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A model is defined to account for an imventory system which car*ies'
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items ‘that are subject to repair after use, wearout or failure and then
- reissued. Such a system ils called a repairable item inventory system
and, important as such systems are to military appl:.ca,tions, have
received little attention in the scientifie literature. A’'repairable
item inventory system would be trivial if it were not for the fact
that a used item may not be repairable due to excessive damage eitlier
before or during attempted repair and hence new items must be procured
- from time to time to replenish the system. This report determires
decision rules for this dual problen of. tepeir md procurement in a
‘ deteministic model.
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fIntro{uction i
*7;Iuvontorioo o! phyoicol goodo can bo £ound in ovcty cector of the

oconony rhooo inwontorios oxict primerily to make goods available to

N R

~cu¢tomoro or producers without delay and to incresse sales and profits.

’9' '

Althoughvno profit motive exists, military inventory systems carry a

divcroity o£ goods in, order to satisfy the demands of fleet units wltb'Ux

~

> production and transportation delays. since inventories exist, it is

. natu:al to try to classify the types of items carried. Two broad

N g

clossifications, namely, congumable and repairable, can be used to

[~

charactorize any - item. A consumable item xsxdefined to be one that is

oither consunod ins use@ or discatded after wear out or ‘failure. Examples

: ":

of concmblo itomo orc(inpor, poncils, paint, fuel nails, food, gaskets
s L. 2 / .
. rocistor;, to nontion only a few. A repairable item, on the other hand,

/

. : ' io dcfinod to bo ono that can bo ropaircd/ Eier failure or wear out and

«../

oubooquontly -ay bo ovnilablo naain to the user. Aircraft, refrigerators

radioo, onginoo, ond hydroulic punpo‘on oll exzmplcs of repairable items.

;;,,'

SFRSRRR 2

rhoy can bc ropoirod by tho uoor. a rcpoir lhop, or the manufacturer. In

~ e,

';; -oto opooilto -ilitoty ton-o tho level of repair can be classified as ship
| tondor, ond ohipyord, roopoctivoly. .‘, S ‘

1 | A furthor dolinoation of tho dofinition of a repairable item is to

f . C dofinc it as an item that in roturncd to a major repair point after use,

i ovorhoulod or topaitod, put bock on tho oholf in a ready-for-issue (RFI)

<

condition, and rcioouod to a cuotonar ‘to satisfy 4 demand. This definitio

will opply throughout this papor and can be construcd as a particular

nilitary application of tho totn rcpairnble.
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‘Consumable and rcpgiublc item inventories ere worth bnilj.pn; o:f _

do’lhu ind are costly to manage.

. hu been establisghed, an cfZ ectivc system to mintain lnd concrol thc

inventory should be developed. In p:_ivate: and, comarchl. concerns.‘

I

effective control of 1nvpntorie_i can result in decréasgc_l: costs,
increased sales and profi’t} and customer satisfaction.

prudeng. management of inventories may COntx_'ibut:"e. to increased weapons

system effectiveness, decreased inventory ipvgs:penc, and decreased .

system costs.

In any system carrying consmable items a set of tules ‘to detemine

how much of an item to buy and when .to buy, :l..e.. an opetating doctnne.

nust be established. In a repairable system t:he procurmnt decision

is aumcnted by an Additional dccisidn of how nuch and whcn to tepnr.‘

Thus, the additioml rcpnir dcc:l.si.on io thc buic diffcrence between

puraly comuubh itn and I rcpaiublc im mventory cysten. y _
'rypi.uny, oxiu:ln; invnncory cont”rel nodclo havc appncd only to

consunable :I.l:ns. K ‘*Opthal“ otdor cqutim ruult:l.ng £ron consumble

I

model dovclopunt hivo bun_fhplnontod o coutuuy by both the military

and indus:rul comtno. Althm;h :I.ncruud unag-cnc nttention has

been focuud on repairsbles. over thc put ton yuu,. ropairablc 1nventory '

decisions have been largely based upon. Q;p.ctiqncd- and incu}tion,. The -

main purpose of this -rcéért" As to defing. a"ripdfi'ali’h~-' i“ceﬁo'i‘nvet{"tory

model and to devqlop dccision ‘tules for such i nodol’ giving duc

Yo

considoration to thc costs usociated with a rcpaiublc syst«n.‘
It should be nontiomd at th:l.a point that thc dccision to duismte

an item as repairable or‘ consuublq is not perfunctorya, A d-ecision, ‘to
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‘Ctll 1e initiel provisioning. Whatitriterie;should be-u$Ed i N

to deeignete an item (elreedy in the production phase) es repairable or -

'consuneblet Whnt 1eve1 of repair shculd be designeted? No specific : "fsf
criterie heve been developed to answer Lhese questions so far as the authors f;

hiy S

it should be noted thet the rationale behind designating an item as a
repaireble ie "that it is more economicel to repeir then to discard.

Besicelly then, this decision involvee the trede-off between costs of

repeir versus dieoerd. ‘ f-‘ ‘f ' ‘ . R

2. An lxietin; Repeireble Inventory Systen : ,¢4

To better underetend how s repeireble eyeten operetes, the WriLerS

exanined the Nevni Avietion Supply Syeten. Thie,eyeten exigts to support

8,300 eircre!t in the llevy. The inventory consists of 393,000 line items
veiued at’ 2.1 billion dollere. Ot these line. items. 31,000 sre dcsignated
as repeireble end these itene account tor 56% of the inventory velue.1
The inventory manager reeponsible tor’proeurengnt»end inventorg;;ontrol :
of all evietion itens ie‘the~ﬂevil Avietion,éspply Offioe (ASO) ioceted . é
in Philedelphie, Pennsylvenie. rhe items ere stored in and issued from
a network o£ etoekpointe loeeted throuzhout the Naval Supply System (e.g.
Alamede, Norfolk Sen Diego end Yokosuke, Jepen) Additionelly there .° 'ﬁ
are seven major repeir pointe callad overheul and repair ectivities (O&R) :

ASO Management Resumé - Second Quarter Fiscal Year 1966.

o
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% located in .the United States. A fourth co-po'n.nt. Adr Systu‘l -‘c‘onu‘nd' N O

E u Mavy Bureau), providu tochniul direction and budgct poucy to Aso ?‘

and also adninistcts t‘.u seven O&R activities 1ocated at various air ";

. . b

sutions chx‘»ughout tho cysm. | ' »

If an :I.ta fails or is denonshed in the field a replacement is :

made fto- existi:tg stock. The carcass (i f su:l.table) is then considered ‘ "~‘-‘2§'J’

a m-teady-for-issue (NXRFI) item and is sent to an O&R (through &.stock-
poiut) for repair. : B ‘ |
Since the seven OSR activiucs are each juxtaposed to & reporting
stockpoint, the latter actually receives lnd accounts for the NRRI itea.
This receipt is reported to thc" inventory manager (ASO) "\rh,"rapid‘ data
trmiuhii facilities. 1In this sense, the 'st§ck points are called
reporting acuvum. :l.c., 411 mﬂ\tory :unuctiou aro reported to
. ASO who u ia turn tcspoutblc !or 1mnr.oty eontrol. whon ASO dctcm}nes

ﬂuc an item Mu be. upattd to mt apoctod dmud or £0 meet

T existing mmun. an ou uttvi.:y u dtrocud r.o induct the MRFI

iten(s). mm- ululuul; between uo and the O&R, occun on a wukly
basis w s mizu nhduun‘ lylf.u. .
wost ot m itess hluu‘ Mn bumuu m-un‘ltn‘.
elininstes lnuhiu of nn m-. to s ;:uc utone.
repsired, it is tcunnd to the nock ntnt in RFI eondtuon nnd sub=

Undot pruonf. circmocancoa.
This situation
Once_the ften 1s

uqmtly usu‘ to mt M u: ﬂ.ll bukordcﬂ. ‘rhc lyuu i.o dcpicud
“'iﬂf‘ 14 e . . ‘n N o
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navai Avhiio,u Supply System (Repairable Items)

2

llodcl Ducuption Lo

Analytiul studies of

Imntcry systems ouch as :ho one just descrided can be classified

wlticclulon systems luva ohown thc computations in such models to be

uch that either s i-pufying unnptions or approximtions are necessary.

The m::oductﬁn of thc repair upqct‘ into, the system certainly complicat:eé

structure of a nodcl aeven st single cchelon levels.

Hence, ':L: m-—’

f.l: that si.npli.iying unnptions would lud to results more in keeping

-
ya

% ’/;' - o :

,/ rigure 1.
‘e
T s, A lmtuhh uodol
. 8.0
, :hc

i

wtth :ho objccuvo of the rcpo:t.

¥
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Also a search of the literature has
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, é revedled tha.t very little. work has been done in the matccr of structunng :

" : a model for the repair :I.nvmtory system of r.hc typc discuuod in SQction “

’ 3 i 2. The nodol presented hcre is intcnded to prov:l.dc a basis for future

i

{ 4 stnd:.es and represem:s an :Lnitial attmpt.

L Suppose a repairable system, consisting, of one inventory control .

) T j‘f
point (ICP) - ;ana stock point and one overhaul and repai.r activity, ‘“’-‘;
conttols’ tha invontory of a si.ngle item. Dmndc from ‘jya_rious ctustomers /._7.

5 are phced only at the stock poini. The systenm has continuous updating - - “- .
; of records, i.o., trannction reporting. When; 1i:ens wear out. -or .f;il,'
i
i .
N the customer can eithar ocrap the :Ltun or tcturn it to the O&R. After.
P inspection the O&R can c:l.thct scrap the 1t:ul -6:‘ rop”air and return it to
; the system. Both rudy-fo:-iuu and mt-rudy-for-inm ﬂow of
E material is dcpic:.d i.n N.guu 2. -
ff S———— S P . , ) - ,‘,.,J - __.:_ — m——
y | ' Procurement BN |
2 /‘c@ Orders > hanutacturer|
' : .
?? ‘.tumctton & .
,,i Romu ) o -
§ Repair , L _
1 Induction: ’ r.‘. |
"{ o:d.t. ' “. P ")‘ " : | ' ’ ? ' I ¥
4 . - RPL T A “RPFT b N
lopair-d. - I.’u. S a
; , (s AN , . .o J“‘" . R
! e i m: R T \
_f O&R ' ‘rurn-in R .Customers _
Scrap LT ‘s\c.ué ‘
g ".  ¥igure 2. Material Flow in & Repairable System 5
X
1 . . o
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3.2 Assumptions v .

Assume that the annusl demand rate (D) is knovn and &nstant over
time. fo reiterate, the bagic management decisions to be made are whﬁn
and how -uch to procure and when and how much to repair. In this model
procurement of new items serves to replace :l.tm' lost By attrition.
Suppose that both procurement lead tine (1'1) and repair lead time ('rz)
are known constants independent of the quantity ordered, the quantity
inducted for repair, and the snnual demand. Furthermore, the rate at
which MRPFI items are returned to the O&R, called field recovery rata
(), and the rate at which the O returns EFI to the stockpoint,
called OSR recovery raste (rz). are congidered tc be known. Itens are
slways procured ard repaired in lot sizes, Ql and Q2 respectively, with
no price breaks or split deliveries. For the sake of definiteness
suppose the system operstes indefinit¢ly with the item never becoming
obsolete. | |

The queution of wvhen to induct mtotﬁl into the rapair operation
is partislly answered with the assunption that an induction is made
vhenever a predetermined nuaber of NMRFYI items have accumulated. In order
to return s lot size Qz to the stockpoint it 1is necessary to induct an

‘ t _gz_ o This assumption reduces the problem to one of determining
Qz‘ A iogo complete pictorisl representation of the system is secnh in
Yigure 3.

Under the sssuptions of deterministic demand and lead times, it is
not necasssry to maintain a safety stock. We will rcquin then that
whenever the RF1 inventory rsaches zero, a procurement quantity ox‘.aiu
Ql. will arrive. Thus, the system 1s no‘vcr out o1 stock, Between procure-

ment arrivals, depleting RFI stock 1is replenished with repaired itcm.l

lundcr thess sssumptions {t 1is possidble, though extremely unlikely,

for a procurement quantity, Q1, and a repair quantity, Q., to arrive at
exactly the same instant of time. Accordingly it will ,53 assumed that

this case does not arise. : 7



. _ _Procurement _ 1
o ( Orders - == ""Jnnnufact:ureril
tramiction . / ’
Report BPI (Qq)
4
Stock &+ —— -Demand - —
Point 3\ (D) ‘
RPI (Repaired) BRFI ;
(rzron) in Lots of (Q,) Issues N
E
{ -
[ o&R RRPI Turn-in Customers
1 (ron)
(l-rz)ron (1-r0LD
A L
" Scrap Scrap |

Figure 3. Repalr Syste. with Assunptions

Also, a repetitive system will be established regardless of the initial
provisioning policy, so that it is sufficient to analyze only one cycie
to determing system characteristics. Further, it is advantagecus to
define a cycls as the length of time between the arrival of two successive
procurements. This cycle will be called the procurement cycle and is

denoted ;. A repair cycle, denoted T_, is defined to be the time batween

20
arrival of successive RF1 re air quantities. Pigure 4 depicts a typical
procurement and repair cycle and illustrutes the relationchip batween the
RFI and NRF1I inventory.

Prior models ded:gnod to develop decision rules for repairable
inventory systems have treated the repair and procurement decisions

independently. In some models the repairable decision rules have been

cast in the framework of a consumable model with modified paramataers. It

I

}
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&l a ujor point ot th:u upott tlue the two problcu should be treated
ltml.umuly. Acco:di.n;ly, the dacuion rulo rcgardi.ng "yhen' and ‘

"how mh“ to pmun as well as "whcn" m’l "how much" to repair is deriv

h, : by -tni-utu the total cvcrm cmul vnrublc cost of operating the
-system ucmtm !or both ropur and procurucnt. g ,
3.3 nueuuion of Costs e B - ; ‘ |

»

.
.o . luccoutul rumgmnt of . rcpuubh invcntory ‘system is dcpcndent
3 x») ‘
- om propor ﬁontiuutbn o.‘. ulcvcnt cooto, i..o., costs which affect the f

i - : oporatmg doctrine. ﬂ.vo pouibh brond cost utcgotiu aro 11.;:“ belowg
' and diocnuod subuquontly. ' S o : )
;< . L ey < R ' - . P 1
i . ‘ , ”
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. cost £on_nuh;£on.

1.
2.
3.
4
3.

The costs asSOchted wich umtamlng finaacial and. inventory records

(e) qmlity control.

1 oo s i by

e s i i

Information and que)Systuns
Bro;:uran;nt - o
Repair

noiiinz .

Shortage

)

. ———— -

c e e

wom by

-

R Rt
D N Bty

"
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A7

" represent the latgest sesment of tne n.fomation system costs. '.l‘yp:.cal

j(b) conmodity analysts, (c) financial mventory control, (d) AUTODIN and
Issue\eyst.em cOsts. are prmarily. (a) requxs:.t:.on

"'ﬂrocessing, (b). wir‘ehousmen, (c) transportntion and ‘(d) disposal. It

can be rationalized that: these costs are a functinn of demand and not

the operating doctrine.

For this reason infomtion and issue systems

hhace <o e wd ae e e My« o s <

lw\f«‘ ;.

-A:-,k" among these costs are. (a) data procassino equlpment and related personnel N
AN

e

Lo

- Ay M

costs will not be includcd ‘in d.ﬁning thc toul annual variable cost for

b3

dctemining opcrati.ng doctnnu. ~

¢ %

o,
,1'

- The only real. proeurmnt con: 13 t:hc coct of thc itens ordered,

froqucntly calhd thc Varublo ordot cost.

If. there 13 a price break for

large qu‘ntttiu. then this eost u n fnnction ot the quntity ordered

thnn thu cost is smply thc unit cost tinu ‘the;

/jquantity ordercd. The

.

’ and tho unit cost. It there u no prico bgruk. a8 auuud "in this paper,

tudi:iml ﬁud ordor coc: twol.m uhriu of purchuc .and receiving

pcuoml uutul mpcct.ou. tohphonu, papqr. p.ncilc. duplicatmg

’ uchinu-, etci

1t is mtly ucn tx.lt both tho fixed and vatuble orde:

coohaffact the opouting docttinc and \1111 bc mludcd u a part of the‘

2,
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The usual spproech to repair costs considers in detail a set-up or

. ’ 1"
. tooling: ,¢:Ost". Stnctly speaking, repa:.rables cannot be nandled on a

X
.
B s P B

-5, .
A l.')

- of repe"i"fing an item csn be considered to be a functxon of du'ect laoor
and material plus some overhend cost.‘ It-" follows that the fixed repaxr K
cost is re;lly the cost of makx.ng and. carrying out. the dec:x.sion to induct
a g:.ven quenti ty into the repair cycle. It is assumed here that some ‘
"average" cost, A 2, of d:’.rect labor and mteriel per item can be fomd.
Thus the vari.eble ‘COst of repsir will be fomulated at c2

quentity inducted. Both vcrieble end fixed repeir costs will be included

times the o

“in the totel cost fornulation since they effect opersting doctrine.
'The coetc euocieted vith uintein:l.ng :Ltens i.n :l.nventory include
o ' enong othere, obeole.,coneo. opportunity, deterioretion. ‘breakage and |
o " normal verehousins coets. rhu "holding coet" u quite intangible and
" has proven duucult to eveluete. In the put, holding cost has been

. o
'expreuod as e funetton of untt _cost (cl) or more specif.icelly as h, = IC_,

1 1’ )

where I 1o e holdtng rete. !he holding sate I incorporates for the main ‘
pert, opportutty, ,obeolueence. end ‘'warehousing costs and 1is ueuany
expreuod as eoet per untt tﬁe per nonetery unit i.nvested in inventory.

However. tor purposes of thu model 1t* 1- eutncd thet there exiete a

1

holdi,ng cost, h_, for each RFI item end 8 etnih_r cost, hz, for a NR?I §

.- . P. ‘Magee,.

Production Phnnin end
‘McGraw-Hill Book ‘ :

» (New York:

-
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. which £or this model is measured in dollars per. unit:-year. of cooroe

e OE

g - ‘both hold:lng costs affecc the operaung doctrine. R

D - - . f

E IR Fine].ly, the shortage cost represents the cost of being unable to

' _ f :':'~meet -customer' demands. C In general; ‘;th‘i;s 'is' a. very important cost,

though aga:m quit:e dlfficult to: measure. By assumption of detemmlsuc

K y

demand and lead t:mes :.t: :.s never necessary to« "go short" of stock

p

and ‘so shortage costs haVe rbe'en, .ex‘/j"‘“ded'aftomthe model presented in

this paper.
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4. Solutions’ e |
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As p:eviously staced, he objective of 1:he model is to detemme an

/' \\
. opt:ixul p curement quantity Q\\* end an optml repair qucnt:ity Q *.
. _ I, >

i:es tho avorage etmual coat"‘ These opt:lnal values » coupled

witht upeot:lvo roordor pointo, xl and xz {(comtitute an opt:iml

)5

%

W e

fperating doctrino. N &

g

- To dotcmino the. avou;e ennuel variebh cou. tho costs per cycle

m\ut bo :hwuugetod. ‘rho produot ot per cycle coote end the mnber of
i
' 'oyclu per yur viu then yuu‘,m evouge ennual con:. 'rhc total
,m-.‘, RN
; cost for any. ;1veo oych - h tho mn o! procuﬂnonc. repair and holding
. costs. . ‘ | l
k ) cost is the ectucl cos of th
1 " To dotern:lno the tepeir cocto per cycl.o tt 1: mcolury to conpute
4
: " ‘
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.the mnber of repair cycles per procurement cycle. 'Let ;—- = n, It

-also, by Zassuﬁprion, the arrival of a quantity Q insures that there .
‘ wiu always be enough NRFI to allow for inducti.on. Moreover, it was

assmed that a quantity Q will arrive only when RFI on hand balance

et v—— < .. o e .. . e w
., 1% . - e X TP,

D

!

3

Al e vk ST -

,_"is a “;:l.nteger. 7 It is suffie:.ent to- show- that t1+t2- T,

<

some 0 s k s 1 and tz (l-k)'r (cf. Fi.gure 6) .. This

JUSIPA S

t ”-‘F tz) is an integer number of repa:.r cycles by o

’reaches zero and this 13 prior to’ the atrival of a scheduled repair ;A':

deliyery-a Let the t:lne betveen the arrival of a procurement and the wery ..

nezt..‘re’ﬁhir -arrival be t* Now, t. + t* L4 Tz since a repair quantity

2

>

1.
aro deteninutic. and the eyclu are. poriodic. ’rhereforc the cost of

4

itm.repairod per procur-unt cyele is czqz and ‘tha fixed repair cost

' .-:rima a’ef:’evory '1n:§£v.‘1 ‘rz‘a But t* =t , since demnd and leadtimes

A0, vhou A, :I.o doﬂ.ud to be thef f:l.x.d ropei.r cost per induction.

3 2

In loctton 3. h end hz \ure deﬁ.nod as RFI and NRFI holding cosrs

por unit per uni.t the rupectivel.y. ‘rlurcforc r.he holg:;z costs per

cych vtu bo hé +h o‘ wlm.‘u(‘! is the aru under. the RFI curve

anda(T is tha aru undor j tlu mz curvc. To eonputo the n.rea under

B

the ‘nn curve conu.dor N.gnre 6 chowing RH’ 1nventory for one procurement

cycle, stneo D 1. known and cmtmt. tho ares ot U.J ; is simply
u :

U

ijt (Q + e), where tl - krz and 4= Ql - Dt 'rhu reduces to h
. S 2 | , . i
. Dt, !
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"§ince n is an integer, the ':a'rc"a»'o‘f v :l.s. the su,h ‘of ,nf-l 'trapezoids each

-having one side of lcngth ‘.l'z.

e e v

.

To dctemﬁim tho aru of each trapezoid a

recursive uhtion wil.l be dcvol.opod. I.otJv dcnotc the area of the it X

tupuo:ld in v (riguu 6) 'rhen. oo :
' J/ -u n...z(q .gn).\m ] :
1 2 1 1 2 _ ;
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. ‘/{v z ["Qz * "Qx b ] }

2 3 v . iR S “ o

’ ) Ow i ‘.-,,' (} 300 . ;‘“ ‘ . ’, . ;

and procudtng rccuruvoly, "

, V4 . z 21Q * z(Q - D) - (21 - l)nr » 1 - 1 see., M = 1).
. Vi 2 3 1 . ¢
: . - B “» » \‘ :
» 9 .“ ". R :

i . ‘ - 2

I - - ' > Lo~

:
R TR . , . e A~$
,'.'A. ' ¢ ' T o - ts ' - E— \ . %
H T S R U a0 T S PP ' O o e RO )
[ B L T P ieg Clur S AP SR o NN SO S \'":"wﬂ Wbt P St i S enan W o R emad Wil



a4 iy o A e i emrmr——n By L o ¥ <]
ad %i

L e i, o R e vrons A e RN et ok o to

{
1§
§
5 .

’ < gy
el Yrtoms ™ G B S i e S VAT e A S T

- B e e e e I it i I - .  cmrbemss b

n-l

P R thcufou.ol Z J so that T S o

.
P N ¢
. . .':')‘ . ",;« “/H“ }’ ‘: ‘(‘..::,‘-‘ hz”[qz (n - 1) + Z(Il - l)Q - 2(n - l)t D - DT n(n - 1) o

BN

s
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| //),u usily calcuhtod as &t b. vhere tz - (1 - k)'r and, b,from the

rccursivc uhtion of tupuoidal buu, 13 nQ + (Q - tID) -
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cycla as shown in Figure 7. since n is an :I.nteger and t:he buildup

rate of mx ft:cm, ron. is conaunt. thc aru under r.hc NR!'I curvc

G AT DTS

is simply a timas the aru und"r th. repa:l.r cyclc curvo.
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'aru muningleu, K :Ls contiauous for all other vnlues of Ql and Qz and

'1aaditfar.n;1.b19.

“Solving the equations (4-10) yields .

i . B 2o T A NS . P SN ARR N ST 2 - N e
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s:l.ncc r2> 0 by assumption, and non-pOsitive values of 01. Q2
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‘: -g RD h. al( Azrotzn hz. _‘ hl

i /ﬁr ‘ . .’ ‘ . . 5 ' ulkn
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(4-12) Q * =
hz +r h (1-2k)
N N ,»
vhere QT * ané Q* are the opthal procuraunt and rcpair quantities

PO

rupcctivoiy. Strictly npukin;. Q * aul Q * ltc/ not optiml quantities

7
in :1-.¢ unu tlut the rutucuon 11\ - n whoro n is.-a positive integer,

%, . . Lo . » 4 . . . Q
, 1
s not bun couuoud u n coututnc tn thc coluti.on. Since T 1 - =
"' . ‘ l .. rl‘ N ) " t £
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“2 | | SN

and’ ar Q such that the conotutnt u uctoﬁcd.v

and Q * tor the purpose of
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Consider Ai;hc"'lenzth of .t:lnc t X2 Since t <‘r» by uiinp’ti‘on,

T v e —— e R — -

1

~

'l%ti@o :ha: the opti-nl v.luc. Q1 » is independent of k and in

fact 1f I - 1 thcu io no upair, and Q * is the standard 20Q formula

erel et - .a

‘. for cou\-abl.u. nouovnr, Q * 13 [ tuncti.on of the garmetot k, whcrc '
0x k S 1. : 'rhcrcfou. 1: u dniubh to dotentnc how :ensi.twe the
'modol 1.. to ke By auupuon, ci-ulumuo uccipt: of a Q -and Q2

is not pouibh so tluc 0. < k <,1, - By. dcfin:l.tion t: - u 1t has
bunm chmrn that tl + l: z - 'rz wh':l.ch :lnpuu. rz é_-t2. -.!‘ l:l:z oxr

(1,.-13) k w-le=f . ST ' ‘
B Tz , . |

N L
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Q | S

is at lcut the length of time‘
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“‘..ry z. L] .. :n. z’ /\32 zton

t, <% ZD » by cquati.on (6-7 (1)). But t
2 0 RN
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Actually (4-14) represents a family of m:l.nimn coats indexed by k w‘lere ‘ l
0<k S R... To deternino a k that yiclds a mininun in this fanily *

ECA
T,

e N S g o e i e e} i

oburvo that (4-14) can bc wricton as. 5
""’f‘“u‘*z‘*’;,‘f“f‘zj.~, ST

P where f is not a function of k. Héreow’ret, k is a free variable in the:

i o sense that k :I.s not detemined by Ql and Q and hence the op’;imizatinn ‘o

procedure is independent of )k. CIeatly, the value of k that mi.nimzzes 3

: (l..a]_.l..) is k = R -" 1 - r,-o:2 ;}n 'thqt ;ix"_c_ pg:ti,cu;qr~ éfold;ion.,is determined

‘ o s Lo RS i . "
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i /,.:. :h'q repalr uo:dcr point.‘ﬁx}.; :lo sinply =2 (in terms of NRFI) by
:ﬁ . R Y G W PN SR 2
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5 tho origiml 1nduction poltcy,g.,. pt.vi,ou1y d“c““d on page 17. _

o7 1)

oo, In ordor to dotomm tho proeur-ont rcordcr poinc, xl’ first

conoidor thc gou 71 £ 'rl. ‘rc murc t.lut on ordcr arrivu whcn .on hand
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i \BrI 1nvontory tuchu nrc and no ropur lot* is dun. :I..c.. .t:hc end of
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N S cych. e procur-ont -uc bc phcd 1‘1 tim units prior to ruching
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positive quantity aT, - 7.+ Then 4, is the amount of tine betwcen the -

<

least n\nbcr of cychc grutcr then 1‘1 and ’rl.' and an ordct chould be

phed A uniu o! tho a.‘.ur tho beginniag of 2 cycls. This ordor

Let m be the smallest integer such that w® > 7.. D;Eino 4, to be the

m.ll. arcive 1‘1 units of ti-c hccr and will coincidc with the end of a’

V pat-ctcu with thc follonin; valuu:

cycle. Not:e that if 'rls 'rl

T’fuis‘, in any case, i.f we define A --'nttl -7 where w is the smallest

mteset such: t:hat. n‘r >% » ‘the teorder rule wiu be to place an order
1 1l

-], and this is the prcceding case.

® .

4, units of tino after the boginning of uch cycl.e.

1

5. Exauples .,

To illustrate the use of t:hc ‘decigion :ulu /developcd in Section 4,
two examples will be prcuntod. cmidor ﬂut a tcpaiublc system

which carries an item oxporiming tchtiv.ly low demand. The item has

7‘“,

s

Vo .».4""’“ R 5 S

D= 120 untto par y: i kg\s,-‘ R -'-/i-rb 2“- 0.0975
Crgr, = 0.95 \ - Nc - $250.00 per wnit

“ :"A - 050.00' per tnducti.‘on' A

.

h - 050 00 pct ‘unit per yr

c - 0500.00 pn' untt

.\A = 0100.00 por ordot .

.y

N
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LT /2 gzooz go 0915“120) = 4,838 untts |
o o ! i
s ‘\'v ) NI :‘," . %
: 3"2“0‘3} -\/ zgsozgo 95)3120)
i— . Zrzhlk + “1‘: i so-z(o 95) (100) (0.0975)+100(0.95) -
& e 9,017 wnits . [
v * : :AI‘ . ._“- ‘ o~ ‘. } Tl. . .,.“ © N . . R .‘ -
- -~ To0 examine the constraint T =.n (a positive integer), compute
AL ® ) S -
B -"‘1-‘--—-—‘;8-3-8——-—. ‘4135 yr
. BD (0.0975) (120) ,
: : )
qr 7”
; : i B [ SR o 0833 ye
‘ :;..:w?~«WMm e
. g “‘_ r . ) a‘t‘ _— . | : | .
‘ ~ "-1' = 4,97 - - N N </ . s
,-z»-»wrz R e L S
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Thus the constraiat is m: satisfied and in ordar to obtain a
consistent policy 1t is necessary to adjust T, or T, to make’

% . - . CEAN . r’ . ‘ ‘ - :
: - ;-r— =, a pgat‘tiv.dl ht(u'r. It ‘19‘, touonnblo t‘o select the integer
f z B ‘: . .. - . . X . B .
. , :

nurur. 6.97. iie., choou n - 5.. Adjutinz T, will yicld the

.
+

r' - , :
follw:tng valuu* T r.“, . oot t
- ‘ M "" ‘ L “ . ol
- » - ," . ' S (‘ ..-A ' ! ' : B .
s A . w . * . o
) ‘ . ’ (.dj) . 4.873’ . _““ . Qz '-. 9.017 e}
. cw . .. N o R
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Aro check the new solution we obtain |

X, .
i"l' - Q1T2%0 . 4.873¢0. sozsz = 5.0026 m s |
2 QR 9.010.0975 ° . .

l

. Thus the policy is consistent with the model o!‘ Section 4. However, an
operating system cannot deal with fuctlou{ units so Ql*(adj) and
Q; must be toundod'off to S and 9 units rcsggc_t‘ivcly.. This results
in furth_cr interval cwpgut;lm as follows:

_ - "r :
= 0.427 yr; T, = 0.9831.#; ;i- 5.14

T

But in this case the system will be out of.ctt.’ck after five repair
cycles, i.e., for a period (.14)‘! - '.0116 yuf. To compensate for
this period so as not to allow ahortagu. tlu reorder point n\ut be
adjusted. Rouu- from SQetion 4 that the ruh 'is to reorder A - drl T
units of time after tho bc;innin; ‘of each cycle. To ensure a procurement
arrival at the point a sero balance is ruehod. an order for a quantity
Q = 5 must be placed A - .u-r tt-o units after the commencemert: of a
'ptocuumnt. cycle. 8ince "w" 1 yur. ne 3, a = ,281 year, and

. - .16‘1' .2696 year. "nma a workable policy is to procure S units

+2694 yeaar cttor thn boginning ot ucb procnruunt cycle. The repair

quantity is Q - 9 unitl. . '. i

1 ’ ' )
Substituting the approprutc vcluu fren 111 thru sats of computat
in N ' ;‘ T N
l‘ot \
. _z__z'l _&_ $ 20 “‘!z +__z. .

Qx 0y *2

24
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( 4.873. Q - 9.017)

*"L; .
AR 87.92 + 450,85 = §16

’ ‘*f; = 234,00 + 01,67 + 236.88 + 250,00

S.Q “9)

(reund off) & ol
- 87.75 + 450.00 - $1684

Al c ucond emplo conoidar a oylta- carry:lng a repai.rable iten

n’k-l-l-rorz-o.m’ o
2 = 0.90 "“z = $50,00 pet unit

"',?.c = $100,00 per unit -

’

A - $50.00 per induction = &

‘ - ”0.00 por ordor hz = $10.00 por unu per yr
"h - ozo.oo per nuu por yr QRS 1- - 0/25 ,r if f |
. !

. 95 ,
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6. Constraints
I general, it is very unlikely that an inventory system would
be established to mamsge & single lime items In applying the theory
developed in Sectien 4 it becemes apparent that consideration must de
- given teo inventery systems that manage many li-¢ items. In a -ult.i-
items imventory there can be many types ¢f interactions between items.
Notable ameng these are the interactions of items ce-pcting for limited
resources. Yor example, thcro would mogt likely be an upper limit to
:y. oumber of repair inductions directed per year. There most assuredly
is a limit on funds that can be used for procurement of new items. These
lhtio are called constraints. The remainder of this section wiil
investigate the effect that certain constraints have on ths repairable
model. The constraints to be considered are; (a) mumler of procurements
per yesr, (b) number of repair inductions per yesr, (¢) dollar investment
in imventory and (d) amnusl repair budget, i.s., repair doliars that can
be spent for direct labor and materials. /
Coneider first the cemstraint cn the rumber of procurements per
yeazr, P, Assume there ate “ u-u"a_u the inventory system and let }
denote the j“ item, The fnurahé can then Ipo expressed as

£y

-‘°|d'
S

]
«n )

=1 . .
~ since queatity Ql.i 1s ordered ssch time an order is placed. Ldt K be
those terme of equation (4-9) iavelving the variables in the comstraint.

1
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r‘ “ (6-2) x —!'J-J-J— _IJ 1 j - 1,....“
o Yy 2 ,

o
x
e

- - il :hu peruon of thc coot of tho jﬂ‘ item that is aficcted by the.

;8 . quanuty ptocu:cd. ‘then eha cou !or the oyoeu s o B
E %-3) K- 2. xflj DR ‘ | T
‘ _ Ci=1 ‘ ' o “ 3‘"7&
i‘ | To find the optimal Qlj, j l,eeesM, 1t is desirable to minimize
i © 1 subject to- equation (6-1y. The reader is referred to Hadley and
’ ~ .Whitin (2) for the necessary mathematical background needed to solve
‘ problems of this type. Briefly, the procedure is to first solve the 3
- unconstrained problém by using equation (4-11) for each item. Then
; v ‘

Lo ;»” " substitute theu Q 1 into equation (6-1). I1f:(6-1) is satisfied the
P
; / .\,conatraint is uid to be 1mctiv¢ ‘and the problen is solved. Assuming

: the constraint is ccttvc. t.c.‘. vquuntuiu computed by using equatién

| ; (4-11) do not uthty oqution (6-1), ‘the technique of Lagrangs multipliers

; N 1; -ployod to dctontu optml ordcr quntitin. ‘Form the function
;2 .

(6-4) JI'KI-O-A( )
: where Al is & Lagrange pum'pu.:. rh. optimal Q)4 must satisfy the
5 equations L B I oo ﬁ
| Ay g P T B ,
(6"5) N Y -o - " . d— ",j - 1,60.,“ ;
o Ij_.-‘Qz_," 2 q .2
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(6-6)

A solution to the set of M+l equations in ‘(6-5) and (6-6) may. hot:
exist in cloged £om§. In thh case, & mncrictl procedure should be
‘used to approximate the optimal QU In any cue, solving £or Q1 5

equation (6-5) yields

.
* 3
Qy - —-J @R FAN,

(6-7 .10,

where'kl* is that value of )'I. such ‘tha-t ;he‘:;Ql J*g, J - 1,0005M, sa'ti.sfy

Db l‘;:: | \\
2(A1 jnj +A “)

Dot

j=1 lj =1

(6-8)

\f,

Clearly, 11 can not be oxpruud in cloud forn without nkins fnrcher

anmptiono 80 that a nuor!.eol pmoduu -uot bc used to colvo for the

Qlj . - . ‘ 5

P

a2 0,
[ER VUS4

~ Next, consider thc ccnccum on the n\nbcr ot rcpa:lr inductiono per

year, Le This conatui.nt cnn bc oxpusm n i

Lo e

My, eod . e
(6-9) 2-—23-9-4-15,;1. S e T )
=1 TR O
Let K, be those temo"‘of'fx; involving the w;iﬁlxjhb_lé,s;&:.lh‘ the constraint. .

Thus Py if I
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" satisfy thc cq\m:iou

e : A Tqitn D [} | Y . h.Q |
T (6e20) | K, = =2LE0 4--34'1—311 b, + A2

‘j'; 1.bé0‘““ e

1s that pottion of the c¢ost ot the jﬂ‘ itea that u affacted by the

‘ ‘quantity indueted £or ropai.t. thcn tne syston cost i.s

B 8

a i : “’ vt oL
(6-1) K, = Z Ko
| =

To detemina the ut of Q whiéh”uin_iniu ‘K-“";ubject to equation

25 o 2
(6=9) the £unction : . o=

B L r T D | |
(6-12) J - x + A z ._°.L?J.J. )
! 2 2 Q R |
: ‘ J.I 2j

,/‘
"

1;- f’om.d where A

2 1. s hgnn;c -ulcipu.or. ‘rhc opti.ul. Q2 3

e R J"y.ﬁ‘_', ‘ . ‘
o o ty .
L (6-13) -'3-1‘ 0 = zj ) ZJ j 2 + 2] ~h k-
Y IR T T e 2 U4

B Q 2

(6-14) ~—--o-z ..3_-1_".3_1 L :

k - = - " ’11‘"' .“": : ‘v:v “‘“’ "T 4‘ .l b

Solution of equation (6-13) yi‘.ldo J Tt R
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(61 q, = 2 h A2, gm0
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P .
i vhere A_¥* is that value of A such that the Qz 5 satisfy
: . h | hlj’
% o r,,% zj Oj j( 2:.'2: +—; - hij'k.‘l )
(6-16 L .2.3.1_.1..1 Z - —
- Ax
Notice the assumption that Azl - Azz 23 yields a solution of 2
equation (6-16), and thus Qz j* ia equation (6-15), by elementary methods.
Practically speaking, this nuuupti.on is very rnoomblo since it is
\mli.kely that the cogt of uking a npnt :luducuon vould dcpcnd on the
it“. ' t ’ // , -‘ . ;-
ST N 4 ,
. Now consider the constraint on dollar iuventory investment, 11. This
requires that S - Ve ' '
(6-17) Z Gy =% N
: J.l | - ;'”
; Letting Ks be the terms of R 1nvo1v£ng r.ho varublu in the conn:nint,
ji it :.c seen that K3 5 1 j anQ R z | D,cuno the funcc
(6-18) J3 - 1;3 +2 (chﬂ_u - : ) N
| SRR
! 30 .

i
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" where: h3 h a hgranso .nult:l.pliar o P } ¥
. (il : . : 3
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: Solution oif’, equation (6-19) yields

A RD P
1L!—L—- j -1,...,14 o
_Ll '
2 X%y

’

. This cmttoht h o:pnud u
“ o o] . S
(6-23) Z czjqzj < I | o I BE

=1 . ‘ '

. ¢

If K 4 rcprcunu thc terms o! K uw;l.vtn; tho variablu in tha constuint N

it is seen that X = X .nd l ZK,‘ - K ‘to dctouino thc optimal
o) | ‘ | 4’)2’ ‘.1 j & ; . ' | ,
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sz Ollbjtctv to (6‘-2_3). the function
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T, et .
.
e

: “an Ja'xa“‘ (leczjqz.i ‘,z, S T R A

1s f““d vhere A, is & l"‘8'-‘1"18(! mﬂltip‘ier.‘ ‘Il: fouon that thc f v

IS}

optinnl sz nust ntisfy the equal:ioua g

: . C 334 ‘ 2|! 2] ,;l 1 hz.i
‘; (6-25) - + =
f I T 2,
f o
; . ’ 1.
- (6-26) .
7. where 14 - 4o that value of"l,‘ such that the Q'z j*luttcty .t
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'rhc follovins mh illustrates the enploy.ent of a ci.ngle

s i i, o S e

conoruint. cmidor a upai.rablo 1nvehtory system of the type pruente«

g!’

'fhin vhtch ctoekn thrn um. i..o.. M=3. The umnnnt wishes to W

. e e C \i
L tueuct the Auaber of repair !.adueztono per year to 30, thus !. 80,
: ‘ S ’. It con bo utional:lnd that the fixed tepa:lr cost, Az j' -8 the sane for:
e : N - al.l. u:-o thns it vi.ll bo uct-od hcre that A21 Au . 23 - 350.00.

- rh. t‘-cinder of the p.run.n: dau is u.m belows - j - ~~“~‘f;~3j:”

o o Item ' ' 1 ¥ 2 3 el
” V- pield recovery rvite, T.. -l - 0495 . 0.90 ©° 0.95
T OS8R recovery rate, Ty ", Py 0,95 0 0,90 . 0.95

.7 4 -Demand rate, D - St 2600 . 2,000 - 200 :

.. NRFI holding cost, h_ .. - bl 460 . 410 . . $100 -

. RPI holding cost, ulz L8120 $200 0 §200
, o L0 Cyele com‘tant. k S 10,0978 0.19  0.0975
. ..+ Unit.cost, C L0 46000 - 8100 $1,000
o Unde :opai.r lcoot. cz (0300 . $60 $700 .
l‘ ’ \

Without the constraint, l. £ 50, the optimel )-cpur quantities are

e e
A -

stm by equation (-1 cc-putm ve gt Q,)" = 1164, Q% » 63,01

f R B o ’:_Tf? and Q” = 8,23, uuh thuo wlun o! sz. the number of repair a

tuducctm pn' year would be 60.“. Thus the cmtnln: is active and

equations (6-135) and (6-16) are used. to co-puu the sz Under cho
- . :l ’;’, 5 4“ 1 .
/ (. aseunption Agy @ Ay, ® Ay, equation (s-u) yields ),* = 2198,

.5,/ e smmuun; this ulu i oqueton (6-15) ;tvu Q = 13.97,

- j sz* - 99.“ ml q * L] ’o”o Ao mcm. eonctruntng chc mnbcr of

L f ropu.r induetinno mruno" tM

cua ot tho upur qmum- £o: uch

itﬂo .

e et e Ty T e smn ot oo e 3 e e et
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tutod ac a time by -ploytn. two ugunu wlttpuon. Agu.n th. .
o uuintng comtratnu ate chcekod o4 ;i‘gi}th’_’” 2 cttvc. bl otthar T
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It is interesting 'to see how the constraint affects system

- operating cost. comi.dcr only that port:ion of the total cost that

is affected by the r.put' quanucy. 88 glvm by aqu.uon (6-11). S

‘For L = 50, R - 06104.90. Thus the conotuinc forcu the cyote-
opouc:lng cost to exceed the optimal cost. by $100.82.

It is quite possible th.t: more than pne constraint could ’bét

» imposed at one time. For emple,,‘ iuppoié: that all four o£' the consgtraints

. previously considered separately aro now inpoaed simultaneously. ic is

~ described 1n this section, to find m nluu for’ Q 1y and sz . min

B desired to ai.ni-izc system varhbl. cost cubjeet to (6-1), (6-9), (6-17)

and (6-24). Denote oyota- varhblc coat by to Ic to seen tlm:

B

6290 K=k +K o

To ui.nhiu 4 tho touou{m procedure is used: uue oolvo t:hc uncon-

strained ptobl- to find Qlj and Q !o: 3= 1.../.!4. by using (4-12).

23

- with these values check to-ses ff any of tho four coututneo uu acctv..

If ell constraints n'c hucuvo. Nga publ. ie. aol.vod. It m or -ou '

cmtuinu au active, uu tlu nm aal mrmo -ult/i.pliou. as

the cmtutnu atre choclud to dctautu if thoy are .ct:tvc. The procnu
is uputod lor each constraint as -long as any connutue s active, 5

When .u four cmtuintn Iuvc been used ungly. two conotrunto au
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g two annge multipliers to find new values of Q1 5 and sz 'rhi.s ‘process . . k

e b i g g g
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is up“tod unt:ﬂ. au possi.ble combinations of two constrainte are uud

PO
ety

‘or mu lolutions nsult for which no consttaint is active. 1If ~.o1uum' '

B st Nt U T 1 i e et ot s ey S et

e ~cannot:ﬂln £ound be"-,using two. Lagrnnge mult::l.pl.icu » then the technique is

e

-
5

. ~ " = extemd to three multi.pllets and finally four, In the case where all

fwr comuinl:s ate acl:l.ve under Lhe afo:anantionad conditions ’ fom k
the function B | ‘:{f . -
R SaToL ot " R A e

e

M

: o+ ‘Z%ﬂu 1’” ‘zczj 23 z) | ;

N whou A‘, i= 1,...,4, are the Lagrange mulcipu,xs. Ic foncn ttm: the

opttledeQJ

nuac ul.hfy the cqucu.onl A

f "‘ ;", N
! » v . \e‘ T i
L, e
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ST e o T L v . .
v » .f PR X . t
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e (‘6.33) %ﬁ--‘o,t-l.....lo-. o

! .y
!
» ' i
i . .
e .
\ R .
. X .

It 13 worth temarking l.hal., in ge:fefal, eqmcionc (6]31) and (6-32)
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» A wi.l.l be ext:remely difficull: to oolve. ‘In Eact:. 1n -nt: cun tt wﬂ' be
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thc optimal Q1 3" and Q j ) ‘; S %
N 7. Conclusions ] *.,,
| ‘ This report has derived e deeutoa ruh in thé form o! optimal i
: :‘\ ‘_ ‘-[ quantities &nd reorder points for a repairable item i.nventory oystun by f
| considering the procurement and repair decisions ohultaneouuy. For
L ‘the deterministic model developed, equations (4-11) and (4-12) show o - :,«;
s ";" that the optimal procurement and repair quantities “a,,re. independent of o ‘ \”x
' . each other. Iu addition, t,h!.’u-nodcl.\ c’i_n be applied to a consumable ‘(
L “ item inventory system by uktns T, - rz\- 0. In this sense, the model \f
3 R developed is s natuul. generalization of a consumable wodel. :
X Although the fomuhtion of a cost equation was essential in ;
’ ?' ~: deriving optimal operating doetﬁm. costs per se were not discussged in
\ | | ,{ detail. To actually use thto -odcl holding cou: rohtionohipo must be
* o given. In addiu.on thc £ixed coctc ol proeurmnt and rcpair (A and
‘EIA ) must be lmm. Altheu;h thc utn interest ot/tho uporr, is not the
’ B Lfkf,lul.you of cootl. ic h .vidnnt thnt furthor ruurch in this aru would z
:  be desirable prior to appuuuon of thc -odol.. | ’ |
u ' hould be potntd out l:hot thi.l -odol eouidcud a oingh item .
‘ , &nd when appncd to & -ulti-tt- tmntory oyot- will result in tudc- g i
* | offs between items and costs. 'rhou 1ntouctton| bot\ucn 1:-3 lud to : 3
| | competition: mn; items for u.md resources upuuod tn thi.c -model ‘

i

| - as coutui.nto. Ac nlmtutod tn SQction 6. ono corm:run: conudering

o ' just . £w 1tm punntod “tneultiu 1
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wethod different from the one discussed for handling c’onsegnqt;; ina - :

-ulti-it- svsten nust. be developed.. R ‘

s

‘thc detemiuistic -odel developed here is by no nune uniquc not

B

‘necessarily the nost: suitable one to apply to a giveu typa of nn.

e ey e R »@mw~ PR

In a forthcoming report, a variation of this model is to be diacuued

in detail. Ao further research in this acea progresses, suggestions .

g hn reimnet e

R,

for -odificationé t§ formulate still different models may arise.
Since onlyAdetém'iulstic assunptious have -been made in this uport,:.ﬂ.;'
_shortages and hence shortage costs Tever srose. A natural gtep in the
Fdiuct;ion of fﬁ“rthe: research woulci» be to define a probabilistic wui.oq :
.of the model to be rore teal;lsl:ic and thereby consi.der ahortagu and ‘ '1’ 

uhtcd idus such as demand Eorecasting. , St;ch cpnc:lderal::_l.‘ops wi].l. be | -

.

thc concetn of futleet ptojecl. tcpo;ca.
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B lield recovery utc
Holding costs

" Information and quo B e
uystml costs - ‘.. . inventory system excluding procurement, - .

S

” Inventory anige!»‘;.

- ‘Non-ready-for-issus ‘

'

R . R A oo
S e - gy -r"vw ﬂw.m ; TR
. : IR T IR Aotk LI

- ACEN
KR S \,) N A )

fo

Inventory comtrol . An inventory manager in the United States
point e

_ ~llvurlmd. and n.m{
aettvtty .

A o«rhml .nd lonl.c i ';,..J
ucwcry uto 3 ﬁ 4)9 i fai

‘An item that is either consuwied in use or ES,

. discarded after wearout or failure.

+Percent of items issued that are subsequg:itly ,f

. .returned to the overhaul and repair activity. _3;

;, :"'-“i;'fheﬁ costs associatéd with the physical "

5, maintenance of an inventory.

S0 .
g

The costs asgociated with obetating‘ an

‘rc’pair and holding costs.

Naval Supply System (for example ASO).
. -2
,An activity responsible for the procurement <
'gngl 1qqgntory control of items in an inventory ’
- "condition of an item that is not capable of
v~ providing conphtc flow of services in its ‘
* designed use. - o
A set of rules which prescribe procurement |

-\.J:,cnd repait qunntitiu and respective reorder

. An industrial activity responsible for 2
:)‘ testing, checking, repairing, etc. components

. ond equipments designated as repsirsble by -
the inventory manager om either a schedulcd . \

wiiox emergency busis.

_Percent of items returned to the overhaul = - "
' and repsir activity that arc subsequently =
‘roturnod in u Iﬂ conuti.on to t.hc stock oo
poi.ut. . g o

{4

14, '3"‘; The costs “socutod with phctng a :
‘f p:ocur-qnq 'otdu i.nclmung thc cou of

it uu}e’_
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o

'l‘i-c ‘between nrr:l.val of auccen:l.vo
. procurement qmntitiep.

f"'rine bétween the placement of a procurement
. order and receipt of the procurement
R quant:lty.

PR T

L.

P

' Condition of an item that is capable of
- providing complete f£low of services in
1!:3 designed use. . . -

vy 8 A

PV

A‘o . An'“item that can be repaired after wearout N
wvor failure and subsequently ‘provide some £lo
* of services. ia

'The costs associated with placing a repair\~
A:l.nducrwn :lnclading the cost of repairing
_tha 1tens. S

“opine be’t:ween the placemen: of an inductica-
ordet and receipc of the repair quantity.
’l‘he eoct 1ncurred by the system when & deman.
cannot be filled from stock.

,;()n activity responsible to the imventory
" ynager.for the receipt, storage and issue
ot material- and the report of transactions.

o

: Unit coot of repair

Dmnd rate

’rhe mnber of units of time after the ‘
bcginning of s procurmnt cycl.o for plac:lng

i
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' lleudy-;gor-is‘oue
0

. P.i:oéutemeul’: eyele”

: _sl’rocurement leodt:l.me“ ;, ’

‘l,‘le'.‘pait teérdei}f po‘}.nl‘.‘?‘

l[oldlng cost. for RFI mntérial, ($/un:lt:v\-yr)'r“
llolding cost for NRFI material ($/uni.t-yt)
Invenl.ory control point

===, the number of repair ‘cyéies i;n a
procurement cycle. - e

Hon-ready-for-issue

Overhaul and repair activity '

l?rocurmné’nc’ quantity

Repalr quantil:y

s OpLima.l. procurement quanti.t.y -

Opl.:uual repair quant;il:y

Field recovery tal:e ;.:'::

’

1 ”o"'z ° / | i::-: R I

Repa:{x cycle

: - Repair lendt:ime
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