
~D—AU5B 530 DYNAMICS RtSLARCH COP’ ULMIMIOPI MASS F/S 1/3DIGITAL Avionics INFORMATION SYSTEM (OAIS): RELIABILITY AND MAI——flc (tJ)APR 75 A ,~ CZIJCpiRY. ..P M GLASILK, R II KISTLER F33615—75—c—BneUI4CLASSIFIW API*L TRe7fl(1) 14..

_____N _I! ! 
_ _•0!I

0EUN911 A

p 
- L~~~~~I



AFHRL -TR-78 -2 ( I)  1L~ ~L ]I./AIR FORCE ‘~ DIGITAL AVIONIC S INFORMATION SYSTEM (DAIS) :
S ..

H RELIABILITY AND MAINTAINABILITY MODEL

U By

M AndrewJ. Czuchry
John M. Glasier

Robert H. Kistler
Marjorie A. Bristol

Dynamics Research Corporation
60 Concord Street

Wi lmington, Massachusetts 01887

H. Anthony Baran
Duncan L. Dieterly, Ma;, USAF

~~~~ ADVANCED SYSTEMS DIVISION
Wright-Patterson Air Force Base , Ohio 45433

E D D C
Funal repor1 for Period Mav 1975 _ JuIy 1977~~~~~~~~~~~~~~~~~~~~~~~~~~~~

\pp r S~~J I pi Hi~ ~~~~~~ ‘.lrilnii ~ ii U nhl iTl i led

C 
_ _ _ _ _ _E

S LAB O RAT O RY

g .  ,; A I~~ FO~ fç~~ iSTEMS COMMAND
‘ BROOKS ATh FORCE BASE ,TEXAS 782 35

a —
~ 

S



Nt Yl~ IC I.

\W hen S. ( o~ em inent drawi ii~s . speci f icat ions , or other data are used
for au purpose ot her t itan a definitely related G~~erntncnt
p rocu remen t  o pe ra t i o n , t h e  Governmen t  tIiereh ~ incurs ito
responsibility nor ao~ obligation whats o ever , and the t a ct  that the
( iovern mcii m a y  have forum kited , to ruislied . or in any ss ay supplied
the sa id drawi ngs . spec itlcai ions . or other data is not to he regarded h~
iou p l ication or 1 It herwise. u.s in an~ manner licensing the ht dde r or a
ot her perso n or corporation . or CI ill Ve\ ng au ‘~ rig l its or ~)C rum ISSI in t i
manufacture , use . or sell any patented invention that mn a~ in an~ ssa >
he related thereto.

This final report was submitted h~ l)s naolics Researc h Corporation. 60
Concord Street. Wi lmington . Massachusetts 01 ~~7 . under contract
1:33615~75~C~S 218 . project 205 1 . wit h Advanced Ss stems Division . ~ir
Force h uman Resources kiibou-atorv (AFS C) . Wright - Patters on Air
Force Base , Ohio 45433. Mr . II. A ntho ns Barar m . Personnel and
Training Requirements Branc h. ‘.~ as the co ntract monitor.

This report has been reviewed and cleared for open publication and 1 or
public release by the appropr iate Of f lce of Intorniatioui (DI) in
accordance wit h AER 190-17 and DoE)D 5230.9. There is no objection
to unlimited distribution of this report to t he public at large . or by
DDC to the National Technical Info rm ation Service (Ni (Sf.

Th is technical report has been reviewed and is approved for pnhlicatton .

(;ORD0N A. IiCKSTRAND, l)irecf or
Advanced Systems Division

DAN I). FULG IIA M, Colonel. tJSAF
(‘oni marider



Unclassified
SECURITY CLASS I F I C A T I O N  OF THIS P AGE  (When I) .t. £nt red)

READ INSTRUCTIONSJ~~~REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

~I 
.f d M B~~W

AF~~~4rR.78.2~~ 1 12 
GOVT A C C E S S I O N  NO. 3 RE CIP IENT ’S C A T A L O G  N U M B E R

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
5 1.. , O~ .~ £PL . .- -~.-~-I-so V ER ED

.J)IGITAL ~ VION1CS~NFORMATION,~SY STEM (D4jS): 
~~~~~~~~~~~~~~~~~~ 

Final a /

RELIABILITY AND MAINTAINABILITY MODELI May ~~75 - JuI~ i~ 77 I
0 

_ _ _ _tU~~O j ~ N U M B ER

~~~~~~~~~~~~~~~
—.‘- — - - ‘7 B. C O N T R A C T  OR G R A N T  N IJM BER (~~I

Andrew J .A’zuchry) Maijorie A. Bristol / /
“ “ t

John M.t~asier9 / H. Anthony -Bara n I / F336I~~~~-C-S2I~~~/Robert H~Xistler 
~ ~~~ 

‘~~~~~ i~ L~~~T~ TY ‘.
‘—‘ ——

I-~~~ !WFORWN G O~~~~A N I ZA T I O N  N A M E  A N D  ADDRESS 10 P R O G R A M  E L E U E N T . P R O J ECT TO S I(
Dynamics Research Corporation 

A R E A  & W O R K  UNIT NUMBERS

60 Concord Street 63243F /7Wilmington, Massachusetts 01887 i~1,~)00l _-.--

i i . C O N T R O L L I N G  O F F I C E  N A M E  A N D  ADDRESS .4~~- Rf~~oRt’~~~~T E

HQ Air Force Human Resources Laboratory (AFSC) April 1978 /
Brooks Air Force Base, Texas 78235 __________

P A G E S

______________________________________________________________ 
60

14 M O N I T O R I N G  AGENCY N A M E  & A D D R E S S ( I f  diffe I f C___________ IS S E C U R I T Y  C L A S S .  (of t hi, report)

Advanced Systems Division Unclassified
Air Force Human Resources Laboratory ~~~~ 1j D E C L A S S I F I C A T I O N  D O W N G R A D I N GWright.Patterson Air Force Base, Ohio 45433

SCHEDULE

15. D IS T R I B U T I O N  S T A T E M E N T  (of thin Report)

Approved for public release;distribution unlimited. f”~ r~ t°3
H

_iji p_ ~
Ii. D I S T R I B U T I O N  S T A T E M E N T  (of the ebotrevt  entered in Btovk 20, II different from Report) j - , ‘

~~._ 2 ~~

lB. S U P P L E M E N T A R Y  NOTES

The research reported herein was sponsored jo intly by Air Force Human Resources laboratory, Air Force
Avionics Laboratory, and Air Force Logistics Command. It was perform ed and funded as part of the Digital Avionics
Information System Advanced Development Program.

19. K E Y  W ORDS (Continue on reve roe  ~~de ,f nec eosery mid iden ’Ifi . Si. blorl , nuieber)

availability analysis digital avionics information system
avionics availability life cycle cost
avionics conceptual design configuration maintenance analysis
avionics support requirements .1 ~ re liability and maintainability model

20 ~~~ST R A C  T (Continue ,n rev ere  e d d e  If neree. y end tdentlf l, ~~—.b~nvk noe.ber)

~~The reliability and maintainability (~~~M) model descrih~~1,~~~is report represents an iu11~~ )rtani porU~~n of a
larger effort called the Digital Avionics Information Systenu (DAIS) LI~e, Cycle Cost ( LC’C) Study. Time l~~

’
~si model

is t he tirsi of three models that comprise a modeling system for use in i~t~C analysis of avionics systems. The total
syStem w ill provide the Air Force with an enhanced in-house capability to~

’lucorporate LCC considerations early in
the system acqoisition process . As part of the overall modeling system , the l4.~M model provides estimates of failure I
rates , m aintenance nianpower requirements , support equipment requi rements. and spares requir~pi~nts w hich arv
used to generate es ,imates of systeni support costs. When operated in a stand’alone linde , the l~~Mrn 1c i c~ii”1;c -ut ilized to anal yze time impact of various avionics design contlgurations on system support requirements.

~~~ FORM
UI) I J A N  7 3 u473 ED I TIO N  OF i N O V A S  IS O B S O L ETE  Unclassi tied

SECIJ RI1’ Y CL ASS 1IICA7ION OF T I~ IS~~~~~~~7ihe. ,)ere ?lntere,i)

-
, - L ‘:~ ~~

- _ _

~~ 

‘
_ i  -



Unclassified
~~~~~~~~~ C L A S S I F I CA T I O N  OF TNI S PA GE(I4hen f toId FnIero,f) 

-

Iteni 20 Continued: -

repori describes t h e I~~
’
M inod~l in detail. The technical approach is discussed in general and then specitle

nenus. Particu lar attention is given to thi~’ analysis Ilmut lcd to t ime model specification amid to the m odel’s functional
description in ter m s of input , output nd process. A specific example calculation is given to illustrate how t h e
model can be lm t il i . ’.ed to conduct an M study.

UNA~~~~~~ 

LJISL ~ a - 
~~L~L i

t i IC I is~ i I III

‘.1’ ~ I T Y  C L A S ~~~~l C A ~~~~~, 0E ~~.IS Pu~~~~~ t )  ~



SUMMAR Y

This report  describes a Reliability and Maintainability (R& M )
1’slodel developed to faci l i ta te  the performance of design vs. cost
trade -offs within the systems acquisition process. It can provide
timely visibility to relationships between system design and support
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 impacts of design reliability
facto rs on system support factors and operational availability.
However , the R&M Model was also designed to function as part of a
modeling system which includes a training requirements analysis
model and a system cost model. Joint operation provides the capability
of translating the design impact assessments into estimates of the
consequent cost of system operation and maintenance and, ultimately,
that of performing design vs. cost trade-offs .

The R&M Model operates in conjunction with a computerized
data bank containing historical reliability and maintenance data
gathered from operational systems. This data is made relevant to
new systems by factoring the histo rical data on the basis of system I
subsystem comparability analyses. Inputs to the R&TtI model include:
the frequency of maintenance actions by subsystem and line replace-
able unit (LRU) for both aircraft and suppo rt equipment (SE); and data
concerning the task events within each maintenance action such as
type, probability oh’ occur rence, 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 satisfy the maintenance requirements of each sub-
system and its LRU5 for both flightline and shop actions. Outputs are
displayed in matrix format.

Capable of extremely rapid operation, the R&M Model affords
the user a powerful tool for answering a multitude of “what if ”
questions concerning the implications of system design on support
requirements. Its speed facilitates iterative application and should
promote trade -off analyses early in the design process when cost
avoidance actions are most effective. This operational speed stems
from the fact that , unlike simulation models sometimes used in this
type of analysis, the H&M model does not attempt to account for peak
loads, saturations, queues, or other nonlinear constraints that exist
in the actual maintenance environment. Rather, it is an average value
model which uses estimates of maintenance task and equipment R&M
factor values to compute the average expected values for resource
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requirements . Additionally, a f igure of t i me r i t  concept is emp loyed to
:iggre gate the detailed data out puts and ~enez’ate structu red data
products whic h allow comparisons 1(1 he I lma ( le :t r mil h igh t ’esot ii’ i’ .’
conSu limO t ’S ii i be ident i f ied on eit het ’ an I RU , ihsys t o t im , ( i t ’  S’~ St S ’ I I I

basis. An examp le of such a figure of ’ t ite r i t  is maintenance nman i to t t t - s
per 1000 flight hours.

Apart from its ability to facilitate sensitivity and trade-off
analyses, the R&fd Model can aid the user in determining the most
acceptab le means of avoiding undesirable potential impacts which it
has identified. By comparing alternative cause and result situations,
trade-off analyses can he employed in a more investigative manner.
vF~iis entails an iterative model application to determine the differential
effects on proj ected support resource requirements obtainable by
changing combinations of R&- M parameters. An example of such a
trade-off might be the cost to achieve an increased subsystem
re liabilit y vet’sus that to obt :~in a reduced flightline troubleshooting
tin e. The user can detei’ntine t he various combinations of reliability
i pt  ( Venlent and reduced flightline troubleshooting tim e to achieve a
spec i f iet i  reduction in Support resource requirements for that sub-

~~~~ r m n  These values would be inputted to training and cost portions
of t he tt 1odeling syste m to assist in evaluating alternatives on a total
cost of ownership basis.

The m i t  ia l applicat ion of the R& M ‘ 1  oth’l is dit-ected at the
determination of the potential impacts of the Digital A~v io nics

Information System ( l)AIS) on system support personnel requirements
and life cycle cost.  Results will be contained in a later technical
report w ithin the series of which this is a member. The model is ,
howeve r, app licable in the development 01 almost any new system as

~vell as the evaluation of existing systems.



PREFAC E

This two volume report describes the DAIS Reliability and
Maintainabil i ty Model. This volume describes the mode l 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 report s .
models , and data banks produced unde r contract ‘~o. F336 15-75-C-
5218 , “DAIS Life Cyc le Costing Study. ” This study, in conjunct ion
with  present Air Force capabilities , is to provide the means to
assess the life cyc le cost impact of the operational implementat ion
of the Di gital Avionic s Information System (DAIS) .

This research effort was directed by t 1ie Advanced S~- s to n ~s
Division , Air Force Human Resources Laboratory, Wri ght-Pat terson
Air Force Base , Ohio and is doc umented unde r Work Unit 20510001 ,
“I)AIS Life Cyc le Costing Study. ” It was performed under Air  Force
~ v t u n j c s  Laboratory program element 63243F , “Digital Avi onic s
1nfui ’m.~t io n  System ” , Project 2051 . Project 2051 , “Impact of the DAIS
on L i f e  Cycle Costs ” , is jointly sponsored by the Air Force Human
R e sj u i c e~. Lab oratory, Air Force Aviwnics Laboratory,  and the Air
F i c e  L t t ~istic s Command. Contract funds were provided by the Air
Force Avionic s L aboratory. The DAIS Program Manager is Lt. Col .
Robert A . Dessert. The Air Force Human Resources Laboratory
Pr oject  Scientist is Mr. H. Anthony Baran. The Air Force Logistic s
C o t i t n i a n d  Pi’oject Officer is Captain Ronald Hahn. The latter two are
DAIS Deputy Directors. The Contractor Program Manager is Mr . John
Goc low ski .
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DIGITAL AVIONICS INFORMATIO N SYSTEM (DAIS):
RELIABILITY AND MAINTAINABILiTY MODEL

1. INTRODUCTION

The work described in this report is part of a larger effort
called the Digital Avionics Information System (DAIS) Life Cycle  Cost
(LCC) Study. Life cycle costs are comprised of acquisition and
ownership (operatio n and support) costs. Generally, an investment
ca n be made in terms of acquisition costs to reduce subsequent
ownership costs. For example, acquisition costs increase as a
func tion of sys t em reliabili ty improvements while support costs
decrease. The goal of life cycle costing is to find the system which
meets operational requirements at minimum LCC. To accomplish
this objective, LCC considerations must be introduced early enough
to impact the design of hardware, sof tware , and their support
systems to avoid unnecessary cost.

The fundamental U r i C ~~ie of the overall study is to provide a
means for incorporating I C . C considerations, during all s tages of t he
system acquisition proce~ fn  the following tradeoff areas: sy stem
design , system operatic rn~~intenance , and plan ning for manpower
ut iLzat ion  and training. ‘I h e  reliability and maintainability (R&M )
n ~del described in this report represents the first of three models
Lh at comprise a LCC impact modeling system. In concerted
operat ion, all three will be under the control of an “exec ut ive
program” which will in tegrat e their capabili t ies and manipulat e
associa ted data banks. Singly, each will be ca pable of per forming
separat e analyses in a “stand-alone” mode . The objectives of this
report are to describe the work conducted to develop the R&M model
and to describe the model’s potential uses in the stand-alone mode.
Operation under executive program contro l will be described in a
fo rthcoming technical report covering the operation and capabilities of
the complete set of LCC analysis products of the DAIS LCC stud y.

The R&M model described in this report was designed with  two
p rimary objectives in mind . First , the computerized modeling system
and associated data banks resulting fro m the overall study mus t be
capable of generating LCC estimates for certain DAIS-related avionic s
confi gurations. Since system support costs comprise a significant
portion of LCC , estimates of fai lure rates , mai ntenance manpower
requirem ents in terms of numbers an d skill levels, support equi pment
(SE) and spares are required. Alternative means for generating these
estimates were considered. The nl st promising was the AFI IR L

6
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Main t enance  M a n p o w e r  Modeling Sys tem ( M M M S )  w h i c h  is a very
effect ive  simulatio n model for providing deta i led  es t imates  of expected
manpower  and pa r t s  requi rements  and u t i l i z a t i o n  rates . Its main
drawback is tha t  it requires significant computational time , detailed
design input  data , and t he  running of several length y c o m p u t e r
programs .

Since numerous  t r a d e - o f f  s tudies  are conducted dur ing the
acquisi t ion of new avionics  sy s t em s , many  i tera t ions  of the  ent i re
s imulat ion model would be needed.  Consequent ly ,  a p r i m a r y  require-
ment  placed on t h e  design of the H & Pd model was rapid computa t ional
ability u t i l i z ing  the k ind  of data tha t  are available during the earl y
phases of system acquL si t ion .  This objective was accomplished by
designing an average  value model that  determines main tenance
resources required per 1000 flight hours.  The R & M  model , unlike a
s imulat ion model , does not account for  peak loads , saturat ions,
queues , or o the r  non l inea r  constraints  that  exist in the actual
main tenance  e n v i r o n m e n t .  For this reason , the operat ion of the model
is te rmed as being uncons t ra ined .  Details of the design are given in
the  followin g sections. It should be noted , however , that  provisio n is
made to incorporate the M M M S  simulatio n during the final  t rade-o ff
proces s when more precise estimates are required and more detailed
desi gn data are available. To this end , the input and output data
associated with the R & 1 \ I  model are MMMS -compatib le .

The second major consideration in establishing requirements
for the R & M model was the need to influence early desi gn decisions
based upon su pport cost considerations. Designers need information
conce rning support cost implications earl y enou gh so that  t rade-off
st udies will reflect cost considerations as well as operational require-
ruents. Since life cycle support costs are almost linear functions of
reliability and main tainability paran iete rs , po tentially beneficial
op tions can often be identif ied directl y in t e rms  of these parameters .
When  used in the s tand-a lone  mode , the R&~d model provides a means
for  a n a l y z i n g  the R&i\ 1 impact  of various avionics design configurat ions
on system suppo rt requirements .  In general , this  is a complex task.
A representa t ive  avionics suite consisl.s of more than 30 subsystems
and has in excess of 100 line replaceable umt s  ( L R U s ) .  Comparisons
between con pe ting inventoried equipments , modif ied versions of
equipments , and equipments in various stages of development are
r qu i r e ( I . I h e  U &M model employs a fi gure of meri t  (FOM ) concept to
aggr egat e  the deta i led  da ta and then to: ( 1) make comparisons of
te sources  req uired on a total system , su bsystem , or LR U  basis; and
(2)  iden tif y “high drive rs ” o r problem areas in term s of resource
requ i r em en t s .

7



V p i L ’ a I  examp les of l’Ofd s u t i l ized  in the  H~ \ t  model  are

~. n ~in t  enanc e m a n h o u rs  per 1000 f l igh t  hours  (measures  m a i n t e n a n c e
r esource  r e q u i r e m e n ts )  and serv ice  a v a i l a b i l i t y  (measures  the  im p a c t
01 ,1i ~~in t enanc ( ’  nn o p er a t i o n a l  re~i~h i ness) .  t~s ing  t ’OM s  of th is  ty p e ,
the 1~~ M n~o~hei nss i ~~t S  the usel’ in n~ ik ii~g c omp ar i so n s  t ) ( ’tW I ’ I m

compet in g des ign conf i g u r a t i o n s .  Since hi g h d r i v e r s  ar c iden t i f i ed
wi th in  a given conf igura t ion , th e  i n fo rma t ion  is useful  in inf luencing
the des igner ’ s selection process. In sonic cases it could be emp loyed
as a guide in modif ying designs to reduce fu tu re  resource require-
ni en t S.

In addi t ion , the  R & M model can be used to conduct  sens i t iv i ty
and t r a d e - o f f  analyses. When high driver i tems in term s of resource
requirements  are ident i f ied , combinat ions of R~~]\1 p a r ame te r s  can be
changed to determine the sensit ivit ies of the l OMs Lo those changes.
Al ternat ives  for achieving a reduction in support resources require-
n ien ts  can then be ident i f ied.  An example of such a t r a d e - o f f  mig ht be
the  cost to achieve an increased subsystem reliability versus that  to
obtain a reduced fl ight  line troubleshooting t ime.  The user can deter-
mine the various combinat ions of reliabili ty improvement  and reduced
flight line t roubleshoot ing t ime to achieve a specified reduct ion in
support  resource requirements  for that  subsystem.  These values
would la te r  be fed into the t ra in ing and cost model portion of ’ the
overal l  sy s tem to assist in evaluating al ternatives on a total  cost of
ownersh ip basis. Thus , the model provides not only the capabil i ty to
iden t i fy  potential problem areas in weapon system design , but also to
invest igate  means for corrective action.

In the remaining sections of this report the R & M  model will be
discussed f i r s t  in general  and then specific t e rms .  An example is also
provided and discussed in detail to illustrate the model’s potential use.

8
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II. GENERA L TECh NICAL APPROACH

The driving requirements placed upon the R~ M 1110(1( 1 develo p—
nient were in te rms of desired outputs  and computational speed. Sirme
the model is to be used in the various t rade-of fs  associated w i t h
avionic s acquisition , rap id computational  capability was mandatory .
I\ lodel ou tputs can be described in terms of two categories: (1) esti-
mates of the R & M  parameters required to determine support costs and
(2) information useful to the system designer in identif y in g a reas of
high support resource consumption.  In general term s, the f i rs t
cate gory consists of failure rates for the individual subsystems and
L RU5 , main t enance manpower requirem ents in t e rms  of numb ers and
skill levels, support equipment utilization , and spares requirements.
The second category consists of a set of FOMs that can focus a
designer ’s attention on support requirement implica tions of a design
which have a po tential to precipitate future problems.

The technical approach to these objectives consisted of the
following steps or considerations.

1. I)efine a generic model for avionics suites and an
equipment hierarchy.

2 . Model the operations and maintenance  process.
3 . In troduce necessary simplif yin g approximations.
4 . Assess data availability durin g the concept ual phase of

a vionics acquisition.
5. Assure M1\IM S compatibility .
6. Develop algo rithms for  determining the support

r esources required.
7. Define the fi gures of merit  (FOMs).
8. Provide for sensitivity analyses.

These considerations are presented in general terms in this section
and discussed in detail in the following section.

A generic model for avionics suites was constructed based
upon the funct ional  requirements for a representative close air
support (CAS) mission . It was determined that the following functional
groups of equipment were required : navigation , com mu nications ,
coun ter -measures , ai r - to-ground attack , con trol and display, and
flight controL The process of its constructed is fully described in
A I I I R I  -TU -76- 59 , \1 id- 1980s Digital  Avionics Info rmation System
Conceptua l  1)esign Conf igu ra t ion .  An equipment h ierarchy was then
establ ished to describe a generic avionics suite. The levels in the

9



hierarchy con sist of sy st em , func t ional group, operational func t ion ,
subsystem , and LR U .  h ollowing th i s , a coding system was  assigned
so tha t  each e lement  in the gen er i c  avionics  su i te  (‘0, 11( 1 l i e  r ap i d l y
i d e n t i f i e d  and  indexed.  F i g u r e  1 i i  l u s t  r at e s  t i n ’  I e c h i n i q i n ’  by st ow i n g
a portion of t h e  equipment . h i e r a r c h y .  I ’ or exam p le , t he hi ig l u ’~- l
inden ture denoting system level (avionics) is coded in t hu  fi rst s p a c e
of the code de signation (A). The functional group (e . g .,  co in inun i c a -
t ion s) is code d in the second space (AC). The operational funct ion
(e . g . ,  h F  radio) is coded in the th i rd  space (Ad ), a nd so on. Thus
tb ’ equipnient h ierarch y of any avionics suite , or system , can be
described on a common basis which allows it to he modeled.

The next step was to model the operat ional  and maintenance
(O~c \1) process. The approach taken in the  development of the
previously described M ” d M S  was to simulate the detailed O& \l process
as Sh o wn  in Figure 2 . I)ue to the requirement for computational speed ,
t h e  R~ \h model was developed based upon a simplified re presentation
of th~’t process as shown in Figure 3. It should be noted that  the
opera t iona l  scenario and the maintenance environment are modeled
separate l y .  Basically, the opera tional scenario is modeled as creat ing
a di n i an d  upon the maintenance system as a function of t h e  number  of
sort  u’s flo\% rL (or of fl y ing hours) and the failure rates ut  t he  indiv idual
equ ipments  ill t he aVionic s suite. The R & 1\i iiiodel con ipi i t  es t i ie dcii,  and
p lacod  on th e  n~aint enanee  system on an [R U — b a s i s  and then  aggregates
t o  det e rmine  t h e  total demand. Therefore , the H& \ 1 model  t reats t h e
operatio nal scenario in terni s  of the mean fly in g hours between main-
ten an (-e  actions of individual LRUs . This mean value of ’ demand on
the maintenance system is sufficient for assessing support resources
durin g the conceptual pha se of the acquisition process and is , in all
probability , t he be st fi gure which can be generat ed on t h e  basis of
data available during that tim e period.

Given that a demand is placed upon the maintenance system ,
the maintenance process must restore the equipment to operational
readines s. This is accomplished by minor on-aircraft  repair or by
replacement with an operationally-ready LRU. However , since total
support resources must be estimated , the R& M model must also
provide estimates of the resources requi red for the repair of the
LRUs in the shop.

10
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The basic approach was to determine all possible maintenance
outcomes or events that could result from a specific equipment
failure. Each maintenance even t places a demand on the maintenance
system . The average resources deman ded by each mainte nance event
are determined on an LRU-basis.  Finally, the probability of each )
specific main tenance event occurring (per sortie or per 1000 fly ing
hours) is introduced . Total support resources per LHU are deter-
mined by mult iplying appropriat e probabili t ies by the support
resources associated with each maintenance event. Required support
re sources are then computed by LRU, subsystem, functional group,
and total system by summing across the appropriate levels in the
equipment hierarchy . Specific algorithms for making the computations
are given in the next section.

Next , it was reco gnized that the detailed R&M informat ion
could be combined and expressed in term s that could be useful to
system designers during the early phases of system acquisition. The
funda mental concept was to define a measure of support resource
requirement , evaluate th is  measure for each element of the total
syst em , and then rank each ele ment in the system in terms of the
mea sure. The ranking would identif y th,e rela tive impact of cacti
ele ment  in the system on subsequent suppo rt requirements .  This
informa tion would be useful to focus the designer ’s at t ent ion on
potential proble m areas so that corrective action could be taken to
avoid f uture costs.

The measures selected are called figures of merit  (FOMs).
Specifically, they are (1) mean time to repair (MTTR ) per 1000 flight
hou rs , (2) maintenance manhours (MMH) per 1000 flight hours , and
(3) fli ght line service availability* . The fir st two FOM5 can be
utilized to measure the impact on maintenance resource requirements
while the third measures the m aintenance impact on operational readi-
nes s.

* Fli ght line service availability is defined as the product  of the
inherent  subsystem availabilities (A 3 ) wi th in  the sys t em.  The values
fo r the inherent  subsystem availabilities are calculated using the
equation: 

A • - 
MFHBMA~- 

M FJ-IBMA j + MTTR F J
where: . . SM F I I B M A  is the mean flight hours between maintenance actions ,

M TTRF is the mean time to complete each maintenance action
on the nightline

is the j th subsystem .

14



An example of the use of the FOMs computed in the R&M
model is given in Table 1. Three different  conceptual design
confi gurations for avionics suites capable of meeting CAS mission
requi rements are evaluated~’ The curren t non-DAIS configuration is
representative of the present day CAS avionics suite. The current
DAIS suite is representative of the DAIS concept of avionics integra-
tion applied in avionics of the present time frame. The mid- 1980s
DAIS configuration is representative of a DAIS concept application
achievable in the 1985 time frame.

On the basis of MM H per 1000 fl ying hou rs, it is seen that
the mid- 1980s configuration offers the potential of a 47 pe rcent
reduction when compared with the present day non -DAIS configura-
tion~~ On the base of flight line service availability, it is seen that
a potential 83 percent improvement is possible when a comparison
is made between these same two representative configurations.
Specific areas where improvements occur , or deficien cies exist , can
be investigated by exercising the R&M model to generate a matrix of
FOM5. The concept is illustrated in Figure 4. Basically, the R&M
output can be viewed as having quantified the particular FOM for each
equipment in the hierarchy by maintenance events. Totals are also
provided by LRU and subsystem. Therefore , specific ranking s can be
obtained at the desired level of detail.

The purpose of this section was to discuss the general
technical approach to the development of the R& JVI model. An indica t ion
of the potential use of the model was also given. Each step in the
technical approach is discussed in further detail in the next section.

*Three conceptual design configurations of a generic avionics suite
were generated within the DAIS LCC Study: A Current Non-DAIS ,
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 1 and 3.
These reports defin e and examine representative conceptual design
configurations for DAIS and non-DAIS avionics suites.
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III. 1)ETAILED TECHNICAL APPROACH

The design and developm ent of the R&M model was discussed
in general terms in the preceding section. The purpose of this section
IS to ( 1) discuss the analyses that led to the model specification and
(2)  de scribe the model in terms of functional capabilities and input and
output characteristics .

ANALYSIS

The primary analysis effort  was directed toward modeling the
maintenance 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 requires
a m aintenance action. As we have defined it , then , a maintenance
action is a series of niaintenance events that occur when a system
malfunctions. An example of the basic m aint ena nce event tre e is
given in Figure 5. It should be noted that thi s maintenance event tree
is directly compatible with the maintenance task network associated
-~vi~~ the i~v~MMS. However , different terminology has been
adopted to avoid any confusion wi th  the Extended -11 format  of the
\i~~L\I S input data. The main tenance  event tree takes on an entirely
di f firen t  role in the R & M  model .

The maintenance process has been modeled in t erms of fl on-
equi pment ” and “off -equipment ” events. On-equipment pe rtains to
organizational level maintenance on the entire subsystem while off-
equipment refers to intermediate level maintenance on particular
LRUs.  The maintenance process is initiated by a discrepancy report
o r 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 hu man (or equipment) error which will later result in a “canno t
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 flig ht line . The possibe flight
line maint enance events are:

a) Set up flig htline SE 
-

b) Troubleshooting
c) Troubleshooting, cannot duplicate discrepancy

18
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d) Remove and replace
e) l\l ino r repai r
f) Verif y replacement correcting disc re pant .5y
g) Verif y minor repai r co rrecting discrepancy.

The model treats the above as generic maintenance events
consis ting of one or mo re maintenance functions (i. e .,  adjus t , align ,
calibra t e, troubleshoot , inspect , operate , remove/install, repair ,
service , et c . ) .  However , the suppo rt resources associated with each
maintenance function are aggregated at the event level. Although not
fine-’grained , results are sufficient for the purpose of assessing
suppor t requirem ent s in the ea rly Stages of the systems acquisition
process and approach the practical limits of analysis using the less-
than-detailed data that are available during that time period .

The initial maintenance event is to set up the necessary test
equi pment and power sources at the flight line and exercise the sub-
syste m that has a discrepancy. If ,in fac t,a failu re has occurred , a
troubleshooting event will t ake place in order to locate the cause of the
malfunction. In some instances , the apparent failure cannot be duplica-
ted and the maintenance act iv i ty  will terminate as a CND disposition.

The fli ght line t roubleshooting event , carried to its conclusion,
isolates the malfunction to a hardware entity (normally a line replace-
able unit).  Depending on the nature of the malfunction it may be
necessa ry to remove the malfunctioning LRU(s)  and send it to the field
shop for repair. If this is done , t he airc raf t is put back int o service
by replacing the unit(s) removed with a functioning LRU(s)  from spares
stock. Alternatively, it may be possible to effec t the needed repai r on
the aircraft . In either case , a ver ification event is required to provide
assurance that the procedure used has , in fac t , co rrected the problem.

Two sets of parallel events have been noted above for the “on-
equipment” maintenance. The checkout of the subsystem may , in the
fir st case , result in a troubleshooting event in order to locate a mal-
funct ion detec t ed by the test equipment and flight line technician. On the
othe r hand , if no malfunction is detected , a CND is recorded as the
outcome. Similarly, the repair of the malfunction may be accomplished
through a flight line remove and replace (and subsequent shop activity
on the removed LRU5) or by an on-aircraft repair event . In each case ,
the parallel events are mutually exclusive . In terms of the utilization
of maintenance resources, it is necessary that t he probabilit ies of
these parallel events be determined. Furthermore. since the events are
mutually exclusive, the sum of the probabi lities of each pai r of
parallel events will equal unity.

20
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The right side of Figure 5 shows the event flow for “off-equip-
ment ” or shop maintenance. While “on-equipment ” maintenance is
concerned basically with the subsystem repair , shop maintenance
deals with individual LRUs removed from the aircraft . Determining
the resources demanded at this maintenance level also requires a
measure of failure frequency. This is indicated by the LRU fault
probability 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 LRTJ into the shop maintenance
activity in terms of its failure rate per flight hour. The possible
maintenance events that can be conducted will then be:

a) LRU bench check and repair
b) LRTJ bench check OK (shop CND)
c) LRU not repairable this station (NRTS).

It may be noted that shop events , as defined , are somewhat
broader in scope in terms of possible maintenance functions than
flight line events. The LRU bench check and repair encompasses a
troubleshooting activity which detects a malfunction in that LRU and
subsequent part replacemen t , calibration, adjustment , or whatever
additional functions are necessary to bring the LRU to full operating
status. The shop CND resul t which sometim es occurs is due to the
fact that faul t location at the fli ght line is imperfect and leads to the
wrong LRU being sent to the shop. Sometimes the flight line pro-
cedures can only isolate the malfunction to a group of LRUs so that all
have to be sent on to the shop. Such a circumstance would result in the
reporting of a bench check and repair on the LRU that had actually
fai led, with CNDs for the remaining units of the group.

The NRTS disposition is used to describe the maintenance event
which results in shipping a unit to another maintenance echelon where
greater capability exists for certain types of testing and/or repairs.
Usually this i s a depot where more sophisticated test equipment an~
higher 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 w ill be NRTS’d to depot. In other
instances , repairs can be effected by removing and replacing mal-
functioning SRUs whic h, in turn , cannot be serviced at that location.
The SRUs w ill then be NRTS ’d to the appropriate depot.

21



The maintenance event tree , as described above, serves to
ident if y the possible maintenance outcomes associated with a sub-
system or LRU discrepancy or failure. Total demand on the main-
tenance system can be computed , on the avera ge for the unconstra ined
con di t ion , by multiplying the support resources required per event by
the average frequen cy of event occurrence and then summing across
all maintenance events associated with the equipmen t 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
cate gories , skill levels , support equipment , and average time
requi red to complete the tasks associated with the event. Event
f requency is defined simply as the per flighthour probability of that
event occurr ing.

Con ’eptually, the R & M  model can be defined in terms of
(1) the m~Intenance event tree with appropriate probabilities and
support resources quan tified , and (2) the algorithms required to make
the specifi c computations. A conceptual representation of the R&M
model i~ given in Figure 6. The top half of the figure shows the basic
maint enance event t ree . The middle portion provides the parametric
definitio n of the support resources required per event , and the
bottom portion provides the algorithms utilized for aggregating the
comp uted values for these events. Table 2 gives the specific definition
for each of the parameters. The algorithms utilized to provide the
specific computations are given in Appendix C.

It should be noted that  a separate representation (1’igure 6) is
required for each subsystem in the generic avionics suite multi plied
by the number of LRU5 per subsystem for some of the events.
The refore, the design of the R&M model required structure additional
to that obtainable from the basic maintenance event tree to make it
com puta t ionally efficient. It is this structured representation, the
principal result of the R&N1 model developm ent effo rt , that is the
subject of the following subsection.

FUNCTIONAL DESCRIPTIO N

The R&M model can be described functionally in terms of
input , output , and process. The basic inpu t data consists of the R&M
parameters listed in Table 2 quantified for each element in the
equipment hierarchy (e. g.,  Figure 1). These parameters were
evaluated for three representative CAS avionics configurations as
desc ribed in references 1 and 3.
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Table 2 TERMS USED IN R & M  M O D E L

Symbol Descri ption

PC Prob abi l i ty  tha t  a given mal fun c t ion  will resul t in a CND at
the flig htiine.
The probabil i ty th at  the ma l func t ion  isolated to the ~th LRIJ
will result in a shop CND outcome.

PM.PVMI Probabil i ty that  a given troubleshoot  operation will resul t
in an on-a i rc ra f t  repair and the  repair is verif ied for the  subsystem.

PN~ 
The probabil i ty tha t  the mal func t ion  isola ted to the ~th LRU
will resul t in a NR ’r S outconie.

~Rj. ~VR1 Probabi l i ty  that  a given troubleshoot operat ion will result in
a removal o~ an LEtJ and the  repa i r  veri fied.

Probability that  a given mal func t ion  will result  in a t rouble-
shoot opera t ion .

The prob~ h i l i t y  t h a t  the  m a l f u n c t i o n  isolated to the  ~th LR U
will resul t in a shop repsir  ou tcome

P robab i l i t y tha t  the  1th L R U  of the  subsystem will  r equ i re
shop m a i n t en a n c e .

F Subsystem f a i lu r e  cycle in ii ean f l ight  hours b etween  main-
tenance  act ions ( I \ l l ’ I I B M A )

HA N u m b e r  of h u man  resources (main tenance  t e c h n i c i a n s )
required to set up support equi pment.

Number  of human  resources required to determir ,e  that a
CND condition exists.

HK~ Number  of human resources required to determine that a
shop CND condition exists with respect to the j th LRU of a
given subsystem.
Number  of human resources required to repair the sub-
system on the a i rc raf t .

HN 1 Number of human  resources required to de te rmine  that  a
NH TS act ion exists wi th  respect to the it~ LRU of a given
subsystem.

HR Number  of human  resourr es  required to remove and re-
place LRUs fro m the a i rc ra f t  on the fli ght l ine .
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Table 2 (continued)

- _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _

HT Number  of human resources required for subsyst em
troubleshoot ing

HVM Number  of human resources required to veri fy subsyste m
operat ion followin g an on-equi pm ent repair

HVR Number  of human resources  required  to veri fy subsystem
operat ion fo llowing a remove and rep lace operat ion

HW1 Number  of human resources requ i red  to per form bench
check and repai r of the ~tki I S . R U  of a given subsystem

TA Average time required to set up support equipment

TC Average tim e requircd to de te rmine  that a CND condit i on
exists

TK1 Average time required to de termine  that  a shop CND con-
dition exists wi th  respect to the ~t}’~ LRU

TM Average  tim e required to repair the subsys tem on the
a i rc raft

TN~ Average time required to determine that a not repairable
this station (NRrS) or a condemnation condition rxj5t5
with respect to the ith LRU

TR Average  t ime requi red to remove and rep lace one or more
of the LRUs  of the subsystem from the a i r c r a f t

TT Average time required to troubleshoot the subsystem

TVM Average tim e required to verif y subs y stem operat ion
following an on-equipment rep air

TVR Average time required to ver if y subsystem opera t ion
followin g a removal  and rep lacement

TW1 Average  t ime required to repai r  the ~th  LRU in the  shop
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The fundamental  computations made by the R& l \ l  model fall
into two categories. First , FOMs are comput ed to identif y high
drivers of support resource requirements. The second set of
computations consists of intermediate products that  lead to resource
req uirem ents assessed in terms of n umber an d skill level of main-
te nance personn el requir ed, required repair times , and suppo rt
equipment requirem ents. These parameters can then be evaluated by
LRU , subsystem, and/ o r total system. The intermediate products
and FOi\is are summarized in Table 3

The concept of a file is utilized throughout this discussion to
describe different groupings of data. The terms input and output are
standard , while intermediate implies results of computations within
the model that can be output if an appropriate option is specified by
the user. The matrix shown in Figure 7 illustrates the basic structure
of the model and the interrelationships among the equipme nt , the
maintenance events , and the result s or outcomes resulting fro m a
particular maintenance action. The elements listed illustrate the
probability matrix of each maintenance event occurring given that that
event will culminate in the outcome shown in parentheses. Similar
matr ices  are used for the maintenance event times , human resource
utilization , and SE used.

In the left-hand column, the equipment is de scribed by the
specific code assigned in the hierarchy (see Figure 1 for an example) .
M aintenance events are those possible consequences of an equipment
failure, as described previously, and ar e summari z ed below with t he
code assigned to them in the R&M model .

Code Maintenance Event

AGE F /L  = set up support equipment on the flight line
TS F/L = troubleshooting on the flight line
H&R = remove and replace a line replaceable unit
VR& H = verification that R&R action corrected the discrepancy
CND A / C  = troubleshooting on the aircraft , cannot duplicate the

discrepancy
~\-1 A / C  minor maintenance on aircraft
VM A / C  = verification that the maintenance performed corrected

the discrepancy
SHOP = bench check , test , and repair of units removed to t he

shop.
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‘I able 3

I N T E H M E I ) I A T E  PHODUCTS A N D  F I G U R E S  OF’ .\ J E I H T  I’l l  ES

j \ l a t r i x -F o rm a t t e d  Files:

Optio n No. File Content

1. Mean tim e to repair ( 1\1TTR ) by task event per subsystem and

its associated LRUs

2. 1\TTTR by task event per subsystem and LRU as % of total

MTT R for that subsystem

:~. \Taintenance man hours (M M H ) by t ask event per su bsyst em

and its associated LRU 5

4 . M M I I  by t a sk event  per subsystem and LRU as % of total

M M H  for tha t subsystem

5. M M I I  per 1000 flight hours by task event per subsystem and

its associated LRU 5

6. MT TH per 1000 flight hours by task event per subsystem and

its associated LRUs (defined as maintenance index)

L isting File:

Subsystem inherent flightline availability values for each

subsystem ranked by order of ma gn itu de

27
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The rows give the  possible outcomes of each subsystem ’s
main tenance  act ion ( M A ) ,  inc lud ing  whe the r  it cu lminated  in an on-
equipment repai r  or required rem oval  to I he shop for test and repa i r .
F o r  the  cast  ot th e  r emova ls , t i n ’  I I fl I t h a t  r e q u i t e d  rt ’I) 1ov~i1 ;i,nI

rep lacen i e t i t  is i t l e t i t  i l  ied a lo r i t .~ w i th i t s  . v e i i l u : i l  sho}) (iiSp 4 )sitiOIi .
‘[‘he off—equipment ou t c o n i e  pr ( ) l )~ib I lL t  ics lor  I R [I~

P~~- bench t e s t  and rep~t i r
= bench test  and m d  s~ r v i r i able (no repair  required)

PN = not repai rable  t h i s  st~~t i ’u (N  H I S ) ,  wh ich  is a r e tu rn
to depot t u r  i’~~ p~i i t .

The on-equi pment outcon - e p r u i m h i i i t i  es b r  t he  subsy s tem are:

PI\ 1 minor m a i n t e n a n C e  on ai r c  raf t
PCNI)  = cannot dup l i ca te  t h e  d i sc repancy .

The model computes the  a v e r a g e  resources required per main tenance
event for  each possible outcome by subsyst em and L H U .  This info r-
ma tio n can be output directl y in addit ion to bein g ut i l ized in sub-
sequen t computat ions .

Resources consu med on the f l ight  line are normally computed
on a subsystem basis . There fo re, the apportionment of the resources
on an I~flU-bas i s  requires the assumption that fli ght l ine main tenance
events culminat ing in a removal are distributed in t h e  same ratio as
the shop outcome probabilities . The apportionment of the resources
required for each event was accomplished by f i rs t  assigning the out-
come probability (W , K , and N by L R U ;  CND and M for the sub-
system ) to each appropriate element of the R&J’d model m a t r i x .  This
probability value matrix was then overlaid with the respective input
mat r ix  of t he avera ge resourc es r equired to accomplish each  of these
even ts. The H~~M model is programmed to compute the resources

• consumed per m ain t enance ev ent by combining the respective ternis
from each matr ix .

Although the details associated wi th  the  specific computations
are complex , the computational problem is conceptually straight-
fo rward.  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
to its specific maintenance events in terms of average resources and
time requi red per event along with its probability of occurrence. The
model reads the base file data and constructs FOM and intermediate
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product matrix entries for each subsystem and its LRU5 , as well as
a list of subsystem availabilities. Next , it computes the MMH/1000
F’H required by subsystem and LHU for each selected manpower
specialty code (MPSC). 1VIPSCs 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
maintenance manhour output matrices. The model also prints , in
accor dance with several output product op t ions, the matrix informa-
tion summed across selected groups of subsystems. This comple tes
the functional description of the R&1VI model. The specific algorithms
utilized in the model are summarized in Appendix C. An example
illustrating the model ’s potential use is given in the following section.

31



I V .  E X AM P L E CALCULATIONS

‘I’he basic f ea tu re s  and func t iona l  c h a r a c t e r i s t i c s  of t he  I~~ \ I
l f iO (ie l  have  been described in the  p reced ing  sections.  Specif ic
computations b r  a complete avionics  sui te  are quite comp lex because
a typ i ca l  sui te  is comprised of more than  30 subsystems and in
excess of 100 LRUs .  However , the fundamenta l  computat ional  process
can be i l lus t ra ted by examining a specific LRU .  The following is an
e x a mp le of the calculations performed by the R& 1’d model for
L R U  AC32 1, a U l l i ’  receive r - t r ansmi t t e r .

To place this example in proper perspective it is help ful to
re -examine the equipment hierarch y given in Figure 1. It is noted
tha t  L R U  AC32 1 is associated with the subsystem AC320 , UHF radio
set.  Fur the rmore, this r ece iver - t ransmi t te r  (AC32 1) is part  of the
UI-IF  (AC3) operational funct ion and is a member of the conimunica-
tions (AC) funct ional  group. Hopefully, it is clear that  the portion of
the input data set given in Tables 4 and 5 for LRU AC32 1 and sub-
sy s tem AC32 0 represents  only a small portion of the total input data
set for the entire avionics suite. Never theless, these tables contain
the  data describing the salient information required for all subsequent
calculations associated with this  example. Other LRUs  and subsystems
will have s imi lar  input  data sets.

The sequence of computa t ions  performed by the  R~~M model
was given in the execution flow cha r t  of Figure 8. The basic input
data are read ari d, a f t e r  a format  check , the MTTH and  lVI i\1I I ma t r i ce s
are constructed for each subsystem and LH U .  For example, the R &M
model computes the bench check and repair MTTR for  each L R U  by
multiplying task event t ime by probability of occurrence;  e. g . ,  using
data from Table 4, 5. 0 x .6790 = 3. 3950 as shown within the circle
in Figure 9. Similarly, the remainder of the output values in Figure 9
a re calculated for the other shop and flight line maintenance events.

The output given in Figure 9 is the MTTR matrix for the LRUs
that  comprise subsystem AC320. The parameters indicated across the
top are the fl ight line ari d shop maintenance events. A brief discussion
of the specific entries will help to describe the process. The M TTR
entry for the AGE F/ L  task , column 1, for LHU AC32 1 is calculated
using flight line input data from Table 5 for the task t ime needed to
set up support equipment. This value multiplied by the probability of
occurrence of a bench check and repair action outcome for LRU
AC32 1 from Table 5 y ields

.2  x .6790 = . 13580
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Table 4 INPUT DATA FOR LRU AC321 RECEIVER-TRANSMITTER

Shop Maintenance Event
Task

Event
Time Occurrence Numbe r of
(hrs ) Probability Technicians

Bench Check and Repair (W ) 5.0 .6790 2

Bench Chec k and CND (K) 1.4 .0295 1

Bench Check and NRTS (N) 1.3 .0295 1

Table 5 INPUT DATA FOR SIBSYSTEM AC320 UHF RADIO SET

Fli ght Line Maintenance Event
Task

Event
Time Occurrence Number of
(hrs ) Probability Technicians

Set Up Suppo rt Equipment (AGE ) .2 1.0000 2

Troubleshooting (TS) .2 .8700 1

Cannot Duplicate (CND) .8 .1300 2

Remove and Replace (R&R ) 1.4 .7569 1

On Aircraft (A /C) Maintenance (M) 1.1 .1131 1

R&R Verification (VR&R ) .5 .7569 1

On A/C Maintenance Verification (VM ) .5 .1131 2
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All othe r LRU outcomes are calculated in the sarn e manner .  L R U  sub-
totals are provided as shown in Figure 9.

Task event series which culminate in actions exclusive to t h e
subsystems are the cannot duplicate (CNJ))  and subsystem repair (r~l )
task outcomes (two bottom rows of Figure 9). To arrive at the sub-
system results shown in Figure 9 , the probability of occurrence of the
two task events (Table 5) are multiplied by the respective task event
times which lead to these two outcomes. In the case of the cannot
duplicate outcomes , only the set up support equipment and cannot
duplicat e t ask events occur . The i’~1TTH values shown for these two
task events are thus obtained from the calculations .

AGE F/ I  = . 1300 x . 2 . 026
( ‘NI)  A / C  = . 1300 x .8 = . 104

Sim i l a r l y ,  the \ I T TR of the four tasks which occur  as a result
of a subsystem repair on -a i r c ra f t  ( A/ C )  main tenance  ou~ co n ic , are
calculated as the prod uct  of the probability of occurrence of that
maintena nce event ( .  ll~~l) times each of the four task s -vent  t imes
which occ ur in conj unction with the subsystem repair; bUS

AGE 1’/ ~. = . 1131 x . 2 = . 02262
TS F / L  = .1131 x .2 = .02262
i\I A / (  = . 1131 x 1. 1 = . 12441
V1\i A / C  = • 1131 x . 5 = .05655.

Totals are provided for outcomes and tasks by the sum of rows and
columns, respectively, as shown in Figure 9.

A useful measure of t ~e relative time spent on the various
maintenance tasks is deterriiined by computing the MTTR for each task
as a percentage of the total M TTR associated with a given LRU. The
total MTTR of the subsystem is first computed and stored in the sub-
system MTTR matrix. Then MTTR as a percentage of total is
computed. For example , the output shown in 1’igure 10 is the MTTR
as a percentage of total for LRU AC32 1. It is obtained by dividing
every entry in Figure 9 by the total MTTR of the subsystem (5 .6  1395)
and multiplying by 100; thus

3. 39500 x 100 = 60. 474%
5. 6 1395
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The corresponding circled ent ry in Figure 10 shows that the bench
check and repair task for LHU AC32 1 consumes over 60 pe rcen t of t he
1\I TTR for subsystem AC320 , and thus se rves to focus attention to the
bench check and repair task as a potential high consumer of main-
tenance resources.

Ne x t , the M1\I H mat r ix  is compu ted by multiplying the task
1\ITTR by the number of technicians required for the task. For the
bench check and repair task event for LRU AC321 , two technicians
a re required as shown in Table 5. The MMII is , t he re fore

2 x 3.3950 = 6 .790

This value is circled in Figure 11. The remainder of the MMII  matrix
for each LHU in the subsystem AC320 is also shown here .

Total M l \ I I I  per subsystem is computed by summing across the
individual LRU 5 that  make up the particular subsystem. In this case ,
both fliglitline and shop 1\lMI I s  are summed for LRUs AC32 1, AC322 ,
and AC323 to give 9. 43742 as shown at the bottom r ight-hand column
01 Figure 11.

Total MMII for each task and subsystem is computed in the
same fashion. The matr ix  totals can be output for selected subsystems.
Figure 12 shows an example output for the several subsystems in the
com munications and navigation groups . In this example , the UHF radio
set (AC320) accounts for 9. 437 MMII and represents the largest value
for those subsystems shown in Figure 12 .

W hile the output matrix in Figure 12 allows one to readily key
in on the high drivers in terms of 1VIMH, it is useful to compare the
requirements of all the individual LRU5. A simple yet valid measure
for making these comparisons is MMH per LRU per event as a per-
centage of total I\1MH required for the subsystem. In thi s example the
bench check and repair task requires the largest percentage as shown
in Ea’igure 13. Specifically,

6. 79000
9. 43742 x 100 = 71 .948%

This is circled in the output report shown in Figure 13.
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Up to this point , maintenance resources ha ve been compa red on
the basis of resources required per event. Next,the freque ncy of even t
occurrence is considered by introducing the failure frequency in term s
of mea n flight hours between maintenance actions (MF’II B I\I A) .  The \ L \ I l J
per 1000 fly ing hours can then be computed and subsystems and LRUs
can be compared on the basis of their combined reliability and main-
tainability characteristics. Since the MFHB 1VIA for subsystem AC320
wa s 62 .9 , the 1VIMH per 1, 000flight hours for LRU AC32 1 becomes

6 .7 90 
= 107. 949

1000

This is shown in the output report in Figure 14. Calculations for all
output formats for the remaining Shop tasks , bench check , and canno t
duplicate (K), and bench check and not repairable this station (N) are
arrived at Similarly. It is noted that the value associated with the
Shop effort for LRU AC32 1 is by far the highest driver.

The following summarizes how the sample calculations
displayed in Figures 9 through 14 can be utilized to conduct a typical
R& 1VI study. Figure 12 shows the 1VIMH consumed per maint enance
act ion by maintenance task event for six subsystems chosen fro m a
pa rticular avionics design configuration. The specifi c equipment can
be iden t ified by referral to Appendix A through the ID code. ID code
AC320 is the UHF radio set.

This radio is the high driver of this sample set since it
consumes more than twice the rvI lVl H of the other two UHF subsystems
(AC31O and AC330) in Figure 12 . Figures 9 and 10 provide, respect-
ively, the MTTR by task per LRU and the MTTR as percent of total
for this UHF radio set.

These figures make possible an analysis of what the individual
LRU5 contribute to the maintenance requirement generation. In
particular. Figure 9 shows that LRU ID code AC32 1, the receiver—
transmitter  unit , consumes over five hours of the MTTR of that sub-
system for each maintenance action. The shop bench check and repair
uses 3.4 of thos€ hours . Figure 10, which presents time-to-repair in
percentages, shows that the receiver-transmitter consumes
approximately 92 percent of the MTTFt for the subsystem and its shop
bench check and repair time requires 60 percent of the subsystem
total.
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An indicator of the  rate at which resources are consumed is
obtained by combining these Pd 1VLII required per maintenance action
with the rate at which these unscheduled main tenance  actions occur.
1’i gure 14 displays this  output as Mi\1 I 1 per 1000 flight hours based on
an MFHBMA of 62 . 9 hours. Figure 13 displays these 1\IMH per 1000
fli ght hour values as percentage of total. The bench check and repair
time of the receive r-~t ra nsm itt er unit consumes over 72 percen t of t he
total subsystem ]\11\11I.

Now it is possible to conduct a sensitivity analysis to seek
possible means for improvemen t. A sensit ivity analysis of the two
dominan t parameters causing the high i\ I 1\IH per 1000 fli gh t hour was
conducted ( i . e .,  ~1FHB MA and shop ~VlTT R of the receiver-transmitter
LRU) .  First 1 the 1\IFHBMA of the subsystem was postulated to be
improved by 20 pe r cent , i. e ., from 62 . 9 to 75 . 5 hours , and the effect
on the dependent variable 1\ IMH/ l 000 FF1 was noted . The cha nge
resulted in a MMH/ 1000 FH decrease from 149 to 124 , an improvement
of 1’! percent. Then , the shop i\ITTR value for the receiver—trans-
mit ter  LRU was computed that would result in the same 17 percent
improvement in MMH/ 1000 P H .  In this case , the shop 1VITTR would
have had to be reduced f rom a value of 3.47 to 2.89 hours , a 17 per-
cent im provement.  Therefore,  it requires a 17 percent improvement
in the shop MTTR of this particular LHU to attain the same effect  as
would an overall 20 percent reliability improvement (decrease in
1\IFIIHMA) for the entire radio. This kind of tradeoff visibility w hich
the exercise of the R &I~1 model provides should be a valuable aid in
system design and planning activities.

For the purpose of illustration and to fur ther  define the
sensi t ivities, an additional 20 percent postulated reliability improve-
ment was input. The dependent variable value was computed and the
subsequent MTTR improvement alternative was calculated , as
described previously. These values , alon g w i t h  those from the first
model run , are reco rded in Table 6 and plotted comparatively in
Figure 15. Results indicated that an additional 12 percent improve-
ment in MMI- 1/ 1000 PH could be achieved by effecting either a 12
percent improvement in MTTR or a 20 percent improvement in

~1 FIIBMA.
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‘I’he informa tion regarding these two alternatives provides the
basis for a t ra deoff  analysis. Its generation by the R & M  model clearly
demonst ra tes  the usefulness of its application in either a one- t ime onl y
or iterative manner .  In actual practice , a cost benefit  analysis would
be conducted. The cost that results fro m the 17 percent reduction in
MM H /  1000 FH should be compared with the investment costs required
to attain each of the two alternatives to provide a basis for design or
planning action.

The purpose of this section has been to illustrate the specific
calculations performed by the R&M model when actual data for LRU
AC321, receiver-transmitter, were utilized. Sample output products
have been used to explain how the model functions. However , the
illustrations used also indicate the potential of the model as an
analysis tool. For example, the sample products illustrate how high
driver subsystems can be identified in terms of service availability,
mean time to repair , and maintenance manhours consumed. The
format of the model makes it possible to analyze each LRU by shop
outcome including the resources the LRU consumed as a part of the
subsystem. Also, the LRUs causing high CND and maintenance on air-
craft rates for the flightline subsystem repairs can be evaluated. The
units that are high cost drivers or that may be causes of poor opera-
tional availability can be thus identified and studied.

The example was then used to discuss the use of the model to
2onduct a sensitivity analysis . This important application leads to th€
performance of tradeoff analyses and “what if” evaluations that can be
accomplished by examining parameters that would influence the design.
These “what if ’1 evaluations include exercising the R&M model to
determine the impact of varying equipment characteristics or main-
tenance considerations such as:

( 1) Reliability : probabil ity of maintenance actions and the
rate of failures of subsystems and LRUs

(2) Maintainability: average time to accomplish specific
tasks and the probability of specific maintenance actions
occurring

(3) Central integrated test system (CITS) and built-in-test-
equipment (BITE) effectiveness: t if l i c  to troubleshoot
(~N I )  events

(4) Level of repair or main tenan ce  concept: proportions of
flightline , shop, and depot maintenance events

(5) Design: effect on any of the above parameters due to any
new or modified design characteristic.
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A ppendix A

1)ATA BANK CODES & SYMBOLS AND

EQUIPMENT IDENTIFICATION NIJMBERS

-- DATA BANK SAMPLE - M]D- 1980s DAIS AVIONICS

w Maj or System (Avionics)
‘ Functional Group

-

~~~ Operational Function
~ Subsystem
~ Line Replaceable Unit

ID WTJC NA ME

FUNCTIONAL GROUP - (A) AIR-GROUND -ATTACK

OPERATIONAL FUNCTION - (1) FIRE CONTROL

AAI1O 74G00 Forward Looking Infr ared Detecting Set
AAI1I 7 4GA0 Infrared Receiver
AA 112 74GB0 Power Supply
AA113 74GC0 Optical Sensor Stabilization Pod

AA12O 74F100 Laser Target Identification Set
AA 121 74HA0 Laser /Electro-Optics/Girnbals - Pod

FUNCTIONA L GROUP - (C) COMMUNICATIONS

OPERATIONA L FUNCTION - ( 1) HF

AC 1IO G 1AOO HF Radio
AC111 6 1AA O Receiver/Transmitter
ACI12 61ABO Amplifier Power Supply
AC 113 61BA0 Antenna Coupler
AC114 61BCO Variable Capac itor

OPERATIONA L FUNCTION - (2) VHF

AC2 1O 62A00 VHF-FM Communications Set
AC2 11 62AA0 Receiver/Transmitter
AC212 62AE0 Antenna Coupler

A - i
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II) WUC NAME

OPERATIONA L FUNCTION - (3) UHF

AC3 1O 635 10 Data Link
AC3 11 6351 1 Converter/Receiver
AC312 63515 Mount & Antenna

AC320 63A00 UHF Radio Set
AC32 1 63AA 0 Receiver/Transmitter
AC 322 63AE0 Diplexer
AC323 63AL0 Standing Wave Ratio Indicator

AC330 63B00 Automatic Directional Find ing Group
AC33 1 63BA0 Relay Amplifier
AC332 63BB0 Antenna
AC333 63BC0 Receiver
AC334 63BF0 Mount

OPERATION Js UNCTION - (4) INTERPHONE

AC4 1O 64A00 Intercom Set
AC4 11 6 4AA0 Intercom Set Control
AC412 B4ACO Station Intercom
AC413 64AG0 Audio Relay Assembly

OPERATIONAL I~’UNCTlON - (5) 1FF

AC5 1O 65A00 1FF Transponder Set
AC5 11 65AA0 Receiver / Transmitter

OPERATIONA L FUNCTION - (6) TSEC

AC61O 69A00 Speech Security System
AC6 11 69AA0 Coder/Decoder
ACG12 69AC0 Relay

A-2



ID WUC NAME

FUNCTIONA L GROUP - ( I )  IN STRLMEN T S

OPERATIONAL FUNCTION - ( 1) FLIGHT

A i l l O  51A00 Flight Instruments
AI 111 S1AAO Airp lane System Ins t rument s
Al 112 5 1ABO Counting Accelerometer
i\1113 51ADO A pproach Att i tude Indicating System
A1l14 S1AE O Pitot Static System

OPERATIONAL FUNCTION - (2 )  NAVIGATiON

A1120 51B00 Navigational Instruments
A 1121 51BA O Remote Standby Attitude Indicating System

FUNCTIONA L GROU P - (M ) MISCELLANEOUS
OPERATIONAL !‘UNCTIO N - (1) ELECTRONIC

COU1’-~TERMEASURES

AM 110 76E00 Radar Homing &Warning System
AM i l l  76EA0 Signal Processor
AM 112 76EB0 Receiver
AM 113 76EC0 A m plifier Detector

AM 12 O 76L00 Infrared Tail Warning
AM 121 76LA 0 Search Track Scanner

OPERAT IONAL FUNCTION - (2 ) PHOTO

AM2 1O 77A00 Strike Camera System
AM21 1 7 7AA 0 Strike Camera
AM2 12 77AB0 Mount
AM2 13 77AC0 Camer a Box
AM2 14 77AE0 Camera Control , Electrical

FUNCTIONA L GROUP - (N ) NAVIGATION

OPERATIONAL FUNCTION - (1) RADIO NAViGATION

AN 11O 71A00 Heading Mode System
AN 111 71ADO Rate Gyro Transmitter

A-3
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11) \ V L J C  N A M E

AN 120 71 1-tOO Tacan Set
AN 121 7 1BAO Receiver /Transmit ter
AN 122 7 1BDO Antenna Switch

AN1 3O 7 1C00 Instrument  Landing System
AN 13 1 71CAO Radio Marker Beacon and Glideslope Receiver
AN 132 7 1CDO Antenna

OPERATIONA L FUNCTION - (2 )  RADA R NAVIGATION

AN21O 72A00 Radar Altimeter Set
AN2 11 72AA 0 Receiver/Transmitter
AN2 12 72AB0 Antenna Switching Unit ( Interference Blanker)
AN2 13 72AC0 Antenna Receiver

AN220 72B00 Radar Beacon Set
AN22 1 72BA 0 Receiver/Transmitter
AN222 72BD0 Antenna

OPERATIONAL FUNCTION - (3) BOMBIN G NAVIGAT ION

AN3 1O 73A00 Forward Looking Radar
AN 311 7 3AA O Antenna/Transmitter
AN3 12 73AB0 Radar Receiver
AN3 13 73AC0 Power Supply
AN3 14 73AJ0 Radar Set Mounts
AN3 15 73AK0 Blower and Duct Assembly

AN320 73C00 Air Data Computer System
AN32 1 73CA0 Air Data Computer
AN 322 73CH0 Total Temperature Probe

AN330 73F00 Inertial Measurement Set
AN331 73FA0 Inertial Measurement Unit

FUNCTIONA L GROUP - (Z) CORE ELEMENTS

OPERATIONAL FUNCTION - ( 1) DISPLAYS

AZ 11O 7WAOO DAIS Electronic Display Group
AZ 111 7WA.A 0 Multipurpose Disp lay QPA = 2
AZ 112 7WACO Horizontal Situation Display

A-4
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H) W U C  NAME

AZ 120 7 \\ BOO Special Purpose Displays
AZ I2 1  7WBA O Heads-Up Disp lay
AZ 122 7WBBO Vertical Situation Display

AZ 13O 7WCOO Display Controls
AZ 13 1 7WCAO Modular Programmable Display Gen . QPA = 2
AZ 132 7WCCO Display Switch / Memory Unit

AZ 14O 7WDOO Mass Memory Unit
AZ 141 7WDA O Electronic Unit
AZ 142 7WDBO Magnetic Tape Transport Unit
AZ143 7WDCO Control Unit

OPERATIONA L FUNCTION - (2)  CONTROLS

AZ2 10 7XEOO Multifunctional Controls
AZ211 7XEAO Integrated Multifunctional Keyboard
AZ212 7XECO Multi ple Functional Control Panel QPA = 2

AZ220 7XFOO Dedica ted Controls
AZ221 7XFA O Power/Start-up Panel
AZ222 7XFBO Armament Panel
AZ223 7XFCO Communications Panel
AZ224 7XFDO Alpha / Numeric Entry Keyboard (DEK)
AZ225 7XFEO Master Mode Panel
AZ226 7XFFO Sensor Controller Panel (SMCP)
AZ227 7XFGO Sensor Controller Unit (SCU)

OPERAT IONA L FUNCTION - (3) PROCESSOR

AZ31O 7YAOO Processor
AZ3 11 7YAA O Computer Processor
AZ3 12 7YABO Maintenance/Control Panel

OPERATIONAL FUNCTION - (4) MULTIPLEX UNITS

AZ4 1O 7ZAOO Bus Control Interface Unit s
AZ4 11 7ZADO Bus Control Interface Units QPA = 4

AZ420 7ZBOO Remote Terminal Units
AZ42 1 7ZBA O Remote Terminal Units QPA = 10

A-5



Appendix I t

ACRONYMS

AFSC Air Force specialty code
BITE built-in-test-equipment
CAS close air support
CITS central integrated test system
CND cannot duplicate
DAIS digital avionics information system
FOM figure of merit
ID equipment identification number
LCC life cycle cost
LCCIIV1 life cycle cost impact model
I ~(~O M logistics composite model
L RU  line replaceable unit
MA maintenance action
M F I I I t M A  mean flight hours between maintenance actions
MM II  maintenance manhours
M 1VIMS maintenance manpower modeling system
MPSC manpower specialty code
MTTR mean tim e to repair
NRTS not repairable this station
O&M operation and maintenance
R&M reliability and maintainability
SE support equipment
SRU shop replaceable unit
UHF ultra high frequency
WUC work unit code
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Appendix C

BASIC ALGORITHMS FOR R&M MODEL

1. Probability Algorithms*

Maintenance Task Event Probability Matrix Inputs
PA 1 (W) = PT1 (W) = PR 1 (W) PVR .(W) =

Pp,~(K) = PT1 (K) = PR 1 (K) PV R.(K) =

PAI (N) = PT~(N) = PR~(N) Pv8.(N) =

PA(C) = PC(C) = 

~CND
PA(M) = PT(M) PM(M)=P V M(M) =

whe re:

P~~1( ) probability of maintenance event X occurring in the
ith LRU given that that action wiU culminate in the
outcome in parenthesis (W ,K ,N ,C, or M). No jt h
subscript indicates that the event is applicable to
the subsystem (i. e., all the LB Us). Each probability
in a given row is assigned the value of the input
parameter (outcome event probability) for that row.
This apportions the probabilities by outcome for that
series of maintenance events.

2 . 1\ITTR by Maintenance Event for each Subsystem and LRU**
MTTR = Pi,3 • t1

whe re:

P = probability of a maintenance event occurring whenever a
maintenance action (MA ) has been initiated

*These probabilities are not programmed as direct outputs but form
the [P1 matrix for all required computations. Refer to Figure 7 for
the format of the array resulting from these probability equations.

~~Figure 9 illustrates the matrix format obtained from this equation.
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Appendi x C (continued)

t = average task time required to accomplish each m ain t enance

even t in the array (e. g.,  tAi ~~~~~ = tA 1 . (K) t~~ -(N) =

TA~(C) = TA~(M)) ‘~~

= ith row of the array (each LRU requires three rows , i. e. ,
W , K, nor N outcomes)

= j th column of the array (maintenance events)

MTTR = mean time to repair

3. MMH by Maintenance E vent for each Subsystem and LRU

MM H ‘ =  MTTR ’ - . N~1,3 1,3 3

where MMII maintenance manhours

N = number of technicians assigned to each of the maintenance
events (3 th column) in the MTTR matrix

4. MMII per 1000 Flight Hours by Maintenance Event for each
Subsystem and LRU

MM H/ l0 0OF H~,3 = MFHBMA • MMH~,3

whe re
MFHBMA mean flight hours between maintenance actions for

the subsystem

5. MTTR per 1000 Flight Hours by Maintenance Event for each
Subsystem and LRU

MTTR/ 1000FH~,~ = t~~~~A • 1VITTR1,3

SUMMATION ALGORITHMS FOR MTTR OR MMH MATRICES

6. MTTR or MMH Total by Outcome for each LRU in each
Subsystem

m
MTTR TOT/OUT 1 = ~~ MTTR~,3

1=1
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A ppendix C (cot it  iI)U ( ’(fl

where:

j identifies the maintenance task events (columns of the mat r ix)
m = the various maintenance task event values (1~1TTR or 1\1IM II )

in that row

i = the outcomes (W , K , and N for each LRU , and CND and Pd
for the su5system)

= indicates evaluated at the ~th ou tcome

7. MTTR or M IVIH Subtotal is the Aggregate of the Maintenance
Task Event Values for each LRU (columnar sums of the W , K ,
N values for that LRU)

MTTR SUB = MTTR x~(W) + MTTR ~~1(K) + MTTR x~(N)

where:

is maintenance event X for the ith LRU.
Letter in parenthesis is the shop outcome for that LRU.

8. MTTR or MMH Total per Maintenance Task Event is the
Aggregate of the Values for that Subsystem (sums of the
columns)

n
MTTR TOT/TSK ~ (MTTR SUB) + MTTR(C) + M TTR( M)

i=lwh ere:

n is the LRU5 in that subsystem

Letter in parenthesis is the subsystem outcome.

9. MTTR or MMH Total per Subsystem is the Grand Total for all
of the Maintenance Task Events (Sum of the columnar sums)
MTTR TOT = � (MTTR TOT/TSK)
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Appendix C (continued)

10. 1 \ ITTR as I’ercent  of Tot al MTTII by Maintenanc  E~ cut tOr

each Subsystem and LRU

~ lTTR ~, ~ 
= 

MTTR’roT • MTT l~~,

wher e :

MTTR-I ’OT = total 1\[TTR for all ma in tenance  even t s  f o r  a
subsy st em

ii. . 1 \ I M I I  ~is Pci-cent of Total MMII  by I \ Ia in tenance  Action for
each Subsystem and LRU

~ ~\1MH~, 
~ 

= • Pd MH~~, 
~

where :

~
1
~~

111 TOT total i\1MH for all maintenance events for a
subsystem

12 . Subsystem Inherent Flight Line Availability

A - 
MF IIBMA

- 

MFFIBMA + MTTRF

where :

MTTR F is the MTTR for flight line maintenance events only.
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