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Results fron a study of technique! for forecasting overhaul factors 
are reported.  Techniques evaluated include cumulative history, moving 
average, and single and adaptive exponential smoothing.  A rodified version 
of the exponential smoothing technique produced the best results.  The 
study was based on data reported over a five year period en overhaul pro- 
grams on 53 reparable items involving Ö6K repair parts. 
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■ report ; v:.. :its result; Iron  a study o: :orecasting repair 

ft ccr.surptU-r. !r. ^epot overhaul programs for reparable items.  Conauop- 

lt«l rip-: • II       on overhaul pro^rans for 53 

»rabie • -ol- p.*!ts- vcrc used to simulate overhaul factor 

-er . : Jll :-  iSting techniques.  Conpara- 

.:,:.. , sir.ple exponential smoothing, adap- 

• d Lr.   the materiel management 

-•:..,;.      . resented.  Actual consumption 

o:" parts varies < r.aldei ibly in ra to program.  This variability 

obscures thd sir,' i.'icar.ee o: dif fervl.wr iccuracy achieved 

by th*« forecasting techniques investigated. A modified exponential smoothing 

technique (3 r-.e ol the study was found to be 

supericr to the ether techniques evaluated. 

MODKXPC is bis .ir.gle exponential smoothing technique modified 

to take at! Ly r.corded ompirical data on Army depot main- 

tenance overhaul protfrar • ir. fcreca;.' epot overhaul factor" (DOF). 

The DOF is Jefir.ec «is the quantity ol u repair part cvnsuatd per Tcparable 

item overhauled«  ue to data recording ind reporting procedures, actual 

values of the DOF can only hs estimated from the total quantity of a repair 

part (Q) coneuoed in overhauling a certain quantity 00 cf a given reparable 

.  An estir.att cl the DOF 's the ratio I 

In single exponential B1LCC thing, Lh« smoothing constant is usually 

net explicitiv related to information en the process affecting the actual 

observations.  Under XUDEXPO, the scoothing constant is based on N and on 

the "average yearly maintenance program quantity" (P) where P ^ N*.  It is 

derived so that, for example, consumption observed in overhauling 100 

reparable items i .•» given r.ore weight in forecasting the DOF for the i.ext 

program than if consumption had been observed on only 5 reparable items. 

It is recommended to replace the DOF forecasting technique in use 

at AMC depots with the MODLXPG technique with a 1-year average maintenance 

program quantity as parameter.  Also, Command level overhaul factors should 

be estimated from the LOFs by a formula defined to form a weighted average 

based on the average yearly maintenance program for each depot. 

1 
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WRO:K ;n 

ground 

i ::..:. ■!■.. « ■:.   »■• tw. r:.   u; J:.V'   J. t.».il    cur.surri f .>::   .J :    tt.pl It 

. •••. iu'  of   r».p uiui  li«r> bifc'i   ui  tin? .''- 

:   . '       • inl - :...:IC«   .-r  •,    III   »••:..:       .       .: | ■•   I .,i ► <  .      / ;    tilt    t *.r.r   | |    lt.lt i j. - 

f   tM«   ptoJlCt,    1 ' N   E .!••• r    ;  :        .r- I I ; tl tt>Cl    Ci I troi 

■ :iop.cl !iiv»ncoi ts (Mi*- |     nod It    Rands 

Si  :-.>• Materiel CotmanJ (A?9Cj wet« based on a different forecasting 

.,   • ::an ti:»* - io fcr.ra.st r 1.v 1 r 

Individual retirements.  It vis not :lear vhidi cl '*• ••<• tV 

leei r.i^uis produce-.J better forecasts, vf  v:atuei ai.u forecasting * 

.-. I quc , would or vculd net be superior to t!.o:»e being used.  >:i audit Ion, :he 

basic input data vas processed twice, firs: at the depot and l*»«sn urain at 

t;,e Cor-and level. 

The quantitative forecast of repair part rcqulrcneulS ifi a function 

ct the r.ur.bcr of unserviceable llur.s planned for overhaul.  Thin nur.ber is 

Jcrccasted prior Lo actual availubilit> cf   ttu      eta at the depot ovcr- 

;aul facility.  Thus, tbe accuracy cf   the forecast o: reparable asset returns 

c5lsc affects the quality of requirements estimates.  Recognition of these 

prcbleRS by the Maintenance .irectorate ot AHC headquarters ir.itaaird the 

C Inventory research l/ffice (IKO) study effort on depot rair.tc.jr.ee 

acting and scheduling. 

1.2 beape cf Report 

This report covers the Investigation r.f different techniques which 

could be employed in forecasting the "overhaul i.ictor" parameter needed 

to estimate repair part requirements.  Study results on unserviceable 

asset return forecasting are reported in Reference I. 

1.3 organization of Report 

Chapter II presents a surjnarlzed description of the research problem 

environment, concepts and structure and the approach taken to arrive at 



.. solution.  .ha,••«•» :;: provides descriptions of the data base and 

techniques considered«  hvaiuatlon criteria and 

: itlonoltf applied to enable a choice anor.r, alternatives are discussed in 

tpter IV. The  error RtatlstiCl used for evaluation and a brief descrip- 

tion of the corputeri.-reu lof.ic developed for simulating forecasting under 

- various techniques are presented«  Chapter* V  covers results obtained 

trau  inquiries Vfith r'.litnrv and r.on-nilliary organizations on depot type 

overhaul and result  fron computer sir.ulaiion runs.  Conclusions and 

r_-, ndat ions are then stated.  Suppleeental information and nathematleal 

details are included in the Appendix. 



(HAP ILK II 

DESCRIPTION OK RESEARCH PROBLD1 

-' * -  Qvt.rhat:l Process and Parts Support 

!n general« reparables which lecorsc unserviceable at their operational 

scheduled for Induction into tl.c overhaul production lines 

.it ..:.«  r core depots,  "he scheduling is done via a linear programming 

del operated by the /J.'C Major Itc.-n ."ata Agency (MIDA), taking into 

Account :h« quantity to be overhauled over the current 5-year maintenance 

pregrar planned lor the reparable I ten in question (Reference 2).  Each 

Hp€Ci(tC  r^ir.tei-.ance proj-rara under which a given nunber of reparables is 

to be OVrtnauled or rebuilt Ir. identified by a Procurorr.cnt kequest Order 

.'•'ur.-.bcr (PRO.")«  T!.<* reparable- item quantity associated with a given PRO.'.* 

t$ i ■  rt:erred to as the "r^intenancc planned quantity" (KPQ).  Increments 

• of the y.VQ  placed into the overhaul shop ;»t a depot are referred to as 

Induction quantities.  The detailed induction schedule for a depot is te- 

tcrnined by the "scheduling module" which resides within the SPEEDC! 

Oyster Wide Project for Electronic Equipment at Depots Extended) computer 

-jy^ter ir.plcnentec at A>'C  depots.  The !i»Q and the induction schedule are 

updated automatically on a periodic basis. 

Repair parts required in support of a PRO:.' are provided through a 

system made up of the (umirodity Cor.jr.and managing the reparable item, the 

depot's installation supply accounting activity, production planning and 

control activity, and Jepot work center Stockpoints.  fPEEDEX provides parts 

.-makers ax.d  specialists with infcrr.jation on maintenance and supply transac- 

tions and requirement« forecasts for a program, including forecasts of part 

shortages, on a weekly basis or more frequently if accessary.  (Reference 3). 

Parts management at the Command level is automated under the Commodity 

Coocand Standard System (CCSS) which interfaces with tne SPEEDEX system.  As 

a result of recent actions initiated by the Director of Maintenance at 

AMC Headquarters - including this study - depot overhaul related functions 



lr   functional   ir.u-r- 

•iri ^ro- 

I« 1   ralM pr» i;rar 

i   . i•      . tMi'l   or  cross   service  progress 

4   l .   !or 

:      • i q .. I     vcrhaul 

etai .:.J    )■. stcr ftincclona Jr.j 

-•i i-, In re: »'fences : 

• • *   ' Jj _'_''_' i l<; 

.::••: «r.t "il;       . bv use! tc totittaU repair part re- 

.\crbaui pri',',ra:-s.  " I! Dl the r»-q-. used 

. :• r- ÄMC depots .ir-      itcd for each prop.rar. by usin$ 

t!.i overt..:.: fact approach Is rhe use of the denand 

r.r.r iw i!.. .i ri'-'»n part neeOed to co-er one or rore 

procrar.s concurrent 

iro ove:..auI factor represent   ..• quantity of a given repair part 

rc-co.:e !    .orhaul .• :. / ui .i reparable iten in 

condition r*   :.:      rabllltv«  The quantity of a part required to ovcr- 

r .: reparables itess needing the part is slr.ply X tines the 

.ul : actor when t:.e iactor is quoted on a "per one reparable iterc" 

and rite represents the qu;.i:ity ol a given repair part ntfcec 

over consumption c:      »ri, per fixed unit of tir.e, ir. overhaul 

thi*. concept, the quantity ot a part required to 

parable« ib lceaterial.  Instead, a fixed period 

of tir.e is used to arrive at a part requirements quantity   The dcrand 

rate approach is typically used for parts such as conx-.on nuts, bolts, washers, 

sandpaper, etc., for which recurring denand is fairly steady and independent 

of the r.ur.ber of reparables overhauled under any specific prcgrar. as long 

as the a      •• overhaul wotkload dees not vary significantly with tir.e. 
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'• '« rnlrMt Ion ol   the 

.    for   *."-:•    -ist;-. ivcrhftul   fi I   icr   repair 

BAtC*. 

.'. i    3£eun£l 

!«JOI     <•■•..   ; : I - :..>    ::   •■ 

j.  . iri tv> ipdet« overhaul :.i.-. 

r.-.!. 

h.  Any for«.. ;;c selected ^jt he applicable L« .iJl 

peed d In Jepot lity cuss, ro 

repair ; r- . r a reparabli Itea h< ljngs. 

Additional .i-, sumptions J'SOLUI»- with the. various forecasting 

o ho Ji3Cus9cd arc stated vier«; appropriate. 

.. - Study .\p^£i>^ii 

Available reporti and oiher literature vere review*«! to select forc- 

^astir.n techniques which appeared to be especially applicable to the probler 

at hand.  üajor Subordinate (Commodity) Cenmands and depcts ol the Amy 

.'later iel Command were contacted in search of information and actual repair 

part consumption data.  Telephone inquiries were also made with L'i> Air Force 

and Navy activities.  A letter of inquiry concerninp, overhaul operations was 

.;ent to 10 r.cn-mili tary orpani^ations and followed up by telephone calls. 

'Appendix 1)  Cor.puter proprans were developed ro simulate overhaul factor 

^astin>; and to build a suitable data base for simulation purposes.  Ouan- 

•. itative measures of forecasting technique performance obtained iron the 

sinulatlon and considerations concerning dep.ree of ease o: future implemen- 

t.»ticn and use in the CCSS and SPEEDED «ygtvfc vert defined.  These provided 

.« set of criteria for selection of the preferred technique for overhaul 

factor forccastin,;. 

\ 



J.J  :.i: T.itu. • 

niAivrtK_!_n 

'VA:. ! CASTING TECKNT^ITS 

• rch ana kivlev 

A sustoc bll biography on the subject "Forecasting** was obtained 

- Dofease Information Exchange (Reference 10) . 

7h« Liste«! thrf% :.ccs II, 12 and 13) which 

reported en work closely i      LO overhaul factor forecasting. 

Astrachan and      idtte (Reference 14) report on a study to Jeterrr.ine 

empirical-       r the exponential smoothing technique is superior to 

Chs roving average technique, USift£ historical data on repair parts of an 

aircraft and a cissllu system,  grown 'Reference 15) presents complete 

coverage or .i vide variety of forecasting models. Lewis (Reference 16) 

also presents analyse« and illustrativ«, examples of the more frequently 

applied forecasting techniques includin.« adaptive response rate fore- 

casting proposed by Tri*«« and Leach (Reference 17).     "cSlothlln, et al 

(References 18, lr>, 2U) studied Li, iiH   c:   ' .»-. eslan techniques for spare 

parts dcrand prediction.  Karkland (Keferer.ce 21) reports on a conparative 

evaluation of demand forecasting techni      r military helicopter spare 

parts and presents a comprehensive :eview of denand prediction research 

and an extensive .iiliography. 

Review of literature cited above, consideration of availAble data, 

the particular forecasting problem structure and the fctecascing techniques 

used in the CCSS and SPKEDLX system a: -..<.■  tine of this study resulted 

in selection of a set o; techniques for evaluation. 

Papers by Axteil (Reference 22) and QuioQ (Reference 23) are the 

most recent and closely related to the subject at hand.  These papers 

becar.e available after the data collection, simulation runs and analyses 

work at IRO had been completed.  Axteil used empiri :al data on repair 

part consumption fror, the sar.e source (US Army Electronics Command) which 

furnished part of the data base for the IRO study. Quinn employed computer 

simulated repair part demand tire series rather than actual data.  Both 

authors provide comparative evaluations of forecasting techniques.  Results 



oVt l        i - .  ar«., ir.  general, consistent uith findings of the study 

:od herein. 

3.2 Uata Base 

The selection and fornuJ.4lioa of fort:casting techniques was in- 

tl-er.ced by tue type  of actuai data .u repair part ur.i(;c in depot over! 

.'.r.i, available for this üiuJy.  This data had been acLur.ulated by tie 

L'S A:      CtrCflica CoTjMKld (£COM) aud tl      rcy Trccp Support Cor-^r.d 

IX&OSCOH) over a live year period KIOL!  to 1971).  ECOM and THOSCO!! r .ir- 

nished the data en r.apnetic tape in so-called 7.K and BT1 formats respec- 

Iy.  These formats were prescribed by n-^ulat ions in effect durir.r, 

line; details on these art In References 3 and 22.  The formats 

provided the following key data elements:  stock nunber of item being 

:hauled, PRON serial number aud associated fiscal year, identifier 

.pot performing the overhaul, tvpe of overhaul performed (c.p,., cither 

"rebuild" or "complete, reconditioning" versus "inspect and repair as 

necessary"), quantity of the reparable item on which overhaul was com- 

pleted under the PROS at a given depot, and the stock nur.oer and quantity 

of a giver, repair part issued against the PUCK« by the depot's installa- 

tion supply accounting activi:y.  Regul^tions did not require the recording 

of data on the repair part quantity actually used to cover any given repar- 

able iretn among those overhauled on a ~iver. PRO"; hence, data of this type 

was not available. 

The BOON tape contained data on 359 reparable items involving 1522 

PRONS and about 30 thousand repair parts.  The TROSCO" tape reported en C5 

end items involving 230 PRON'S and about 26 thousand parts.  The raw data 

base was edited to create a purified data base for subsequent use in com- 

puter simulation.  This editing accounted for the following conditions: 

a.  Only non-zero issue quantities of a repair part used on a rive:. 

end item overhauled under a given PRON were contained in the raw data base 

tapea.  There were many parts used on some PRO.'Js for a given reparable 

but not on other PRON's for the same reparable item, type of overhaul and 

10 
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Jepot.  Zero issue quantit LeS wer«! supplied in the pur it let) data base. 

assumption was race that it a j.in was used in performing a specified 

type overhaul en I n Ji't or more in g set ies of J'RONs, 

the part was subject re repJUtterea; un the trcal nur.ber of PKO.\'s for that 

reparable item. The omission of sure« in a tir.e series of Issue quanti- 

ties would hav« seriously diminished If ROI invalidated the significance 

ot analysis results obtained.  It uas also assuned that the repair part 

Issue quantity reported undei 4 riv-.:. PUQSJ represented the actual quantity 

consumed to overhaul the reported reparable completion quantity. 

b. Reparable items which hud experienced fewer than 3 successive 

I'RONs were elir.ir.utc-d .  '..»Is was done to havs repair part issue and 

reparable item completion observations on at least 3 I'RONS, the lirst of 

Which furnished an initial estir.ate of the overhaul factor to be updated 

tor the next and subsequent PRO.N'g. 

c. ?aia records no: associated with rebuild or cor.pletc re- 

conditioning type overhaul were eliminated. 

d. Data records flapped by the originator as being unreliable 

were eliminated. 

e. Data records with questionatle identificaticn of the reparable 

item, repair part, Commodity Command or depot « .re eliminated. 

The data purification process yielded a data base with a combined 

(CCCM and TROSCO!) total of Al3 PRONs involving 53 reparable items and 

9614 repair parts each cf which was used on 3 or more PRUNs. Roughly, 60 

percent of the total purified data base derived from the original ECOM tape. 

3.3  Overhaul Factor Forecasting Techniques 

Seven forecasting techniques were investigated.  Kach of these is 

described in this paragraph under the following generic nanes: 

a. Cumulative History 

b. CCSS Model 

c. Moving Average on Sums 

LI 



d.   lov,       age )n 

gIngle 

•. adaptive ! xpono        thiiij* 

i I Deponent taJ . :..». ot 

»I the« :« »3 factor forecott is made to 

: ate the r. ..-.-. part needed for the next PROS, 

c ;cnsu i<-r ÜU? ;■ u t cr. the sane stock numbered 

sneer p.fv., vcrhiui factor rorecasts cannot be 

-pUatei during but only upon cocrlctlon 61 3 PROW this is because con- 

sumption (issue) quantities are recorded find r« ported •.•;. the total r.-rbcr 

rather than on individual reparable it«        i.tiU -r.-irr a PP.O!:. 

Foe case <,f subii'qu-.T.t t!1      £»*, t..e overhaul factor is 

./pressed .is '.lie quantity o! a Riven te.-uir part required to overhaul 

one reparable item o: a specified typr- i;h ir icteri'ed by a unique stccV: 

number. 

In the simulation, the issue ano completion quantity fron the first 

PkON* was used to estirate the initial overhaul factor.  In actual opera- 

tions, an engineering estimate posted or. Initial provisioning documen- 

tation is used for the initial overhaul fa-.tor estimate.  This applies 

to all techniques to be discussed here. 

Cumulative History 

This technique was programmed In the FPEEDEX system used exclusively 

at the i^IC depot level.  The forecast cf the overhaul factor is 

estimated by the ratio of the cumulative total repair part issue 

quantities divided by the cumulative total reparab'e items overhauled 

on the last and all preceding PKONs.  This is an adaptation of the 

classical time series model with a constant trend and a time dependent 

r term where the expected value of the error is assumed to be -ere 

over the time period pTccedira* the forcc-ct.  (For details ot time series 

n.odels associated with forecasting techniques, refer to References 15, 16, 

or equivalent sources).  Algebraically, usinr. J and K as PRON indices, 

the forecast of the overhaul factor fot the next PRON, based on data 

li 

/   / / 



frön ;' preceding IRONS,  is give« by 

ro>i) - :Q(J)/::;(.D (l) 
j        J 

K(l)  - Engineering Kstlnate 

J - 1,2,...K ; F » 1,2.3... 

whore 

¥(•) ■ overhaul factor, quality of specified repair part 

required to ovor\aul one specified reparable item. 

N(J)  ■ quantity of specified reparable item on vhich overhaul 

was corapler r1 ur.-ler the Jth PRO:«' 

Q(J)   » qu-ntity of specified repair part issued (consumed) 

to complete :.'(J) reparable items under PRON J. 

The SPEEDEX system routine automatically inserts a zero consumption 

quantity whenever appropriate. 

CCSS Model 

This technique is unique in that it was not found in any of the 

literature reviewed except in Reference 6.  It is a computational 

algorithm which, up to a point, works like the cumulative history tech- 

nique; it then forces a periodic discarding of old data.   In a sense, it 

is a modification of the moving average technique discussed below.  The 

discarding of data is accomplished by the use of two parameters expressed 

in terms of a minimum and a maximum quantity of the reparable item on which 

overhaul was completed.  As long as the cumulative reparable item completion 

quantity fails within the range defined by the two parameters, the overhaul 

factor is updated via the cumulative history technique.  The instant when 

the maximum parameter has been reached or exceeded the overhaul factor 

13 
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y 

•r.it.«  is ":to:oü" and   .ppi plvtlon quant 1'.; 

t !:o   cumulative   r.ur.bcr   of   tltr : e i» ho*   <•:   -x- e< Ja   l hi' 

- :ni--;r   pjr.--•: c» ,   t : .•   "t'r.^-.-:,"   J.   i^j    imi    » ■ -..oi I.itni   COtlltunptlon  .ir.d 

Istory   lä discarded;   .J   : ev   i IClOl    is  istim-atcd   usin.-,   the 

:.ique untij is |>.imr.e[or is readied .u 

»h«?n   : .1:..      The   urec.i^r   >.'.    :\\c 

:..i..l   '.urcr   ir oat» o!   thv .y,:,', "uiy  be •,>.pr- 

u>ruca*K va* freien «f'.rr completion oi  r    :.' L: 

I: : :   N( ')   •   Vli.imum  !'. 
J 

J - L + 1-, L ♦ J      -       -  ! iZa) 

FCL+K)  c  FC) 

1 f : .".inimur   I  ir inet« I   ■        r.(Ji 

F(L+K)   -  £  Q(J>/  INU^ 
J J 

I: : •    *;(J)   > Maximum  i.ira.etc: 

J 

F(LH:) « ;C'(J)/:::(.M 

J        J 

forecast   is  again   frozen at   t'C!.-1-1:)   value. 

I(L)  » r.'^'inecrinc Kstinate 

Ar. illustrative example of forocastir.r by the CCS9  model is Includes 

•mder Appendix 2. 

In contrast to the cumulative history trchnique, the CCSS rodel 

requires specification of numerical values of the minimum and maximum 

parameters.  Available documentation provides the following guidance: 

14 



"The Rnixlauti parameter i-> established to prevent the (data) 

til«; i rtm  h«vctalttf i     IvcJy lor./.  The spread between 

nliirur ar.d r..i>. ir.ur par.irrit", -.liould not exceed 1 to i 

oi net Capacity quantity«  the overhaul parameters 

r.u^i   relate to the density o\   the equipment.  For low density 

i ;ulp:enL, the l pardr.ct.ci vci:IJ be relatively low and 

the spread between Bin laxifcttn not too r,reat.  As 

[uipaent Incruaiteft, :i:>;hcr minimum parar.cters 

and rreater spread would normally be advisable.  The minimum 

parameter rust be greater than ?cro and the r.axlr.un nust be 

greaier than the ninlnun."  (Reference *>) 

In simulating forecasting with the CCSS model, rhe r.inimun parancter 

was fixed at one third ci the average yearly maintenance program quantity 

fcr J ft Ivor reparable itt-r..  The maximum parameter was fixed at values 

varying between one hall and 1 tines this quantity.  These values were 

chosen based on inquiries with the ALHC Av:ation Systems Command. 

"ovlng Average on Swms 

retailed analyses and applications of roving averages are amply 

documented in the literature (e.g., Reference 15).  The particular appli- 

es: ion or this technique for overhaul factor forecasting is based on the 

idea that it may be applied separately to the sun in the numerator and the 

HUT in the denominator of the ratio expressing the overhaul factor estimate, 

The base period parameter which characterizes the moving average 

technique can be expressed either in terns uf a specified number of PRO'S 

ox   irr.pl icd fror. d specified number oi reparable items overhauled.  Both 

of these two models were used in the simulation. 

15 



■:; b.ist? Kcrioi "odel« ienot« Lh« nustbci of  PROSS repre- 

senting ch».  novln?  tivei '•.     Then,  with previous notation, 

tue  forecast  far  t\u   t.. 

•: i   HD/ * :*U) CW 
j    J 

J - l,.\...,r- 

K - l..\...r 

K(r>l> =   CK+l-J) i. ,<^+l--) (it; 
J        J 

J * 1,2,-...J 

K - ii+1, K+2  

In the simulation tho base pcr::.d parareter B was assigned int. 

values in the range t ror. 1 tc  k, 

lten Ic-.plction Base Porioc ?Uxtal. - Let i< denote a fraction 

or integer r.ultiple ot the average y«      lint©nance prograe quantity 

described under the CCSS red.:,  l., t J, ! , ^r.d  L be PKOS indices. 

The forecasting algorithm ray be fcraniated as follow»: 

Put L equal to 1 Initially.  Then, with J » L, I - 1....K, 

i.   i(  I N"U) *__  b , retain current value of L 
J (O 

ii.  ii  t N(J) > B , increnent current value of L by 1. 
J 

F(K+1) « I  Q(J)/: 85(4). 
J     J 

it 



The rang« of B AB  .:is..:sscd under the (CSS model was used in the 

h.tion. 

A numerical  eXdJSple   l J lust rating  this aigoritlin  is  r.iven  in 

Appendix  J. 

Moving AV«5r.ij_<-   '':i 

In thin application :!..• novj     i.i^* technique is applied directly 

to the rarK o! rcpaii r^r1 .     ■juar.tiiy to reparat le item completion 

quantity or. a >:ivcn PPQK.  As in the Moving average en suns technique, 

the base period parameter 1* expressed cither in terns of a specified 

nur.ber of PRONs, or ir;!:ed fror, a specified nurrber of reparable il 

overhauled. 

PÄON Case Teriod Model. - Lsltt£ rotation introduced previously 

with h denoting the r.ur.bi-r of TKON's representing the moving average base 

period, the forecasting algorithm nay tc formulated as follows: 

For K - 1,2,...,E and .1 « 1,2,,..K 

F(K+1) - [l/Kj • : [Q(J)/::(J)1 (3a) 
J 

For K « B+l, B+^,  

F(:>1; «= F<K) - [1/B] ' [Q(K>/::(K) - 0(K-P)/:;(K-B)]     (5b) 

In the simulation, the base periud parameter was assigned integer values 

in the range from 1 to 6. 

Item Completion Ease Period Model. - Vs before, B denotes a specified 

fraction or multiple integer of the average yearly maintenance 

program quantity.  The forecasting algorithm nay be formulated as 

follows: 

17 



Put L equal to 1 Initially.  Then, with J - L, L+1,...,K, 

i.   if I  N(J) <_ B , retain current value of L 
J (6) 

ii.  if : N'(J) > B, increment value of 1. by 1. 
J 

F(K+1) -(1/(K+1-L)J*ZIQ(J)/N(J)] 
J 

Thus, the integer base period K+l-L is, by virtue of the determina- 

tion procedure for L, a function of th<» reparable item completion 

quantities on successive PRON'S with PROS index L through K. 

Single Exponential Smoothing 

Many analyses and illustrative examples of exponential smoothing 

are provided in the literature (e.g., Reference 15).  The use of higher 

order exponential smoothing (as well as higher order moving averages) 

would have added to the degree of completeness and sophistication of 

this study.  However, the additional work and time expenditure appeared 

not to be Justified in view of the variability and general nature of the 

basic t'ata. 

The well-known (Reference 15) relationship between the base period 

parameter or the moving average technique and the smoothing constant 

required by the exponential smoothing technique rests on the equivalence 

of data age or equivalence of variance of forecast estimates produced 

by these two techniques.  Thi6 relationship, stated here for ready 

reference is 

■ 
B+l 

where 

a ■ smoothing constant, 0 <  a < 1 

B • moving average (integer) base period parameter. 

18 

(7) 



The Miu v..»s ch application    t   eq 7  to 

tul : i r...- range ui   '   used  i:^ :Ue si- 

:a   for   t'.«   n-yt   !' 

by 

P(I>1)   -      >:•   ?<}    rUiK).]   -   U-nK.PO I | 

• 

Adaptive Exponential 5rjothing 

Analyses and exarpleu c2 th1 • :-:. .....: 

In Reference* 16 ur.d 17. The basic i*ej is to wary the B&oothtng constant 

ajtcr.atic >      i !'met ion M ut«*ti~t teaj c!..ir..t t orir.t i:.-. - : the sei ich 

of forecasts ar.u ucLu.il obserw! t ; _:....  ! r. t1 | I c overhaul 

process, 1! »uccessivi ratio arc numerically 

relatively stable, .:ar.t "a" shoulJ Lc- sr.all sc that 

sr.all p< the ratio art' prevented 1 ror: bei     iuly 

anplijied thus producing unwarranted Larg< fluctuations in the forecasts. 

On the other har.u, it the Q/S ratio is highly variable, the fcrecast 

nmde for the labt PROS is cost likely not too representative of what 

happens on the noxi rROS: i.cr..:e, "a" should be relatively large which r«akes 

the forecast r.orc rc&pcnsive tc the latest observation available. The way 

in which this; can be acccr.plIshed is to use the absolute value of a ratio 

referred to as "Trigg's tracking si^nal" (Reference 16) instead of a fixed 

smoothing constant  for producing forecasts.  this signal is definec 

as the exponentially weighted average ei" the for-   Lng onor divided 

by the ncan absolute deviation.      weighted average o: the forecasting 

error, LAV', is defined as 

LAVG (r>l) - [a] • lt(K) ] + [ 1-u]. [EAVC(K) ) (9) 

where 

E(K) = F(K) - Q(K)/::(K) (10) 
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The mean absolute deviation, .'!AD, is defined as 

MAD(K+1, • [a] « [tE(K)|] + [1-a] • [MAD(K)] (11) 

Tricg's tracking signal, T, f* then given by 

T(K+i) = EAV<;(K+X)/HAD(*»1 (12) 

Let AVT denote the absolute value of T.  Then, the forecast of the 

overhaul factor based on data fron K I'RONs is 

F(»l) - [AVT(K+1)] . (f>(K)/:;<K)] 

♦ (13) 

[1-AVT(K+1)] • |F(K>] 

. . the simulation, the smoothing constant "a" required to compute EAVC 

an^ MAD was chosen as explained under (7) above. 

Modified Exponential Smoothing (Mudexpo) 

This technique was developed in the course of thJs study.  The 

modification of the (single) exponential smoothing technique is in the 

determination of the smoothing constant which weights the most recent 

observation.  The Modexpo technique is designed so that, for example, 

more weight is given to a repair part issue quantity observation 

associated with 10 reparable item completions than to an issue quantity 

associated with only 5 reparable item completions. 

The general development of this technique is documented in Reference 

24.  A brief summary of the development in terns of notation used in this 

report is given in Apper.-^x 3 for ready reference.  The algorithm for 

producing overhaul factor forecast involves the concept of "average yearly 

maintenance program quantity" computed in a particular way. 
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.:-.:< Rauet [id i:'.«. 

-' 

lr!or "• . n:;Ly ol   ...... itvt   OP kf«icli LV«rl»au] 

■ 

I}ecu ti or. 
j.t.-ui:;-  ol   r.lviif) reparable  it*-.-  BcWJulcd  to be      if- 

J  h CJ ror.t  ! isc-I  v, 

Target 
*  quantity  Ol   ...en  reparable  it or. scnedult-d  10 be overhauled 

'•! »-   Suabor o:   fiscal   years with '3*0 greater  t.-.ur.  ^ero. 

f(Sj]   ■  Value  L :   :■:  rounded   to  i   .irrst   ir.: 

F- ■ . ecut leu yp    *  :.nj.. i ri*Q * *. (15) 

overhaul   factor   : or«, cast   based  on observations   fror. K  cor.pleted 

:;« is Rivcft by 

r(r>i;   -  [i-w]  •   [Q(K)/: -id. 

vnere 

[W]   .    [FO)j 

,S(ÄJ u - (ii/n),,v"' if P » J,:,...I: 

W -  (P-l/r+l):(K)   If  i' - 13.14,., 

(17) 
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A   lU£rary   J!   :!>• LtMM    In ,\p;«*ndlx     . 

• . 

.ib»-r : ...   .                       quantities  will 

.   .   •.         . .                                cro,   the   latcsr 

• .^J   : i rtor   . ■•      Koroc IStfl   ..re 

I ^ :    .. 

".'.■•    •»:       pi                                . . is   re-.Jiiy  ohtaJnabie 

through :T1IJA UG I                                    I Phui .   the   ...irar.eter  dCClfod 

tc appl-.   :... -ti r  generated. 

:•.:   11.u      .-.•.-... . total   nu 

01   cc                                   r<    . :.J.I   Itef »r  c   ta  base 

by   3  ar.<J   the:.  USift?   lultlpl**     I   t: ! s v«luc. 
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- . i     ;.valuat j j grjti 

._.:.; : :r  OVtfl haul   factor 

■......::•:      • : 

.nt of de DC ess r-i: 

r.cnt ünJ c;u-rations; Lhltf - oration« of C.K :.:S, 

J.MI   availability ..-' d« t i process in, In the cor.p-juri :^r 

aalntenanc« pro gran planning .it ".LLA >mi! 1A the .stem. 

Four properties verc identified ^-,   *:. .r.,i 

technique: Prod ■ . I'roduce snail negative 

deviations,  v.equire F&all data storage t .  Uaal K a 

determination of forecast ro< r .. 

.oscrii;t- .cist error' an- "ncgati.'c c 

and rational« -or choosing thfse particular propert:les     luation 

critert.t arc s        «low,  OB^ ttatlonal algorithm« ior determining 

the crrc: i, i.e..        : i'ativ        .des of tor« 

error and ncj     Jcvia«.ioi paragraph •. . 

Forecast Lrrer 

The forecast err>i terns o: the r-oan absolute deviation« 

In general, the cevlation is :he difference between a forecasted value and 

the corresponding actu. : value oL      en  the variable of interest; e.g., 

the overhaul factor forecasted and the actually observed ratio of repair 

part issue quantity to reparable itcn completion quantity for a PRO!.".  The 

averarc of the absolute value of the deviation ever a number of observa- 

tions is the near, absoluted deviation (MAD).  Sr.all MADs r.itiir.i^e over- 

or under-estimation of repair part requirements.  At the depot levei, this 

reduces the chances of stockout on the one hand and repair part excesses 

on the other. Usually, supply safety level stocl- requirements increase 

with increasing denand variability.  At the NICP level, a smaller forecast 

error associated with that portion oJ the total denand for the repair part 

due t~ overhaul progress har a corresponding incrementaJ cost effect on 

the wholesale supply safety stock investment required for a fixed level 

of supply perforruince. 
23 



Wgative Ik'VJ.'if I 

T.'.is terr.        he qu.TU .     vhicii the actually observed 

value exceeds the        r.dinr, i ret it»ted value.  It is a measure of 

tl:e degree of undo«forecasting, to* t!.e tendency of a fore- 

casting technique CO tiederostift&te :«.pair p^tt req jj: enettts, the sraller 

will be  the probability ot oqp        itockouc conditions during an 

overhaul program.  Usually, such fttockoutti result in a temporary 

stepping of the overhaul production line :nrii the needed part beccr.es 

available.  These 'line-stopper"' .-vents are consid'ied pore costly, in 

long run, than the cost of carrying incr«j Stock of the repair part 

in inventory; thi* is especially true i:> i.'.oso cases where high-priced or 

urgently required reparable iter.s are heir.-.; overbau 

l'.'ta Storage a no Processing Mogul rere nttf 

Advantages of r.inimal data stcra,^ m^  processing requirements are 

obvious.  They are especially relevant in the CCSS and SP££DEX system 

environment.  In addition to other iunctions pcrfomod by these systems, 

the multitude of reparable items and repair parts and the multiple number 

of depot caintenar.ro facilities Involved in the overhaul process call 

for reducing Information storage en file or disk and reduction of computer 

processing ti:.-.e requirements wherever possible. 

Automatic j)o termination of Model Parapet er 

The advantages of the ability to determine forecasting :r.ode! para- 

meters - such as the base period or smoothing constant - from empirical 

Information generated by the process tor which forecast are being made 

are generally recognizod.  A:r.cn g the techniques discussed in this report 

only the cumulative history technique decs not require a parameter.  Under 

See discussion on adaptive smoothing in paragraph 3.J and related 
references. 
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4 
/ 

l ho Itihlyxptl technique, \ Uv required smoothing cor.stunt i:. .u.i ■       iy 

dctorrJned iron data on  Liu I till 11 asm :e pri      ' reparable i:< 

till 

v w.      • :: up to the non u ley. .ul Ject Ivc ld.a-, «•:        ! el 

isee paragraph ». that i -tor 

■L a chotwC Slide  :• .1 hasis net los-' arbitral 

that explicitly exhibited l:. the ic termination c: i . rar 

quantity*' para&etcr associated with the 'lodexpo forecasting technique. 

I'r.Jcr .iJa;     KponentiaJ »i isoothine, constant is 

tixed automatically through a transfi rrr.ation of actual observations on 

the pr«.ce:;r» L^ing forecasted. 

• -'  Sir.ulat.ior. Logic and Krror :tati?t: 

The computer program vats »ductioi; cf aequentlal 

overhaul factor forcer.: ! based upon Lhc cur.junpt Jon (I     I r.ivcn repair 

part and reparabl« item completion (!«) i,iutu icier retarded at each depot. 

program vas designed to operate ir. tvo modes, the **1CP mode and ch« 

i.'epot r.ode. Salient features of i    ;dc ".ay be summarised is follava. 

Inder the KJCP r.ode, th       '. and processing of reports with Q 

and .'.' data furnished by each depot upon completion of a PRÜJJ were ticulatad. 

The Q and .*.' pairs were put into one array by increasing order cf fiscal 

year of PRON conplttion.  The P.T1 report format docs not provide data 

en the starting or completion date of a PRON at any depot; it L.i.Iy gives 

the fiscal year in which the PRON serial number was originated.  Thus, 

the Q and .'." array constructed for the simulation only approximate« the 

tir.e series which actually generates at an MCI' witli sequential  eccipts 

of BT1 transactions.  Using the Q and N array the program      Ioduccs 

overhaul factor forecasts and associated error statistics under the 

selected techniques for each repair part consumed on successive PRONs. 

rst Q and N pair in the array for a given part I 

ratio used as initial value of the forecasted factor, F(l), since actual 

engineering estimates were not available.  Additional rodifications of the 

data based for these runs were made; for example, data en only those repar- 

able items were used which had been overhauled at at least two different 

depots. 25 
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<M the ;.v'poi node, the 0 anJ :.' p.ilru were put into arrays kept 

separately tor <     poi and seuuenced by PRON fiscal year.  Overhaul 

factor forecast- . . issociaVed error statistics wrc generated for 

successive PROXs ai individual depots. 

HH frtor »( btalned fron runs under the Depot mod 

consistently b«::«: result«; than those obtained under tl.e NICF mode, u 

the ECOM data (sa* Appendix fc, Table .\-l>. With IROSCGM data, the MAL 

results wer- vcrrv  but the nrv::ive deviation (NtXDl'V) results were bettor 

under ehe .')epct no i« t.ian und«; tliü £IC? tuod*.  : Lncc the KCOJ! data re- 

presented iP ; .>.      • the I :t was decided to use the 

Depot node tor I     ::...  • .vr.iquc- comparison an! evaluation«  This 

decision was further IT. f iuer.ee J by a reC03Kend.it ion in a tftudy conducted 

at ti.e- AMC Tanfc Autocotfrc Corj-and (Rcferor.cc T6"; to the effect that over- 

haul factor forecasting B*in£ ccnsuir.pti^n duta should he done exclusively 

at the depots. 

Pornulas for the i rro: statistics -.re exhibited below.  In general, 

the evaluation runs proceeded as feiievs.  A particular forecasting technique 

and associated r.odel parameters were chosen. '*  and N values for a given 

repair part and PPOKs on a given reparable iteiB vere read fror, the data array. 

Successive forecasts vere ir.ade and the actual Q/N ratio for each PRON was 

computed.  To achieve a fairer comparison between techniques, data on the 

first 3 P?.Oy:^  were used snly to establish initial forecasts T(l)t F(2), and 

F(3) before computing the error statistics (HAD and t.T.CDL'V) based on the 

nur.ber of the remaining PRONs on which the part was used.  MAD and NEGDEV 

values were saved.  ;>ata on tlie next repair part was then picked up and 

the process repeated until all eligible repair parts (those having experienced 

at least 3 PRONs on a given reparable item) were accounted for.  The accumu- 

lated MAD and NEGDEV values were then divided by the total number of eligible 

parts.  This yielded the overall average MAD and NEGDEV value« for the 

particular technique and model parameters under evaluation.  The process 

was then repeated for the remaining techniques and model parameters. 

Two sets of error statistics*were used in the evaluation runs. 
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In (fee t ir^t set, '.he statistics are based on the difference bi 

•orecastco and the acrually observed repair part ISHUC (cor.sur.ption) 

quantity for onu PROS'. 

Let QU.K) - F(J,K) J • (::(K) ] denote the consumption quantity of a 

given repair part identified by index J forecasted for PPOS' K.  Define the 

rhaul factor deviation :>, Observed on this part on PfcON 

üUM  ■ (Q(J.K) - MJ.K)]/N(K) ns) 

Let NP(J) denote the total number of J'RON's on which the repair part was 

consumed to overhaul a given reparable item.  Data on the first 3 of 

these PROS's produces initial overhaul factor forecasts F(J,1), F(J,.) 

,\r.~   F(J,3) ander a given technique.  The r.ean absolute deviation for this 

repair part is then given by 

MAD(J) - [ I D(J.K) ]/[NT(.;>-3] (19) 
K 

K « 4,5, ::P(J) 

Define 

A(J,K) = D(J,F) , if A(J,K) - 0 

(20) 

■ ", otherwise 

The mean negative deviation, N'EGDEV, for this repair part is then 

given by 

:;ECDEV(J) » : A(J,K) (21) 
K 

The MAD(J) and N'ECDEV(J) values arc then averaged over the total number 

of eligible repair parts, JTOTAL; viz., 
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:A?(J)J/JTOTAL C2) 
J 

N'EGbKV ■ (J)j/JT0IAL (2J) 

J - 1,J,...JTC:A!. 

The second bet of error statistics is based on the difference between 

forecasted and actually observed repair part quantities for 2 successive 

S: viz.. 

(24) 

where 

Q(J.K) ♦ Q(J,R+1) - [F(J,K)]M'N(J.K) ♦ N'(J,K+1)]       (25) 

Thus, 

D(J.K) - F(J,K> - [Q(J,K) ♦ Q(J,r>l)]/[N(J.K) ♦ S(J,K+1)] 

(26) 

The corresponding MAT and NEGDEV values are then given by equations 19 

through 23 with the appropriate ran,;t of PROS index K,  It was felt 

that this set of error statistics would smooth out some of the variation 

in deviations and serial correlation in consumption quantities between succes- 

sive PRONs.  In addition, it was desired to obtain some indication of the 

ability to forecast longer terra averages of the PKON consumotion auaneirlrs. 

It IF  noted that if the consumption quantities on successive PKONs are 

exactly proportional to the respective completion quantifies, the magnitude 

of deviation given by equation 24 is the same as that given by equation 18. 
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CHAPTFR v 

RKSfLTS AND FINDINGS 

5.1  Results Fror. Inquiries 

Information on overhaul operations and practices obtained through 

inquiries with other military servic s and non-military organizations 

(sec Appendix 1) is summarized in this paragraph. 

The Air Force had used the recurring demand approach to requirements 

forecasting for overhaul almost exclusively in the past.  Demands for a 

repair part due to overhaul programs were not treated separately from 

demands arising from other support requirement.  Advanced Logistic 

System Procedures now provide the option to use overhaul factors. 

The Navy has not instituted standard procedures but like the Air 

Force has programmed the capability to use overhaul factors.  The 

Naval Aviation Supply Office uses an engineering estimate produced under 

initial provisioning procedures fcr determining initial overhaul require- 

ments.  After the demand development period (approximately 2 years alter 

the initial operational capability date for an end item) the initial 

factor is phased out.  Subsequent repair part requirements for overhaul 

programs are treated as recurring demands and repair part supply levels 

are established on the basis of recurring demand history. 

It appears that there has been no definitive completed study on the 

choice between application of the overhaul factor and the recurring demand 

approach.  In effect, Air Force, Navy and Army practices leave the choice 

as to which approach to use up to the individual inventory control points. 

Inquiries with airline, railroad, automotive and marine organizations 

yielded information which . iay be summarized as follows.  Automotive vehicle 

fleet operators such as trucklines and the U.S. Postal Service, and 

producers of automotive vehicles do not overhaul their vehicles on a 

programmed basis.  Repair or rebuild is done as required by the condition 

of  the vehicie(s) at any point in time. A trend of increasing use of 

installed monitoring devices to detect need for repair or overhaul 
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1 S     Ü i , .       . 

: srSi. I ..• :.,;:. . ; ii r 

. ..: :    :   •. iUT ; I .-:.   •  ;' je» " i •«> 

of past experience, ! >r.s arr 

»:   Lfl  .1 Liitt   structured   I I the  I". '•. 

repair 

part • i •. 

c:r,ulj'. 

recasreJ avemaul : i.tor< obtuin««J by i tery 

the let!«        :. , .•       : :w the 

consurptior. history J: .I pi trt .»/et . ■.::.■■-   ■  ., f.;t .i £|Ver. 

'ter-. .lr«1 plotleu ..i ri>-.:.' 1. actcr, ::o 

Q(K)/!»*(K) co: .I^o plotted. 

Successive values UJV« bfei r Illustrative 

purposes.  The general '  actual ..:.r for«       factors 

is typical o:' repair j ..r: nr.ci ;u] ; roKrar. historical 

re-jrds in the U " . ita. 

Percentage values oi the* tveral      b'jclute deviation and 

negative deviati rhi.:l ;.n ;-,r.ir. data with applica- 

tions of equation* 18, ►J »ml ?J « .   ,  btaiuec fror. Ti 

data with applications of equatlo! .3 are tabulated In 

Table 1 for e_.:!. «, f I'm   forecasting technique« and r.odcl parar 

evaluated« 

5.3 Discussion of results 

Tae rr.ear :t valued posted in iablc 1 unJet tne .clur:n 

labelled "ECO.** DATA' differ considerably froo corresponding values for 

the 7KCSC0M data. This is an indication or the difference between the 

two cemedi:;/ groups ir. terns cf rcpuir part recuir : haul of 

reparable items as reflected in the available data.  For example, the over- 

all average overhaul factor for CCO!-! ite:rs is about 9 and that for TRCSCOM 

10 

■ 
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about 12  pc-r :   . .-plit.uns. 

Within cither of   the tv« . tliO ad I     < /.ponent I'll 

Ing technique .-»i.ovs the . I        codified exponentia2 taoothii 

mi' beet performance in tei w absolet« deviation« 

a of values posted i:-.  fab la 1 for «-.ich technique and corresponding 

VO \:iJ»r * • 

.:. .  " • w^rrv^pon '.nder por.ential 

9thing ..r«' !-• . •• I I I on  f I 

difference betwi . . ".'.: . produced k. > tve dtf4 applied :o 

the i:co:: J.iu If v" .*v  rd«*i of 0...  ?'U;J, the 'IAD J if ferences obsc: 

arc not insi,'ni:lcj 

aivi  e : .: K : U- i, rhc AJ.v.: ivc 

:>pv technique ; Lcr '.!.,-ir. ar.;. other teehfl -«ue 

•pplled tc      •. » . u: is Ruri        ■• 'toviag; Average On Sen 

technique applied r~ .     . .iii,   • th* fCSfl "odel performs 

the worst In L: -     • .  **i««I«xpc coe-i I'.'iur than the Lur.wiativc history 

technique but not is well *s Uu | lied tc KCOM data. 

The opposite or ;;ii.-. Is :ruc where thi .«.• u       »rci .<; plied to TROSCO.M 

iata. Thus, the     lee deviitio: r .•> : is :re sor^vhat inconclusive. 

it is r.rtt-J tli.L rjcrell .i:. 22) : o—.<i the Cumulative History technique 

to perforr. worst •••  -i t^chnlqu« (quadratic ;) incorporating c<rpI":ion 

history in ^ special way tc \ evaluation criteria. 

it was desir« . I story, ihm  CC5S ::^dcl 

and Eh« *todexpo icci.»:lqu« base«! or. tin i; obtained vith 

r^iintenance program parameter eal \rc.    Fcr this 

purpose, a "pcrc* :.t improvement indicator'', II, was defined as follows: 

Statistic I'KX) * [^J-flOO; (27) 

where 

:•: " value o: statistic generated by technique X 

V * valu«. ol statistic generated by .'Todexpo 

and where "statistic" is either Lb« 1\L ot    IKCDEV computed fror, values 

posted in Table 1.  '»uta used and result:; ol this comparison are tabulated 

in Table 2. 
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With roiercnce to latlc 2, it can be seen that tor tht n-sult* 

COM data, Modexpo provide! a 6.17.  reduction In MAD and 

a 2,7  I reduction in NLCDLV compared to the Cumulative History (SPEBHCX) 

t.chnic.ucs.  Based on TR^üCüM Juia, there is a 1.1Z reduction in MAD 

but a V: increase in K£< : 

Ir. co-parisar. with •'.        lit-l, ^'cdexpo provides a l.J'. rt-ductic:. 

In MAD and :.o redaction In SEGDEV, baseu on I COM data.  based cr, TROSCOM 

data, there is a c.9'N reduction ir. MAD and 2.ÄJ reduction in N'EC.DEV. 

The advantage4? offered by ".ocxpo over the Cumulative History 

(SPELUEX) and the CCSS Model technique ray !-c sur.-ari/cd by forming 

weighted averages oi the MAD ar.u N'LGDK.V percent imp: ovent r.t Indicator 

values.  The percentages or the total data in the combined l.COM and TR05C0M 

data base are used as tne relative weights; i.e., 601. :or KCOM and 202 

for TROSCOM (See Chapter Hi). 

Modexpo vs Cumulative History Technique 

Average Inprover-en,  . ,,.b).[6-1J + [0.2J.|1.1] = i.V. 
I n rlrUJ 

AVeir.8'eEGDEVCV,Cr'ent  " I'-«'»-»] + IO.«MO.O] ■ L.« 

Modexpo vs CCSS Model Technique 

Average Inproveaent. . [0.S,.U.,.] + [0.2M8.9] - 2.8': 
in MAD 

AV"n!'NEcSEV0VemenC  - 10-81-[»J + 10.2J.J2.8J - 0.6X 

Results obtained with the ECOM and TROSCOM data indicate that a 

reduction in the magnitude of the base period or equivalent smoothing 

constant is generally accompanied by a reduction in forecast error 'MAD). 

In the case of the Modexpo technique, the one-year average maintenance 

program value yielded the best result.  Fron the implemen- 

tation point of view, this value is also considered to maintain a 

\2 



reasonable degree of stability in the fore-casting and requirements 

Jetenir.ation proce 

l;ata tor updating overhaul factor forecasts originates and is pro- 

cessed and quality controlled at the depots where overhaul work is actually 

.icco--rlisht.d.  It became apparent thai overhaul iactor forecasts developed 

routinely at a given depot      Le turnished directly to the cognizant 

Command and  there cor.bined wit!. forvCastl drveloped at another depot for 

the sane repair part, reparable item, and type of overhaul.  This wcuid 

eliminate the transmittal of voluminous original consumption data to the 

Command; it would also eliminate the need lor a sc-rond pro<_o?;slr.>: opera- 

tion at the Command on the data already processed once at the depots. 

.. zood  estimate of the "Command Overhaul Factor" (COF) based on individual 

"Depot Overhaul Factors" (DOi's) could he developed as follow«-.; 

Let n denote the depot at which, an overhaul factor, !>OF(n), U 

given repair part, reparable item and type of overhaul has been fore- 

casted.  Let P(n) denote the average yearly maintenance program quantity 

for the nth depot.  Then, if there arc N'D depots producing forecasts of 

the overhaul factor for the repair part managed by a gives Command, 

COF « [ •: (DOF(n)).(P(r.))J/i. i>(n) 

(28) 

n * 1,2....::3. 

5*4 Conclusions 

Based on the evaluation criteria with particular emphasis on reduced 

data storage and processing tine and the automatic determination of model 

parameters, the Modified Exponential Smoothing technique is the preferred 

alternative among those considered.  Regardless of which technique is 

chosen, forecast errors will remain large due to the great variability 

in repair pare consumption exhibited by the actual data on the overhaul 

process. 
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EL VF DEVIATION 
I: " ! PARA:ITEXS TA I7RCSC0M DATA _ _ . _ _ 

~— —■ 

•   -jtivc None 12.2 O.t -5.5 -40.3 
itory i 

;   ttodcl Bin. - 1/3 V.Mr 
KfiX, - 1/3 7-ar 

11. 1 68.4 

! 

!  -3.3 -44.2 

:'.ax. - 1/: Year 11.3 67.5 -5.3 -44.8 
Max. - 1   Year o7.6 -5.3 -44.7 
"ax. ■ 2 7C.4 -5.4 -43.9 

.. « 3  Voars 11.9 64.2 -44.2 
~ • • • • —- ■ 

_. |- 
■  

! 'j- : Ma ir.r.. Program • 

:iai F - : \ 63.9 -5.1 -42.0 
rr.octhing 
1 

r - 2 Years 11.6 61.6 -5.4 -41.0 

•:le SffOOthiAg Cc-r.sc. • • 
<-- 

-xpcr.cntial a « 0.67 11.7 67.9 j  -5.4 -41.8 
Srocihlr.ß a - 0.50 12.1 67.5 -5.4 i -41.1 

a - 0.29 

Smoothing Const. 

13.0 • . -3.3 i -40.9 

Adaptive 
IxpDr.ential a - 0.67 13.3 82.8 -5.3 i -41.4 

-thing a - 0.50 14.2 91.1 -5.1 -40.7 
i a - 0.29 

Base:  1 PRON 

15.7 

11.6 

xG1.6 •  -5.0 I -38.9  

Moving 68.4 -5.5 -44.2 
Average 2 PP.ONs 11.4 61.7 ;     -5.3 -41.1 

On 3 PRON* 12.1 64.8 -5.4 -40.4 
5 uns 6 PRONs 

Malnt. Program: 
12.3 63.6 

• 
-5.4 -40.3 

1/3 Year 11.2 es.4 -5.3 • -44.2 
1/2 Year 11.5 '7.6 -5.3 -41.1 
1  Year 11.5 11. X -5.4 -42.1 

■ 2  Years 11.9 .5 -5.5 
i 
i -40.7 

i 3  Years 12.1 63.8 -5.5 -40.4 

Moving Base:  1 PRON 11.6 68.4 -5.5 -44.2 
Aver,ige 2 PKCNs 11.8 70.1 -5.5 -41.7 

On 3 Pi'.ONs 12.4 72.9 -5.5 -40.8 
Ratio 6 PRONs 

Malnt. Program 
12.7 

11.4 

69.8 -5.5 -40.6 

1/3 Year 68.4 -5.4 -44.2 
1/2 Year 11.5 66.9 -5.3 -41.8 
1  Year 11.5 59.9 -5.3 -43.2 
2  Years 11.8 70.7 -5.5 -41.2 
3  Years 12.5 70.0 -5.6 -40.9 

TABLE 1.  MEAN AE< SOLUTE AND XE CATJVt DE'-'ATI ON 
FROM FCi RECASTING TEC 
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... 

• 
:. 

►ncntiai 
Sts' :   i£C 

" 11. h 
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t-7. » 
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DEPARTMENT Or THE ARMY 
USAMC INVL.VTORY RLSIIAKCII OFRCE-USALMC 

r»ANKK»RD ARSI-NAL-PMLAMITHIA. TA.   19137 

SARFA-AMCIRO 10 April  1974 

„, . • r,     . rr .     , 

Dear 

We are doing a study tor the Ar.iy '/-atericl Command en maintenance practices. 
The particular area ve are now lookir.»; into iL the area of overhaul.  What 
we are interested in .ire the policies and practices you follow and general 
information of how well tl.cy i.ave i.n.-i. jttrklng for you. 

Our specific questions »re: 

1. Do you have l fornal cvcrh.iul program for complete aircraft«?        , 
for major cor.pcr.er.ti/. 

2. If so, how is overhaul scheduling cone?  How are items selected 
to be overhauled? 

3. How long before beginning of program e: ccution is the size of 
the overhaul program fixed? 

4. What are your rules for allcvin£ changes to the overhaul schedule 
once it is developed? 

5. How do you forecast the range a:;d quantity of parts needed to 
support overhaul schedules? Who does this? 

6. How long before the i.iart of an overhaul program do you require 
the parts to be on hand? 

7. How long on the average docs It take to overhaul an item? 
(from time of indue-ion until time of completion) 

\S 



SAJIFA-AMCIRO 
TO:  Mr. Henry Fell 

10 April 1974 

8.  Do you do any prc-inspcctlon of ic*.:.-, prior to overhaul n*  an 
aid to prediction of ; ..rrs :iccc'7 If :,j. how far In advance of 
the 6tarc of the overhaul schedule? 

If you cannot prcvide the nr.ewera to throe quo* t ion«;, I would appreciate 
yo.tr pj38lnr, '»ur <,u.-rv along to the proper y.irtv.  If you'd like any 
further inforr-itlon, please call ne ut :'. J-   jl -«'f' J

M. 

Sinecrely yours, 

BERNA3D J:. RPSK.TLVI 
Director, AMC Inventory Research Office 
Inotitutc of Lortstics Keoearch 
US Arsy Loglatlcs !tana£Ga*n£ Center 

■«•) 

—,» 

, 



•: ACTI:D 

tsf liie«, 

CLOT  (or.p.i: rla,   ill. 

Mit»?: itioi: Cor-.p.iny,  Sa« Francinco, 

Lfi*   Inttrnoyntain Hxpre&i Cacpa&y« Oakland, Cal. 

: ar.sporvatior. Coopai ,   Pa. 

. 

lr.es.   Inc.,   San  i'r^xh.o,   .a! . 

Postal   Service-,   V.'ashlngton, 

fr] 

• / V 

J 



A;T!.N;);-: .' 

"Ihis .'.\a:.:pli' illustrate*: ilu. a;,;iritl.r. defined in expressions 

, v"Jb) and (Je) under paragrap  . . 

Suppose rs ar<- 5 .«r... 10, respeCti 

Astum* the forecast :.-tion o: the l< l 

j..., 1-10. 7h« forecast :c: th« text I RON vitli tndi 11 

ib :'(11) - F(10). Suppose now Last • reparables ere ccrple-ced under 

11; hcr.ee, N(ll) ■ k»     r,.is ls Jbs Lt .:. w-  nielsua parameter of 

5.  Therefore, the torecast fur the next l'S  . I.e., fer i'K<;.\" 12 is 

(r!2) ■ FCO).  The value ot '.'(11) ar      easuaption qu^ni ity pi the 

lir part under consideration, .'ill'.      -vo. Assume chat 23 repar- 

able itens are completed under FRON' 12.  Then, Nfll; * V(12) -- *9; this 

is larger than the minimum parameter but less than the eaxinum parameter. 

li.c  trozen factor, F(10), is discarded ar.i! the forecast for tr»e t.cxt PRON, 

I.e., for PKOS 1J is jsiven by F(13) ■ NCD ♦ 0(12)]/'fX(U) ♦ N(12)J. 

Assume that JO reparable iterr.s are completed under PRON 13.  Then, 

N«ll) ♦ .'.'(12) ♦ N(13) " 39; this Is larger than the maximum parameter oi 

3?.  The forecast for the next PRO!*, i.»-., lor IRON 14 i« riven by 

K1A) - [QCD + Q(12) + Q(13)J/fK(ll) + N(12) * N(13)J.  F(H) becomes 

the new trozen value. Consumption j.;d conpletion history en PRCXS 11, 12, 

13 is deleted fror, records and a new cycle starts with 14 as the new 

valae to» Index L.  N'ote that the minimum and maximum r. re not 

changed once they are fixed. 

Moving Average on Sur.s-ftcn Completion "odel 

Suppose B « 2, N(l) - ::(?) - \'(3) « 1. Let L - 1, K - lj then 

j NU) - 1 - B and P(2) - Q(l)/!;(1). Let K - 2j Chen ^ S(J) ■ 2 > 

and F(3) = Q<1) + 0(2) ]/[::(!) + N(2)J.  het K * 3; then I N(J) « 3 > B. 

Increr.ent L fron L » 1 to L = 2; then, J « 2,3 and F(4) - fQ(2) + Q (3)}/ 

[N(2) ♦ N'(3)]; etc. 
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f 
OASE 

IV • :,A.-K I 
rORECASri:. KKOATIVI   DEVIA ÜKAN AI\«U 'AM   :; 

TKCHXIQUE        liUV BODE OF.roi  *:v i UMlfl 

cr:i'i.ATiVF 
HISTORY 

12.5 u.: -o.'. >6.li -••    • -1-., 

rjOVixc 
AVJ 

-    ON srts 
12. 12.1 >.G -6.i «Q.: ii.T -!r» I'J.: 

JMVi: 
AVERAGE 
ON' RATIO 

12.7     12.J -  • 7 -6.M M • • • :-... 

MOOR 
12-*   12.: -6.9     -6.5 39.9 41.7 -15.1     -.„... 

TABLE A-l.  FORECAST ERROR STATISTICS - NICP KOI* V»< i I ;ENT 



;T W 

»I.is   3ppctuli>    v.tii.i^   • v  j . ,t | ..i.d   17    '.:. 

Lano".'i!   :onvcntloi   »t.J  teraiaclogy use«! 

i ■ |   i' • 

Moticxcü Jove lot - ent 

Suppose that ;:•...-. | f.rru," r.: 

:.rb  r.cer a fijvvi' I'KO.'. t:.       : p..rt 

individual It et ! I :• .r:^^v!. a|  :.  initial overhaul 

:act-r forecast used u predict tt.e repail ; .:: rcq.:lr the 

reparatlt U <r j>:.e of the itc-r^s ui...: 

:.' is cor.pJct.■'. I. . •  . quantity ohserveJ ar.d 

ri-corc'ed D:-. the nt : I <. a Sy I #_.  .- .ppese the single 

r.er.'.ial srnocthir.g rcchn ...• Wil cr.star.t j to 

upJjte the forecast oxt«r •     -.-.r-. .-.ion.  !'ie last of  those updates 

will reflect C%., 1.4«., ion rec< re**. ! wr the- • •_:. rcpan 

iten; this last up'-ia:.. c:' t! ■.•     iu! fictOJ     then b■"• u« i 

prediit the repair pan r»v.        o: t! * the given 

reparable itor..  Lei     net« the initial overhaul fa«-(    tinate 

prior to coir.pietio:. o: the :'lr.->t reputable i: PROS SO thftt 

F^ ■ FK) in our r.j'.uicr.. '-..:..:   . :.  ; l . e J  and single 

exponential sncoihlng, the ipdated I  tor, F , based o:, i series c: n 

reservations, i.e., cr.  C-, f ,...(* , is 

Fr. " a ' -r. ' '1"a> * '":.-< 
fA.i) 

n - 1 , 2, . . . S ; o • a • 1 

An equivalent expression for F  is (Reference It) 



t  ' ,!-j)" • !  ha-   n-a)""' • C. (A.2) 

: based cti  the icial of :." observations when all S 

Jer PROS K have Ltcn completed is F„; this now becones 

lUl factor luri cast :cr thfl r.ext ! W'Y.l u:\  the saisc reparable 

itcr..  :•.. cr bCLCtlaa, :'.. c        .ilso, Q{K)t AC cumulative issue 

v tl as.u-id to be equ-il to the cumulative consumption of a piven 

rt ci PROS K ucüur which     reparable items were completed; thus, 

Q(K) - :  Cr (A.3) 
r* 

r. - 1,2 :;<K) 

Data is available onlv or. U(K) and £.(£) tut not on the C ; however, C n n 
nav be approximated by usine, the average value, C, where 

C » 0(KJ/N(K) (A.4) 

*ich this approximation A.2 car. Lt Written as 

F - C-a)n • r + a • C •   l-a)^1 (A.5) 
i 

i ■ 1,2,...n 

To sinpliry this expression put k » i - 1 and use the relationship 

[1-Xn]/(1-X]; U • .: • 1 (A.6) 

k = 0,1,....n-1 
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U'ith   these   substitution^   A.5 

U-*)t'-Fo - •: - <       '    ■ .7) 

Ptfl   n - ::(Ki.    : tuen,   r    -- tad Pe/t..   - FttC+lj; 

* m (1-a). tr.d u*c of A.4 in •'.. 7 lead tq 
• q »alien J t . 

othlnft Cot;  : 

StappoM l ..«t   s'iC< ' Ltial -or 

t«_r   PROS  K  art   z-ade  by  use   o;   th«.   individual   cortsu:-pl iOO   QUantKier;  f 

■plaincc :>.r.c  tJ.ai   t;.«.   xlftgle rtxpotumtlai   S^OOlhiug 

Cüns:a:-.L   "a"   to   be   useJ   la .r   it   eorr esp:>nJ:.   t 

average base period  expl !   reparable  item co^ricticr.s. 

Lee  this base period be  the yearly averse maintenance  pre 

P.    Then,   trcn the equivalence  relatiocsfcip given by equation   #, w 

J   -   a   -   P-l/P+i;   vith  N(:'J   denoti:..-   t:. lotion   q cr.   F!'.ON  r\ 

w « (p-:/p+i):,(r>) (.-...p) 

The average naintcnance prosrar. quantity .:' lor a reparable itt-r. scheduled 

to be overhauled may cake on any ir.?«.>«er value with 1 a«; the 1 

pocsitlc value. On any giver, prrfran characterised by the value o! P( 

the reparable iten quantity, ."',        1 on o:.c of the PROSf established 

for this program may also take or. .v.v Integer VJJU-' also vith 1 as the 

lovest possible value.  Snail values o; P are typical for iov density 

equipment. 

Consider some examples.  Suppose that P ■ 1 and that the one reparable 

item is scheduled for overhaul under one PRO!« to te corpleted within the 

next 12 months.  Suppose further that this particular item had experienced 

cany PRON's in the past for vhich requirements for a given repair part 

had been forecasted via the overhaul factor approach.  By A.8, W * 0 in 
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The probability that N exceeds P in actuality will be assumed to be 

much smaller than the probabilities associated with N values less than 

or equal to P.  Under this assumption the expected value of AW would not 

be significantly affected by limiting N to the range fror. 1 to F. 

It can be shown (reference 25) that 

lim AW(P)S* 0.43 (A.10) 
p ->» 

Limiting the accuracy to one decimal digit, define a "small" program 

quantity P - P by 

AW(P ) - 0.4 (A.11) 
o 

47 

this case, so that the overhaul factor forecast determined from equation 

16 for the upcoming PRON' would be based solely on the last observation 

(Q/N) but would not reflect any other purl of the overhaul consumption 

history.  This waste of past experience appears undesirable. 

Suppose now that P - 2.  If 2 PRONs are established to complete 

thio program, with N - 1 on each of the PKONs, then W « 1/3.  If 1 PROS 

is established for this program, then N ■ 2 and U - 1/9.  If consumption 

experience in the past had been relatively stable, either one of these 

two possible weights may be too low from the viewpoint of introducing 

undue perturbation in the forecast as was discussed in connection with 

adaptive exponential smoothing (paragraph 3.3). 

To attenuate some of these undesirable aspects which are particularly 

drastic when P is small, we introduce the "average weight" denoted by 

AW and defined by 

AW(P) - (1/P) . z   [P-1/P+1]N (A.9) 
N 

N - 1,2....P. 



Solving A.9 with this value yields }•    « 12 (approximately).  Substituting 

\\   for P in A.8 yields U - 11/13 ; this, together with A.8 constitute 

equations (17) in paragraph 3.3. 

Fron the definition of P (equation 14) it nay be argued that :.* 

could be as high as 3 tines the valiie of P.  In thir case, tie lir.it 

as P approaches infinity i; apprcx:-      0.16 which corresponds to a 

P value of about 9u; in the depot overhaul context this would Kr,s likely 

be considered I 
KtU|ll" program t :an would P • 12. 

Other appro.icius to find tultftbl« values fcr the sr.octhir.g constant 

for snail prop,rars could be taken.  Ii. »Md study, consideration' w#r< 

United to those described above. 

/•: 
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