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SUMMARY, ' [

°ThlS report describes a Rellablhty and Mamta,mablhty (R&M)
Meodel- -developed to facilitate the performance of design vs. cost -
trade-offs within the systems acquisition. process. It can prov1de
tLrnely visibility to rélationships between system design and su rt
requirements and a means of using them to avoid unnecessarily high

system operation and: maintenance cost. 'Stand-alone operation

permits the user to assess potential unpacts of design reliability . .
factors-on system support factors and operatzonal availabi 11ty
However, the R&M Modek was also des:gned to function as part of a
modelmg system_which mclude a training: requlrements analysis |

- model and a system cost model.Joint operation provides the capability

of translatlng the design J.mpact assessments into estimates of the

consequent cost of system operatlon and mamtenance and, ultlmately, o

*. 3

that of performmg de51gn vs< cost trade-offs. . ¥ o~
. ﬂThe R&%fl Model operates in conJunctlon with a computerized
data bank conta ining historical rehabxhty and maintenance data
gathered from operational systems. This data is made reléevantto
new systems by factoring the historical data on the basis of system/
subsystem comparability analyses. Inputs to th€ R&M model’ include:

- - the frequency of mamtenance\actlons by subsystem and line replace—

able unit (LRU) for both airgraft and support equipment (SE) and ‘data
concerning the task .events within each maintenance action such as
type, probablhty of occurrence, time to complete, manpower type.
and skill requirements, and SE requirements. The-model- uses .these —~
inputs to compute the manhour resources, SE, and spares consumed '
by task event, to. sat;sfy the maintenance requirements of each sub-

E system ‘and its? LRUS ‘for both ﬂ:,ghtlme and shop aCtlons Outputs are’

=

’ from the fact tﬁat unhke sn:nulataon models sometlmes used iA this

dlsplayed in matrlx format.

. -
-

‘° " o Capable of extremely rap1d operauon, _the R&M Model affords
. the user a powerful tool for answerifig a multitide of "'what if'" -

que,stlons‘concermng the implications of system design on Support.-
requirements. Its speed faclhtates iterdtive apphcatlon and should
promote trade-off analyses early in-the design process when'tost
avoidance actions axle most efféctive.” This. operational speed stems

-

. type of ana1y51s, the R&M model does not attémpt to account for peak

"loads,” saturations, queues, or other nonlinear constraints that exist -
.in the actual maintenance envirerifnent. Rather, it is an average value . ; -
model which uses estimates of maintenance task and eqmpmedxt R&M -

factor values to compute the average expected values for *'esource

oy
1Y
-

- '. - : . . . - -1 T ‘ L T \ .
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~requirements. Additiorfally; a figure of-merit concept is Employed to .
aggregate the detailed data, outputs and generate structured data
‘ products which allow comparisons.to be made and lugh resource
ot ., consumers to be identified én either an I.17U, bubbystvm, or system
‘basis. An example of such a figure of merit is malntenance manhours .
per 1000 flight hours : , . ; ) <

»

- . M . -
-

. Apart from its ablhty to fac:.htate sens1t1v1ty ,and trade off
- analyses, the- ﬁ&M Model can aid the user 1n,determln1'ig,the most ~
VAR acceptable means of avoiding undesirable potential irnpacts whiclhr it™
has identified. By comparing alternative cause and result SLtuatlons,
 trade- -off analyseg can be employed in a more investigative manner. -
\ This ‘entails .an iterative model apphcatlon to determine the’ d1fferent1a1
o effects on prOJected support resource requirefnents obtamable by ~
changlng combinations of R&M parameters. An example of such a
.. trade-off might'be the cost.to achieve an increased subsystem. .o
reliability versus. that to obtain a reduced flightline - tro.ubleshootm.g
time., The user can determine the various combinations of’ rehablhty ,
1mprovernent and reduced fllghtlme troubleshootmg time to achieve a_ /
.s,pec*xfled redﬁztlon in support resource requlrementS for that sub- - :
' system. These values would be inputted to.training and cost-portions
of ‘the modehng syjtem to assistdn —vaT“atlng alternatxves on a total
ES cost of ownership basis. LT | T P

SN ‘. - _.‘

. -
Y

' > The.initial applicatidn of thé R&M Model is directed at the .
PR ‘dqtermmatxon of the potent1a1 unpacts of the Digital Avionics *. T
Inforination System (DAIS) on'system support pgrsonnel requirements. -
and life cycle <ost. Results will be contamed in-a tater fechnical ”/ A
report within the sene of which this is & member. The rmodel 1s, TA

' however, applicable mé;\e development of almost any new §ystem as .

'~. _ well as the evaluatlon o) ex1st1ng sysfems

T ? . )
l, .
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This two volume report describes the DAIS Reliability and
Ma1nta1nab111ty Model. This volume describes the model and its
development. Volume II‘is a user's guide to its operation and

- potential use. The report is one of a series of technical reports,

models, a.} data, banks produced under contract no. F33615-75-C-
ALS Life Cycle Costing Study." This study, in _conjunction

with present Air Force capabilities, is to provide the means to -

assess the life cycle ‘cost- impact of the operational implementation

of- the Digital Av1on1cs Informatlon System (DAIS)

This, research effort was d1rected by the Advanced Systems

Dzylsmn Air Force Human- Resources Laboratory, Wright-Patterson .
- Air Force Base, Ohio* and is documernted under Work Unit .20510001,

”DAIS Life Cycle Costing  Study. " It was performed under Air Force
Avicnics.Laboratory program elenfent 63243F, "Digital Avionics

' Pro;ect 2051 , 'Impact of the DAIS
ored by the Air Force Human

on Life Cycle Costs', is jointly sp
Resources Laboratory Air ;Force Avioigs Laboratory, and the™ -Air
Force Logistics Command Contract funds™weére provided by” the Air |
Force Avionics I.aboratory Thé DAIS Program Manager is: Lt.: Col‘
Robert A. Dessert. The Air Force Human Resources Laboratory/
Project Scientist is Mr.- H. Anthony Baran. The Air Force Logistics
Command Project Officer:is Captain Ronald Hahn.. The latter ‘two-are_

- DAIS Deputy D1rectors The Contractor Program Manager is- Mr John

Goclowski. - 'y

’
°
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DIGITAL AVIONICS INFORMATIONc SYSTEM (DAIS)
RELIABILITY AND MAINTAINABILITY MODEL ~

1. INTRODUCTION

The work described in this report is part of"a larger effort
calledthe Digital AvionicS'Information System (DAIS) Life Cycle Cost
(LCC) Study. Life cycle ¢-<ts are omprised of acquisition and
ownership (operation ar. s oort) osts. Generally,\an mvestment
can be made’ in terms of acqmsxtmn costs to reduce subsequent
ownershlp costs. For example, acquisition- costs increase as a
function of system reliability improvements while support costs
decrease. The goal of life cycle costing is to find the syStem which
r‘hee;s Operatlonal requirements at minimurr LCC. To accomplish
thls’ objective, LCC considerations must be mtx;dojduced early enough
to pact the design of hardware, software, andtheir support ’

\‘skystems to av01d unnecessary cost.

The fuirdamental objective of the overzil mudy is to provide a
means for incorporating LCC considerations, during all stages of the
system acquisition process, into the following tradeoff areas: sy stem
design, system operatlon and maintenance, and planning for manpower
utilization and training. The reliability and maintainability (R&M) -
modelydescrlbed in this report repres é-.-s ‘the first of three models
that comprise 2 L.CC impact rodeling 53 stem. In concerted ———.

-operation, all three will be under the cor:rol of an "executive °

program'' which will idtegrate ta€ir capakbilities and manipulate .

associated data banks. Singly, =2ach will be capzble of performing
separate. aﬁ\alyses in a "stand-alone'' mode. The objectives of this

-report are ¥ describe the work conducted to Hevelop the R&M model

and.to describe the model's potennal uses in the stand alone mode.
Operation under executive program controt will be described in-a

forthcoming technical’ report covering the operation and capabilities.of -

~

the complete set of LCC analySJ.S products of the DAIS LCC study.

.-

: -
‘o The R&M model- described in this report was desxgned w1th two
primary objectives in mind. Flrst, the computerized modeling system
and associated data banks resultmg from .the overall study must be

capable of generating I.CC estimates for certain DAIS- related avionics -

configurations. Since systermn support costs: comprise a_si icant
portion of LCC, estimates of failure. rates, maintenance manpower
requirements in terms of. numbers and skill 1§Vels, support equipment

{SE) and spares are required. Alternative means for generdting these ‘
Co- estunates were conS1dered The. nn(st prom1smg wa“s the AFHRL

“
—_—



Maintenance Manpower-Modeling System (MI\}\MS) which is a very
effective simulation model for providing detaqled estimates of exPected
manpower and parts requirements and utilization rates. Its main
drawback is that it requires S1gn1f1cant computationak time,» detailed
design mput datg, and the runming of several lengthy computer
programs. 7/ S ' . S~ L

L , _ .. s 4

Since numerous trade-off studies are conducted during the
acquisition of new avionics systems, fnany iterations of the entire
simulation model would be needed. Consequently, a primary reqmre—
ment placed on the design of the R&M model was rapxd-qofnputatxonal
ability utlhzmg the kind of data that are available during the early
phases of system acquisition. This objective was accomplished by
- designing an average value model that determines maintenance
resources required per 1000 flight hours. The“R&I\?I model, unlike a
- simulation model, does not account for peak loads, saturations,
queues, or other nonlinear constraints th%t exist in the actual.
maintenance environment. For this reaswon, the operation of the' model
is termed as being unconstrained.” Details ‘of the design are given in-
the followmg sections. It should be noted, however, that provision is
made to incorporate the MMMS simulation during the final trade-off
process when more precise estimates are required and more detailed
design data are dvailable. To this end, the input and output data
‘associated with &M model are MMMS:compa i

-

) The second rnaJor congidération in estabhsh.mg reqmrements
for the R&M modél was the rged to influence early design demsmns —
based upon Suppo4t cdst considerations. Designers need mformatlon .
concerning suppoyt cost implications early enough so that trade-off

-studies will- réﬁe/ct cost considerations as well as o eratlonal require-
ments. Since life cycle suppeort costs are almost linear functions of)
reliability and maintainability parameters, potentially beneficial
options can often be identified dlrectly in terms of these parameters.
When usea?m the stand-algne mode, the R&M model provides a means
for analyzittg.the R&M 1rngact of various avionics design configurations
on system support requirements. In general,; this is a complex task.

‘A representative avionics swite consists of more than 30 subsystems
and has in excess of 100 h_ne/\replaceable units (LRUs) Compamsons
between competing invientoried “equiprents;’ “tniodified versions of.
equipments, a@H equipments in various stages of development are
required. The ‘R&M model einploys a figure of merit (FOM) concept to,
aggregate the/detajled data and then to: (1) make comparisons of:- -
resources required on a total system, subsystem, or LRU basis; and

'high drivers'.or problem areas in terms of resource
requirements. . . , ,
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SR Typlcal exa-mples of FOMS utlllzed in*the. RE 24 rhodel are -
R mamtenance-manhours per 1000 fhght hours ,(measures mam‘fenance
. of mamtenance on opexsatlonal readmess) Usmg FOMS of. thlS type
-the R&M model assists the user in making COnlpa"l-SOﬂS between
_competing deSLgn configurations.. " Since high drivers are identified.

P WJ.thm a glven conflgUratlon, the 1nforrnat10n is ~usefulz.n mfluencmg
.‘the des;.gner s seléction process. In some cases 4t could be employed
-as a.guide in modx_fymg de31gns to reduqe future resource requlre-

-, ments o . )
.« @ In addltlon, the. R&M model can be used to” conduct sen31t1v1ty

' and trade-off analyses. ‘When hlgh driver items in terms of resource
requirements are identified, combinations of R&NI parameters can be
changed to determme the sensitivities of the FOMs to those changes.
Alternatlves for achieving a reduction in support resources require-
ments can then be identified. An example of such a trade-off might be
the cost to achieve an increased subsystem rellablllty versus that to ~
obtaln a reduced flight line troubleshooting time. The user can deter-
mine the various combinations of reliability improYvement and reduced

R fhght line troubleshootmg time to achleve d specified reduction in
S support resource requirements fo/r that subsystem. These—values
would later be fed 1nto the. traJ.mng and cost model portion of the -
overall system to as31st in evaluatlng alternatives on a total cost of
ownershlp basis. Thus, the model prov1des not only ‘the capablhty to
- identify potentlal problem areas in weapon system’ des;.gn, but also to
1nvest1gate means for correctlve actlon. : : -

ey

“ G

. In the remalnmg sectlons of- tms report the R&M model w1ll be
d1scussed first in general and then spec1f1c terms. An example is also
prov1ded and dlscussed in detall to 1llustrate the model's potentlal use, : -’

R
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.GENERAL TECHNICA,L A;PPROACH e

The k:lrwmg requlrements placed upon the R&IVI model devclop— % .-

- ment were in terms of aesn'ed outputs and computatlonal speod Sincé . o
the; model is to b€ used in the various’ trade-offs assoc1ated with . £

’ :‘-’ avionics acqulsltlon, ‘rapid compuitational capabﬂlty was mandator){‘

,Model outputs ¢an be described in terms of two categories: (1) estix .

mates of the R&M parameters required to determine support costs and
(2 information useful to the system designer in 1dent1fymg areas of
high support resource consumptlon. In general terms, the first
category consists of fallure rates for the mdlv:.dual subsystems and’.

E LRUS, maintenance > manpower requirements- m terms of numbers and

) sklll levels support equipment utilization, and spares requirements. 2
The secohd category consists of a.set of FOMs that can focus a 7/

'

?m

. deS1gner s attention on support.requirement 1mp11cat1ons of a design
Wthh have a potential to precipitate future problems.
P4
_ . ~ The techmcal approach to these objectlves consisted of the
followmg steps or consuleratlons : L \
1. Define a generic model for avionics sultes and an
_ equipment hierarchy. AN ,
2.  Model the operations and malntenance process
3. ' Introduce necessary simplifying approximatioss. .
4. Assess data availability durmg the conceptual phase of
- avionics acquls;.tlon. : : “
5. Assure MMMS compaubmty . N o
feT ‘6.  Develop a¥gorithms for determmmg the support- <~
o .. resources required. .
. . . 7. = Define the figures.of merlt (FOMs) '
© 8. Prov1de for serfS1t1v1ty analyses. I o )
- - ' R i
.+ . These considerations are presented in general terms in this’ sectlon
. and d1scussed in detail in the followmg sectlon. )
- : e \) .

- A gen'eric model for" a'vionics suites was constructed based
. upon the functional requlrements for a representative close air . -
- support (CAS) mission. It was determined that the following funct10nal
- -+ groups of eqmpment were required: navigation, communications,
! ¢ counter- meaSures, air-to-ground attack, control and display, and
.- " flight control. The process of its constructed is fully described in
' AFHRL-TR-76-59, Mid-1980s Digital Avionics Information System

v'%eorrcepmai—ﬁesrgn—eonﬁgﬂratmm An-equipment hierarchy was then
. - established to- descrlbe a generlc ~av10n1cs SLU.tS. The levels -in the

- - . w\

.' B M R "_-JA" ~




‘hlerarchy cons1st of system, functlonal group, operatlonal functlon, o
_Subsystem, and LRU.¢Followmg\th1s, tg, codmg 'System was asmgned .
so that each element in the ‘generic aviohics suite could, he- r"l‘pldly = '

‘ 4_-'_1dent1f1<‘d and indexed. . I'igure 1 ilustrates the fcch’mqw‘ by showing -

s @ portion of -the equipment hierarchy. . l'or exaniple, the highest™ . -

~ indenture denoting system level (avionics) is coded in the first space

: of the cede deS1gnauon (A) The functional group- (e g., communica- -’
tions) is coded in the second space (AC) The oper, tlonal function ©
(‘e g., HF radio) 1s cod)ed in the third s space (Ale and so on. Thus
the equipment merarchy of any a¥idnics: suite, or’/system, can be.

: descrlbed on a common ba81s which allows it- to be modeled.’

- 77 The next step Was to model the operatlonal and mamf’enance
(O&M) process. The approach taken in the development of the¥ -~
previously described MMMS was to sunulate the detailed O&M " process
as shown in F){gure 2. Due to the requirement for' computational speed, .

. the R&M model was developed based upon a simplified representation . -
of that process as shown in Figure 3. It should be noted that the =~ o
operationaT scenario-and the mamtenance environment are modeled
separately. Basically, the operational scenario is modeled as creating
a demand upon the maintenance system as a function of the number of =~ -
sorties flown (or of flylng hours) and the failure rates of the individual N
equipments in the avionics suite. The R&M wnodel cornputes the~demand
placed on the mamtenance System on an LRU-basis and then- aggregates .
‘to determine the total dem%d Therefore, the R&M model treats the
operatidnal scenario in‘terms/of the mean flymg hours between main-’
tenance actions of. 1nd1v1dual sRUs. This mean value of demand on

- the maintenance system is sufficient for assessmg support resources -
during the conceptual phase of the acquisition process and- 1s [in all '
probability, - the best figure which cml be generated ‘OR_ the ba:s.ts of

~ data: available during that tlme perio A .

<+

;
o

-~

. . Given that a demand is pla ed upon the maintenance system,
the mamtenance process must restore the equipment to operat10na1
| readmess. Tms is accomplished by minor on-aircraft repair or by
~rep1acement with an Operatlonally ready LRU. However, since total ~
_ support resources must'be estimated, the R&M model must alsd
~  provide estimates of the resources required for the repair of the

‘,LRUS in the shop. L. . . v - . ,- - _

.10
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.Y R .lne t%asw apprOach—was to determine all- possmleunamtenance
T outcomes or eventé t’ha’t c@d resul‘t from a specific eqmpment \' ‘
N failur‘e,‘;; ach mamtenance event plaoes a demand® oh the mamtenance

|

system'L‘ The avesage resources demanded by each mamtenance ewent. -
; are det rmined én'an LRU-basis. Fmally, "the’ probablhty of each
N SpeCJ.fle maintenance event occurrmg (per. so‘rt1e or per - 1000 ﬂymg -
. ‘hours) is introduced. T'otal support resources per LRU gre deter—\ .
-/‘\‘ », minegdly multiplying appropriate probiahtles«by the support . - o K

| res ces ,associated with each’ mamtenahce event. Requl;ed Support
resources. are then computed by IIJRU Subsystem functional group,
\a'nd total system by summmg,across the appropriate levels in the: |
- equipment hierarchy. Specific algorlthms for makmg the computatlons
- are given in the next sectlon co SRR S
» . . — : . R : N l'\;
_ Next it was recogmzed that the detalled R&M mformatlon \\\.'
“could be combiied and expressed in terms that could be useful to L
| System designers durmg the early. phases of system acquisitions The ,
fundamental concept was-to define a measure of. support resource |
, ~* :requirement, evaluate this measure for each element of thetotal
| v system, and then rank each element- in the system’in terms of the
' ~measure. The rankmg ould 1dent1fy the relative impact of ‘each
element in the’ system on bsequent support requlrements This
information would be useful fo focus the designer's attention on
~ potential problem areas so that corrective actlon could be taken to
"~ avoid future costs, - -
| S The measures selected ar{e called t‘lgures of merlt (FOMs)
. . Specifically, they, afe I mean time to repair (MTTR) per 1000 flight,
o . hours, (2) mamtenance manhours (MMH) per 1000 flight hours, and
"t 7{3) flight line sérvice avalla‘bxhty'r The' first two FQOMs can be T
e utitized to measure the impact on mamtenance resource requlrements l
_ while the third meaSures the ma.mtenance 1mpact on operatmnal reach- -\

! .
ness |

-

»

. *Fllght line serv1ce ava11ab111ty is defa.ned as the product of the
- inherent Subsystem availabilities (AJ) w1th1n the System. The values
for the mherent subsystem ava11ab1ht1 : calculated usmg the

' équatlon A P MFrHBMA] S .” ° | s .
L 1.7 MFHBMAJ +MTTRFj = 1
Where 'VIFHBMA is the mean flight hours Between maj 't'enance actlons,

/_/ MTTRF is the mean time to complete each maintenance action
, . .on the flightline | ‘ 3
"--,’-a. 1S the Jth subsystem, [?
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o An example of the \ése of the FOMS corhputed m‘the.R&M B
o qntodel is ‘given in Tablesl. Three different’ conceptual design I~ ' -
‘"< .. configurations for avionics'suites capable of meétmg CAS mission’ "
4, ' requirements are evaluated* The current non-DAIS conflguratlon is" v

. representatlve 'df the present day CAS avlomcs suite. The current,

Co T IS su1te 1s representatlve of the DAIS concept of avmmcs mtegra’-

| _"; DAIS con.flguratlon is representatlve of a DAIS concept apphcat:.on . ; P
o a%hlevabl'e in the 1985 time frame’ . I :

RO o ¥ 7
Lo o . On the basis. of MMH per 1000 ﬂymg hours, it is seen that ‘ ,/' o
" tqhe m1d—19808 conftguratlon offers the potential of a 47 percent ' o

~ reduttion when compared with the present day n,on.—DAIS conflgura- . :
.- dion®t On the base of t.yght h.ne service availability, itis seen that .
- ‘a potential 83 percen 1mprovement is possible wherv a compartson Y
. is made between thefe same two representative conflgurattons AR
. Specmc areas where mpro{ements occur, or deficiencies ex1st ‘can
© . be investigated by exercising the R&M model to generate a matrix of
' FOMs. The concept is illustrated in Figure 4. Basicaily, the R&M
.. output can be viewed as ha'vmg quantified the particular FOM for each '
- “equipment in the'hierarchy by maintenance events.. Totals are also - = /
¢ provided by LRU and subsystem. Therefore, Spelelc Fankings can be.
' obtained at the desnred level of deta11 ~
-t . The purpose of this sect\ton was to dlSC'llSS the general | \\ -
‘technical approach to the development of the R&M model. An mdlcatlon .
. of the potentlal use of the model was also given. Each step.in the ‘

" teehmcal approach is dlscussed in, further deta:l in the next sectlon o

N r

*Three conceptual de31gn conﬁguratlons of a generic avmmcs siite .
were generated within the DAIS LCC Study:.A Current Non-DAIS, Ce
* a Current DAIS and a Mid-1980s DAIS suite. See Reference 2.
*¥The R&M'model input data used for examples in this report'are' |
analyzed in detail in two previous reports; See Reference b and 3.
, These reports define and examine represepta.tlve conceptual de51gn -
L conflguratlons for DAIS and non- DAIS avmmcs sultes’ - L
. Re .
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,See Figure 7 on page 27. for an example application.
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Im. .- DET_AILED TECHNICAL APPROACH .
) The de51gn and development of the R&M model\was dlscussed
m eneral terms in the precedmg sectlon "The purpose of this section"
is to’ (.1) dlSC'tlSS the analyses that 1éd to the,model specﬁlcatron and .
(ZV) descrlbe the model in terms of funct10na1 eapablhtxes and lnpﬁt and

]

T ofitput cnaractemstlcs. ' | b 3

- 4 . . - “ - ﬂ
. . . , -
v . LI t ' *
4 ) .
-

ANALYSIS . . T

- ‘ 3
-~ . -;.,-‘ F

The— pmmary ana1y51s effort was dlrected toward modehng the
mamtenance system in terms of resources required to restore a
system to operational readiness. An event tree was established to
define the possible maintenance events that could result when a

particular subsystem or LRU has indicated a malfunction and requ1res :

a mamtenance action, As we have defined it, then, a maintenance °
action is a series of maintenance events that occur when a system

h malfunctlons An example of the basic maintenance event tree is
~ given in Figure 5. It should be noted that this maintenance event tree

s directly compatible with the maintenance task network associated

-with the MMMS. Hewever, different termmology has been,

adopted'to avoid any confusion with the Extended -11 format of the
MMMS input data. The maintenance” event tree’takes on an entlrely
dlfferent role in the R&M model

The malntenance process has been modeled in terms of 'on-
equipment' and "off- eqmpment events. On-equlpment pertains to
organizational level mamtenance on the entire subsystem while off-

‘ -equipment refers to intermediate level maintenance on partlcular

LRUs. The maintenance process is initiated by a discrepancy report
or indication on the part of the aircrew or maintenance.personnel that

~ a malfunction exists. Whether this proves to be an actual failure or'is

a human (or equipment) error which will later result in ay'"cannot-
duplicate' (CND) is important. However, since both result in a demand
for maintenance resources, the subsystem’ failure frequency (main-
tenance action rate) is based on-all discrepancy reports which trigger -
subsequent maintenance events on the flight line. The pessibe fhght

, line mamtenance events are

a) ~ Set up tltghthne SE
b)  Troubleshooting ‘ |
c) Troubleshootmg, cannot duphcate dlscrepancy 0?3

-‘A
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d)  Remove and réplace .

.e) ° Minor.repair B . o 7
B * - f)-.  Verify replacement correctmg d1screpancy o i
g)' : Ver;fy mmor re,palr correctlng dlscrepancy._ E S ‘

/
W .

i The model treats the above as generﬂc mamtenance events

 consisting of one of more maintenance functions (i.e., ad_]ust allgn,

calibrate, roubleshoo't inspect, operate, remove/ install, repair, -* .
‘service, etc.). However, thie support resources associated with each
‘maintenance function are aggregated at the event level. Although not-

' fine-grained, results aregufficient for the purpose of-assessing -
support requirements in the early spages of the systems ‘acquisition

- process and approach the practical limits of analysis- using the less-
. than—detailéd data that are available during that time'period. :

The initial mamtenance event is to set up the necessary test

) ".‘-equxpment and power sources at the flight line and exercise the" sub-" 5

..-'*

: parallel events will equal umty.

systemt that has a dlscrepancy. If,fn fact,a fallure has occurred, 4

' trougVeshootmg event will take place morder to locate the cause of the )

malfunction. In some mstances, the- apparent fallure cannot be: dupheak .
‘ted and'the’ mamtenance act1v1ty w:.ll terminate as .a CND dlsposn.tlon. R
'\. ! ‘- . . n\. . i .- . \ - N
-The flight 11ne troubleshootmg event, carried to- its cénclusion,
4s@lates the malfunction to a hardware entity (normally a line replac‘e-

‘able unit).’ Dependlng on the nature of the malfunction it may be

necessary. to remove the malfunctioning LRU(s} and send it to’ the. field
shop for repair. If this is'done, the aircraft is put back inty service

~ by replacing the unit(s) removed with a functioning LRU(s) from Spares.
‘stock. Alternatively,-it may be possible to effect the needed repair on . .
" the aircraft. :In either case, a verification‘eyent is required to provide
: assurance -that the procedure used has ‘in fact, corrected the problem.

-, .

‘"Two sets of parallel events. havebeen noted above for the 'on-

equlpment” mainteénance. The checkout-of the subsystem may, in the

first case, result in a troubleshootlng event in order to locate a. mal-
function detected by the test equipment and fhght line techn1c1an 'On the

v"other hahd, if no malfunction is detected, 'a CND is recorded as theg

outcome. 'Similarly, the repalr of the malfunction may be accomphshed
through a flight line remove .and replace (and subsequent shop activity -

on'the removed L.RUs) or by an on-alrcraft repair event.. In each case,
the parallel ,events are mutually exclusive. In terms’ of the utilization

of maintenance resources, it is necessary. that the probab111t1es of e
these parallel events be determined.’ Furthermore since the events are -
mutually exclusive,- the- suxrrof—the-probablhtles of each- palr of . / ’
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~

—=-="The right S1de of. Flgure 5 shows—the event flow for-off- eqmp-

:ment” or shop maintenance. While ' on—eqmpment” maintenance is

concemed basically with the subsystem repair, shop mamtenance

. deals with individual LRUs removed from the aircraft. Determining

the resources ‘demanded at _this mamtenance level also requires a

_measure of failure frequency.- This is indicated by the LLRU fault

probablllty given in maintenance actions per flighthour. The number .

' (n) of parallel branches in this part of the maintenance event tree is
" equal to the number of different LRUs, within the parent subsystem,
that generate -a significant number of maintenance actions. Each
. branch_ indicates the entry of that LRU into the shop maintenance

activity in terms of its failure rate per flight hour. The p0551b1e oo

- mamtenance events ‘that can be conducted w111 then be'

e

.. 'b) -LRU bench check @K (shop CND) ,
Loe) : LRU not- repalrable th:.s statlon (NRTS)

It may be noted that shop. events, as defmed are somewhat :

" broader in scope in terms of possible maintenance functions than'
flight line events. The 'LRU bench check and repair.encompasses a -

troubleshootlng activity.whigh detects a malfunction in that LRU and .
subsequent part replacement, calibration, adjustment, or whatever
additional functions are necessary to bring the LRU.to. full operatmg

I _status.. The shop CND result which sometimes occurs 1s due to the
~ fact that fault.location at the flight line is imperfect and leads to the
S wrong LRU bemg sént: to the shop. Sometimes the flight line pro-
" cedures can only isolate the malfunction to a group of LRUSs so that all
‘have to be sent’on 'to’the shop. Such a cu‘cumstance would result in the
. reporting of a bench check and repair on the LRU that had actually
- failed, w1th CNDs for the remaining units of the grcup. ‘

" : @ PR IR .
The NRTS dlsp051t1on is used to descrlbe the maintenance event

whicH results in shipping a unit to another maintenance echelon where/ .

greater capablhty exists for certain types of testmg and/or repairs.

'Usua]ly this i s a depot where more sophisticated test equipment ana

hlgher skill levels have been pooled. The units shipped may be either-
LRUs or shop replaceable units (SRUs). If the shop has no capability
to maintain a specific LRU, it will be NRTS'd to depot. In other

instances, repairs can be effected by removing and replacing mal-
- .functioning SRUs which, in- turn, cannot be serviced at that locatlon. .

The SRUs will then be NRTS‘d to the appropnate depot

- 27
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“The maintenance event tree, as described above, ‘serves to

- identify the possible maintenance outcomes associated with a sub-

System or LRU d1screpancy or fajlure. Total demand on the main- |
‘tenance system can be computed, on the average for the uncongtrained

condition, by multlplymg the support resources reqmred per. event by -
' the.average frequency of event occurrence and then summing ‘across

all maintenance events associated with the equipment hierarchy.
Support resources required per event must be provided as inputs to-

. the R&M model. They are defined in terms of crew size, skill
- categories, skill levels, support equlpment -and average time

required to complete the. tasks assoc1ated with the event. Event
‘frequency is defined sunply as the per fhghthour probablhty of that
event occurrmg. Lo _ %

M- N . - L.t ’ - - : B P

_ Conceptually, the R&M model can be defined in terms of
. (1) the maintenance event tree with appropriate probab111t1es and -
support resources quantified, and (2) the algorithms required to make
the specific computatlons A conceptual representation of the R&M’
model is g1ven in Flgure 6. The top half of the figure shows the basic

' maintenance event tree. The milidle portion provides the parametric -

def1n1t10n of the support.resources required per, event, "and the
bottom portion provides the algor1thms utilized for aggregating the
computed values for these events. Table 2 gives the specific definition
for each of the parameters. The algorithms utilized to provide the -
specxﬁc computatmns are. glven in Appendlx C. 3 o .
It should be noted that a separate representatmn _(1- igure 6) is
requlred for each subsystesn in the- ‘generic avionics suite multiplied
by the number of LRUs per subsystem for some of the events.
Therefore, the design of the R&M model required structure additional
to that.obtainable from the basic maintenance event tree to make it
computationally efficient. It is this structured representation, the
principal result of the R&M model development effort that is the
subJect of t/,e/ following subsectlon. .

.t

FUN CTIG)NAL DESCRIPTION

The R&M model can be described functlonally in terms of
input, output, and process. The basic input data consists of the R&M
parameters listed in Table 2 quantified for each element in the
«eqmpment h1erarchy (e.g., Figure 1). These parameters were
evaluated for three representative CAS avionics. conflguratlons as -
desorlbed in references 1 and 3. :

~
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Table 2 TERMS USED IN R&M MODEL

.}_

e system on the a1rcraft

Number of human resources requlred to determme thata~ _
NRTS action emsts wnh reSpect to the ith LRU of agiven. = -
subsystem. ot - L

" ‘Number of human resources requmé/;to remove:- and re-‘.
place LRUS from the a1rcraft on th’se fhghthne. '

.\ -
-

Symbol Descmpt:.on
“Pc L Probability that a given malfunction w111 rcsult in a CND at
. ,  the flightline. - _ N
Pr; The probability t that the malfunction 1solated to the 1th LRU
will result m a shop CND outcome. o
PM.PVM: Probablhty that a given troubleshoot operation will result
M;j gl P
_ ; 'in an on-aircraft repair and the repairis verified for the subsystem.
L P The probability that the malfunction isolated to the ith LRU
: . w111 result in a NRTS outcome. : ¢ .
PRi'PVRi Probab111ty that a g1ven tmubleshoot operatlon wﬂl resu.lt in )
a removal of an LRU and the repair verified. )
" Py Probability that a glven malfunction will result in a trouble-
o “shoot operation. . - . .
Pwi ) The probablhty that the mali'unct:.on isolated to the ith LRU
o 4w111 result in a’shop repazr outcome :
- Pg Probablfity that the ith LRU of the subsy stem will’ requlre
. ' shop maintenance, ‘ y o , ’
F oo Subsystem failure cycle in mean ﬂlght hours between mam— — :
‘ - tenance actlons (“\,IFHBMA) o s e - .
Ha . | Number of hu:nan resourceés (mamtenance techmc:.ans) o N
' required to set up support equipment. .- - .- I
He eNumber of human resources requ1red to determme that a. v
. , CND condition exists. :
-HKi | Number of human .resources requlred to determine that a i .
’: shop CND condition exists with resPect to the ith LRD of a
: glven subSystem. : .- ‘ . . _
Hm Numbar of human resources requlred to repa1r the sub- .
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. " Table 2 (continued) - .
Symbol . Description - . S
= Ht . -'_:Number of. human resources required for subsystem
o -'troubleshootmg _
o , HVM " ) Number of human resources reqmred to venfy subsystem ' o
- - S - operation following an on-equipment repair oo
HVR h Number of human resources required to verify subsystem
o operatlon fonowmg a remove and replace operation’ : )
- Hwj ' Number of human resources required to"perform bench
1 . :check -and repair of the ith LRU of a-given SubSystem :
Ta . . Average time required to set up 5upport equipment ' J
TCc Average time reqmred to determine that 2 CND conchtmn
' exists : \ . . . :
TKi' o Avercge time requ.u'ed to determine that a sh0p CND con- |
' dition exists with respect to the ith LRU
™ ° - Average time reQuJ.red to repalr the suusystem on t.he SRR
) ' - aircraft _ L
T-Ni'. - W_Average time’ reqmred to determme that a not repau-able J
I S ' this station (NRTS) or a condemnation condition exists
ool T with reSpect to the ith LRU - - R L L
) . r, woow TR - Average t1me reqmred to remove and replace one or more, ' ;
) ) PR i ofithé LRUs. of« the subsystem. frorp the ,a;rcra.ft Ll e
. '_TT . ‘Average t:_me reqmred to troubleshoot the; subsystem U h
- T TVMm ' a&verage t:.me requlred to verafy subsys..em operatmn a '
e D followmg an’ onvequ.lpment repair - T S e e
) TVR o Average tnne requ_u-ed to ver1fy subsystem ouera‘uon
. L “following a removal and replace*nent ' A
Lo Tw - rAverage time -equu-ed to repalr the 1“’1 LRU.in the shop

- . .
.‘-

-> - -
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. "The fundamental _coi'nputations made by the- R&M ‘model fall
into two categories. First, FOMs are computed to identify high .
s drivers of support resource requirements. The setond set of
| computatlons consists of 1ntermed1ate products that’lead to resource
.--requirements assessed in terms of number and skill level of main-
'A tenance personnel requlred ‘required repalr tlmes, and support
: - equipment reqmrements ‘These parameters-can then bé evaluated by .
. LRU,. subsystem, ‘and/or total system. The 1nterme°d1ate products
and FOMS are summamzed in Table 3 - : :

-
/

The concept of a fllﬁ is ut111zed throughout thlS dlscussmn to
descrlbe dlffe'tk'ent groupings of data. The terms input and output are-
standard, while intermediate implies results of computations within .
the model that can be output’ 1f an appropriate option is sPec1f1ed by -
- the user. The matrix shown in Figure 7 illustrates the baSic structure

‘ of the ‘model and the interrelationships among the equipment, the

,' mamtenance events, -and the results or outcomes resulting from a =
particular maintenance action. The elements listed illustrate the
probability matrix of each maintenance event oceurring given that that

- event will culminate in the outcome shown in parentheses. Similar
matrlces are used for the mamtenance event tu'nes human resource .

o utlhzatlon, and SE used. .

S ' In the left—hand column, the eqmpment is descmbed by the PR
' Spelelc code assigned in the hierarchy (see Figure 1 for an example)
o Mamtenance ‘events are’ those possible. .consequendes-of.an.equipment
S t - fallure, as descr1bed prewously, and are summarlzed below with the ‘

code assigned to them in the R&M model. R )

Code S Maintenance Event
AGE F/L = set, up support eqmpment on the ﬂlght lme
TS F/L = troubleshooting on the flight line
- R&R - . = remove and replace a line replaceable umt
~ 7 VR&R = verification that R&R action. corrected the dJ.screpancy
: ACND_'A'/C;_' = troubleshootmg on the alrcraft cannot duphcate the :
b discrepancy T ey RS T
tM A/C o =_minor. mamtenance on alrcra.ft ‘ f', ! T na;, v
VM A/ C.- .= vem_flcatlon that the maintenance performed corrected
| the. discrepancy T S '
SHOP .. .= bench check, test, and repaJ.r of umts removed to the
shop. . -

g



Table 3 “
INTERMEDIATE PRODUCTS AND FIGURES OF MERIT FILES

- wy

- Matrix-Formatted Files:

| Optlon No. - | . File Content S
1. Mean ttme to repalr (MTTR) by task event per subsystem and .
| 1ts assoc1ated LRUs R . |
2, MTTR by task event per subsystem and LRU as % of total
" MTTR for that subsystem .
3. "Mamtenance map hours (MMH) by task event. per subSyStem

_‘and 1ts assoc1ated LRUs |

. . E
( .

4, - MMH by task event per SubSyStem and LRU as % of total

TS

| MMH for-that su system

9. MMH per 1000 ﬂlght hours by task event per subsystem and

| ‘ltS assoc1ated LRUs

| 'E_'r, o MTTR per 1000 flight. hours by task event pg}:‘ subsystem and

-uts assoc1ated LRUs (defmed as mamtenance index) . = -~

- . L., N ‘ AL R

s 'L;i'su'ng ‘Fiie oo
e | Subsystem 1nherent fhghtlme avaﬂabthty values for each

subsystem ranked by order of magmtude o

‘ [ - : . . N -
e A . . L e .
LN . e g
[ . : . .
N r
- . .
.
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" equipment repair or required rem

’ The on- eqmpment outcome probabllltles for the subsystem are:

.~ .The rows give the poss1ble outcomes of each. subsystem's
maintenance action (MA), 1ncludmg whetfler it culminated in an on-
al to the shop for test and repair.
" IFor thie case-of- the-removals, the I.RU thatﬁrequu‘cd removal and

replacement is identified along Ml its cventual shop disposition.
The off- equlpment outcome probabilities for LRUs are:

PW bench test and repair - |
PK = bench test and find serviceable (no repair requlred)
PN = not repairable this statlon (NRTS), wmch 1s a return

: to depot for repalr._

"PM = minor madintendrice on alrcraTt
PCND = cannot dupllcate the d1screpancy. )

The model computes the average resources required per maintenance
event for each possible outcome by subsystem- and LRU. This infor-. -

-mation can be output dlrectly in addition to bemg utilized in sub-

sequent computatlons. < : _ _ £ -

Resources consumed on the flight line are normally computed
on a subsystem basis. Therefore, the apportlonment of the resources
on an LRU-basis requires the assumptlon ‘that fhght line mamtenance‘,
events. culmmatmg in a removal are d1str1buted in the same ratio as

" the- ‘shop outcome probablhtles The apportionment of the resources

o -reqmred for-each event was accomplished by first assigning the out-
. come pI‘Obablllty {W, K, and N by LRU; CND and M for the sub-

system) to each approprlate element of the R&M model matrix. This |
probablllty value matrix was then overlaid with the respective input

-matrix of the average resources required to accomplish each of these

; -events. The R&M model is programmed to compute the resources

consumed per. ;mamtenance event by comblmng the ureSpectlve terms
from Edf‘h matrix. . . . .

Although the details assoc1ated with the SpelelC computatlons

. are .complex, the computatlonal problem is conceptually stralght-

forward. The summary flow chart shown in Figure-8 outlines the R&M

model's process. Each piece of equipment is related in the base file N

to its specific maintenance events in terms of average resources and )
~time required per event along with its probability of occurrence. The

~ .model reads the base filé data and constructs FOM and intermediate

.29
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Figu.'ue 8 .
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product matrix entnes for each subsystem and its LRUs, as well as
a list of subsystem availabilities. Next, it computes the MMH/1000
FH requlred by subsystem and LRU for each selected manpower -
Spec1a1ty code (MPSC). MPSCs are used in the base file to denote
skill type and level of each technician required per maintenance
event. A count.of these MPSCs are used in the algorithm that compute
. mainténance manhour output matrices. The model also pn‘nt\s, in
accordance with several output product options, the matrix informa-
‘tion Ssummed across selecteg groups of subsystems. This completes
the functional description of the R&M model. Tlre specific algorithms
utilized in the model are.-summarized in Append:.x C. An example.
111ustratmg the model's potential use is glven in: the followmg section..

- — -
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IVv.  EXAMPLE CALCULATIONS;

The basic features and functmnal charactemstlcs of the R&M

" model have been described in the preceding sections. Speclﬁc .

' v

€

' computations for a complete avionics suite are quite complex bedause . -

a typical suite is comprised of more than 30 subsystems and in
excess of 100 LRUs. However, the fundamental computational process
can be J.llustrated by examining a spec1f1c LRU. The following is an
example of the calculatlons performed by the R&M model for

LRU AC321, a UHF receiver-transmitter. .. :

, ffo,.place thlS example in proper perspect.t.ve it is hel u1 to
re-examine the equlpment ‘Hierarchy given in: Flgure 1- It & noted

- that LRU,AC321 is associated with the subsystem A&320, UHF radio
- set. \hermore, this receiver- transmltter (AC321) is part of the -

UHF (ACS) operat10na1 function and is a member of the communica~
tions (AC) functional group. Hopefully, it is clear that the portion of
“the input data set given in Tables 4 and 5 for LRU AC321 and sub-

~ system AC320 represents only a'small portion of the total input data.

set for the entire avionics suite. Never‘the_less,& these tables contain
thé data describing the salient information requlred for all subsequent

'calculatlons .associated with this example.’ Other LRUSs and. subsystems -

w1ll have sun.xlar input data sets.
- o y . " -
, ) : . .
The sequence' of computations performed by the R&M model
was giveh in the execution flow chart of Figure 8. The basic input |
"data are read and, after a format check, the MTTR and MMH matrices
are constructed for each ‘subsystem and LRU. Forvexample, the R&M .

‘model computes the bench check and repair MTTR for each LRU by -

- multiplying task event time by probablhty of occumlcre‘/e. 8. usmg

~ data from Table 4, 5.0 x .6790 = 3.3950 as shown in.the circle '™

in Figure 9. Su‘nllarly, the remalnder of the output values in Fxgure 9

are calculated for the other shop and flight lme malntenance events.
- P

: , The output given in Flgure 9 1s the MTTR matrix for the LRUs

that comprise subsystem AC320. The parameters indicated across. the

. top are the flight line and shop maintenance events. A brief discussion
of the speclflc entries will help to describe ' the process. The MTTR

 entry for the AGE F/L task, column 1,.for LRU AC321 is calculated

using flight line input data from Table 5 for the task time needed to
set up support equipment. This value multiplied by the probability of
occurrence of a bench check and repalr action outcome for LRU
AcC321 from ‘Table 5 ylelds o S : ,J

: . -2x. 6790 = 13580,. e

-
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Table-4 INPUT DATA FOR LRU AG321 RECEIVER-TRANSMITTER -
-Shop Maintenance Event
' Task -
| , R _ Event. | . ‘ 4
T - ' ; ~ Time- = Occurrence Number of
N ‘ {hrs}  Probability ~ 'Technicians.
Bench Check and Repair: (W) | .50 -.67%?‘ o 2
Bench Checkand CND KD .+ 14 0295 B!
. ) * L. ) A, . .. . ' ‘ .
Bench Check and NRTS (N} . [ 13 . om - 1
".Table 5 INPUT DATA FOR SUBSYSTEM AC320 UHF RADIO SET
\ ' e . _ . .7, 5
- Voo .

Flight Line Maintertince Event - . oo | -
— ' = LY Task
LT - o . Eyemt .. - S
ST - - - Time - Occurrence Number of -
SR \\ A . (nrs). " Probability , . Technicians
Set Up.Support Equipment (AGE) s - 2 . 1.0000 | 2

V" Troupleshooting (TS) - T - . Co20 . om0 oL 1
—_ S S : § : ' L
. B : *

{
L2

_-"‘ | '(‘:anrnot“ Dgplvicatt; (CND? g "" - . L. .8 . —— 1300 c -2* |
o !{em‘_o‘ve .am;_ .Rg;ilacé' (R&R) : e ..1.4 } 7559 ‘_ , ) 'q

_,_ On ;ircraft (A/C) Maihte;;anée My - 3 | \— | 11, e 13 ; ' 1
, ‘i'Ff&R Verif.i.a‘nion (vn:&m‘ - o 5 _ 7569 - - -

On-A/C Maintenance Verification M) |, ot -5 o a3 -2

4 -
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| i. oot
| T S |
TR, av usx ey B, . T S
suasvsrsn-fxcszo ) (63A00) " UNF RADI ET'I,}_“_ B 1 TTC Y R
AGE FILTS FIL m; YRR ,"cN'o', A/.*c",“'-ﬂ, A/,cﬂ-' N AICSKOP TOTIOUT ;
Lau-“ht321 | (63AAO) ’. Recexvenlranusnxrrea (unr> S o
R | High Shop MTTR o
Ra 0.13580 013580 0:95060 0, 33950 L N quhtﬂwd<‘!llllnia.9sero o
X 0.00590 0400590 0,04130 0.01475 . &Remains- eoets0 0,10915
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4 000104 0,0010¢0,00728 0. 0260 - 0.03068 0.04284
. K 0. 0 ‘ 0'. 0. . g . : _. 0.1, ‘ _00 " o
N 0,0010 0,30104 0,00728 0002607, . 0,00364 001560
- sus _o.oqzoa,gigszoao;01nse 0.00520, - .-” o 0.03432 0,0582 .
LNy 0.02600 - 0a0e0 o000 .
W 0.02262 0,02262 D 0.12641 0,05655 - 0.22620

r o “
- -n---.- '-.q---. -.-.---- ------- rocTeoes ‘Toeteed STOESUn SOsRSos SSeooas

/15K 0,206 0.17406 1.06008 0.37860 0.10400 012441 005655 351619 . 5261395 B

anure9 SAMPLE OF MTTR VALUES MATRIX :
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o All other LRU outcomes are calculated in the same mahner, LRU sub- T
LaE totals are prowded as shown in Figure 9. e
Task event series which culmmate in actlons excluswe to the e
subsystems are the cannot duphcate (CND) and: subsystem repair (M) -
‘task outcomes (two bottor rows of Figure 9), “To arrive at the sub- .
.. system results shog(n in Figure 9, the probahjlity of occurrence of the _
" two task events {Table 5) are multiplied by th reSpectlve task event =
- times which ledd to these two outcomies, In the case of the cannot =~ * °
o *Iduphcate outcomes, only the set up support equlpment and cannot
-+ . duplicate task events occur, The MTTR values shown for these two '_
.. task events are thus obtained from the calculations, AR

AGE F/L =.1300 X ..2..— .026
CNDA/C = 1300x 8 = 104 N
N . . - R
_ .Similarly, the MTTR of the four tasks which oceur as’a result
of a subsystem repair on-aircraft (A/C) maintenance outcome, are
calculated as the product-of- the probabthty of occurrence of that )
_'mamtenance event (. 1131) times each of the four task evenf tJ_rnes ¢
‘_"'Wthh oceur in comunct:.on with the subSy stem repair; thus - ~

AGE F/L =.1131x .2 = . 02262 S S

TS F/L-= . 1131% .2 = ,02262° . SR

. MA/C=.1131x1:1=, 12441* S SR RS
% : r_'_"V"MA/C- 1131x 5 = 05655 .

. Tofals are provided for outcomes and tasks - by the sum of rows and
d columns, reSpectlvely, as showanlgure 9. e LS :

i A useful measure of tna relat1ve tune Spent on the var1ous
"mamtenance tasks is determined by computing the MTTR for: each task o
. as & percentage of the total MTTR associated with 2 given LRU. The.: -
- total MTTR of the subsystem is first. computed and stored i in the sub-

 system MTTR matrix. Then MTTR as a percentage of total is'
" computed. For example, the output shown in Figure 10 is the MTTR
~ as a percentage of tota] for LRU AC321. It is obtained by dividing
‘every entry-in Figure 9 by the total MTTR of the subsystem (5. 61395)
and mult1p1y1ng by 100; thus

EKC . '3.39500 100_60' 474' Yo
== ¢ F 61395 o 4[2’
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' . The:corresponding.circled entry in Figure 10 shows that the bench -
“check and repair task for LRU AC321 consumes overi0 percent of the

" MTTR for subsystem AC320, and thus serves to focus attention to the
- ‘bench-check and repair task as a potent1a1 hlgh consumer of mam- .

o tenance resources. - - . :
) Next the MMH matmx is computed by multlplymg the- task
'IVITTR by the number of technicians required for the task. For. the. .

' bench. check and repa1r task event for: LRU AC321 two techmmans

R are. reqmred as shown m  Table 5. The MMH is, therefore

‘_'._fr_lé' R 2x33950 6790

" This value is circled in Figure 11. The remainder of the MMH matrix
L ‘for each LRU in the subsystem AC320 is also shown here ‘

T Total MMI—I per subSystem is computed by summmg across the
o ‘1nd1v1dua1 LRUs. that make up. the partlcular subsystem In this case,

.+ both flightline'and shop MMHs are summéd for LRUS AC321, AC322, .
. and AC323 to glve 9. 43742 ‘as shown at tbe bottom rlght hand column

' ofl'Lgure LL. T R T

. _‘°~, .

L TotaleMH fox. e'srch task and subsystem is computed m the T ’
o ‘same fashlom The matrix totals can be output for selected subsystems
.7 Figure 12 shows an example output for the. several subsystems in the:”

- communications and navigation groups. In this- -example, the UHF radlo
v uget (ACSze)%i:ounts for 9.437 MMH and: represents thé 1argest value

T for those ‘subdystems’ shown 1n Flgure‘12

Coe
: .',.- v . : Ca

, Whlle the outp;ut matr:x m Flgure 12 allows one to readlly key
in on the hlgh drivers in terms of MMH, ‘it is useful'to compare the’.

requirements of all the 1nd1V1dua1 LRUs A simple yet vahd measure
- for making these comparlsons 1s MMH per LRU per event'as a per- -

_centage of total MMH- requlred for the ‘subsystem. In this example the

f bench check and repair task requlres the largest percentage as shown '~

Mine Flgure 13. Specifically,

6.7
9_5_49220 x 100 = 71. 948%

| ’I‘hls is c1rcled~m the output report* shown in Fl‘;uPre 13

D 4
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Upito thlS pomt mamtenance resources have been compared on
- the. ba81s of resources regulred per event. Next,the. frequency of event -
.occurrence is conS1dered by mtroducmg the fajlure frequency in terms
of mean fhght hours beétween maintenance actions (MFHBMA). The MMH
per 1000 .flying hours can then® be computed and subsystems and LRUs
can be compared on the-basis. of' their combined rehablhty and ‘main-
. tainability characteristics. Since the MFHBMA for subsystem AC320
© - was 62.9, the MMH pér1, OOthght hours for LRU AC321 becomes

6.790
- 62.9
. 1000

o ~Th1s is shown in the output report in Flgure 14, Calculatlons for all-
.. output formats for the remaining shop tasks, bench check, ‘and cannot. -
L duphcate (K), and bench check and not repalrable this. station.(N) are

© - arrived at similarly. It is noted that the valué associated with the

o shop effort for LRU AC321 is by far the mghest drtver ' '

© 107,949

L

_‘ ‘The followmg summarlzes how the sample calculatlons R
., displayed in‘Figures 9 through 14 can bé utilized to conduct a typical © .
. R&M study. Flgure 12 shows the MMH consumed per maintenance |
action by maintenance task ‘event for six subsystems chosen from a L
- particular avionics de51gn conflguratlon. The specific equipment can
.- be identified by referral to Appendix A through the ID code. ID code
‘ _AC320 1s the UHF radlo set ' :
—~
-. " This radlo is the high driver of thlS sample set since it
-~ consumes more than twice the MMH of the other two UHF subsystems
7 - (AC310 and AC330) in Figure 12. Figures 9 and 10 provide, respect-
- .. 1vely, the MTTR by task per LRU and the MTTR as percent of total
for this UHF radlo set, . . . ‘

- : These flgures make p0551b1e an analysis of What the 1nd1v1dua1
- LRUs contrlbute to the ma1ntenance requirement generation, In = " .
- partlcular, Flgure Q\ShOWS that LRU ID code AC321, the recelver—k
. “transmitter unit, consumes over five hours of the MTTR of that sub-
.. system for each mamtenance action.. The shop bench check and repair

. uses 3.4 of those.hours. Figure 10, which presents time-to-repair in

o percentages shows that the. recelver-transmltter consumes’ )
4'j"approxunate1y 92 percent of the MTTR for the subsystem and its shop

" bench check and repa1r tlme reqmres 60, percent of the subsystem -

! | [KC total

RE ol g
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L

.. -+ ‘Anindicator of the rate at which résources are consumed is -

. obtained by combining these ME: required per’maintenance action
with the rate at which these unscheduled maintenance actions occur, - T

Figure 14 displays this. output as _MMH;per-IQOfQ flight hours based on .-
an MFHBMA of 62.9 hours. Figure 13 diSplays these MMH per 1000

flight hour values as percentage.of total. The bench check and repair
time of the receiver-transmitter unit consumes over 72 percerit.of the

""‘-f-tbtal subsystem MMH. | P RS

-

| Now it is possible to conduct a sensitivity analy®is to seek': .

possible mean§ for improvement. A sensitivity analysis Bf the two . -
* dominant parameters causing the high MMH per 1000 flight hour was .

conducted (i.e., MFHBMA and shop MTTR of the receiver-transmitter |

LRU). First, the MFHBMA of the subsystem was postulated to be
* improved by 20 percent, i.e., from 62.9 to 75.5 hours, and the effect

on the dependent variable MMH/1000 FH was noted. The change

. resultedin a MMH/1000 FH decrease from 149 to 124, an improvement -
-+ of 17 percent. ‘Then,: the shop MTER .value for the receiver-trans-~
" mitter LRU was computed that would result in the same 17 percent . .

improvement in MMH/1000 FH..In this case, the shop MTTR wowld |

' have hadto be reduced from a value of 3.47 to 2. 89 hours, a 17 per-
-cent improvement.  Therefore, it requires a 17 percent improvement = «

in the shop MTTR of this particular LRU to attain the same effect as ©

- would an overall 20 percent reliability improvement (decrease in .
-~ MFHBMA) for the entire radio. ‘This kind of tradeoff visibility which -
- the exercise of the R&M mode] provides should be a valuable aid in .

B system design and planning activities,

. For the purpose of illustration and td;’fl_l_rthér_ define the =
sensitivities, an additional 20 percent postulated reliability improve- '

. ‘ment was input. The dependent variable valile was computed and the

~ subsequent MTTR improvement alternative was calculated, as

described pf'evio‘usly. These values, along with those from the first ~
model run, are recorded in Table 6 ahd plotted comparatively in®
Figure 15. Results indicated that an additional 12 percent. improve~-

_ment in NIMH/ 1000 FH could be achieved by effecting either a 12 .
. percent improvement in MTTR or a 20:percent improvement in

v

‘=

3¢



" Sensitivity
Parameter .
'MFHBMA: -

| :ez 9

G2 5 (20% mcrease)
88,1 (405 increzse)

\ AC3’20

L]

) -:TAa.ble 6 a .

SENSITIVITY ANALYSIS VALUES®

UHF Radlo Set

_‘Dependent*'* .
, Variable |
“MMEJ1000 FH: .

| _. ‘.‘12‘4 -(17“/0)" .'
o108 (20%)

. Sensitivity

Parameter

" Shop Mamtenance MTTR:‘
- LRUAC32I - |
L
2,89 (17% decreage) -

247 (20% decrease)

*This table is to be used in conJuncuon with Flgure 15 to
give. values for pomts on the graphs,

T **The effect shown on the dependent variable is obtamed

U from varying either of the sensitivity paramefers as-

indicated.- (The percent changes in relation to the -
T omgmal values are. shown in. parenthe31s y |
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. o GUTE DHALnalOll Tegaldlg. these iwo alterngrives provides the _‘ ‘
" ‘basis for a tradeoff’ analysis. Its generation by the R&M model clearly
demonstrates the usefulness of its application in-eithér a-omré- time, only
~or iterative manner. In actual practice,s a cost beneflt ana1y51s would
"+ be conducted The cost that results from the 17 percent reduction in .
.~ MMH/ 1000 FH should be compared with the investment costs required |

“to attain each of the two aitérnatwes to prov1de a baSJ.s for de51gn or .o
. planmng actlon. - Ly : S LT -

. - ) . . -~
]

-~ The purpose of this section has been to ﬂlustrate the Spec1f1q
o calculatlons performed by the R&M model- when actual data for LRU[
. AC321; recelver-transmtter wereutilized. Sample output products B
have been used to explain how the model functions. However, the .
.. iBustrations used also indicate the potent1a1 of the model as an
ana1y51s tool. For example, the sample products ﬂlustrate ‘how hlgh
.-'driver subsystems can be identified i in terms of serv1ce ava11ab111ty,
mean time to repair,_ and ma.mtenance manhours consumed. The .
‘format of the model makes it possible to analyze eatch LRU by shop
outcome including the resources the LRU consumed as a part of the .
subsystem. Also; the. LRUS causing high CND -and-#naintenance on air-
~ craft rates for the flightline subSystem repairs cdn be €valuated. The ., =
" units that are high cost drivers or that may be causes of poor opera— S
.tlonal avallabﬂlty can be thus identified and studied: ;) B
The exampLe—was then uséd to ‘discuss the use of the model to
onduct a sensitivity analyS1s This 1mportant apphcatlon leads to the -
" performarice of tradeoff analyses and "what if" evaluations that ¢an bé -
. accomphshed by exarnining parameters that Would influence the design.. -
’I'hese "what if"' evaluations’ include exercising the R&M model to "
e - determine the impact of varymg equlpment characteristms or main-
tenance conmderatmns such as: . SRR ) '

..( 1) - Rehablhty probabﬂtty of mamtenance actlons and the‘ T
" rate of Tailures of subsystems and LRUs -
. (2) Mamtamablhty average time to,,accomphsh Spec1f1c
©¥ . 7 tasks and the probability of specific maintenance actlons
- occurring
(3) Central integrated test System (CITS) and bu11t -in-test-
i cqmpment (BITD) effcctlveness tlme to troubleshoot
e CND events .. S
(4 Level of repalr or mamtenance concept: proportlons of
" flightline; shop, and depot maintenance events
" (5) - Design: effect on any of the above parameters due to any
- mew or modified design charactenstlc 530 o

Sy .
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Appendlx A

- DA'I‘A BANK "CODES & QYMBOLS AND
EQUIPMENT IDENTIFICATION NUMBERS

DATA BANK SAMPLE MID 19805 DAIS AVIONICS

Major System (Avionics)
Functional Group . .
Operational Function - . ’ f .

-Subsystem - S [

, ’——Lme Replaceable Unlt

NAIVLb

-

2OUF - (A) AIR- .rROUND -ATTACK
OPERATIO\IAL FUNCTION - (< ) FIRE CONTROL

74GOO

S Aalir
AA1l12
AA1I3 T

AA120

'A.A121 :

T4GAS -

~ T4GRO

U 74GC0°

74HOQ
T4HAO

Forward Lookmg Infrared Detectmg Set -
Infrared Receiver . ' :

Laser 'I‘arget Identl.flcatlon Set
Laser/Electro Optlcs/ Gunbals Pod

" Power Supply - - '
"Op‘zcal Sensor Stablllzatlon Pod

N

FUNCTIONAL GROUP - 4C) COMMUNICATIONS o
OPERATIONPL FUNCTION = (1) HF

e 'AC]..LO
- ACILIY
- ACii2
L 'AC113
* 0 AC114

* T e s R s

' 'AC210"
- AC211.
ST AC212

. HF Radlo O
Receiver/ Transm1tter o

- Amplifier Power Supply
Antennd-Coupler - | f o R
Varlat’}le Capaeltorw._. LT AT e e S e

~ 61A00
_BlAB_O -

. 61BAO
_scho T

OPERATIONAL FUNCTION - (2) VHF L T
VHF FM Cormnunmatlons Set ‘
Recelver/Transmxtter - S

- Anténna Coupler’ R - sl

. 62Aoo'
'./§2AA°'Z .
- 62AE0 -

- g - . - . . RN
L .. . i - . ~ e . . : .
L e e L . ST e . e, o T

]
Y



. WUC . NAME

'OPERATIONAL FUNCTION - (3) UHF

AC310 63510 Data Link

_AC311 63511 ° - Converter/Receiver ,
' ACB312 . 63515 . Mount& Antenna: .

AC320 - 63A00  UHF Radio Set e

' AC‘SZI : SSAAO- o Recelver/Tra.nsmltter o
- AC322. 63AEO . Diplexer '

'AC323.  63ALO°  Standing Wax}e Ratio I'ndlcator

AC332  63BB0* - Antenna
-AC333 _, '63BCO" . Receiver

-~ -

AC331 . 63BA0  Relay Amphfler'

63BFO0 . Moynt -

AC334 |
o OPﬂ):l‘ION FUNCTION - (4) INTERPI—IONE

v'~'A¢410 6iAoo o ' Interdom Set . 0.

AC411 ; / 64A50 8 Intercom Set Control

" AC412 7 64AC0 . 'StationIntercom) & %

OPERATIONAL FUNCTION - (5) EE‘F o o

'AC510  65A00 IFF Transponder Set

AC511 "' 65AA0 Receiver/Trajnsmittér

OPERATIONAL FUNCTION - (6) 'I‘SEC

'JK_CS 10," 69A00 : :Speech ~Secur1ty System
. AC611 69AAO .~ Coder/Decoder -
- AC612  69ACO . Relay, S

av
- - B . . .
. . 4,

-
-
—
-

- AG330 63:800_ S Automatm Dl.rectlo_nal Fmdmg Group :

“'""'AC4"1'3:~~'-v—--~'—-:--'64AGO'" - Audio- Relay Assembly‘ e

—



S lD_____.__,___,_,WUC_,______,J:NAML S
FUNCTIONAL GROUP - (D) INSTRUMENTS | "
‘ -~
OPERATIONAL FUNCTION - (1) FLIGHT -
AIl 10 51A00 ‘ Fllght ]’.nstrurnents -
AIlll - 51AA0 - Airplane System Instruments
- AI112 - . 51AB0°  Counting Accelerometer _ ‘ .
"AI113 - 51AD0 = Approach Attitude’ Indlcatlng System C
_ "A1114 - -SlAEO'  Pitot Statlc System o
OPERATIONAL FUNCTION - (2) NAVIGATION . S
‘.-.AIl.?_.O _ 51B00. Navigational Instruments ' S
A1121 ' SIBAO Remote Standby Attitude Indlcatlng System'.»__. R
FUNCTIONAL GROUE> - (M) MISCELLANEOUS _ ‘
-fj OPERATIONAL FUNCTION - (1) ELECTRONIC .
: COUNTERMEASURES
‘Aiv;l-lo T T8E00 Radar Hom1ng &Warnlng System; v
' .AM111 -  76EA0 - Signal Processor ‘ ‘
AM112  T6EBO - - ‘.Recelver T .
M113  76ECO - Ampllfler Detector _ :
I AM120 76L00  Infrared Tail Warning . ..
: \AM 121 : -76LAO" ' ‘Search Track Scanner o ‘
' OPERATIONAL FUNCTION - (2) PHOTO ' o
AM210 © 77A00 _».‘."‘Strlke Camera System o -
AM211 T7TAA0 . Strike Camera ‘ L
T AM212 T7ABO . ‘Mount . ERRTR
“AMZ13 . 77ACO0 _. Camera Box - ° S e RO
AM.214 o 77AEO L Camera Control Electr1ca1 Cel e e BN
FUNCTIONAL" GROUP - (N) NAVIGATION‘ o | |
OPERATIONAL F UNCTION -. (1) RADIO NAVIGATION
_ ANIIO, N 71A,0b Headmg Mode System e :
ANW11I.. . 71IADO Rate Gyro Tr;ansn:ntter N
N . . . I ‘ ‘\‘ L




)

o

)
¢

. ;"__"_,.__.__JD i WUC___._“ NAME 7o

g AN120 .. 111B0O Tacan Set
. . "AN121 71BAO Rece1ver/Transm1tter
. AN122 T~ 71BDO ',._Antenna_Sw:Ltch '
AN130  71C00 Instrament Landing System ' a
AN131 - ~71CAO0 . . Radio Marker ’Beacon a-nd Ghdeslope Recewer
'AN 132. 7ICDO" . Antenna ' ‘ _

OPERATIONAL FUNCTION - (2) RADAR NAVIGATION

AN210 . 72400 . ‘Radar Altimeter Set
T AN211. T2AA0 Recelver/Transmltter
- AN212° = 72AB0G. . Antenna Switching Unit (Interference Bla.nke /)
'»AN2'13 T2ACO Antenna Recelver S L \
" AN220 72800 Radar Beag nSet |
AN22t. ~ 72BA0  Receiver/T™®ansmitter o
AN222'_ - ‘-'72§D0 L Antenna ﬂt : :
. OPERATIONAL F UNCTION - (3) BOMBING NAVIGATION '
,.,'AN310 7‘3Aoo . Forward Looking Radar . !
AN311 . - ;73AA_0, Antenna/Transmitter o ,
© AN312 . 73ABO Radar Receiver . . ..~ - .7
-~ AN313 - -- 73AC0. ~ Power Supply . S S R
- AN314 73AJ0 ~ Radar Set Mounts . ; L -
-~ AN315.-  73AK0 Blower and ‘Duct Assembly' P
I Aﬁ320 ' 73C00- . A].r D"a{a Computer Sysuem E ,
i) AN321 .73CAO0 . Air Data- ‘Computer N
W% AN322 73CHO - Total Temperature Probe L e
| ANBSO ' 73F00 - -Ine_rtlal Measurement Set L . - E I
AN331 , 73FAO. - _'_Inertlal Measurement Un1t;'_'_-' LT Jf~—-
a FUNCTIONAL 'GROUP - ¢2) CORE ELEMENTS |
OPERATIONAL FUNCTION - (1) DISPLAYS SN
AleO 7WA00 ' DAIS Electfonlc Dlsplay Group L \ ﬂ
AZITL _7WAA9 Iultipurpose. Display QPA =2 . © T
, '_g AZ112 TWACO orlzontal S1tuat1on D1sp1ay 4o

oo e ‘59



oo

Lo
y

T I _WijC  NAME ___.___]__.,.._'_ B m
T AZ120 TWB0O "Spec1al Purpose Dlsplays
AZ121 - TWBAO - Heads-Up Display
AZ122 - - TWBBO.  Vertical Situation Display’
AZ130 - TWCO00 : Dlsplay Controls.
- AZ131 - TWCAO Modular Programmable Display Gen. QPA = 2
- AZ132 S -TWCCO Display Sw1tch/Mernory Unit
- AZ140 . TWDO0O Mass Memory Unit
"AZ141. . TWDAO = ’Electronic. Unit

AZ142 ~TWDBO - Magnetic Tape Trahsport Un1t
AZ 143 7WDCO -Control Unit

OPERATIONAL FUNCTION - (2) CONTROLS ~ .
: Y
- AzZ210 7XEOO Mult1funct10na1 Controls f’j
AZ211 .  TXEADO - Integrated Multlfu:nchonal Keyboard .
AZ212 ‘7XECO_ Multlple Functional Control Panel QPA 2
'Afzz'_z'o' ' ; 7XF00 . Dedlcated Controls T
“AZ221 . TXFAO - Power/Start-up Panel
AZ222°  7XFBO '~ Armament Panel
- AZ223. * TXFCO. . Communications Panel '
- AZ224 - 7XFDO Alpha/Numeric’ Entry Keyboard (DEK)
- AZ225 .  TXFEO = Master Mode Panel .
. AZ226 . TXFFO0 = - Sensor Controller Panel (SMCP), - .:.L. :
' 'A23227' - TXFGO Sensor Controller Un1t (SCU) N T
OPEQATIONAL FUNCTION = (3) PROCESSOR
'AZ310 - 7YA00  Processor o L e s
v AZ311 .~ 7TYAAO - - Computer Processor VR
AZz312: . TYABO- - Mamtenance/ Control Pane‘l :
OPERATIONAL FUNCTION 14) MULTIPLEX UNITS - &: .
; AZ410 ,' 7ZA00 ‘Bus Control Interface Units - - G
- -Azgl,l - _7ZADp .Bus Control Interface Unlts QPA 4
AZ42_0 .7'ZBO_0 _.‘-.Remote Termlnal Units R
- AZ421 T LZBAO Remotg Termmal Units QPA 1o S

.. e T - .
> N N .
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: ’ T ~
o - 'Appc?nclix_IK- - : '
L R :
' , ACRONYMS - Y | '
; .A _ @ AFSC . . Air Force specialty code e R
‘ BITE ‘built~in- test equlpment ' & . s
~ CAS - close air support - - ‘ S
CITS " central integrated test system
, CND- - - . cannot duplicate
- DAIS °° = | digital avionics 1nformat1on system
_ FOM figure of merit =~ : S
. ID .- equipment identification number -
T 51 o oJ .life cycle cost
. LeCmM - life cyecle cost impact model
S ~LCOM .  logistics comrposite model ‘
' - LRU . - line replaceable unit _
. MA - . niaintenance action :
- MFHBMA ": " mean ﬂlght ‘hours- between maﬁ‘atenance actlons
... % MMH = mainteriance manhours - L
'+ . MMMS - - maintenance manpower modehng system T
. MPSC . manpower SpeC1al <Y code ' :
o MTTR . - mean tlme to repal*' ' o _ -
<. = .- - NRTS . not repairable. this" sLatzor\ \'.”' P
.7 - O&M "  Toperation and maintenance ' SRS
"R&M . . relidbility and ma:.ntaunablhty S o
S support equipment - "7 . ST A
~ SRU - ~ shop- replaceable unit - o \
. UHF . -ultra high frequency -
- Wuct work unﬁ code '+ .
.«1:‘ B A . . v . ’ o :
J ES o o *
. B-1 :
- E by .




e e Do Aéﬁ%ndix A
o BASIC ALGORITHMS EOR R&M MODEL B
- ~ . . . o ?
. . 5 - ; : | .
R UL Probablhw Algonthms* | _
- | ‘Maintenance Task Event Probabﬂ:.ty Matrlx o I.n-Euts |
PAW) = Prw) - PRI(W) - Pyp W) . " . - P
PA;(K) = PT(K) = (K) = ‘rPVR"ik(K) T _ PKi.‘ .
o PNy = PT(N) = PR,(N) = Pvgw - py
: P{\(C) o= _t Pc(C) - .. = PeND . .
5' ';’.“M??"? P = PMiMIPyy ) = ey
B where- L ' N

PXI( ) \probablhty o*' malntenance event X occurmng in the .
ith 1. RU. given that that action will culminate in the -

-outcome in parenthes:Ls (W K,N,C, or M). No ith_ '

 subscript indicates that the event is: appl:.cable to” :
the subsystem (i.e., all the LRUs) Each’ probab111ty

' in'a given row is.assigned the-value of the input: -

o - - ~parameter (outcome event probabilityl for that row. R
S " .. This apportions the ‘probabilities. by .outcome for that

: | L senes of- malntenance events.- LoD ,

i 2 MTTR by M%ntenance Event for each Subsystem and LRUM=
| MTTR - Pi, JotJ e 4 A o
where- SRR o : .
' P = probab:.hty of a mamtenance event occur g: whenever a _' '
malntenance actlon (MA) has been 1n1tlated IR '

s LI

r

I3 ‘-‘

| *These probab1ht1es are not’ programmed as d1rect outputs but form- .
. the [P} matrix for all required computat:.ons. Refer to Figure 7 for
5 *the format of’ the array resultmg from these probab1l1ty equat1ons

‘*Flgure 9 111u§trates -the matrlx format obtalned from this equatlon. L

een




. .. R
Appendix"— C (continued)

e e A e T U e e

= average task time reqmred to accomphsh each maintenance
event in the array (e.g., tA1 J(W) = tA1 J(K) = tA1 J(N)_-
. R » E .o » :
(C) = 'I‘AJ(M)) . :

| 1= 1th row of the array (each LRU requ_Lres three rows, i.e., s
' W K, nor N outcomes) ; s .

B
. r" .
1}

-
: -

' ‘j = Jth column of the array (mamtenance events)

‘ MTTR mean time to repa1r

3. . M“JIH by Mamtenance Event for each Subsystem and LRU

, MMH malntenance manehours Ty

| N_ = number of techmc1ans as51gned to each of the mamtenance A
events (Jth column) in the MTTR matrix -

4, ' MMH per 1000 thht Hours by Mamtenance Event for each
o Subsystem and LRU ,' . o
. 1000
| MMH / 1ood;E.H M FHBMA |
where - * wE e - .
g "'MFHBMA mean @.Lght hours between mamtenance actlons for"" '
' the subsystem o : . S

-»MMHj_’ j

5. - 'MTTR per 1000 thht Hours by Mamtenance Event for each
Subsystem and LRU - . . . N

1000 R o

SUMMATION ALGORITHMS FOR MTTR OR MMH MATRICES

6. MTTR or MMH Total by Outcome for each LRU. 1n each
Subsystem N - o
-_NH‘TR T_OT,/OUT _' i =z | S




- where:

- -~

- where:

8

where-' '

-

)

 MTTR SUB = MTTRX;(W) + MTFRx;(K) + MTTRX<N)

Appendix C (continued)

[ —— e

J identifies the malntenance task. eVents (columns of the matrix)

X\
m = the various ma.mtenance task eveut values (MTTR or MMH)

" in tifat rov |
= the outcomes (W K and N for each LRU, and CND and M
for the suosystem) T . .

i~ 1nd1cates evaluated at the ith outcome T _, .

MTTR or MMH Subtotal. is the Aggregate of the Mamtenance

-Task Event: Values for each LRU (columnar sums of the W, K,

N values for that'LRU) S o .

X is malntenance event X for the ith LRU.

- 50

‘Letter in parentheS1s is the Shop outcome*for that LRU. -

MTTR or MMH Total per Mamtenance Task Esvent is the .

Aggregate of the Values for thdt Subsystem (sums ‘of the
.. columns) ~ S L

._’,:\
T s L B

~ , . ) T

B

. MTTR TOT/TSK = = (MT-TR SUB) + MTTR(C) + MTTR(M)

i=1

5 -

n is the LRUs in that subsystem C s

Letter in parenthesxs is the subsystem outcome.

j MTTR or MMH Total. per Subsystem is the Grand Total for all -
of the Mamtenance 'I‘ask Events (sum of the columnar. sums) '

MTTR TOT = E(MTTR TOT/TSK) A

. -

.-



_Appendix C (continfied) e :

L.

- . : .- ~

10. MTTR as Percent 6f Total MTTR by Mamtenance Event for
' each Subsystem and LRU, . L .
- . )- b.A - -

~..100 N

9 MTTRY, ; £

' ~where: . , o 0 -
w MTTRTOT 7 total MT’I‘R for a11 mamtenance events for a LN
; subsystem e CoL : CEER

i11. | MMH as Percerit of Total MiE by Malntenance Action for
' | each Subsystem and LRU . ' -

. : T ’ 100 :
..‘"-“ - 70 MMH]_,J NHVIH—'Im‘ .o MMHi,j .

tal MMH for a11 mamtenance events for a
subsystem - ‘ C

where:
< MMHpof=

-

12. Subsystem Inherent thht Lme Avallablhty _‘ FR

,'A.‘z MFHBMA - . - | .
.~ MFHBMA +MTITRp - -

. where~ ' A , , o
| MTTRF is the MTTR for fhght hne malntenance events only. ~‘.
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