDELY DIVERSIFIED.

IF WE ACCEPT THE DEFINITION THAT THE MAINTAINABILITY OF AN ITEM IS
A CHARACTERISTIC OF DESIGN AND INSTALLATION, REGARDLESS OF THE MANNER
CHOSEN TO EXPRESS IT, THEN WE MUST REJECT THE HYPOTHESIS THAT THE PRE-
SCRIBING OF THE GIVEN PROCEDURES AND RESOURCES FALLS WITHIN THE DOMAIN
OF THE MAINTAINABILITY FUNCTION, IF WE ACCEPT THIS HYPOTHESIS, THEN WE
MUST DISAGREE WITH THE BASIC DEFINITION WHICH MAKES MAINTAINABILITY THE
PRIVATE AND UNDISPUTED POSSESSION OF DESIGN. IN THIS LATTER CASE, WE

WOULD RE-DEFINE MAINTAINABILITY AS "A CHARACTERISTIC OF DESIGN, INSTARL- ;
ATION, AND MATNTENANCE ENVIRONMENT." HOWEVER, IS THIS WHAT WE VANT? WE
ALL RECOGNIZE THAT PROCEDURES AND RESOURCES HAVE LONG BEEN THE DOMAIN OF
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HIS INTEREST IN THE TECHNICAL PUBLICATIONS REPAIR PARTS, TOOLS, 1EST
EQUIPMENT, ETC., ‘ IS TRADITIONAL., THE MAINTENANCE ENGINEERING FUNCTION
ESTABLISHES THE MAINTENANCE PHIIOSCPHY ANT EXVIRCMMENT, OR IF YOU PREFER,
THE MAINTENANCE PROCEDURES AND RESOURCES. MAINTENANCE ENZINEERING |

ESTABLISHES THE BASE LINE FROM WHICH THE TESIGNER MUST STARTY IN ASSURING

THAT HIS DESIGN PROPERLY CONSIDERS MAINTENANCE. IT ALSO ESTABLISHES TWE

BASE LINE FROM WHICH THE IESIGNER MUST START T0 ASSURE THAT REPAIRS THAT

MIGHT BE NECESSARY, CAN BE ACCOMPLISIED WIIHIN THE TIME CONSTRAINT,

THIS IS THE DESIGNER'S CONTRIBUTION TO MATNDAINAECLITY, TRATS-OFFS

| BETWEEN MAINTENANCE REQUIRRMENTS AND MAINTATNABILITY ARE COIGION. MATN-
TAINABILITY THEN IS MEASURED, BASED ON TWE ORIGINAL BASE LINT ESTABLISHED
BY THE MAINTENANCE ENGINCERS, THIS IS BASICALLY A COMMUNICATIONS PROALEM,
WHAT WE NEED IS A GOOD STATEMENT OF INTENT AS T0 WHAT THE ARMY NOW CON-
SIDERS TO BE THE PRIMARY DOMAIN OF MAINTENANCE, THE PRIMARY DCHAIN OF
MAINTENANCE ENGINEERING, AND THE PRIMARY DONAIN OF MAINATNABILITY. MOST
IMPORTANT WOULD BE THE ESTABLISHMENT OF A CLEARLY DEFINED INDSRFACE

BETWEEN MAINTAINABILITY AND MAINTENANCE ENGINEERING. THIS WOULD SERVE
TO CLARIFY THIS WHOLE PROBLEM, AND WOULD SERVE 7O PLACE MATITATNASILITY
RESPONSIBILITIES MORE ON THE DESIGNER, WHILE REQUIRING KIM M0 REALIZE
AND UNDERSTAND HIS INTERPACE WIH THE MAINTENANCE ENGINEERS.

i PSR A G NN R 42557

10 WE, AS THE ARMY'S MAINTATJABILITY WORK FOKIL, CONNGCT OUR MAIN-
TAINABILITY PROGRAMS STRICTLY IN ACCORDANCE WITH THE DEFINITIONS OF MIL~'
STD-TT8 AND AR T05-262 OR.vso..D0 WE ALTER THEM A LITRLE AND CONSIDER
MAINTAIRABILITY LESS OF A DESIGN PARAMETER AND MORE OF AN OPTIMIZATION

OF THE MAINTENANCE PROCEDURES AND RESQURCES, THE ¢OB THAT MAINTENANCE
ENGINEERING HAS BEEN DOING FOR YEARS?
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I SUBMIT THAT, UNLESS A CLEAR-CUT DISTINCTION IS MADE BETWEEN
MAINTATNABILITY AS A DESIGN CHARACTERISTIC, AND MAINTATNABILITY AS A
FUNCTION OF THE MAINTENANCE ENVIRONVENT, AND PROPERLY RECOGNIZED AT ALL
LEVELS, MAINTAINABILITY WILL BECOME MORE OBSCURE RATHER THAN MORE PRO-
GRESSIVE, AND QUANTIFICATION FACTORS WILL BECOME MZANINGLESS.

WE CAN REMOVE THIS SERIOUS DILRMMA TEROUGY IMPROVED COMMUNICATIONS.
IMPROVED COMMUNICATIONS, HOWEVER, MUST BEGIN WITH A VOCABULARY WITE WORDS
MEANING THE SAE 7O ALL USERS.

AS A STARTER, I WOULD LIKE TO PROPOSE THE FOLIOWING:

1. THAT THE GENERAL TERM "MAINTATNABTLTT!" BE CONSIDERED BY
THE ARMY TO RECOGNIZE NOT ONLY THE CHARACTERISTICS OF DESIGN AND INSTALL-

. ATION, BUT ALSO TO RECOGNIZE THE INFLUENCE OF THE MATNIENANCE ENVIRONMENT.

2. THAT THE GENERAL TERM "MAINTAINABILITY" BE CONSIDERED AS
CONSISTING OF TWO MAJOR FIELDS OF INTEREST: MAINTAINABILITY ENGINEERING

AND MAINTENANCE ENGINEERTNG,

3. MAINTAINABILITY ENGINEERING WOULD ENCOMPASS ALL MAINTATIN-

ABILITY CONSIDERATIONS ASSOCIATED WITH DESIGN CONFIGURATION, RELIABILITY
ENGINEERING, HUMAN FACTOR ENGINEERING, STANDARDIZATTON ENGINEERING, AND
OTHER USUAL CONSIDERATIONS ASSOCIATED WITH DESICN IURTNG DEVETORMENT.

b, MATNTENANCE ENGINEERTNG W\"LD ENGOMPASS ALL MAINTAINABILITY
CONSIIERATTONS ASSOCIATED WITH MATWIENANCE FHILOSOPHY, MAINTENANCE PRO-
CEDURES, MAINTENANCE RESOURCES, SUPPORT ENVIRONMENT, SKTLLS, AND SUPPORT

- PLANNING IN GENERAL.

S. FORMAL CHANNELS OF COMMUNICATION »UST FE ESTABLISHED BETWEEN
THE MAMINABJIJT! ENGINEERS CONCERNED WITH THS CESIGN AND THE MAINTENANCE
ENGINEERS CONCERNED WITH THE SUPFORT REQUIREMERTS.

L

' re




DATA EXCHANGE IN BOTH DIRECTIONS IS A MUST IF MAINTATNABITITY IS 70 BB
ACHIEVED TQ SATISFY BOTH DESIGN AND SUPPORT.

IF THIS GROUP LEAVES THIS MEETING THIS AFTERNOON WITHOUT A COMMON
UNDERSTANDING OF THE DEFINITION OF MATNTAINABILITY, THEN I FEEL TEAT MUCH
OF THE TIME AND EFFORT EXPENDED IN HOLDING THIS MEETING HAS BEEN WASTED,
IF, ON THE OTHER HAND, VE CAN AT LEAST ACCEPT THE FACT THAT THE DEFINITION
DOES EXIST, AND ACCEPT WHAT THE DEFINITION SAYS AS BEING WHAT WE CALL MAIN-
TAINABILITY, THE MEETING HAS BEEN WORT:VHILE.

I SERTOUSLY FEEL TEAT WE MUST D ROVE OVR MATKTATNABTLITY COMMJNICATIONS
EEFORE ANY QUANTIFICATION NUMERICS WILL SE MEANINGFUL. I TON'T HAVE THE
FULL ANSWER 70 THIS DILRMMA. I WILL, HOWEVER, DO WEATEVER I CAN 70 BELP
THE ARMY GET THE ANSWER. |

ACHIEVED MAINTAINABILITY

" * \."‘ - Pd M
Design
| Configuration Supportability
Maintaioabilicy Maintenance
Enginsering Engineering

/126
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SOME PROBLEMS IN D&EFINING
MAINTAINABILITY AND ASSOCIATED TERIS

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 and which
requires a term to specifically define and delincat: 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 document}
which established this meeting exhibits a rather comprehensive aware-
ness of this difficulty.

Unfortunately, this difficulty is not restricted to the2 woxrd
"maintainability" itself but extends to many terms which ats a

necessary part of that area which is connoted by the term "meintsin-
ability",

REFERENCE DOCUMENT

A "Proposed Military Standard for Definitions of Terms on aystem
Bffectiveness” has hcon recently circulated for comment.? Since Hie-
quent reference is made to this proposed standard it will be convgn-
ient to refer to it as the "reference document" horsin.

DEFINITION VERSUS "“QUANTIPICATION"

Definitions of technical terms are almost always quaantitative
definitions. In many cases the definitions are exclusively quantita-
tive (i.e., the definition of a dync). In other cases, the dafinicion

| Teahnlaal Nest! titieation of Malntalnabidity (i) Ouring Reseersh and
* mlomt«lu " nuhm‘m undated MIM’M!) 1965)

2 Pertinent excerpts of tha writerts cenments en thie prepos: ' ~tendard m‘hln. elroulated
a8 & separate document,
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may not, in fact, delineate quantitative values, but impiy that
measurement is possible and that t.uly quantitative terims are
available or can be easily defined as needed, For example, the
definition of mass implies that it can be measured and that suitable
units for such a measurement either exist or are definable,

To paraphrase Lord Kelvin, a non-gquantitative definition i=
almost useless in any technology. In the field of maintainability
this statement is no less true., The word "maintainability" and a
host of texms which are needed within the field xrequire quantitative
definitions if anything meaningful is to be made part of the require-
ments for an item and if something constiuctive is therchy achieved.
Otherwise, the situation - "- the contractor shzll use the best work-
manship ~" will prevail,

The need is clear. Unfortunately, there are :owc peoave diffi-
culties in achieving these definitions.

DUALITY IN MEAMING OF MAINTAINABILITY

Maintainability is a term which has at icast two cutirely dis-
tinct meanings. First, it denotes the area or techaical ficld which

.is being discussed. Second, it dcnotes som: (hopefully) quantitative

attribute of an cquipment or a wan-machine complex. In this respect, H
the term “'statistics™ dsnotes both the technical field and

some specific concepts or items within that fiecld, Such a duality of

weaning, in gencral, causes ne serious awbiguity and, at worst, is

an occasional mild annoyance. Hence, the writer in no way objucts

to this duality. Howevar, it is important that this duatity ve re-

cognized and that separate definitions be sccorded to each sense.

It is not the purpose of this paper to present selutions to thes.

"difficulties but to delineate them to facilitate and stimulate dis-

cussion, .

MALSTAINABILATY IN THE FIRST SENSE

“Definlng waintainebility in the first sense presents ne diffi-
culties which are not inhoreat in defining any ficld. The writer
does not wish to minimize these difficulties, ie simply wants to
distinguish this type of difficulty from the type of difficulty which
is encountsred in attempting to define maintairability in the sscond
sense.

The difficulties in defining o €leid ars contered around the
basic inability to delincate o compiox situation I» conclise teras.
This has long been rscognizod and various expedicncies have been used.
In geucral, tiic layman has some vaguo (usually erroneous) notion of
what the field is (doss the lsyman really understand what is meant by
the term "mathematics"?) and the professional is so immersed in the

-t
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€i 1d that he doesn't need a formal definitivn i o o 1cid

It has been said that the term Ypiysics® is boest o ned a5
". that which & physicist does.™ which sceis civcuwlouncious bu.
it does illustrate the frustraticn in sttempting (o dLline suin o
term.

Thus, as far as the first sense is concerned, cne is lefi with
the need for a definition to satisfy the layman which need only be
-acceptable to, and not necessarily satis{ying to, the professional.

PROPOSED DEFINITION (Finst Sense)

Maintainability {s that technical fiefd which is conceined with
the nelotive ease 0f actions which cowweet malfurctions ¢ which re-
duce the {ncidence of fulune malfunctions. These acidons are ealicd
"eonneetive madnienance” and "preventive mainfenance” nespecitively,

MAINTAINABILITY IN THE SECOND SENSE

It is the definition of maintainability in ithe sccond sense
| that really formidable problems arise. For this iz iha proafessional’s
i term. This is the term with which he nust work. The laymea's nzod
: has (presumably) beem satisfied with the definition in the fizst sense
and, hence, his need and his views will not be cunsid red {urther.

AL

From the professional's viewpoint, the sccond sense definition
must, perforce, be quantitative, More than this, it must be meaning-
ful, clear, concise, unambigunus, satisfying, and useful. This is
quite a requirement. It is doubiful that it can be aitained complete-
ly. Any definition must, at best, be o compromise of these roquise-
ments .,

: It wighi be useful (o atiempt & xanking of the lnpoviancs o

these requirvements. To do this roquiwes an estebilshwont of 2 ovi~
terion for such a ranking. One crilevion could be that of desirabiliuy,
Another criterion could be that of estinated ease of achicvemdnl., A
| third ranking could then be made which reproscnted some coupronmise of
' the two criterie.

A}

. Any such ranking is, of course, a matter of opinion aald, tiewee

fore, a subjoct of controversy.' It is charactecistic of such con-
troversy that the further ono proceeds down such & list - the grecic:
the likelihood of controversy.

: : | Ao f"\ A-d




From a desirability standpoint, one might list

Meaningful
Satisfying
Useful
Quantitative
Unambi guous
Clear
Concise

From an estimated ease of achievement, one might list

Clear
Concise
Unambi guous
Meaningful

. Quantitative
Useful
Satisfying

Unfortunately, these two lists are almost sxaci opposites in
order. Therefore, making a compremise list can be extremely diffi-
cult (and extremely controversial).

Two Customers

There are at least two distinctly different types of persons

‘who have a legitimate need for a second-sense definiticn of relichiliyy.

For convenience, one type will be designated the “proctical’ type and

.the second will be designated the "theorevical™ type. Withoul question,

each type's need for a definition is real and is impoitant. Can a
single definition serve both customers? 7This question mevits further
consideration.

The practical type includes all persons who arc concerned with
the direct performance of maintenance, or in designing cquipment to
facilitate such maintenance. Thus, this type includes design en-
gineers, process engineers, maintenance superintendents, uachanics, ctc.

The theoretical type includes all persons who ure concerucd with
stuu.es to minimize costs or to maximize effectiveness with wespect to
maintenance. Thus, this type includes mathematicians, economists,
operations research workers, etc,

In these cutegories, the obvious categorias of persons have been
explicitly included. Thers are othor catagories of persons whera the
corroct type designation i3 not nearly so obvious. To which typo, for
example, does the contract writet belong?

/3¢ Mh-4




What Does Maintainability Include ?

It is pertinent to inquire: What does malatain»;iiily include?
Is it

1. An attribute of the equipw.nt only?

2, An attribute of the maintenance crew?

3. An attribute of the maintenance policy?

4. An attribute of the maintenance owganization?
5. An attribute of the supply systecm?

6. A combination of some of these elcments?

7. A combination of all of these elements.

This is not a trivial questicn. Although, number scven is flcvucnt«

ly avowed, efforts seem limited to number one, Ageia, thare a con-
flict between what is desired and what can be achieved. .hu refere
ence document contains terms which ostensibly cover eii of theso alter-
natives, but all thirteen of the terms which cents'n the word ‘main-~
tainability” limit (implicitly or explicitly) thzir coverage to aumber
one,

There are a number of reasons why there in a siyong pressuns
away from number seven towards number onc. First, consider the word
itself, If reliability is an attribute of un equipmeat which is cen-
cerned with its ability to be relied upon, then it would be legitimate
to 1nterpret the word maintainability as an attributc of the cqu1p~
ment which is concerned with its ability to be maintained. But is it
as legitimate to interpret the word paintainability as s the db111iz of
a maintenance crew to perform maintenance, or the a“*llix.oT the supply
system to allow maintenance to be performed? Such 1ntcrp;u*atiox¢ are
at variance with the usual 1nrﬂ1pr tavions of wards with the suigis
"- able". Thus, trainability is the ability of a persen {0 h‘ t[ﬂlﬂﬁJ
- not his ability to teach others. Likewise, reasonability iz iha
ability of a person to be reasoned with - npot his alhilitvy €3 roasen,
So, linguistically speaking, the right is ou the side of ithe naaber
one advocates. llowever, one can always use the argum:nt, like Liuls
Carroll's caterpillar, thst a word mcuns only vhat ene wanis it o2
mean. Such an attitude is not conducive to unanhiguity and concoveance,

Second, consider a contractor's vole in wuintainabiliuy. nogu-
fully, he can exercise some control in aroa numbax one. tle has Ko
control over numbers 2, 4, sud 5. And, he haz only sn uwdvisory wols,
at best, in number 3. Of a ndcessity, then, tho coitvsctor (anu the
contracting officor is only intcresied in mumbar 1, 1f vuything cother
than nusber one is to be implemonted it must be by Jhe wsiag orpuni-
zation. Por some reason the using ovzani:uiic s havo lLsen singularly
lacking in action in these other arsas.

Third, the elements other than number one ure ¢oncerngd with
matters far less tangible and less tractrhle thaa dous aumber ous,
Number two, for sxample, denls dircc'iy with the gront intangible and
intractable factor called the huwey fnctor.
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Henee, one con conclude that it has becn enpedscar 3 imiore wll
but number one clement in attempting to upply the conce. !t of waintain-
ability. The question at the moment is whether to contiave to restrict
maintainability to this area or to make an attompt at nusber seven,

(It shouid be remembered that the rale of .pregress in upplying end
obtaining results from number one has not been significant.)

Is Maintainability a Probability?

Attempts have been made to define "maintainability” as a pruba-
biJity. This attempt probably arises tharough a combinution of the
influcnce of the theoretical type plus the success which has been
achieved in defining "reliability" as a prob2bility. owsvew, as will
te so3n, the two concepts of reliability and maintainability ars sulfi-
cizxrly axfferent, that the approach which was (more or less) success-
DY in che reliability field is not nscessarily a fruitful approach in
the maintainability field.

Although of potential usefulness to the theoretical type of main-
tainability prcactioner a probability definition is unlikely to be of
much utility to the practical type. This is perbinps seflocted in the

.reference document wherein the basic term "maintainabilicy" is defined

as a probability., But, in every onc of the 13 expanded maintainasbility
terms (such as Achieved Maintainability) the entire concept of acin-

tainability is dropped. This same pattern can be ohserved in the alli-
ed term “Availebility" wherce the basic term is defined as a pwrobability,
but the qualified texms do net include the probebility to any pucaomena.

The concept of probability is wse ful in any situstion whercie
the phenomena exhibits a random variation in vaiue and vt vaciution
is of such sizc relative to the average value us to be sianificanc.

In the usual statistical sywbols, the concept of probability is vseful
when G~ is comparable to+! . If the variation is quite smail compar-
ed to the average it usually suffices to coasides ihe pasuemena to be
deterministic. Thus, if an object is dropped it mnsuvally suifices to
say that the greatest vaviation is in the human element., Censider,
first, preventive maintenance. As far as a given pisce of equipment

" is concerned, ‘it should require & cextain emount of time to perform

a given preventive maintéenance task. Any variation in +his time would
be due, almost entirely, to the human and other non-equipment scurces,
not to the equipment itself.

Even for corrective maintenance, the largest weriavion is due to
humans. Thus, it should take a given time to diagnesa2 and rcpair 2
given fault. Any variation in this time is almast entirely due to such
factors as human intelligence, skill, dexterity, experience, <ducation,
health, motivation, interast, and other intangivle factors.,

The reliability case, often used as a parallel for maintainability,

is quite diffrrent in this respect. Reliability is concewned with the
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occurrence of failures which is properly treated s » probabilii)
and which is a proper attribute of the equipment.

It would seem logical, then, to censider thz equipmeni 2spects ‘ N,
of maintainsbility as deterministic and restyict the probabilistic ‘
treatment. to the non-equipment aspects. ¢

* g -
.

But there are still further difficelties in treating mzintain-
ability as a probability. These difficulties center arcund the types
of distributions which may logically describe the phenomena. In the
field of reliability, a majority of the applications have invelved
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 difficultiecs

face the user of any other distribution. The use of ths sxponential
can be justified on the basis of thc rationality of the censtant
failure rate.

How rational is it to apply the exponential distvibution to the
maintainability case? Consider a maintenance crew performing a pre-
ventive maintenance task. Is it rational that the probabiiity of com-
. pleting the task is independent of how long they have been woiiing?

: Rather it would secem 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 a2s a 'wear-
out" distribution in the reliability ficld ox an "old-age" distribu-
tion in the acturial field.

Consider the case of a crew perfoxning the dizgnosis portion of
a corrective maintenance task. Unless the crew is perfoxming like the
proverbial monkeys punching typewriter keys, again it is not wational
that the probability of completion:is independent of now long iis cucw
has been diagnosing., For any organized policy of trouble-shouting which
can be imagined, the probability of diagnosis should increass with this
length of time,

; Thus, it is perhaps understandable why there is considerable con-

fusion in the attompts to define maintainability and variations tiore-
? of in the reference document (and slsewhere, for tha: matter). It is

j also likely that these same difficulties will continue to plague future
attempts at definition and application. :

SOME OTHER MAINTAINABILITY TERMS

It would indeed be fortunate if tie giffizuiuivs wers limited to
the term "maintainability" itself. Unfortunatcly many of the othsr
torms used (or usable) in the fiold of maintainability ary likewise
beset by difficulties. A perusal of the refersucs documeat will xe-
veal a considorable amount of confusion, duplication, and geaerally
fuzzy thinking.
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Consider; for example, the term "availability". Again the attempt
is made to de%ine 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, - d

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

Repair
Servicing

Maintainability
Supportability

and many others,

The writer suspects that the reforence docuwcnt conteins mere torms
than can be usefu.ly defined as unique terms, That is, a considerable
nuzmber of these terms should be dropped (thereby made available for
vernacular use) and efforts .concontrated upon attompting to defing the
romaining terms as well as possible. Again, the writer suspects that
the proliferation of terms is s smoke-screen to'hide the cconfusion of ’
.1e originators of tlie reference document. It would ssem advisable to
strip away the screens, recognize the problems, make the best definition
possible, admit the shortcomings, and apolégizc o no-onc.

® Bue the excerpte of the writerts cesments int he ssparsts docusent,
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AZPEIDIX

EXCERPTS* FROM "COMMENTS ON 'PROPOSED MILITARY
STANDARD FOR DEFINITIONS OF TERMS ON SYSTEM
EFFECTIVENESS' (1 April 65)" (July 65)

H, Walter Price
Chief, Reliability Branch
Harry Diamond Laberatories

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
ACCESSIBILITY

PD: Exist Definition: A design featurc which affects the
ease O §sion to an area for the perforwance of visual
and manipulative maintenance.

PD: 229!2%52 Definition: A design feature which affects the
slon to an area within an item for the per-

formance of maintenance.
C: It is ptobably not good usage to ecquate the abstract noun

"accessibility” to the conci:te moun "foaturs". A design
feature might be a removable cover === but the covar is not

b7

oo rhs ronelet of these ltexy :hieh ere Bl Yeved to be algnificantly relavent te
-nlntcinobllltr. .
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PD:

PD:

Cl:

C2:

C3:

accessibility, Therefore ~-- it is 1llogicel to say that
accessibility is a "--~ desipa feature ---".
A characteristic of an item which nefates to the relative
ease of admission fo various areas of the item required fonr
the operation on the maintenance of that item.

AVAILABILI

Existing Definition: The fraction of the total desired
operating time that the item 1s actually operable; a measure
of the system condition at the start -of the mission, when
the mission is called for at an wiknown (random) point in
tim.

Proposed Definition: The probability that at any point
in time the system is either operating satisfactorily or

‘ready to be placed in operation on demand when used under

stated conditions.

There are apparently a number of different (some decidedly

. 80) definitions of "avallability" which have been advacated

and which are in more or less use.

One definition is used in the queucing theory arca where
it pertains to the idlencss of a server({s). In this mcaning
it is implied that the server is operable. Thua, {f one
needs a haircut, « bairber is available if he is healthy and
does not, in fact, have a customer in his chaiv.

The other definitions arc presumably due to the mafg-
tainability practioners. lcre there scems to be a vaviecy
of conflicting meanings as indicated Ly two distiact de-
finitions in the "Existing Definition”, a third discinct
definition in the "Proposed Def.nitica", and yet other de-
finitions are implied in the various availability entries
with adjective appc ‘ages,

Existing Dafinition (First sense) = The fivst clause in this
definition seams to come the closest to beiny sowavhat cone
sistent with those definitions toat follow availabilicy-
plus-a-qualifying~adjective. In fac:, in the maintaisabllity
area (as opposed to the queueing ares) this def{nitfon is

"probably the least cbjectionable. It makes no pritence about

being a probability but is content with just being a fraction.

Existing Definition (Sacond sensze) ~ The sacond clause in this
definition does not automatically follow from the first clausa.
Therefors, it may or may not be consisteat with the first
clause. The second clause is cartainly imprecisely .:ncod.
What is the basis of this “"measure"?
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C5:

Cé:

C4: Proposed Definition: This deiinliicn sewin to desote the

same meaning as the second clsuse of the existing definition.
However, the word 'probability" hus been added Now, it is
not at all evident (or proved) that the "“fracilon' meation-
ed in the existing definition (and indezd. used in all of the
following adjective modified definitions of availabilicy) is
in fact, a probability. It seems to be a ratio of uean
times., Probabilities, in general, are derived by integrat=-
ing a density function; or, by combining combinaticns of
joint, disjoint, and conditional relationships of othexr pro-
babilities. Since no distribution or density functica {s

in any way evident in connection with this definition cf
availability, the approach of combiniug probabilitizs will
be taken.

. Suppose
' A = P(B)P(C) + P(B)[1l - P(C)}*

where
A = availability o

B = gtate of being operable
C = gtate of heing operated (i.e. processing a work lcad)

Then
‘ ‘A = P(B)[P(C) + 1 - P(C))

= P(B)

Thus availability tur~s out to be the probability i buing
operable and the resi >f the statement about “belng opsrated
or ready for operation” is so much (misleading) swinluz
baggage. If this is the case, it would secm logical co cali
the probability of baing oparable, Mopevability'. <uis wouid
free the term "available" to bs used exclusivel; ju she queue-
ing theory sense. :

Proposed Definition: The placemant of the word "ihat" iz im~
portant. The proposed dafinition implics tha% availabiliicy
is invarfant {n time when, itka. failure racs, i¢ wey be ia
fact, a function of time,

ory Definition:. A texrwu co d3note ‘availebilicy in
the queuaing theory sensc is ssseatial co a Systewm Effactive=
ness language. For example, in ccnaidoving & five conzrol
sytem wherein there are a number of cracking radar sate for
tracking & number of different targuts siaultaneously, it is

" - ot A

* This e the salhenaticel statesent of *- |3 oither oporating satisfacterily o ceady te bo
plased in speretion -v,
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important to know the availability (i.e. rhe probability thac
there is an operable, idle tracking set) of thc system should
an additional target appear. Such sitvations zre certalnly
not unusual and there arz many cascs of system effentiveness
analyses which involve multi-server quoueing line models.
Hence, the necessity of naviag such a term as "avallabillcy"
(in the queuveing sense) in the System Effectiveness language.

C7: It is strongly recommended that the terms "availabla' and
"availability" be reserved for meaniugs in the queueing theoxy
sense. The terms "operable” and "operability" can then be
used in the "Proposcd Definition" sensa. To daszignate the
fraction of mean times La the "adjactive-mndifizd” zcnse the
term "Vitality" can be used.

R1: AVAILABLE - The state of bueing opaabic {g.v.) cad 4die (L.e.,
thene 48 no cwvent woikload). .
[l [
R2: AVAILABILITY - The probabllify at any podint 4n Line that one
on mwoe sys<uns (sub-syodens) are avaidlable.

R3: OPERABLE - The state of bedug capable of deing opturied.
R4: OPERABILITY - The probabilily at any poiné .in Lone Ll the
system (sub-sysilem, componert) is operable,

R5: VITALITY - A aatic of mean Ldaea wilcll expresscs e avernage
portion of Lie Lime wikeh e equipmzal (s openabls when pae=
ventive and/on nemcdial malnleannce 46 a paik sf irhe poelicd.

(See Apeu.g/.c ad feetive-modified definttions below.}
AVAILABILITY ACHIEVED - -

PD: Tne probability that a system or equipm:nt wnen used under
stated conditions in an ideal support envicomment {(d.e.,
available tools, paris manpcwer, menuals, ete.) shall ouarate
satisfactorily at any glven tine, Achieved Availabilivy ex-
cluded Supply Downtime and Weiting Adininistrative Downtime.
It may be expressed as:

Achieved Avallability = o il
M T M
where
MIBM = Mean time betrecn nzinvanice and ieady
time Quring the same tine interval, oiud
M = ifean Active Malr :ononee Dowmniime resulting
from both preveriive znd corvect: L\e ain
tenance actions.

£4
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Cl:

C3:

C4:

C5:

RZ:

Also defined as a statistical estimate of availanllity based
on actual demonstration under specified conditions. The
specified conditions may be test conditions or operational
conditions, but the conditions rust be clearly stated.

Pursuant to the extensive ¢iscussion under the "Availabilicy"
entry, the word "Availability" should be changed to "Vitality".

The word "achieved" here seems quite contrived. The natural
connotation would seem to be synonomous with the definition
given under Availabilicy, Operational: Thexefore, 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". '

‘The definition of MIBM as presently stated is not unambiguous,

It seems basically incorrect to define a term to be am estimate,
per se, It is doubly incorrect to assign an estimate meaning
to & term which also means the true value. The ambiguity (and
cousequent lawsuits) can be formidable,

"M" by itself does not seem a consitent designator.

VITALITY, IDEALLY SUPPORTED - The vitality of the equipment
in an ddeak suppont envirorment ({.e., available Zools and
parts, cvailable and competent manpower, avaifable and
adequate manuals, ete.) Supply Dowrtime ard Wailing Ad-
mins uative Time ane specifically excluded, 14 nay be
exprassed ass

IDEALLY SUPPORTED VITALITY = HTEgzgﬁﬂxﬁT

wheno .
MTBM = Mean Lime between maliicnance actiond.

MAMT = Mean active maintenance time (durin
which the equipment 48 not opelwbte?
including both preventive and correciive
maintenance actions .

VITALITY, TDEALLY SUPPORTED, ESTIMATED - An astimate of
Tdeally Supponted Vitality based upon tihe resulls of a
dtatistically valid and relevant 2est, The conditlons of
the test must 2 explicitly siated since differant co:litions
may produce different estimated .




c
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AVAILABILITY, INHERENT - -

PD: The probability that a system or equipmer’ when used under

stated conditlons, without consideration for any scheduled
or preventive maintenance, in an ldeal surnort envircnment
(i.e., avallable tools, parts, manpower, rmanuals, etc.)
‘shail operate satisfactorily at any given time., Inherent
Availahility excludes Ready Time, Preventive Maintenance
. Downtime, Supply Downtime, and Waiting or Administrative
Downtime, It may be expressed as: :

e - MIBF
Inherent Availability = VTEF T R
where |
MIBF = Mean Time Between Fallure, and
MITR = Mean Time to Repair.

Also definec¢ as the thecretical raximum avalliability of a
design, assuming no design changes, and operation in an
ideal, standard or theoretlcal environment (a Standard
Summer Dey, or an ideal supply environment). The detalls
of the 1ldeal, standard, :-r theoretical envirommznt must be
clearly stated. ‘

(First Meaning)

Cl: Pursuant to the extensive discussion under the "Availability"

entry, the word "Availability" should be changed to "Vitality".

C2: Again a‘word is used ("inhereat") which naturally connotes a

meaning which is not intended in this particular usaze. And
again, it should be desirable to preclude misunderstanding by
using ancther word (or sct of-words). For example, "without
preventive maintenance" would secem to unawbigucusly denote
the intended meaning. '

3: "Ready Time" should not bc excluded since the equipment is
operable during this time.

Re  VITALITY WITHOUT PREVENTTIVE MAINTENANCE - The awallab{llty of
the equipment {n an {deal support covinonial {$.0., availadic
Lools and parts, available and cowpaent arpovenr, aviilable
and adequate manuals, eie.) wherein no preventive maisicidice
44 performed, Prevenidve Malntznance Downtime, Suzply Dowa-
Lime and Waiting Administrative Downi e ane dpeeijically ax-
cluded., In may be espresded as:

VITALITY WITHOUT PREVENTIVE MATNTENANCE « g hior ..

i
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whene
MTBF = Mean Ti.mg Befiveen Fallune,

MTTR - Mean Time To Repaixr.

(Second Meaning) ‘

Cl: This definition is sc gerneral &s to be alwmost useless, What
is the mathematical expression? What is the relevauce of "no
design changes"? ’

C2: Until this meaning is made wmore definitlve, it should be de-
leted.

AVAILABILITY, MINIMUM ACCEPTABLE - -

PD: An availability below which.the item jis considered unaccept-
able; also a contractual requirement used as a cendition for

acceptance.
Cl: As before, change "Availability" rto "vitality".

C2: This definition should indicate that th2 words “winimua
acceptable” can be aff{ixed to all other varieties of vitality

such as "Minimum Acceptable Operational Vikality", etc.

R: VITALITY, MINTNUM ACCEPTABLE - A combdiuning foxn

as in "Mintmum Accepiable Openraiional Vitality" o indicale
the minimum Zolerable value, offen used as a contraciual ie-
quirement for acceplunce, :

AVAILABILITY, OPERATIONAL ~ -

PD: The probabllity that a system or equipmont wacy! used uwider
stated conditions and in an actual suzply envirusanb shall
operate satlisfactorily at any given time. IU nay be ¢x-
pressed as:

MIEM

Operational Availability = T R

where
MIBM = Mean tiie between maintenance o:1u ready
' time during the same time intesvel, and
MDT = Mean Downtime including Supply Dewntime
and Admirdstiative Dusntime during the
same tise interval.

Wnen Preventive Malntenance Downtims is ze.o or not con-
sidered, MIBM becumzs MISF,

It 1s also defined as the avallobility of an item when
operating and being, naintsined in a specdfic operational
environment, usially by military personnel.

t -~
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PD:

Cl:

C2:

AVAILABILITY, POTENTIAL - -

e o AN WALt BN i

As before, change 'Availability" to "Vitality".
The definition of MIBM is not unambiguous.

The last prargraph seems at best, redundant; at worst,
confusing.

VITALITY, OPERATIONAL - The vitality of a system in an
actual use and supply environment which may or may not in-
clude preventive maintenance as may be appropriate. 1%
may be expressed by:

NTGM

where :
MIBM = Mean Lime bedlween maintenance ietiond.

MOT = Mean Downtime Lncluwing Supply, Adminis-
tative and active maintenance downtime.

14 mevemtivé maintenance 48 not appropiiate MIBM becomes
MTBF whexe

MTBF = Mean Time Between Fallwres.

The theoretical maximum availability which can be exgected,

assuming lmprovements from design changes due to famlliarity
with operation and maintenance on item, and-other types of .
avallability growth,

This definition is so general as to vz virtually usecless. ;
What is the mathematical expression?

A dangerous definition. Who assigns values to the assumptions?
In accordance with this definition, the Poteutial Availability
can eaaily be 1.0,

Until this weaning can be made wore definitive and ebiective
it should be delated.

The 2ot or content of testing an item to determine whether it
is functioning within specified limits. .

What is the "content”" of testing an ftem?

A test 2o determine 4f an item 48 functioning within toler-
ance. '
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CHECKOUT TIME - -

PD:

The time (elther in man-hours or a point in a schcdule)
required to determine that a system or egulpmt is in a
satisfactory operable or operating condition.

It is inadvisable to have two meanings for the same term.

In this case it is suggested that the "poirn: in schadule"
meaning be deleted,

CIRCUIT MALFUNCTION ANALYSIS - -

PD:

-

Existing ﬁefinition: ‘The loglecal, systematic examination
of eircuits and thelr diagrams to ldentify and analyze the
probabllity and consequence of potential malfunctions for

determining related maintenance or maintainability design
requirements.

Proposed Definition: The loglical, systenatic examination
of circuits and their dlagrams to identify and anaiyze the
probabllity and consequence of potentlal malfunctions.

The proposed definition is better.

COMPONENT PART - (Piece Part) - -

PD:

A part that performs no funection by itself and nust be con~
nected to other parts and energlized before any function can
commence, and which 1s not practical to disassenble for re-

- pair or maintenance.

There 18 a serious ovjection to this first part of chis de-
finition, Certainly, if a part parforms ng functioa by it~
self, it 1is not able te perform any function in coubiunccioa.
A capacitor, by itsaelf, stores a charpge -~ this iz a function ~
if it cannot perform this function it is useless.

A part, which by custom and iradition, 48 not usuilly dis-
absembled for repair ox maintenznce; a8 a capaciiox, a - -
sdsdon, a transiston, ete.

s T P e bt e

CORRECTIVE ACTION = -

PD:

Cl:

The action required to prevent recurrence of a dafeet, de-
ficiercy, failure, or problem by means of a design change,
process lmprovemsnt, tooling change, inspaction procedure
improvemant, change in operational procedure, etc.

The inclusion of this term sacms unndcessa.y sincy f{c would
scenm to be self-definitive. The listad definition certuaialy
adds nothing to such self-definicion.
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If the term must be included it should be coirected. One
-can reduce the incidence of occurrence, but one cannot
prevent the occurrence of defects, deficiencies, failures,
problems, or any other random event,

'fWhy not delete it as a triviality?

CB:
DECRADA"‘IO‘: -
PD Gradual deterioration in performance, strength, resistance

PD:

Cl:

"2t

C3:
C4:

}PD:

to environmental stress, etec. of a characteristic of an item.

How gradual is "gradual”? This definition should be sharpen-
ed by including an example of degradation and an example of

~ non~degradation deterioration.

- Gradual (as opwosed 0 abrupt) deterionation Ln penform-
ance 0f a characteristic of an Ltem, Hence, a continuous
change <in capacily value of a capaciion would be calenon-
4zed as degradation. A shont cireuit occwning essentially

- dnstantaneously would not.
| DELAY TDE - - .

The time during which no malntenance is being accompiished

on the item because of either supply or administrative reasons.

Come, now, Is it reasonable to put such a restrictive mean-
ing on such a commonplace term? Obviously, varlous adjectives
should be appended to the term to designate the type of action

in which delay is being experienced,

The distinction of "supply" and “administrative“ is neicher
‘clea: nor comprehensive.

Nothing is mentioned about the necessity of the waintenance.
The word "accomplished" is not quite proper. 'Purformed" is

the mors proper word since considevablc effort can be expend=-
ed without any real accomplishments.

Rt DELAY TIHE. - The time dtuu.ng which a particuwda. weded activity

cannot Ltake place because of causes which prevent that activ-

iy, Fox example, Maintenance Delay Time &b Lhe time 4n which
- no needed maintenance {4 being pexformed because of a variety

0f Aeasoms’ Auch a4 zach 06 pards, personn2l, ox Lools.

W--

The prodabliity that a system will be both available and

operating &t eény point in time - - the productofavanabmty
and mnabiuw pmbabiutiea.

<o
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Cl:

C3:

This definition needs rewording to clarify it and to distin-
guish this term from its constituents.

It is important to distinguish between "operating"'and "operable”
since this distinction is the essence of this particular de~-
finition.

A supplemental mathematical definition might be desitable to.
unarbiguously define the term.

The joint probability that an equipment 46 op2ruble (q.,'v.)
at tune t, and will contimue to be operable over Lume uxte;—

val &, zoot,. Mathematically,

DEPENDABILITY = OPERABILITY X RELIABILITY
14 |
Operability = P{A)
Reliability = P(BjA)

where
A = state of being operable at Lime ;.
B = state of being operable duaing Lime
interval §nom z, Lo ;.
Then

Dependability = P(A) P(B|A)
« P{AB)

FREQUENCY OF USE PRINCIPLE - -

PD:

Cl:

€2

C3:

Ris

The principle of positioning the most irequently maintained
items in preferred (readily accessible) locations.

This is a classic can-of-worms. The term and its dciinition
seenm to be inconsitent. Is the use of the equipuent or the
maintenance of the equipment being treated?

Is this a principle or a policy?

It vould seam that this requires two definitions., Nota that
these two policies may be in conflict.

FREQUENCY OF MATNTENANCE POLICY - The policy o positioning

the equipment wines malintenance most frequently <n
the :ga.t accessible f:qcaum.

E Il oaw




R2: FREQUENCY OF USE POLICY - The poucy 0§ positioning the equip-

ment which is used mosz frequently in the most accessible
Locations,

- INTEGRATED LOGISTIC SUPPORT (ILS) - -

PD: The requirement that the loglstic support \')rovialon for
system maintenance) be considered jointly with the technical
aspects of the system,

Cl: How can a "support"” be a "requirement", per se?

C2: This definition seems 8o vague as to b; worthless.,

C3: Until this term can be better defined - delete it.-

INTEGRATED MAINTENANCE MANAGEMENT (IMM) - -

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?

€3: Delete it unless it ‘can be defined as a meaningful concept.

. ITEM, INTERCHANGEABIE -

PD: When two or more items possess such functional and paysical
characteristics as to be equivalent in performance and dur-
ability and ccmable of being exchanged one for the other with-
out alteration of the items themselves or of aojoining items
except for adjustment, and without selection for fit or per-
formance, the items are interchangeable.

{No Comments)

ITEM REPLACEABLE -

PD: An item which is functionally interchangeable with another
item.

Cl: A comma seeaus to be missing.

C2:t This definition makes this term synonomous with Itewm, Inter-
changeable,

C3: Why not put this term to work? lLet it donotc a differenc con-
cept than "interchangeable".

-
[ -
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R:  An item which can be removed and neplaced with another Liwm
40 a8 2o achieve a different function on 20 as Lo achieve a
nepain. :

ITEM, SUBSTITUTE - -

PD: When two or more items possess such functional and physical
characteristics as to be capable of being exchanped only
under certain conditions or in particular applications and

. without alterations of items themselves, they are substitute
N items. ‘

C: An unnecessarily complex definition which seems to success=—
fully miss the essence of the meaning.

R: An item whiech is used because an interchangeable item £s wol
© available.

¥ 5 MAINTAINABILITY - -

PD: Existing Definition: A charactzristic of design and in-

; stallation which 1s expressed as the pirobability that an

: - item will conform to specified conditions within a glven

: ' * period of time when maintenance action is performed 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 clearex than the existing definitiorn.

C2: The proposed definition does not pin down the competence level
of the maintenance craw =~ or the size of che crew. This is s
; complex situation. Not only does this probability depand upon ;
i the equipnent and the competence individually, but aiso as an E
! interaction. The effect of the size of the crew is also com ;
; plex. One could argue, of course, that the parenthetical :
' ~—— clause covers this complexity. liowaver, it doas not spem rea-
[ - nona:lc to dismiss such a vital complexity with such short
: mention.

Rs The probability that a sysiem will be xesicred 20 nornal
operational condition within a specified period of time sub-
dequent Lo fallure when a specificd maintenance crew 0§
specified competence axe put Lo work,
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MAINTAINABILITY, ACHIEVED - —

PD: A statistical estimate of maintainability baszd on actual
demonstration under specified conditions. The specified
conditions may be test conditions or operational concutions,
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:  MAINTAINABILITY POINT ESTIMATE - A statistical point esiimate
0f zhe maintaisnability based upon analysis of data ob«tzuned
grom neal on simulated expendience.

MAINTAINABILITY ASSURANCE

PD: The program of inspection and test to determine the degree
' of compliance of an item to maintainabillty requirements.

C: Why so restrictive? This definition excludes simulation, for
example.

R: The progham to dextvmnne. the degree of compllance to main-
Lairability requirements . :

"MAINTAINABILITY, FUNCTIQNAL ANALYSIS FOR - -

PD: Existing Definitlon: The analytical basis for allocating tasks
to person.>l and equipment sa.as to achieve ontimui system
maintainability.

PD: Proposed Definition: The analytical basis for allocating
tasks to personnel and equipment so as to optimize system
maintainability. A

Cl: A cumbersoms term. Why not eliminate the comms and thc "for'.

C2: DBothe definitions (which differ only ia'gramaar) seom to be~
lie the words fn the term. The definition scems to concern
itself with allocation ~ not function - and not analysis.

C3: Doas one allocate "tasks" to equipment?
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C4t How can one “optimize" wmainteinability? Since weincaindbilicy

is defined as a probability its maximum vzlue io ous. Since
this value can be approached but never attafnid, in what eense

doas one "optimize™?

R:  MAINTAINABILITY FUNCTIONAL ANALVSIS - An arudbysds of the
system Lo determing the funeiional nole iat persoancl wid
equipment must play Lo minimize the Lodal cosi 64 ine system
operuation and maintenance,

- MAINTAINABILITY INDEX ~ -

PD: Existing Definition: A:quantitative figure of merit wirich re-
. lates the maintainabllity of an item to a standard »zference,
such as the amount of direct productive labox rzouired to
support the system, subsystem, or equipment unit pei® a thou-
" sand operating hours of same.

PD: Proposed Definition: A quantitative fipgure of werdit which re- -
lated the maintalnability of an itemto a standmd refersnce,
such as the amount of direct preductive labeor vaquirzd to
support the system, subsystem, or equipmznt por specified
number of operating hours. ' ' .

" Clf Both definitions: Why "quantir.aéiva" can a figur: of meric
be other than quantitative?

" €2¢ 2Pyoposed defiﬁiciou: Why past tensel? 1Is it Implicd that
this term is no longer in use?

1 »he l oy

C3: - Both definitions: The word "relate" is quite wnk 2w thio
sense. ' 4

Ri* A figure of menit which compatesd Lhe maintainabiliis; o .
© Ltem Lo a slandand nefenznee. . Fon example, The Znsunt ¢f
effort requined to mainiain a system pei speedfied b of
operating houns.

MAINTAINABILITY, MINIMUM ACCEPTABLE: - ~
PD: A maintainability level, belcw which the ibem le cowidered

&
unacceptable; also, a contractual reguirarznt us=d s a oo
dition for -acceptance.

. Cl: This definition should indicate that the words “wininas eceops.-
able" can be affixed to all other varietics ¢f muintainabilicy
such a5 "Minimum Acceptable Inherent Mufatalashiliuy™, acc.
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MAINTAINABILITY, MINTMUM ACCEPTASLE ~ A com-
bining form as in AT A Acceptable Irherent Maintoin-
ability" to indicate the minimum tolenable value, ojten
used a8 a contractual nequirement fon acceplance.

MAINTAINABILITY, OPERATIONAL - -

"PDs

C:

“Rs.

The maintainability of an item when operating and being'
maintained in a specified operational enviroment usually
by the military.

Awkard construction.

The maintainabilily expenienced when the sysiem L4 in actual
use by the (usually militany) user,

MMANABEITY PARAM?IERS

PD:
o

Cl:

Existing Definition: A group of variables (envircamental,
human, hardware) related to the maintenance on an ifem.

Proposed Definition: Variables (envirommental, human,

hardware) related to the maintenance on an item.

Both definitisns: In technical use, the word paraﬁeter weans

‘more than 'Varisbles --- related to —===", If the lay use of

the word is intended = it i8 sclf defining and needs no formal
inclusion here. Technlcally, a parameter is usually a con-
stant (as opposed to a variable) whose value depends upon

- gpacific cases of & general form.

If the lay use of the word {8 intended - delete tha enu,, 1::
18 not neaded.  If 2 technical geanse is intended - define

dn a tcehu:lul \ny - ot.hezvise delese 1it.

HAD]‘I‘AINABILITY POIENI‘IAL -

. m=

Cl:

~ Toe dcnp:ou, - dclceo 3 |

m thcox'eeical m:d.m.m which cen be expecteu, assuning La-

- provesents from design changes due to familisity with .
cperation and mainterance on the item, and other tipes of

. mmaimbinty growth.
‘A ungom dcnnmoa. Dapending upon the vptiaionm of the

design changer =-- the potential maintainsbility cai have

. the valus 1.0, mo gncuhul thh valus? How? *.:m: &ss

his ;\ltdt ltul‘l

e
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MAINTAINABILITY PREDICTION - ~

PD: A computed value derived from analysls of failure modes,
repair times, and other attributes expected to affect
maintainability and supported by past experience with
like or similar items.

G In-keeping with the definition - this term would seem io be .
"Maintainability, Predicted".

R:  MAINTAINABILITY, PREDICTED - (Definition as Lisied).

MATNTAINABILITY, QUALITATIVE REQUIREMENT ~ -

PD: Existing Definition: On which is expressed in qualitative
terms; e.g., minimlze complexity, design for minimun tolls
and test equipment, design for optimum accessibility.

PD: Proposed Definition: A4 requirement expressed in qualitative
terms; e.g., minimize complexity, design for minimum tools
and test equip.aent, Jesign for optimum accessibility.

Cl: Why the cowma?

C2: DProposed definition: The word "minimize" is objectionable
since what i{s 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 work,
Ever try to remove a cork without a cork screw? Cr open a
can without a can opener? Or reline a set of truck brakes
without spring retractor pliers?

R:  MATNTAINABILITY QUALITATIVE REQUIREMENT - A nequiiement 4in
~ qualitative tenms to mou&de 5eat.wcu which ane conducive Zo
. mmza.mabd,ot Yo

MAINTAINABILITY QUANTITATIVE REQUIRAVENT - -
PD: Existing Definition: One which is expressed in quantistative

ltems; e.g., a figure of merit in measursdble units of time or
resources required to accomplish a specific maintenance task,

E\7
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or group of tasks, in relation to the applicable performance
requirements (for example, Maintenance Reaction Time, Twn~
Around Time, cost per maintenance man-hour, preventive check-
out time, depot turn-around time, ete.).

Proposad Definition: A requlrement expressed in quantitative.

items; e.g., a figure of rmerit in measurable units of time
or resources required to accomplish a specific maintenance
task, or group of tasks, in relation to the applicable per-
formance requirements (for example, Maintenance Reaction
Time, Tum-Around Time, cost per maintenance men-hours, pre-
ventive checkout time, depot turn~-around time, etc.).

Why the comma?

Since maintainability is defined as a probability how can a
quantitative requirement for it not be a probability? Perhaps
malntainability is not really a probability after all?

The definition contains jargon.

The definition should be split into two parts - cne for Main-

~ tainabilicy Index and one for Maintainability.

MAINTAINABILITY INDEX QUANTITATIVE REQUIREMENT - A require-
ment éfwx e specdfled maintainability index be met on sun-
passed. ‘

MATNTATINABILITY QUANTITATIVE REQUIREMENT - A nequirement
that a specdfied probability of repainr in a specified Time
period be met on surpassed. 1§ the probability distribution
46 hnown on can be reasonably assumed, this probabilily
might be expressed Ln tems of the parametens of the dis-
tubution such ay mean-time-to-repain, ete.

MAINTAINABILITY REQUIREMENT - -

PD:

PD:

Cl:

C2:

1 C3s

Existing Definltion: A comprehensive statemsnt of reguired
maintenance characteristics, expressed in qualitative ang
quantitative terms, to be satisfled by the design of an item,

Proposed Definition: A statement of necessary maintenance
.characteristics to be satisfied by the design of an item.

Proposed definition:: A triviality.

Proposed definition: This subject secms to have been better
covered under the other meintainability requiremant entries.

Dslete ic.
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_ MAINTAINABILI’I‘Y VI\ZRIFICATION AND DEMONSTRATION - -

H

. PD: 'The test program designed to determine the predicted
o mxrilixmm raintainability and to demonstrate its factual ;
existence. ' : ' J

Cl: It is not clear in the definition whether the test program ' |
1s 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.

-

€3t What is the “factual existence" of a prediction? All that
1s necessary to show the existeace (factual or otherwise)
of -a prediction is to say "the prediction" (or write it).

C4: This term seems to overlap "Maintainability Assurance”.
R:  See MAINTAINABILITY ASSURANCE {preferned team).
MAINTENANCE - -

PD: All actlons 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?
Ri A4 48, deleting "eondition determination”.
\ ~ . . .

MAINTENANCE ABILITY - -

FD: Existing Definition: A figure of merit for a crew of & using
organization defined as the ratic of the maintenance man-hours
established on specific ivem by a trained and expert main-
tenance crew to the maintenance man-hours figure estzblished
by the crew of the using organization on the same item and
under simllar maintenance conditions.

PD: %sed Definition: The ratio of the maintenance man-hours ?
) - est ed on specific item by a trained and expert main-
. tenance crew to the maintenance man-hours figure established

by the crew of the using organization on the same item and
; K " under similar maintenance conditions.

: €l: Wowl This is a tough one. The definition is clear = but the g

{ * utility raises merious dnubts. Are averege values maant? 1f :
the’ variance i{s large, how many "yuns" are necessary to

L establish the averages? Is this a stochastically stationary

! ‘ process? What constitutes a "=trained and expart srew"?

E \9
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This definition reads 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 def;nitive. .

MAINTENANCE CAPABILITY - = .

PD: The facilities, tools, test equipment, drawings, techniecal
publications, trained maintenance personnel, englneering

support, and spare parts required to restore a system to '
serviceable, , . J

".C: .This seems 1like a real misnomer. A capability is usually
' an attribute "of the doing organization = not an attribute
of the work piece.

A

R: MAINTENANCE LOGISTICS REQUIREMENTS {Definition as 4i4).
MAINTENANCE 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 uniess a unit of
time is standardized.

C2: The texm "first cost" is well-established'and would be pre-
ferable to "initial cost".

Rt The natio of the cost of maintenance 5or. one year X0 the
§inst cost of the <item.

MAINTENANCE, DIRE

PD: The maintenance operaticns and costs directly associated
with keeping the item in operable condition.

C: A circumlocation, which getsfnowhere.

’; oo Rt The maintenance operations whose costs are directly charge- i
: ‘ able (such as the costs of direet Zabox, of replacement parts, j

etd.) o maintaining the +tem 4in apmbu cordition, <
_ MAINTENANCE LEVEL - - R :
. ED: The assigned looation ar stage of maintenance operation, .

such as, aboard, ashore, depot etc.

C: A misleading term. Why nq: use the well estadblished "achelon"?

E 20
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R: MAINTENANCE ECHELON - The Zype of maintenance activities
assigned to a pawticulan .organization Level such as aboard,
ashone, depot, factony, ete.

MAINTENANCE RESOURCES = -

PD: Facilitles, ground support equipment, manpower, spares,
consumables, and funds available to maintain and support
an item in its operational environment..

MAINTENANCE RESOURCES , DIREC‘I‘ --

PD: The tim: 'n man~hours and material in dollars expended
- directly on the item being maintained during the period of
active maintenance.

MAINTENANCE 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, t‘nroug‘n the
support of overhead operations, administration, accumulation
of facility records and statistics, supervision, and fachi—
ties upkeep.

Cl: The second two defimtions are completely inconsistent m.ch .
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.

' MAINTENANCE SCHEDULE ~ =

FD: The time-oriented program for seivice, repair, or overhaul
action at predetermined intervals.

C: Pontagonese! "Time-oriented", indeed!

R:  The schedule for pusomng service, repair, ok overhaul
action at predetermined points 4n time.

MAINTENANCE SUPPORT INDEX = =
PD: The total number of direct and maintenance man-hours for
preventive and corrective maintenance required to support
each hour of operation.

C: Seems lrcdundan: with "Maintenance Index",

E 2)
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R:  See Maintenance Trdex (preferred team).
MEAN TIME TO REPAIR - - '

PD: Existing Definition: The statistical mean of the distri-
bution of times-to-pepair-; the summation 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 total repairs made during that time,

c: Proposed definition: The word “time" is used (ambiguously)
in two senses, , *

R: A measune of nepairability; expressed as the Zolal active re-
pain time over a dpecific period divided by the total number
0f hepairs achieved during that pvu.od

“ MEAN TDME TO REPAIR, GEOMETRIC = ~

PD: A measure of central tendency for repair time based on ob-
servations which show repair time durations to be log-hormal=-
- ly distributed. Deals with the same phenomena as t‘xe Mean .
. Time To Repair. ,

Cl: This is a measure of central tendency -~ but not necessarily
tied to the log—-normal.

C2: To be consisten:. this definition should be in terms of how
it is calculated.

R: A measure 06 repainabilily; exphessed as Zne R th nroot 05
the product of the times 2o complete repairs where n is the
number o4 n.epwu completed,

PART - =

PD: One plece, or two or more pleces joined together, which are
not normally subject dlsassembly without ¢estruction of
designed use; and article which is an element of a sub-
assembly or an assembly, and 1s of such construction that
it is not practically or economically amensble to further
disassenbly for maintenance purposes.’

- ICx This seams to ovarlap = Component Par:.

. R See Camponent Pant (preferred team),

F 22
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PERSONNEL ERROR - -

PD: Incorrect performance of required duties by operating or
maintenance personnel which cause a failure. See Fallure,
Human-Initiated,

C: One term should suffice - cross reference it.
R: - See FAILURE, HUMAN-INITIATED (preferred team).

REPAIR - -

PD: The process of returning an item to a specified condlition
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,
¢ Gibberish. |
} | | R: The process 05 nuthm.ng an .utem 2o opua«tcam& candu:wn
o gollowing a bneahdown.
REPAIRABILI‘I‘Y

l : : PD: Exist Definition: The capability of an item to be re-
P . paired easily. ‘

% PD: Proposed Definition: The probability that a falled system
; ' ' will be restored to an operable condition within a specified
active repair time,

f ¥ Cl: Existing Definitfon: Ridiculous
| C2: Proposed Difinition: -Seens to duplicac§ Maintainabilicy. ‘ o
E  R: See MAINTAINABILITY {prefemred tomm).

j CHEDULE, REPLACEMENT -

‘ ‘ PD: The speciﬁ.ed periods when items of operating equipment are
; ‘ to be replaced. Raplacement means removals of items which
are approaching the end of their maximum useful life, or

‘the time interval specified for item overhaul or rework,
'and installation of a serviceable item in its place.

A A D WA AT A L e e

. C: The syntax is pretty bad in the second sentence. ' ' ’

. Ri A schedule & ying when Ltems of Opkung equipment (on
- dpare paris 4 "&%«"2) ane scheduled <o be replaced.
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SERVICEABILITY -~ -

PD:

Cl:

Rs

SERVICING

A characteri: ;lc of an equipnent design that makes it con-
venient to miintain and repair in operation.

This definit: m seems to duplicate the "existing" definition
for repairability. The repairability definition was previous-.
ly eriticizec as being ridiculous.

Whatever, this is, it would seem to overlap Maintainability.
See MAINTAINABI.ITY(prefevied tenm). =

‘I'he’perfomancé of any act (other than preventive or corrective
maintenance) required to keep an item of equipmant in operat-

" ing condition; such as, lubricating, fuellng, olling, clean-

Cl:

C2:

-+ —a

C3:

Cé43

ing, etc, but does not include periodic or corrective mainten-
ance. '

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 resevolr checked? Or his battery water level? Or his
tire pressure? What, then, is "preveative' maintenance if it
does not consist of these acts?

To this commentator, the words corrective and preventive ecover
the entire domain of maintenance leaving no room for "= aay
act (other than preventive or corrective maintenance) required
to kegp an item of equipment in gperating condition ~".

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.

Del.;o ic. o '

SKILL LEVELS = -

PD:

Cl:

The classification system used to rate personnel as to their
relative abilities to perform their assigned jobs.

It is {llogical that "skill levels" can be, per sa, a "classifi-
cation system", Thera.can be a classification system of skill
lavels, perhaps; or skill levels can be used in a classifica~
tion system. But, skill levels is a classiifcation system -
impossible.
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C3:

What classification system is being referred to? 1Is this
- covered in a MIL-STD? A Federal specification? What?

Unless this term can be clarified ~ drop it as a formal
term and let it be used in the vernacular.

SPECIAL TOOLS - -

PD:
Cl:

Tools peculiar to the maintenance of a specific item.

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?

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 (ancther
MIL-STD{). All other tools, then, by definition, wouid be
special tools.

Until the new MIL-STD (for standard tools; can be (o@ is)
written, the reference to common lore must be resorted to.

(Tnterin Definition) Any tool not usually consddercd standand
on part of the ondinany technician's kit of tools.

.SUPPORTGOST--

PD:

S el
C2:
R:

The cost in dollars or some other sultable measure of those
resources expended in the maintenance of an item; the total
cost of ownersnip, excluding orzrating crews and using per-
sonnel, of an item during its operational 1life Iincluding the
total impact of requirements for sidll levels, technical
data, test equipment, spares, spare parts, special tools,
operational and maintenance equipment, facilities, levels
aud location of maintenance facilities, manpower, training,
and training equipment.

The use of the word "impact" is, at best, colloquial,
The definition seems confusingly verbosa.

The cosz, expressed in dollans, manhowrs, on oXier sultabic
meadune, expended <in the maintenance ox owrership of an Liem.
The cost may include interest on the invested funds, slorage
c0st, preventive maintenance supplies aid manpower, ote.
Specifically excluded {8 the cost of Lhe operating on using
personnel.
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SUPPORTABILITY ASSURANCE - =

PD: The provisions made in the item design, manufacturing and
maintainability plamning ‘o insure a stalsfactory and eco-
nomical support of the item during its development, pro-
duction, delivery, instaliation, and use stages.

Cl: The word "assurance” is nct consistent with the definition. .

C2: Notwithstanding, this term 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 completion of
adjustments and calibration to verify by measurement of
.performance that the item is in a condlitlon to perform its
function satisfactorily.

Cl: This definition is entirely too restrictive. The term “final
test" is widely used, as a counterpsrt of "final inspection"

i ’ in a'production operation. To force, by fiat, the abandon-

¢ : ment of this usage is hopeless.

; C2: On the other hand, the term, "£inal chack" is used in the
| sense of the given definition.

i . Re CHECK, FINAL - Verification of a completed maintencice aeiion
L ‘ Lo adsune that the 4tem {8 in satisfactony eondition.

TIME, ACTIVE MAINTENANCE - -

FD: The time during which preventive and corrective maintenance
work is actually being done on the 1tem.

(No commants)

TIME, ACTIVE REPAIR - -

PD: The time during which one or more tenhnicians are woridng
on an item to effect a repair.

C: Overlaps Time, Active Maiatenancs.
Re  See TIME, ACTIVE MAINTENANCE (preferred toam).
m, ACTIVE ’IBC%NICIAN - -

PD: meumewd by ane or more technicians in active
performance of a maintenance task, in man-hours.

4 A
F 26

v i

[, SRR N




510 AN N 11

Cl: This definition is misleading. 1t is mot time that is being
measured - but effort.
C2: It might be preferable to designate this as, "gffort, Techni~
cian Active". _
R: EFFORT, TECHNICTAN ACTIVE - The effort, expressed in man-hours ,
expended by one on mone Xechnicians pifomning WaLrLenance. |
- TIME, ADJUSTMENT AND CALIBRATION - - '
PD: That element of Actlve Vointenance Time required to rake the
- adjustment 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 nuzber of such
terms. Delete it. '

TIME, ADMINISTRATIVE - -

Tnat portion of Nen-ictive Maintenance Time whl
cluded in Sunply Time; any type of Delay Tinz e
of Supply Time.

ch is oY in-
xeepe that

This terr. is intrinsically ambiguous. ‘The woxd Hdelay"

should be included

TIME, ADMINISTRATIVE DELAY - {Degfdniidon as <4l.

TIME, CORRECTIVE MAINTENANCE - -

PD:
sy -
. c1:
Ga:

Rs

The time “hat begins with the cbservation of & wal.nmeliin

of an item and ends whe:r tae ite ic vastores to & illa-

factory condition. It :ay be subdivided ineo Comuclevs :
Maintenance Time and Delay Time {if & delny s oretund, ‘
and does not necessarily contribute to equinmnt c¢r systen :
Downtime) if alternate modas of operaticn of resuniandy

m m ‘A. »

The second canteaca scams garbled.

. A sub=division of Corractiva Maintanznce Tim: cawnet be

“Corractive Maintenanco Time' = why oot use Active Maluten-
ance Time? '

H .
The. time perdod which begimt wil: he defection of a wal~
function 2§ an {tem and cadé wikn Sha- Lton 48 agstoned Lo
a satis factony condition. This Lore uuy be subdivided Lito
Active Maintenance Time and Delay Tém.

P )
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TIME, DOWNTD'E - -

PD:

Cl:

That portion of calendar time during which the item Is not
in condition to perform its intended function.

This term may be poetic - but is grammarically illogical.

Downtime {s of no particular significance if there is no o--
mand for usage. If operation is primarily or 2 single 8 %our,
5 day shift, why account for the remainder of the hours of

the week?

DOUNTIME - That portion of time when fhere 48 a demend fon
senvice and the equipment {8 not in.condition Xo pesjonn
its function,

TIVE, EQUIPVENT FEPAIR (ERT) - -

_The median value of individual repair times for an °qdp"ent

or system.

To attempt to restrict such a general set of words ¢o denote
such a specific concept as "madian" seems futile. Why not
call the median the median?

TIME, MEDTAN REPAIR (MRT) - The median valuz of kesain times
for an itam,

TIME, FAULT CORRECTION - -

PD:

Cl:

c2:

Lok 1
& ¥

R

That element. of maintenance time required wsder a siooified

maintenance philosophy to correct the : ‘Z-L\-:Jvic It my .
consist of correcting the malfunction with the faul ~oy iem '
in place, removing and replacing the item with ¢ iiliw ser-

viceable item, or removing the item for corrective :uinten~

ance and reinstalling the same item.

It would sean logical and usaful to distinguish this tern
from Fault Location Tima (bettar yet, Diagaosis Ticme). The
prosent definition does not maks this discinczion oleav,

g
.

In the interest of economy of words = why not call this la=
zedial Time?

“That elemsnt of maintenance time ~" sounds #cileed.

Of what relevance is "= a tpeciftu minteuarca palicsophy ="7 . *
what is a "mainzenance philcvsophy'?

TIME, REMEDIAL - The m required zo‘comcx 2 fault

.

asier
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TIME, FAULT LOCATION - -

PD: [Existing Definition: ‘That element of maintenance required
to test and analyzce an item to isolate a malfunction.

PD: Proposed Definitio:  That element off 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 not call this, Diagnosis Time?

C2: Here's that "elemenr" again.

R:  TIME, DIAGNOSIS - The time hequinred fo tesZ for and fo isolate
the fault in a malfunctioning item.

TIME, FINAL TEST - -

* PD:  That element of active repair time required after completion
of maintenance, adjustments, and calibration to verify by
measurenent of performance that the item is in a condition
to perform its function satisfactorily. :

Cl: Consisteat with an earlier comment, yhis term should be
"FINAL CHECK TIMEM.

C2: Why redefine "Final Check".

R:  TIME, FINAL CHECK - The time nequired Zo perfonm a ginal check
0f the equipment.

TIME, INACTIVE - -

PD: Existing Definition: The period of time when the item ls
available and considered to be operable, but ig neither nesd-
cd, assipgned, nor operating for its Intended furctional pur
pose. '

PD: Proposed Definltion: The perlod of tine when the itow is
avallable and considered to be in an operable condition,
but is neither nceded, aasigned, nor cperating for its in-
tended functional purpose.

Cl: By any definition of "available" - it must be operable to te
. available., Hence, the existing definition contains a re-
dundancy.
C2: 'The definition seems to be unuccessarily verbose.

Rt The pendod of time when the item 48 avadllable but has no de-
" mand for use,

TIME, ITEM PROCUREMENT - =

PD: That element of active repair time required to obtain the
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needed 1tem or items from base supply stock rooms, etc.
C: This seems to duplicate Supply Time.
R: See TIHE, SUPPLY (prefenred tesun),
"TIME, MAINTENANCE - -

! PD: The time during which preventive and corrective mainten~
: ance 1s actually belng performed on an item.

Cl: This is either, (1) a duplicate of Active Maintenance Time,
or (2) a dlshlnct édhcept which is poorly explaxned

C2: Of the two alternatives, it may be useful to select the
second.” = S v

R: The Zotal time required to compleie a maintenance action in-
cluding Active Maintenance Time, Adninisiraiive Delay Time,
Supply Delay Time, ete.
TIME, NON-ACTIVE MAINTENANC

BD: The time during which no maintenance is being accomplished
on the item because of either supply or administrative reasons.

(No comments).

TIVE, PREVENTIVE MAINTENANCE - ~

| "PD:  Existing Definltion: That portion of calendar timz usad in

o accomplishing preventive maintenance; made uwp to Ciine spon

: in performance measurement, care of m.chamca.g wearout 1w

: . front panel adjustment, calibra’clon and alignment, ciafring,
; " ete.

.‘A
Us
-

‘PD:  Proposed Definition: That portion of calendar time wsed in
accomplishing preventive maintenance; made up of time spo-s
in performance measurement, care of mechanical wearous itens,
adjustment, calibration and alignment, eleaning, etc.

C: Why redefine "Preventive Maintenance'?

Rt - The time required .ta perform preventive reirizrasice,
TIME, SUPPLY = -~ ,
PD: That portion of delay time (ron-active maintcnance time) !

during which maintenance is delayed solely because a needed
item is not Immediately avaiiable.

+
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To be unambigvous, a distianct.on should be made between "Supply
Time" and "Supply Delay Time".

TIME, SU?PLV - The ime hequired Zo oblain nepadr paris.

TIME, SU?PLV DELAY - The delay Ln(‘.LUULQu. when waiting for repain
pcvuu

TIME, TECHNICIAN ~ -

That time expended by the technician(s) in performance of a
maintenance fask, expressed in man-hours. _

Duplicates Technician Active Time.

See TIME, TECHNICIAN ACTIVE (preferned fean).

TIME, TECHNICIAN DELAY - ~

P.D.:

Cl:
C2:

Rl:

R2:

The number of maintenance man~hours expended on a ncﬁ ntenance
task while no maintenance is performed either because of supply
or administrativ. reasons.

"Delays" would be a better word than "reasons."

Again, effort rather than time is defined here. These axre two
separate (and useful) concepts which should be distinguished,

INACTIVITY, TECHNICIAN DELAY - The numben og mankours vicsded
duning a mau.ntemnca operation due X0 dupply ok adminisirative

delays .

TIME, TECHNICTIAN DELAY - The number of howrs that technicinie cic
idee due 2o supply on adninisirative deloys.

TIME, TOTAL TECHNICIAN - -

P.D.:

C:

R:

The total man-hours expenditure required to corplete a mainter-

ance task; includes, active bec’-:nician tine, and delay technicien

time,

Once more, effort is belng defined - not tims. Time is measursd
in hours. Effort is measured {n man-hours.

EFFORT, TOTAL TECHNICIAN - Total mimber of mashours expanded 20
pu{oam a maindenance operation 4'.ndudmg bodh: active em)o‘.-%. citd
dnactive delay.
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TROUBLE SHOOTING - -

.PD: ‘Locating and dlagnosing malfunctions or ovreakdowns in equipment
vy means of systematic checking or analysis.

C: An acceptabie colloquialism but isa't “¢lagnosis" a more com=
¢lse term?

m: An allennate Lewn §ai DIAGNOSE {q.v.).

SECTION ENTITLED "ADDITIONAL
R .. TERMS WITH DEFINITIONS" L

"From &R 750-5"

| SR o0 wEsr ’ )

%

This list does uot seem to contaim definitions, per se. Ratherz,
they are expositions or descriptions of terms. Some of them, such as the
"Maintenance Poiicy" tern ave unique to the regulation docum:nt. This list
does not secu suitable, as is, for iaclusion in a definition stendard

‘-mewcz SUPPORT PLAN = -

TREEON

. PD: A continually updated plan initiated at the bezinning of
R development. phase for an item of military design and at
begiming of the procurement phase for a commercial item. Tne
pian provides narrative data concerning the planned use of the item
, and establishes & time-phased schedule of the major actions
required for mainenance support of the item in the field (AR 750-1).

Cl: This seems tg be more than a definition - perhaps a description.
A plan - can be’ a maintenance support plan whethar or not it .is
Mecontinually updated ~", or when it is initiated.

‘

€2: The term should be defined - not exposited.

R: A plan for providing maintenance Lo an <lem on dysiem.
MAINTENANCE POLICY - -

PD: Published statement of guicance by Headquarters, Departwent of
the Arvy on the general course to be foliowed in the deve lomment
of maintenance supporv concepts.

C:- This is not a defintttsa {in the “"standard dafinacion" sense.

A maintansnce policy {s & maintenance policy ragardless of the
L ' ‘ avrthorship.

R: A suecific policy 2o be jollowed in the operatior of & main-
Lerance process.
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PD:

.'MINTENANCE CONCEET = =

A concept which describes the marner in which an end item will be
raintained and supported. It indicates maintenance cepabllities
required of the using unit and supporting units and provides infor-
mation concerning the tactical employment, unusual mainterance
environment, mobility considerations, allowable downtimz, and
other operatio al requirements. Additionally, the technical Infor-
mation required to develop military and civilian occupaticnal '
series codes to recognize new or changed skill requirements 1s
incluced. .

This seems to add nothing (of a deL1n1t101 nature) to the
"Maintenance Policy" recommended definition.

See MAINTENANCE POLICY (preferred iewn),

; LOGISTICAL SUPPORT PLAN - -

_RD:

R:

PD:

J Cl:

A Department of Army approved document outlining the logistical
factors involved in-the support of the particular end item and
related ancillary equipment. This plan normally is written to
provide the tactlcal commanders the necessary information to
assure orderly deployment and support of an item in the fleld.
Logistical support plans will be prepared only for those items
specified on an individual basis by DCSLOG.

Again, a non-definition. Approval is not part of a definitiom,
the purpose is not part of a definition, and for what items
they shall ba prepaved is not part of a definition.

The plan fon providing Logistical suppont to an item.

MAINTENANCE ALLOCATION CHARTS - -

A listing of maintcnance operations applicable to an iten cf
equipment with an indication of the lowest category o mairten-
ance to which each operation is allocated. This chart will
cover the major end 1tem and accessaries 1ssueo with the end
item. (Format included in AR 310-3).

S$till, a non-defiunition.
The first sentence {8 classic Pentagoncsc.

A chant ahm.n? Zhe assignment o m‘_ﬁ madnienance functions for a
apecdfde Ltom ‘? mainienance cchelon.

12
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EQUIPMENT SERVICEABILITY CRITERIA - -

PD: Tests and measurements prescribed for each migsion-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.
" ¢2: How can criteria be "Tests and measurements ~"?

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 com-
pliance with) such a probability. If this meaning is meant,
1t should be called "90 Day Combat Reliability" or some such
term,

R: Criteria to determine if an item i in Sufficiently satis-
: 6aotol¢y condition to peaﬁonm its 5unotwn.

"From MIL-M-55214 (EL)"
PERSONNEL INJURY - - ’

PD: The probability of injury to maintenance personnel during
: performance of normal maintenance.

C: 1If this is to be defined as a probability - it should be called
a probability.

R: PERSONNEL INJURY PRUBABILITY - (De(i.m';téon as given)
UNITIZED CONSTRUCTION - -

r

PD: A type of equipment construction consisting predominately
of replaceable assemblies or modules.

© Ct This seems like a real misnomer. "Uuitized" usually means
"in one piace", as a unitized chassis for an automobile.

R: MODULARIZED CONSTRUCTION - (Definition a4 given),
NUIPMEM‘ DAMAGE -

PD: The probability of damage to equipment by maintenance personnel
as a result of performing normal maintenance,

C: Should include the word "probability” in the temm.
R: EngMENT DAMAGE PROBABILITY - (De‘mn as gdven).

287
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“From Calabro"

UP-TIME RATIO (TIME AVAILABILITY) - -

PD:

Cl:

R:

An expression of equipment avajlability applied to continuously
operable maintained systems. It consists of a steady-state
component and a transient component. The complete expression
is given by:

.+ VIRs= LA - r exp[-(r'+u)T]'
r+u T(r+u)? T(r+u)?

¢
-~

Tnis represents a measure of availability of the system,
since 1t gives the probability that it i1s on at time T. As Toe
the transient state disappears and the general expression for

mn

UIR reduces to the steady-state equation: UIR = gl or since
1
r =‘r%x- and ¢ = 7Y = ~1-,-+‘-'-u- . (This is the ratio of the up,

or ope):rable, time to the sum of the up and down, or incperable
time.

This definition should be attributed to Barlow and Hunter -

not Calabro. (See Calabro footnote P. 135) Barlow and Hunter
use ¥ in place of r and A in place of u. This seems to be
consistent with general use, Calabro's use is therefore incon-
glstent. Thera secms to be no purpose in not using Barlow

and HRunter's symbols.

Tue text of the defirition, especially in the latter part,
scems gomewhat garbled.

The symbols should ba definad.

Consistent with this comnentater's earlier comments regurding
"availability" this term should be changed to "operability",
Notice that Barlow and Hunter do not use the word “avallability"
in connection with their expression. Their temm 1is "expected
fractional on-time".

This should be defined as an expected uptime ratio since it
ts & mean value,

EXPECTED UPTIME RATIO (EWR}) - The expected fraction of the
Lime, over intexval 0 Lo T, that an iton {on sysiem) <8
operable. This texm is applicable to mais :ined systems.




' | ~(x + )T
EUR . u + A - e :
Atu T+ )2 T+ )2

whenre
EUR = expected uptime ratio
nepain rate
failure rate
time perdod of interest

R

AT+

EUR + —&
A4y

DOWN TIME RATIO - -

FD:

An expression of equipment avallability applied to continucusly
operable maintalned systems. It consists of a steady~state

component and a transient component. The camplete expression
is given by:

DIR=_X - r + r
| ey Nr+u)? T+ u)?

exp [~(r + )T

As T » » the transient state disappears and the general expression

for DIR reduces to the ste.dy-state equation: DIR =

, O

m+ ¢
sincerH%ando-%-,UrR=r:u. (This is the ratio of

the down, or tnogerable, time to the sum of the up and down, or
inoperable time,

All of the commants for UPTIME RATIO apply here.

EXPECTED DOWNTIME RATIO (EDR) - The expected fraction of the

time, over Lntexval 0 to T, that an item {or system) 48 in-

oprable. This Lewn 44 applicable Lo mointained systems.
EOR = 1 - ER

EOR « expected downtime aatio
EUR = expected uptime aatio (q.v.)

where

17!
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“From AR 705-25" S

PREDICTED TURN AROUND TIME - -

PD:

‘Cl:

The predicted time riccussary to service or check out the materiel
for reccmmitment.

Is this intended to Le an average value? If so, the definiticn
should so state.

From the words used in the term, it seems an unwarrented presump-
tion to restrict the term to such a narrow meaning. Such a re-
striction is particularly unfortunate with this term since it

has such wide usage in many fields.

- The predicted average Ltime necessary to complete an operation
including all atiendant delays, transpontation time, ete, The
Lom 48 usually applied Zo an operation, such as maintenance,

which {8 auxilliary to the primany, operation of the equipnent.

irz
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- 16 July 1065
USAECOM MAINTATNABILITY SPECIFICATION .

HIL-M-55214 (2L | o

. ¥ in 1352 ve were .o ask zny of che deparimente for & specificztion that
rermfited the measurement of maintiinability, the charces are that we would be
grested by the taling of the Fifch Amendument, ;leas of temporary ernecia, end
excuses thst there wes no breaktrhough in the ctate of the art.

By 1964 that breakthrough must have bore more than a paseing resemblance to
the Mississippi at flood time, because you would trip over the number of techniques
that found their way into specifications. The Air Force had its MIL-M-26512; the

" Navy, the Bu Ships side, had itz MIL-M-23313 (ships) while their Weaponc pecple

had WS-3009 (Weps) and MIL-M-23603 (Weps). Not to be outdone, the Army‘s Electronics
Command had 1ts MIL-M-55Z214(EL); the Missile Commend, its MIL-M-45755(4I); and the
Mobility Comands s contribution was MIL-STD-1228 (Army). This impressive erray )
was further rounded cut by a NATO standard on maintainebilicty, STANAG No. 2817.

The advantage of the latter document was that if a contractor didn t like the .
wording in English, he could switch to French, or any of the other NATO languages.

While questions could undoubtedly be raised zs to the absolute validity of

any of these techniques, there is certainly no doubt that their apnlication to a
dezign.would unquestionably result in a vest improvement in the case with unich
the decign could be maintained in the field. In fact, 1t is possible that in the’
absence of a universally acknowledged technique, we may be able to borrow from °
the efforts of our counterparts within other organizational segments of the DOD,
and thereby fggfher improve the means by which each of us are currently assuring
the integration of maintainability into our designs.

It is in this context that I will discuss the Electronics Coumand's
specification MIL-M-55214(EL) entitled: Maintainability Requirements, Cenerel;
For Electronic Equipment.* Couiec of the specification will be distributed to
each of you at the conclusion of this talk. -

Our zpproach to the quantification of maintainability, was developed under
contract with the American Imstitute for Rescarch. It essentially is & technique
on vhich the equipment design is checked and sudited for maintainability.

In brief, the technique identifies the design feeturec which cffect or
influence the maintainability of an equipment. Principally, this wes developed
by the vreparation and submission of a questionnaire consisting of 211 possible
design featurec which could influ:nce meintainability. The original list of 241
design features was rated by experienced ficld meintenance personnel on a five-point
cezle to indicate the relative importence that the abserce of that feature would
have on maintenance operztions. Though these design features were primerily
cppliccble to communications-electronics 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.
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USAECCM Meintcinedility Speciffcation (MIL-M-55214(EL) - Con't.

To estoblich = rolatfonchiy between decign features and the czse with vhich
meintecnce could ba performed, the concept ¢f mointenance consequence crees’
ucs develoused. 4s defined in this ctudy, & mointenance concequence 15 tha way
in vhich cdequate or inedequate design for meintaincbility cffects mointensnce
locd rnd oreration. Five such conueosence creas vere established. These were:

X
1. Dovn time: The time required for the ;erformance of preventive
" end corrective meintenance, vhich nrevents the scheduled operation
of the ecuinment, This total time i{s exzressed in ecuiument hours
cnd does not include ncintenance lag time, which is the time lost
due to unavellebility of parts, .ersonnel, or facilities.

R AR ¥ LR A VRTRAT D @ TR TN

2, Mzintencnce time: The totel time exypressed in mon hours, required
to coxxy cut cll preventive and corrective mcintencnce wrocedures.

v
2 ]

iy
3. Lozistics.requirenents: The demsnds made ¢en the logistics systen
for the ncintencnee «f on equiiment, Thic includes such factors
cs tools, carts, jercomnel, fecilitiec, ete.

A

4, Ecuirment demzye: The srobzbility of drmage to equi ~nent by
meintenence zersonnel a3 & result of performing norncl maintenance.

: 5. 'DPersonnel injury: The :robobility of injury to mecintenance
i s wersonnel during serformence of mormal maintenance.

During eveluctlon,. each design feature is ccored yes' or mo indiccting
itc -resence sr chbsence in the equipment, :nd weighted proportionate to the
i . - incluence it exerted on the concequence ereas, 'The design feature weights are
; cummed ux by conceguence erec ¢nd Facter Greu.. into raw score form, cnd then Chart 1
; couverted into comnuted scores. To convert the raw schores, the totzl yes'
scorec cre divided by the totel "yes ' plus the total no occores ond wultirled
by 100. Design features not gpjliceble to the equiiment being evalucted cre

eliminated from the scoring. The data frow this evaluation-ic the mzintainsbility
.rofile of the decign under investigation,

To rovide 2 bace for determirdsg the ccecd.tability of the design from o
maintcinabilitj,, dooint, standcrd ;rofiles were established viich represented
the ucer 's ninimu4 ‘aeceptable maintainability requirements., This wrs obtcined
by cubnitting 2 questionnaire to o cross cection of cownend narconnel who
axzrecsed their maintainability requiremente on £ hundred point scale .for each
concequence crea for cix different equipment categories, These were for:

1. Permcnent Installetions L } Chart 2
2, Fixed Field Installations
3. Mobile snd-or Onerstor Carried * Chart 3

, 4. [lirborne
! 5. Test Equinment
: 6. Recorder Reproducers Chart &
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USAECOM Maintainability Specification (MIL-M-35214(EL) - Con't.

By compering the computed profile with thet of the applicable standard,
it is possible to determine whether the maintainability of the equipment as

measured by the index has met the requirements of the eventual uvcers of that
ecuipment,

In addition to this, the index provides the designer with an agaly?ic tool
for identifying specific deficiencies in the design and thercby indicating asreas

for redesign, The weighting lactors, orn the other hand, furnish the basis for
trode-of fs between varicus design features.

. While the aforementioned technique is not based on any requirement for
time measurements, it is to be emphasized that if a specific design feature is

not included in the design, eny repair task involving that feature will take
longer vo accomplish,

Though this tachnique reprosents the hard core of the Electronics Command's s
maintainability specification, MIL-M-55214(EL), there are many maintenence Chart
factors which, while not currently susceptible to quantification, must be
considered if the design is to be maintenance oriented, It ic hoped that the
various efforts to obtuin a mecsure of system's effectiveness will utlimeately
permit the assignment of & "number" to these elements. In this comnection, the

Air Force deserves much credit for spark-plugging the development of such &
mgthodology throurh their WESIAC group.

Hovever, since this is still in the future, the Electronics Command felt that
the contractor should be given an envelope within which he should counduct his 6
maintzingbility program, Thus, in addition to furnishing the contractor with — Chart
the minimum acceptable scores in each of the ronsequence arcss, it is also nocessary

that he be provided with the basic concept that describes the menner in which the Clart 7
government will maintain the design.

This, in turn, must be supplemented by information 2c to the opersting end chare 8
neintenance conditions. This includes the hours of operation per day, how end
where the equipment will be used, tolersble dovm time, end work eavirenment.

Since we are very much concerncd over the increased complexitics of equipament
as they affect our training requirements, it is necessary that the designer Chazt 9
develop his equipment end its support so &¢ to minimize or even climincte the
need for upgrading exisitng operating and maintenznee skills. To do go, it is
essentiel that he be advised zo to what MOS's ara evaileble for this purposa, Chart 10
as well as their technical capabilities ond limitatioms.

1f we are to minimize the unnecessery introduction of now items of tools end
taest aquipments to the mcintenance organizations, we must tell the contractor Chast 11
what is currently available in these organicetions. Nor should the interests of
stenderdization ba neglected by not requirving him to screen Alr Force, Novy, or

othor Army Commodity Commands' resources in those instances where organizetionsl
items are not adequate,




USAECOM Maintcinebility Specification (MIL-M-55214(EL) - Con t

Because any effective maintainability progrea must consider all of these
cspects in the design, it stands to reason that the knowledge acquired by the
" designer should not be restricted to efforts directed to the design alome,
Instead, it was felt that the system anclysis could ~lso be applied, and ct very
little zddtionzl cost, to the determination cnd preperation of:

1. Tool ond test equipment requirements and allocations,

2, Mcintenance procedures ond instructions,
’ 3. Mcintenance technicioen classification to include specific requirements
for troining,

4, Repcir parts lists by item, number, 2nd echelon allotment,

} ~In other words, implementatica of the specification should not only result in

the Lugrovement of the inherent mzintoincbility of the design, but of equal
importance~--to derive for us the specific requirements cf cll elements of
t meintenance support.

Chart 12 ¢
This gentlemen, concludes my tall:. Are there any questions?
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COMPUTATION OF MAINTAINABILITY

3

of the five columas in Table 1, total the

ng factors for all design features adopted and.
in the equipment. To be counted 'yes, ' the
feature must be present in every possible applicaticn
in the equipment. Omission in specific situations
shall be adequately justified.

IJ

Tota. oll design features weighting factors for Ieatunes
not includ:

includad in the design for any reason other than not
copilicablie to the nature of the equipment under design.
Those "™10" items shall include those £features not
employed to the maximum extent possible.

]

The "not applicable! features shall be dropped from
the computation.

Perform the following computation for each columa:

M = _Y x 100
Y+N

where M = maintainebility,

»
u

total of 'yes" weighting factors, and

=
"

total of ‘no" weighting factors.
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OPERATION WOODPILE

DEVELOPMENT OF TECHNIQUES FOR MAINTAINABILITY DEMONSTRATION

AUTHOR: Michael Bialkowski

U. 8. Army Electronics R&D Activity
Fort Huachuca, Arizona
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OPERATION WOODPILE .
DEVELOPMENT OF TECHNIQUES FOR MAINTAINABILITY DEMONSTRATION

Operation Woodpile is an in-house research project on techniques to
derive reliability and maintainabiliiy data from operation of standard Army
communications-electronics equipment. It 1s directed by Jin Lamb, Chief
Scientist of the Army Electronics Research and Pevelopment Activity at Fort
Huachuca, Arizona. The progrem uses as & rescarch vehicle the large scale
EMETF program at Fort Huachuca, which is to test interference effects among
groups of electromagnetic radiating equirments in a field environment simu-
lating large-scale Army tacticel operations.

A feature of our program is the use of running-time meters and fumc-
tional cycle counters installed with selected equirments to assure compre-
hensive quantitative time data. Typical installations are shown in Photos
1l and 2. Combined with accurate knowledge of the operating environment end
with disciplined reporting of failures and maintenance actions, the date
collected are ideally suited for the analysis of equipment relisbility and
maintainability. : o :

While Operation Woodpile generally treats reliability end maintaine
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
MIBF over MIBF plus Mean-Active-Maintenance-~-Downtime. This simply means
that downtime must be minimized. One of the objectives of Operation Wood-
pile is tc obtain a realistic measure of this time. No scheduled mainten-
ance is practiced or this project; however, maintenance checks are made
during active repair. The Active Repair Time is separated for anilysis into
Diagnostic Time and Corrective Time.

As one example, operating with consistently high-level disciplined
maintenance personnel, disgnostic and corrective times were obtaired 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 fallure occurred in
TRANSMIT or RECEIVE mode. From these data, graphs on logarithmic normal
probabllity paper were developed indicating percentage of equipments versus
time a8 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 &3 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 expouentiel. The
median is easy to determine from the data and is usually the varameter 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 coumunications‘’equipment,

7%/




about 60% of Active Repair Time is consumed in diagnosis of failure before
corrective action begins., This suggests room for improvement in our
standard diagnostic procedures.,

To indicate the effect of different equirment types on Active Repair
Time, data are plotted in Figure I for two equipment types which represent
extremes in repair time characteristics. As shown the median time to repalr
VRC-9 equirments (RT-67 FM Radio) is 1.3 hours whereas the median time to

repair GRC-19 equipments, which contain a complex autozatic tumer, is 8,7
hours.

An additional aspect of Operation Woodpile is to develop techaiques
for computer anslysis of relisbility and maintainability. This is
facilitated by formats designed for punched cards, Another aspect is the
development of conversion factors for different operation=zl environments.

To summarize, Operation Woodpile seeks to establish a basis for
maintainability quantification for both standard equipments and for future
equipments. The essential attribute for meintainability measurement is
time. Elegantly, the relation can be stated as M=£(t). Inelegently, it is
stated as follows: "It ain't vorth a dime if you ain't go: that time."

NOTE: Presented by Mr. M. Bialkowski, USAERDAA, on 19 July 1965 at the
Army Technical Meeting on Quantification of Maintainability During
Research and Development of Materiel.
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RECORDING UNIT- RUNNING
TIN5 METER AD CYCLE COUNTER
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HUMAN ENGINEERING RELATIONSHIPS TO MAINTAINABILITY MEASUREMENT
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HUMAN ENGINEERING RELATIONSHIPS
TO MAINTAINABILITY 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
Eugineering 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 increasec 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 ctudies
the relatiow.uips between humans and machines,

Many handbooks have been written on the subject of human factor aspccts
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 arc followed,
the equipment will be properly human engineered for_M.

There are several problems with the handbook approach. This morning weé
have had several definitions of M and have been talking about costs and
specificarions, I would like to cnter another major problem into the discussion,
"How do we give rhe individual designer the tools to design the most effcctive
system.” It is here after all that the effectiveness of an M 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 madc in a
handbook. His problem is far more immediate; his boss told him to have the
design ready in two weeks,

R
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A second problem is that 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 "‘e‘quipment different courses of action
are best. However, the designer has no way o: 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= 2
-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
o . without affecting the thing we are really interested in, Therefore it seems
3 that in order to quantify M we should have some direct measure of the effects

b 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 M.,.»»*""
B 1 as such. o

e

In conclusion, our problem is to define the relationship between 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 alternitives.
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USING MAINTENANCE FLOAT TO MEASURE THE MONEY VALUE OT MAINTAINABILITY

AUTHOR: Boris Levine

Office, Chief of Engineers

202



. R . ¥ - P e e e o s g GRS kot 2% m s s A

} USING MAINTENANCE FLOAT T0 MEASURE THE MONEY VALUE OF MAINTAINABILITY

| One of the problems associated witi ‘mproving maintainability is demonstrating
i its value in money terms. This is imporvant, because some bazsisimust be found
to justify spending time and money for the purpose and the simplest, although
not the best, 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
oL 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 eqiipment held at a maintenance facility
as .eplacement for ltems which fail. TRe replacement is placed in operation
and the unserviceable ltem is repaired ayd returned to the pool. It is this
feature of replacement and concurrent reprir that is unique to the float system.
The amount of float required is related to\ the supported population by a float
factor.S%In army operations, the float facbor ranges from 3% to 30%, averaging
about 15%. ' :

One way of measuring maintainability is \in terms of repair time or, more
formally, Mean Time To Repair (MITR). It hay§ been shown, for equipment which
has an exponential failure distribution, that \the maintenance float factor is
a function of population and g, the ratio of MITR to MIBF, That is

Total Float F= Q& f (Eql)
Float Factor f=l-(e'8)(§i_£) (Eq2)

The(ﬂ.oat :gaotors ars plotted in Mg 1 and, foi' practical values of g, in Fig
2. (Ref. 1

Using this relation, it is possible to caloulate 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 caloulate &

: maintainability goal which will achieve a given reduction in the cost of the
| float.

As an example, take a radio for which data are available from a Research
Analysis Corporation study (Ref, 2). Consider the following summary:

a, Cost: $4L000 sach

e e abtaan iz s S

Assuned
Present Improvenent
MITR 2 days 1 day
MTBF -~ 16 days 16 days
Float factor 12% %

from Fig 2)

Prepared by Boris Levine, Electrical Exgineer, Military Engineering Division;
of Engineers, U.S. Ary
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b.. Float Cost for 1000 units

Original design $L000 (1000x.12; = $,80,000
Assumad improvement  $4000 (1000x.07) = 280,000 : .
Gross savings : Fm 3
Less: assumed engineering costs - 100,000 o
Net savings due to . $100,000 |

improved maintainability

That is, if the repair time can be cut in half, the reduction in float will
.pay for $100,000 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 parameters, #TTR and MTBF, can be
obtained from TAERS data for existing equipmen 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
‘“1. [\

Data with which to check the validity of the float factor expression are
haxrd 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
eatimated are, if anything, on the conservative side.

o o i SD e 5

‘ For simplicity in the example the maintainability was improved without
effecting 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 scops of this brief presentation.

References:

1., "Bstimating Maintenance Float Factors on the Basis of Reliability
Theory" Boris Levine, Industrial Quality Control Feb 1965. . ;

2. "Allocation of Maimtenance and Support Rescurces for Tactical
Communications Equipment." John H. Moss, Carl F. Blozan, Robert W. Bluehdorn,
Margaret 16!. Tupper Research Analysis Corporation Technical Memcrandum RAC-T-iil3,
Aogust 1963.
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Army Research Office Sponsors Research on State-
of-the-Ar: on Reliability

by Sumner Meiselman

The Scientific and Technological Applications Forecast (STAF),
entitled "Research on Materiel Failures" a reliability reseafch
effort is sponsored by the Research Plans Office of the OCRD, D/A.
This project was initiated very early in 1964 which resulted i~ thke
award of a contract to the University of;ﬁichigan in October cf 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 drganizations 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 ard
reactions of some 17 life cycle program milestones (of prime interest
to managers and engineers) and five major categories of scientifi: and
engineering considerations, 5, an annotated biblisgraphy, 6. a direc-
tory of selected organizations and personncl engaged in reliabili-zy
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

207



three years, It is well-known that a great deal of reliability
oriented research has been accbmplished since World War II, especially
since the release of the AGREE* and the PSMR-1 (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 ovefbupported as wgil as ﬁhose which may be lacking
support. The mechanical reliability area 1s-be1ng particularly
emphasized since reli;bility activities in the electronic field has
received significant attention and financial support from the military

establishments over the past few years. The current administrative
A Y

.

efforts to reduce costs and to obtain the optimum return on basic and
exploratory research dollars not only justified but made mandatory
;his STAF in order to increase the effectiveness of research planning. -
A successful reliability STAF focused towards mechanical engineer-
ing reqpired project personnel fﬁoroughly familiar.in this field.
Hence, ﬁhe contract was awarded to the University of Michigan and a
ﬁanagerial team was established by the designation of Mr., Sumner
Meiselman of the Advanced Technology Brénch of the Research Plans
Office as the Contracting Officer's Technical Representative, and
Dr, Charles Liéson of the Mechanical Engineering Department of the
University of Michigan as the Contraétor's Project Director, )
The reliability STAF work is presently on schedule and the analy-
8is leading to the establishment of the state-of-the-art is being
performed; For example, the work accomplished to date has tncluded

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-1 (Darnell Report) '"Parts Specification Management for
Reliability," Vol I & II, dated May 1960,
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repcrts from the Defense Documentation Center, This included the
Center's total input or reports relating to reliability and furnish.

é . ed to the Cenégr by various activities sponsored by the Department of
Army, Department of Navy, and the U, S, Air Force., In addicicn, scme
1800 National Aeronautics and Space Administration abstracts and tgshe
nical reviews prepared by the Research Triangle Institute corcerniag
Reliability oriented papers published in Professional and Trade Jourznals

 have §een analyzed. An unspecified mumber of complete papers ard :texcs
are being scrutinized as part of the input to the state~of-the-~ar:

analysis. However, this effort is not considered or required to te 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 Tachzd-

loeical Applications Forecast was the development of the identifica-

tion and relationships of the vast number of scientific aand engineers

ing considerations diractiy affecting the reliebility of matericl,
For example, the selection of material is an important fauuv. 3u:
other coequal but less spoken about factors, are ervironieatal «oi-
ditions, phyuéal or mechanical lbading, human factors, and evaluation
techaiques, all acting in their indopend.at{t mcdes but inceraciing to
affect the matariel's rel iabllici. ‘to compound tha p:oblén, Thias
impacts and interactio:s do not-have a ‘fixed or conn:'nnt' ralatios»nis
- _Suc vary as the materiel system prograsses through its lifs sycla

| from concept thiough development, production and use phisas; 6:, ia

the jargon of relisbility, the specificationr, prediczion, vi:.lie. .
‘o o : : a2d preservation phases, As a result of the mansgeriai tesz oi:o ¢

- Dr, Lipsou's assistants have téntacively identified approximazely 203 e
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interacting groups of matrix elements which are further subdivided,
Thes; major groupings do net include some 76 environmental factors
vwhich have also been identified as :ausiné damage to materiel and
;which are not generally specified ir system developmeat contracts,
However, these environmedtal factors will be discussed in the STAF,
| The managerial teaﬁ expects that certain elements of the
Scientific and Téchnological Forecast wilil be of‘grea: valiue to
industry and government organizations alike such as the sele:teé
directory and bibliograpﬁ?cal sections, .In'view of this, the Univer-
sty of Michigan will solicit the assistapcé and cooperation of many
industrial organizations and professional‘aqd technical groups for
source information, For example, it is well-known that the Society"
of Automotive Engineers, the Society of Mechanical Eagineers, the
Aerospaée Industries Association, the American Society of Quality
Control, thz Institute of Envirommental Sciences and others have ad
| " hoe aﬁd 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 adv;ntage-
ously utilize the knowledge and/cr engage the services of these
groups, T. this end, one of the motives of the Reliability STAF is
to open channels of communications amongst pevscanel working towards
the common goal of known rzliability in mateviel, For example, rhe
manigeriél teaﬁ has ¢~ tacted depositorias ni‘resaafah repoths 3.th
as those spnsored by the Bureau of Re:lamatinn ard the Sxziths.:ian
Institution of the Department of the Intarior, These orgaztzat}g:s
have respunded with epthusiasm and have already roncribited to the

[y

Army's reliability STAR, Lt
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Another very important section of this STAF will be the identifi-

cation of basic and applied research needed to fill voids in the notal

reliability effert, This identification will erable industrial,

university and government organizations to chanzel research suppizrt £o

the needed areas rather than dupiicare efforts alrcady accomplished but

not known generally. To assist in this effort, current plans aalli for

the primary distribucion of the unclassified portion of this relia-
bility STAF to select industrial and educestional researzh instizuticns

| who indicate an interest and a desire for the compendium scheduled Zeor

.

publication in September 1965, I.guiries relating to tiils reliabilicy
STAF should be addressed to the Chief of Research and Develcpment,
Attn: Research Plans Office, Mq, Department of the Army, Washiagton,

D. C. 20310,

FORTWORD T¢ VISHGRADHS

The Army contractor surveyed ludustrial, cdul .sioacl oad
. goveraronsel sources Jor reliability aad maioteinability recearch
inforzation pertineat to this STAZ.

In viev of this mainteinsbility meeting, he was sshad o sull
randon scrinlos of replies o his letters of inquiry. Accoraiazly,
tke followis: ianformation wes furaished by tae contractor anc it
Presanted without bias.
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. DISCUSSION: <QUESTIONS, PROBLEMS,
|  CHALLENGES AND RECGMMENDATIONS
It . .. Moderator: Mr, Abraham S. Pollack, OCRD
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LT COLONEL IEDFORD:

Let us see if we can get some discussion, some recommendations,
something constructive and concrete 1if 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.

MR. 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 intu 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 ruere any more questions before I turn this over
to Mr. Pollack? All right abe, we'll give it to you.

MR. 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
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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 systems 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 of 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 dnother. Perhaps, a second big
problem category would be establishing a data base which is useful to
agesigners. 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 Uffice, 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?
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_failure to address reality and it goes both directions. R/M are an implicit

. your design and if you don't address reliability and maintainability in

-this is in one direction - in the other direction I think we have got to

LT COLONEL ERICKSON: : | ' §

To answer that question, specifically, yes; howeve:, 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 i
development. I think this same caveat is irn the current regulation. It's
just a practical acknowledgment of the fact as you point out that you just
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

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

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

face reality just as well, It matters little how much inherent reliability
or inherent maintainability you've got in your design if you do not follow f
throush with a reliability assurance and maintainability assurance effort f
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 builtein

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 enginee:Aright 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
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Instruction also basically ‘says that you have to give adequate consideration
for R/M in the earlier éategories to the extent that is is appropriate.’
When you are talking 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.. It 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%ébﬁiand feasibility and we do not take the
attitude that you should contract/the hard requirements. Goals are appropriate,
but let's be realistic 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. MEISEIMAN:

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 individuzl who has prepared the TDP or the
MC's or the basic requirements documents. '

COMMANDER 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 neasure = 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 measure 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 agoe the Human

Factors people started in with tremendous innovations and now they are kind
of pooh-poohed in their own circles as the "knobs and dials boys." We should
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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 has to follow.

MR. BYRNE:

I would like to address my (uestion to the nuts and bolts -ype problem
as regards data collection. It appears to me that the output of the main-
tainability program can only be as gcod 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 and'how 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
it 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 CCLONEL LEDFORD:

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,
cestly 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 thirk Army-wide, we are going to have to look to TAERS for the big bulk
of the ¢.ca collection system and to feedback MIBF, MTTR, and the logistics
time. Now, today we have a dichotomy of information. Out of TECOM and out
of the R&D contracts, we do have a feedback of informacion failure data
similar to srme of the data published in the FARADA, It could be published
in IDEP and some of the others, but the informdation is of a small quantity
and in talking to some of the people who analyze this, the raw data is many
times questionable. OQur 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 herz which are beneficial, not only to
maintenance and consumption people, but back to the enzineer 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?



MR. 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 weapous system such as the SHERIDAN/SHILLELAGH, 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 MIBF 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
tha§ you can measure than we get from the field, but we must be able to
weasure 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 pot 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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MR. BURCHFIELD:

One thing the TAERS system does is to provide a means of determiﬁing.
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 distribution, 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 2 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;:he items that are replaced on each
overhaul of the component,

COLONEL KNIGHT:

I don't know of any move to discontinue using the 24108

MR, BURCHFIELD:

I know there have been deviations granted to certain organizations
which deletes certain information we need.

MR, UHRIG: ,
I have two questions that I believe are basic and germens tc this
discussion inasmuch as so much emphasis is placed on it by the speaker.
The first one is, that if thera is a communication problem, and apoarently
there is, because evervone 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 dons before we can
even start getting measuremeats. )
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~* MR. 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 Tri-
'+ 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 contemplate@® 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.

MR NORTON: | |
~1s that pretty much in line with what Major Stanton suggested? :
MR, JACKSON.
Yes, that s right.

* MR. 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,

MR. JACKoON :

It is basically no different from the present definition except that
it clarifies one point,

MR. NORTON:

I don't think anyone objected to the definition he's got except the
people in the audience.

MR, MEISELMAN:

I don't think there is a problem of whn: the official definition is,
"I think the Problcm is what will indusiry buy in terms of interprecins it.
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MR, JACKSON:

 have mentioned, that there were some 30-o0dd definitions, we decided that it
~about maintzinability we wanted to give time for people to have their say.

bf‘ established a definition which was coordinated with industry and to my

' communicate properly anything that this definition doesn't cover.  No
definition can be all-encompassing to everybody.

MR, UHRIG:

‘thing was a real problem and if this is a fact and if these people recognize
~ clarified.

" MR. COX: o | o

Industry participated in this definition. Because of the fact, as you

was high time that we established a definition. Initially, when we talked

There was time. There were many definitions proposed. 1In April 64 we

knowledge was accepted by industry and that is the definition that is ‘being ;“i

" used in contracts to the extent that we know about it, S

MR, POLLACK: | | R B

The defihition 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

 There were at least 4 presentations that stated that this particuiar

the problem, perhaps we're missing a good point here in not getting it

: I think the communicatiops problem is not the definition i.self, 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 woxd, I don't think you j
will bhave all these communication problems. :

. COMMANDER 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 do not

use the texrm "probability." To begin with, outside of the statistician and
the engineer who has been exposed to statistical analysis, there is a

t‘m&lunderatanding 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 term probability. It is used within the trade, as

‘ . it were. The tc:m probability has meaning to anyone who understaads statiscical

analysis.

.22 ' ‘ |

e
e st




MEMBER 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 ¢an prove anything I want with any set of data." Now
this is a diffiedlt~#Pea‘and it takes a degree of expertise in statistics
in order to be able to handle it. This is our educational problem with the
designers., o

MEMBER 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
0 should be clarified so they can understand it; if it is necessary in lay=
man's language. A . : :

COMMANDER SARGENT:

We are guilty of very loose use of our own verbiage.

A ~

MR, 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 understand,  That's why we have full-time
reliability people. One of our troubles is/ is 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 i,
done in other areas. How are we teaching integral circuits now to designers?
They have integral circuit people who are working closely with the designexs.

MEMBER OF AUDIENCE:

I think we are confusing an engineexr with & special job to do with the
total job to be done. But I have yat to see anyone visit a design activity
and all they found were engineers. Surely they must have found people with &
lot of other specialties and this design talent should be able to produce the

10
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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 your requirements. If one
requires the hiring of a statistician, an engineer, or a technician, this

is what must be done. Don't tell m2 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.

MR. MEISEIMAN:
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" «:d

- 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 AMETA where the first six months will
be -2 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 of 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 £ill
the bill, that is compatihle with the requirement. ‘ ‘

‘MR, JACKSON:

I would only say at this time that we would want to get some real N,
specifics together in terms of making any major change to the current
definition, becauss 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. '

. MEMBER OF AUDIENCE:

1 think we should preséribe our requirements under maintainability
requirements and forget about the definition = we already have a definition.

. 1f we are going out to buy something let's say what we want under maintaina-
bility to the contractor. '

MR, POLLACK:

May I suggest that we drop the definitions problem and’ go on to something
else? : '
MR, KICAK:

‘ In the design we try to meet the requirements of the QMR. The format

for the QMR 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 axe 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 & QUR. The only thing we

have 1s AR 705-26 which specifies that it shall be cranked into & QMR. The
format as specified by AR 705-5 doesn't provide for this to be cranked in at all.

MR. POLIACK: '

We are aware of this problem and as you know wo are kickingsit‘axound
informally with & view towards doing something about it,

LT COLONEL LEDFORD:

Like many of ouxr specifications, by reference, it references one which
references another, etc., stc.; AR 705=5 does carry the xeference to the
AR 705-26. :

MR, KICAK:

Nowhere within the framework of the QMR format can you crank in the
maintainability aspects.
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MR, POLLACK:

Yes, it is somewhat nebulous, that's true.

-~

MR. NUCCI:

K : Now to get back to your TAERS program, I tried to go back and find the
3 L , AF reference, the supplement to the 66-1, which is AFSC 258-5. Now, they have put
o a lot of work into it. It might save you some work if you got a copy of '
P - ' that in the adjustment of the TAERS form. Onz caution, even the AFSC 258-5
g 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 account for both,

. LT COLONEL LEDFORD: o

The operating log today is an integral part of our TAERS systen.
| - MR, NUCCI: . |

XIf 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. )
C 7 MR VILSON:

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 & requirement for M
¢ AR © 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
! ‘ o and logistics and the other has to do with the design. Now the M basic
L : ‘'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
DEET I * 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 and it
[ ‘ : reflects the logistics consideration as an interface and a tradeoff. There-
1. 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 me that we
ought to be addressing ourselves to how do we express the quantitative
requirements for M as covered in this DOD draft document, unless we don't
thidk this is going to go down the road.
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. effort, maintainability as an effort, and logistics as an effort. We could

D U JUVUH P

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 MIL-STD
it establishes the basis for requirements for a M program. The M program
must be based upon certain mission requirements and certain basic M require-
ments that are established as\a part of some of our earlier discussion that -

" we talked about, either in your QMR'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 MI1~-STD, Requirements
for a Maintainability Program: ''Prepare M 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
. (&) Maintenance requirements analysis, maintenance task analysis,
tools and test equipment, manpower, training, skill requirement determination,

v

 maintenance information system, or equipment and facilities determination,

reliability program, 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 M requirement out of the coatract, not necessarily these inter-
faces. It will describe what these interfaces are.

MB. WIENGARTEN:

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

go into a long hassle on when logistics should get in here, but disregarding
when thers is an explicit tradeoff which can be made under the guise of both

reliability and maintainability in the logistics world, just stay with it
for the moment. 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 Minuteman
parts or do you modularize this so that you buy N spare black boxes? These

“kinds of tradeoffs I think can be made much-more 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 for=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.

MEMBER 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.

MR. UHRIG:

They are supposed to by Army Regulation. I have only baen in this a few
months now, but already I am beginning to detect the side effects of all
these prescriptions that maintainatbility must be defined - that people
are baginning to listen to the maintenance engineer in the IPR. He
used to be far away from the confertnce table, row he Is getting I place
up there in front., He is getting a chance to be heaxd as the’design
proceeds. The programs now, which are going well at ATAC and other places,
are the ones in which the maintenance engineer is getting a chance to talk,
When he is ignored because he is subordinate to the design agency, the design
gets into trouble, I think that while we are working toward getiing
maintainability defined we are also going to have people paying &ttention
to the maintenance engineer. Now he has to be qualiiied to talk to the
designer in the lai. .age the designer uses,

va
MR, NUCCI:
' Ledfoxd,

By the way, Col / despite the fact that everybody says it is in the
regulation and required, I have had Army officers come to me and tell me
that the maintenance people were not wanted at the'dasign roviews.

Y
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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 requirements included in the QMR have been met or to what
degree, if they are included. I1f they are not included, then I say that we,
_ourselves, are to blame.

MR. RICHARDSON:

You force us to establish the criteria if it is not included.

LT COLONEL LEDFORD:

Today, the QMR, good or bad, quantitatively does havk expressed a
maintainability design characteristic before it goes out of DA Staff as an
approved document and prior to AMC 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 syscem that will give us
historical data by which we can predict, then we have to go with what we
have now.

e

MR, BONOSEVICH: | '

It appears to me that the majority of presentations which we had
this morning were presentations which were primarily oricnted toward the
electronics area and it is true that only two of tha commands have electronic
equipmant, We haven't heard from ATAC, MOCOM, Weapons Command, and MUCQOM.

3 1 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 Mr. Jackson is talking about is
going to suparsede any bit of paper you have got at the present time. It

_ was mentioned also that there is a problem in determining what reliability
figures can be tagged on to mechanical items. To my knowledge there axe
very few, L{f any. . '

MR, MYRON:

There are very few right now, We are just getting our feet wet, We
are gecting more informntion. Data is gtarting to coue in from all the test
sites. Soms of ti:a test stations are kind of lax but it is coming along
p 3tty good now, We have another problem. How many articles are we going
to test? If you are going to test as many trucks or combat vehicles as you
would alectronic equipmant, that poses a problea,

16
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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 - 195557 =
with emphasis into electronics. It rccognized 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 can 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 maiantainability has to be
incorporated. Electronically, 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 equipmént, 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 iaterchangeably with "reliability."

LT COLONEL LEDFORD:

We find that in the QMR's and I think that in this new 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

terme 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 épecify durability and .
they interchangeably use it as reliability,

17
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MR.. NORTON: | | . i

I can't see the difference between durability and reliability. To me
these tetms are synonomous. I can't say anything about one that I can't say s
is true about the other. I have queried dozens of people on it and no matter
how they defire 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-M=26512 and T
MIL=-R-27542, two MIL-STD's for reliabilicy and maintainability. Let ma :
tell you, this brings up another little thing which could be a crusade, maybe
for somebody. That is the fact that these thingszhave got the simple little
letters USAF after them which stands for '"nmot 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
v - 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, 1 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.

MR. NUCCL:

We are fixing part of that now. MIL-SID=785 will supersede MIL-R-27542,
MR. NOKTON:

| One other problem is how to fix airplanes, how to be a mechanic, how to

a work on a helicopter or an engine, 1 keep getting these crazy documents over A
' 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 ald. 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

E o Ll ' these things and support a little empire that keeps redoing these documents
R . that wa already know how to do? j

o 2
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MR. BURCHFIELD:

You should have stuck to the Aviation Board. I'm from AVCOM tfoo.

~ We are using MIL~-R-27542. We are also using the maintenance documents by

the Air Force, especially on some 6f our new developiment systems.,

" MR. SIBTHORP:

1 .object: to his comment that the Army doesn't use the AF or Navy specs.
The MICOM spec on M is almost a verbatim copy of AF spec.,

MR. NORTON:
Why do'n""l: we just use the Alr Force one wi.thoﬁt changes?
MR, COX:

I will tell you why. On page 2, I think, is & list about 6 inches long
of Air Force references that we couldn't get our hands cn. CQur standardization

- people said we couldn't reference it unless we had all of these docuwents

80 all we did was to take off in an Army direction, knocking out Air Force
references, knocking out some of what we considered &tinecessary.

MR, NORTON: - . e

Couldn't we have just called the Alr 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 of references is much smaller and we can get ahold of those
now. We wanted to go through an exercise of deleting MiL=-R-45765 in favor of
MIL=M=26512C, but the new MIL-STD=-785 coming up, it was no longer necessary.

19




SUMMARIZATION

Lt Colonel Ledford, OCRD

237



S [N PRI N A e S
Tt NSl v N [ et e i ORI i Rk AR P )

LT CCLONEL LEDFORD:

Our time is running out here. I think that from the 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 least 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.
.. 1f 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 conferencé. 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
meaningfully to express what we have done., I would welcome any suggestions
from you members 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 not -
you think that in the future like conferences are apropos. I am open to any i
- suggestions from the floor. ' ' '

AL KT
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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 xrecommend that maybe a small working group of somebody from your
4 office and from the Maintenance Board or AMC or AVCOM or CDC get 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 think we should certainly earn our mouey
and meke this thing pay off as a cuntinuing thing.
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MR, KICAK:

' i agree with Jack that this should Be-é small group. Initially, though
I think it should be from HQ, AMC 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 forgbt.
LT COLONEL DIAMANTES:

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

. cértain 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:

- 1 would like to make & 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 AAFSS 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, thé 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. I would like
to do this before the next quarter.
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LT COLONEL LEDFORD:

I would like to just throw out a2 thought on this timing and phasing. We

have, by example, shown you the way. I would like for the commands 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 othér 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,
AMC, 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,

MR, 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 maintainability, 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.
MR, WEINGARTEN:

May I make the suggestion that that first small work group take a look
at that blackboardl and at least approach that Eirst column, ldeally, 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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Maybe 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 1list

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
recominendations. That type of & 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?

MR. NUCCI:

1f you could make known the names of these panel.mémbers, 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 & row and line ourselves up."

MR. JACKSON:

EN

One of the things that we discovered in going through these various
specifications to consolidate thep into MIL-STD's was that there were some

veal problems ti.at 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 standpoint, What we have tcied to do is put a basis
for the use of technology as it is today. Let me illustrate: In the
Demonstration MIL~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 cf 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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© "When can we come in?"; I said "What do you want to ¢
-you 100% that we need to do something in this area. The question in my mind

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 "“Here's where

- we need to go from here in improving our test methods for demonstrxation" 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 cocrdination 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 would.like to just take a couple minutes of your time, gentlemen.
When Gerry and Abe camé"ﬁp~wi:h\£he idea of this conference here teday, I
think they anticipated a lot of ré3sistance on my part and that of General
Dick. They arranged for some time to'come‘In\cnnggnvince me about the need
for a meeting such as this. I looked at their outlihe~pagg£f:nd they said
ome in Tor?" I agree with

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. .
- 1 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., 1Is

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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MR.  NORTON:

May I just ask one questxon, 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,

" MR. 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 AMC. This has been one of our problems,

LT COLONEL LEDFORD.

" For policies set forth in AR 70525 and AR 705-26, OCRD has the
responsibility. The implementation, of course, goes down into AMC,
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 AMC, but part of it may
be in Materiel Readiness, or it may be in Quality Assurance. Still within
AMC is the bulk of maintainability and reliability that is done Army-wide.
They also take that responsmbility on to a degree for ASA and for Chief-
of Engineers projects.

MR, ' NORTON: -

: Is there any particular agency in AMC that follows these regulations
diligently? v

LT COLONEL LEDFORD:

That question has to be addresséd to the AMC people. I can't answer
it, -

MEMBER OF AUDIENGE:

How much of this is delegated to Ehc Commodity Commands?
MR, NORTON:

Whoa, stop passing the buck that way.
X, KICAK: |

"1, personally, was looking toward OCRD more or less to keep this
roiling until we, in turn, can pick up our 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.
CENERAL 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;
] P we were not going to come up with recommendations to solve these problems:

| 4 we were going to get just what we've got = a group of rather diverse vic..
| . 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 have
I, given the presentations. I thank each and every onk.of you here on behalf
| o of General Dick and General Marlin. T

MEMBER OF AUDIENCE:

| This is the first time I ever heard of the Maintenance Board. Is this
i an AMC activity? 1Is there any R&D reprssentation on this board?
{

MR. NORTON:

1 represent R&D nn the Board along with the other three gentlemen alluded
to in the field of reliability and maintainability.

LT COLONEL LEDPFORD:

The Army Maintenance Board is a subordinate command of Supply and
Maintenance Command of AMC located at Fort Knox, under the President of
the Army mtntowc Board,

Gentlemen, with that we will close the conference. Thank you.
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I. Inttoduction :

v The original title of the discussion paper assigned to mo vas to have
o 3 : been "Maintainability Designy Maintenance~Raliability Interrolstions." I
! have modified this title to "MaiatelnsDility Dseign and Malntainability-
: Reliebil. y-Maintenance Interrelations" feoling that this breuder coverage
: would better respond to the objectives of Panel No. 5 and the &lscussion
) arz&s outlined in the Memo to All Members of Panel No, 5, cated 10 March
1965,

If the objectivea of Panel No. 5:include the devalopment of critafia
for evaluating maintenance reauirements and the determination of management . : _ §
techniques for optimizing maintenance capabilities it would ssem cporopriate :
tkat there be discussion rot only of:

a. Maintenance-Rellability interrelations but also, =

‘b, Réliability-Maintainability.interrplations, and

| .. c. Kaintainability-Maintenance interrelations.

<

} - of the discussion areas outlined in the aforementioned memorandun ' !
. this paper will attempt to addressusome,remarks to the follewing:

‘ . Determination of mairtenance demands for a new weapon system
| (in advance of its detailed d931gn)

! "~ b. Design for optimum maintainability
; | e. Determination of support requirements

d. Assessment of impact of maintenaace neads for new systems on
existing workloads. : : o

e. Determination of management information needs for effective
raintenance management.

£. And, finally, design of systems to £ill these needs most
- effectively, .
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II. Absatract
e
Accordingly thio paper will treat of tho follcwings
2. Definitions of Maintaimbility, Reliability and Miintonaneo,

b. DoD Policiesn for Reliability and Maintainability (ao applicable 9
to En"':l.neoring Devolopment and Oporatio'ml Systoms Dovelopaont projocts)

c.. }Miintainability Design (including development mamgomont :.na
design tochniquos).

d, Reliability—l-hintainability interrplationa .

6. Maintalpobility-Malntensnoo interrelations.

f. Maintencnco-Reliability intesrelations.

g. Human Factors interface with Maintenance/Reliability/kfainmimbility.
h. Miintainability Research. ..

i+ Conclusionp-and Recommendations

IIXI. Definitions of Maintainability, Reliability and Maintensnea .

It cecugs apprapriate that we should first dofine thase throe tcrms to
esteblish a clear understanding and a trus base for digcussion. Though I
Tind iv ¢ifficult to believe, very often we find the terms Muintainability
and M:interance used synonymously; and-sometimes all three torms are used
synonmously. Therefore, the definitions are as follows: :

A, Mintalnsitlity 2

Maintainability is a characteristic of design and installation
which i3 exprossed a3 the probability that an item will conforu to
specificd conditions within a given period of time when miintenance
action is performed in accordance with prescribed procedures and resources.

~nee 1 - DQDI 3200.6

"‘r..i‘srmg development. includes those development pirograns
.. are baing engineered for Service use but have not yet been
t..z-oved for procurement or operation. Operational systems
écv ,lopment includes research and development effort dirscted
tc.ovd development engineering and test of systems, support
nr: _o~.ms, and vehicles and weapons that have been approved
:‘or sroduction and Service employment.
D o 2 MIL—STD-778 "Maintainability Terms and Definitions"
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' . Maintaipobility 1s a system parformanca chnrrctamintie rolating
to the probability of restoring or malntcining a systes 1a a condition
of satisfactory performance, within a spocified poricd of tima,

Ofton we will find measures of mintnin..bili'by epocificd in
ternc of "Mcan-Time~To-Repair® (MITR). The measurc "Malntonanco Man
Hours Per Oporating (or Flipgat) Hour' is comotimes waed as o IL:.nt..in-
abillty Index but it relates moro clocely to tho maintcrance lcad
factor rather than the maintainabillity charzectorictic of tho sycton,
which depicts the relative ease cnd speed of accompliching maintonance

actions,

Bs "olinblity

Reliability is the probability that a gystem, oubsyotem,
component or part will:

3

a. Porform its intended functicn,
b, for a specified pariod of time,
c. undor stated conditlions.

Again wo have & gvatem or equirment prrforrines ob ~metorintie
related to tho eritieal time period ovey which eatisfactory porfo:ance
(within the spacified tolerances) is sustzined.

Roliability is often expressed ca "Probability of Miculon Succoss"
end ot tircs in terms of "Mean Timo Batveen Fallurcs" (BITER), o INTEF
can bs quiclly converted to a "Probability" rolated to a critieal %iwme

poricd (mission time Quration). And though it may eppear obvious,
“Prohubility" plona does not express reliability.

C. Knrintenmnece

All actions necesesary for retaining an item in, or restoring
it to a serviceable condition. NMaintonance includss servieing, repair,
nodification, modernization, inaspection, ani condition detarmninationa.

In summary, leliability is the systen performnnce characteristic
related to the psriod of satisfactory operation (UP-Timo); while
Iintadinebility 1s the system or equipment charactoristic rolating
to the system or equipment outage (Down-Time). Thoze charactcristics
Balinbility and Maintninability must be designed into the harduare.
Erinhtonanca, the effort and actions required to restore or retain
equipment operating within specified tolerances, is a function of

Reforanea 2 MIL-STD=778 "Maintainability Terns and Definitions"
Reference 3 MIL-STD-721 "Definitions for Reliability Engineering"
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Rolichility ralative to the i‘requency of maintonance and & funotion of
Yalntainability relative to the time and effort required to reatore or.
p':aaomse the Reliability deaigned inta the harduare.

IV, - Fw'lighi,l_ij& -nnd_g-:aihtaimm;;i},x Pc;icigg

Tho rolisbility ard meintedrability policlies, as epplied %o
- Enginsoring Development and Operational Systems Development' Progromgs, !
aro in diroct support of the prime objective = the acquisition of : ¢
adeguate woapon systens in proper tims pcale and at reascnnbleo cosls C e .
Algo, thoy support a bagic DoD developmont managemsnt policy tint . |
progran approval will be based increasingly on svalustion of the : )
i cost/offochivencss of the eystem for 13 tothl planned opcrational 3 : ‘
: iife, i o

Thooe Rollability and Maintainability policieﬁ are as follovay

_ 1. Raliabilit.y and Maintainability goals, steted in cquntiintivd,
migsion~regponsive terms, must be astablished for all devclo;sg.ont -

WO@‘&W o

- 2, Thewe Rel:.abilit.y and Malnteinability gocle clall be tio
o © btasis of techniecally realistic requirements that can be coatrastally !
b B speclfipd with appropriate demenstration plans. |

! '3, Reliability and maintalnability ctn bo Sbtained effostively
; L only by sound enginecring during design and developmant, .

i . 4. Feliability and maintairability must bs designed into thoe
| equirnont, but must be designed in-on & systom btaslp and wust be
subjcce to tradsoff consideration with all other oritieal ob.arac--
tard.tice; stuch as performce, weight, sost; etc,

5, Rollsbilify and maintainability are the diract reaponaibilities |
of the projact ma:. %mont. wganiaation«

. 6. Achiovement of reliahility and mmtaxmbiuty rcQuircncats
ozn b Gsaured orly by eonstant monaitoring by the projest mrager
and kiy staf?, utilising carefully conceived plans for perio:uo
roviow and for selected demonstrations. Such plans must cover tho
gemut off developasnt, procurement -and opanticu.

T Iﬁthesepolideayouuinncuthatwmoomitmma
s x‘....a..imuve approach to Madntains

R custc.or (the military) mual establish qmuhuvo gouz hnsed
on & complete analysis of ths military misaions.

s ws 1 = DD %400,6
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These goals then become the basis for establishing tochmically -
realistic contractual requirsments and appropriate demonptraticn
plans, These requirements and demonstration plans will go through

& process of refinemsnt and definitization in going from the

Preliminary Technical Development Plans, through the Project
Definition 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 estoblished on a total system basis, with achievement o dirsct
function of sound engineering. Reliability and maintalnablility -
monitoring by design reviews, prediction calculatlons or salected

~demonstrations 18 essential to their achievement, providing the means

for denimm and popacement decisions, And finally, the project
managor (the line manager) is directly responsible for the system
reliability and maintainability.

The above relates directly to the development msnsgement fa
Reliability and Maintainability. Howevsr, Maintenance Planning
Activities should be monitoring and following this development _
process of establishing goals, refinemsnt and definization, trade-
offs and final hardware achievements to continually refine the
maintenance and logistics planning if effective Integrated Logistie
Support for Systems and Bquipment (DoD Directive 41C0.35) is to be
achieved.

V. Maintainability Desiem

A. To glve the impression that design for Maintainability is
new would certainly be fallacious. In facet thare huve 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 vhich maintainability
(and also reliability) can be dealt with in a quantitative foshion
and controlled during design. A review of these techniques reveals that
they basically represent refinements in owr engineering pructices with
a quantitative or.entation. This quantitative trostment results ina
completé change in design philosophy, dezign approach ord design mane-
agement, which in the past emphasized dsuign ror raximm or optinua
reliability and maintainability (a point of discusaion in tho 10 Mareh
Panel No. 5§ Memo). These new techniques aticupt to bring ths intuitive,

Qualitative design judgments into a realm of quantitative ucasures

and estimates. They permit us to establish design goals for these
characteristios and orient the descign to these specific mission
responsive goals - not the "optimum" or "maximux® and "pnimovm.®
Additionmally, they draw upon mathematiosl and statistical techniques

as tools for obtaining quantitative asaessment and ovaluation of

design achievement. As a result, the application of the quantitative
technology provides an improved basis for design and managemsnt decisions.
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Much effort and study, yob not enoush, has been devotod in rocont
years to the development of methods for the quantitative approzen to design
‘ for Lsintoinablility. These include prediction and measurement techniquec;
maintenance task time analysis; statistical anmalyses of maintenance task
times for test point .allocation, sensor gelection and location; dezign
revicusz for mainteinabllity; design for reduced maintenance (servicing);
allocation and planning of scheduled maintenance actions; modular
conatruction; computerized performance monitoring and rapid fault isolation,
ete, : _ ,

B-1., Miintainablility Prediction ' . i

Perhaps the technique being given the most attention is M:zintoinobility .
Prediction; and, it is one of the important lmncvations. The state-cf-the=
art in Msintainability Prediction ls that there are several methods
available and studies continue to refine these for incressed accuracy.
The following methods are presently used:

, Method 1. Often referred to as the RCA method, was developsd under
L™ Air Porce contract originally for Ground Electronics. A review and analysis
' of the design features and maintenance factors is mide using cheek lists
and associated criteria to score Design Factors, Design Dictetes (Maiinte-
nance Skills) and Design Dictetes (Facilities). These scores are applied
in & prediction equation or in & nomograph to estimate the Active Down
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

i active performance of the msintensnce task. This Corrective Down Time

P then can be used by applying a factor of 1.4 to make an initial estimate of
i Preventive Maintenance Time. (Ses Appendix J for Nomograph, Charts and
. Check Lists). . : : N

* The individuasl 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 Main .ainability features to effect the improvement; and, of
course, this scoring is useful in evaluating alternate designs.

A recent attempt uo apply this technique to TITAN II strongly
suggests its eppliocability for genersl tse if the checklists and
criterie are generaliszed. There is also a current effort under way
to refine this technique and extend its applioabllity to Airborne
.. stems. '

Method 2. Developed by Republic Aviation, the method is tased
on rzintecance task-time analysis of the many maintenance actions regquired.
Utilicing past expsrience data for maintenance task times, the predictions
bacoue 2 oamputation of these aversge task-time figures. Where experience

N\
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" data fis not available, estimates are made based on prototype tests, laboratory
tests, mock-up analysis or engineering judgments mede from design analysis.

» ‘ Though developed for analysis of aircralt design, the mathed ds:
P 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 Spocifi-
‘ cation MIL-M-26512C "Maintainability Program Requirements for Aerospace
- Systems and Equipment" (See References 4, 5, 6).

Mathod 3. A third method is one developed by ARINC Research
Corporation for flight-line maintensnce. It predicts active repair times
ard down times of airborne electronic equipments. The prediction ccmpu-
tatlions are based upon past field experience reiated 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 slso been programmed
for the IBM~1401 computer, result in estimates of the distributions of the
| active repair times and system down-times. (Reference (7)).

‘ Method 4. Another method is one developad by Federal Electric
Company under .contract to Bureau of Ships. As a result of analysis of
shipboard electronics maintenance experiences, a set of charts huve bsen
developed to indicate the average task times for Diagnosia (locslization j
| -~ and Isolation), Replacement (Disassembly and Reassenmbly) end Test
| ~ (Alignment and Checkout) for system maltfunctions caused by failure of : ;
| tubes or plug~in assemblies and those cavsed by purt failuveca. Ths
| task times are charted for the several functionzl levels within a
“: systen reflecting depth of penstration to etrfect the rorair action
(Appendix B)., The studies establish the distribution of down-times
ap & log-normal distribution which becames the basis of the mathomaticsl
computations. This method is required in Burecau Ships Specification MIL-
M-23313A(Ships). (Reference 8).

? There are other variations of the prediction technigus, A review
: f of the precently used Maintainability Speciifications (Appendix C) will
= reveal these. In the main, the Maintainability Predicticn wmethods cre
o based on Maintenance Tusk-Time Analysis. Tho wathed used in the Army
S T Specification MIL-M=55214(EL) differs. - It is not truly a Maintainability
EO Prediotion in that it does not result in & couputatdon of }iITR. It iz e
method of design analysis and scoring of tho desirn featurcs, The index
- number computed is & numerical rating of the meintainability,

X There are afforts presently under way to obtain botter veiidation
of the available techniques, to increase their accuracy and to sxtend
their applioability. An 0SD/Tri-Service task group effort is preseatly
evaluating the available techniques to adopt the best Ior inclusion
in a Tri-Service Military Standard, (Appendix ). Froa Appendix (C)

RS2
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you will note the p'lan of the effor’. under way to consolidato prsgent
Maintainability Single-Service specifications into a few Tri-Ssrvico
Militery Standards,

fnothar effort which should be mentioned is the Air Force contract effort
with ARINC Research to develop a method of Maintsinability Prediction by
Function. The object is to provide a technique for establishing a quanti-
tive relationship between equipment Line Replaceable Unit (LRU) function
(i.0,, transmitter, receiver, scope, rocorder, data processor, display,
ete,) in torms of Maintainability design characteristics expressed as
&an influsnce on MITR. ‘Such Maintainadility factors as skill level,
packaging, accenaibility, adjustments, depth of penetration, ete., will
be included. The product output will be a2 computation methed to pradict
equipment (LRU) maintainability during the planning stages when required
functions and some system paramoters (weight, volume) only ers known
and during early design before cir:uit detail has been decided.

B-2, Other Mrintainability Qégig; Technigues

Formal Desirn Review fior Maintainability. Discucsion of this
valunble techniqus will touch o1 several other specific techniques. The
Dogign Review 18 closely allied to the Mnintainabillty vecideticn innenush
es the predictions are generally based on decign and task time enalysis,

A very interesting tool is the Analysis of the Distribution of Ohaerved

or Predicted Doyntimes. If the distribution is bimodal or if 1t has

decided spikes, this knowledge can be very valuable, This information

can be used to allecato, relocate or optimize the location of teat

pointz or sensors. The bimcdal nature might indicate the nesd for greator
accesoibility for those areas (in the distribution) representing poor maintain-
ability. -Perhaps, for these areas, the use of modular construction (quiek
replacemant, plug-in design) is suggested. It may also lead to a considoration
of ultra-roliable, long-life design for theese sectors gso that the infrequent
difficult r;aintainability can be tolerated or possibly eliminated for the
useful life of the system.

From a slightly different point of view - the results of'a test
observing the maintainability for a system revealed a bimcdal downtins
distribution. This equipment contained both integral and modular
construction. A conclusion drawn was certainly vbvious: -~ The bimecdel
distribution clearly revealed the value of modular constructica.

Another technique: Where Performance Degradation Fintog csn be
estimated, these can be used to determine requirements for marginal testing
devices and optimizing scheduled maintenance.

Further an Analygis of Downtime Digtributionz versus Performance
De g_-gdatiog Rates may allow a maintenance plan-that will permit a group

of failures tc occur and establish the maintenance action for the group
of failures.
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C. Development Manaeement Technidauve for Mninteinability

(C=1) Technical Development Plens (TDPs): Documenting the dovolop=
ment program contont, plan and approach, the TDP iz a principal documont
in the program approval process. Guidance for preparation of a TDP ig
contained in the DoD Instruction 3200.6 (Reference 1), The 7 June 1962
revision established the requirement that TDPs include apecific opsratimeal
" use data, which is essential in the design for reliability and raintain-
- ability and the plans for achievemsnt, Inclosure (2) of DI 3200.6
. establishes the following as the types of data required in a TDP.

' , o 1. Operational information that affocts wolinbility ond
. = Planned deployment ;

= Reaction time required

~ Mission duration requirement for each typs of
mission

; « Turnaround time required (e.g., for eireraft, the
Co elapsed time from landing to talke-off assuming no
repair action)

> : « Over-all mission reliability for cach type of ;
L : migsion

! - - Availability or cambat ready rate (porceat or
: : ' number of an item capable of parforming the
designed mission vs the total nuabar of ltoms)

- Maintenance cnd operating environusntal conditicas
(clirate, facilities, svpport, ete.) .

« Planned utilisstion rate (concerni the mumbar of

hours, miles, firinga, fligats, stc., per wait
of time)

. 2. Plaping infooration pecded fon reifshility rnd roig-

= MNsan~time=to-return-to-survice geals

« Reliabllity after storage geals (o.g., 99% reliabllity
after 3 years storags)

hY

« Minimum ailovable time betwsen schsduled raintenance

25




will _be achieved.

lans for:

=10~

Test and checkout philosophy (extent of autcmaticity,

complexity of test, degree of feult ipolation ot -
various echelons, spocial vs multi-purpogso test
equipment, etc,) .

vEchelons of mointonance or meintenance concopt to

be used and specific raintenance rasponsibilitiea
for each

Maintenance and crew personnel (numbers and gkills)
and training allocated for support of this progranm

3. Plans for s :éa},'igbi lity program outlinine how raliability

Determination of equipment ernvironmental conditions
(system, subsystems, parts, etc.)

Periodic apecifieation roview (when, how often, otc.)
Reliability: apport.iomnent and predictiun

Reliabi lity design reviews

Huran error anglysis and prediction

Reliabllity test and den;onstration

Malfunction and failure reporting end analysis

maintainabilit: m_outlinine how maine

tainability will be achisved.

Quantification of maintainability (concerns the
development ard application of numeriecal msasurcs

of meintainability. . This also involves allocation
of over-all system measures of maintainability to
all major lower-order elements of the system., Mean-
time-to-return-to-gervice is an example of one such

' measu*e)

Maintainability prediction (extent, achedule, design,
in.fluence, etc.) ,

Maintenance task and skill analyses
Maintainability design reviews

'Toat and dc.nonatration

Maintenance data collection, feedback and analysis
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it 18 obvious that the purpose of this DoD Instruction
is to (1) ensure adequate consideration of reliability and maintainability
in the early planning phases, and (2) to estabiish spocifie quantitatdito
mission requirements that need to be met and the planned operatlonal use
of the system. These data then est blish the necessary quantitative,
mission-responsive gosls which become the _.3is for technically realistio:
contractual requirements und demonstraticn plans.

. T,chnical . svelopment Plans are mandatory for all engineering
and operational systems development projects.

by P riodic audits - reviewing the TDPy to detormine their
adequacy relative to the rellability end maintainabilitv requircments
should be mads. We did conduct an audit some time ago and requested
that the Services corrsct deficiencius. These reviews should be
accomplished while the programs are stil) flexible and changes can be
made.

Of course, to clcse ths loop, pericdle aud:l%; should be
made of contract specifications and work statements to ensure that the
-DP approved plan is properly refiscted in the contract.

(c-2) Yaiptairabiity Stetus Recording

" Status recording of the predicted and achieved (tested)
mintaimhility (for all subsystems and the over-all system) erainat the
contractual rrquirements ig most valuable to both design and p.*oiect.
management, Logistics and maintenunoce planners should !' 3p this kind of
¥elatainability prugress under continual surveillance.

Status recording of operaticral reliability and maintaine
abllity should p.ove moat valuable not only to mzintenance zaraguaent

but also far product improvement programs, for operational planning
and for feedback to design.

VI. Raliabilite {1 . gempeletlione

What can be said of the interrelationships and trada-offs totuwoen R
. and M? Ths same¢ ~wes apply to R and Y as to other parformznce charsce
teristics; as such, they shall be subjsct to trade-offs with each other

as woll as with the omr perfurmance anc oritiwal chameotoristics.

Sy 'As  JA%'s consider Availability - the applicible baoic formula iss
. La_ B vbere A = § ivailabllity
"3"4."—"'3 » R = IR
H = MR -
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It is obvious that the -same availability can be satisfied by a
number of R and M combinations. Avallability can be incrcased with -
inereased R or.decrcised(bottor)M. Converssly we may be willing to .
Zoouzle some R with an improved Maintainability. This is cll well and
goods tho mathematics is simple and time and money might be caved in
tlis considcration. However, one safeguard! If tradeoffs are considered
in this wonner, the resultant requirements should be checked to zsasure that
those computod values of R and M remain consistent with the spocific _ ‘
nmission rcquirements. For example: ;

: 1. 4 r2quirement states that a Prime Search Radar must be
cazavic of 23 of 24 hours of operation.

2, Mn Availability of at least 90% is roguired,
3. A Mai'htaimbility of 2 Hours MITR is accepiablo.

The computed R turnas out to be roughly 22 Hours. Yot thic R
is far from esatisfactory to mect the 23 of 24 Houra S:carch Roder
oporationzl requirement. To meet 2 requirement of "23 Howrg - no
failure at 90% probability" the MIBF is approximately 230 Howrs and
not 22 Howrs.,

[y

B: Migsion and Product Considerstionyn - The design for ond trvdoolf of
R and M is also dependent oa the product and its migsion requiremenia. TFor
expendable items it 1s more appropriate to assure reliability achiovement.,
The Maintainsbility must only be consistent witn pro-operation tost and
., maintenance; and perlodlic inspection and test during storaco. And hore
ve have some of the criterla for Discard-at-Failure-Maintonance ccncsopts,
and the concept of plug-in Modules.

C. Continuous Perfcrmance Monitoring - Techniques including marginal
testing to monitor and detect performance degradation (somotimas ecasidered
a Reliability technique) beccmes a valuxble tool for Maintainability
- improvaxzcnt. Thic technique reduces the fault detection tims ang ullous
planning of scheculed maintenance for replacement during convonient off-line

D. Eregusncy of Antcratiec Cheelinz - In reference (9) the author
speaks of improving the Roliability and Availability by increasing tho
frequency of Schkeduled Automatic Checking, Here again, a word of
caution! When this is doue, care must be taken to assure that the
probabllivy of inducing failures during this checking doos not bacoze
a significant factor. There is evidence tkat maintcaoneo induced
failures can become significent as indicated in Reference (10).
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ViI. Maintainaollity - Maipnterancz Toterrelations

What are some of the relationshrivps between Maintainability (M) and
Maintenance? The Meintainability 1: designed and built into the equipneat.
Malntenance must live with whatever Mrintairabliity lg inherent 4o tho
hardwars; and, conversely Mainterznce must preserve this deslgn capabllity,
Forsher, by poor training, poor judgment, carelezsness, inpropor instructlons
or tools, Mz ntor;nvu car, degrade Iz‘ntainaDLIity. Mzintonance lead, howover, 1s
a dirvct funciion of Maintainabillty.

Fainterance Enilne ing =
to collect and znalyze operat
should be fed ba“k o de on
ability) improvement.,

a funetion must e0d hag a responaibility

o) maintenance data, This expurience date
I

rith any reccomendatione for design \(Mxintaln-

Mointenance Engineering versonrel shouvld provide an iiput in the - ;
establishment of gyate~ ‘intairabllity characteristics for neuw gystem ‘ .
dovelopment projecis.  sintorinca Englneering personnel should be ;
represcuted in Design Reviews for Maintairability to again bring the 3
benefits of fisld expurience to the proposed dozign. !

With ¥aintenaneo boing dopendent upon meny variables (i.e., mainte-
nance envirormentg, installation, persomnel Lupa Lility erd training,
logistic support) the maintermnce effeort will in all probability differ
for each operating comrand, depot owv installation, This becomes apparent
vhen we observe the zome equipment irotalled and operated at different
btases, in different ships, ai;cralt o other type vehicles, The "mean= ;
time-to-repair? or "wean-time-to-restore-to yatléfmctorj -operation” can
be expected to differ. Those L:cer wnes data ghould be coliected, collated
and analyscd to esteblish averzro maintonance tosk-times and, wheira possible,
estimates of correlation ﬂ.ctp”b to tes variable malntenarce conditions
should be developed.

AR e % et s s

VIII. Maintonance = Belishilitv InteresY-idona

e
T
o

To close the triangle (Sectiona Vi, VII und ¥IIT) hou docs iaintenance
effect Relian 'ty and vieco-veran? Malntensres desds will be o dircet i
funetion of .waiiabllity since the feilure-rate or the “Foan-Timg-Detweon-
Fellures" is the prime factor in csiablishing tho frogumey of Xaintenance
actions. The Muintonance Toid is a dircet function of ths combired R and
M. Agaln, as in 22ge of "Malntersnco-Maintadesblility" intorcslatlons, :
Maintenance must live with the inherent rellability of tihe hardware - with
its inherent time-bstween-failurs. Maintenance, however, hap regponsiblility
to preserve the bullt in reliabllity; ani, egain by »oor pargonnsl
capability or training, poor wainterance marnunls, poor loglstic support,
poor maintenance snvirorment, carslessness, otc., maintenance can ezsily
degrade  the reliability. .

-
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' A} Commﬁnication Between the Designer and the Cperator and Maintniwaxp

in & -ecent article it was stated that a vital factor for improved

seliability aad system effectiveness is improved technical communications
betwsecr the designer and the operator and maintainer during system
operation. The equipment or system technical manual is the general form

of comnmunications botween the designer and the operator and maintainer.

It also ztatod quote:s "An ideal technicel manval is one that tsnnsalts

all the designer's knowledge to the operator and maintairer." This iga
good statement of concept ~ but it is labelled "ONE WAY STREET!" Faintenance
must report back all failures and the associated circumstances. True thzt
this data can and should be uged for maintenance management but squally
important is the feedback of this failure data to design. However, to

meot desiszn needs, this failure recnorting should provide the dota nucescary
for reliability assessment and improvement -~ time informaticn iz easentiazl. =
"time~to-failureVof the item a2s well as the mede of failure, locziion in the
systen, equipment operating environment, etc. Most of the failwre roporiing
- systems in operation today do not provide "itime-to~failure® information.
.This was recognized in the AF 66-1 Maintenance Management reportiig system.
_The Air Force Systems Command has modified thé AF 66wz forn to AFSC-258-5
‘to correct this deficiency and AF Regulation 80-i4 states that this form

1s mandatory for Category 1, Category II testing and optional in Category
III testing. This improved form, I understand, is not reguired for reporting
during operational use. FEven with the AFSC-258-5 refinement for data
related to nninﬁmhance 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-
.81l reliability computation.

Without the modification to require date/tima of failure through
which frequency of failure can be estimated, it is difficult to understand
- how accurate maintenance loads can be estimated. The Arwy TAERS cystem
‘does provide for reporting "timo~to-failure" but this system is newly
instituted and not as yet £ 1ly operational.

Neodless to say, designers need feedback not only on what falled
but how, where, and when including estimated (if not measured) "time~-to-
failure." This feedback to design is egsentlal 1f fleld operational
reliability is to be assessed; and,it is most important for design and
management to have all the facts by vwhich they can asgsess the eriticelity
of the failures (besides quantity) to properly evaluate priorities of
maintenance or design improvement programs.

Ae indicated above, the Maintensnce Load related to the frequency of
failures. In the case of the AN/ARN-21C Airborne TACAN ths reliability
vas increased from 17.9 Hours MIBF to 150 Hours MIBF. 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
funde of $123, 000,000.

In discussing Reliability and Maintainebility tradeoffs I menticned
expendable systems, In the cage of the Bullpup Missile, field checkout
equipment was made unnecessary due to the increase in rsliability., 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 esquipnent.

With the DoD annual maintenance support now exceeding the $11 Billion
mark, it is obvious that any small increases in reliability will decrease
the malntenance load and maintenance costs substentially.

C. Advanced Degigg and Maintenance Policies

Some of the Advanced Design techniques, particularly the elscironies
solid state and semi-conductor intepral circults, are steriing to appear
in our inventory. The technology features micro-constructicn where for example
& 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
Loards or encapsulated. These new devices are shcwing a potential for
orders of magnitude improvement in reliability. Reference (11) cites
for example APOLLO computers having 13,000 circuits which were put on life

test by Massachusetts. Institute of Techrniology. These madels have had over

33 million circuit hours with no failure. The circult failuwe 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 eguipment was
being assembled. With respect to Maintenance we have a condition of
virtually no failure in these circuits. Further, their micro neturs

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-circultry will demand a serious re-evaluation
of Maintenance policy and approach. Relative to Reliability, other than
physical damage (or new but not anticipated modes of failure), the
Maintenance Load in this area should reduce sharply. .Reference . ...
(11) states, quote: "Already thsre is every indication that those parts
of military systems that can be built of integrated circuits will lmst
tgrough the system's useful life with very few failures, perhaps none -

at all." ,

The human factor is the common element to Maintenance/Reiiability/
Maintainbility and to. the total operational System Effectiveness. The
capability, the training, the motivational attitudes, the operational
environments, and the variability between personnel all have a definite
impact on the system or equipment operational effectiveness. These Luran

" faotors must be included in: (1) the design considerations to ensuce
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that the equipment is compatible with human capabilities (e.g., MIL-STD-203),
(2) the planning of the maintenance and logistics support (DoD Directive
4100.35),(3) the instructlons and training for operation and maintcuanco; and,
“hese are all raflected in the actuml ope:ation, maintenance and loglstes
support of the systems in use. Though much has been done in Human Factors
Engineering much remains to be dcne to measure human capablilities and
correlate these to design, construction and maintenance techniques. Some

of these aspects are outlined under "Maintainability Research Needs."

L, Mointainability Research

Much progracs has been made In the development of quantitetive

" techniques for' both reliability an¢ mainteinability. 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 tho main foous of thls puper is "Maintoinability" the fellowing
addrosses the "Maintainability" sector; for "Reliability Research Necde®
see Reference (12).

Some of the more important maintainabllity tasks and problems are as
follous, categorized as (1) Immediate Tasks, which are being pursued;
and, (2) Maintainability Research Needs to which studies and research
are being encouraged.

1. Immediate Tagk Efforts

a. The first immediate task is to gee that greater use is made
of presently available maintainability methods and techniques (i.e.,
_apportionment, prediction, measurement and design reviews for maintain-
ability, etc.) I

b, We need to expedite the evaluation of presently available
maintainaoility prediction and measurement techniques to determine their
adequacy and applicability to the major categories of systems and equip-
ment in our inventory. . o .

.« da.iloeded A8 the compilation .of maintainability tack gralycis.data
that can bé put into handbook form to establish a base for maintainability
prediction (& series of handbodka may be required relating to different
producte). This (or these handbooks) would be similar to the MIL-HDBK-217
failure-rate data for reliabllity pirediction. Each agency should be
encouraged to develop their own data; and, any possible consolidaticn can
"be consldered on:ze the initial handbooks are available.

28/
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d. With recent emphaéis given to mainteinrability (and reliability),

there is a tendency to simply add scparate tests for these paramsters 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 substential savings in costs for
testing, reduce the aeed for procuring additional systems or equipment

for test, better utilization of test facilitiee and reduce test time..

Thls is not a new concept but certainly one that needs increased atteation.
This concept is being emphasized in our specifications. :

e, (ne last item, as an immediate tesk, is the education of line
managers, at all levels, in maintainability (and reliability). '

As previously noted, experience to date bas irdicated the usefulness
of the techniques for improved program end design management as woll
es for more efficient procurement. Yet these techniquos and the efforts
exponded in their development become meaningless unless thoy ere pub
to use by all levels of line management in their program decisions, by
enginesrs in thelr designs and invoked contractually. ILine mansgeras,
dosign englneers and procurement officers must be made aware of those
reliability and maintainability techniques so that they fully unierstand
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 undertaksn is a rosponsibility of management, but the educ: .lonal

efforts per se must be undertaken by the reliability and maintainability

specialiste. Reference (13) stresses the need for maintainability education. -

2, ta i sarch Neads

' a. Requiremonts Definition: Uniforn methods and guldes ore
needed in how to establish realist.ic, nission responsive maintainability
requirements.

~ bs Predigtior snd Measuremsnt Teehnicum Early validation is
needed of the accurecy of existing maintairability predioction and
measurement techniques and their epplicability to the many different
types of military systems and equipment. Simplified methods are needed
for quick estimates of feasibility in the eurly stages of design as

~well as for early monitoring of development.

] a; Determine correlation
faot,o*e betwoon oontmotor mintenance peraonnea. ard military operational
peraonnel related to the system maintainability and methods for 1ntemting
theee factors in prediction and meagurement methods. ,

d. . Degign Technicuea: Continued efforts are needed in the
devolopmeat of simplified, repid fault location techniques and methods
for early detootian of dctorionticn and tb.”ndiction of imminent
fliluroa. . :

13
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es Donipn and congtru, otirn Inc!m‘lgmg: Egtablich quantitative
to .

factors rolating tho effects of dooign and construstion tochniqu:s
the Maintonance Task Analysis Data. Aloo, uniforn criteria aro dosirablo . 2

-#olating maintainability levels and maintenanco concopts to dosign and
construction techniques; thia includes repairable vergus moduler dosigm,

‘etco

.11t l-"Mnuromnnt. and_Doremnteatdcon: “lisa aro
nccded to, oat.ablish ground rules and uniform criteria corrolating
:..intonsnco peroonnel capability erd training levels to tho objoa.tiv

end o.ccopt/rejoct eriteria of teat and demonstration plans,

Allied to reacorch needs, thero nust be continual survoillonco of
edvancos in tochnology related to now devices and conastructica techniques ;
to cnsurc tkat tho maintainability techniquas romain ecupatiblo and
rasponaive to thoso innovations, :

XII. Conclvniona nnd Racommondntionn

A A Conolviong .

1. For efficient operation, ths interrelations botuoon Maintain=
ability, Reliability and Maintenence dc=and effective cormuncations and
coordination between Operating, Miintenanco and l'.c;;latic Supoort foreoo with

the Design and Development activitiea.

‘ 2. Developmsnt m.,goment has found the quantitative tochniguon
for Rolisbility and Maintainability powerful tools for dcoiga and manago- :
nont declsiona. For effective implemantation of Copt Lffoctivenoco
Evaluation (over the total system 1lifo), Eapincories Cuncy:Ivaluztien,
Project Definition and Integrated logistics Support, it appcars that
oo of the very same design techniques may be equally applicable to
izintonance and Logistic. Support cost and workload amlyces (Roforenco 14,

pp 2“-—33)-

3. Experienca da.td related to failurea and downtimo are not
presently fully exploited for new dc.;:lf,n or for maintensnco and logistice
mnagenent. :

‘ "4 The advent of certain advanced 'bechnology (such a8 electronice
micro-circultry and semiconductor integral circuits) establishus an
Armediate requirsment for tho recvaluation of maintonanco end loglatic - .

- support policies.

5. Though much hkas been accomplighed in the Hizan Factors erea,
it remains as the principal variable and largely unimoun factar effecting
Reliability, }hintaimbility, aintananco and Loglatice Suppcrt.
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B, PRecormendations
It 15 recczmended that:

1, Actions be taken to adapt established reliability and
maintainability design techniques for maintenance, logistics support
and spares procurecment operations.

2. Action be taken to ensure:

a. The timely feedback of oﬁiﬁerience data (maintenance
reporting, performance and malfunction reports, and failure reports)
to design as well as to msintenance and logistic support functions;

b. 'The-adoquacy of the data contont to poralt reliability
and maintainability assessment (timo to failure data, maintomanes task
time data, etc.). -

c. That this roporting be ostabliched &z a rcauiscisnt
throughout developzont testing (=-i.o0., throuzh Catogory 2 tosting o
equivalent Arny, Navy testing) and also for at lcast the firct yoo

of cperational ugej and

d. That emphasis be placed on the surveillanco of tho major
weapons systens as priority effort, : :

3. Efforts shall bo made for carly implesontation of Yararsoph
VC of DoD Diroctive 4100.35 "Dovolopuent of Integrated Losistic Susnont?
relative to active rarticipation of Lesigticions (frelrding 2t inmt-n nog
Foaineering Pevsennel) in Developmont !ilostone acticas inciviin?
(a) preparation of requiremcuts documents, TDPs and contiuctual rce-
quirements, (b) reviews of contractor plans, enginaoring ckange prenccals,
system analyses, and (o) design reviews, dovelopment teats end incpoctions
and approval demcnstrations.

4. Steps should be taken to establich Periodic Reliability cnd
Maintainability Status Recording for selected systeus inm the opurational
laventory (at least the Major Weapons Systems) for mansgement visibility
and for fecdback to doelgn for product improvement; also, to maintenance
ard logistios management. Recornend the Army and Navy roview tho recently
initiated Air Force "IROS" (Improved Reliability of Operational Systems)
program, covered by Air Force Regulation 400-46,

Sintilarly, the periodic sssescments of reliability and
maintainability made during developrent should be made aveilable £
mxintonance and logistics planning. , ’

5. Periodic audits of mintenarce downtines and maintenance loads
related to specific systems should be conducted to determine the adequacy of
methods being utilised and the degree of implementation of existing instructions.

269

i
;
!




AR50 b e e e

~20-

6, Effortc should bo initictcd in tho Military D-p:u.* a3
dovelon "Maintorance=Tagk~Tims«Data Inndhooks" frem comicicacy Oin 1%
can o uscd by maintenance and losictie cupport manngi-iau, end bJ
desiznere for predietion of raintalrabllity. Theso kondbooln rny bo
tailored to speoific products; i.c., Tank cndVohicular, Crénance, Aire
eraft, Ships, Ground Electronics, Eallistic Missiles, ete.

7. Stuiles should be initiated to plan eny rovisien of rxlntonaucs
end loristic support policies in view of nev advanced tcchnolozy; such
ae, micro-eloctronica and semi-conductor integral eirouits,

8, COntinued efforts are rocczmonded in the purauit of solutiona
to the maintainzbility rosearch necds diccuszced in the popor, ulth
eupbasis on studies related to L:ousures of huxan capabilitios ond
training levels, for correlation to maintoanance tnaka, leziotics cupport,
éosign end congtyuction techniquos and training, ¢
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2.1.2 (Checklist A, Scoring Physical Design Factors

1, ' Access (External)

a. Access adequate both for visual and manipulative tasks
(electrical m mech“ical)QOOOUCOOClt.lt' ll.."..'l.tl‘l....4

b Access adequate for visual, but not manipulative, tasks,ee...2
c. Access adequate for manipulative, but not visual, tasks......2

d. Access not adequate for visual or manipulatrive taskS..eeeeeso0

.2, Latches and Fasteners (External)

a. External latches and/or fasteners are captive, need no
special tools, and require only a Iraction of a turmn for

releasaco.otool'ogolol..l'tlotottl'ooqctloaoclcoolo'.'lo.!.¢-4

b. External latches and/or fasteners meet twc of the Ebove
' tuee criteriaﬂ..!.Il..'..‘Q..G'..li".'tOI.lO'I!.l'...O.C.'..z

[y

c. Externel latches and/or fasteners meet one of the above :
tuee criteria'....l0l..‘..‘..'........'.l..‘.'..'."...".'.O g

- :

3. latches znd Fasteners (Internal)

.

a. Internal latches and/or fasteners are cdptive, neced no
special tools, and require only a fraction of & turn for

release'.i"0.0.‘Q.........l..“.....“'II......II.'..I.I....4

b, Internal latchea and/or fasteners meet two of the above
' mge c?iteri“ﬁiotol...'l'l.l"..l...'...lll.QUQOOCl.OlO..‘....O.a

c. Internal latches and/or fastenars mest one of the above
three crit.ri‘.o-cnoooooolo.ooo".uc.oooo).ocn---bootuuo.-.-oo

SR
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4., Access (Internal)

a. Access adequate both for visual and manipulative tasks . ’ %
(electrical and mechanical)e.e.eeeesevssverscsscnsscossssevasd

. ) b. Access adequate for visual, but not manipulative, tasks......2 : 3

¢. Access adequate for manipulative, but not visual, taskS..e.se2

d.

Access not adequate for visual or manipulative taskS.e...cess0

| ; ' 5. Packaging

: a. Internal access to components and parts can be made with _ !
B » no mchmical disaasembIYI.'..‘otil.ll.IODOl'..!....'.t.l..‘....4

b. Little disassembly required (less than 3 min.).vescescececes @

¢, Considerable disassembly is required (more tham 3 min.).e.es+0

8. Units -~ Parts

e gt i (o 81 NS

8. Units or parts of plug-in NALUr@....ccsveeveccccnssccssnresecd
b, Units or parts of plug-in nature and mechanically held.......2

c. mt. ot .o‘ld.ﬁin n‘tur‘.‘.'."....‘..l..IO...O.‘....'......z

d. Units of solder-in nature and mechanically held.....ceseevses0

.. 7. Visual Displays

a. Bufficient visual inforzation on the equipment is given
.within on® display Arel.ccccscsccrscsccosenesscnsesssssnsoscsd

b. Two display areas must be consulted to obtain sufficient
visual AnLOrmAtioN.csececsscsccrnccassnscsssscscorscnsscnnsssasld




¢. More than two asreas must be consulted to obtain suffi-
csont visual intormtionu.u........-..............-........0

8. Fault and Operation Indicators (Built=In Test Equipment)

a., Fault or malfunction information is provi. ' clearly
'3nd for rapid actiOn.-a-.-..o.-...'.-...o-;--.--..-‘..-........4

b. Fault or malfunction information clearly presented, but
requiies operator'interpretation............u................z

e¢. Fault or malfunction information requires no operator
interpretation, but is not clearly presented..csvcoccceccvese?2

_d. Foolt or malfunction inform:tion mot clearly presented
) ana requires operator ilanterpretatioN.esecesvceesveccccrsscecsesl

9. Test Points (Availability) __ _ '
a, Tas. did not require use of test POINtB.ececcavosvovrrnrsserectd
b. Test points available for all needed tests..;.......l........s
c. Tegt pgints available for most needed tests....;.............z

d. 1hat'points not available for most reeded t@STS...eseesssssosd

1.. Test Points (Identification)

a. All test points are identified with required readings ‘

‘1“‘....‘..'..‘..l.'..".‘..'..'....l.CI'...............I...‘

b_. sm ”. .ut‘uy mhd.l.'...‘..‘..‘l.‘..l"....'..'l.......z

¢. Points are not marked and teat data 18 Dot giveD..ssscsreeres0
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? Il:l. ‘ Labelling ‘
i o g "3, All parts labelled with full identifying information and .
P S ;; ) _ all identifying information clearly visible@.iessvesorenssessed
b. All parts labelled with full identifying information, g
} .
5 - but some information hidden.....eseceessessscncsnssnsiocvesesd !
% ¢. All information visible, but some parts ndt fully iden~
r .- : tified'l.l..’l'l.l'IOOO‘.0.."...‘0.....l‘..‘l:‘loclll..‘ll.'i.’l'.loz
E S - d. “Some information hidden and some parts not fully iden=~
& ~. B B ~ titied-o.n-"looocnoa-oa.ooo.olo‘,lctoo.oollco.‘coutl}...actoo
f I . v 2. Adjustments
tf" ' a. No adjustments or realignment are necessary to place . :
equipment back in operationocooooooooonooooooooo.co.ooooocq'o4 . H
| ' j
P o b. A few adjustments, but no major realignments are required....2
} ; ' , C. Many adjustments or major realignmasnts MUSt D6 BAd@.eeereesesO
13. Testing (In Circuit)
) a, Defective part or component can be determirod without
: - removal from the circuit....nu-............................4 !
b, Testing requires romvul............--....................-..0 ::
¢ e—
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14. Protective Devices

; 4. Fguipment was automatically kept trom'operating after |
i malfunction cccurred to prevent further damage. (Thisg o !
; ‘refers to malfunction of such areas as bias supplies, ‘
i- f . keep-alive Voltages. BTC.)escannnoarsanavsossnsnnsnessasvensed
b'

; Indicators warned that malfunction has OCCUITed...eovssscsesed

¢. No provision has beén made.....................L..........L..O

15; Safety (Personnel)

a. Task did not require work to be performed in close o o
1 . : proximity to hazardous conditions (high voltage, radia= ‘
: tion, moving parts and/or high temperature parts)...ceeseesssé

b. Some delay encountered because of .precautions takeNsesesecesee2

: \J
¢, Considerable time consumed because of hazardous concitions.,.0

membacts
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2,2.2 Checklist B, Scoring Design Dictates-Facilities

1., External Test Ejuipment

a. Task sccomplishment does not require the use of external
.test aquipnant.l"t"l".'l....'......l'...l'l.ll...'..ll....4

- b. Oﬁe pieca of test eqnipmnt is naeded..........-.u....--o...2.
c. Several pileces (2 or 3) of test equipment are needed.....;...l

i d. Four or dore items are required...... .....,Z................O

-2, Connectors

a. Connectors to test esquipment requiré no special tools,
'iittings’ or adaptersili'O.'tl.‘.".!‘l.‘lll?.'-'l."l.'l.t.l4

b. Connectors to test equipment reguire soms special tools, *
fittings, or adapters (less than tWo)..ceescecvecsssnesonesaesl

c. Connectors to test equipment require special tools,
fittings, and adapters (more than tWo)eesssesssesssvsseccscsel

3. Jigs or Fixtures
a. No supplementary materials are needed to periorm tasKeeeseessé

b. No more than one piece of supplementary material is
needed to perform task.....a....a..-..........n.....'........2

¢. Two or more pisces of supplemeptary material ard nesded.s....0 .

| E———
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#

. >

4

”

4. Visual Contact

a. The activities of each\memher are always visible to the
other mmmr.l...bl'.l0“&0....0......'..‘.O.l.'.'l.l‘.lll.'l;lv4

t

b. On at least one occasion, one member can see the second,
but the reverse is not the C85€...ctvveesvevsrssrcriscansracea

- ¢+ The activities of one member are.hidden'trom.the view
of the other on more than 0ne 0CCa8iO0N . evtesscssresssceeesl

t

5; Assistancé (Operations Personnel)

a., Task did not require consu. .ution witilh ocperations p.:~ -

Sonnel...--...-oa...-'...--..n........--.-_o¢.-..........a-.-;‘4“

b, Some contact was required....sceceversciccnssiicratioccncaned?

c. Considerable coordination required...........\;ﬁ..........;..o

6., Assistance (TachnicaliPersonnal)
a. Task .equired or .y one technician for completionNeceesosesecest
b' Wo t(—Chnicim we“ requiredl.icl..O-O‘0..0‘..'0...!0"!..'0!2

.-c. over tWQ v.r’ “sed.‘..‘O!'.I‘.'.O'.C.....Q.'l.l'l...'.!...“'o

7, Assistance (Supervisors or Contract Personnel)
s.,. Task completion did not require coansultation with supor~
v1s°r “ con“act mr..onn.lilol...l.l..l..'..'...‘.....l.Ol“‘

'. b. Sm h‘lp a..d‘d....l..f..!.'...l._....'.....‘.'ll.l.....!.‘..z

8. oconsiderable assisiance Nec decvecscssssscscasessscssnssansed
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2.3.2 Checklist C, Scoring Design Dictates-Maintenance Skillc

4.
5.
6.

7.

9.

10,

R A TP A T T

Arm, leg, and Back Strength
Endurance anA Energy
Eye~-Hand Coordination, Manual Dexteiity, and ﬁaatness
Visual Acuity

Lééical Analysis

Memory - Things and Ideas

Planfulness and Resourcefulness
Alertness, Cautiousness, and Accuracy
Concentration, Persisteace, agd Patience

Initiative and Incisiveness

w
[e]
o]
~
[+
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19 July 1965

RELTASILITY AND MAINTAINABILITY PROGRAM

By: Mr. D. D, Burchfield, USAAVCOM
Chief, Quality Assurance Office

In developing Army Aircraft Systems, the attainment of reliability and
.malint.ainabili_ty must be a primary objective.

Every detail of design and construction can"affect the quality,
reliability, and maintainability of # product.‘ Goals must necessarily
vary from one type sysﬁem uo another, depending upon the item and the
performance required. Goals should be _realist‘ic and economically feasible,

Inherent reliability, optimum maintainability and required environ-
mental characteristicf must be designed in. At the present time, the Army
needs aircraft design;d 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 cyole. | '

Because the terms reliability and mintainabiliﬁy 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 wre adequately defined
in M1l Standard publications.

‘The primary purpose of the AWCOM reliability and maintainability pro-
gram ist
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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 m~intainability problems. ‘

The AVCOM program begins with the concept or QMR's or SDR's and must

r continue through the ﬁsage Thase,

A, Contractor requirements are basic and are defined in the contract and

Retew o gt

work statement. The contractor's experience is utilized to the greatest

extent.

PROGRAM IMPLEMENTATION (RFP)

o e TS € e S < b At

b .~ THE CONTRACTOR'S RELIASILITY AND MAINTAINARILITY PROGRAM SEALL INCLUDE:
1, INDEPENDENT ORGANIZATION AND ASSESSMENT,

2. EFFECTIVE MANAGEMENT AND PLANNING,
3. DEFINITION QF PROGRAM ELEMEWTS AND TASKS,
" bs 'RELIABILITY AND MAINTAINABILITY ANALYSIS OF ALL DESIGN ASFECTS.

'S. PREDICTION OF PALIABILITY VALUES ON MECHANICAL AND ELECTRONIC
SYSTEMS, SUBSYSTEMS, AND COMPONENTS.

6. ANALYSIS OF ALL ENVIRONMENTAL CHARACTERISTICS TO ASSURE RELIASILITY
AND PROPER MAINTENANCE CYCLES.

7. EVALUATION OF VALUE ENGCINEERING PROPOSALS AND CHANGES TO PREVENT
DECGRADATION OF QUALITY, RELIABILITY, AND MAINTAINABILITY.




8.

9.
10.

1.
12,

13,

k.

HUMAN ENGINEERING ANALYSIS TO PROVIDE MAXIMUM OPERATO‘R CAPABILITY,
COMFORT AND SAFETY INCLUDING INDICATORS AND/OR INSTRUCT IONAL
MATERIELS FOR SAFETY, EASE OF MAINTENANCE, AND STANDARDIZATICN OF !
INSTRUMENT AND EQUIPMENT LOCATIONS,

RELIABILITY AND MAINTAINASILITY DEMONSTRATION OF SPEC' .ED VALUES,
THROUGH TEST AND EVALUATION. :

UP-TO-DATE STAI‘US OF PROGRAM EFFECTIVENESS THRO’JGH P.0GRESS \
EVALUATION AND REPORTING.

DOCUMENTATION CF ACTIONS, INSPECTIONS AND TEST.

EFFECTIVE CORRECIIVE ACTION PROGRAM FOR PRODUCT AND DATA INFRCVE~
ME’NT. ‘

FINAL CALCULATION OF RELIABILITY PERFO‘ZMANCE AND MAINTAINABILITY
VALUES. : : ’

MINIMUM MAINTAINABILITY DOWN TIME, MAINTENANCE AND COMPONENT CHANGE

. TIME FOR GREATEST UTILIZATION OF AIRCRAFT (FOR AROUND THE CLOCK

OPERATIONS) .
* ACCEPTABILITY BY GOVERNMENT

THE CONTRACTOR'S RELIASILITY AND MAINTAINASILITY PROGRAM SHALL BE SUBJECT
TO REVIEW AND DISAPPROVAL SY THE GOVERNMENT.

B. The Reliability and Maintainability Program Plan is as follows:

1,

Statement of the System Reliability and Maintainability Requirements,

. Before any reliability and maintainability estimates can have any

meaning the following terms have to be defined:

TERMS TO BE DEFINED (BY AMY)

a. MISSION IN TERMS OF TIME (FLYING HOURS).
b. PAILURES (WHAT CONSTITUTES A FAILURE).
c. CONDITIONS OR ENVIRONMENT or OPERATYIONS.

d. MAINTATNABILITY AND MAINTENANCE DESI(N
PARAMETERS.

- ¥4
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2. AVCOM ié presently contracting for an Integrated Logistic Support
Plan to pfovide fof'mgximum maintainaﬁility requirements as a normal logistics
management function, |

3. The fﬁll@wﬁﬁé quantitative terms (examples) are defined for each

aircraft system (as required for each system) commensurate with the state of

the art. s 7
: ' ) © EXAMPLE OF RELTABILITY AND
‘ MAINCAINABILITY DESIGN REQUIREMENTS
RELIASILITY MINIMUM  O3JECTIVE
SYSTEM B o 0,75 0.85
| CUMPONENTS AV.— (§¥210) 0.96 0.98
CONFIDENCE LEVEL 0.95
PORMULA: CATASTROPHIC RELIASILITY R = el
MISSION RELFABILITY R = ™Ml
SYSTEM RELIABILITY R= ST
" WHERB ¢ = CATASTROPHIC FAILURE RACE
m = MISSION FAILURE RATE
§ = SYSTEM FAILURE RATE
T = MISSION TIME
® X 2,718,..(A CONSTANT)
MAINTAIMASILITY

a, TURN-AROUND TIME - MAX. 30 MINGI'ES BXCLUSIVE OF REPAIRS AND
CONFIGURATION CHANCE TIMB

b. REACTION TIME (ALERT STATUS) - MAX. 10 MINUFES FOR BRINGING
NQUIRMENT THIO OPERATTON




o ¢. ORGANIZATIONAL LEVEL - L.75 HOURS FLIGHT HOUR SCHEDULED AND OR
# UNSCHEDULED .

- FORMULA: OM = TQTAL MAINTENANCE HRS,
: o TOTAL FLIGHT HRS.

d. SCHEDULED INSPECTION TB-AVN 23-67 MINIMUM - 300 FLIGHT HOURS
- FORMULA: SI = MIN NUMBER OF FLIGHT HOURS BETWEEN INSPECTIONS

P e. TIME REPLACEMENT COMPONENTS (DURABILITY)
L _ 1. DINAMICS - 1200 HOURS TBO'(OR INDEFINITE) -
2, RETIREMENT LIFE (WEAR PARTS) (NONE OR MIN. 3600 HRS.)

. £. TACTICAL AVAITABILITY 75% (2L HOUR REQUIREMENT) ARMY TO PROVIDE
CONTRACTOR WITH PREDICTED RATE GF FLYING .HOURS PER DAY AND
AVERAGE FLYING HOURS PER MONTH. (NORMALLY AROUND THE CLOCK
OPERATION).

FORMULA: P(AVAIL) = 1-e~"%(1-e"fT)
WHERE u = AVERAGE TIME TO REPAIR

t: MAXALLOWABLE T_I_[HE TO REPAIR

T = MISSION TIME ‘

f = FATLURE RATE

.® 2 2,718,..(A CONSTANT)
C. Other factors which must be c.onsidered during desigm aret

| 1, PRODUCIBILITY - The contractor must, in the producibility eng:fnecring

phase, institute a program to analyse and assure that the system component design
is acceptable for gquantity production and within present or improved state of the
art, for production methods. Components and supply parts of a system must be

interchangeable mg[or replaceable, any changes which may affeoct these items

must be approved by the Army Aviation configuration contyol board, which is a
board for reviewing and approving engineering changes or modifications.




2. VALUE ENGINEERING - The contractor is required to establish

-a value engineerihg program directed at analyzing the functions of the sub-

systems and components to achieve the required function at the lowest overall

costs consistent with performance rsquirements. The objective of this progranm | K

. - 18 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 f;he_gold plating!) For cost ?
effectiveness, the optimum design, rather than "too much" or "too little"

quality, is the objective,

ANALYSIS FOR VALUE ENGINEEZING

a, ELIMINATE GOLD PLATING

b. MAXIMUM PERFORMANCE

P

c, AFFECT UPON RELIASILITY, QUALITY,
ENVIRONMENTAL CHARACTERISTICS

S P

d., COST EFFECT'IVENESS STUDIES
'3, HUMAN PACTORS - In any weavons system or aircraft program the
contractor must establish a human factors program which is directed at
analysing the equipment, procedures, environment, and facilities associated
with system functions which are identified as involving human performance;

R, s R S

such as, minimizing visual sweep and standardising ppamticne in the air-
craft operation. The abjective of this program is to help realize maximum
performance of the system - (including the personnel performancs) without

SRR

degradation of system quality or an increase in operating costs. This

objective is accomplished by applying humen factors sngineering principles
\

(during system definition and the acquisition phase) to reduce demands upon

287
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manpower resources in terms of the number of personnel ,'the diversity of
skills (to the lowest possible: levels) minimize training, and increase
the abil ity to execute operations with ma:d.mum safety; provide for. the
survival of the human component by applying bas;c human perfqrmance and_ -

| sa‘fety'criteria; and avoid the erroneous induction of poor features in .
the design sgléction and defirition phases. |

HUMAN FACTORS ENGINEERING ANALYSIS

a. ENVIROMENTAL CHARACTERISTICS

b, SYSIRY FUNCTIONS o

c. INSTRUCTIONAL AND OPERATING PROCEDURES (STHPLIFICATION)
d, MINIMOM SKILL (MAINTENANCE & OPERATION LEVELS

} ' | e. STANDARDIZATION (AIRCRAFT TYPES) ar INSTRUMENTATION
‘ AND OPERATIONAL REQUIREMENTS :

L. QUALITY CONTROL - The ccntractor must sstablish a program for

control of the quality to enhance the Reliabllity and Maintainability program
of the aircraft through complete Quality Control, inmspection, tests, and

* records. The inspection procedures band tolerances submitted should be in

' accordance with appiicable design spacification requirements. Tests (con=
ducted under the approved procedures) must be performed to assure that i
quality is maintained throughout the program. The prime contractor under -

P ' A MIL-G-98S8A is not only responsible for his quality assurance program, but i
&lso that of his subcontractors and vendors. The prime contractor is also
. responsbile for calibration of inspection and test equipment maintaining the

quality of any gove-nment furnished ecquipment, as received, and during j




installation and usage , until delivered to the government.

QUALITY CONTROL (MIL-Q-98584)

a, SUPPCRT FOR RELIASILITY AND MAINTAINABILITY PROGRAM
b, CONTRACTOR QUALITY PLAN
¢. QUALITY OF TECHNICAL DATA (EVALUATION AND COLLECTION)

d. EVALUATION OF CONTRACTOR (QUALITY CONTROL AND PLANNING .
AND PRODUCTION DESIGN-CRITICAL ASSESSMENT)

e, T0TAL TMPLEMENTATION OF QUALITY PROGRAM

f. CONTRACT ADMINISTRATION OF QUALITY

2. AUDTT PROGRAM
" h. SPECIAL INSTRUCTIONS FOR TNSPECTION
1. QUALITY COSTS '
j. INDUSTRTAL FABRICATION ENVIRONMENTAL CONTROL
k. CALIBRATION AXD MEASUREMENT (METROLOGY) | :

n - NOTE: In Igor Bazovsky's hook entitled, "Reliability Theory and Practics,"
comments on qualivy control place reliability in percpsctive as follows:
"Reliability thus adds a new dimension to qualiiy control work w:l.thout sub~
# g ‘ contracting anything from traditional qua_lity control work and methods, It.
h extends quality control work into the time domain, and greatly increaces the o
ares of activity and responsidility of the guality controlb nrganisation into . J "
a quility ard reliability control crganization.® o ‘
5. .TEST CENCNSTRAYION is for the purpose of determining the effective-
ress ;t the predicted do;iim‘ p}lramtara;» | | |




DEMONSTRATION

‘8. EVALUATION OF RELIABILITY AND MAINTAINABILITY
PREDICTIONS AND DEIERMINE ACTUAL VALUES

- b, IMPLEMENTATION OF TEST FROGRAM FLANS

c. AFFECT UPON PRECICTED DURASILITY (AVERAGE
LIFE 70 FAILURE)

d. SYSTEM COMPATIBILITY TESTS

6. ENGINEERING AND QUALITY ASSURANCE TEST PROGRAM (PRODUCT ASSESSMENT)
(USATECOM, AVCOM AND CONTRACTOR)

E a, TEST PLAN

b. SCHEDULE

c. SURVEILLANCE
d. REPORT A. ™78

e. QUALITY AF RELIABILYTY IMP«. ~—= ‘™™~ ™n mmuCTION)
£, CONFirMATORY TEST
R g FOLLOV UP
| he DATA
? 7. TBECHNICAL INTEGRATION - Technical integration is actually a management .
responsibility and requires the integration of all technical aspects for the '

e S L R

overall system performance. Thisrequires that management be constzntly aware

of the total technical responsibility and that he establish the mengement

controls, necessary to accomplish the total progrn of cust effectiveness and
_ ) “also provide the government with a rol:l.lbio; quality product as specified by !
} | the contract. The government looks over the contractor's shmdof, during - ﬁ
; technical integration, when he anslyses system requirements to determine it

294




design compromise is to be made H to achisve priority—for-necessary-effectivenesa

of system performance ; safety, accept.able maintenange levela s accept.able costs,

slze,. durability, weight, and intarchangeability.

TECHNICAL INTEGRA'I‘ION (TRADE-GFF FACI‘ORS)

ANALYSIS OF ACHIEVEMENT AND INTE@.ATICN

2.
°,
C.
d.
C.
f.
A
b
4,

EFFECTIVENESS
SYSTEM PERFORMANCE

HUMAN F'ACTORS

MAINTENANCE
OVERALL COST EFFECT IVENESS
SIZE

DURABILITY
WEIGHT
'Mﬂucmnnr'rr

i ’ ' 8., The overall Evaluation of Contractor s Perfomance must include:

EVAI.UATION oF CCNTRACTOR-P‘?.OPOSAL AND AIRCRAFT PROGRAM (SUMHAR!)

-8 RELIABILITY
b. MAINTADMBILITY
. c. FPRODUCIBILITY
’;':’ o VAL"EE“GINEEING :
encmN rié'rons |
£, TECHNIGA‘L mrmmzon
. QUALTTY como:.

10
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Appendix I provides a check list for evaluating contractor Reliability and ?
Maintainability contract propoesals and programs.

D, Training:

¢ RIS P AP IS S DY

1. Mr, Bazovsky siid in his book, "Reliability Theory and Practice,"

At

"Before any serious reliability work can begin, an education in reliability
principles, theory and methods must be offered to all engineering personnel,
i ---Oraduate engineers require about twenty to forty class hours of theory,

with examples of reliability problem soiving by numerical calculations to

R

establish a sound background in reliability theory and methods from which they

1 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 et et o 2 AR S

- B, Summary:

We think we have the basic framework of a good sound reliakility,
. maintainability, ard quality program,

’x&‘ b This work is progressing slowly.

' | We are in sbouc 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.

11
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1.

{' 2 .
Bt

3.

APPEINDIX I
RELIABILITY PROGRAM LEVALUATION
CHECKLIST

(Esch item to be answcred yes or wo.)

Relisbility Proeranm

g« .5 documented.

b. Encowpasses wanagement and technical factors.

¢. Considers all phases of the life cycle.

d. Interfaces and coordinate;.related QA activities.

Reliagbility Organizacion

2. ldentifies organizacion and perscanel responsible for
managing the over=-all program.

b. Clearly defines responsibilities and functiogs including

policy, action, and authority.

c. Relationship in chain of command defined.

Management and Contrxol

a. Detajled listing of speéific tasks.

b. Man-loading per task.

ce Procedures to implement and control these tasks.

d. Task description,

a. Organjzationel unit responsible for cxucuting cash tack,
f. Method of control to insure execution of saci task.

8. Scheduled start and completion date of cach task.

§-

I
AP
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h, Milestone chart.
i, Definition of Interrelationships.
j+ Estimation of times required for reliability program

activities and tasks,

k. PERT is utilized.

4, Program Review
Program is organized and scheduled to permit status review,
including status achieved, at preplanned steps or checkpoints.

7
5. Msthematical Models, Apportionment, Prediction Proaram

a. Mathematical models based on system analysis.
»

b/ '
b. Apportion“reliability over major system elements.

c. Initial prediction.

6. Reliability Requirement Studies

Ti
2
|
i

a., Provisions for preliminary and continuing studies of

reliability requirements.

b. Definition of functional performance limits.

A e R W

¢« Duration of operation in time or cycles,

Az it

d. Environmental conditions of operational use.

o T

7. Test R or Developmeat Qu jcation Ageepc
a. Estimated achieved reliability cf equipment by test.
b, Feedback data for reliabllity imprcvements.,

: ¢, Test Program

“
~

{.
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(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 Eguipment Design and Testing

a. Tests under use-environment are used.

. b. Environmental problem areas are identified,

9. Cowponent Parts Testing

e A GRS s SR LR 5 i 5 0 05 1 i PO

a. Component parts used in production equipment are assigned
Y,

) i
a reliability index.

b, MIL tests are used where applicable. C
If contractor'? test procedures are used, he presents !
jus:i?icacioq'bf MIL testing unapplicability.

Cc. Te§t data is.retained two years from contract completion.

10. Maximum Preacceptancge Operation |

a. Pr;Qides and maintains a list of items having critically
limited useful life.

b. Methods of determining waximum allowable operating time

are clearly defined and justified,

_._ 11 Parce Reliabiljty
‘ \\.,

. ™ &+ Uses parts with known reliability determined from current

or previous testing.

i

% e
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13.
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b. Avoids duplication of testing.

c. Recognizes risks involved using data recorded under
different use-environmeﬁt.

d. Preferred parts list are maintained.

e. Reliébiliéy improvement program is included.

Furnished Equipment

a. Uses known or estimated reliability values.

b. Reports potential reliability problems and indicate and
justifies system changes necessary for eﬁficient system
integration.

Critical Items

Provides for an effective method for identification, control

and special ﬁandling of critical parts, components, or subsys-

tems from design through final acceptance.

14. Supplier's and Subcohtractor's Reliability Program

a+ Supplier and subcontractor (S&S) achieved reliability levels
are consistent with over-all system requirements.

b. Imposes quantitative relisbility requirements and acceptaﬁce
criteria on S&S.

¢. Incorporates applicable portions of MIL-R=-27542 in subcontract
and purchase orders.

d. Surveillance of S&S activities include:

(1) Quality Control.
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15, R

o i o
- 16;'15gatis:ica1 Methods \t'“ .':f ?hf ﬁ_:; ;»;fa.:'”‘f;fgg- -
; a. Provides for optimum unlliza.ion of ;tatistic;l p@anning»
, . and analysis.

b. Includes such methods as:

(1) Design of experiments,

% ‘ L ‘(2) Analysis of variance.
‘ _17.. RHuman_Engineering

Human Engineering"féaturés'arg incorporated to minimize tﬁe

possibility of degrading reliability through human error. %
. 18. Effgcts of Storage, Shelf-Life, Packaging, Tfan;gérgaglog,
| | . Hapdling and Maintenance
a. Determines by test or estlmatea;:h? ﬁbove cfféctc on the

reliability of the product. . ';i : .

b. Provisions that'special requirements or limitations on

above actions are made known to the U. S, Army.

19, Design Review

. a. Periodic reviews are made of syctem designe
t.é‘v a

"-Denotes personnel participatlng‘iﬁ rév(cw And includes
. ‘ .,“:. ‘. sﬂ R ";... .

:helr authori:y. S e "“;-ukg*:,w*‘

" ‘.., ; '2-‘;, * %
4 ) 5 ' . ) ~ 4
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20,

21,

Ce

d.

e

4
\

Compares desagn with previously defined qualitative and

quantitative{equirements.

t
At least ten :ys' notice prior to scheduled formal design
review is give!,

Minutes of revi:w are made available.

Manufacturing Contr’ _and Standards

ae

b

Co

d.

Control of manuf::turing processes.
Production monitqing.

ffocess StandardQ}nd Procedures.
Manufacturing pers{xnel job tasks.

Reliability consid: ation for engineering changes.

Fajlure Data Collection \nalysis and Corrective Action

[ 1

be

Ce

d.

Has closed loop sysﬂn for collecting, analyzing and
recording all failux{u

Describes reporting :ocedures including flow charts for:
Analysis, feedback, Aj corrective sntion.

Recording different!ays equipment failure from human
error in designing, pncess!ng,'handling, transporting,
gtoring; maintaining, lad operatiﬁg the equipment.
Includds pro;isions t assure effective corrective

action.

Egtablishes audit to ) view all open reports.

!

7




22, Reliability Demonstrafion"

‘8, General Plan R .

(1) Includes number of tesg articles or estimate of
confidence level. |
(2) Includes trade-off curves showing number of test
articles and operating test time, or test effort
. ‘1'_ 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

St A PRt -

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. Perjodic and Fingl Reports
# ' a. Provides for intervals not exceeding three months,
"bs  Provides accounting or progress on each task in program
. plan.

¢. Includes charts and illustrations comparing:

Svo

”,'.




objectives, winimm requiraments, redicticns, lavel of
achieved re.1abiiity.

Includes tina: reyry in accccdeuce wr COLLLBCT
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DESIGIING FOR MAINTAINASILITY

IN ORDER TO DEAL ACEQUATEL” WITH THIS SUBJECT, IT IS ESSENTIAL TO
DEVELOP SOME DEFINITIONS FOR MAINTENAICE, MAINTAINABILITY, AVAILABILITY,
RELIABILITY, AND EFFECTIVENESS. VWE WILL DISCUSS THZ PROCECURES FOR
SPECIFYING MAINTAINABILITY, THE IMPLEMENTATION OF A MADNTAINASILITY PRO-
GRAM IN A CONTRACTOR'S FACILITY, THE ACTIVITIES OF A DESIQNER, AND LASTLY,
A LCOK AT THE FUTURE FROM THE STANDPO.NT OF MAINTAINASILITY.

ANYCNE WHO HAS DEPENDED UPON. OWNED, OR POSSESSED PROPERTY hAS AT
SCME TIME CONCERNED HIMGELF WITH THE PROSLEMS CF SUSTAINING HIS PROPERTY
IN A CONDITION WHERE IT WiLL PERFCRM WITHIN CERTAIN LIMITS. THIS ACTIVITY
MAY GENERALLY BE CALLED MAINTENANCE. DESIGVING FOR MAINTAINASILITY 1S AN
ENTIRELY DIFFERENT ACTIVITY. TO CLARIFY THESE TWC STATLMENTS, IT IS
ESSENTIAL THAT WE FIRST EXAMINE FAINTELANCE. & WILL ATTEMPT 7O DO THIS
BY CATEGORIZING AND CLASSIFYING THE VARIOUS TYPZS OF MAINTENANCE AND
ELEMENTS OF MAINTENANCE. CNE CLASSIFICATION EMIODIES TiiE COMNCIPT OF
PREVENTIVE MAINTENANCE AND CORRECTIVEC MAINTENANCE. PREVENTIVE MAINTINANCE
15 PLANNED CARE AND SERVICING OF CQUIPITNT BY SYSTIMATIC INSPICTIV'S,
LUBRICATION, PROTECTION, AND, OF COURSE, CLIAMING OF SOMIFNENT. LO.RGCYIVE
MAINTENANCE, ON THE OTHER HAND, IS PEFFORMID (! /A LISLIEDULED 8+5.¢ 70
RESTORE EQUIPMENT TO SATIS "CTORY CONDITION AFTEF A MALFWNCTIN V8
CCCURRED, IT SHOULD 8% EVIDENT THAT SINCE m'..mzcnr; i§OSCLR PR DGARLY,
THAT CORRECTIVE MAINTENANCE MUST RE DEALT WITH &8 A RACEIOM ACTIVITY.

LET US MOW EXAMINE SOME OF THME SLEMANTS CF MAINTFNSCR, SPECIFICALLY
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CORRECTIVE MAINTEMNANCE. AFTER A FAILURE HAS OCCURRED, IT MUST FIRST BZ
DETECTED CR EVIDENT TO SOMEBOCY THAT IT HAS CCCURRED. THEN CGVES THE

PHASE OF FAULT ISOLATI(N. SOMESODY MUST DETERMINE WHAT HAPPENED. THE
NEXT LOGIC‘AL STEP IS TO CORRECT THE FAULT. HOWEVER, THIS MAY NOT BE AS
SIMPLE IN THE REAL WORLD AS 1T SEEMS BRCAUSE HERE 1S WIERE WE BEGIN TO

RUN lN'RQ‘THE POMINISTRATIVE DELAYS CVER WHICH THE DESIGNER HAS LITTLE

OR NO CON*'ROL. IN PASSING, 1T SHOULD BE RECOGNIZED THAT FAULT CORRECTION
MAY BE CATEGORIZED AS "REMOVE AID PEPLACEMENT," GR FIX!NG CR ADJUSTING
THE OFFENDING PART, AND FINALLY THE CHECK~OUT ACTIVITY.
CHART 1
THIS LITTLE CHART SHCWS THE RELATIONSHIP ANMONG THUSS CLEMENTS OF
MAINTENANCE. 1T IS IMPORTANT TC NOTE TWC ALTERNATIVF PATHS O¢ THE CHART.
CHART ) CFF
LET US LOOK AT A CHART SHOWING THE DISTRIBUTION OF TINE TO PERFORM
THESE ELEMENTS.

CHART 2 ON

} PLEASE NOTE ITEM H "CONYINGENCY 1TEXS," /ND THAT THIS CONSUACS 383
OF THZ TIME TO DO MAINTEIUNCE. TAIS ELEMENT DOES HOT COMTRICUTE PRO-

DUCTIVELY TO MAINTENANCE SINCE IT CONSISTS OF ADMINISTRATIVE {ELAYS., THZ

: ' DATA 1S BASED ON AM ANALYSIS CF 101 TASK MEASUREMEMTS TAREM (N THREDZ DIF-
FERENT EQUIPHMINTS.
CHART 2 CFF
THERE ARE TWO OTHER CATCGORIZATIONS OF MAINTLMANCE W-iilll §4GULl of
MENTIONED IN PASSING., ONE OF THEM DCALS WITH WHERE THE MAINTENANCE 1S
- | :

A o s e
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DONE OR BY WHOM IT IS DONE. IN THE ARMY WE CALL IT ORGANTZAT IONAL,
DIRECT SUPPORT, GEMCRAL 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 DONE WITH THE
SYSTEM OPERATING OR NOT OPERATING (I.E., A ststE). THIS DISCUSSION SO
FAR DZALS WITH MAINTENANCE, BUTF NOT W\INTAINABILIT“(, RELIASILITY, AVAIL-
ABILITY, OR EFFECTIVENESS. '

NOW THC 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
L TO SIFPLIEY OUR mscirs\séxom,-ws WILL ASSUME THAT THE FIGURE OF MERIT

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

- PROPERLY AT THE BEGINNING.

IN THIS DEFINITION IS DEFINED AS T'Fg PROBABILITY THAT THE ITEM WILL
PERFORM ITS INTENDED TASK FOR A SPECIFIC LENGTH OF TIME (MISSION TINE

IN A SPECIFIED ENVIRONVENT WITH THE ASSUMPTION THAT 1T WAS OPERATING

CHART 1§ ON
; ) CHART 4 OFF
| THE NEXT TERM WHICH NEEDS DEFINING IS AVAILAGILITY. AVAILABILITY
IS DEFINED AS. USE-TIME DIVIDED BY USE-TING PLUS MAINTENANCE TIME.
| ' CHART 5 ON. ,

L
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PLEASE NOYE THAT WE'CALL USE-TIME MIBF, WHICH IS MEANTIME BETWEEN
FAILURES AND. REPAIR TIME AS MIR, MEANTIME TO REPAIR: MTBF IS CALCULATED
BY ADDING TIME TO THE FIRST FAILURE PLUS TIME TO'THE SECOND FAILURE AND
SO FORTH DIVIDED BY NUMBER OF FAILURES. MTR IS SIMILARLY CALCULATED.
THIS FORMJLA CAV BE REWRITTEN AS MTR EQUAL TO MIBF TINES ONE OVER AVAIL-

ABILITY MINUS ONE. ALSO PLEASE NOTE THAT THESE DEFINITIONS INVOLVE

PROBABILITIES SINCE THEY DEAL WITH RANDOM VARIABLES.

CHART & OFF
TO LAY A PROPER FOUNDATION FOR WHAT IS TO FOLLOW, LET US EXAMINE

THE WORD PROBABILITY FOR THE MOMENT. THE PROBABILITY GF AN EVENT CAN BE ~

EXPRESSED NUMERICALLY AS SOME VALUE EQUAL TO OR GREATER THAN ZERC AND

'_ﬁ-.*}f&iécjr“m OR EQUAL TO ONE. PROBABILITY CAN BE ILLUSTRATED BY MEANS OF

L L e, LD

PROBABILITY D~I§TRISUT.!ONS AND WE WILL DEAL WITH THREE TYPES, CXPONEMTIAL,
NORMAL, AND LOG NORMAL.

THE EXPONENTIAL DISTRIBUTION REPRESENTS THE PROBA3ILITY OF AN EVENT
OR FAILURE WHERE THE HAZARD RATE IS CONSTANT; THAT [S TO SAY, THE CWAN(E

OF ANY ITEM FAILING 1S THE SA-E AT CNE TIME AS ANCTHER. 17 WVRIFIZD T

PERFORMANCE OF EQUIPMENT AFTER THE INITIAL RASH OF FAILUPES LT TO
IMPROPER ASSEMBLY, MATERIEL DEFECTS, EVC., AND DEFORE T-8 EFFECTS OF
WEAR OUT TAKE PLACE.
CHART G On (;BATHTUB CURVE)
THIS 1S REPRESENTED BY THE FLAT PART OF THIS CURVE,
-~ CHART { OFF
GART 7 O

.
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THIS IS THE EXPONENTIAL FUNCTION IM ITS SIMPLEST FORM. Y IS EQUAL

/ .
T e ’_'7‘ . & 1S THE BASE (F THE NATURAL LOGARITHM AND IS

[ -

| APPROXIMATELY 2.718. THE AREA TO THE RIGHT OF X EQUAL TO 1 IS 37% AND THE
{7 AREATO THE LEFT IS 63%.
.. R CHART 7 OFF |
© NOW, LET US APPLY THIS BIT OF THEORY TO THE PROBLEM OF EXPRESSING
QUANTITATIVELY THE ATTRIBUTE OF RELIABILITY.
| | CHART & ON
L HERE WE SEE THE SAME FUNCTICN EXCEPT THAT Y NOW REPRESENTS THE FRE-
| QUENCY OF FAILURE £ (), THE INDEPENDENT VARIABLE, AND MTBF IS MEANTIME
BETWEEN FAILURE OR "CHARACTERISTiC LIFE' AND I5 CONSTANT IN ACCORDANCE
WITH THE FLAT PART CF THE BATHTUB CURVE. AT ATIME T, , THE NUMBER
OF ITENG WHICH HAVE FAILED 1S REPRESENTED BY THE AREA UNDER THE CURVE |
TO THE LEFT OF T, . THIS AREA\CALLED F (T) AWD EQUAL TO f tz‘iz‘)cz’.t
1s equaL 10 ' e @ FRET AL Is EQuaL 0 — € T RTEF |
IS EquAL T0 *1— &7 Fﬁ%? THIS IS A PLOT OF F (t) AND THE AREA
1 . TO THE LEFT OF £, 1S REPRESENTED BY THE HEIGHT OF F {t). sincg wis
. .y

REPRESENTS THE FAILED ITEMS, RELIABILITY IS REPRESENTED BY !=(]= = M¥8F )

- -L" : ’
WHICH IS EQUAL TO & MTBF ., FOR SXAMPLE, IF MIBF 1S EQUAL TO 50 H0UPS

AND MISSION TIME IS EQUAL TO FIVE HOURS, RELIABILITY FOR FIVE HOURS IS

- | : ) W eeses
A s anmm—— WA '0‘.'-‘ F._E
EQUAL TO& 1:5? IS EQUAL TO g 15 EQUAL TO oo = € ASE

NOTE THAT wzgp - IS NECESSARY INT(*) SO THAT THE TOTAL AREA LNDER

L F Lt) wiLL BE ONE SINCE PROBABILITY IS GQUAL TO OR (REATER THAN ZZRO AND
| EQUAL TO OR LESS THAN ONE.
| CHART 8 OFF
5

So
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THE NEXT 1S THE NORMAL DISTRIBUTION OR THZ FAMILIAR BELL~SHAPED

CURVE. T EXEMPLIFIES A SITUATICN WHERE THE HAZARD PATE IS INCREASING

"AND THE FAILURES ARE EQUALLY DISTRIBUTED ON BOTH SIDES OF AN MTBF.

CHART 9 ON
HERE IS THE NURMAL DISTRISUTION IN ITS SIMPLEST FORM. Y IS EQUAL
T0E& "~ cgX¢ad- NOW LET'S ADAPT THIS SIMPLIFIZD FUNCTION SO THAT
' -

— -

. x
IT 1S USABLE. )‘(t)'s;:-i;%;s i 2( s ) .oaGAIN F LY IS

SUBSTITUTED FOR ¥ AND e IS INCLUDED TO ASSURE THAT HE APEA UNDER
THE CURVE IS EQUAL TO ONE. NOTE THAT WE HAVE CHANGED X2 40 {%M_')x
A\D INTRODUCED A NEW PARAMEVER S. ALSO THAT M WILL BE USED INSTEAD OF
MIBF. USING B =M INSTEAD OF £ ENABLES US TO SHIFT THE CURVE FROM
BEING CCNTEREG ABOUT ZERO TG THE FOINT M ON THE X AXIS.

CHART § OFF

CHART 10 ON
| "
M IS CALCULATED AS FOLLOWS. M IS EQUAL TO 2 A, IS EuAaL
0 X * Yoot K., - MOWLET'S DISCUSS TH: PARATTER S. S

IS EQUAL TO THE STANDARD DEVIATION, S IS A MISSURE GF VARLIANCE CR SPREAD,
-~

S* 13 EQUAL TO VARIANCE. S ™ IS CALCULATED AS FOLLOWS:

iy =M T P I
31 IS EQUAL TO :"E-L.CK—’-“&.—M—L_ 1S CQUAL TO s oo ;L-"-’”/"'} .

N=-} ri{m =
CHART 10 OFF

CHART 11 G
TO ILLUSTRATE WITH SOME SPECIFIC WUMBERS. READ FROM CHART.
| CHART 11 OFF
CHART 12 ON
THIS CHART FURTHER [LLUSTRATES & 5IGHIFICANCE OF §.

1l
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SONE § ON EITHER SIDE OF M INCLUDES APPROXIMATELY 68% OF THE AREA,
X140 § ON EITHER SIDE OF M INCLUDES APPROXIMATELY 5% OF THE AREA. -
XTHREE $ ON EITHER SIDE OF M INCLUDEB 99.74% OF THE AREA.

TO THE RIGHT 1S A PLOT OF F(t) . FERE AGAIN THE HEIGHT OF ¥ (%)
© REPRESENTS THE AREA UNDER " (%) TO THE LEFT OF SOME . N ) |

EIR | 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 & IS A RANDOM VARIABLE WHICH

HAS A LOG NCRMAL DISTRISUTION, THEN LOG -t WILL HAVE A NORMAL DISTRIBUTION,

s eartE A | SR KA

| MATHEMATICALLY, A VARIABLE & HAS A LOS NORMAL oésmxaunow 1IF FL3). .\
IS EQUAL TO V_\L“S e z | et 0 4T &R, s
TO REPEAT = IF < IS A RANDOM VARIABLE WHICH HAS A LOG NORMAL DISTRIBUTION. |
‘THEN LOG <t WILL HAVE A NORMAL DISTRIBUTION. ) ‘ S '
- CHART 13 OFF
b
. i CHART 14 ou(ww‘ ~Los M
i LOG:@‘.\:E;; Laa’xh (LM.S)"‘ HE) Py
1 CHART 14 OFF '
'CHART 15 ON

HGRE 1S AN ACTUAL PLOT OF TIMES YO REPAIR. NOTE THE LOG NORMAL
SHAPE AND THAT M OR MTR CMEAN VALUE) IS 2.29 HOURS AND S IS 2.23 HOURS.

\ w7 | CHART 15 OFF ]
el musmwaevmwm T FEW COMMENTS BY MEANS OF A SPECIFIC
exmm.e. |
‘ | CHART 16 ON-
¥
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' vAN AIREORNE 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 MISSION, INITIAL STUDIES
INDICATE THAT A RELIABILITY FOR A FIVE HOUR 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 - ASSUMING PERFORMANCE = 1,
NOW REMEMBER THAT AVAILABILITY IS EQUAL TO MTBF DIVIDED BY MTBF PLUS
MTR CR MTR IS EQUAL TO MTBF TIMES ONE OVER AVAILABILITY MINUS ONE.
| ASSUMING THE COMMUNICATIONS CENTRAL HAS A FAILURE DISTRIBUTICN DESCRISED |
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 MIR 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.?FOR FIVE FOURS,
CHART 16 OFF
UP TO THIS POINT, WE HAVE DERIVED AND USED IN AN EXAMPLE THE BASIC
ENGINEERING MODELS FOR EFFECTIVENESS, AVAILABILITY, RELIABILITY, AND
MAINTAINABILITY, LET ME EMPHASIZE, HOWEVER, THAT IT REPRESENTS A
- GROSS OVERSIMPLIFICATION, FOR INSTANCE, IN THE MODELS WE HAVE USED CNLY

THE MEANS TO REPRESUNT THE ACTUAL PROBABILITY DISTRISUTIONS INVOLVED.
CONSEQUENTLY OUR RESULTS ARE ONLY IN TERMS OF MEANS OR AVERAGES. WE
DEVELOPED THE STANDARD DEVIATION AS A MEASURE OF THE SPREAD OF A

 DISTRIBUTION AND SHOWED ITS SIGNIFICANGE, IT WOULD WHEREFORE BE NECESSARY

; T T N Tk
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TO EMPLOY MORE COMPLEX MODELS IN ORDER TO ACTUALLY KNOW JUST WHAT THE
AVAILABILITY WOULD BE. FURTHER; WE HAVE DEALT WITH ONLY AN INADEQUATELY
DEFINED STATISTIC MTR. IN ACTUALITY MIR IS A COLLECTION OF DISTRIBUTION
Off THE DETERMINANTS OF MAINTENANCE AS DI??&US%SED EARLIER.
- | CHART 17 ON
THIS SHOULD GIVE YOU SOME APPRECIATION OF THE COMPLEXITY OF MTR,
 CHART 17 OFF |

SPECIFYING MAINTAINABILITY

WITH THIS TECHNICAL BACKGROUND LAID, LET US NOW DISCUSS THE SUBJECT OF
SPECIFYING MAINTAINABILITY, THE UNDERLYING PRINCIPLE HERE IS THAT YOU
WILL GET ONLY WHAT YOU CONTRACT FOR AND ARE WILLING TO PAY FOR. AND MOST
IMPORTANT OF AL === PAY TO HAVE DEMONSTRATED THAT YOU ARE GETTING WHAT
YOU CONTRACTED FCR. | | o
| YO REVIEW IN DETAIL THE MILITARY SPECIFICATIONS AVAILABLE TODAY
DEALING WITH MAINTAINABILITY IS IMPOSSIBLE IN THE TIME REMAINING. HE.RE" -
IS A PARTIAL LIST,

CHART 18 ON
\ CHART 18 OFF

LET US REVIEW THE NEEDS OF TODAY DEVELOPED BY MR. JOHN E. LOSZE
OF REPUBLIC AVIATION WITH RESPECT TO THIS SUBJECT,

FIRST FROM THE STANDPOINT OF THE CUSTOMER =

CHART 19 ON
1. QUANTITATIVELY ACHIEVABLE GOALS SHOULD BE SPELLED OUT BY THE

- CUSTOMER, OR DEVELOPED BY THE CONTRACTCR AND APPROVED BY THE CUSTCMER.
- ) _ )

e et e e e S S e .

b e b ¢ BT L




B 7 TIM" OF DESIGN REVIEW, A

* ot
PSRt 7oA i Wi & RAPORE B 1y b iae p sh e Wwae 4 e e it n

i B P R Y LSRR A ity BT i T T

2. Au. LEVELS OF MAINTENANCE SHOULD BE COVERED BY THE M SPECIFICATIONS,
3, DOCUMENTATIO:\ OF THE M ELEMENTS SHOULD BE MADE SIMULTANEOUSLY AT

. .-
-

¥

'+. TRADE-OFFS SHCULD BE MADE IN TEP.MS OF DOUWNTIME AND DOLIARS AS I.ONG

- _.AS THE UPFER BOUND OF THE SUPPORT RESOUQCE CAPABILITY IS NOT EXCEEDED.

5. TECHNIQUES 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 STAGZ AND FOLLOW *

' THROUGHOUT PRODUCT IMF'ROVEMENT

.7+ SPECIFICATIONS SHOULD STATE THEIR c.(,o . CLEARLY AND NOT -TRY TO

" BE MALL mmss"»'ro ALL. PRODUCTS.

CHART 13 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 FRQM THE CONTRACTORS STANDPOINT,
| CHART 21 OFF
PROGRESS SO FAR IS EXWLIFIED BY THIS LIST
CHART % ON |
OF PROJECTS WITH CONTRACTUAL MAINTAINABILITY REQUIREMENTS.
CHART 22 OFF
IMPLEMENTATION -
7O ASSURE THAT MAINTAINABILITY CBJECTIVES ARE ACHIEVED, A MAINTAIN
ABILITY PROGRAM MJST BE IMPLEMENTED TO RUN CONCURRENT WITH EQUIPMENT
~10
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DESIGN, DEVELOPMENT, PRODUCTION, AND FIELD OPERATION, SUCH A PROGRAM IS
ESTABLISHED TO MEET THE REQUIREMENTS OF MILITARY SPECIFICATIONS CALLING
FOR MAXIMUM EQUIPMENT AVAILABILITY AND REDUCED MAINVENANCE COSTS. THE

FOLLOWING DESCRIBES THE ORGANIZATION, PROGRAM TASKS, AND MAJOR MILESTONES
IN A COMPREHENSIVE MAINTAINABILITY PROGRAM,

THE MAINTAINABILITY MANAGEMENT CONTROL FUNCTION MUST PROVIDE FOR
INTEGRATION OF EFFORTS AND OPERATIONS UP THROUGH HIGH ORGANIZATIONAL
b ~ LEVELS.
' | FROGRAVS" PREVENT THEIR EFFICIENT ACCOMPLISHMENT 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 WrICH 1S VESTED °

THE RESPONSIBILITY FCR THE MAINTAINABILITY EFFORT, ORGANIZATION, AND RULES.

PERSONNEL TRAINED IN MAINTAINABILITY TECHNOLOGY SHOULD BE EMPLOYED IN
EACH PHASE OF THE PROGRAM FROM PRELIMINARY PLANNING THROUGH FINAL FIELD
EVALUATION, IT IS IMPORTANT THAT SPECIFIC ASSIGNMENTS BE MADE 70
ACCOMPLISH THE NECESSARY TASKS DURING THE DEVELOPMENT CYCLE, AND THAT
THESE TASKS BE COORDINATED IN EACH STAGE OF EQUISMENT GHOWTH.

HERE IS A SHORT LIST OF THE TYPES OF PERSONNEL NECESSARY T0 A
CONTRACTOR. S
o CHART 23 ON

MAINTAINABILITY ENGINEER
MAINTENANCE SERVICE SPECIALIST
DESIGN ANALYST
pATA ANALYST

11
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THE MAGNITUDE AND SPECIALIZED NATURE OF MOST LARGE MAINTAINABILITY
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? MAINTAINABILITY MONITOR | C
CONSULTANTS

‘ STATISTICIAN _

: MATHEMATICIAN i

HUMAN FACTORS SPECIALIST

CHART 23 OFF
ACHIEVING TIME OBJECTIVES OF A MAINTAINABILITY gaocw INVOLVES A
NUMSER OF TASKS. EACH ISgh MAJOR REQUIREMENT IN ASSURING A COMPREMENSIVE
PROGRAM. THEY WILL, OF COURSE, VARY IN SCOPE CONSISTENT WITH THE
PARTICULAR END ITEM, ’
| CHART 24A ON
: READ FROM CHART.
CHART 24A OFF
CHART 243 ON
READ FROM CHART,
CHART 243 OFF

ACTIVITIES OF A DESIGNER

THE MAINTAINABILITY REQUIREMENT OF A SYSTEM MUST FIRST BE APPORTIONCD
AVONS THE SUBSYSTEMS, THEN THE COMPONENTS, ETC. IN CTHER WORDS A
1 DETERMINATION MJST BE MADE BY ENGINEERING MANACEMENT IN THE CONTRACTORS
g FACILITY AS TO HOW MUCH EACH SUBSYSTEM, COMPONENT, ETC. WILL BE ALLOWED
TO CONTRIBUTE TO THE OVERALL MAINTENANGE REQUIREMENT OF THE SYSTEM,

THIS SAME TYPE OF APPORTIONMENT MUST, OF COURSE, BE DONE FOR RELIA=

BILITY, COST, AND WEIGHY, TO ASSURE THAT THE SYSTEMS ARE WITHIN CON-

TRACTURAL RESTRAINTS., iN TRIS WAY EACH LESIGNER MAS A 50 CALLED BUDGET
FOR EACH OF THESE ATTRIBUTES THAT HE iAJST DESIGN TO,

TN UL b el g N




WITH RESPECT TO MAINTAINABILITY THE DESIGNER MJST CONSIDER THE FOLLOW=

nNG:

 CHART 250N |
THE MAINTENANCE CONCEPT ,, Y
THE MAINTENANCE ENVIRONMENT v O

FACILITIES AVAILASLE
COMAON AND SPECIAL TOOLS
SKILL LEVEL OF MAINTENANCE PERSONNEL
OPERATION USE OF SYSTEM
REACTION TIME
TURN ARCUND TIME
RELIABILITY
FUMAN FACTOXS
TEST EQUIPMENT
THESE REPRESENT THE CONSTRAINTS IMPOSED UPON THE DESIGN, CONSEQUENTLY
THEY MJST 82 UNEQUIVOCALLY AND UNAMBIGUOUSLY STIPULATED CONTRACTUALLY 17
THE USERS NEEDS ARE TU BE SATIATED, OBVIOUSLY, TRADE=OFFS AMONG THESE
RESTRAINTS ARE NECGSSARY IF THE DESIGN iS TO REPRESENT 1HE CLRRENT 3TATE

~OF THE ART, 1T THEREFORE FOLLO\@.‘S THAT THE RELATIVE VALUE OF TRIEZ TRDE-

OFFS MUST ALSO BE UNEQUIVOCALLY AND UNAMBIGUOUSLY STIPULATED,
CHART 25 OFF
NOW IN ADDITION TO THE ROOM TG MANEWCR AS EXEWPLIFIED BY THE
CONTRACTUALLY STATEL ACCEPTABLE TRADE-OFFS, THE DESIGNZR MAS A GROUP OF
DESIGN FEATURES THAT HE IS FREE TO MANIPULATE USUALLY WITHOUT CONTRACTUAL
RESTRAINT, SOME OF THESE ART:
| I 13
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CHART 26 ON
FAULT INDICATORS

TEST POINTS

L127

EXTERNAL TEST EQUIPMENT

ACCESS

ADJUSTMENTS

LABELING

COLOR CODING "'
PROTECTIVE DIVICES
MURPHY LAY FEATURES
CIRCUIT DESIGNS
COMPONENT SELECTION
LUZRICANTS, FUELS, cowms, ETC.
MATERIEL -

MATERIEL FINISHES

¢

MATERIEL HEAT TREATMENT "_; '

- FASTENERS

CONNECTORS
PACKAS ING
MODULES
THE LIST IS INTERMINABLE;

CHARY 25 OFr

NOW -1 WT TO GIVE YOU ONE CMRT THAT EXB‘PL!FIES TH& IMPO&TA'

OF THE DESIGNER INNXSWW

14 y




| CHART 27 ON
THERE IS LITTLE  CAN SAY TO EMkrnN.zr THIS GTHER THAN THAT THE WHOLE
WORLD OF REQUIREMENTS MUST FLOW THROUGT THS MAN'S GYES, EARS, BRAIN, AND
HENDS TO PRODUCE THE LINE ON THE PAPER AN} Tr: WOKDS IN THE TECHNICAL RE-

s AT PIRE  PR IR M

PORTS THQT DETERMINE JUST EXACTLY WhAT THE EOUIPME!*IT WILL BE LIKE. YES,.

B i T

HE TOES HAVE A FEW TOOLS AT HiS DISPOSAL. A SLIDE RULE, A DRAFTING MACHINE,

PENCILS, ERASERS, PAPER, A LIBRAY OF ENGINEERING HANDROOKS, STANCARD PARTS

‘CATALOG, MATERIALS SPECIFICATIONS, AL OCCAS!ONALLY A COMPUTER. AND IT IS

WITH THESE AND HIS PERSISTENCE, PATIENCS, EXFERIENCE, AND BRAIN, THAT HE

PRODUCES OUR CARS, GUNS, AND SPACECRAFT AND KEEPS THEIR MAINTAINABTLITY

WITHIN THE CONFINES OF THE LO5 NGRMAL DISTRIBUTION OF TIME TO PLPAIR.,
‘DURING THE YEARS SINCE 19U6, A GREAT MANY EFFORTS RAVE BEEM MADE TO

! PORTRAY DO'S AND DON'TS IN WHAT WAS FIRST EASE OF MAINTEN/NCE AND LATER

; BECAME MAINTAINABILITY. THE AUTOMOTIVE DIVISION, DEVEL’PMENT AND PROOF

| SERVICE DEVELOPED SEVERAL VOLUMES OF WANDBOCKS FOR CuMBEAT AND TACTICAL

VEHICLE DESIGN, AND LATER THE ORDNANCE TAMK~AUTOMOTIVE COMAVID DEVELOPED

A SERIES OF DESIGN HANDBOOKS. FOR ORDNANCE DURI: 1TS EXISTENCE, THESE

EFFORTS SULMINATED IN A SERIES OF ABOUT 50 70 AIANCE ENGINEERING DESIEN -

*‘ . HANDBOOKS WITH A BASIC MANUAL FOR MAINTZARME CHOLD UP). HERE 15 ANOTHER
| UNDER AMC FOR THE MISSILE COMMANT.  THIS IS ONE OF OVER 75 CF THESZ NEWEF.
ISSUES. IF YU CHANCE T LhMINE THESE, YOU WILL NOTE A WIDT DIFFTRENCE

"IN APBROACH.

REGARDY Kro OF APPROACH, THE REALLY CRITICAL POINT 1S W=AT DID YOU
i FORCE ™+ CONTRACTOR TO DO? REMEMBER MY EARLIER CGMMENTS ABOUT THE
| A INTAINABILITY SPECIFICATION?  YOU MUST CONTRACT FOR WHAT YOU WANT. YO
HAVE TO BE ABLE TO STATE WHAT YOU WANT, AND YOU MUST DETERMINE THAT YOU
RECEIVED 1T.  (EXAMPLE OF DETAILS ANG CALL .OUT DRAWINGS.)

CHART 27 UFF
25
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A _LOOK AT THE FUTURE

MAINTAINABILITY HES LAGGED RELIABILITY IN ITS EVOLUTIQNARY DEVELCPMENT
BECAUSE IT IS MORE COMPLEX AND BECAUSE THE HUMAN ELEMENT IS MORE PREDOMINANT.
IT IS IM THE AREAS OF PREDICTION AND DESIGN THAT THE GAP BETWEEN THE TO
DISCIPLINES IS SO APPARENT. AT THE FRESENT TIME, THERE ARE NO SUBSTANTIAL
HANDBOOK TYPE DATA AVAILABLE, PARTICULARLY IN THE MECHANICAL AND ELECTRO-
MECHANICAL FIELDS. FOR INSTANCE, THERE IS MO REFERENCE AVAILABLE TO A
DESIGNR TO DETERMINE HOW LONG IT WOULD TAKE TO REMOVE AND REPLACE AN OIL
PUMP IN A TANK ENGINE..n THE INFLUENCING PARAMETERS HAVE NOT BEEN IDENTIFIED
MD INTERRELATED. I WOULD PREDICT THAT THIS PROSLEM WILL NOT SEE A START
OF A SOLUTION UNTIL 1967 AND BE COMPLETELY SCLVED UNTIL 1970.

PREVENTIVE MAINTENANCE CAN EITHER IMPROVE OR DEGRADE THE MAINTAINABILITY.
OF AN EQUIPMENT, 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 GUESS-
WORK. THE NEED EXISTS FOR A STUDY TO IDENTIFY THE PART TYPES AND MAINTENAN: -
TASKS WHICH SHOULD BE SUBJECTS OF PREVENTIVE MAINTENANCE AND THE CONDITICNS
CINCLUDING TIME) UNDER WHICH SPECIFIC MAINTENANCE ACTICNS SHOULD BE PERFORMES
IT SHOULD INCLUDE:

(A) THE COLLECTION, AS REQUIRED, ANALYSIS AND ORGANIZATION OF GENERAL
GUIDELINES CONSISTING OF DEGRADATION CHARACTERISTICS OF PARTS WHICH ARE
AMENABLE TO PREVENTIVE MAINTENANCE SCHEDULES.

(B) DEVELOPMENT AND COMPILATION OF A COMPREMENSIVE SCHEDULE OF MEAN=
TIME-TO-REPAIR FOR EACH TYPE OF PREVENTIVE MAINTENANCE TAGK.

. (C) USE OF THE INFORMATION DEVELOPED IN (A) AND (B) TO ESTABLISM THE
VALUE OF K IN THE RELATIONSHIP PREVENTIVE MTR = K TIMES CORRECTIVE MIR.
196615 A REASONABLE DATE FOR SOLUTION OF THIS PROSLEM WITH PESPECT
TO ELECTRONIC EQUIPMENT AND 1969 FOR MEGHANICAL EQUIPMENT.
* PAST STIDIES HAVE SHOWN THAT THE TIMC DEVOTED TO DIAGNCSIS OF FAILURE

IS BY FAR THE BIGGEST PART NF THE TOTAL DOWNTIME INTERVAL, EXCEPT FOR

16
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ADMINISTRATIVE DELAYS. WITH SYSTEMS BECOMING MORE COMPLEX AND WITH THE
INCREASING APPLICATION OF MICROSLECTROMIC CIRCUITS, THERE IS A NEED FOR
THE DEVELOPMENT AND APPLICATION OF NEW APPRUACHES TO SOLVING THIS PROBLEM.

IN FAULT LOCATICN WE NEED SIMPLIFICATION AND STANDARDIZATION. WE
NEED TO SURVEY THE VARIOUS APPRCACHES TO FAULT LOCATION AMD TO IDENTIFY,

FOR INTERIM STANCARDIZATION, THOSE WHICH OFFER ADEQUATE CAPASILITY IM MOST
SIMPLE FORM. DATA DERIVED FROM MAINTAINABILITY PREDICTION AND RELIABILITY
STUDIES SHOULD BE USEFUL IN IDENTIFYING EQUIPMENT AREAS IN GREATEST NEED
OF FAULT LOCATION. CRITERIA SHOULD ALSO BE DEVELOPED TO ENABLE THE
DESIGNER TO KMGW WHAT THE OPTIMUM DEPTH OF PENETRATION OF FAULT LOCATION
IS; HOW FAR INTO THE EQUIPMENT'S MINNARDS™ SHOULD HE GO? (MODULAR DESIGY)

FAILURE PREDICTION, OR CATCHING SOMETHING BEFORE IT FAILS, WILL BECOVE
MORE IMPORTANT AS DEGRADATION AND ORIFT FAILURES BEGIN TO PREDOMIMATE. NSW
DIAGNOSTIC TCOLS ARE MEEDED TO DETERMINE THOSE PARAMETERS WHICH ARE PRE-
CURSORS OF DRIFT FAILURES, AND RAPID METHODS FOR THEIR MEASUREMENT. THIS
IS PARTICULARLY TRUE OF THE NEW TECHNOLOGY OF MICROSLECTRONICS.

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 .THEQE
ARE EITHER NO QUANTITATIVE MAINTAINABILITY REQUIREMINTS TO BE MCZT, OR TIH
AND COST CONSTRAINTS FREVENT THE DESIGN OF THE OPTIMUM MAINTENANCE SYSTEM.
AS SYSTEMS INCREASL IN COMPLEXITY AND QUANTITATIVE MAINTAINABILITY RCQURC-
MENTS BECOME THE RULE PATHER THAN THE EXCEPTION, WE SHALL SEE GREATER
APPLICATION OF THE TOOLS OF FAILURE DIAGNCSIS THAT HAVE BEEN LANGUISHING
ON THE SHELF. IF TME TECHNOLOGY CONTINUES TO EVOLVE AS RAPLOLY AS IT
HAS OF LATE, TMIS ARCA MIGHT FIND ITSELF "LEAPFROGGED" uY THE CESICNER'S
ABILITY TO DESIGN AROUND FAILURES THROUGH APPLICATION (F TECHNIOUES SUCH

AS REDUNDANCY AND ADAPTIVE MECHANISMS.
‘ 17
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REDUNDANCY HAS BEEN THE SUBJECT OF EXTI l\olVE: STUDY DURING THE PASY

FEW YEARS. MATHEMATICAL MODELS CORRELATING RELIABILITY WITH VARTOUS

FACTCRS SUCH AS NUMBE? COF REDUNDANT L N‘t:N'i'S EQUIF

MENT LEVEL {EQUIPMENT,

ETC.; HAVE ©

SUBASSZMBLY, MODULE, ETC) OF APPLICATION; E¥

IN DEVELCPID TO

HIGHLY SOPH?STECATED DEGREES. UNFORTUNATELY, LIKE THE WZATHER, ALTHOUGH

MUCH HAS BEEN SAID ABOUT IT THIRE ARE FEW CONCRETE EXAMPLES OF ANYBODY

DOIMG ANYTHING ABOUT IT. SIMILAR TO FAULT LOCATION, THERE ARE TECFNIQUES,

ON-THE~SHELF, CRYI

prd

& TO BE USED. ""h‘"" WILL NOT LE USED, HOWEVER, UNTIL

TrE CC}.V!BINED EFFECTS OF INCREASED S‘

3
e

&M COMPLEXITY AND HIGHIR RELIABILITY

REQUIREMENTS OVERTAKE THE RELIABILIT § THAT ONZ CAN ATTAIN FROM SIMPLEXED
COMBINATICNS OF (CMPONENT PARTS. MOGT REDUNDANCY TECHNIQUES USED TCDAY
CONSIST OF THE SIMPLE “BACK-UPY TYPE IN WHICH SPARE UNITS ARE PROVIDED -
FOR. RAPID REPLACEMENT OF THOSE THAT HAVE F

TS HAVE FAILED.  PRECOMINIENTLY, TORAY

IT WILL PRCTGABLY REMAIN THI MOST OFTEN USED FORM OF ReOUNDANCY,

LC\G AS INMFROVEMENTS IN RAPID FAULTY

LOCATION AND ZTONCMICAL i

MENT ARE AEBLE TO MAINTAIN SYSTEM "WAILACILITY &7

Shan LUVELL
THERE WILL SOME A TooZ WHIN EUVHER Tel POMAN IS O o hs LT NEONE:
FATLED COVTIONENT QR THE TIME TALSN 70 LOCATE 700 Fadiuiz ool T35 L5 e
FailZD COMPONINT 18 CUNSIDERED folzusovy, 1Y Ve pan
SOPhISTS ATED TIC-MICUES OF REDL.LANTY Y T L s R0 BV
TARE Vel JLUAN QUG8 TS ey gDl
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SWI/CHING ELEMENT, WE GET THE SITUATION DEPICTED HERE,
CHART 28 ON

WHERE WE HAVE PLOTTED THE PROBABILITY OF AT '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 1S MUCH HIGHER THAN THE MTBF OF THE SIMPLEXED UNIT.

| ' _ CHART 28 OFF
WHEN ONZ A0S 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 1970, REDUNDANCY WILL BE COMBINED WITH CRUDE SELF-REPAIR SO THAT AS
A BLOCK FAILS, THE FAILQRE IS NOTED, AND THE FUNCTIONAL BLOCK IS AUTCMATICALLY
RESLACED, E.G., LIKE CIGARETTE PACKAGES IN A VENDING MACHINE. ON THE
OTHER HAND, IF ENOUGH BLOCKS WERE IN A REDUNDANT CONFIGURATION, THEY: NIGHT
BE PERMITTED TO FAIL AT A FINITE RATE CLIKE BODY CELLS) UNTIL SChI DANGER
POINT WERE REACHED, AT WHICH TIME THE FAILED ELEMENTS MiGHT ALL I &I°LACSD
WITHOUT CAUSING SYSTEM FAILLRE.

TO SUMMARIZE, WE HAVE DISCUSSED THE VARIOUS CATEGORIZATICNS .. 3
DETERMINANTS OF MAINTENANCE; SHOWN THE MATHEMATICAL RELATIONSHI®S ANMOKS
MAINTAINABILITY, AVAILABILITY, RELIABILITY, AND EFFECTIVENESS; AND SMPHASIZiD
THE DIFFERENCE BETWEEN MAINTENANCE AND MAINTAINABILITY. AURTHER, W& PAVE
DEVELOPED THE THREE MOST IMPORTANT PROBABILITY OISTRIBUTIONS = EXPONENTIAL,

19
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T NORMAL, AND LOG NORMAL, AND HAVE SHOWN THEIP.\RELA';IONSHIP TO RELIABILITY,

- MAINTAINABILITY, AVAILABILITY, AND EFFECTIVENESS, WE HAVE DISCUSSED THE .

IMPORTANCE OF THE PARAMETERS = MEAN AND VARIANCE IN DESCRIBING PROBABILITY

DISTRIBUTIONS, WE HAVE DISCUSSED THE IMPLEMENTATION 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.

A0 wsTLY WE HAVE DISCUSSED SOME OF THE PROBLEM AREAS IN THE FIELD OF

MAINTAINABILITY ENGINEERING AND MADE PREDICTIONS AS TO WHEN THESE MAY BE

4

SOLVED.

THANK YOU,

[}
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DESCRIPTION OF WORK PERFORMED
MAINTAINABILITY

1. 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 tife, skill
and resources in the planned maintenance environmerdt; all of which through evaluation
and test is expressed quantitatively ta determine whether the item meets quantative
maintainability requirements.

2. Aufhori!z.

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 IAateriel & Equipment

MOCOM REG 705-1 Specific "In~Process" Review Points in Materie!
Research & Development '

MOCOM REG 715-8  Management, PEMA 4900 Production-Base

Support Program

ERDL REG 705-3 Preparation of Certificate to Support Type
Classification of Materiel

ERDL REG 705~4 In Process Reviews During Development

ERDL REG 705-14 Interdepartmental Participation in the Development

and Standardization of Engineer Materiel
3. Work Sources.

R & D Schedule
In Process Review Schedules
- Amy Materiel Program (AMP)

Production E'ngimring Measures Contracts

JI
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4, Procedures.

da. In-Process Review Evaluations.

At each item review phase, as lisied 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
dcta and equipment hardware in order to provide to the project engineers a main-
tainability evaluation which contains as eppropriate, maintainability requirements,
predictions, trade-off improvemeni change recommendations and/or comments and
interpretations on the maintainability contents of the reviewed dociments. The
maintainability program foliows the equipment development phases as outlmed 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 droft form, are 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.

V) Engineering Design Phase,

This phase includes concept studies, feasibility studies,
Technical Developmem Plans (TDP's) and ergineering design. These documents are
reviewed by maintainability engineers and technicians and comments and recommenda-
tions are made as to the maintainability suitability of the propesed designs.

(3) Engineering Protoiype Phe 3.

The engineering und/or service test prototype stege includes
procurement and test of the test model. The Purchase Description is reviewed by
maintainubility 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
Production Engineering Measures contracts. When the prototype moce! is available,
it is completely disossemblad under simulated fisld conditions and a formal *Maintain=
ability Study" is conducted on the item os cutlined in paragraph 4b be ow.

-2 -
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b. Macintainability Engineering Studies.

In-house maintainability studies are performed on selected items cf equip-
ment where it is anticipated that major breakthroughs in maintainability can se mads.
The selected item is completely disassembled under simulated field conditions and a
formal “Mamtalnablhty 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 Reliabilit ty and
Maintainability Panel. The "Trode-Off" technique is such that each particular design
feature change that is desirable from a maintainability standpoint is considered individually
ona “team“hasns and evafuated, or "traded-off", through a numerical value weighting
system,in terms of the effect of the change upon any and all end-item weighted functionol
_ggrameters. s. This completed study provides the project engineer with a means io conven-
ie. Hly make a decision on the relative merits or demerits of each proposed maintainability

improvement change.

c. Inaddition 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 os appropriate. This data will be correlated and assimiiated into the date systems
developed or approved by the Army. The data includes obtainable feed-back dota
from users for use in upgrading next generation equipment maintainability and for
evaluating the effort that wos condutted during the development cycle.

(2) Training.

Through attendonce at seminars sponsored by other
Government Agencies and commercial companies and by participation in the
“Maintainability Team Evaluations" project engineers are afforded the opportunity
to broaden the maintainability effort.




