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20. A~~ TRACT (concluded)

‘
~ The AFSATCOM LCC Model provides for three echelons of maintenance , for

communications terminal configurations of black boxes which may differ from base to
base, and for reliability data which is a function of operating environment .
In addition to LCC , the model calculates terminal availability as a result of

‘1 initial sparing levels computed.

• Th i ’ . report presents the detailed structure of the model. A description of the
ou~p i” reports with illustration from a sample model run is included .
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,‘ the model stem from an AFSATCOM decision to purchase the LRUs
wh ich are assembled to form terminals  ra ther  than to buy whole
terminals. In order to make tradeoff studies among system
configurations with the greatest possible ease , the m odel is
designed to accept as user ’s input the structure of SRUm in LHUu , of
LRUs in terminals , and of terminals on bases.

AFSATCUM logistics studies which have been served by this model
inc lude a computation of the potential savings available in system
life cycle cost when abandoning the trad itional concept of each base
having its own repair facility , in favor of grouping bases , with one
member of each group serving as the “centralized intermediate
ma intenance facility ,” or CIMF , for that group . This study revealed
a potent ial savings of $35 million over a ten—year life cycle when
adopting this “centralized” maintenance posture , with neplligible
impact upon terminal ava i l ab i l i t y ,

Another important use of the AFSA TCOM LCC Model has been to
calculate the initial sparing requirements (size of inventories),
for each LRU type , at each base and at the depot , and to compute
base and depot support equipment requirements , in order to establish
procurement size for the produc tion contract. As a part of this
study, the AFSATCOM LCC Model was used to assess the cost—
effectiveness of using maintenance bench sets (“hot mock—ups ,”
installed at bases designated by the user , to test LRUs in an
equivalent failure—free environment) along with , or in place of ,
special AFSATCOM support equipment.

Another  fea ture  of the AFSATCOM LCC Model is that cost elements
which are not inherent ly  sys tem—wide are a t t r i bu t ab l e  to the various
LHU types and/or  te rminal  types for which the costs are incurred .
The model displays this portion of l i f e  cycle cost broken down by ‘ -

LHLJ and terminal, The various LRU types and terminal types are
ranked by their prorated share of life cycle cost , permitting
identification of the more significant cost—driving LRUs within
AFS A TCON , so as to pinpoint those specific component” of the system
where further efforts would have the greatest potential impact on
cost reduction.

1.3 ç~~t Elements

The basic cost elements which are assoc iated with the AFSATCOM
life cycle after the validation phase are shown in Exhibit 1. These
cost elements are consistent with the military standard work
breakdown structures of MIL—STD—881 (Reference [2]), with additional

10
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catepories as per basic AFLC guidance.  Since the AFSATCOM LCC Model
is i: 1-ended to assist in logistics tradeoff  studies for AF SATC OM in
the : -at—development phase , not all of these cost elements are
required for this analysis . Those costs which are incurred during
the development phase are considered sunk costs for this LCC model
and are not included in the analysis. Industrial Facilities ,
operational Activation , Test and Evaluation , System/Project
t4anagement , Systems Program Office (SF0) and General System
Engineering/Technical Direction (GSE/TD) will be the same regardless
of the alternatives under study, and likewise are excluded from the
model . In other words , only those costs which will not be common to
all alternatives are included . In the case of Operational
Activation , some variances may occur , but the differences are not
expected to be significant.

The basic AFSATCOM LCC Model consists of eleven separate cost
elements. These cost elements are presented in Exhibit 2. These
eleven cost elements reflect both the AFSATCOM primary acquisition
cost and the costs of operation and support of’ the system . The
aggregate of these eleven cost elements for all LRUs in all
terminals is, for the purpose of this program , referred to as life
cycle cost (LCC).

For the AFSATCOM program , this LCC Model has found the major
cost com ponents to be Cost Elements 1 , 2, 5, and 7. Cost Element 1 ,
Prime Mission Equipment Acquisition , an d Cost Elemen t 5 , Replacement
LRU s and SRUs , comprise 77% of the total AFSATCOM LCC as defined
above; Cost Elements 2 and 7, Spares Acquisition and Support 

- 
-

Equipment , account for an additional 15% of LCC.

Each cost element is computed via its own equation; these
equations are given in detail in Sections 2.1 and 3,1 below . When
applicable , each cost element equation is expressed as a summation
of the costs of a particular LR[J operating in a particular terminal.
When this Is not possible without an artificial proration scheme ,
t he costs are calcula ted at the LRU lev el , e.g., Cost Element 2,
Spares Acquisition , or at the system level , e.g., Cost Element 8 ,
Initial Training .

I
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1 . i~rime Mission I’lquipmont. (Hardware) Aequ isi t ber m

Spares Acquisition

3 .  Main tenance  Bench Sets

lb . “ 0 f f — E q uipment ”  Repair s

Replacement L RU s and ~IhUs

6 .  “On — E q u i p m e n t ”  ( 0rgan~ zat lo n a1 Level) R e p a ir s

7. Support Equipment (I~E)

8. Initial Training

9. Recurring Training

10. New Item lnventory Management

11 .  ‘l’echnica l  Data

Exhibit 2. The Eleven Cost Element s t’or the A l”IJATCOM LCC Model
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The equation of Cost. Element U requires the number of spares of
each LRU at each base , and the number of spares of’ each 1,HU at- t he
depot. These quanttt.ies are calculated by t,he Sparing Routine ,
discussed In Sections U.U and 3.U below .

As a side calculation , the AFSATCOM LCC Model develop s the
terminal availabilit .y at each base . The equations used are given In
Sect .tons U.3 and 3.3. The probabil ities of’ backordering , I.e., of
need ing replenishment  LRUs ~~~~ tnvent.ory has been depleted , are
received as inputs from the Sparing Routine .

i . lb ~~~~~~~~~~~~~~~~~~

The AFSATCOM LCC Model prov ides for two maintenance postures :
“non—centralized” maintenance and “centralized” maintenanc e . In the
“non—centralized ” maintenance posture , each base is capable of
provid ing base repair for any LRU type designated as base
repairable. In the “centralized ” maintenance posture , some (or a l l )
of the bases are assigned to groups within which base—level
ma intenance is pooled . Thus, In the centralized maintenance posture
any bases not assigned to a group will perform base repair exa ctly
as in the non—centralized maintenance posture; each grouping of
bases will have one base assigned as the “centralized Intermediate
ma intenance facility ” or CIMF , and all base—level maintenance of the
gro u p will be performed at the CIMF .

1.5 ~~~~~~~~~~~~~~~~~~~~~~~~~

Two other repair—level designations are possible for LRU types ,
besides the base—repair designation discussed above. These are
depot—level repair and condemnation (no repair) upon failure . Under
the “non—centralized” maintenance posture , the action of packaging
and shtpping t.o the depot , when warrant-ed , is Initiated at the base
at wh ich the failure occurs . Under the “central Izod” ma intenan ce’
posture , all failures are shipped to the CIMF ; whet,her furt,her
shipping to the depot is warranted is decided at, the t’IMF.

1
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SECTION U

THE A1’SATCOM LCC MODEl, WITH “NON—CENTRALIZED” MA INTENANCE POSTURE

For slinpi Icity of document ation , the LCC Rout m e , the Sparing
Routine , and the Availability Routine will first be pres ented  below
(Sections 2.1 , U.2 , and 2.3) in their entirety, as they apply t-~ the
“non—centralized ” ma tnt.enance posture . The “centralized” nra tnt.enm ,ir-ee ’
posture will be discussed in Section ~~, where the m anner of ’
inputting a given configuration of’ st .and—alone bases (i.e., bast’s
not- assigned to any group )  , g r o u p i n g s , and d M1” bases wI 11 II m ’ st .  t e
presented . The d o c u m e n t a t i o n  w i l l  then ret -urn t o  i-he 1, ( ’l.’ Routin e ,
the Sparing Rout ine , and the  A v a i l a b i l i t y  R o u t i n e  (Sect. loris ‘~~. 1 ,
3.2, and 3 . 3 ) ;  only the necessary changes t.o convert ,  from “non—
cent.ralized” maintenance posture t-o “centralized” maintenance’

posture will be discussed in those sections .

Notation used throughout - will conform t-o that of’ 1”OHTRAN , wit - h
except. tons for summat tons , exponent. Ia 1 t’un ct .  ion , and greatest.—
i n t e ger  function . Mult ipl ication will he denot.ed by an asterisk ,
e.g. , A’B, and m d  ices will he writ -ten in capit.al letters .
Summat ions will be represented by a summati on symbol , ~~~~~, wi t - h th e ’
index of the summation pr inted d ircetly b e n e a t h  it  . The upper ’ I f t
of the summation will not be print ed ; the ~ um yjil~~ fo r  th at
index will be implied tn all cases. Throughout. , index I will
represent 1.RU type , index J will represen t- SRU type (appearing in
Cost- Element. 5 only) , Index K w i l l  r epresent.  t e r m i n a l  t y p e , i ndex N S
will represent. speci fic bases , and index L will represent the’ SF.Rl’
(Support. Equ ipment .  Review Document- ) it-em number Con’ support-
eq uipment .  ( S E ) .  ln Cost Element 8 , t .he index H w i l l  repr esent  t h e
category number in t h e  g roup ing  of ’ [ Rita in t o  c at e g o rie s  for  t e a  I n n  t n ~ .
purposes .

in the actual FORTRAN program for t h e  AFS AT COM L i f e  Cyc le  Cost
t’bdel, SITELCC , user—defined upper limtt - s are provided for, to be

— associated with summations on indices I, J, K , NS , and L. These
need not be as great as the FORTRAN dimension limit s of the comput-en ’
program . These d imension limits , which determine the capacity of’
the model , are as follows : I -~~~ di ft’erent. LHU types , up i-c 140 SRI)
types per LRU type , ~O different terminal types , q’~ s it e s  (Q1 4 bases
plus one depot), and up to 200 different . kinds of su pport. e q u i p m en t
items .
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Documen ta t io n  of the A 1” SATC OM LC C Model w i l l  be addressed to the
case ot ’ a s ing le  depot for the depot—level repair of AF’SATCOM LRUs
arid SRUs . As such , it will not be necessary to provide an Index for
depots. However , the program is readily expandable to a case of’
more than one de’pot ; many of the variables which are presented here
as depot—dependent and without index NS exist In the program as a
function of NS preceded by program logic to ascertain when the value
ci NS exceeds the greatest value representing a base . However , such
program expansion would require the introduction of vectors or
matrices to assign the appropriate depot choice for given LHU type ,
termina l type and/on’ base .

Isxef ’ def’initions are included as needed for the d i scuss ion .
The reajer is also advised to consult the Glossary at the end of’
th i s  do c ’ument for more thorough definition s of the FORTRAN variables
in t roduced here , and the uni t s  in w h i c h  these va r i ab les  are
mea sured . The source of ’ numerical  data  for each input  v a r i a b l e
~~t . t ’ . ,  parameter) is included  In the Glossary entry . For’ F OR TRA N
variables\ which are computed Internally by the model , the Ulo ssary
entry references the approprIa~.e section of’ the text for the
defining equation(s).

U .  1 ~~~~~~ c~~~A~~n~~~~uQIi~
The eleven cost elements of’ the AFSATCOM LCC Model are listed in

Exhibit U. The detailed equations (‘on’ these cost elements are
presented In this section. The units for each cost elemen t are in
total dollars expended over’ the operational service life of’ the
system .

.1. 1 ~~~~~~ efuent 1 (Har~.~~i1e kcQuisition~

Cost Element 1 is the acq~uIsition cost of’ primary mission I -
equipment , namely, the cost of’ buying the AESATCOM terminals. Due
to ann A1’SATCOM decision to purchase the LRUs which are assembled to
form terminals rath er than to buy whole terminals , this computation
Is performed on an LRU basis. This procedure allows for last minute
configuration changes and the ability to design terminals for
spe ’elf ’ic locations . The equation for Cost Element 1 is

S(’(l) ~ ~ QPA(I ,K)’NTS(K)’IJC (I)
K I

I
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w her e  ~ i ’A ( I , K ’ )  is t i n e  qua n t i t  y of’ 1- bUs of ’ I. ype I i n i s t  :il  led in a
t ermina l of’ t y p e K, NTSi,R ) is t he t o t  i i  n umber a t ’ t e r m i n al s  of t y~~’
K t a be purchased , a r id  ( I C  ( 1  ‘I is  t in e  unit east (‘on’ a n LRU of t yp e I

The q u a nt  i ty  NTS(K I is c o m p u t  d inn te t ’n al ly by t is’ m od el

~~ I I ’ ( K , NS ’)

w h e r e  1T(K , N S )  is t h e  number  of terminal s of t ype  K t a be a p i t at  c i
a t  b as e  NS , a u ser ’  ‘a input  to the model . (~~~~e: in order t o
ci m m m t s i t e  the ine’t’t’ioiency and t ’ x f t ’il se’ o f ’ stor’inng in core a m atrix
w hi c h  i s  relatively sparse , a p r o v i s i o n  exists within t h e ’  ~FSA l’U ~:
l.~~ t ’iodei whe reby any subset of’ I-he m a t r i x  [ l T ( K ,NS)J w ithin wh ich
c m i  y o ne t e r m i n a l  per base Is 5s:~ r~~n i cd can he stored In ~‘orc as a
cnrt’ —d imens iana i array.)

( h i s  cost e lement  can he broken down according t o  LRU t y p e  or
t e rm i n a l  type . That por t ion  at ’ Cost. Ele ment  1 a t t r i b u t a b l e  t o  LEU
type 1 is ca lcu la ted  as in the above equa t ion  but w i t h  summat ion  on
K only. That port ion of Cost Element  1 a t t r I b u t a b l e  to t e r m i n a l
t y p e ’ K is ca l cu l a t ed  as In the  above ’ e q u a t i o n  but  w i t h  s u m m a t i o n  on
I only.

U . 1 . U  t E1eJnem1~~~~ jS~ares Ae?~ u isit1on )

Coat Element U is the spares acquisit Ion ~ o~~t . This cost
element . consist a of the m u  ial investment costs of [.RU spares
nic~’e’ss.ur’y to support the base and depot n’cpa ir pip elines , to pe at  c ’s I

~~~ i m i s t  t’l inc I u.n I ions in  demand and in pipeline tim e ’ . The equa t Ion
n ne I ude’~ t he east  ~ at ’ invent or lea i t  r ; i~’ in base m id at the depot

~, [ ~~~Sb(  I ,NS) + Sin , I) I’UC( I)
I NS

wh er e ’  ~ U (  I , NS) is the  number  of ’  s p . m n ’ es  o f LRU t y p e ’ I t o  h e’ acquired
t a r  In v en t o r y  .m t  base N S , SN I )  Is t in e number at’ apart’s of LR U type
1 to h~’ acquired for  i nven to ry  .n t  t h e  d e p o t ,  and U C ( l ’ )  is the unit
cost ( t o n ’  i n it. i i i  prov is t o n i n g ) of ’ an L H U of t ype ’ I
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The Inputs SB(I,NS) and S D( I )  are calculated by the Sparing
Routine , disc ussed in Section 2.2 below. In particular , SB( I ,NS) Is
the Sparing Routine output variable QS when the Sparing Routine
input varIable AS is as discussed in Subsection 2.2.2.), “Load
Factor for Base Inventory ;” SD(I) is Sparing Routine output variable
QS when Sparing Routine input variable AS is as disc ussed in
Subsection 2.2.2.2, “Load Factor for Depot Inventory .”

This cost element can be broken down according to Lilli type ,
Ili~nt portion of Cost Element 2 attrIbutable to LRIJ type  I would he
t’cunei as in the above expression but with the summation on I
omi t t ed .

U.1. 3 Cost Element 3 (MaIntenance Bench Sets)

Cost Element 3 is the acquisition cost of maintenance bench sets
(“hot mock—ups”). At certain bases designated by the user , a
ma intenance bench set will be installed to exercise the built—in
test equipment (BITE) of an LRU in an equivalent failure—free
environment , in the course of isolating malfunctions at the LRU
level . The model can handle up to six different types of
maintenance bench sets available for the various selected bases.
When a maintenance bench set exists at a given base , special
MSATCOM support equipment need not necessarily be purchased for
that base . This information is carried in the coding of the six
available maintenance bench set types. The user specifies which of
these six values designate that special AFSATCOM support equipment
is also purchased for the given base ; for the remainder (if any),
special AFSATCOM support equipment is ~~~ also purchased for a base
when that type maintenance bench set is purchased for the base .
(See also Cost Element 7, Support Equipment.)

The equation for Cost Element 3 is I 
-

SC(3) E E HMU(NHM (NS),I)’UC(I)’(l + PIUP’AMAH)
NS 1

where NHM(NS) Is the type of maintenance bench set used at base NS
(zero if no maintenance bench set at base NS, otherwise coded to
designate whether or not special AFSATCOM support equipment is also
purchased for base NS), and HMU(NHM ,I) Is the quantity of LRUs of
type I installed In maintenance bench set type Ni-3M . Typically,
special “LRLJs” are defined for this purpose .
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f l ie  t e r m  P1 I I I ’ ’A N A II  1 s t he added —on t’m ’ .mc t t a n  t o  n i l  ow for t lie ’
n.m t i n t  e r r  t t n e ’ e c i ’ t inc ma t i n t  e ’ i i , l m i ~ ’ c l ena in a ct  s t h e m  S c ’ l v  C’S , av e r ’  t il e ’ l i f e ’
a) a l e ’ .

~i is  cost  ci e’rnent- c ,mmn be’ broken down ,mca o t ’d  trig (a 1 Ut ’  t V et’
f l n . m t  ~‘a m ’ t  t o r n  a t ’ Cost  El e’rnem nt  at  I n ’  I but ahi  e’ t o  l R U  I y pe ’ I w a u l  ~l be’
f o u n d  .ns i n n  t h e  .nb c v  0 e’X pee’as ion , but w i t  in t h e  sumn a I t a r n  c i i  1
aii~ r t  t c’,)

1 . 1) ~~~~~~ ~j j t~1l(c ’ i l t  ~~i ” 1.2t~t ’— ~_4 t! U’n~c ’nt “ R0l’a t ra

ea st i~ I enne’m nt 1~ a the I i  Ce c y c l e  cos t a t’ “ot ’t’— e’qui pmenn t
re’pa irs , I .t ’ . , r ’ e’pa tes  at  base ’ and depot level a pem’for’mt’d cii i.h ’Us
win te’h must he re ’mav e~1 f’rom t he’ I r r’espe ’c I i v e’ I c ’m ’m t m a  I s  . Inc  ( t i ded i s
th e’ lab or  co s t  i m i a n n r m ’ ~’,~ I’d ’  t inc  t o  ~l 1.mgm nase ’ , t’ e’~\I ft or ,nt t erupt t a
repa i r , .mt  t ire LHU 1ev ci  a t ’ i mi d en t ure . ‘l’h e eq nra t I cmi  t a r  t h i  a ~‘oa t
e I emnent  al so  in c I tide~i I l ie ’ p a ck t rig and sli t pp 1mg cas t  i nc  urrt’d due 1mg

he life a yc I t ’ of ’ such I.}lUs . The cast  at ’ removal and rep 1 .nce ’m e n i t  a t ’

t a  [r i o t  uded w i t h  n,’cst  El emeni t t’ , th e’ sum of .n 11 casts due t a
“ o m i — e q u i  pment “ repa irs amid ma in t e’ni mmlc  C’ , I . • , wo r’k per to rnmed ,m t I he
ermu Imnais . hat in l~ hor .nmm d materia Is o o st s  assac t a t  e~l w i t  In l e ve l  a a t ’

indenture lower  than t he ’ LRU are included with Cast Element ~‘ . Ear
a ny  I RU wh tab doe’~ not furt lien’ sutcd lv ide ’ h i t  a .ini  SRI ) l ev e l  at ’
t m d  c i i  t ure , t h e  labor’ cast a t ’ m’ep ~n Ir is accounted tar In Cost El e’me ’m i t

~n md I he’ mn:.r t em ’ Ia Is cos t a t ’ reps in’ i s  in c l u d e d  wit in Cast  E l e men t  ‘‘

h1 - CqUa t t an  t ’a r Cast El em emi t ~i t a as t ’a (lows

IU ’Pil IF” ~~ ~~~ F A I L ( I , K , N e, h I P F ( 1 ~ +
N S K I

~n n t ’rc ’ 1’ . 1’ t a t he’ a) ’ e ’ t ’ , m t  t o n a l  se’rv lOc ’ I t  Ce ’ at ’ t h e ’ s v st  em , in years
I I • • ~~:- is I ht’ expe cted  n u mmmt ’ e’n’ a t ’ n ’en iav sl a pee mont ii at ’ Lh’lJ

i n term 15, 11 t y p e ’ K .it base NS , U1’Fn, I is the expect c’d
m,n mipcwc ’ i’ cost  I a re’p.n In’ an LR U a t’ type I , and RTF ( I , NS i s t he’
e~ ~‘e ’a I e ’d m’a un d t rip p.tc k in g  and ah I ppl rig cast t’a n ’ an Lilt ) a t ’ t v pe ’ I
Cram Pa it’ N S , g iv  e’t i  that the LR I I t n , n s  been m’ e’mnov ed t ’o m ’ rep.m In ’s  . rU e
u r n t a a t ’ h1~ F 1’ ) . r m m , i  U T!” I , NS ) art’ d al  1, - n m ’s pe’n’ m’ e’nmova 1

1
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lIr e components FAIL(I ,K ,NS), HPF I, I), and RTF (l ,NS) ar e comput ed
from more basic inputs:

~A ii~~I,~~,NS) ~~‘A(l ,K)’lT(K ,NS )(1~ RIP (I))’ATOHlK ,NS)
‘!‘iFAC(LE(K))/!’IQTB!’)A(I,LE(K)

hI - ’ ’, ~) = 1 LH’h ~‘,(l)*RT(I)*BMF*KB
+ I 1.h’NRTS(l)’RI’(l)’DMF’KD

— &

U I H , I , N S)  PS(LU(NS))’PWEl (LO(NS)) KB
* (2*NHTS (I) + C O N P ( I ) ) ’ W T ( l ) .

All FORTRAN variables which appear above are defined in the
i lossa ry , along w i t h  I d e n t i f I c a ti on  of the responsible authority or
source of’ numerical data for input variables , Briefly, the m o n t h l y
(‘allure rate FAIL(l ,K ,NS) increases with the quantity QPA(I ,K) of
LRIJs of type I in terminal type K and with the number IT(K,NS) of
terminals of type K at base NS, allowing that only the fraction
1—RIP (I) of ma intenance actions involving LRUs of type I will result
in “off—equipment” repair , that average operating time per month
ATOH(K ,NS) varies with base as well as with terminal t ype , and that
both pred icted and operational mean operating time between
maintenance actions are functions of the environment LE (K) of
t erm inals  of type K (i.e., ground fixed , ground transportable , or
airborne ). The variable MOTBMA (I,LE ) is the Contractor~s predicted
mean operating time between maintenance actions for an LRU of type I
operating in environment LE , and MFAC(LE) is the reliability (‘actor
which converts predicted failure rate (reciprocal of MOTBMA(I ,LE)~
to operational (‘allure r’ate as a function of environment LE.

The expected manpower repair cost HPF(I) for each “off—
equipment” re pa ir of LRU ty pe I is a sum of two terms , one term for
base repair weighted by the fraction RTS(I) of removals expected to
be repaired at, the base , and the other term for depot repair
we ighted by the fraction NRTS(I) of’ removals expected to be returned
to the depot for repair . ~~~~ The average number of man—hours
required to repair LRU type I , RT(I), includes time to d iagnose ,
attempt to repair .

The principal factors of the round trip packing and shipping
cost RTL” (I,NS) for LRU type I f’rom base NS are the string
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~ C , ~~ ~ ‘ i’ m~ U e I C e , N S I I ‘Kb

~ t : lair n ’ e’pre ’se’ n n t  s e t ’ f ’c~ct  I ‘~ e ’ .‘!le ’— wS\ ca s t  per’  ~ 0L~I i )  !ie ’t nO p.I. ’ked
.1 1 ar:. I’ m , a I t i n e ’ I . ‘.‘ , m t  t a m :  I ~~~ NC a t ’ t’ . m a e ’ NC ,‘~‘m: t im i e ri t ,m 1 . 5 .  cm’

‘ C  ‘i ’Sc ’ . a ‘I , , r m : J  t ie f a c t  a n ’

+

• ‘ : 1 m l  1 C ’S I w t cc’ ( a ’  a’ I we ’ i.J:I ~ , 1 ‘1 ’ 1 ( 1 -  pa I t t ’ ,‘::.m :’a a :,
( 1 ’  1 0 1 a .t a pa I 1 ‘ i ’  re ’ p.t i r ’  amn ~l ma ’ I urn , a : . ’ a I be ’ m: a I w e ’ I 5 l i t  i t ’ a - .1

- — . n ’  t e l ; ’  i i ’ .’:’’ t t n t ’ sle ’ps ’t I a m ‘p I , m . ’~ ’ a 5 ’ 5 ’m i , t e ’m m : c ’C I HI ’
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1 n: : , ’ a I m a t  a:’ , I ’\  e,I: i at: m ’ e ’pa i n ’  t i 1:, ’ hI , I ‘ i S  ‘‘ I t  i p1  t ~~~~ . t a

I - ‘ I c  I ‘‘ c ’ I , ‘ a I I c ’ at  a 111; ’ : ’ ’  c ’S ¶ • S a t  • e t c  . l’~’ I S  a ,i ~as ~ I
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(‘ail  um’ t’s e,~ ’ f  m ar t ins I l  ~- : -ep , m im ’ ,’n t’ I e  L)~ht s ~ wit t oh  can r i o I Orig e ’!’ P c ’
r’ t’p,t teed , due ( a  WC,mn’ _ ’ ;,t • .mra l  NH I • I ¶ne ’ t ’r ’ a c t  t a m  a t ’ I U Ps n or m a l l y
P.1St’— m ’ e’pa 1 rat’ I t ’ ~h : 1. ’ t :  .1cc sent (a  t i n e ’ .1 epa t due 1 a t ine say a m .  j (  v of ’
I ma ’ i r  dai~a,g. •‘ :‘as ~~e ’ t cSSe ’ 5 ” . I b ~ se comput .‘i t I s’ il5  .Ir e’ aumman’  I :e’d i i i
h x t ’ i p t t  ~~ .

Co at El erie ’:: I .
~ cam , be ht’~ ke ’mi .1 ~‘w n i  ,mc ,‘ai’ ,t t mn ~ t o  l . U i :  t y pe ar

1 , ’:’ :- : n .m 1 1 - ~ - I ’t: ,tt por t  i a n  a t ’ t i n e’ ,‘cat c l enient at ( t  i t ’ u n t  at ’ I a  t o  I UI ’
I v ,- t :s a .m l .‘u ’. .m ad as ibov a bu t  w i t h :  summ .’*t, tons a m :  K ari d NC ani v
I S,m I port tarn at’ east h I  an’-~ ’::t ‘. at  t m ’ i t’ n:t  rI ’ le’ t o  I e ’m’ :m’, t m n a 1 1 \‘pe’ K t s

I . - a 1st e’.,l iS a I’ , ’v a U .. I ~ : t i n  S un!mr ,ma I i.’ r n s  an I and KS ,‘t i I V

I nn be ’ ac t ua l h CU ~UAN program • S I  i ’ L  Ct’, (or the’ AF~A 1’Cm.~ i I C e ’ —

~aste ’l • I Pt ’ I t :i’e’e’ dtmeii~ t~ n~ l an t  i t y  ‘ A I L - e , l , K , N S ’i i n n  a~~iptn ted 55

so .t 1 m m ’  .mni,I sum m ed at t h e  innerm o st  ~. ci ’  a I at’ a t h ea t ’— I a v c ’ I n es t  a t ’

— I aapa  . l’t us cmii  v t ile ’ Vol  lowing I w o — j  i n i e n s t a n n i l  ;tI’!’ ,~~~5 itCt’sl t’t’
I 5t’è.,l ( ‘ P  ,,‘ ,‘ I e ’ lit s’m ’~Ige’ I

XF( I ,K1 ~ ~A IL e,I ,K,NS t

~ F A 1 I ’ , I , K , N S) .

‘,tnast ’ var tab los h~ Vt ’ the  Cal lowing  pi ns ’ s I ca t  t n t  er pm’e t  ,it t a m m n m :
I ,w t i s  the  expe c te d  number a t ’ n’ em~ova l s  e , f a l lu r e a ” pen’ m~ n t h  at ’

I ~~i t y p e  I in n t e r min a l  t y p e  K , and X~’Bl I • N~~t is t h e  e x p e ct e d  numb er ’
5’C removals e ,t’atiures t pen’ month at’ LUll type 1 at ba~t’ NS. h~or’ ( l i e ’
5’ 5’m::~ ’ nn .n t ion s  .‘mnnd pr a r,i t ion s  t o  I KL ~ t ~‘~~e’5 1 a m n d t e r ’m l m n a l  I vpt ’s K
S I l l’ I Ce ’ e’m p l o v s  fa r ’  m, ’ost Element ~n I’d it t h e  XF’ l I • K t  .i mi ’,l ( t ic ’
Xl ’ I ’i  I N. ’ ’ ,i m ’ r ’ , m v s .

A use’t ’t:i attribute at’ an LRU is the  total ex p e ct  e’d miumt-’en’
01 ’ f . m  I a l t ’S o r ’ I h,i t L U l l  t )‘~‘C O V e ’i’ the i t  !‘e e’~~ s’ 1 a .  ‘Th is ~tnint it e’SU

I’ c’ sac ’,) t a r  s~U1~’k d O St  pt’m • I’S i I I n I  e’ as 1 aul  at- tarts and rep.’~ in ~ ~l isa sm’~1
t m’ a.1 c’s’ (‘l’s . .~ n.m I ng t’a ii  ures and r emova ls (‘or tints I’n::’pase’

1C 1’1UP ~ ~~~ F A I L e , 1 , K , N S)

s l~ ’PlUP’ ~ X F I I , K t .
-~ K

n .,iii ’.V.m I ’ttt I ’~ e , S O e’ ,- i t ’O V e ’t

Xi”Li I~ : L”FI~ I” Y~ XE 1’ , 1 •NS~



I

ORL A dec i s ion  OR LA d e c i s i o n  CU LA dec i n n l am ’
“base repair ” “depot  repair ” “discard”

_______ 
for_ LRU _type_ I for_ L U U_type_ I fom’ IRU_ type_ 1

HrS .l) 1—WOR— NUT 0 5

NUrsil) NUT 1—WO R C’

WO R WO R 1

Exh ib i t  3. Computation of R T S ( I ” , N R T S ( I ) ,  and C O N D ( I )  Based
upon Results of Optimum Repair—Level Anal ysis e,ORLA )
and Variables WOR and NUT.
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The computed values of X F L ( I )  appear in the output  of the  Ah’ SATCU M
LCC Model as a convenience to the user .

2 . 1 . 5  C_p sI. Element 5 (fle~iacement LRUs and SRUs)

The equation for this cost element represents the life cycle —

cost of replacement LRUs and SRIJs . Included here are costs of
repairable LHUs purchased to replace those worn out beyond
feasibility of repair , as well as replacements for LRIJs of types
designated for discard upon failure, Costs associated with level :;
of indenture lower than the LUU are lumped together into a single
average SRU exchange cost for each LRU type . This SRU exchange cost
Is an average cost per failure (over the life cycle) to repair SRI’s
when they are repa irable , to buy replacement SRIJs when they are
disposable,

Cost Element 5 is computed as

SC(S) = 12’PIUP ~ ~~~ FAIL (I ,K ,NS)’[COND(I)’IJC(I)
N S K I

+ (RTS (I)’ KB + NRTS(I)*KD)’ASEC(I)J.

For LRIJ types I with nonzero condemnation fraction COND(I) (which
includes the wearout rate WOR , as per Exhibit 3), the unit costs
IJC(I) accrue over the life cycle. Otherwise , for the fraction

1 - COND(l) RTS(I) + NRTS (I),

the costs which accrue are the average SUIt exchange costs introduced
in the preceding paragraph . The average SUIt exchange cost for LRU
type I is denoted ASEC(I). Specifically, ASEC(I) is an average cost
per maintenance action resulting from failure of an LRtJ of type I , ‘

exclusive of the labor cost incurred for time to diagnose , repair or
attempt to repair , at the LRU level of indenture. This average is
comprised of the failure—rate—we ighted costs of the SUIts In the LRU ,
using repair cost (&ncluding cost of labor , materials , SE , spares ,
packing and shipping , etc.) for repairable SUIts, replacement costs
for disposable SUIts. For any LUll type which does not further
subdivide into an SUIt level of 1”ienture , ASEC(I) represents t.he
average cost of repair mater~a1s only, per failure . 

- ‘

1
24

- -  
— - — ‘:  ~~~~~~~~~~~~~~ ~~—~~~~~~~~- - ~~ 

!~~~~~~~~~~~~L’: ’,~~~~~~~~~~’ . - ‘ -



I:::: - ‘

~~~~~~

-- —  --.‘- -

~~~~ 

-

~~ 

- --- -
~~~~

--
~~~~~

--
~
-
~
—-• -

iii ’ ’ ;‘ e ’e’t ’ ( ’t ,’ t e ’n t a I ’ AI - i’ & ’ m, I ) in i - l u’ aqu a I l a i r  f a r ’  r~~’sI i ; i  omt’iit
isle :: w i t  in h ’ lS(  1 ar i d NR ’l’~~( I , re sp ec t i’aly , t h e ’  m m m i i i )  1 p i t  i ’m ’ : ;  KU

mmmd K 1’ a eonv e’m’t K A I It I • K , NS ) f’rarmm ax ~a’c I ad numiu ’r ’ ci’ m ’ , - i m i a v . i  I a ‘i ’ m ’
m o n t h  I a expe ’et e~t mmmrm:m t ’ e ’n ’ a !’ m at ira I t ’.i l ure : ;  per ’ m m mor r t  in , a~’ ’~’m’d I m r g  t o
whit ~ I hie ’ t ’  ii , mnd 1 t u g  .mtnd n.m t n t  o m i a r r i ’ c ’ a rc  par’ !‘ar’mnod i t  ( t i e ’ t ’ ;m: ; e ’ or ’ m l  I ‘u ’

pa I

‘t h e ’ input ASi ’ e’ ( I I  i~ (‘ r ’ t ’n3 t e ’i.1 I’’, sri f l uX  1 1 1 m e v  pm ’O~~i’.i,ni wit h~’Im t in ; , ’:;
t h ; e ~ cost per’ f ’.t ( lu re ’  a ~‘ t ’ , i ;~i i  S U P  a :; ,m t ’m m n e ’t  ion  at ’ m ’ e ’p~m I I’ 1 e v e ’ I
dc ’s i gna t  ad L’y - m m  OUL A R out  tue  (see , e’ . . • 1 1 m’mmmn ( ‘a n ’ l ime ’ S U Li: :
I ii i s .  m ux Il lary program m’eee tve ’~ s~ input. ,n data t’ t i e ’ w hm t~ ’ h n  ~ , i i ’ r ’  L a . ;

m u  ie ’c c ’s :ma t ’ y  i n  t’ormat Ion as 1 a i - hit ’ bm’c,lkdaWti at i’mro I nra a I l U l l s  1 u t  a
SUP : ;  . l in t ! I ke ’ t h e  breakdown :mtn ’uct,,mr a ci ’ t om ’mfn ;m Is into I ,h t ’ : ;  , wi n i o U
a inpu t ,  and at ared ms I he m a t r i x  I ~ I ’A (  I , K ’I I , t he’ t’ m ’ t’.m kda wm n
t r’mie t tire at ’ l,HUs l i i i  a :~U (i~ I a r io  I n t  ~‘red I n n  mus I m ~ i x  fa rm d u e ’ I a lii; ’

a I .‘e ’ irs ) re 1 at  r ye sp an ’s I I v , I . a . , I arge mn m rm m ib e ’n’ at’ :‘e ’r’o e’iit r Ii ’s • l i i , ;  I
aud i .m mm i.n t t ’Ix  W o u l d  pa.’nse: ’~:;

I nn ( lit ’ ;‘,i ae’ wh e ’m ’ c ’ [U P  I ype 1 (‘u r t  tr e e  aubd ly  l ;la ;; (mit a SHI m; , t he’

‘,pr .m t tan ri se ’;) to aonipumt a A Sh ’~’ , I ) I I;

A Sh ’ C 1)  ~~ MO T IIM A ( 1 , 1)  /Mo ’r IIH A ( ,l , 1

,1 

*~ U T S IJ  C t ’VI t t , l ) +

+ ~‘i ’NPi  ,1 ~ e ’l’VS~ .~ ~ I

wtie ’r’ e’ r ; m h e ’x •1 ide ’m n i I (‘ion ; the SRI) t vp t ’  , i i i ; )  I lie’ ammnni;m t l o i n  i n :  I , m L e n i  a m :
c m - h  SHII In I lit ’ g i v e n  LUl l t y p e  I , I a a t  law (‘em’ l ine’ pa :;:; it’ h r  t v a t ’
flare ’ I I r a n  omit ’ 51W of ’ the same I ype in I tie I,HI I . hle ’n ’ t’ Mt ) ’l’hi ~IA •1 , I ) ’  ‘I n .

f lit ’ m ’cn I t ’ ; I ; ’ t a r ’s pr’ed Ict ed mnear m op er a I lug I m e ’  bet We ’e ’rr ma l i n t  e ’ m m . m m r ~’e ’
, i o t  l a i r ,’; on an Sh i m of I y p e ’ .3 , and MUm ’i’}ut ’IA , 1 , 1 l’ ‘I is  ( t i e ’ Ccitt  m’ mc t ar  

-

i’ r’ e’ ii t . ’t- e’d mean e)(u’r’at  j ug  I [me het wean irm a j u t  t ’n ant ’e .1; ’ 1 tons for an t H U
at ’ t ype ’ I • w ime ’ n  a f’e ’r a I. Ing In cmi v I remnme ’mm t I,K ; t.he re’pn’esent .i t lye ’

n rornm e ’ni t Se’ le a  I ad I s  1 K :  1 • or t raum m d I”I X e ’~l .  The vat’ lal’ l f ’ : ;
h1’S m , j , NH ’f ~~ ,l , and I’i, i N l m (  .1 ’) i ra ’  output a (‘eon . i n i  n ’UL ~A h au l  Inn ’ ’
I ’~’ ~‘ SUP I ype’ .1 • w i t h  s I n t l  :m m ’ n le ’atn tu g  as g I v an  ear ’ l i a r  f o r ’  l U l l  I vp t ’
l im e ’ t ’r ’ ,i~’ I ion at ’ r’e’mova is a I’ SRI) I ype J wIn Ich are e ’X I’ e ’S’ 1 i’d t o  be ’
m ’ ep . m i red n i t  t he’ base , rat um’nm’d to t he’ d ep ot  (‘or Pe ’p ; i  I r , m m m d
~‘ond emnn ’d upon f ’:m I l u r e ’ , r esp ec t  [v et y . Nv Id lug t he life ’ cy~’ h’

‘ost I an ’  CHI t  I y p e ’ , l • ion’ e ’. m o i m  m ’ e ’p.i it ’ — level ,ie ’~~ (gust norm , (iv I ha tat. , I
mnrn r i ’e ’r ’  o f ’ f : i l I  ur e ’s a t ’ Shim I ype  .1 ox p’’~’ I t’d a v e r  t he’ li t ’’’ a yale ’ • I he’

I

_____ - ~~~~~~~~~~~~~~~~~~~~ .~~~~~ ~~~~~~~~~~~~~~~ - ~ j



-

~~~~

S1TEORLA Routino * computes the inputs CPFB (J), CPFD(J), arid C P F S ( J )
for the above equation. These therefore represent the cost per
(‘allure of SUIt type J given base repair , depot repair , and dlnc ard
upon failure , respectively.

The expression

l~OTI3t’tA(I, 1) /M O TB1I A ( J , 1)

which appears as a coef f i c ien t  in the equat ion for A S E C ( I ) ,  above ,
is the probability of t’ailure of an SRI’ of type J in an LRU of’ type
I, and hence accomplishes the failure—rate weighting of the cost
terms found in the brackets. To see this , rewrite this expression
as

1/MOTbI’IA(J , 1)1 / [ 1/MOTBMA(I , 1)]

which is merely a ratio of the f’ailur’e rate of an SRI’ of type J t-o
the (‘allure rate of an LRU of type I. By consistency of
Contractor~s data ,

E [ 1/MOTBNA (J , 1)] l/MOTIJMA(I, 1)
J

(with the summation taken on fl SRI ’ In LRU type I, to allow for
the possibility of more than one SRI’ of the same type J). Hence

~ 
[ l/MOTBMA (J , 1 ) ]  / 11 1/[IOTBMA(l , 1 ) ]  1

.1

as should be the case for probabilities on J with a given I.

In the case where LRU type I does not further subdivide into
SRI’s, then the auxiliary program which computes ASEC(I) sets

‘SITEORLA is the name of a site—specific ORLA Routine developed at
The MITRE Corporation , extending upon the 1974 work of J. J. Fabish
(Reference [4]), then of Sacramento ALC/MMER , to support AFSATCO~1
ltt ’e cycle cost analyses .

1
26

________

—- -—‘-‘-——.—-‘—-— —.——“.‘‘- ---——-— -‘- - -——‘——“--
--—“---‘ --~~~ —-———- ‘——~~.‘--~~~~~~~~ —-—‘.--“- - ‘-—— ‘-‘—— 



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

ASI:.C(l) RM(I)

where Rt’I (I) is the average repair’ materials cost. per failure at’ 1,1W
type I, an Input prov ided by the user.

As in Cost Element 4, the factor 12*PIUP Is rt ’ i i l , - ree;I by the
value of a acnntinuously discounted sum when a monthly l in t er’e’:’I- rate’
is prov ided .

This  cost element can be broken down according to LBU type or
terminal type . That portion of Cost Element ‘

~ attributable to L H U
type I is calculated as in the above equation but with summat .lona on
K and NS only. That portion of Cost Element 5 attributable to
terminal type K is calculated as In the above equation but with
summations on I and [IS only.

Iii the actua l FORTRAN program , S1TELCC , for the AFSATCON LCC
Model , the three—dimensional entity FAIL(I ,K ,NS) is computed as a
scalar and summed into two—dimensional arrays , as discussed above
for Cast Element Ii. In the computations of Cost Element 5, only the
XK (l ,K) array is employed ,

2.1.6 Cost Element 6 ~~~~~~~~~~~~~~~~~~~~~~~
Cost Element ö is the life cycle cost of all organizational

level “on—equipment” repairs , I.e., work performed on LRUs at their
respective terminals. This cost element is comprised of unscheduled
lit—place maintenance , scheduled In—place maintenance , and LUU
removals and replacements . Unscheduled In—place maintenance implies
those organizational level repair actions which are performed on a
f’:miled LRIJ without its removal from the terminal . Scheduled in—
place maintenance consists of Inspections required at intervals as
:;peeified by the contractor. Included w ith Cost Element 6 as “on-.
equipment” repairs are all removals and replacements due to LRU
t’.iilures which necessitate further “off—equipment” repair action ,
i.e., -nt base or depot repair levels.
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The equation for this cost enlement is

SC(b) 12 P1UP1 E �.~~ B L H * Q P A ( I , K ) h I T ( K , N,S)
NS K I

* 1j EU) *J Ll~,&T~!iLK . NS ) ‘(‘IF AC ( LE ~KJ~ + j i  (,fl
L MOTBI’-lA( I ,L E ( K ) )  Sf l l ( 1 )

+ 12’PIVF” > ~~~~~~~ B L R ’ F A I L ( I , K , N S ) ’ R M H ( 1 ) .

N S K I

The symmetry in this equation is revealed by substituting I’oi’
E A I L ( l , K , N S) the expression g iven  in the description for Post
Element 4, from which the final term of the above equation becomes

12’PIUP’ ~ ~~~ ULH’QPA(I ,K)’IT(K ,NS)
NS K I

•1LL~~~ pLu !j~~ k I ) * A T o H ( K , N s ) * ( ’ 1 F A c ( L E ( K ) )
L MOT BMA( I , L E ( K ) )

Here , in addit ion to FORTRAN var iables  presented in the ear l ier  cost
element equations , I M H ( I )  is the average number of man—hours
required to repair LRU type I in place (i.e., without its removal
from the terminal), assuming that such a maintenance action is
required , SMH(l) is the average number of man—hours required to
perform scheduled maintenance (including preventive maintenance ,
pr efl ight , postt’light , periodic inspections of the subsystems , and
any remove and replace time) on LRU type I, SMI(I) is the average
scheduled maintenance interval , in months , for LRU type 1 , and
HMH(I) is the average number of man—hours required to remove and
replace LUU type I. The quantities IMH(I), SMH(I), and Rt’IH(l) in
reality vary with terminal type K as well as with LRI J type I.
However , the life cycle cost has been found to be sufficiently
insensitive to variations in IMH(I), SMH(I), and RMH (l), so that It
is permissible to consider these quantities as functions of LUll type
1 only, averaged over the various terminal types K which may contain
LHU type I.
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i n n the so tu~ I [‘OU TRAN program , C ITE1 c ’ t ’ , t’or t he’ AFSA’I’COt’t I C C
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Cast Element 7 j
~ I t i e ’ l i f e ’ a va le  cost  ct ’ AESATCON support

e’qut pm ent  , SF.  The r ’al l ow in g  e’qe r . t t  m a ; ;  de’~ ct ’Ibe ’n; the cost a!~ . m l  I C F
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t in e ’ CE it at ’ It ’ , im r a lu d trig bath labor’ smut p.nrt a , ‘vet ’  t he’ AFSATCO [I
Ii (‘a cycle:

C c l  7) ~ 
[ ~ NAP!”, I., NC) + NAF’P(L)

I. US

‘i’A ( L ) ’ (  1 + I’IUP’AMA (L ’) I

whore’ NA PL1~ L , US) i a I he number at’ SE I t.enns at’ SER D I tern number  L
~ t i i ’ ’ t m ~e n ;, ’! tan’ base NS , NAPD( 1,1 i ~ I he’ number of SE Items at

’ SERI1
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The numbers of SE Items to be purchased , NAPB ( L , NS) and NAPD ( L ) ,
are established as follows :

+

NAP B(L ,NS) [ERFI AB (L ,NS)/BAA]

+

NAPD(L) [EHHAD(L)/DAA]

+

where [...] denotes round ing up to the next higher integer ,
ERFI AB(L ,NS) and ERHAD(L) represent the expected utilization of SE
item L in man—hours/month at base NS and at the depot , respectively,
and BAA , DAA are the total available active work time In hours/month
at base , depot repair shops , respectively;

ERHAB(L , NS ) ~~~~ E R H B ( I , K , N S ) ’A ( I , L)
1 K

ERHAD (L) = ~~~~~~ 
ERHD ( I , K ) ’A ( I , L)

1 K

with

ERHB ( I ,K ,NS ) FA IL(I ,K ,NS)’RTS(I)’RT(I)’BMF’KB

ERHD ( I ,K ) ~ FAXL ( I ,K ,NS)’NRTS(I)’RT(I)’DMF’KD ,
NS

and A(I,L )1 If LRU type I is supported by SE item L, A(I,L)=O
otherwise . The LRU—SE usage or cross—reference matrix [A(I ,L ) ]  is a
user ’s input to the AFSATCOM LCC Model . Complete definitions of all
FORTRAN variables appearing above will be found in the Glossary,
along with identification of the responsible authority or source of
numerical data for input variables .

In the FORTRAN program , SITELCC , for the AFSAT COM LCC Model , the
three—dimensional entities FA~IL(I ,K ,NS) and ERHB(I ,K ,NS) are
actually computed as scalars and summed on the index K into a two—
dimensional array indexed by I and NS, prior to multiplication by
A ( I ,L ) .  Sim il a r ly ,  EHHD (I ,K) is computed as a scalar and summed on
K , prior to multiplication by A(I,L). A further feature of SITELCC
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t’.ic [l it it ’;; wI l b  pr ’’gn ’ .i r r ;n ; at l i en ’ I i n . imi  A [ SA ’r ( ’~*!. It must- be empinsal :e’d
I fist t ine ’ A[ CA l’Cc)[I Is’C Model c’am ;mp trt es ut iii ‘.‘.at ian at’ support

~~~~ — e’qin i pme’mmt ann neede’d by I he AESATCOM syst em omm i y

i t ’ .-i ma hunt e’mi ,i ri c ’e he~m icim sat is t a he ’ i m n s t . i  I led it  b~ Se ’ US , I hemi
pa.’ i.e I A FSATCy)M a uppo r~t e’qu I pme’nt ;ie’ e’d not net’ e’Snai n’ ll y be’ pun’ohase’d

Ca m’ t h i t  b , iae ’ . ~h is cte ~a (Si an inn t’,irn’ (ad in n tin e’ cod trig and
.tn;atgnme ’nit at ’ t ine’ s i x  iv , ,  i t c h  It’ ;;;.i i n tl e’n ,mnmn ’e’ he ’nt ’h ~et  t y p e ’:; ,
N tt [ l N S  , I, See ’ Cast El t’me ’mn t , ‘I ~ t en ; .n ma in t m’ m n a n ~’ a be ’ni c’ii Sc’ t t y pe’
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w h i c h  precludes  the purchase at’ special AFSATCOM suppon’t equipment
is assigned to base NS, then NAPB (L,NS) is set to zero tar t h e
appropri.ite SERD item numbern,n L which  are involved .

The ’ actua l unit price CA(L 1 at ’ CF item L Is typically dependent
spar ; the  tota l quaint . I ty of’ that I tern to be purchased

NAPII L) = > NAP iI ( L ,NS) + NAPD(L).
NS

‘lime nmm odel cun’remntly allows for as nmam ;v as four price categan~ios ,
defined by user’ implementa l ion of as many as three pri ce’
breakpoints; pray ision tan’ additional price breakpoints aam r ld ea;~ i ly
be’ irnoorporated .

The added— ann fractioin for maintenance over tine I iii’ cycl e ,
represented above as PIUP*At .lA (L), is actually pm ’n’gm ’ammed as

~FC (A ,b ,RI’AMA(L) with A = O , B:P I U P  and R the annua l in te ’t’e’~ t rate ’.

~h i e ’ (‘unction PECI.A ,B,R) is the same continuous discount f;ictam ’ as
dtscun;sed previously for Cost Element i4. Using R=O , the multipli er
NUt’ resu l ts .  ~‘or RI O , an ~nm~~l interest rate must he’ used .

An earlier version a!~ the Al” SAT COt ’t LCC Model used the l’o l l o w i m n g
equal  t o r i  for Cost  Element 7:

SCi 7) 
~~~~~~~ 

E R H U ( L K_J~~1 * NAPU (L,NS)
I. K I ~ NS ERHAB (L,NS)

+ ERIID(I~1~1 ‘ NAPD (L)]
E R H A D (L) i

‘CA (L ’ t ’A ( l , L)’() + P1Ui”At’IA(LI).

This equation not only described the cost of all SF purchased at
each maintenance facility (base and depot), plus an allowance (‘on’
the maintaining at’ the SE Itself , but also prorated a t’.iir share of
t h i s  cost to each LUll type and to each terminal type , depending upon
their expected utilization of the SE Items, The factors
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type I (see below), and TCt~cW and PAL are respectively, tine average
cost 01’ initial contractor—provided training , and the st udent pay
and allowances t’ar average grade trained . Both TCMW and PAL are tnt
dollars per man per week , and TW (M) is the average number of weeks
needed to train a man to repair any LR I I type in category M .

The number of men trained for base level maintenance work , NMTB ,
is the sum over all bases NS of the number of men trained for such
mnmm int enanc e work at base NS, NMT(NS):

NMTB E NM T (NS ).
NS

Tine components NNT(NS) and NMTD are computed from more basia  i n p u t s :

+

NMT (N S) = Max ( MMT B(N S ), [ N P E R B (NS )]

+

NMTD Max { MMTD , [NPERDJ I

+

where I ...] denotes rounding up to the next higher’ integer ,
tIMTB (NS) and tIMTD are the minimum number of men planned for initial
training to support AFSATCOM at. base NS and at the depot
respectively, and NPERB(NS), NPERD are the fraction utilizati on of a
one ’-man shop at base NS and at the depot , respectively. These
fn’act t a n  utilizations are computed as ratios of required r ep ai r  t ime
to available repair time ,

NPERB (NS) = EHPSB (NS)/BAA

NPERD ERPSD/DAA - ‘

where EUPSB(NS), EBPSD represent the expected-repair time required
in man—hours/month at base NS and at the depot, respectively (with
expected base repair time including remove and replace time ) ,
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b u t  O n e ’ LIIU type in each category ; the nonzero TWu, 1) t i m  e I I  ae-’rve s  ;es
l’W (M) . Also , In t bk’ a ct u a l E U R T R A N  program , the th:’ee’—d ime’r~stonal
entity EA IL I , K , N C )  is computed ~is a sca lar and summed or; the
ind i~ t’~ I and K into EJIPSB(N5 ’ and EhPSP.

5. 1 . 0 C~st E1ennent 9 L~vc~qr~rlni~ Tr’cni n in~,)

~~~st E l ement  ‘I is tine cost 01’ r e c u r r i n g  t r ’ . e i n t n g ,  i . e .,  the cOst
to train the m a i n t e n a n c e  and o p e r a t on ’ ’s pe c i a l i st  pc’u’aa r;n; t’ l required
to replace the I n i t i a l l y  t r a i n e d  personnel  who h a v t ’ been pro;;;oted , - j
transferred , or have i t -C t .  t i me A i r  Earce.

This cost at’ r e cu r r i n g  t r a i n i n g  is computed as t ’a l l~’ws :

= I TOPR + ~~N M T ( N S 1 ’ T R B ( N S) ’ T C M b
NS

+ NMTD*TRD*TCMDI* p PIUP _ i )

wiren’e TJPR is the  ann ua l  cost of r ep l en i shmen t  t r a i n ing 01’

organizational level maintenance and op e r a t o r / s p e c ia l i s t  pe’r ’ao nnel ,
1 H B ( N � ’) and TU D are the addi t iona l  f r a c t i on  of men at base NS and ,n t
t he  depot , r e s p e c t i v e l y ,  which  must ha t r a i n ed a n n u a l l y  to fill
maintenance personnel vacancies , and TCMb , TCMD are the average per’-
man casts of training courses for base—level  m a i n t e ’ m ; . m m n c e ’ .i;nd dep ot—
level maintenance , respectively (including inistru ctian am i d  tr .iini;:g
i n t e r  i.mls ) . -

i~ote that the equation for Cost Element 9 is based an personnel
being trained by the Air Training Command at a per-man ,‘aur ’ae ’ r’ .n t e ,
wt :u ’reas the equation for Cost Element 8 used a weekly d~ ll.u r ’ r ’ate
pe n’ man .

The factor (PIUP— 1) assumes that recurren t training st-arts up in :
the second year of the AFSATC QM system operation , and is held at
un i form levels throughout the remaining life of the system .

The factor  ( F I U P — i )  is a c t u a l l y  programmed as bEC~A ,B,R ’l with
A :1 , B :P IUP and N the annual  i rnterest - r a te . The ’ f unc t i on  Ul” C ( A , B , R i
is the  same con t inuous  discount f ac to r  as disc ussed previousl y far
5ast Element Z i .  Using Rm ) , the fac tor  (P1UP.-1) results. For RtO ,
an annua l In t e r e s t  ra te  must be used .
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2 . 1 . 1 0  Cost Element 10 (New Item Inventory Management)

This cost elemen t accoun ts ~‘or the management (administrative)
cost to introduce new assemblies and parts into the Air Force
inventory system , and the recurring supply inventory management
costs associated with such inventories. It is assumed that the
f i r s t  year ’s inventory system set—up costs plus inventory management
costs equals the annual inventory management cost for each remaining
year ; current AFSATCOM cost accounting procedures support this
assumption .

The equation for this cost element is

S C ( 10 )  PIUP ’ ~~ [NL R U ( I ) * ( 1  + C P A ( I ) ) ’ I M C
I

+ (N IS (I)  + N C I S ( I ) ’ C P A ( I ) ) ’ S A ]

where N L R U ( I )  is an indicator  (or  f lag ) variable which is one if LR U
type I is ut i l ized at some base in the current AFSATCOM LCC Model
run (implying that t,his LRU type is a new item in the Air  Force
inventory sys tem) ,  zero otherwise ; CPA (I)  Is the number of new “P ” —
coded assemblies (SI~Us ) added to the AF inventory system to support
repair  of LR I Js of type I;  INC Is the annua l inven tor y management
cost incurred due to Introduction of a new “P” —coded item ; NIS(I) is
the number of bases which use LRU type I ; N C I S ( I )  Is the number  of
bases which stock - SRU 5 to support base level repair of L1~Us of type
I; SA is the annual  supply inventory management cost per base .

Four of the above variables are computed from more basic inputs:
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NLRU(I) U( ~ ~ QPA(I ,K)’IT(K ,NS))
N S K  - ‘

CPA(I) = PA(I)~ U(1 - CONDO))

N I S ( I )  ~~U( > QPA(I ,K )’IT(K ,NS))
NS K

N C I S ( I )  ~~ U(  ~~ Q P A ( I , K ) ’ I T ( K , N S ) ’R T S ( I ) )
NS K

where U(X) iii a unit step function for strictly positive X ,

U(X) = 1 i i ’ X > 0
0 If X < 0.

Complete d e f i n i t i o n s  of a l l  FORTRAN var iables  which appear above can
be found in the Glossary.

~~~~ Equivalent computational procedures for NLRU(I) and
NIS(I), using definitions given In Append ix B, “Quantities of LRUs ,”
below , are

NLRU(I) = U (QLRIJ1 (I)) -
•

~ QLB1 (I ,NS))
NS

NIS(I) ). U(QLB 1( I , NS ) )  - —

NS

from which it can be shown that

NL R U (I ) = U ( N I S( I ) ) .

The distinction between CPA(I) and PA(I) i~ as follows : PA(I )
inn provided by the contractor in advance of using an ORLA Routine

I to dec ide whether LHUs of type I are to be repaired or e’ondemncd

38

,~~~— ‘— , = ‘— - :_ _ L ,_ ’,~~~~~ ,,  ~~~~— .  ~~~~~~~ ‘ ._ .  ~~~~~~~ ~~~~~~~~~~~~~~~~~~ - - - “ “



“TI TI --

~~~~~~~~~~~~~~~~~~~~~~~~

‘ ‘-

~~~

- -

~~

-

~~

- -

~~~~

-

~~~~~~~~~~~~~

--

~~~~ 

-

~~~~~~~~~~~~~~~~~~~~

un l ’ onm Ca I 1 n m ’ ,’ :; e’ e ’ t ime ’ ci i  scmmn:m t o n i  in m ’t ’st  Element 14 , and KxIn lb It
~‘ni van ’ tab lea e-’vai ua ted v icr tlHl.,A ; ic’, ’ a l so  t he ’ c I o:eas n ’y 1 w e’r e’as
t_’l’A ( 1 )  e ’qurmn is l’A( 1 ’

~ it ’ tHU t y p e,’ I i s  I c ’ he re’pa ired , equa l s  .-erc I f
I ,h ’tI  I y pa 1 (a t o  be condemned

The m u l l  ipi Ie’r I’1 Ut’ in l ire ’ equ at.  lo n i  for Cost El vmo nl  1 1  1, ;
t i c ’ I mrs  i i  y programmed ant b)” ’( A , U , N ’ )  wi t~h A U , B= Pil l ) ’ min d H the annua l
j u t  cr est  r a t  a .  The t’umrctlon m PE p ’ ), A , It , )~ ‘I is t h e  same’ com nt m ucus
d t :nc ’ounm t l’ac ’te ”r as ii Iseussed previousl y for Cost. l” i ome ’ut - ~~ Us t r i g

I he muir 111  p 11 e ’n ’ I ’ ll it ’ m’esu I t  a )“e t’ H~~O , an m~nnu a 1 1 tn t e’i’e’:ml rate’
mmn u: mt be Uil&’mi

1. 1 1  t’oci t E l e u n cmnt  1 1 (
~‘recli ni1aat Pats)

Tir e Co 1 lowIng equa l I c ’nt dc’:ncn ’ I boa I he p ’OSt of I cohn teal dat a
I .e • , t h e  cos t of purchasing I lie’ m a st e r  ue’gmnt ives for Technical

m. t’dc’n’a , cv vn ’hau 1 manua l a and el -hem ’ specia l  t e c h n ic a l  dot ’ um ennia  l ion
or m’epa In’ ln st rtk ’ t l o n n e

= [ ‘I ’I”Sl’ + ~~ TPt 1’ ( 1 ’ ) + ~~ T1i’rI ’ t K i  + ~ T I ) A P ( L )  }
I K L

‘1 ACE’I’ + 1’l’I’ + TDU ’ u, l’IU) ’— 1 ) 1 .

Pet a ii e’d m1~ fIn it ions anti ur n I t  a of a l l  t hese F O R T R A N  van ’iah les  are
i v e ’ m ;  i n n  the ; I c:;smnr’y , a I onm g WI I i i  I d e n t  I float Ion of the r’espouslhl e

- ~- 
r e n t  trc ’r I t  v or aamrr’o ’ of’ numerical dat mu for Input  variable s . Briefly

t i me ’ C I  r’sl express Ion lii pan’enthoses count-s the number of pages , and
the :;, ‘ce ’n,I ax press Ion In pareni t-he~ es c’onn t in Ir i s  I he’ acqu Is i t  ion coal a
) ‘ ‘‘ r’ j ’,mgc  and I he, r ipke ’e’p cost per page per year’ m u l l  (p l i e d  by
u F i l l ) ’ — 1 , win i~’h assume:; t h a t  ne W document  a c q ut s i  t to rn prov Ici e~ Con’
t in,’ tin’ ml year’ ami d upkeep cost s pn ’ov Id a for  t h e  r e m a in d er  o I’ t h e
t i l e ’  cy c l e ,

ti me f u e l  or ( FlU)’— 1) Is sot ual  ly  pm’ogranrnne’d ann i” i” t~), A , El , N ’ )  wi l b
A 1 , )~:1’ i tI I’ and H t h e  annua l In t~ n’o~ I r a t e  . The func I ton i DEC A , it , H’)
In ’ I he’ same cciii I m ucus ci i s c ou n n t  t ’sc t o n ’  mis  ml iscus:;e’d prey I cm :; l y for

u ’c~~t i - i  eme ’nnt ~~ U s ing  h z U , t h e  I~ m ’l ci’ ( I’ I U P— i ) result a .  For H~~O ,
m u ann ual Inn I e’n’n’aI rate mu st - be used
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.‘ . l . L,’ Out ~~i&~~~~ of the LC C RQ 1fte (~~1nhiiafj .),

The 1m m ,’ Routine displays as AFSATCOM ICC Model output the total
sy stem l i f e ’ cycle c’oat , den ’ined as the sum of the eleven cost
e’Ie’menits de’:mcr’ibed cib~~V t ’ . For each of these cost, elements , the cost
~ove’r the l i f e ’ i ’~~ c’l t ’  is o u t p u t , both  in dollars  and as a percentage
~ t’ t c t t . t I i i  Ce ey e  ~ t’ c ’~~:nt . Also output is the apportionment of to ta l
I r C a  cy c l e  c O S t  , ~trid ot’ e,m~’im cost element , Into acquisition cost
smut c ’I ’ a~ en ’ , m t t op  a r id  support coat . Where possible by the equation
str u.’turt’ ~C t i m e ’  , i , ’~Ie ’I , certain cost elements are further broken
down l ’y LHIJ I y p , ’  , e m i , i / c - r  b y terminal type .

l i m e ’  pr Intact out put a of the AFSATCOM ICC Model In c lude  not on ly
c o St  inn t’c’r’mattc’n , I-ut als o ~m display of a large number of non—c oat
v,,rriablt’n’i computed in the L~

’t’ houtine and in the Sparing and
Ava ilability Houti~r enn to be discussed below . A complete description
of the output reports of the AF’SATCOM ICC Model , with illustration
c t  a set of actual m’epom’ts from a sample model run , is included as
Appendix A of’ this docum ent.

a’ . .’ Th~ SParini~ R o u t i n e

.~. 2 . 1  Oyery i~~

The Sparing Routine , called EBOS (for Expected Backorder
Sparing), decides for each LRU type and at each base whether an
inventory ot’ that IRU type is to be maintained to support the
operation of’ AFSATCOM terminals at that base . A similar decision Is
made by the Sparing Routine for each LRU type at the depot. For
each case where an Inventory is to be maintained , the Sparing
Routine computes the appropriate quantity of spares to be acquired .
The criterion employed for determining the size of’ inventory , if’
any , is that such inventory is to consist of the minimum quantity of
spares of each LHU type needed at each base or at the depot in order
to guarantee that the average number of LRU5 on backorder each month
(i.e., LRU failures which place a terminal into NORS condition ’
after depletion of base inventory) is no more than a preassigned
upper limit . This limit is controllable by the user of the model to
achieve tradeoff between cost of LRU Inventories and availability of
terminals. For AFSATCOM analyses , the preassigned upper limit has
been taken at 0.1 backorders per month for each LRU type , at each
base and at the depot- . This is consistent with current AFLC use of
the Logistics Support Cost (LSC) Model (Reference Ii ] ’ ) . It is to be

‘Not operationally ready due to supp ly.
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nroted , however , tha t the Sparing Rou t ine  could be employed with
these preassigned upper limits dependent upon LRU type and specific
base , or depot. Such a feature allows the AFSATCOM ICC Model to be
of use In finer studies involving the tradeoff between the cost of
LRU inventories and the availability of AFSATCOM terminals.

The Sparing Routine allows for the possibility that
transportation and/or repair can he expedited for LHU failures which
occur while the base inventory is depleted , i.e., failures which
place a terminal into NORS condition.

The expected number of backorders per month allowable for each
LHU at. a given base and at the depot will affect the availability of
the terminals at that base . The computations for LRU sparing and
for terminal availability both require consideration of which LRUs
are used in which terminals , and the average operating hours per
month of these terminals at the base In question. However , in LH U
sparing , the LHU type is held fixed while all terminal types at that
base are considered , whereas when computing terminal availability
the terminal type is held fixed while all LRU types within that
terminal are considered . Terminal availability calculations are
performed by the Availability Routine to be discussed in Section ~.3
below.

In addition to calculating the quantity of spares for base and
depot inventories , the Sparing Routine also calculates the expected
number of’ backorders per month and the probability of backordering
(I.e., of needing replacements after inventory has been depleted ) at
the bases and at the depot , for the computed quantity of spares .
The q u a n t i t y  of spares calculated by this routine is an input to the
AFSATC OM LCC Rou t ine  ( i n  p a r t i cu l a r , to Cost Element 2 of Section

~.1 above), and the resulting probability of backordering will be an
input  to the Availability Routine (Section 3 below).

The same Sparing Rou t ine  is used to compute tine q u a n t i t y  of
spares , expected number of backorders per month , and probability of
backordering , at the depot as well as at the various bases. This is
accomplished by a change of Input data to the routine and does not
require any change In the routine itself.

In SITELCC , the FORTRAN program for the AFSATCOM LCC Model ,

~,ubroutine EBUS is called from the LCC Routine . As such , the
variable nanes used in the calling routine need ~~~ be identical
w i t h  t ine names of the same variables In the subm’outine . Exhibit 14

l i s t s  the  Subroutine EBOS variables which t ransfer through the

I
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calling procedure , a nd d i sp lay s  the correspondence he tw e’e ’nn variable
names in the subrout ine  and in t ine c a l l I n g  rout in e ’  for the two
situations of interest : LRU s of typ e  I ,mt base NS , arid LRIJs of type
I at the depot . In addition , Exh i b i t  Li notes  t h e  routine ’ to which

-
‘ each EI3OS ou tpu t  v a r i a b l e  is t r ans fe r r ed . The q u a n t i t i e s  SB(I , NS )

and S D ( L ) ,  namel y, the int errm~rlly— computed sparing levels for’ each
LH U type  at each base arid it t h e  depot , also appt’ rr among tine ou tput
reports of the’ AFSATCOM I C C  Model (St ’v Appendix  A )

The structure for developing the Sparing R o u t i n e ’  is as fo l lows :
l”or each given LRU type I at g iven  base NS , a failure rate ( a v e r a g e
number of fa i l ed  LRt is per mon th )  Is computed ins a composi te  of t ine ’
individual failure rates cof LRIJ s of tha t  t ype at- tha t base. Each
fail ed LRU is replaced in the terminal by a similar type LBU from
base inventory (if any) and is submitted into a “generalized
base/depot pipeline ” which Includes the time durations and
associated probabilities of base repair , depot inventory, depot
repair , and appropriate traimaportat ion time , for the given indices I
and NS. The average pipeline time multiplied by the LRU failure
rate , termed the “load factor ,” AS , Is computed for the LRU type I
a nd base NS ,

The p ipe l i ne  Is now viewed as an i n f i n I t e — c h a n n e l  ( I . e . ,
infinite—server) queuing system , where the n-number of customers in
the system is the number of LR U s of type I from base NS which are
simultaneously undergoing some form of pipeline service. From this
viewpoint the load factor AS is seen to be precisely the average
number of LRtJs in tine pipeline , and the probability distribution of
the number In the pipeline is obtained .

Let QS de not e the  qu an t i t y  01’ spares of LRU type I to be
acquired for inventory at base ’ N S . Then whenever there are QS or
teas LH Us in the pip eline , the hi r ~~t’ inventory will suffice to keep
all At”SATCOM terminals ope’r’, mI trig . However , whet -n the number  in t he
pipeli ne exceeds QS, then the excess will be a count of the number
of backorders of LIII) type 1 at base’ NS. With probabilities of each
such event having been obtained v ia  the I n f i n I t e — c h a n n e l  queuing
system ana lys i s, the expected number of backorders , EBb , of LRU type
I ml base NS is computed . It’ this number Is less t han or equa l t-o
the pr ’e ’nrss i gned tipper limit AX, the Sparing Routine’ ends; otherwise ,
QS Is I ncreased by one and the procedure ’ Is repeated . As QS
trrc n’ e’na,’nn , EBO decreases to zero , hence for any pos i t i ve  AX the
t p m r ’ i n g  Rout ine tem ’ml m r a t en ,  it  the desired leve l of’ ~S.
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2.2.2 Inputs 
-

The inputs to the Sparing Routine are the load factor , AS , the
upper limit on expected number of backorders per month , AX , and the
expediting factor EXF by which pipeline tine is divided whenever
inventory is depleted .

Load factor AS is the LR (J failure rate (per month) multipl ied by
the average pipeline time (in months). When the Sparing Routine is
used to obtain base inventory, AS Is set up from base parameters ; if
the Sparing Routine is to compute depot inventory , then depot
parameters must yield AS.

2.2.2.1 Load Factor for ease Inventory : For each given LRU
type I at a given base 148, base inventory is obtained by calling the
Sparing Routine with load factor AS computed in advance as

AB(I ,NS) XFB(I,N8)
*[RTS(I)*BRCT*KB + (NRTS(I)’KD + COND(I))1OST(LO(NS))].

Here XFII(I,N8) represents the expected number of removals per month
of LRLJ type I at base NS,

XFB(I ,NS) ~~FAIL(I ,K ,NS),
K

where FAIL(I ,K ,NS) Is the expected number of removals per month of
LRU type I In terminal type K at base NS; as in Section 2.1 ,

FAIL ( I ,K ,NS) QPA(I ,K )’IT(K ,NS)’( 1—RIP(I))’ATOH (K ,NS)
‘MFAC(LE(K))/t.IOTBMA(I ,LE(K ) ).

The expression in brackets above , [RTS(I)0BRCT’KB + . . . ] ,  represents
the average pipeline time of a “generalized base/depot pipeline. ”

All FOR1RAN variables which appear above are defined in the
Glossary. Briefly, the monthly failure rate of’ an LRU type by base
is a sum of the failure rates for that LRU type by terminal type as
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well  as by base , a l lowing tha t  not all of the maintenance actions of
LRU s result  in removal and insertion into the p ipe l ine , that  average
operating time per month varies with the terminal type , and that
both pred icted and operat ional  mean opera t ing  t ime between
maintenance actions are functions of’ the environment of the terminal
( i . e . ,  ground fixed , ground t ranspor table , or a i r b o r n e) .  The
average pipeline time (in brackets , above) is composed of three
components: a first component due to LRUs of the specified type
which are repaired at the base , another due to LBUs repaired or
replaced at the depot , and a t h i rd  for LRUs condemned upon fa i lun ’e .
Since the second and t h i rd  components both Involve depot—to—base
transportation time , the location LO(NS) of the base (continental
U . S .  or overseas) is considered .

RTS(I) is the fraction of removals of LRUs of type  I which  are
expected to be repaired at the base , NRTS(I) is the fraction of such
removals expected to be returned to the depot for repair , and
C O N D ( l )  is the f r ac t ion  expected to be condemned upon failure.
Respectively with these coefficients , BRCT is the average base
repair cycle time until the failed LRU is repaired and capable of
returning to base Inventory  (w i th  the m u l t i p l i e r  KB converting
FAIL (I ,K ,NS) from expected number of removals per month to expected
number of failures per m o n t h ) ,  OST(LO(NS)) accounts for the order
and one—way shipping time from depot to base of a new LRU to
replenish base inventory while the failed LIII) undergoes repair at
the depot ( t he  m u l t i p l i e r  ED converting FAIL(I ,K ,NS) from removals
departing the base to repaired LRUs r e tu rn ing  to the base from the
depo t ) ,  and the coefficient of COND(I) is the same as for N R T S ( I )
(but with the multiplier KD omitted).

The formula for average pipeline time is based upon negligible
probability of the depot inventory being depleted . To see this ,
consider the more exac t expression for the component of formula due
to repai r / rep lacement  at .  the depot ( F O R T R A N  indices  omi t t ed  for
brevity)

NHTS’KD ’[ (l—PCD)008T + PCD’OSTXJ

where PCD is the p r o b a b i l i t y  of depot Inventory  being depleted . In
such case , the order and one—way shipp ing time OST from depot to
base must be replaced by an expedited order and two—way shipping
t ime plus depot repair and handling time , say OSTX. For 1’CD
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negligible , t his expression reduces to NRTS~KD’OST as firstpresented .

2. 2.2.2 Load Factor for ~~epot Inventory : For each given LRU
type I, depot i nven to ry  is obtained by calling the Sparing Routine
with  load factor  AS computed in advance as

AD(I) = E XF(I ,K)’(l—RTS(I))’DRCT if COND(I) ~ 1 ,
K

o if COND(I) 1.

Here > XF(I ,K) represents the expected number of removals (failures )
per month of LRU type I at all bases , where

-

‘ X F ( I , K )  ~~ FA I L (I ,K ,NS),
NS

the factor 1—RTS (I) reflects the fact that not all such failures are
replenished by depot inventory  or repair , and DRCT Is an average of
the depot ’s own pipel ine t ime for all LRU types and base locat ions :
one—way shipping t i m e  to receive the failed LR U , plus depot handling
and repair time .

For LRU types I such that COND(I )=l , a load factor of zero is
input  to the Sparing R o u t i n e ;  th i s  causes an ou tpu t  of QS=O , n a m e l y ,
no depot inventory  based upon depot p ipel ine  time for LRU types
condemned upon failure. Actually, the AFSATCOM LCC Model does
account for the cost. of rep lacements  for  LHI J s condemned upon
failure. This cost is accounted for in the LCC Routine , Cost
El ement ~ namely, the cost of replacement LRU s and SBU s over the
l i f e  cy cle F I U P .  S p e c i f i c a l l y ,  the cost of such replacement  LRUs is
included in that cost element via the use of the product
COND(I)’UC(I) where UC(I) is t,he unit cost of an LR U of type  I ,
(See Cost Element ‘

~ in Section 2.1.) To account for these
replacements in t he  depot sparing term of Cost Element  2 , spares
acquisition , would be a double counting of their costs; hence , when
establishing depot inventory levels , the output QS ci’ the Sparing
R out ine  (wh ich  r e tu rns  to Cost Element 2 as per E x h i b i t  L~ above)
must be zero for LRUs condemned upon failure.

1
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2.2.2.3 ~~~~ Lim it for Expected ~ackorders: The input AX is a
preassigned upper Umi t  on the expected number of’ backorders per
month  to be calculated by the Sparing Routine. As this routine is
currently used in the AFSATCOM LCC Model , AX is taken at 0 . 1
backorders per month . This is consis tent  w i t h  cu r r en t  AFLC
procedures (see discussion in “Overv iew ,” Section 2 .2 . 1 , a b o v e) ,  it-
is to be noted tha t  the Sparing Routine could be employed with AX
dependent  upon LRU type and specific base or depot .

In SITELCC , the FORTRAN program for the AFSATCOM LCC Model ,
Subroutine EBOS is called from the LCC Routine. As such , the
variable names used in the calling routine need no~ be identical
with the names of the same variables in the subroutine. To conform
to the terminology of the documentation for the AFLC Logistics
Support Cost (LSC) Model (Reference [11), the upper limit for
expected backorders is input as EBO in the main program , and
received as AX in the subroutine . This use of the variable name
“EBO” must not be confused with the EBb discussed thus far , and to
be discussed further in Subsections 2.2.1) and 2.2.11. 2, entitled
“Outputs ” and “Expected Number of ~ackorders ,” below . See Exhibit 1)

for clarification and additional information.

2.2.2.11 Expeditin~~E~ctor: An expediting factor EXF is
prov ided as an input  to ai low tha t  t r a n s p o r t a t i o n  and /o r  repair  can
be expedited for failures which occur while inventory is deple ted .
The Sparing Routine uses the load factor AS while failures decrease
the inventory to zero . Whenever inven tory  is a l r e a d y  depleted ,
failures are given the load factor AS divided by EXF , representing
pipeline time divided by EXF. If expediting is to be utilized , EXF
input must be greater than one. Otherwise , Input EXF 1. (The
expediting factor is used in the calculation of the probability of
backordering , PC , but not in the calculation of’ the quantity of
spares i.~S. Details and rationale are presented in the “Outputs ”
subsection , below.)

In SITELCC, the FORTRAN program for the AFSATCOM LCC Model , the
user ’s control over whether or not expediting is to be employed is
exercised via the control variable NEXF. Setting NEXF=O causes EXF
to be calculated in the calling procedure for Subroutine EBOS as
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EXF (1 ,NS) = LRT S(I ) ’I3R CT + ( 1_ B T S ( I ) ) *O S T ( L O (N S ) Y 1 * 7 3 0
ITRANB (IBS(I)) + RTS(I)’RT(I)1BMF 1
L + 1_HTs IyieTRANn Lo(Ns~~J

for computa t ion  of PCB (I ,NS), the probability of backordering for
L RU type  1 at base N S. Sett ing N E X F = 1  causes

EXF ( I , N S ) r  1 .  0 ,

the default value for no expediting . Regardless of the control
NEXt” , the expediting factor EXF=1 .O is always input when calling
Subroutine ER OS for computation of PCD(I), th e probab i l i t y  of
hackordering LRU type I at the depot , since in this case
“expediting ” would imply “expedited depot repair”, which is not
modeled .

Note that in the numerator ~f EXF(I ,NS), when NEXF:O, the
expression in brackets is precisely the ratio AB (I,NS)/XFR (I,NS )
presented and explained above In Subsection 2.2.2.1 , “Load Factor
for base Inventory , ” but wi thou t  the multipliers KB or ED , s ince

N H T S ( I )  + COND (I)  1 — RTS(I),

The m u l t i p l i e r  730 converts months , the units of the numerator , into
hours , the units of the denominator , since the expediting factor
must be dimensionless . An explanat ion of the denominator of
E X F ( I , N S) follows somewhat the rationale for that of the numerator:
Whether or not the LRU type is coded for base repair , the
transportation time TRANII (IBS (I)) associated with on—base ~deliveryof a replacement LRU of type I , from base supply loca t ion  I B S ( I ) ,
must  elapse. For the fraction RTS(I) expected to be repaired at the
base , when base inventory is depleted the base repair time RT(I)*BMF
is incurred . For the remain ing f rac t ion  ( 1 — R T S ( I ) ) ,  the  t ime
incurred is TF(AND(LO(NS)), the transportation time associated with
shipment of a replacement LBU from the depot to base NS , via an
expedi ted  prior i t y ,  where LO(NS) denotes base location (continental
U.S. or overseas).
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. ! .2 . 3  Development of Steady—State Probabilities

The f ollowing discussion develops the steady-state probability

dist ribution of the number of LRU s of the specified type in the
pipeline. If the Sparing Routine is to establish inventory at a

specified base , then the pipeline includes both base and depot

handling , repair, and transportation t imes (we ighted wi th their asso-

ciated probabilities of base or depot action). If the Sparing Routine

is employed for calculating depot inventory, then the pipeline is

comprised only of average shipping plus depot handling and repair

times. Steady—state probabilities have the following interpretation:

After  an initial  transient behavior due to start—up , the steady—state

probability p is the probability that there are n LRUs in the pipe-

line either at a random point in time or at the end of each month.

The pipeline is now viewed as an infinite—channel queuing system,

where the “customers ” are the requests for replacements of failed

LRU5 (or are the failed LRU5 themselves in cases when it is not

possible to exchange new LRU S for failed LRUs) , the customers ’ inter—

arrival times are the times between failures of the specified type

LRU , and service time is pipeline time . Hence the number of customers

in the system is the number of LRU S of the specified type which are

simultaneously undergoing some form of pipeline service , The inf ini te— - 
-

channel assumption , that the number of customers being served does not

have a specified upper bound, is reasonable in ligh t of the application

to AFSATC~~1.

For the case of no expediting, EXF 1, the following result is

well-known [5]: If the process of arrivals to an infinite—channel

queuing system constitute a Poisson process with rate X customers per

uni t  time ( i . e . ,  independent interarrival times with a common expo-

nential distribution, mean interarrival time 1/A) and the service

times~~e independent of the arrival process 
and of the number currently
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being served , then regardless of the probability distribution of the

service times, the steady—state probabilities are Poisson with mean

AT where T is the mean service t ime . Thus

= ~~~~~~~~~~~ , ~ = 0 , 1, 2 , • ‘. ( 1 )

Note that the product AT is the load factor AS input to the Sparing

Routine, and is the average number of LRUs in the pipeline .

It will  be of interest to note that (1) is identical with the

following standard result for birth—death processes (or for the

queuing system described above but with exponentially-distributed

services times) [5] , Chapter 3:

A A • • A0 1  n-l
= P0 . E p~~ ’ 

(2)

~l~ 2~~~~’n n O

with arrival rates

A =A ~~~• ‘ •  =A = A0 1 n— i

and service rate for state n (combination of n individual service

ra tes)

p np, 1.A 1/T .

For the case with expediting, EXF>1, Sherbrooke [6] has established

a general theorem from which p can be obtained . For the purpose of

this discussion, Sherbrooke ’s result may be presented in the following

more specialized form : If the process of arrivals to an
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inf ini te—channel  queuing system constitute a Poisson pr - -~ess w ith rate

A when n customers are in the system, and the serv ice times are

independent of the arrival process, with service rate p when n

customers are in the system, then regardless of the probability dis-

tribution of the service times, the steady—state probability dis-

tribution satisfies (2).

We now define what we mean by expediting, in the notation of

(2) . We assume that expediting occurs only when there are backorders ,

i.e., when inventory is depleted and subsequent failures place

AFSATCOM terminals into NORS condition . For each customer which

arrives while inventory is depleted , we divide that customer ’s service

time by EXF, the expediting factor . This is equivalent to multiplying

that customer ’s service rate by EXF , so that

p np n/T for n < Q S

= (Q S ) p  + (QS—n) p ’

= (QS ) /T + (QS—n)(EXF)/T for n > Q S

where p ’ is the expedited service rate , and in the FORTRAN notation

of the Sparing Routine , QS is the quantity of spares in inventory ,

EXF is the expediting factor. Thus the steady—state probabilities

of (2) are

(AT) ”
n! p0 for n~~ QS

p = (AT ) ”' — 
p0 for n>QS (3)

n—QS
(QS)lfl (QS + m(EXF ) )

rn= l
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The above equation (3) represents the case where expediting is

put only to failed LRUs for which an AFSATCOM terminal has been placed

in NORS con diLion .  The logistics support system for IIFSATCOM i~;

expected to operate in this manner;  replacements ordered from depot

invent ory .is back-up to base inventory will be shipped at routine

priority , whereas replacements ordered to return a NOR S termina l to

operational condition will be delivered to the base on a higher

priority (usually via airlift). In this regard, it should be noted

that the form of expediting employed in [6] was to speed up all

service in progress on items in the pipeline , whenever a NORS

(backorder) condition exists . Such interpretation of expediting

results in the following modification of (3):

( X T)~= — 
for n>QS (4)

‘~ (QS) t (EXF) ”

me Sparing Routine can be modified so as to represent the exped iting

mode of (4) rather than that of (3) . However , in any logis t ics system - -

for which immediate resupply is by depot inventory rather than by

depot repair and re turn , wi th  the depot serving more than one base ,

i t is doubtful that delivery of all items requested earlier by a

g iven base can be expedited beginning at that later point in time

When the base experiences its first backorder.

The use of (2) with A
0 

= A~ ••. (arrival ra te of customers

i ndependent of number in pipeline) represents the assumpt ion of an

i uf i sit e population. Shcrbrooke [t ~] notes that the i uf in i to population

assumpt ion is appropr ia te  for an a i r c raf t  application because the

52



-•-—-—--:

~~~ 

----— --—--— — — -5--—--- ‘-‘—5— ,,-—-— —‘—--5-’—-- - ___ _ . ‘ ‘ i’~’ .-,—-——--S—’ ---,—.5-- - _ - •,

~~~

. 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

— —“

pi oq t .uunu’d t I ‘~ sq Rout ; ate al ocat t ’d t o t Re opeL-at j onal a it -c ,  ,~

1 ( ‘S , I 1  d l  * ‘~o; of f l u ’  number ot NORS airt’t-af t (within limits , of course)

11y - out  I a:-t , iii a m i  ilo appi ie ,it ion w i t h  a f i n i t e  populat ion of N

a I i - i t  m u m  t lo s , it would probably he a~’pm opr - iat e t~~ ~Ot A ( N — r n )

2 -t ~ ‘— mu N , and \ — ~) othtiiW i so 1.6]

s~a t i nq Rout i no employs t lie in f i n i t  e poj ’tt  tat io~ assumption

in  ~~~~~~~~~ i ou o f  s f e J d y— s t  .1( 1 ’  proh .ul .i l i t  ies . As aj-p l i ed  t o  tin’

AF’SATCOM ~.ys t ots , this .iti a s su m p t i on  t h a t  I . Rt!  t a  i lu re  rates at  e

i t idependent of the  nunthet of l,RUs in ( l t ~ 1- i  po I i  I i ( ’  , i net ud inq i i i

— Pj t t  t t e n  I , , t  t i ’s’ asstnu l-t ion that l,Nlt t . i i  lur e  r ates (10 i t ot  lt’ ’t~ ’ist ’ .0;

he IIU IIÜ ) 0X 0 t AFbATi ’OM t-er m inal S in NUES comid i t  t O l l  t i l e  I ea:- ;c :; . ‘t’ltt

.i5s;tm}’t ion ha:; two just it i cat  I oils : F’ i rst , Ott 1~~i :a’S wIt icti  Ut 1 1 1

a •u q( ’ ii umber of a i 1llo1 mlc AF’SATCu.*l I onuimia 1:; of a single k i n d ,  the

1011 ob ~e(-t iVe: ; ar e allocated t o t h e  operational t ernu nat:; me —

‘~~i t d  I (‘55 of the numbe 1 0 t NORS t ci mi h a  ~l s (wi t.h in l i m i t  :1 , of eouzs e)

each tvrmiua I has a “prime n~ss ion ” object i ye wh i ch can be

}4’ i t  ot itied w j  t.h less than t ul 1 ol~eiat t o n a l  c.kpall i i i  ty . t l& ’iice the lo: ;

of  ~~ ISIW from a terminal iieed not le s s  I t itt tha t  t e t m i  zi ,i l he i in;  : ; i t i i t

(IO W II , (lit this m e’;.t id , i t shou ld  he not el that “pi~ jute miss ion ” cap—

ab iii t:y i :; 1’iot ected by a deq ret’ of redundancy in the I unct i ott :;  of

1,1(1 1 :; within terminals.)

In ~iVl1 ( ’t . t  1 , i t  is t 0 Is’ I I O E  t ’d t hat  ( l i t ’  accuracy of an inf in it e

S0~ -it -I at i ut  . ippi oX t mat ton improve:; a:; t lie upper l i m i t  on expect ed

num bi ’ r o f  l~ac k o t d e  1 , AX , dec re t ;;es . ‘Fit i :; I :; so because a dee tease

i i i  h,t ‘kom ~1, ’ r: ; ( w -1 Lii i t  :; assuc i at  od i l i c tease  in base inventory)  y ie lds

., t le ; ’ t , ’ase in (lie t a t (‘ at  whi ch NORS t e t m i  sa t : ;  occur; the c.Ls( ’ ot tie

NORS I t ’ t t U t t t . i l s  cot t OSIIOII(t5 ( l i t  LRU ía m 1 s t e  r ,m t o )  t o the case of

i tt f lu i t  e pops I . t t  i on .

-
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I 
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2 .  2.4 Outputs

Th e’ output :; calculated by the S~su-i sq Routine ,ire QS , t he quant.i t y
01 : ; f , L 1  t ’:- t o  l’~- acquired for iui i  t i al  inventory , EBO , the expectti el

ut u mbe’t of  hackordet s which r es u l t  when th e’ system is  i n  st e a d y — s t a t e ,

~t t n t  f \ ’ , t ifl’ ; t c.idy — : ; t at e probabil i ty  ot backorder i ng, i . e. , of neceli  sq

- nt - u t in - i  e spa [ i’:; for  replacement a f t  or inv en tory f~ t :; bet ’~ dcl - 1 ~ t 0(1

i tt ’ ‘us -e , t - ‘I .1 ~; i von LRIJ t ype I at a given bane NS , PC is f l i t ’  proiseb I I t  t y

1 ii Leas t o u t ’ NORS terminal at  tha t base , await j ug a r r i va l o that

- . I ~I - vi ~
‘ • ) ‘rho method of computing cacti of these.’ outputs I: ;  di  :;~ - iuese ’.I

be low .

t net . ( i t , ’ Spa! i sq Rout ine is prograimneud to it t ’  t lie samltt~ for  both

t . i :; ,  ~i mid dt ’~’ot :;pal t i n t ,  the interpretation of outputs is a funct ion

of  t i t t ’  u S e ’ o f  th is  rout i ne an es tablished by i ts c a l l i n g  procedure .

‘Fhtu:; 1,15 , qu ,lnt  I ty  of spares to In ’ acquired , may pas:; to the L(’C

Rout t i t e , C~~ ; t ~-: I emt ’nt 2 , a:; e i ther  base sparing or depot sparing .

S i m i l a r l y ,  PC may pass to the Ava ilab ility Routine (Section 2 .1

below ) a;; the probabil i ty of LRIJ type I inventory being depleted at

.i base or at the depot . (See Exh ibit  4 . )

2 . 2 . 4 . 1  Quan tit.y of Spare’s to Ito Acquir ed: j t  the load factor ,

AS , I:. sufficiently small (less t i tan h x l0~~~) , the Routnie re turns

QS ~- 0. If ti me lo . i tf  f ac tor  I:; sufficiently large , then the Routine

t et  s t u n ;  QS equal to t In’ mean p lus  ,~! 3 times the standard deviation of

t hit ’ num ber of i tems in t h e ’ pipeline. Si n ce  the standard deviation

of .i Poisson distribution is the squalt’ root of i t s mean , this

~-roccduro is in accordance with published USAF methods [7].

F’or AS between the sufficiently small and s u ff i c i e n t l y  large

- 
, thresholds given above, an i t . e rat  ly e  procedure ii ; used such that QS

I : ;  ~~~~ smalles t imumber sat i : ; fy i u m q  the condit  ion t h a t

54 
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\‘ ( n-.QS)p < AX, (I ,)
n—QS

wRote p~ t : ;  f l i t ’  I eady—s ~~~ Probthi  l i t  ~ of S it- em;; i ii t htt ’ P i t  t t ’ i i  mte ~

i .  i t ’s; \T- -AS . ( N o t e  that t ti e ’ suitunat j e l l  expression ot ( ~t ) , which j i ;

c t -l ’ouitele ’d by AX , ;:; (lie ox; -oct e ’d ui tunber  of h.ick t i  dot  ~; (~ t i

.1~’c pt i t  .st uivcu tt  ot  y QS . )

I t ci at lou; t’io~ ecitit t’ i :1 t 0 i tic t ease’ QS ity em’s’ I f t lie above’

- - . ‘ ; ; l u  I toi l ‘t) t -
~ not ye ’t  m e t .  Cotuput ,tt ion t intt’ j :; saved by i ecoqit u ~~ m i - i

• haf - ,~~- ;tu: f m u s t t an;’ t o  , it  I v , t n t  ‘15—AX , sinct ’

AX 2 ~~ (fl—QS)i 2 V (n—QS)p
n—QS n~0

— AS - QS.

11111. ’

Q~ 2 AS - AX.

l i t  .id. t t  t ion , 1,15 1:; t e : ;t  t ict~~d to be’ at least one’ if the moan pipe 1 jute

tune 1:; 11101, ’ t Ran omit ’ pe ’i ccit t  of t tic moan inventory eye 1 c time (mean

I ti i i t ’ I- - t w ’,’ii ~te’mn,iiie1: ; ( a r m - i vals) plus mean p1 pci inc t inie) , i .e • , i

— ~T 
1 2SAS > .01

As a- protection against erroneous inputs , the Sparing Rou t ine

terminates the procedure at QS 300 tot i nputs requiring an output of

~~~S ~~ 100
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2 . 2.4.2 E cted Nuad er of Backorders: The Sparing Routine

calculates EBO based upon t he’ s teady—state  probability di s tr i b u t  iou;

which would resul t  in the absence of expediting ,

i:Bo ~~ (n-~QS)p
S QS+1

using the p of the  non— expedi ted mode whether or not EXF’ 1 . The’

I a t  ioui,t l  o I - - l ii:. ~ sq ci th e’ non—t’xp.di ted mode’ is a;. to I low s : l o ;

.i q iv emi input AS • t he’ i-roh~t 1- t I i ty d I s  t r i b u t i o n  p favors  lower mnuuhe’y-s

- 1 i t  e ’jtts t ri j - i ~~-t ’~ o t t ’ u ii L-z  t i l e ’ cxpt’rlx ted mode (EXF ~‘ 1) than under

L it ,’ i ’ s ) n — t ’xpes t i t , ‘d mode’ ( I-~XP - - I )  . A -  ucti , l’~ii~~ cjlc;i lated v ia  t h e ’

i it t y  I t  .t u tL ’ui t lou of t h e ’ expedited mode would be I es:; t h an

Em) calcu la t t’d V t  a t~~;e ’ probability d i s t r ibu t ion  of the nOfl~ t’Xpeditt ’d

mode’ , so that t o t  the same’ input  AX , a smaller  QS would result  fr an

is’ use of expt’el i t  t sq. I t  t h i s  smal le r  QS were output , i t  would

r et  1 , -ct  .1 is’ 1 u t ’ I that e-x~-edtt 1 sq 1:; the norm rat h er than the except ion,

which  would mi ot he’ ~‘~tm :;istent with the objectives of the support
*

:;y n tout s for l a m  qt’—:;c.; e ” syst t~ %s such a:; AFSATC~ ’1.

2 . 2 . 4. 1 Probability of l . t ck o r d t - m i,~~j : The output PC is the sum

of the s t eady—stat e  probabil i t ie s;

I’C - ‘1’ p
it QS+l ~

where’ t h e ’ P incorporates expeditinq if EXF ~ 1. As such , PC I: ; the
4 :;t catty—n t a t  e ’ probability of needing eli, ’ or more spare:; for rep lacemetit

i t t t ’r inventory has beem t deplet ed . Equivalen t ly,  PC is  the Probabil i ty

of at least one NORS terminal at a random p o i n t  in t ime or at the end

of each mo r t t h , for the given LR[J type anti base’ I)! depot.

*
Tht’ ,t ddit j oital cost of c ’Xpt ’dit I sq , i u i  L~~ J t o  ( t i e ’  i t t ’ of a NO RS
AFSATC(14 terminal , v ia  a highe r p r i o r i t y ,  I : -  h o t  i iii ’ 1 utlod j u t  I i  fe ’
cyc l t ’ cost as computed by this mode l.
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$ fl ~~~ U l i b i i it - y j~~~~~ 1N?

The’ AFSA T COM LCC Model m c i  ucte’n an Av -i i i  ab 111 ty  t~-uf Inc wh I c iu
ca lcula tes  and d i sp lays  the  ava i lab  i i i  t .y , me an down t i m e  MM ,

mean t ime  be tween demands  ( M iRE ) ) of ’ each t e r m i n a l  e p er a t  I ng ,it e’s’f;

base’ in the AF ’SATCO M s ynt  emit . A d i scu ss i o n  of t he’ J isplay of ’ t h i  :1
information is m c i  uded in Append ix A. ( Formal dol ’iui i t  tens e f MPF
and M TBD will be found jut the GI onsu’y. The Avail at’ 111 t.y Rout tnt ’
will be abbrev iat ed A V A I L  t’or ~~~~~~~~~~~ in t he G I essar’y

Terminal  a v a i l a b i l i t y  is expressed as a ratio of t e r m i n a l  ~~~
to terminal regeneration cycle time (MTBD plus t ’ IDT). The
ca l c u l a t i o n s  for t e rmina l  NTI3 I’1 account  for  t e r m i n a l  s t i l t  ~a t i c r ;  h- y
b,i~ t- as wel l  as by tot’s in a l  type . The MTBD and Ml)T v a l  se’s a t e
ci l cu lat e’d based upon predict ed L R U f ’a ii  UN? r a t  t’S by  LRU t ype and
t ’poi ’ at - ing env ironmnent- ground fixed , gu ’cund  t u ’ a u i s i - e r t , t h l  e ’ , or
a irbornt’~ c i ’ the g i v e n  t e r m i n a l  cen t a in ing t il e ’ iHU

ie - r ’mina l  MI t T is a pu ’obah ii i t y — w e  i g h t  e’d ave i ’agc  ev e r  I he t ime’ I c
i s ol a te , remove , and r’epl ice a I’a l i ed  L R U  , a s s u m i ng iii pens it’ 1 e
i nven tory  cond i t  ions and 1 ecat ions. ‘Etic ca i cu l a t  ions a c c o u n t  I o u ’
the LRI J repair —level designation (base r epa i r , depo t t ’epa i r’ , or
discard), sparing level (set to met’t expected hacker’der
requirements) , and the time to obtai n spare s from the  next hi gher
main tenance  l eve l  assuming e x pe d i t e d  hand 1 lug ) if bane’ invent ory is
deple ted .

2 . 3 . 1 ~~~~~~~~~~~~~~~~~~~~~

From the mod t’st ansump t lout t hat  i ‘I the s uc ce s siv e  u p — t  Im e’S of a
g iven te rmina l  o f’ t y p o  K at  base NS are i n d e p e n d e nt  and have ’ a
common probability distribution with ; mean t ime between demands
MTLIL)T(K ,NS), (ii) the Succe’Siv&’ do wn—t ime ’ s of’ a g iven terminal of’

type K at  base NS are independent and have a common probability
d istribution with mean down—time t’IDT(K,NS), and ( l ii ) the u p — t i m e s
are independent of’ the down—times , i t can be shown (see Reference

~8], pp. 
112_ fu n tha t  the ’ limitin g probability (after start—up

t u ’ au i s  l en t  beh av j ot’  has d i  sappc ,ti ’ed ) e t ’ t he g iven  t ou’m thai he’ ing up
is Liii’ rat-jo of MTBDT (K ,NS ) to t he’ nut’ ; M TB E ) T ( K , NS )  + MDT (K ,NS).
in th e’ Avai lability Routine of I Ito AF SATCUM LCC Model , i t -  Is t h i s
limiting probability which is taken an t h e ’  “ a v a i l a b i l i t y ” A V ( K , WS I
for the given terminal of type K at base NS:
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AV(K ,NS) MTBDT (KINS)
MTBDT (K ,NS) + MDT ( K , NS) i f  I T ( K , NS ) > U

0 if I T ( K , NS ) 0.

The remainder of the discussion now focuses on the method and
underlying assumptions for calculation of MTBDT(K ,NS) and MPT(K ,NS).

Note that in this discussion there will be no consideration ci
the actual number of terminals of type K at base NS , I T ( K ,NS ) , o t her
than its role in the above equation for availability , i.e., t hat
A V ( K ,NS )~ 0 if’ IT ( K ,NS):O (with similar roles In the equations for
mean time between demands and mean down time , to be presented
below). As such , AV(K ,NS) is the availability of a Liveul t e r m i n a l
of type K at base NS , not the availability of a gener i c  te r mi na l
type K at base NS.

2.3.2 Mean Time Between Demands

The mean time between demands , MTBD , of’ a given terminal of type
K at base NS is developed via the mean time between faiiure s , MTBF ,
for a given representative of that terminal type . This HTBF is
calculated as a sum of the failure rates of the ind ividual  LRUs in
the terminal :

M T B F T ( K )  1 _______

~~~Q P A ( I , K ) ’ M F A C ( L E ( K ) ) / M 0 T B M A ( I , L F ( K ) )
I

where Q PA ( I , K )  is the number of L R Us of type I in terminal type K ,
and with the remaining variables allowing tha t both predicted and
operational mean operating time between maintenance actions are
functions of the environment LE (K) of terminal type K (i .e., ground
fixed , ground transportable , or airborne) as well as being functions
of I , the LRU type . (See the Glossary for the full definitions of
the variables involved ,)

Mean time between demands differs from mean time between
failures in that MTBD is a measure of elapsed calendar time ,
including times during which the equipment is not operating , if any ,

- : whereas MTBF is a measure of actua l equipment operating time only.
Thus the MTBD of a terminal of type K at base NS is obtained from
MTBFT (K) as follows :

I
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MT BDT ( K , NS ) I~ITk3FT(K
’)*73U/AT 0Fi(K ,NS ) i f 1T (K ,NS) > 0

U if I T ( K , NS ) 0.

Effect ively, this d ivides M T R F T ( K )  by the terminal utilization ratio
A ’l ’OH(K , NS) !730.  Since ATOH(K ,NS) is the average total operat ing
hours per month of a terminal of type K at base NS , and there ar e
730 possible hours per mont h ; during which a terminal can operate ,
AT U H ( K ,NS)/730 is the  f r a c t i o n  of ’  c a l e n d a r  t i m e  t ha t -  the  t e r m i na l  is
u t i l i z e d . ( Indeed , c e r t a i n  A1~SATC0M t e r m i n a l s  (‘f t y p e  K in ground
fixed environment L E ( K ) ~~1 ope ra t e  c on t i n u o u s l y ,  hence’ t he d a t a  inpu t
for such ground fixed terminal s is ATOFI (K ,NS):730, for a ut ilization
rat io of’ 1 .0 .)

A fully rigorous justification a!’ the above expression for
H T B L ’ i ( K )  requires  two fu r t iu e r  a s s um p t i o n s :  F i r s t , t h a t  the
o p e r a t i n g  t imes  of a l l  I hU s w i t h i n  a t e r m i n a l  accrue  at the  same
rate as the operating time of the- t e r m i n a l  i t s e l f , and second , t h a t
the LRlis within a terminal play a series role , i.e., t ha t  fa i lu re  of
any one LRU in the terminal causes f a i l u r e  of the  t e r m i n a l . For a
terminal considered as a ser ies  sys tem of i ts  component  LHUs , we
no te here an appl icat ion of a rec en t resul t In r e l i ab il i ty theory
(Re ference [—1]): For a series system ’s mean time between f a ilu r e s
to be a reciprocal of a sum of reciprocal mean times between
E’ailures of its component LRUs , it is not necessary to make any
further assumptions on LR U u p — t i m e s  and down—t imes  than  the modest
assumption as present~’-d above for terminal availabilit y.

The above assumptions constitute a simplification of the real
system . In actua l AFS ATC OM usage , each terminal  has a “prime
mis sion ” obje’cttve which  can be performed with less than full
opera ti onal  capab il i t y , and t h is  “pr ime mission ” c a p a b i l i t y  is
1-r ’et ec t  e d  by a degree of LR IJ redundancy, i.e •, when pu r su ing  such an
o b j e c t i v e  the 1 -na of ’ an LHU need not r e su l t  in tha t  t e rmina l  being
shut  down . hence the  “ pr ime m i ~’s ion ” a v a i l a bi l i t y  w i l l  be h ighe r  ‘

than t hat comput ed  by t h e  A v a i l a b i l i t y  R o u t i n e  of the AFSATC OM LOC
Model

2 .  - tIt ’it; \-wt; T m e ’

The mean down t ime  M D T ( K P NS ) for a par’ticular terminal of type K
i t  base NS is the average time over all LHU repair—replacement
outcomes , given a failure c-f’ an LRU of type I In terminal type K at
base NS , weighted and averaged by the respective probabilities of’
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failure of the LRU types in the given terminal type . Thus the
equation for MDI’(K,NS) is

MDT(K ,NS) ~~MDT LRU (I ,K ,NS)
I

if I T ( K ,NS ) > 0

0 if I T ( K , NS ) 0

where l’IDTLRU( I ,K ,NS) represents an expression to compute the mean
down time for a particular terminal of type K at base NS , g iven a
failure of an LRU of’ type I in that terminal . This expression is

MDTL RIJ(I ,K ,NS) RMH (I) + M C U T T ( K )  + TRANB (IBS( I))

+ PCB ( I ,NS) ’TRANS( I ,N S ) .

The first three terms of this expression are respectively the
average remove and replace time for the LRU , the mean checkout time
for the terminal , and the transportation time for on—base de l ivery
of a replacement L R U from the base supply point . Thus these three
terms account for time spent at the terminal and on the base
exclusive of repair time , given that an LRU of type I has failed .
The fourth term , PCB( I,NS) ’TRANS( I ,NS), is the average remain ing
tim e spent over all repair—replacement outcomes given the LHU
failure , where TR A NS(I ,NS) is the mean replacement time given that
inventory of LRU type I is depleted at base NS:

TRANS(I ,NS) RTS(I)*RT(I)*Bt.IF
+ NRTS(I)*PCD(I)*RT(I)*DMF
+ (NRTS(I )  + COND(I))’TRAND(LO (NS)).

The derivat ion of the expression for MDTLRU(I ,K ,NS) , i n c l u d i n g  a
detailed derivat ion of TRANS (I ,NS) , is presented in Appendix C.
Definitions of all FORTRAN var iables will be found in the Glossary,
along with identification of the responsible authority or source 0!’
numerical data for input v a r i a b l e s .
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The abov e expressions for’ MDTLRU (I ,K ,NS) and TRANS , l ,NS) emp loy
t wo  probabilities evaluated by the Expected Backorder Sparing
Routine (EBOS) as ou tpu t  v a r i a b l e’ PC (refer to Exhibit 4): For 1,RU
type I , PCBt, I ,NS) is the probabil ity that inventory is depleted at
base NS , and PCD(I) Is the probability tha t inventory Is deple’ted at
the depot. (See Glossary for more complete ’ dt’fin itlons .~

The’ remaining factors of the MP1’tK ,NS ) equation above ,

Q P A ( I , K ) *M TB I .’ T ( K t * M F A C ( L E ( K t ) / M O T B M A ( I , L E ( K ) ) ,

oonn t i t u t - e the p r o b a b i l i t y  of f a i l u r e’ of ’ L R U t y p e  1 in t e r m i n a l  t y p e ’
K .  To ne’e t h i s , r e w r i t e  the above  as

[Q P A ( l , K ) ’ M F A C ( L E ( K )  ) / MO T BN A(  I , L E ( I O ) ]  / [ 1/ N T B F T ( K ) ]

which is merely a ratio of LRU type I failure rate i per operating —

hour’ in terminal type K) to the failure rate of’ terminal type K (per
operating hour). Recall our assumption that the operating times of
all LRUs within a terminal accrue at the same rate as the operating
t ime of’ the terminal itself. Finally, the defining expression for
MTBF T ,K), presented at the beginning c-i’ this subsection , justifies
tha t  —

~~~[ Q P A ( I , K ) ’M F A C ( L E ( K ’t ) / M O T B M A ( I , L E ( K ) ) }  / [1/MTBFT(K)1 1
I

as should be the case (‘or probabilitie s on I with ,‘i g i v e n  K .
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SECTION 3

THE AFSATCOM LCC MODEL WITH “CENTRALIZED” MAINTENANCE POSTURE

The AFSATCOM LCC Model is capable of operation according to
either of two maintenance postures : “non—centralized” maintenance
or “centralized” maintenance. Both maintenance postures , and
associated terminology , were presented in Sections 1 and 2. The
remainder of Section 2 documented the AFSATCOM LCC Model under the
“non—centraltzed ” maintenance posture . In this section only the
changes which convert the model from “non—centralized” to
“centralized” maintenance posture will be discussed .

3.0.1 Subroutine CONSO

Subroutine CUNSO is the vehicle by which the “centralized ”
maintenance posture is implemented . Maintenance posture is governed
by the user ’s control variable CON . Setting CON~0 causes the model
to run in “non—centralized” maintenance posture. Setting CON:1
causes Subroutine CONSO to be called , and the model to run in
“centralized” maintenance posture. For the remainder of the
discussion , it is assumed that the user has set CON:1. Subroutine
CONSO performs the following sequence of events: First , a FORT RAN
logical variable is set , and a configuration of the bases into
stand—alone bases (i.e., bases not assigned to any group),
groupings , and “centralized intermed iate maintenance facilities ” or
CIMFs , as determined by the user , is received as input . The FORTRAN
variable through which the user inputs a desired configuration is
the vector CONSOL (NS) for bases sequenced as NS; this vector is
discussed below and in the Glossary. The subroutine provides as
output a pointer ICS(NS) for base indices NS to ident ify the
groupings , and an indicator (zero or one ) function CIMF (NS) to
identify those bases at which repair facilities are located .

To simplify the presentation , the logical variable and the
pointer will not be d iscussed in detail; It will be understood in
all of the following discussions that “centralized” maintenance
posture prevails, and that the stand—alone bases , the groupings , and
the CIMFs are Identified as a function of their indices NS.

Mamy base—specif ic  variables are read as input into data files ,
or computed i n t e r n a l l y  and stored in data  fi les , v ia  an index ing  —

procedure wh ich is independent of whether “ non—c ent ral ized” or
“ centralized” maintenance posture is employed . As a result., certain
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var iab le s wh ich ap ear in t h i s  document . as f u n c t i o n s  of index NS
i c t ua . l v  a~ pear ’ I n t ue- F O R T R A N  prog r am as funct ions of the pointer

Input v a r i a b l e s  A T O H ( K , NS ) and P S ( L O ( N S ) ) ,  and the
- r - ’  y ~-~ -rrp .t e-~ F A  I I . .  , K , N~- ar e act ual iy programmed as

A ’h~Il~ - ,\. 1 ) , I5~~LC(~~. 1 ) ” , and ~‘A1L ~~ ,K ,NS1 ) where NS1:NS for “non—
,‘t , t  ,- ,-

~~
- 

~~
“ ma t t ,-~~u - 

~
- pc ’s ur e - 

- 1 = I C~~ t, NS ) (‘or “centralized”
ma - ’ ’ ’ er - e - ~- 5 ’ 5- , . ~~~~~~~ N: - ’1 wi th NS (‘or t h e  purpose of’
3- i ’ - -~ 1 t .  ~~~~~ t~~ t :.e ’ r r t a t  t s ~n ~- - -~~~1 te chnic al ly represe nt . the
- ‘~~~ ~~t ¶ ~~~~ - i c e - ~~~ ‘ e’t I l I t  I I I  .1 1 i t ’5 ar e sequenced by base exac t ly
a: tie a’ -~ 

— - on,- a n t  ~~~~
‘ - -~~ i ’~~’ ‘cr ~~ i gu r a t  ion vec to r  CON SO L( NS)

sequ ences t he ’ bases ,

A sample I nput  oonf ’I gur a t ton I s sh c-wn in E x h i b i t  ‘~~, along wi th
the corresponding input , vec to r  CCN ~~~L ( N S )  which produces it , and the
Subroutine CONSO outputs ICS (NS) and CIMF(NS). Note that- the bases
a r e coded as two—character alphanumeric symbols delimited by a
double—zero symbol . The first such string identifies the st-and—
a l o n e  bases. Each successive string identifies a grouping c-f bases ,

i~~r o~ w h i c h  is the ClM~ fo r  t h a t  g roup ing . To emphasize that -
- !c- i c e ’  c t  i n d i c e s  NS Is I ndependent ,  of the configuration , a

~h ,  i n :  t c i t  ~-r t u i r ~-t  1 - -n f”f~ (4 5)  I s def ined  and used o n l y  w i t h
‘ i , , e r  t ‘- . I .ed ma in~ ,‘r a rce  p- -s e ure , I n te rpre ta t  ton I s as fo l l ows :

1: base N~ Is ei ther  a

~tand-alcne base or the CIMF
for  a group of bases

= 0 if’ 1-nine ’ NS is part. ci ’ a group
of’ bases but not the CIMF
for that- group.

By the above definition of CIMF(NS), a stand—alone base is
technicall y a CIMF base , serv icing only tt.self. From the standpoint -
of repair activity, CIMF(NS):1 denotes repair activity at. base NS ,
whereas ~,‘IMF (NS):O signifies that base NS sends equipment- t.o a CIMF
elsewhere .
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Base FF KL UV WX QR AB ST OP MN IJ CD GH
NS1 1 2 3 4 5 6 7 8 9 10 1 1 1 2

( a )  The Bases as Sequenced by Indices N 8 1 .

000 0
~~~:

O
~~~~

O

(b) The Desired Configuration for Centralized Maintenance Posture ,
Double—Circles Denoting Bases with Repair Facilities.

CONSOL(NS) ‘All ’, ‘CD ’, ‘EF ’,’GH ’,’OO ’, ‘IJ ’,’KL ’,
‘MN ’ , ‘00 ’ , ‘OF ’ , ‘QR ’, ‘ST ’ , ‘UV ’ , ‘WX ’ , ‘00 ’

(c )  The Correspo nd ing Input Vector CONS OL(N S) to Subroutine CONSO ,
to Achieve the Desired Confi gura t ion .

Base AB CD EF OH Id KL MN OP QR ST UV WX
NS 1 2 3 4 5 6 7 8 9 10 11 12

ICS (NS ) 6 11 1 12 10 2 9 8 5 7 3 4
S 

CI MF (N S)  1 1 1 1 0 0 1 0 0 0 0 1 I

( d )  The Bases as Sequenced by Input Vector CONSOL(NS ) , wi th
Subroutine CONSO Outputs  I C S(NS ) and C I M F ( N S ) .

Exh ib i t  5. A Sample Configurat ion of Twelve Bases for Central ized
Maintenance Posture , with the Correspond ing Subroutine CONSO
Inputs and Outputs .
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3 . 0 . 2  ~~~s of Bases_ (N o t a t i o n )

To f a c i l i t a t e  the documenta~~~on of the AFSATCOM LCC Model under’ Ce’ I I t t ’ , t l i ~~C~1
maintenance posture , the  fo l l owing  sets are d e f i ne d :

!N S: C I M F ( N S )

i.e., I is the set of bases NS which have repa i r’ facilities ; for each
such base NS wh ich  serves as a CIt ’IF to bases ns ’ w i t  h c ’u t  l ’epa i r’ f a c i li t  i o n - ,

~~NS) Ins ’: CIMF(ns’) 0 and
base ns ’ is servi -c e~l
by CIMF ’ base N S } ,

i . e . ,  ~ (N S )  is the set of bases serv iced  by a g i ven  C IMF base NS
(excluding base NS itself) .

Summation notation such as

f ’ ( N S ) ,  f ’I, ns ’)
NSE y ns ’E Z ( N S )

wil l  imp ly  the following operations : The summation on ns ’E 2(NS) is
taken over all bases na ’ which are serviced by a given CIMF base NS
(exc lud ing  base NS i t s e l f) ,  w i t h  t h e  proviso  t h a t  t h i s  s umm a t i o n  is
zero if base NS is a s t and—alone  base , i .e., a CIM F s e r v i c i n g  on ly
itself; the summation on NSEY is taken ever all bases NS which have
repair  f a c i l i t i e s .

3 .0 .3 ~~~posite Failure Ra te of Shi~ ments to lj~F

The following summation appears frequently in the sequel and
will be designated as I’AILC (I,K ,NS’:

F A I L C ( I , K , N S) ~~ F A I L ( I ,K , ns ’~~,
ns ’E ZI , NS )
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w i t h  the proviso that t h i s  summat ion  is zero if base N2 is a st , and—
alone base , I . e . ,  a l’L MI ” se rv ic ing  only i t s e l f .  Here F A I L ( I , K ,ns ’)
is as in Section 2 . 1 t o r  non—cent ra l i zed  m a i n t e n a n c e  posture ,
namely, the expect.ed number of’ removals per mont -h of’ LRU type I In
terminal type K at base ns ’. Thus FAiLC(l ,K ,N~~) denotes the
composite expected number of removals per mont,h of’ LHU type I in
termina l type K among ahtpment,s from bases ns ’ without - repair’
f a c i l i ties , to a g i v i - r i  C I M F base NS.

3. 1 ~~~~~~~~~~~~~~~~~~~~~~~
Differences between documentation for “non—cen tralized”

mainte nance posture  and documenta t ion  for ’ “ centr ’a l t zed” main tenance
posture occ ur in only seven of the eleven cost e lements , n a m e l y  in
fost. Element s 2 , ii , 5, and 7 through 10. These d i t f er en e t ’s  ,ire
l isted b e l o w.

it is tmport.ant .  to note t ,hat . by programming t h e  A 1’SATCOM ICC
Model to perfor m summations over the sets of bases IN S E I I  and
(n s ’ E Z ( N S ) }  instead of over all bases NS , model runs may be
switched from one maintenance posture to the other w~ thout, requirtn~
revision of the support ing data f i l es . For example , the file of’

MN TB (NS ) , minimum number of men planned for I n i t i a l  t r a i n in g  to
support AFSATCOM at base N S , ~~ per mi t ted  to c o n t a in  nonzero en t rie s
at, bases NS which under centralized maintenance posture will not-
have repair facilities. In centralized maintenance posture , such
entries are ni~ used by the model , since the bases involved lie —

outside the set over which the calculations are performed . (See , in
support of this example , Append ix A , Exhibit 7, Tabl e 14 :  “Required
Men to Be Trained .” Note In particular that for certain bases NS,
the input MMTB(NS) is nonzero but the computed output NMT(NS) is
zero.) S

3 . 1 . 1  ~ o~~t element ~ (5p ~res AcQuisition) 
- -

The equation for SC(2) remains formally as in Section ‘.1 , bu t,
the input SB(I,NS) Is calculated by the Sparing Routine as discussed
in Section 3 .2  below . ( I n  p a r t i c u l a r , SB(I , N S) is Spar ing  R o u t i n e
output. variable QS when Sparing Routine Input variable AS is as - :
d iscussed in Subsections 3 .2.1.1 and 3.2.1.2, “Load Factor for  Base
Inventory, Base Not a CIMF” and “Load Factor for Base in v e n t o r y ,
Base a CIMF’ .”)
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For centralized maintenance posture , the equation for this oon-t
t 1 t~ l O t t t bt ’ ,’oitit ’ s

12’PlUP~ I ~ ~ FAIL(l ,K ,NS)’IIM.’(l)
N S K 1

÷ ~~ l F A 1 L ( 1 , K . N S) H T F ( l , NS )
N S t Y  K I

+ F A I L C ( I , K , N S ) 0 R T F C t J , N S ) ]

in w h i ch  the expected number c- f r emov a l s  p er ’ mont-h L”A i L( I , K , NS ) is
- - as In Sect- ton .‘ . 1 for  n o n — c e n t - r a i l  ~ t ’d ma tnt.enaitoe po~ ture , and

FRI LC ( 1 , K , N S)  Is t he compo s I t  e expected number of ’ r e m o v a l s  t o C I MI”s
as discussed ahoy t ’ . The ex p e ct -ed  co st s  per t t ~mova 1 H P F (  I ) and
H’I’l” ( I , N S) are det ’ln ed as (‘or non— ce n t  r ’al I zed ins tn t - e rn t r r o t ’  post ur’e but -
usi n g a n ew f a cto r KC in place of’ Kit ,

H P F ( l 1  BLR ~ H T S ( I ) * R T ( I ) * B M F I K C
+ f~LR~NRTS(1)’fl’FU)0P)’iF’KD,

and

HTF( I,NS) PS ( Lo( NS) ) ’ PW H( [O ( NS) ) ’ KC
+ CO ND(f l ) ’W T ( f l .

An-ac-c tat-ed w i t - h  F A 1 I - C i  I IK ,NS) (a ~t new expect-ed cost per removal

R’l’FC(l ,NS) PS(L0(Ns))’I~W H i LW,NS ))1Ki ’02’WT(l).

I l i t ’ summation I n v o l v i n g  E - 1PF ( I )  Inc lude s  a l l  bases NS , whereas
t. tie sumina t Ion I n v o l v i n g  H I’F ( 1 , NS ‘I and RTF C 11 , NS ) concerns o n l y  t he
i- ant’s NS ~ t wh i ch  ma intenance fac t i l t ,  lea exist. . ( R eca l l  f rom a bo ve
that - F A I L C ( I , K , N3 ) Is i t se lf  a summ :-~t -t on , for a g i v en  C1MF h~ ae N S ,
i n v o l v in g  a l l  bases na ’ which  send equ ipment  t o  t h e  matht~enance
facility at - base NS , w i t h  the provi so  tha t -  F A I I C ( I , K , NS~ Is zero i t ’
i-a n -c ’ N5 Is a st - and — a l one han-c ’ , I ,e • , a e’iMF s e rv i c ing  only  I t s e l t ’ .

:1
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As Is the structure for non—centralized maintenance posture , the
f’ac to r’

( 2 ’N H T S ( I )  + C O N D ( I ) ) ’ W T ( i )

In R T F ( I ,NS) tallies twice the net we ight WT(I) of LRU t.ype I if on
a rou nd t r ip  to depot for repair  and re turn , onc e the n et we ight if
on a one—way t r i p  from the depot to  replace a condemned L H U.  In
H T F C ( l , NS ) the comparable factor  is merely 2 ’ W T ( I ) ;  i n cen t ra l ized
m a i n t e nance posture ~.U fa i led  LRUs o r ig ina t ing  at a base which  is
not a CIMF must be sent. to the appropr ia te  CIMF before the
appropri ate repair—level  decision (base repair , depot repair , or
condemn ) can be implemented , he nce a round — tr ip  t a l l y  is put. to
every such LHU.

As for non—centralized maintenance posture , the factor 12’PIUP
is replaced by the continuously discounted sum DFC(A ,B,R) with A:0,
B~~12’PJUF , if a month ly  interest rate RIO Is provided .

in the actual  FORTRAN program , SITELCC , f or th e AFSATCOM LCC
Model , the three—d imensional en t i t i es  F A I L ( I , K , NS ) and FAILC ( I , K , NS )
are computed as scalars and summed at the Innermost level of a
three—level nest of DO—loops . As discussed in Section 2.1 , Cost
Element ii , for non—centralized maintenance posture , FAIL (I ,K ,NS) is
summed into the Iwo—d imensional arrays XF(I ,K) and XFB(I,NS). In
addition , under centralized ma intenance posture , Cost Element It
employs a third array :

XFB N (I ,N8) ~ FAILC(l ,K ,NS).
K

The physical interpretation of’ XF B N ( I , NS ) Is the composite expected
number  01’ removals (failures) of LHU type I among sh ipments  from
bases w i t h out repa ir f ac il i t ies  to a given CIMF base NS.

3 . 1 . 3 CQSt Element 5 (Replacement LRUs and SR Us )

This cost element undergoes two differences when employing
c e n t r a li z e d  maintenance  posture instead of n o n— c e n tr a l iz e d
ma intenance posture. The f irst  is a formal change in the equation
f~-’ SCt5), using KC in place of KB:

68

‘ I 
-— - ________________________



12~ P lU P  ~~~~~~~~F A I L ( l , K , N S ) * [ C O N D ( l ) * U C ( l ’)
NS K I

+ (RTS (I)*KC + NRTS(I)*KD)*ASEC(l)J .

The second difference is in t he  computed v a lue  of AS E C( f l  via  I n p u t s
RT S( J )  , NRT S( .J ) , C O N D ( J )  , and CPFB(j) , C P F D ( J )  , CPF S( J )  , where  ,j

id e n t i f i e s  SRU t y p e ; thes e st x  t n p u t ~s are out puts of an ORLA Ro u t i n e
U] run .it. the SRIJ level and may va ry  w i t h  ma in t enance  p o s t u r e .  In
part ic u la r , t h e  l a t t e r  three inputs , C F F B ( J ) ,  C P F D ( J ) ,  and C P F S ( J ) ,
are comp u t e d  by the SITEORLA R o u t i n e  which t t .self  has p rov is ion  for
both non—cent ra l  t ied and centra l  tzed main tenance  p os tu re .

4 . 1 .4  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘l’he equa l ic-n for ’  SC ( 7) r e m a i n s  t’ormal l y as in Sect Ion 2 . 1; I he
sole  d I t ’ I ’er ’ence for’  c e n t r a li z e d  ma i nt enance  po st -ur ’e occurs in the
formula  for E k H D (  1, K , NS ) , the expec t ed  number  of r’ep.i Ir ’  hour s  per
m o n t h  tha t .  LRUs of t ype I o p e r a tin g  In t e r min a l s  o f ’ t ype  K w i l l
r e q u i r e  at - a r e p a ir  shop at base NS:

ERHEI(i ,K ,NS) (F’AIL I,K ,N S) + FA I L C ( l , K , N S ) J

‘RTS( I t’RT ( 1 ~*BMF*KC

i t ’ C iNI ” ( N S ’I 1

E R H B ( I , K , N S)  1) ‘L I ’ (‘ I M F ( N S ~

Thus no SE is purchased for a base wil ens a m a i n t e n a n c e  t r c  h i  t y
exist-s there , and in t h e  computat  ton of t h e  numbe r ’  of SF I t e m s  1 o he
pi r r c t i a sod t ’or a C lMl” base NS , t he b~ se~ ns ‘ wh lob send equ I pm eri t  t o
I ha I ma In t .en,ince fa~’ l i t  ly  a r ’e I n c l u d e d

~~~ c: F’or purposes of compar ison  between use of base repa i r’
pe”so nnt ’ 1 and use of ’ organ izat - ional —l eve l  perso nnel  I’or’ A F SA i C I~~M , h - v
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LRIJ type and base , the following computation Is performed and summed
over terminal types K for bases NS without repair shops :

ER M H( I  ,K ,NS) FAIL (I,K ,NS)’Rt-IH(I)’BMF

i f  CI~I F ( N S )  0 ,

where E RI4 H( I , K , N S) here denotes the expected number of hours of
organizat ional—level  labor , per month , required to remove and
replace LRIJ s of type I operating in terminals of type K at base NS.
The AFSATCOM LCC Model output reports present these data in place of
the zero—valued ERHB(I ,K ,NS) when base NS does not have a repair
shop . (See Appendix A , d iscussion of Table 11. )

3.1.5 Cost Element 8 (Initial Training)

The equation for SC(8) remains as in Section 2.1 ; the sole
differences for centralized maintenance posture occur in the formula
fo r E R PS B (NS ) ,  the expected repair t ime required In man—hours/month
at base NS , and in the computation of NMT(NS), the number of men
trained fo r’ base level maintenance work at base NS:

ER PS B (N S) = ~~ 1 [F A I L ( I , K ,NS ) + F ’A ILC(I , K , N S ) ]
S K I

*(RTS(I)*RT(I)*BMF*KC + R M H ( I ) )

if C I M F ( N S )  1

ERPS B (N S)  0 if C I M F ( N S )  = 0,

and

+

NMT ( NS )  = Max ( M M T B ( N S ) ,  L~NPERB (NS)I I if CIF’4F(NS) 1

C) If CIMF(NS) 0

+

where [...J denotes rounding up to the nex t higher Integer .
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Thus in the computations of ERPSB(NS), NPERB (NS), NMT (N S ) ,  and
NMTB , the bases ns’ which send equipment to a given CIMF base NS are
included with that CIMF . (Recall from above the defining summation
for FAILC(I ,K ,NS).

3.1.6 Cost Element 9 (Becurrjng Tratning)

There Is formally no change in the equation for SC(g) as given
in Section 2.1; however , the value used for NMT(NS) is that computed
for Cost Element 8, above , for centralized maintenance posture.

3 . 1 . 7 Cost Element 10 (New Item Inventory J~la~agement.)

The equation for SC(1O) remains formally as in Section -’2.1; the
sole difference for centralized ma intenance posture involves use of
the function CIMF ( N S )  in the computation of NCIS(I):

NCIS(I) ~ U( ~ QPA(I ,K)’IT(K ,NS)’RTS(I))
N S E Y  K

where Y is the set of bases NS for which C I M F ( N S ) = 1 .

3 .2 The Sp aring . Rs~u t t ne

The Expected Backorder Sparing Routine , EROS , Is independent of
whether sparing is computed for base or depot inventories , and
independent of whether ma intenance posture is “non—centralized” or
“central ized .” These concerns a f fec t  the ~~~ of the Sparing
Routine , but do not a f fec t  the Sparing Routine itself,

3 . 2 . 1  Inputs

The procedure by which the load factor , AS , is evaluated is a
function of ma intenance posture . Subsection 2 . 2 .2 . 1 , “Load Factor
for Base Inventory , ” is to be replaced by Subsections 3.2.1 .1 and
3.2.1.2 presented below , for centralized maintenance posture .
Subsection 2 . 2 . 2 . 2 , “Load Factor for Depot Inventory , ” is the same
for either maintenance posture .

The upper l imit for expected backorders , AX , is evaluated
directly from input data ; hence the discuss ion of Section 2 .2  Is
applicable here as well .

Calculation of the remaining input, to the Sparing Routine ,
expediting factor EXF, is governed by the user ’s control variable

I
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NEXF . t bdification s to this procedure , under centralized
maintenance posture , are presented in Subsection 3 . 2 . 1 . 3 ,
“Expediting Factor ,” below.

3.2.1.1 Load Factor for Base Inventor y. Base Not a CLM F: For
each given LRU type I at a given base NS for which CIMF(NS)=O , base
inventory is obtained by calling the Sparing Routine with load
factor AS computed in advance as

AB(I ,NS) XFB(I ,NS)
‘[RTS(I)’CRCT’KC + (NRTS(I)’KD + COND(I))*OST (LO(NS))J.

Note , upon comparison with the equivalent expression In Section 2.2,

that the variables BRCT and KB have been replaced by CRCT and KC
respectively, with the remainder of the expression unchanged . (All
FORTRAN variables which appear above are defined in the Glossary.)

3.2.1.2 Load Factor fo~ Base Inventor y. Base a CIMF: For each
given LRU type I at a given base NS for which CIMF(NS)=1 , base
inventory Is obtained by calling the Sparing Routine with load
factor AS computed In advance as

A B (I , NS ) XFB ( I , NS )
•[RTS(I)’BRcT’KB + (NRTS(I)’KD + COND(I))’OST(LO(NS))]

+ XFBN ( I , NS )
• [ R T S ( I )’C R C T’K C  + (NRTS(I)’KD + COND(I))’OST(LO(NS))]S.

Note that this load factor is the sum of an expression which
considers the CIMF ’s own fa ilures , with base repair cycle time BRCT
(multiplied by KB) if RTS(I)IO , plus an expression which considers
the fa ilures from all bases serv iced by the CIMF , using CRCT and KC
in place of BRCT and KB. The use of CRCTaKC in establishing base
inven tory for a base which is jjQ,t~, a CIMF is to insure a supplyduring the time required to receive replenishment from the CIMF.
The use of CRCT’KC in establishing inventory at the CIMF is to allow
for the CIMF ’s own pipeline time : one—way shipping time to receive
the failed LRU , plus a CIMF handling and repair time which is
considered negligible with respect to CRCT.
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4 . 2 . 1 . 3  Fxj~c h i t i n ~~ F~-ictot’ : Under c e n t r a l i z e d  m a i n t e n a n c e
pos t ur ’e , w i t h  user ’ s con t ro l  v a r i a b l e  N E X F = O , the calculation of
e x p e d i t i n g  f ac to r  E X F ( I , N S )  in the calling procedure for Subroutine
FL ’CS ( f o r ’  c om p ut at ~ ton of PCL I ( 1 , N S ) )  d i f f e r s  from t h a t  of nc - n —
central i~~’d maintenance posture as follows :

If bast~ NS is r io t  a C IM F , i.e. , CIMF(NS):O , then in the
numerator c-I the f o r m u l a  for E X F ( 1 , NS) the express ion in bra cket , s is
“op laced by

S 
[h- rs(I)’cHCT + ( ~_ HTS ~~l) ) *O s T ( L o ( N s ’ ) J ,

and to the d e n o m i n a t o r  is added

HTS( I)*TRANC

to account for the additional transportation t ime for sh ipm ent  f rom
the CIMF , v ia an exped’it.ed prior ity , of the replacement. LRU repaired
at the CIMF.

If  base N S is a CIM F , i.e ., CIMF (NS)=1 , then in the numerator of’
the formula for EXF (I,NS) the expression in brackets is replaced by

H T S ( I ) *  I XFB(l.NS)’BRCT + XFI3N (I .Jj ~ ) ’CR CT
L XFB (I ,NS) + XFBN(I,NS)

+ (l—RTS(Ifl’OST(LO(NS))

in wh ich BR CT and CRCT are we ighted app rop r i a t e ly  according to  t h e
original source (CIMF or non—CIMF) of the LRU failure. For a CIMF
base NS, the denominator of the formula for EXF(I ,NS) is i d e n t i c a l
to that for non—cent ralized ma intenance posture , since in this case
the base—level repa ir is made at the same base where the CR1) is
ins ta l led .

Not.e that. in the above , the numerator exp ressions involve
precisely t,he ratios AB (I,NS)/XF’B (1,NS) from SubsectIon 3.2.1,1 ,
“Load Factor for Base Inventory , Base Not. a CIMF ,” or
A B ( I ,N S )/IX FB (l ,N S) + XFBN (I ,NS)] from Subsection 3 . 2 . 1 . 2 , “Load
Factor for Base Inventory , Base a CIMF ,” hut. without. the multipliers

1
73

S -~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ -- ~~~~ ;~~~ _ ~~~~~~~~~ ‘=~~~~~~~~~~~~~~~~
‘
~~~ 

- 
~~~~~~~~~~~~~~~~~~~



.- -- ---- ---,--.. - :~ ~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ “—‘——‘-“ “r” ~~ “ • ‘ ‘  —

F -

KB , KC , or KD. These relations are analogous to that noted in
Section 2.2 for non—centralized maintenance post.ure .

3.2.2 Outputs

The Sparing. Routine itself is not affected by maintenance
posture ; hence the discussions of Section 2.2 for the output.
variables QS , EBO , and PC are applicable here as well.

The interpretation of QS, quantity of spares to be acquired , is
according to the procedure by which the load factor is computed as
input to the Sparing Routine. (See, in particular , Subsect,iori
3.2.1.2, “Load Factor for Base Inventory , Base a CIMF ,” a b o v e .)

The interpretation of PC , probability of backordering , is
controlled by the Sparing Routine calling procedure. Thus FC may
pass to the Availability Routine (Section 3.3, below) as the
probability of LRU type I inventory depleted at. a base NS which is
not a CIMF , at a base NS which is a CIMF (according to whether
CIMF(NS)=0 or 1), or at the depot . For interpretation of PC at a
CIMF base , from the standpoint o.f a non—CIMF base serviced by that
base, see discuss ion of PC C(I ,NS), below.

3.3 The Availabil i t y Routine

In the Availabili ty Routine , the expression for mean down time
must be modified in order to convert from non—centralized
maintenance posture to centralized maintenance posture ; the
rema inder of the Availabi l i ty  Routine is unaffected by maintenance
posture .

3.3.1 Mean Down Time

The mean down t ime MDT(K ,NS) for a particular terminal of type K
at base NS , as a summation on I of an expression involving
MDTLRU (I ,K ,NS), remains formally as presented in Section 2.3 above .
Similarly, there Is no change in the formal expression for
M D TL R U( 1 , K , NS ) ,  involving TRAN S(I ,NS). However , the formula for
TRAN S( I ,NS) is different under centralized maintenance posture ,
since t.he pipeline description which contributes to this expression
must make allowances for CIMF inventories and CIMF repairs when
applicable:
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TR ANS ( I ,NS) RTS(I)’CIMF(NS)’RT(I)’BMF
+ RTS(I)’( 1_CIMF(NS))* [TRANC÷PCC(I ,NS)*RT(I)*BMFJ

+ NRTS(I)’PCD(I)’RT(I)~ DMF
+ (NRTS(I) + COND(I))’TRAND(LO(NS)).

See Append ix C for a detailed derivation of the above formula.

A new probability PCC(I ,NS) appears in the expression for
TR ANS( I ,NS) when usthg centralized maintenance posture. For a base
NS such that CIMF(NS):O , PCC(I ,NS) is the probabil ity that inventory
of LRU type I is depleted at the CIMF which services the non-CIMF
base NS. (See Glossary for a more complete definition.) Actual
computation of PCC(I ,NS) involves both the Sparing Routine and an
output of Subroutine CONSO :

PCC (I ,NS ) = PCB ( I ,NS ’)

where NS ’ is the index of the base which serves as CIMF for base NS.
(See discussion of Subroutine CONSO and Exhibit 5.) PCB(I ,NS’) is
evaluated by the Sparing Routine for LRU type I and base NS ’ exactly
as discussed previously for non—centralized maintenance posture .
(See Exhibit ii.)
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APPENDIX A

OUTPUT REPORTS OF THE AFSATCOM LCC MODEL

The output reports from thtr M’SATCOM LCC Model are classified
into two groups. The first group is a set of tables that display
values of input data items, and, in a few cases, results of prelim—

- * ‘m ary calculations. This group of ten reports is designated the
“Input Section”. The second group of nine reports, the “Output
Section”, includes tables which display the results of cost, support
requirements , and performance calculations.

Life cycle costs computed by the model are presented in the out-
put reports as total system LCC (defined as the sum of the eleven
cos t elements of the LCC Routine) and by cost element. Where possible
by the equation structure of the model , certain cost elements are
further broken down by LRU type and/or by terminal type. Results
of non—cost calculations are printed out at the following detailed
levels of aggregation : by LRU type, terminal type, SE (support
equipment) item, and/or site (base or depot).

Exhibit 6, the AFSATCOM LCC Model Output Table Director y , presents
an overview of the model’ s inp uts and outputs . Each table is listed
and its contents categorized by both type of data and level of ag-
gregation. Output tables have been classified as displaying either
input parameters ( I ) ,  cost calculations (C), or non—cost calculations
(N). The levels of aggregation at which the data are collected or
presented are LRU, terminal , environment, site, SE item, and cost
element.

The computer printouts included in this Appendix as Exhibit 7
are a set of actual output reports from a sample run of the
AFSATCOM LCC Model. The data on which the run is based are not
comprehensive; that is, not all LRU types, terminal types, bases ,
and SE items in the AFSATCOM system are represented in this model
run. The model has capacity for

• up to 135 different LRU types;

• up to 30 different terminal types ;

• up to 95 sites (94 bases, one depot); and

• up to 200 different SE items.

*
An example of a “prelimina ry calculation ” is an aggregation of
detailed inpu t data to a higher level which is subsequently used in
a system cost or non-cost calculation .
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However , the reader ’s understanding of the model c~u~ be enhanced by
reterenciitq these output reports in conjunc t ion  with the tex t of
this document. At the same time , it should be noted that several
of the model’ s q uan t i t a t i v e  c a l cu l a t i o n s  and ana ly t i ca l  capab i l i t  i c- s
a i c-  t i c- I  v is ible from these output  report s (not all c a l cu l a t  ions are
pr l i i  ted) but arc use.1 in gene r a t i n q  th e  informa l ion currently pro-
vided . Examples include the ca I cu l a t  ion of probcb i i i  ties of h ack—
ordering (PcB ( I  ,NS) , PCi) (1)) and c-xpe .-t ed backordei- quan t it  i c-s
( E t~O) .

Each report ox the AFSATCOM ICC Model which appears in Exh ib i t  7
is described in the r emainder ~~ tppc-isli x A .  Report ~1c-sc r ipt ions
includ e explanations of the parameters and variables displ ayed in
each table as well as other i n f o r m a t i o n  which r e l at  c-s the reports
to c-ac-li other and to appropri a te  sect ic - in ;  of the text and the

~;lossarv .

INPU T SECTION

Miscellaneous Parameter Values

The first report of the Inpu t  Section , “Miscellaneous Parameter
Values,” lists the values of sevetal parameters for the current
model run . Many of these parameters are included in non-cost cal-
culations and cost element equations ; others relate only to the
mechanics of the computer program. The parameter val ues are stored
in two FORTRAN Namelists , $SYS and $LCC .

ot par t icu lar  interest in the sample run employed for Exhibit 7
is the fact that CON=l, implying the central ized maintenance pos t ure.
Tht~ vector CONSOL, which also appears in $SYS, reveals that (refer
to discussion ot Subroutine CONSO in the text) the bases Al , A2 ,
and ~3 stand alone, whereas bases Ri , B2, B3 and Cl art ’ grouped with
Cl the CIMF ; also, B4, B5, B~~, and C~’ are grouped with C2 the CIMF ,
and 137 , RB , 139, and C3 are grouped with C3 th e C1MF .

Table 1: Quantity of Terminal Type by Site

The next report is a mat r ix  of terminals  by site. Each matrix
column in Table 1 indicates the q u a n ti t y  of a par t icu lar  AFSATC~ 4
terminal type at each base. Each row , converse ly ,  represents the
terminal mix at a particular base. The first two characters under
the column entitled “LO” are a base location index indicating
whether the site is CONUS or overseas; the third character indicates
the type c- I  maintenance bench set (if any is used at that base)
for that site. The matrix of Table 1, with  quan t i ty  of one each
implied for terminal types which appear in the “UNIQ UE ” column ,
corresponds to the m a t r i x  I T ( K , NS) in the t ex t .
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Table 2: Predicted Average Terminal Operating Hours/Month

The predicted average terminal operating hours/month are
shown by terminal type and site in the next report, Table 2. The
placement of entries itt Table 2 coincides with the location of ma-
trix entries in Table 1. If a terminal type is used at a given
site, the average number of operating hours per month f or that type
of terminal will be displayed. The entry “730” represents 100%
terminal utilizatiori~~this being the average number of hours per
month. The matrix c~f Table 2 corresponds to the matrix ATOH(K ,NS)
in the text .

Table 3: LRU Reference Table

The following data are shown in Table 3 for each LRU:

a. LRU index number
b. LRU name
c. Wo rk Unit Code (WUC)
d. Part Number
e. Information concerning Maintenance Bench Sets (MBS)
f. Choice of Repai r Levels
g. LRTJ prices
h. LRU quantity

Item a defines an index number that is used throughout the LCC Model
run to refer a particular LRU by type. Items b, c, and d require
no additional explanation. The value of item e, if non—zero for
a particular LRU, indicates the set of MBS types NHM with which this
LRU cart be repaired . Item f, choice of Repair Level, is documented
in a note at the end of Table 3. One of these three options can be
designated by the user by modifying the input parameter “NRL” in
the Namelist $LCC of the “Miscellaneous Parameter Values ” table.
LRU prices, Item g, permits the inclusion of indices for varying the
LRU base cost to incorporate learning curve discounts, economic
escalation, and mark—ups reflecting general administrative expenses
and contractor fees. The final data item, LRU quantity , displays
the results of a preliminary calculation. Under the heading “QTY”
is the total quantity of LRUs of this type “purchased” to comprise
the terminals for this run, denoted as QLRU1(I) in the text.

Table 4: LRU Quantities by Terminal Type

Table 4 shows the LRU configuration that comprises each terminal
type associated with the AFSATCOM system. This matrix contains con-
figuration data for all terminal types, regardless of whether a specific
terminal type is included in a particular run of the AFSATCOM LCC Model.
Therefore, Table 4 could display data for terminal types that are not
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shown in Tables 1 and 2. The matrix of Table 4 correspo nds to the
matrix QPA(I K) in the text .

Also shown, in the row designated “LE ” immediately under the
terminal types, is the corresponding terminal environment. This
index is denoted LE (K) in the text and is defined in the description
of Table 6, below , and in the Glossary .

Table 5: LRU Operation and Support Parameters

Input values for several LRU-dependent parameters are shown in
Table 5. These parameters include ASEC , TW, UC, WT, RT, RMH , PA ,
TDLP , RTS, NRTS , and COND . Each parameter is defined in the Glossary ;
in addi tion , a brief description appears in a note at the foot of
the table .

Table 6: Predicted LRU MTBF by Environment

Table 6 displays the predicted mean time be tween failures for
each LRU type as d funct ion of its ant icipa ted operating environment .
The three terminal operating environments are 1) ground-fixed terminals
in 30°C conditions , 2) ground-transportable terminals in 30°C sur-
roundings , and 3) airborne terminals in a 40°C environment . Matrix
entries are expressed in number of hours . These entries correspond
to MOTBMA(I ,LE) for LRU type I in environment LE, in the text.

Table 7: Reliability K Factor by Environment

Values for MFAC (LE) are shown in Table 7. Each MFAC value cor—
- 

- responds to one of the three terminal operating environments discussed
in the description of Table 6. The MTBF used in the AFSATCOM LCC
Model is the value given in Table 6 divided by the appropriate
value of MFAC.

Table 8: SE Cost by SEP.D Number
Total SE Hardware Acquisition Cost

The first part of Table 8 displays input data for each item of
peculiar support equ ipment (SE) . The first two columns of the print-
out , SERD and DESCRIPTION , display the SE Item Number , name and the
manufac turer ’s part number for each SE Item .

The four cost options represent the breakpoin t SE costs for
various lot size purchases . If the breakpoin t costs are used ,
Cost 1 is selected by the model if the SE lot size is less than or
equal to 3; Cost 2 is chosen if the lot size is greater than 3 bu t
less than or equa l to 27 ; Cost 3 is used if the lot size ranges from
28—49 ; and Cost 4 is selected if .he lot size exceeds 49. The values
of the breakpoints can be specified by the user. They are shown in
Naznelist $SYS of the “Miscellaneo us Parameter Values ” table as
Nl , N2, and N3.
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(Note that the last column of Table 12 contains non—zero entries for
the same terminal types and bases as in the corresponding column of
Table 1.)

Table i3: Required SE Items to Be Purchased
Expected SE Utilization

Table 13 presents the results of two types of calculations .
The left-hand side of the printout displays , in ten-column tabular
format , the quantities of each type of peculiar support equipment (SE)
that the AF must purchase for a particular site to repair LRU failures
in this LCC model run. The first tabular array in this category ex-
hibits values of the variable NAPD (L); the next several such arrays
display values of NAPB(L,NS). If no SE is to be purchased for a par-
ticu lar bas e, a message to that effect is printed. The last array ,
entitled “Total Number of SE Items Purchased , ” shows the aggregation
of these SE item quantities over all bases and the depot. (Elements
of this final tabular array are described in the text as NAPH(L) •)

The expected utilization t imes for each of these SE items ,
expressed in hours/month , are shown in a sequence of ten—column
tabular arrays on the right—hand side of the printout . The SE utili-

~c-tiox i data for each base are presented opposite the corresponding
Required SE Items to be Purchased. Therefore , expected utilization
t imes for the depot (ERHAD(L) ) appear first, followed by f igures  for
each base ( E R H A B ( L, N S ) ) .

(Recall from the discussion following the “Miscellaneous Parameter
Values ” table, above , that the sample model run employed for Exhibit 7
uses centralized maintenance posture. It is of interest to note that
in Table 13 the statements “NO SE FOR THIS SITE” are printed out prt?—
cisely for those bases which ship their failed equipment to a CIMF
e lsewtiere .)

Table 14: Required Men to Be Trained

Selected input da ta and training calculations appear in Table 14.
The table heading states two assumptions of the calculations , i.e. ,
values of BAA arid DAA are as shown here for this LCC model run. (BAA
and DAA are also included in the “Miscellaneous Parameter Values ”
t ab l e . )

Input and computed values are presented for the following four
para meters and variabl es for cact i base NS and for the depot : Mi n imum
number of men to be trained (denoted MM TB (NS ) for base NS , MMTD for

the depot) , AF training turnover rate (denoted TRI3 (NS ) , TRD ) , number
of men trai ned ( the output computed by the model , denoted NMT(NS) for

1
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base NS, NMTD for the depot), and the fraction util ization of a one-
man shop (denoted NPERB(NS) for base NS, NPERD for the depot) .

(Note that for bases NS which send their repair work to a CIMF
elsehwere, the input MM TB (N S) may be lion—zero , but the model outputs
N MT (N S) c-nd NPE RB(NS) are zero.)

Table 15: sys tems Cos t

Table 15 is the f i rs t  of four tables which display results of t h e
system cost element calculations . Table 15 exhibits the total LCC for
this run , broken clown into acquisition and support categories , and
individual cost elements (SC(N), N=l, ~ , ..., 11). The percentage of
total LCC is computed and displayed for each cost element and for tIc-s
acquisition and support cos t categories.

*
A list of cost e lemen t names and the percen tage of each that is

allocated to the acquisition cos t category are shown at the conclusion
of the table .

Table 16: Terminal Costs - Ranked by LCC

The focus of Table 1t~ is on costs which have been collected at or
aggregated to the terminal level of WBS indenture . Terminal costs are
presented by cost element and aggregated to a total terminal LCC.

The terminal type names , listed in order of descending magnitude
of terminal LCC , are displayed in the leftmost column of the table.
The rtext seven columns display costs for each terminal type by cost
element .** The column entitled “O&S” lists the total of the O&S costs

allocated to each terminal type . The O&S f i gure is computed by the
7’formula ~~. O S P ( N ) S C ( N ,K) where SC(N , K) is the allocation of SCUuI) to

terminal type K; the TOTAL column represen ts the quantity ~~SC(N ,K).

*These percentages represent the quantities ( l — O S P ( N ) ) ,  where an
OSP (N ) factor is the fraction of each cost element SC( N)  tha t  is to
be allocated to the operations and support cost. The OSP(N) factors
are used in cost calculations displayed jut Tables 16-18.

**The column for Cost Element 3 con tain s all  zeros because main tena nce
bench sets were not used iii this sample model run. The column for
Cos t Element 7 , Support Equ ipment , is zero because the model no
longer prorates SE to terminal types . (See text of Cost Element 7
for documentation of a former version of the model which prorated
SE to te rminal types.)
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“PCT ” is the percentage of total system LCC that each terminal
LCC represen ts . The “QUAN” column shows the number of terminals pur-
chased of each type . Finally, the “LCC/TE RM ” column entries represent
the quantity [TOTAL/QLJAN] .

Cost Elements 8—il are not included in this table since they are
computed at the total system level.

Table 17: LRU Costs - Ranked by LCC

*
Table 17 applies the format used in Table 16 to LRUs . Items are

]~isted in descending order of magnitude based on Total LCC per LRU,

E SC(N , I ) ,  where SC(N , I) is the allocation of SC (N) to LRU type I .
N ’  1

(This quantity is displayed under the heading TOTAL.) LCCs for each
LRU are allocated to eight cost element components . O&S costs and
FAILS , the total number of failures over the life cycle by LRU typ e
(XF L (I)  in the notation of the text ) , are also shown for each LRU .
O&S costs are allocated to individual LRIJ5 , using the same OSP ( N)

factors , by the formula ~~OSP (N) SC(N,I). The LCC/FAILS is calculated

by the expression [To’rAi,/FAILs].

Table 18: LRU Costs - Unranked

Table 18 contains the same information that is shown in Table 17.
However , for the convenience of the user, LRU data are presented in
order of LRU index number (as opposed to being sorted on the basis
of LCC magnitude) .

For explanation of the zero entries in the columns of Cost Elements 3

and 7 , see precedin g footnote with discussion of Table 16.
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TABLE II

SE COST 531 SERD RUBBER

suo oEscRIPrrou YEL co st COST 2 u~~~ 2 LJ~,I 54
I 1<’ 21 N..- ‘414 N)’ 140

I UHF B,,? TEST PANEL 622— 14,16—001 114761 . 19160. 122.2. Ioi~~..
2 STNCRROHZEN TEST PANEL 622-1644 001 (1 11411419. I9S1414. 12 04.4. 11(11.
S NA RROW BAND MODEM TEST PANEL 622—1641-SQl 0 111466. 16131 . l41~,b. 8479.

2 3 ANTE NNA POSITIONEN YES? SET 622—1729- 00 1 0 20161 . 0668. ,13~~. 94 i~l.
21 WIDIBAID MODEM TEST PANEL 622—34,1414-001 0 11221 . 14994. 9231 . 7624.
75 POWER SUPPLY INST SET 622—17414—0 01 (5 ¶4934 . 14971. J19)~~. 1716.
26 POWN I AR PLEPIEP TEST SET 622-1749-00 1 0 ‘4521. 1010?. ~14o. 41493 .
27 PO WEP SUPPLY TEST SET 6 2 2 - 1 7 1 4 0 - 0 0 1  (5 lSflS. 6903. 141114 . 13141.
26 ELECTRONIC TEST EXTENDER SET 622—176’~-00I I 1154 0.
29 ELUCTRORIC TEST EXTE NDER SET 622-1161-00 1 .~ 60149. 7162. t dh~. 11419 .
SO ELECTRONIC TEST EXTENDER SET 622—116 14-00 1 0 I~2 H14 . 11460 . 9114. 65114 .
12 ELECTRONIC TEST EXT ENDER SET 622—1767—00 1 0 414 Ii . 16114 . 1444. ft.
UI NP TEST SET BIRD UI 1 1213 .
42 DETRCTING ELEMENT BIRD 2143 1 114.
UI  DEYNCITIG EL EM ENT BIRD ‘iOO 1 3 7.
1414 DETECTING ELEMENT 131130 21400 I 19.
414 ELECTRICAL DUNMY LORD BIRD 81314 1 69.
146 OSCILLOSCOPE NIL-C-9960C 1 2965.
141 RULTIMETER HI’ 4 3 0 C  1 1460 .
50 DIG ITAL NULTINETE R PL(IEI1 1 4 3 0 0 6  1 765 .
51 COUNTER AND PLUG IN HPSI6OA/SI79A 1 314814.
142 SIGNAL GENERA TOR AN /USN—1 2 1 ¶ 31145 .
514 113010 LEVEl. METER 3840—9101 3 1444.
146 ATTENUATOR CN— 1 1’I/5l 1 14 .
147 RE VOLTMETER BOJNTON 9213 1 961.
5$ SPECTRUM ANALYZER AN /IISM— 2149 1 44714.
SQ SPECTRUM ANALYZER HP 141? 1 262 7 .
60 ADJUSTER ATTENUATOR R ,174 1.AL 1 190.
61 WIDE RAND MODEM 622—1517-001 39 “11014.
62 PsI 13000M-OW/IEC 672-1692-001 Il 11699 .
67 IT C.ROUp ON- 146/A 6 2 2 - 1 5 5 9 00 3 ‘4 20814 .
4,14 MODEM TELEGRAPH MD 951/li (,22-Icl’s—ooI 19 111114 .
69 DOUBLE BALANC E D u SER IlP—IOSI I4 A I l(’7.
RI NP POWER AMPLIF IER r I P 2302 1 1505.
MI POWER METER HP-43’A 1
614 VA RIA B LE ATTENUATOR (9-910/U 1 122 .
66 VA RIABLE ATTEN uA TOR 19-1121 4/Il I 190.
3414 RADIO PR!,2IIENCY BO LOMFTI :p IIP— 4113 A 1 1 .’.’.
149 POWER StIPPLE I3P-6?4.9A 1 1561 .
90 HETRODENE CONYERrEI, l3P—14214 353 I 441.
91 POWER SUPPLY ilI - .2014R 1 151 .
‘SI CRYSTA l DETECTI1IS ISP 4744 CII’-? I ‘‘14 .
94 IF SECTION I I I ’- l ’ ,”.’l3 1 51546 .
914 TUNIN G S!~~TIOU ,4p -~~1414’~B I 4186.

1054 TELETTPP.NRI?EN TEST CI? p5l-~; 5 4 N L - 9 h C  I 3 2 0 2 .
3014 DETECTING ELEMENT IIIRD ’,0 1 41 .
I’)4, SP~ CEAL PURPOS E CABL E 14951 . EL EI 6 2 1 - 1 0 4 7- 103 ‘ 31496. ‘46 1.  OBU. 114’4.
12’ WAVE F ORM GEN ERATOR W A V E T P X  u s ,  1 1 3 1 1 4 .
321 SIGNA L A lt ’  NOISE COSI I4IN ER 1 ,’ 1— 7 1 2 0 - 1 0 1  1 1014114. 70S0~ ~~~~~ 4462.
127 QUARTZ OSCILLATOR HP 3(514 7 I lO ll .
1541 SIN IA L DATU GENERA?I )R h62— 2t ’0i-00I 0 70172 . 27810. 141417. 12434 .
ISO I? SECTION 141 114518 1 2. 0. .~ . 0.
114 1 AC VOLT METER HP s O C .  II I
354 LOGIC ANALYZER HI’ 5(10 54 I ‘5140.
155 ST A B I L I Z E D  RE RAT I I)-9!FE R .4 PIN 114 1)  I 1493.
ISA THERMISTOR MOIIPT 59 NI4~il 4  3 1214.
IS? BAPRPTTPR ELEMENT GM 403 54 1 134 .
11414 611000 TN?EIP!NENCK S(IPPPFSCOV NAND A 1462 3 140.
1149 MIII BRID~.P 4 ILTRORAl;SI) I 975 .
34,0 PRECISION SEEP ATTEN UATOR WEIMSeIIYI. 60S I 1000.
161 RESISTIVE TE RMI N UTIOM 513 1479 W501ft. I 40.
IA? PULSE G E R 1 N A T O N  tIP 1109 I 114 1.’ .

TOTAL SE h A R DWA RE AC ,~I ILSI T IO N ~l r  1 14 17 3 7 14.
PECULIA R ,)F HAR DW A R E  ACQUISI T ION C O S T  1090703 .
PECIJLI A N SE LRI1 ACQIIISIT ION Cl1:;T 1694’,’.
TOMNON SF H A R O d A R E  AC.2UISITION COST

Exhibit 7 (continued)
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APPENDIX B

QUANTITIES OF LRUs

The quantity of LRLJ s of a given type I which are installed in
all of the terminals at all of the bases of the AFSATCOM system
configuration is

QLRU1(I) = ~~QPA(I ,K)’NTS(K)
K

where QPA(I ,K) is the quantity of LHUs of type I installed in a
termina l of type K , and NTS ( K ) is the total number of terminals of
type K to be purchased . Equivalently , one could define

QLB 1(I ,NS ) ~~ QPA( I , K )~~IT (K , NS)
K

as the quantity of LRUs of type I which are installed in all of the
terminals at base NS ; then

Q L R U 1( I )  = ~~ QLB 1(I ,N S)
NS

since

~~ IT (K , NS ) N T S(K )
NS

as noted in the discussion of Cost Element 1 , above .

The quantity of LRUs of type I which are acquired for initial
sparing for AFSATCOM is

QL.RU2(I) = ~~ SB(I,NS) + SD(I)
NS

S
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where ~sI~( 1 , N~) and ~ 1~( 1) are the numbex’ or’ spares of LRU type 1 1. ,~
be acquired for inventory at base NS and at tho dt’pot , t ’espt ’ ’ t  ivel >‘ .

The quantity ot’ LHUs ot’ type I wh ich  are in:~t ~i I I t ’d in all ot
maintenance bench sets at all of the bases of t h e  AFSATCOM system
configuration which have such bench sets Is

QLRU3 I, I )  ~ HMU (NUt-1 (NS),1)
NS

where UMU(NIIM ,l) is the quantity ot’ LRUs ot ’ type 1 I n s t a l l e d  In
maintenance” bench set type N I-IN , and NEIM (NS) is the type ot’
maintenance bench set used at base NS, It’ no maintenan¼ ’e het i , ’h Set
exist-s at, base NS, then NHM (NS)=O .

The above quantities play a r’olt” in prorating to te~’m1nals t h o s e
cost elements which are aggregated by LHU t y p e  o n l y .  For example ,

- ‘ that portion of Cost Element L” attributable to [ RU t y p e  1 , found  as
in the equation for SC( s”) but wi th the summat i on  on I o mi t  t e d , i~-~
multiplied by

QPA( I ,K)’NTS(K)/QLHIJI’, 1’~

for  p ro ra t ion  to terminal type ~

In test runs 0!’ the AFSATCON [CC Model , it is te~.irable to
employ subsets of the full AFSATCOM system c o n f i g u r a t i o n  for economy
of computer t ime and storage . Similarly, subsets ot ’ the f ull
AFSATCO M system con t’Iguration may he t he  t’o ,”us of spec ia l  logi st  h’s
cost- stud It’~ , By virtue of the LH U quantities defined above , t h e
user o t’ the model nt’ed not worry about cons 1st e n ’y  b et  wet ’n t h e  da t  a
files or’ the matr ix [ Q P A ( I , K ) J ,  of ’ the matrix j I T~ N , N S ) ] ,  and of ’ t h e
master list of LRU data and t erminal data . Thus , t ’or example , it ’
LHU type I appears in the mast-ct’ list of LRII data , hut  in a g i v e n
run ot t he AFSATCOM LCC Model the only use of that LI~U type is in a
terminal which Itself Is not used at any base , a test for QI U1 I44 l~~ C
will cause certain computations to be withheld , and wil l precl ude
the prorating of Li’C cost element-s to that LRU type ,
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APPENDIX C

TERMINAL MEAN DOWN TIME BY LRU TYPE

The mean down time for a particular terminal of type K at base
NS, given a failure of an LR IJ of type I in that terminal , wh ich is
the expression denoted by MDTLRU(I,K ,NS) in the text , is derived via
the network portrayal of LRU repair/replacement pipeline presented
in Exhibit 8. This network is developed from left to right by
tracing the alternative paths/outcomes which may be taken by the
failed LRU. Probabilities are entered onto the path in parentheses ,
followed by an entry of the time required for that path ,

A “generalized pipeline” time average is then developed by
working from right to left through the network , as follows :

(1) ProbabilitIes and time entries on branches emanating
from a common node are multiplied together ;

(ii) these probability—time products are added together;

(iii) this sum , representing the average pipeline time among
branches emanating from a common node, is placed on the
incoming branch to the left of that node as an
additional time entry ;

(iv) multiple time entries on the same branch are added
together .

This process is repeated node by node through the network until a
single time entry exists on the leftmost branch ; this final time
entry is the generalized pipeline average for the network , namely,
the mean down time for a particular terminal of type K at base NS,
given a failure of LRU type I.

The network of Exhibit 8 is developed via the following sequence
of actions for LRU type I in terminal type K at base NS: To start
with , remove and replace time R M H ( I ) ,  mean checkout time MCOTT(K ) ,
and on—base transportation time TRANB ( IBS ( I ) )  must elapse regardless
of subsequent outcome . With probability 1—PCB(I ,NS), a spare L.RU
exists in base inventory and no further  time elapses. But with
probability PCB (I ,NS ) ,  base inventory is depleted and the mean
replacement time TRANS(I ,NS) is Incurred .
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I tie “ ce n t ra l i :od”  m a i n t e n a n c e  p o s t u re  i s  I m p l em e n t e d

I- I’he h”xpeot 011 b,i o k — C r ’ d e t ’  spar in ~ S ub r o nt  i n c .

IL I, LI I t ’ O~~ 1’ It” co~ t , ~ i~~o t he t fc Cv 1’ 1 ~“ Cost R o u t  1 no -

LRI I Li me rep I ~i~’t ’~’ib Ic u n i t  ; t’or AI-’SA l’Cc *t , e~~ul ps ion t  wh i1’h
is rep I , ioea b l  e I-v o r g , tn  i ,~i t  lona I — b y  c i  Sc ’ l ’ S O ’, l i l t ” I ,it
t h e  t e r m i na l s ,

LSC L o g  t a t  los  s up p or t  ooa I ; In pa r t  l o u l a t ’  , t he I og I at tos

~t 1ppot ’t Cost  ~iodel d e v e l o p ed  by AI-’IC ~see h’et ’crcnoe
L 1 )  ‘( 

• 1 l ’ i ’ t ’~~l t ’O t ’:~~~~~s ’ t ’  1 ~“ t h e  AL ’ :-A I C c  ~
‘ I CC t’!odc I

~,tc~~i’ 1 ,‘hcd b~ The I’ll t’ H i’ 1 o i ’ p o i ~~it  I Oil .
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mean t inc  ho t  we d : I ’ l l  l u re s , tii I ll _ it N ’,’ sI’ is a

of ci ,i patni  ~‘a 1 i ’illl ,t! I inc  , inc 1 ud inc it’s ~I ur’ 1mg w hi  t~ 
-

iii ’ t’~~Ii I pisci l t  is  n ot  cpel ’ .it ing , i t ’ - i I : y  , Whie ’t’~~.iS ~

is a tsc,lsunt’ ox ’ a c t  us I o~~i:i pist ’ i t t  oper’_ It il ig t tilt ’ o u t  \ -

l ’e.in t Inc  t ’ c’t W t ’ t ’ t l  t _ t t b  t i r e ’s . Re I c ’ I o 1te I ’ i i i  I t o r i  o I ’

N hI ’ , ,i h o v e ’ ,

Ni ’ i s  N~’,tr ~ I ime r’ t -pa r’ . ho tot’ 1 o d c ” l i i i  1 iort of’ Nh •
_ lho vc  .

Nc”t opt -r a t  t o n a l  I y r’ t’sdv due  t o  SU~~p i v • I lie at it

des i g r l ~lt  or ~“ I ’ an A~ SA l’CCM t e r m i n a l  Whi t oh is

sw_ i  u t  1mg ar ’t’ t v ,i 1 c t’ a corn pot ie n  t wh Ic ’ h: ta n1- I iv a 1 5 I’
fr om b ase’ i ’i ve ’r i t c r ’v

U h A A n y  op t  ttt~is~ t ’epa i r ’ — b o v e l  an a l ys i s  Sde’, C’ ,~~ . ,

~ I ~
CC Suh , ’ost , I , , , a 0051 ci t”m ent of ’ I C C .  . g • Cc ‘

impl ies Cos t  L ’ l enient

Cl’ C u p p c r t  ~qUl pnie nt  ( t’oi ’ii er’ l  v : Aei’osp ,n’ ;’ c i o ’ u i , ~

S EU P Cu p po r’ t b’1~ u t pment  R e v i e w  I\”~’ us:c ~i . 10 r’ usc r ’ 1
At’ t ’O S pj o t ’ cI ! ’OU IId  L”c~it l pni e l it  Rev lew I\~c’umen t  ‘ -

I I ’E l C L ’ ~ht ’ name of ’ t he L’ CU l’h ’ A N  p r ogram f o r ’  I he A L ” C A  ~~c ’ c ” N ’  1

~odel d~~v e ’ i oped h~- The’ Ml ’rhF c ’or ’pc ’rat  t o n .

Cl  l ’ L ’ - c H L , A  The tiame ot ’ a s i t e — s ~”cc i f t c  CR L A U5 - u t  t u e  ~1e ve ’iopc 1 ~it

The MI l ’RL ’ Cct’p5 ’t’ , i t  t o n , e x t e n d i n g  upon t hi t’ 1 I ’ 4 w o r k  o I’

C , Es I’ I sh Re fe ’ r elic c L . I • t hen o t ’ 5,11’ r’ Sl’:c’ui t 0
A C t ’ IMI’  H , t o  au ppc r ’ t  AESA i ’CCM i i  Vt ’ 0\  0 ‘, t ’ coSt
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SUU Sho p r ep laceab le  u n i t  ; for  AFSATCO M , the  components
within an LRU which a re  r e pl a c e a bl e  at  a r e p a i r
sho p b u t  not  a t  t h e  t e r m i n a l s .

Work breakdowr S t r uc tu r ’ e ,

~ L C Wor k u n i t  code.
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A ( l , L)

LRU—SE usage or cross—reference In d i c a t o r ;  A ( 1 , L ) : 1  I f ’
SE (support equipment) of SERb (Support Equi pment
Review Document) I tem number L is used to isolate
failed SRIJ s in an LRU of type I , A( I ,L):O otherwise .
(0 or 1 indicator! (Contractor; assignment of’ SE items
to LR U types Is controllable by the u5c”I ’ of the model
via this matrjx,)/L~CC SC(7)

AB(I I NS)

“Load factor ” for comput ing Inven to ry  size and
probabi lity of backordcrlng , for LRU type I at base’
NS. See Glossary en t ry  for AS , for further
definition . (items! (Computed internally; see
discussion of Sparing Routine Inputs.)/EHOS c a l l i ng
procedure fot’ LCC SC(2) and for AVAIL

ACPP

Acquisition cost per page of’ techni cal data. ($/page l
(Contractor)/LCC SC( 11 )

AD(1)

“Load factor” for computing Inventory size and
probability of backordering , for LRU type I at the
depot. See Glossary entry for AS , for further
definition . (items) (Computed internally ; see
discussion of’ Sparing Routine inputs,)/EROS calling
procedure for LCC SC(2) and for AVAIL

AMA (L )

Average annual portion of the fraction of acquisition
cost of SE Item L which Is added on to represent
maintenance (Including labor and parts) costs of that
SE item over the life cycle. (decima l fraction/yr. !
(Contractor)/LCC SC(7)

120 S

-~~~~~~~~~~~~~ - - ~~‘-~~~~ -~~~~~~~ - - -  - —~~--~~--- ~—- -——---‘--——



“.4-’— - —‘. ‘- -.4’ ‘—.4 -
~~~~~~~ ‘w -~~~~~~~ -~~~~

-__--. - _ 
~~~~ - -.4-— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

___
~~~ _.4_~__

pr 

-_ _ _

AMAH

Average annual portion of the fraction of acquisition
cost of a maintenance bench set which is added on to
represent maintenance (including labor and parts)
costs of the maintenance bench set itself. {decimal
fraction/yr.) (AF’ ; selected from the file of AMA(L)
for a predetermined value of L)/LCC SC(3)

AS

Input variable for Subroutine EBOS: “Load factor,”
For a given situation of interest (LRUs of’ type I, at
base NS or at depot) the load factor is the LRU
failure rate (per month) multiplied by the average
pipeline time (in months), hence is the average number
of LRIJs in the pipeline. (items) (Receives value of
either AB(I ,NS) or AD(I) from the EBOS calling
procedure of the LCC Routine ; see discussion of’
Sparing Routine inputs , including Exhibit ‘4.)/EBOS

ASEC ( I)

Average SRU exchange cost per maintenance action
resulting from failure of an LRU of type I. This
average is comprised of the failure—rate—weighted
costs of’ the SBUs in the LRU , using repair cost
(including cost of labor , materials , SE , spares ,
packing and shipping , etc .) “or repairable SBUs,
replacement costs for disposable SBUs . In the case
where LRU type I does not further subdivide into SBUs
then ASEC (I) is set equal to RM(I), the average repair
materials cost per failure of LRU type I. ($/item }
(Computed by an auxiliary program using results from
an ORLA Routine [31 run at the SEW level , with further
input from SITEORLA ; see Cost Element 5.)/LCC SC(5)

A I O H ( K ,NS)

Average total operating hours per month of a terminal
of type K at base NS. {hrs./mo.} (AF; utilization of
terminals at bases is controllable by the user of the

• model via this matrix ,)/LCC SC(i4), SC ( 5 ) ,  SC(6) ,
SC (7 ) ,  SC (8),  SC(9); EBOS calling procedure for LCC
SC(2); AVAIL

S
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iiV (K ,NS)

Availability of a given terminal of’ type K at h~tae NS.
(decimal fraction) (Computed internally by t i r e
Availability Routine . )/AVAIL

AX

Input variable for Subroutine EDOS : }‘rt’~iss1gned upper
limit on the Sparing Routine output variable EDO ,
expected number of backorders at a random paint in
time or per month. (items or items/mo. ! (Rt’~’eives
value from a variable named EDO in the EPOC calling
procedure of the LCC Routine ; see discussion of’
Cparing Routine inputs , including Exhibit ti.)/EBOS

bAA

Total available active work time , per’ month , in a base,’
repair shop. {hrs./mo.) (AF)/LCC SC(7), SC(8), SC(’~)

LLH

Average base level labor rate . ($/man—hr .} (AF)/1Ct ’
SC(1~) ,  SC(6 )

BMF

Base repa ir ma intenance factor , to be applied to RT(fl
to include t ime to get test equipment , parts , etc .
(decimal factor) (Contractor provided this factor for
AFSATCOM ; A ir Force provides this factor in
general.)/LCC SC(’~) ,  SC(7) , SC(8), SC(9); EROS calling
procedure ; AVAIL

BRCT

Average base repair cycle time. (mo.}(AF)/EBOS calling
proc edure for LCC SC(2 ) and for AVAIL
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CA(L)

The unit ’ p rtc ’& ’ of ’ SE Item L. Typically, the actual
price Is dependent upon the total quant. t t.y of SE Item
1. to be purchased , NAPFI (L). The model currently
a 1 lows for as many as four prIce ‘‘at t-g,or tea , defined
by ua . ’r Imp lem ontat ton of ’ as many :ra t hree price
breakpoint a; pr’cv is tori fo r’ adel t t, ion,, 1 pr ice
breakpo tnt a c’OU 111 i- ral ly be incorporated . ( $ / i t e m l

-

‘ 
( C o n t r a c t o r ;  a f ’u flc ’t- ion of’ NAE’H( L~ )/[CC SC( 7)

C I M F ( N S )

m d  icat-or furiet t on when usIng cent ra I t aed ma tntenanee
posture ; CIMF( NC): 1 i t ’ base NC is a c ’ t ’r i t - r a  1 tzed
i n te rmed  tate ma tot enanc’e t n ’  iii  t ,y ( (‘It*’) or a stand-
alone base among cent  i’s I i  ,‘t ’~l m a i n t  ‘ruance pos ture
grou pi ngs;  C I M E ( N 1 ’ ) z O  i V  base NS is a member of’ a
gro up of bases hut  not - t h e  t I M E  for tha t ,  g roup .
E q u i v a l e n t l y ,  C I M F ( N C ) ~~O i t ’ bast” N C sends equ ipme nt .  to
a CIMF elsewhere , ( ac r e  or’ erie ) ( Es t ,jbl tshed by
Sub r o u t in e  i ’CN CC v i i  user ’ ‘S in put v e c t o r
CONSOL (NS )  . ) I C O N S , ) ;  l,(,’C SC( t~) , SC( 7)  , SC( 8) , SC( 9 )
SC( 10) ; EPOC c a l l i n g  procedure  f’or’ LIT SC( C )  ; A V A I L

CON

Control  v ar i a b l e  (‘or ’ ma in tenance  pos ture . S e t t i n g
CON :0 causes the model to  run in “ non—cent . ra l tzed ”
ma intenance posture . Sett ing CON :1 causes Subrout ine
CONSO to be ca l l ed , and t ,he model t.o run In
“cen t r a liz ed”  main tenance  posture . (zero or one)
(User ’s con t ro l ) /CO N SO c a l l i n g  procedure

CON D ( I )

Fract ion of removals of ’ LRU of t y p e  I expected to be
condemned upon f a i l u r e . (decimal  f r a c t i o n ) (Based
upon the result - s of’ an ORLA Routine [3]; see al so
Ex h i b i t  3 .) / L C C  S C ( L l ) ,  SC(~~) ,  SC(10); EROS ca l l ing
procedure for LCC S C ( 2 ) ;  A V A I L
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CONI)(J)

Fraction of’ removals of’ SEW of ’ t yp e  J expt ’~’teJ to it ’

condemn ed upon f ’s ii ur ’e . (dec tins 1 t’r’ ,n’ t i err ) I I

upon the r ’esul ts of ’ an ORLA Rout Inc J r ’ur i r i  tin’ CRLf
l~~ve ’ l . ), - - 1 C C  ~~~~~ ‘ ,)

CONSO[,(NS)

Ve ’c t or ’ ci ’ des I gri,i to r’s of’ bases i rr’srigt ’d m t  o ~ i-c up i n~- a-

f’o r’ a spec I ftc ccii figuration to be Imp! enh r -n it’ d by t - i r e
user’ un der ’  Ot ’nt r ’al iced t n:r 1 ii tt ’uailcr ’ pest Ui’t’ , The b :r , ;t ’
de ’~ ignator’s a i’r’ two — clis rae t er a! ph anu iner  ~~L’ syu ibo  I a
t’ .g . , ‘AD ’ , ‘t b ’ 

, etc . Each gr’cupirlf’, of ’ hases to
del im I ted by ti r e doub  I t’ —c cr o symbo l  ‘ 00’ . ‘l’ht’ t’i r’st
suc h s t r ing  I n d e n t - I f  t ea  the  s t a n d — a l  our ’ l’ ,i~’;e: ’ (1 . e
bas es not ass ign ed to any group) . Each success lvi ’
s t r ing  id ent i fi e s  t grouping of’ bases , I he’ last of ’

wh i c h  Is t he’ L’e’ii I r’a ii sod intermed j,rt e Ins intcn ~ rie ’r’
l a o  I I  i t y  i. Cl~1F) for’ tha t  grouping . See e x , i m p l  t’ in
Exh lb it  ‘ . (two—ohs r’ao Ici’ ,i I pha num er ’  I c syn ib o is!  ( Al”
con f ig u r a t i o n  lo t  o st and —alo ne  t’ ises , gr’ou~~i ri~~a , and
C IME s is c o n t r o l l a b l e  by the u ser ’ v i a  t h i s
vec to r .  )/ ~ ON Co ;  I C C  SCI, ’4 ) , S C ( 7 )  , CCC! ) , S C ( ” ) )
SC ( 1 0 )  ; F,UOS c a l l  log pt’ocr”dur’ t’ for’ I, ’I’ CC( . ‘ ) ; AVAIL ,

C PA ( I )

The numbe r ’  of new “P” —coded assemb i It’s ( C h U s  added t o
the Ai r  Force Inven to ry  system , as a r e su l t  of ’

A E SATCOM acq u isi t io n , to suppor ’ t re-pa i r’ of ’ Lh ’t t o  of ’
type  I . ( I t e m s )  ( Computed I n t e rna l  1 y ; set ’ I ’cst
El ement 1 O . ) / L C C  SL ( 10 )

CPF D ( J )

Cost per ’ t a l l  ur ’e o f ’  SEW type  J , g ive n t l ist  t h i  a SR(I
type  is des1gn~it i’d fo r base t ’eps Ir . 1 $ - ’ i t e m !
( Computed by the SI’IE OHLA - Rout h it’ . ) / l.CI’ SC( ‘~ )

C P I ” D ( J )

Cost . per l’a l l u r r ’ of’ SRI! t ypt’ J ,  give-n I hat t h i s  SRI !
type is des ign at  i’d for depo t  r’ep s ii’ . ( $ / I t  em I
(Computed by t hi’ S1TKOHI.A Bout Inc . ‘i / I C C  SC~, ‘~)
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CP F S(J )

Cost per failure of SEW type J , given that t h i s  SEW
type is designated for d iscard  upon f a i l u r e , ( t / i t - e m }
( Computed by the SIT EORI ~A R o u t i n e . ) / L C C  CC( t)

LRCT

Average one—way shipping time from a base (ri ot a CiMF’)

to the CI MF for tha t  base , when us ing centr ’a iced
maintenance posture. ( m o . )  (AF) /E BOS ~-~r i  1 tog pr ’o.’t ’dti r’e
for LCC SC( 2 )  and for  AVAIL

DA A

Total available active work t ime , per m o n t h , in a
depot repair  sh op.  (i-irs . /mo . I (AF)~’ I C C  C C ( ”  , CC1 ~ )
SC (9)

DFC ( A , B , B )

Cont inuous discount fac tor  f u n c t i on , w h i c h  e v i l  u , r t  t a
the con t inuous ly  discounted sum of ’ a sen t’s 01’

payments of $1 beg inn in g  at t ime A and end iri t~ it I inn ’

13, for interest rate R . (same units of t ime is A ~ii ,1

B}/LCC SC( 1!) ,  SC(5 )  , S C ( b )  SC( ’’) , S C ( q ’ i  , ~~~ 101 ,
SC( 1 1)

DL”C(A ,B,R) : B — A it ’ H 0

= [EXP(—A’R) — r ’ X P ( — B R ) J / R  I f ’ H’ “ 0

DLR

Average depot level labor rate . ($/man—hr .I (A l ” ) ‘ I C C
SC ( i~ )

~ 
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DMF

Depot repair maintenance factor , to be a p p l i e d  to
BT ( l )  to include time to get test equipment , parts ,
etc . (decimal f ’act-or } (Cont rac to r  p rov i ded  t h i s  f a c t o r ’
fo r AFSATCO M ; A i r  Force provide s  t h i s  f a ct o r  in
ge n e r a l . ) / L C C  C C ( Z l ) ,  S C ( 7 )  , SC ( 8 1 , SC(-fl ; AVA IL

DRCT

Average one — way sh ipping t ime plus h a n d l i n g  and r e p a i r ’
t ime at the depot for a l l  LR U types  w h i c h  undergo
dep ot repa i r .  { no. ) ( A F )  / EBOS cal l  I rig pi ’occd ur’e I’c
LCC SC( 2 )

EBO

SI TEL CC input v a r i a b l e :  Preassigned upper  l i m i t  on
expected number of backorders per month  t’or a n y  L H U
type at any base or at the depot. (it-ems/iso.) (AE’LC
guidance; con t ro l l ab le  by the user ci’ the model to
achieve tradeoff between cost of L RU inve n t o r ’i o s  and
availability of t~rmiuals.)/EBOS calling pr’ecr’dure i ’or
LCC SC(2 )  and for AVAIL

EBO

Output variable for Subroutine EBOS : Expected number
of  backorders , a t  a random point In t ime  or per mon th ,
for a given situation of interest (LRUs of’ type I , at-
base NS or at the depot). (items or Items/mo. !
(Computed internally; see discussion of Sparing
Rout ine  ou tpu t s , Including Exhibit i4.)/EBOS ‘ -

F,RIIAB(L,N S)

Expected utilization , per month , of’ SE it - em ( i t e m s )  ci ’
SERD it em num ber L , at a repair shop at base NS.
(man—hrs./mo.) (Computed internally; see Cost E lement
7 . ) / L C C  S C( 7 )

12~
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E R HAD ( L )

Expected utilization , per month , of SE item (Items) of
SERD item number L, at the depot repair shop. (man—

‘
‘ hrs ./mo.} (Computed internally; see Cost Element

7.)/L.CC SC(7)

ERHB(I,K ,NS)

Expected number of repair hours , per month , that LRU s
of type I operat ing In terminals of ty pe K w ill
require at a repair shop at base NS. {man—hrs ./mo.}
(Computed internally; see Cost Element 7.)/LCC SC(7)

ERHD(I ,K)

Expected number of’ repair hours , per month , that  LRIJs
of type I operating in terminals  of type K will
require at the depot repair shop. (man—hrs./mo.)
(Computed internally; see Cost Element 7.)/LCC SC(7)

EHtIH(1 ,K ,NS)

Expected number of hours of organizational—level
labor , per month , required to remove and replace LRUs
of type I operating in terminals of type K at base NS.
(man—hrs./mo.) (Computed internally; see discussion
of Cost Element 7 for centralized maintenance
posture.)/LCC output only

ERPSB(NS)

Expected repair time required , per month , at base NS,
(man—hrs./mo.} (Computed internally; see Cost Element
8.)/LCC SC(8), SC( 9)

ER PS D

Expected repair time required , per month , at t he
depot. (m an- .h rs . /m o ,J  (Computed internally; see Cost
Element 8 . ) / L C C  SC( 8) ,  SC(9)
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EXF

Input variablc t’or Subr’out Inie EDOS: “Exped it ing
t’ac tor” . This is the (‘actor by which p1 pe I i  ne I tint’ i a
divided whenever inventory is depleted . Ii ’ t’xp~’d i t  t ug
Is to  be u t I i h ~ ed with the Sparing R o u t i n e , F X l ”  I n put
must be greater than one . Otherwise , i n p u t  l ’X l”~ 1
numerical Z’aot en ’ , g r eat e r  th a n or equa l t o  c i t e )

( Receives va lu e  t’rom the EBOS c a ll tr ig pn’ e~’t ’dur’ t’ ci ’ t he
LCC Routine ; see’ discuss ion of ’ Spar’ t i i~’ Rout tSr’ input a

inc lud ing  Ex h i b i t” ii . ) / FboS

EXF(l ,NS)

Ex p e d i t i n g  1’ac f-cr by which p1 pci til t’ ¶ i se is ~1 iv  Ided
whenever inventory ci ’ LXII I YP t ’ I is ~I t ’~~lt ’t r d  t i b ase
NS. (numerical factor , greater t han  or’ r’~ u,r I to one I
(Computed inten ’nally; see discussion ci’ C~~rrinig

Routine inputa.)/E13U5 ca l l i n g  proeedun’e f a n ’  A V A I L

FAIL(I,K ,NS)

Expected number of r’emovals per’ month of ’ LH U t ype  I In
terminal type K at base NS. (items/mo.) t Coniput ed
Internally; see Cost Element IL)/Li,’C SC(th ’i , CCC~),
SC(b), SC(7), SC(8), SC (q); EBOS calling pro cedur e  for
LCC SC(~’)

FAILC(I ,K ,NS)

Composite expected number of removals per’ mo nth of L XII
t ype 1 in terminal  type K among shipments from bases
without repair facilities to a given CIMF base NS , - 

-

when using centralized maintenance posture. If base
NS is a s tand—alone base , i. e . ,  a CIMF sen’vicing only
I tself , then FAILC(l ,K ,NS)=O. If base NS does n ot
have a ma intenance t’acllity, then FAILC(I ,K ,NS) Is not -‘

defined . (items/mo .} (Computed interna lly; see
general discussion for central ized main tenance
posture.)/LCC SC(4’f , SC(7), S C ( 8) ,  SC( ’~ I ; FBOS c a l l i n g
procedure for LCC SC(.’)
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H1’I U t N FI M , I )

The quantity of’ LHU s of type I installed in
ma intenance bench set t ype N}IM . if NHM:0, then

HMU (WH M , I )=O lot ’ a l l  LXII types 1. I tems ) i AF ’ ;
configurat.ion of ’ LRUs in main tenan c e  ben ch set a is
cont i’d lab It’ by the user via this matrix. ‘I, LCC CL ’

~ ~

I I P F ( l )

Expected manpower’ cost to repair  ,ini LKIJ ci’ I yl”-’ I.
( S/ i t e m ) ( Computed i n t e r n a l l y ;  see Cost Element
L i .  ) / I , C C  SC~, L4

I

index representing LRU type . ( i n d e x l L C C ;  E’1~CC
c a l l i n g  procedure;  A V A i L

1138( 1)

index corresponding to t h e  b oat ion of’ baSe’ supply
point  . both Inventor’y st cn’age and n’cce i pt of ’ incoming

shipni entsl  for LXII type  I .  ( I ndex !  ~A F )  I”bCC c ,tllinig
procedure; AVAIL

IbS (  I )  1 i i ’ base supply po int f’or’ 1,Bt1 t vpe I
i s loca te d at the l i n e  i, iii v lo i n i t V

of the terntinal(s ’~

.~ it’ base s u p p ly  p o i n t  t ’cr I HI ’  t y p e  1
is 1oc~1 t ed at t he r e p i  in ’ shop I at ,n
distance from the termlnalls ”’ i

ICS(NS)

Pointer ’  for base’ m d  ices NS, wit ich in ccn~i uri c t i cii i~ i I i i

the indicator func’t- ion CI M F (  NS” can’r’ i es t he”
info rmation of t h e  ccn t’igun’at icr-i vecto r’ C0NS0l.~,NS’i ,is
prov ided by the user to d e s i g n a t e  t h e  st anid— ~ilcn c
bases , the groupings , and the CI Ml ” base Ion’ each
grouping , under’ central ized maintenan ce’ post ure .
( index I (See discussion of Subrout Liii ’ CONSO. ‘i , CON SO ;
LCC SC(~4 ) ,  S C ( 7 ) ,  SCi, 8) ,  5 0 ( Q ) , SCI, 10 ’) ; FHI ”S cal l j n ~
procedure for LCC Si’(~~’I ;  A V A I L

I2~
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IMC

Annual inventory management cost incurred due to
introduct ion of’ a new “P”—coded item . (5, item/yn’ .)
(AF)/LCC SC(1O)

IMH(I)

Average number of man—hour’s required to n’epair an LRU
of type I in place (i.e., without its removal from the
terminal), assuming that such a maintenance action is
required . {man—hrs./item ) (Contractor)/LCC SC (b)

IT ,K ,NS)

The number of terminals of type K to be operated at
base NS. Iltems) (AF ; configuration of terminals on
bases is controllable by the user via this
matrix.)/LCC SC(1), SC(Li’), SC(5), SC(h), 50(7), SCt,8),
SC(9), SC(1O); EBOS calling procedure for LCC SCt.~)

‘I

Index representing SRU type. (index)/LCC SC(5)

K

Index representing terminal type . (index)1LCC ; EBOS
calling procedure ; AVAIL

KB

Factor to account for increased damage due to I 
-

handling , and maintenance damage , at the base .
(decimal factor) (Contractor & AF )/Lt,’C SC(Li ’), 50(5) ,
SC(-7), SC(8), SC(9); EBOS calling procedure for LCC
SC( 2)

KC

Factor to account for increased damage due to
handling, and maintenance damage , at the O1ME , when
using centralized maintenance posture. (decimal
factor) (Contractor & AF)/LCC SC(It), 50(5), SC ( ’: ’) ,
SC(8 ), SC(9); EBOS calling procedure t’or ICC SC~.”)
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Factor to account for increase d damage due to
handling , and maintenance damage, at the depot.
(decimal factor)  (Cont rac tor  & A F ) / L C C  SC(14 ) , S C ( s ) ,
SC(7), SC ( 8 ) ,  SC(9); EBOS calling procedure for LCC
SC (2)

I.

Index representing the SERD (Support Equipment Review
Document ) Item number , for SE (suppon’t equipment).

(index J/LCC

LE (K)

Index corresponding to the environment of terminal
type K. (index ) (Contractor & AF)/LCC; EIiOS calling
procedure; AVAIL

LE(K ) = 1 if term inal K is Ground Fixed

2 if terminal K is Ground Transportable

3 if terminal K is Airborne

LO(NS )

Index corresponding to the location of base NS.
(index j (ALl/ICC SC(~1); EBOS calling procedure ; AVA IL

L0(NS) = 1 if base NS Is in continental U.S.

= 2 if base NS is overseas , Hawaii , or
Alaska

11

Index representing the category number In the grouping
of L.RU types into categories for training purposes.
(indexj/LCC SC(8)
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M C O T T ( K )

Mean checkout time for a terminal of type K.
(hrs./item } (AF)/AVAIL

MDT(K,NS)

Meant down time for a given termini~1 o1 type K at base
N 8. See also the d e t ’in i tions  of MDT , MTTR , in t h e
list of abbreviations . (bra.! ( Computed i n t e r na l ly  by
the Availability Routine.)/AVA IL

MDTLRU(I,K ,NS)

Mean down tine for a particular’ terminal ci ’ type K at
base NS , given a fa ilure of an Lh’U o f ’ t ype  i in t h a t
terminal . fhrs .) (Computed Internally by t h e
Availability Routine ; see also Appendix C. )/AVAIL

MFAC(LE)

Reliability factor which converts predicted faIlure
rates (reciprocal of mean time between fallun’es) t o
operational failure rates , based on experience ,
expected reliability growth , etc., as a funct ion c i’

environment LE. (decimal factor) (Contractor &
AF’)/LCC SC(4), SC(5), SC(6), SC(7), SC(8). SC(Q) ; EBOS
calling procedure for LCC SC(2); AVAIL

MMTB (NS) -

The minimum number of men planned for initial training
to support AFSATCOM at base NS. (men) (AF) ‘1,00 S C t 8 ’) ,
SC( 9)

MMTD

The minimum number of men planned for I n i t i a l  t r a i n i n g
to support AFSATCOM at the depot . (men) tAF ) ‘LOC
SC( 8) ,  SC( 9)
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MOTBMA ( I , LE )

Predicted mean operating time between maintenance
act ions , over the life cycle , for an LRU of typ e I
operating in environment LE. (hrs./item )
(Contractor)/LCC SC(Li), SC(S), SC(6), SC(7), SC(8),
SC (9); EBOS calling procedure for LCC SC(2 ) ;  AVAIL

MUTBMA(J , 1)

Predicted mean operating time between maintenance
actions , over the life cycle , for an SRU of type J
operating in environment LE=1 , Ground Fixed .
(hrs./item ) (Contractor)/LCC SC(S)

MTBDT (K , NS )

Mean time between demands for a given terminal of type
K at base NS. See also the definitions of MTBD, MTBF ,
in the list of abbreviations . (bra.) (Computed
internally by the Availability Routine.)/AVAIL

MTBFT(K )

Mean time between failures for a representative
terminal of type K. See also the definitions of MTBD,
MTBF , In the list of abbreviations. (bra.) (Computed
internally by the Availability Routine.)/AVAIL

NAPB ( L ,NS )

The number of SE Items of SERD Item number L to be
purchased for base NS. (items) (Computed Internally ;
see Cost Element 7.)/LCC SC(7)

NAPD(L)

The number of SE items of SERD item number L to be
purchased for the depot. ( items) (Comput ed
internally; see Cost Element 7.)/LCC SC(7)

S
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NA PH ( I

‘rhe total number of ’ 5~ Items of’ ,;j  1) 11 1 toni rnitn iber I. to
be purchased . This is the sum of ’ N A } ’U ( 1 , , N~;l Ion’ :nI 1
bases NS, plus NAPD( L) fur the d ep o t  . I I t  i ’m: ’ I
Computed interim 11 y ; see’ Coat E l em en t  7 . ) I i i  - - ( ‘/

N ClS ( I)

‘I’hu number’ of ’ t rees who r’e SRI_Ia a r’o .11 00 ket 1 o oil

bane—level repair of’ LRUs of type I . I t t , e m : i )
Compu ed Internally ; :ioo Coat, Element in ) / I Cm ’ .‘:~ 

‘( C

Contn ~o 1 var ’iabl  e for’ wh ether  exp od I t  t u g  I a t o  h i ’
employed by t h e  Spa ring Rout, Inc. 5~ I 1. 1 n~ NF;X 1” 0
causes expedi t tug factor EXF to be ‘a 1 cul~rt i’d ma iii
the discussion of Sparing Rout lime ’ Input -a .~~~e i t  t r i g
N~~XF: 1 causes EX F = 1 .0 , the default value for rio
expediting . j ~er’o or erie I (User  ‘a c o n t r o l )  - I ’ I S
calling procedure for A V A I L

NLIN(NS)

Index representing f-by type of ma ln t ena n i ’e’ ben ch aol
t o be used at beau N5 . If no mu in tenhin ( e t’vno hi so I j a
to be used at base NS, then N H M ( N S ) = 0  Is t i r p u l
Otherwise , NI IM (N S ) may take a v a l u e  from onw t~ S I X
The user spec I flea wh ich  of t , Im zw a I x  v a t  lie ’S don t g n r . r t  e
that  spec ial AFSATCOM support equipment Is a I so
purchased for base N5 ; for t h e  remainder’ ( i f ’ a r m y )
special AFSATC OM suppo r t S equipment .  Is u~ t- a l so
purchased for base NS when that typo ma int-e’nauce ’ bor iohi I -
set is purchased for base NS . I Index I ‘ l I ’C ~-~Ct  ~‘i

N l~U)

The number’ of bases where 1.HUs of’ t ype’ I an’e wied
(items) ( Computed Interns 11 y ; see Coo I K I i’mon I li i ‘ i / I  ,CC
SC( 10)
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NLHU ( 1)

indicator (or flag) varIable; NLRU ( I )~ I II’ I.HU of type
1 is utilized at some base in the current AESATCOM ICC
Model run (implying that this LHU type Is a now Item
in Air Force inventory as a result el ’ AFSATCOM
acquisition), NLHU (l)~ 0 otherwise . (0 on’ I Indicator )
(items ) (Computed internally; see Cost- Elemen t
10.1/ICC SC (10)

NM ’l’ (N S)

The number of men t ra ined  f’or base lev e l  m a in t en a n c e
work at  base N S . (m en )  (Computed I n t e r n a l l y ;  ne ’e’ Cost
Element B . ) / L C C  SC( 8) , sC(~~)

NMT H

Tht~ number of’ men t n ’a I nod for ’ base 1 e ’V 01 ma tnt eni ~in oe
work . (men) (Computed internal ly ; SOt’ Cost  E 1 omen
8.)/LcC Sc(t~), 

SC ( q )

NMT D

‘rho number of’ men trained for depot- level ma tutenauce’
work . (me n ) (Computed in te r n a l l y ;  see’ Coa t  Element
11. )/LcC 3Ct8) , 50(q)

NPERI3 (NS)

The f ract ion u t i l i z a t i o n  of a (hyp ot ~h e t 1 c a i )  erie—man
repair  shop at base NS , as required by Al~’SATC0M. Thus
N PEHI3 (NS )~~1 s ign i f ies  t h a t  at the base’ N S r epaI r  shop
AFS AT COM requin ’es less t han fu .l l — t  Inc u t t  1l~ at ion of
one man . It’ NPEH l~(NS)’1 then one m a n  w i l l  r io t he
s u f f i c i e n t . (decimal  fraction ) ( Computed i n t e r n a l l y ;
see Cost Element 8 . ) / L C C  SC( 8) , sC(9)
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N FE RD

The fraction utilization of a (hypothetical) onie — nni , mrm
repair shop at the depot , as required by A KS A ’I ’C~*I.
Thus N P ERD < 1 s igni f ies  tha t  at the depot. r ’p ,m i i ’  :dhII

AF SATCOM requires less than f’u l l ’ - t in m t’ ut t ll. ’at t or i ot ’
one nan . If NPERD> 1 then one man will nio l t ’’
sufficient. (decimal t’raction) (Computed tin t or’rm ~~l I v
see Cost Element 8 . ) / L C C  5 0 ( 8) ,  50 (9 )

N R T

Fraction of LRU s normal ly  base—repa i rab l e  which I r e ’

sent to the depot due to the severity of tt m ’ i n ’  d ,mnma~-~e ’
(“basket cases”). (decimal fraction) ~AK)/l,CC ~

‘-~
‘(‘i~~ ,

SC( 7) , SC( 8) , SC( 9 ) , SC( 10 ) ;  El~0S c a l l  lug pr’cs~’~’d ac
for  LCC S C ( 2 ) ;  A V A I L

N RTSm ~I)

Fraction of removals of LRU of type I expected to be
returned to the depot f o r  reps i r.  (decimal t’n’act to n i)

(Based upon the resu lt s  ot ’ an OHLA Routi ne [ f l ;  see
also Exhibit 3.)/LCC 50(14), SC( 7 ) ,  SC( S) , C~~l~~; I’l~C5
calling procedure for’ ICC SC(2); A V A I L

NHTS(J)

Fraction of removals of SRI) of t y p e ’ .1 e x p e c t e d  t o  he
returned to the depot 1’o r repair ’ . {dec iniai t’r,ict to n i )
(Based upon the results  of an OHI. A R o u t i n e  [ ~J run  ,m t
the 81W l e v e l . ) / L C C  St’( ’- )

NRTS 1(M )

A normal izat ion of ’ N R T S ( I )  for category H con i t ~n intng
LRU type I , to convert  NRTS ( I )  in to  a ‘it’n’o—onmi -
variable. (zero or one ) (Computed m t  ei ’ri~u l  l y ;  O tt ’
Cost Elem ent 8 . ) / L C C  50(8)

NS

index representing opecific bases. (index ) ~
‘oN5~’;

ICC ; EBOS calling procedure ; AVAI L ,
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NTS (K)

The total number of terminals  of type K to be
purchased . (items) (Computed i n t e r n a l l y ;  see Cost
Element 1.)/LCC SC(1)

OST( LO)

Average order and one-way shipping time from the depot
to a base at location LO. {mo.) (AF)/EBOS calling
procedure for LCC SC(2) and for AVAIL

PA ( I )

The number of new “P”—coded assemblies (SBUs) which ,
as a result  of AFSAT COM ac qu isit ion , would be added to
the Air Force inventory system to support repair of
LBUs of type I If such LB1J type Is to be repaired .
(items) (Contractor)/LCC SC(1O)

PAL

Student pay and allowances for average grade tnained
during initial training . ($/man/week) (AE)/LCC SC(S)

PC

Output variable for Subroutine EBOS: Probability of
backordering , i .e . ,  of need ing one or more spares for
replacement after inventory has been dep leted ( hence ,
probabi l i ty  of at least one NOB S t e r m i n a l ) ,  a t  a
random point in time or per month , for  a given
situation of interest (LRUs of type I, at base NS or
at the depot). (decimal fraction or decimal
fraction/mo.) (Computed internally; see discussions of
Sparing Rout ine  s teady— state  probabi l i t ies  and Sparing
Rout ine  ou tpu ts , inc lud ing  Exhibi t  L t , ) / E B O S

I
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PCB( I , N s)

P robab i l i t y  of hackord or ing , I . e • , of ’ need t rig one or
more spares for n ’ep lacement a f t e r  inven to ry  ti,io b een
depleted , a t  a random p oint  in t i m e , fo r I , h ’I I  t y p e  1 at
base N S, (decImal  l ’rac t .1 o n )  ( Corn put od by Sp.n r i ng
R ou t in e  as I’C t’o r the f o l l o w ing si tu at  i o n  o f ’ i nmten ~ ’at
LRU s n f t ype I , a t base N S . ) / A V A I L  v l - i  KI lOS

PCC ( I , N S)

P n ’obabi l  ity  of backor ’den ’ ing , 1 .e • , of ’ need inig ciii ’ on’

more spares t’or replacement  a f ter ’  inv enm t o n ’y  has bee - n m
d eple t ed , at  a random point  in t ime , fo r’ [ R U  t ype I
at  the CIMF which services base NS ; de f i ned  on l y  1’or’
cen t ra l i zed  main tenan ce  posture , arid t ’on’ bases w h i c h i
do not have the i r  own repair  f a c i l i t y .  (dec i m a l
f r a c t i o n )  ( Computed I n t e r n a l l y  by t h e  A v a i l a b i l i t y
Routlne.)/AVAIL via EROS

P CD( 1)

Probability of backorderin’ig , i .e., of ’ need lug one or
more spares for replacement after inventon’y l i mo been
depleted , at a random point In time , for’ t H U  t y p e  1,
at  the depot . (decim al fraction) ( i ’omput  od by Spar ’  I rig
Rout ine  as PC for’ the fol lowing alt not ion  of ’ in t -er’eat
LRU s of’ type 1, at the depot.) ;AVA II, via ER,)5

P1IW

Operational service life or the system (I’ r’ogn’annm
Inventory Usage Per’iod). tyrs.) (AF ’t/LC C SL ’(  ‘~ ) ,

SC(14), SC(5), 80(6), SC(7), 80(9), 50(10), SC~~1 1 )

P8(10)

Packing and shipping costs as a t’un ct  Ion of base
location Lu. (s/lb.) (AF)/ICC 50(14)

Ph H ( LU)

R a t i o  of’ packaged weight to unpackaged w e i g h t  of ’ Lhtls ,
SBUs , wh ich  f ai l  at base l o c a t i o n  10. (dec ima l
t ’a ct or )  (A F ) / 1, 00  SC( L i )

I
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QLI3 1( I , N S)

The quant i ty  of LRUs of type I which are installed in
all of the terminals at base NS. {items) (Computed
internally; see Append ix B.)/LCC

Q L R U 1 ( I )

The quant i ty  of LRUs of type I which are installed in
all of the terminals at all of the bases. ( items)
( Computed internal ly ; see Appendix B . ) / L C C

Q L R U 2 ( I )

The quantity of LRUs of type I which are acquired for
initial sparing at all sites (bases plus depo t) .
(items) (Computed internally; see Appendix B.)/LCC

QL R U 3 ( I )

The quant i ty  of’ LRU s of type I wh ich are installed in
all of the maintenance bench sets at all of the bases
which have maintenance bench sets. {items} ( Computed
internally; see Appendix B.)/LCC

QPA ( I , K)

The quantity of LRUs of type I installed in a terminal
of type K. ( i tems/ i tem) (AF ; configuration of LRUs in
terminals is controllable by the user via this
m a t r i x . ) / L C C  SC( 1 ) ,  SC ( 1 4 ) ,  SC( 5 ) ,  SC ( 6 ) ,  SC ( 7 ) ,  SC( 8) ,
SC ( 9 ) ,  SC(1O); EBOS calling procedure for LCC SC (2 ) ;
AVAIL

QS

Output variable for Subroutine EBOS: Quantity of
spares to be acquired fo r inventor y , for a given
situat ion of’ interest (LRUs of type I , at base NS or
at the depot). (items) (Computed internally; see
discussion of Sparing Routine outputs , including
Exhibit 14 .)/EB O S

1
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R I P ( I )

Probability of “in—place ” maintenance , given that an
LRU of’ ty pe I under goes some ma intenance act ion.  Thus
(1—RIP(I)) is the fraction of maintenance actions on
LRUs of ty pe I tha t require removal of the L H U.
(decimal fraction) (Contractor)/LCC SC(14), S C ( 5 ) ,
SC(S), SC( 7 ) ,  SC(8), SC(9); EBOS calling procedure for
LCC SC(2 )

RM ( I)

Average repa ir mater ials cost per fai lure of arm L BU of
type I, when this LRU type does ~~~ further subdivide
into SBUs. {$/itemI (Contractor)/LCC SC(5)

RMH ( I)

Average number of man—hours required to remove and
replace an LRU of type I. {man—hrs./item )
(Contractor)/LC C SC(6), SC ( 8 ) ,  SC(9); AVAIL

R T ( I )

Average number of man—hours required to repair an LBU
of ty pe I at base or depot , including time to
diagnose , attempt to repair . {man—hrs./item )
(Contractor)/LCC SC(14), SC(7), SC(S), SC(9); EBOS
calling procedure ; AVAIL

RTF (I , NS)

Expected round t r ip packing and shipping cost for an
LRU of type I dispatched from base NS , given that the
LRU has been removed for repairs. (5/item) ( Computed
internally; see Cost Element 14.)/LCC SC(1I)

RTFC (I ,NS)

Expected round trip packing and shipping cost for an
LRU of type I sent to CIMF base NS for repairs , when
using centralized maintenance posture. (5/item)
( Computed internal ly;  see Cost Element 4 . ) / L C C  SC(Zi)

I
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BTS(l)

Fract ion of removal s of LRU of ty pe I ex pect ed to be
repaired at the base . (decimal fraction) (Based upon
the results of an ORLA Routine [3]; see also Exhibit
3.)/ LCC SC(14), SC ( 7 ) ,  SC(S), S C ( 9 ) ,  SC(1O); EBOS
calling procedure for LCC SC(2); AVAIL

RT S( J )

Fraction of removals of SRI) of type J expected to be
repaired at the base. (decimal fraction) (Based upon
the results of an ORLA Rout ine [3) run at the SRI)
leve l . ) /LCC SC( 5)

R TS 1(M )

A normalization of RTS(I) for category N containing
LRU type I , to convert RTS(I) into a zero—one

- 
- variable. (zero or one) ( Computed in t e r n a l l y ;  see

Cost Element 8.)/LCC SC(8)

SA

Annual supply Inventory management cost per base
($/item/yr.) (AF)/LCC SC(1O)

SB(I ,NS)

The number of spares of’ LRU type I to he ace~uired for
Inventory at base NS. (items) (Computed by Spiring
Routine as QS for the following situation of Interest :
LRU s of t ype I , at base NS.)/LCC SC(.i’) via EROS

SC(N)

Designator for Cost Element N , where N is some integer
from 1 to 11 . These are the basic subcosts of’ the
AFSATC OM LCC Model , and are computed over the
operational service life of’ the system . (5 ) ( Computed
by ICC Boutine.)/LCC
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SD (I )

The number of spares of LRU ty pe I to be acquired for
inventory at the depot . (i tems) ( Computed by Sparing
Rout ine as QS for the following situ at ion of Inte rest:
LRUs of type I , at base NS.)/LCC SC(2) via EBOS

SMH(I)

Average number of man—hours required to perform
scheduled maintenance ( including prevent ive
ma intenance , preflight , postfl ight , periodic
Inspections of the subsystems, and any remove and - - -

replace time) on an LRU of type I. (nm an— hrs ./ i t em )
(Conitractor)/LCC SC(6)

SMI (I)  - 
-

Average scheduled maintenance interval for an LRU of
ty pe I. (mos./item ) ( Contractor)/LCC SC(6)

TCMB

Average per—man cost of a base level maintenance
course , including instruction and training materials.
(5/man) (AF)/LCC SC(9)

TCMD

Average per—man cost of a depot level maintenance
course , including instruction and training materials.
(5/man ) (AF)/LCC SC(9)

TCMW

Average cost of initial contractor—prov ided training 
- -

for base and depot maintenance personnel , including
instruction and training materials. {$/man/week)
( Contractor & AF)/LCC SC(8)

TDAP (L)

The number of technical data pages (or page negatives)
required to support SE item (items) of SERD item
number I. (pages) (Contractor)/LCC SC(11)
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TDLP ( I )

The number of technical data pages (or page negatives)
required to support an LRU of type I. (pages)
(Contraotor)/LCC SC(11)

TDP

Technical document reproduction cost., (per thousand
copies), (5/page) (AF)/LCC SC (11)

TDSP

The number of technical data pages (or page negatives)
required to support the AFSATCOM system as a whole.
(pages) (Contractor)/LCC SC(11)

TDTP(K )

The number of technical data pages (or page negatIves)
required to support a terminal of type K. (pages)
(Contractor)/LCC SC(1 1)

TDU

Technical document annual upkeep cost. ($/page/yr)
(AF)/LCC SC(11)

TE

Cost of required training equipment. (5) (Contractor
& AF)/LCC SC(8)

TOPI

Cost of initial training of’ organizational—level
maintenance and operator/specialist personnel. ($1
(AF)/LCC SC(S)

TOP H

Annual cost of replenishment training of
organizational—level maintenance and
operator/speoial ist personnel . (5/yr.) (AF)/LCC
SC(9)
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TRANB( IBS)

Transportation time associated with on—base delivery
of a replacement LRU from base supply location lBS to
the line. (hrs.} (AF)/EBOS calling procedure ; AVAIL

TRAN C

Transportation time associated with shipment of a
replacement LRU from a CIMF to a base serviced by that
CIMF , via an expedited priority , when using
centralized maintenance posture. (hrs.) (AF)/EBOS
calling procedure; AVAIL -

TRAND(LO) 
-

Transportation time associated with shipment of a
replacement LRU from the depot to a base with base
location LO, via an expedited priority. (hrs.)
(AF)/EBOS calling procedure; AVAIL

TRANS(I ,NS)

Mean replacement time for acquiring an LRU of type I
at base NS, given that base inventory of that LRU type
is depleted . (bra.) (Computed internally by the
Availability Routine; see also Appendix C.)/AVAIL

TRB(NS)

The additional fraction of men at base NS which must
be trained annually to fill maintenance personnel
vacancies. (decimal fraction/yr.) (AF)/LCC SC(9)

TRD

The additional fraction of men at the depot which must
be trained annually to fill maintenance personnel
vacancies. (decimal fraction/yr.) (AF)/LCC SC(9)

TW (M)

Average time required to train a man to repair any LRU
type in category ti. (weeks) (Contractor)/LCC SC(8)

S
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hJ (X)

Unit step function for strictly positive X . (zero or
one) /LCC

u (X) :1  i f X > O
0 if X < O

IIC( I)

The val idated unit cost for an LBU oX’ type 1, that  Is ,
the price exhibited for the initial provisioning of
the item . (5/item) (Contractor & AF)/LCC SC (1),
SC(2), SC(3), SC(5)

WOR

Fraction of’ failures , of’ normally repairable LRUs ,
which can no longer hi’ repaired (wearout fraction).
(decimal fraction) (AF)/LCC SC(II), SC(5), SC(7),
SC(S), S C ( 9 ) ,  SC(1O); EBOS calling procedure for
.SC(2); AVAIL

WT (I)

Net weight of an LRU of type I. (lbs./item )
(Contractor )/LCC SC(14)

XF ( I ,K)

Expected number of removals per month of LRU type I in
terminal type K. (items/mo.) (Computed internally;
see Cost Element 14.)/LCC SC(14), SC(5), SC(o)

XFB(I ,NS)

Expected number of removals per month of LRU type I at
base NS. (items/mo.) (Computed internally; see Cost
Element ‘I.)/LCC SC(Xh); EBOS calling procedure for LCC
SCI2) and for AVAIL - -
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XFBN (I,NS)

Composite expected number of removals per month of LRU
type I among shipments from bases without repair
facilities to a given CIt4F base NS, when using
centralized maintenance posture. (items/mo.)
Computed internally; see Cost Element 1 1 . ) / I , 0 0  5 0 ( 1 4 ) ;

EROS call ing procedure for LCC SC(2) and for AVAIL

XFL(I)

Total expected number of removals (failures) of L H U
ty pe I , in all terminals at all bases, over the life
cycle. (items) (Computed internally; see Cost Element
14.)/LCC output only

S
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