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DESIGN CHANGE IMPACTS ON AIRFRAME PARTS Pi VENT CRIES 

W. Pet«rstn 
Wilbur A. St*i«r 

I. PJTRODîlCTION 

V»rioua th«or«tical system* have been rfevelopei which describe the 

requirements of an "optimal" inventory policy. Such systems normally 

require as inputs costs of reordering, stock depletion costs, and expenses 

associated with holding an item in inventory. Unfortunately, many of these 

cost elements are not readily available in the present military logistics 

system: as a result, it has not been possible to test these optimal inventory 

systems, or for that matter, to evaluate present military inventory policy. 

This study is an attempt to provide part of the information needed to assess 

the costs of holding a spares inventory, namely, the cost of airframe 

inventory which becomes obsolete as a result of design changes. Such 

information, for example, would be extremely useful in determining a suit¬ 

able spares procurement policy for a new military weapon. The central 

problem of initially providing spares for this new weapon is that, at the 

time the first spares’ buyinr decision is male, spares requirements are so 

uncertain. The phase-in of a typical Air Force weapon system occurs over 

a two-to-four year period. Airframe ramufacturera, however, insist on 

production lead times of from one-to-three years on major components (which 

are the expensive ones). Consequently, the Air Force has, until now, been 

required to make its buying dscisions several years prior to the delivery 

of the Tret end item, a*d several more yeare prior to the point where any 

■iteable block of experience with the end item has been obtained. It la 

not Just that weaeout rates on parts are uncertain. At the time the buying 
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decision la mada, tha final confi^uration of the waapon la only a rough 

guasa. About tha only thing known with cartalnty ia that parts purchasad 

will latar raquira modification or will bacoma obsolete as a raault of 

design rhange. Tha Air Force aparas» proviaionar ia askad to atata tha 

raquiramanta for a part with an unknown failure rata and for a aomawhat 

uncertain model configuration. 

Aa a solution to this problem it would# of course( be desirable to 

do anything that might reduce requirements uncertainty. There ara soma 

things that might be dona in this regard, e.g., demand experience on similar 

parts used on similar aircraft could be used. In general, however, it would 

be a mistake to overemphasise the gain to be realised by working on improved 

forecasting methods alone. Tha technological race will be with us for soma 

time to come — we will be provisioning, new and changing types of weapons. 

In short, as long as procurement procedures and policies require that the 

principal procurement decision be made years before the requirement exists, 

the initial buying decision will continue to be dominated by uncertainty. 

The kind of system needed to minimise the adverse effects of poor 

requirements predictability is fairly clear, at least in concept. To take 

a limiting care, if‘the production procees were perfectly flexible and 

highly responsive, the Air Force would order a part whenever a requirement 

arose. In this way demand uncertainties could be shifted backward and 

absorbed by the production process. Since such a perfectly responsive 

production system does not exiet, and since weapons grounded for lack of 

support are of no uee, it is necessary that some miniswm support bs ordered. 

Over and above thie minimum, however, the object of the game should be to 

«live hand to mouthj" a policy would be pursued of placing numerous small 

stock orders to cover uncertainty in the immediate future and thus have a 



chance to let unfolding demand experience be reflected in follow-on order*. 

By not placing a large initial order, it would be possible to shift part 
* 

of the requirement* uncertainty back to the contractor** production line. 

Naturally, euch a syetem change would not be coatíes*. Only at »ora* 

additional cost could the contractor*» ability to turn out some part* on 

short order be increased. In other word», while it may be difficult to 

cut lead times for all item», it may be possible to evolve a system which 

could provide selective items on a responsive basis. A differential 

provisioning policy might be envisioned in which low cost items were 

Initially procured in large amounts - possibly even "life-of-type" - so as 

to nirimiz* reordering and handling costs, while efforts would be made to 

obtain shorter procurement lead times on high cost items. 

The value of such a system revision depends, among other things, upon 

the savings that would rssult from a decreased impact of design change 

obsolescence upon spar* parts irventories. Since high coet spare parts, 

while a relatively few items, account for the bulk of the inventory dollars, 

the saving potential (from this source alone*) would be high. To date no 

estimate of this saving, which might be callsd the "value of procurement 

deferral" has been made. Since the absence of an estiróte of spares* 

obsolescence risk is psrtially responsible for thie important gap in 

logistics* knowledge, the purpose of this study is to provide such an estimate. 

*Other types of savings, such as a decrease in interest charges and 
warehousing costs, also ar# indicated for such a system of "deferring the 
procurement" of expensive spare parts. A future RAND report by the author 

explores this ly. 
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II. SCOPE AND ymiOP OF STUDT 

Th« risk of d«sl*n chanr« v«rlea b«tw««n dlff«r«nt clase«« of military 

propartyj th«r«for«, th« r««ults of this atudy which relate solely to air¬ 

frame property (aircraft structural components) should not be generalised 

to other dissimilar types of equipment. This report is not a general study 

of the costs of technological chanre. It considers only costs of the 

engineering obsolescence risk which a military service takes when it purchases 

quantities of airframe spare parts. Two other types of costs of technological 

change not covered in this report include: 

1. The administrative costs of introducing and keeping up wiU design 

chancres. (The constant stream of engineering changes for any weapon multi¬ 

plies t} «> complexities of managing the logistics system). 

2. The costs of aircraft grounded while modification is being accomplished. 

The obsolescence measures developed are based primarily upon the study 

of one Air Force weapon, the F-94 series of aircraft. This aircraft was 

rhosen for several reasons, not the least of which was the fact that avail¬ 

able data were more complete for this model than for others. In addition, 

the F-94 is currsntly beinr phased out of first line operational use^ during 

which almost all of the engineering changes affecting a given series aircraft 

occur. Data were also collected on the F-100 and the B—52 model aircraft; 

but, since these aircraft types are currently being, phased into the Air Force 

inventory, the results are limited and serve primarily ae a check on the 

estimates obtained for the F-94. 

The study is mainly concerned with weapon modifications introduced by 

the airframe contractor; design changes affecting Government Furnished 

1 First line aircraft are those capable of being used to perform critical 
and essential Air Force missions. 
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A«ron*utlc Equipment 8ub-*y«t*ma, vuch as srvglnss and many of ths alsctronic 

componants, war« axeludad. Naturally tha alrframa modifications hava an 

impact on othar Air Porca proparty classas, but tha dollar ralua of such 

impacts is small and cantarad in such low cost classas as aircraft "hardvara.” 

No affort was mads to sasra^at« thasa costs. 

Tha stock of spars parts affactad by dssiro changas ineludas all stock 

already delivered to tha Air Force, plus all parts so far along in tha pro¬ 

duction process that corrective action either is needed to bring the item 

to the latest configuration or is no longer possible. The impact of specific 

design changes ca- take the following lines: 

1. Engineering obsolescence costs, defined aa the dollar value of 

spares made totally obsolete by a design change. 

2. Modification costs, which include both the material and labor 

required to rework a spare part to a new configuration. 

3. Contractor "design-termination coats," which include the cost of 

spares material or work in process that must be discarded or reworked as 

a result of a design chanca. 

In addition to tha costs listed above, there it another coat which 

arlaaa whan tha applicability of a spare part becomes limited as a result 

of a design change. For example, a part may be "common" to several different 

models or series of aircraft; but a dasign changa on a particular series of 

aircraft will curtail the usefulness of ths part. The item is not made 

obsolete, since it can still be used on other models: but the Air Force has 

on hand more of the iter than is necessary to support the aircraft for which 

the part la still functional. This cost resulting from a rsduction in 

applicability will eventually show up in tha form of "terminal obsolescence," 

.- 
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wh«r« th« «nd it«m for which th« »par« was originally purchaaad phasas-out 

of tha Air Forca invantory bafora tha spara is usad* 

A trua maasura of tha impact of design changes would include an estimata 

of the cost of limitad applicability* but this cost is difficult to maasura. 
a 

In ordar not to naglact limitad applicability altogathar, two astimatas of 

aparas cost of dasign changa wera mnde. First, the direct spares cost of 

tha charra was maasurad, that is, engineering obsolescence, modification 

costs, and contractor desim-termiratlor. costs. This estimate tends to 

understate the cost of dssign change, since it doss not Include the cost of 

limited applicability. In the second estimate, design change coat includes 

tha full value of all delivered spares whoss applicability is in any way 

limitad by a charge in design. Obviously this method overstates1 the 

spares cost of dssign charra, since many of these parts mirht still be useful 

on soma other series of aircraft. Thus, in concept, method (l) puts a lower 

limit upon tha cost of change — method (2), an upper limit. The trua cost 

probably lias between these two estimates. 

The specific data used in this study ars axesdned, in sosie detail, 

below. However, the methodology used can, doubtlessly, be applied to other 

areas. In general, the data requirements of the components of the problem 

are as follows: 

1. Engineering Obsolescence Costs - Tha dollar value, preferably at 

current market prices less scrap value, of all spare parts* inventories that 

are condemned (i.e., the spare part is no longer applicable to any end itea) 

as a result of the design charge. 

iThe "overstatement” is only a conceptual one, since some data gape 
are known to exist in both estinatss. Ths affects of these gaps will be 
taken into account, below. 
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2. Modification Co»t* - Tha dollar valúa of "retrofit kit§" purchased 

by the military service for the purpose of revorkln* the spare parte» 

inventories that ware not condaimad by tho dasifm change, plus the dollar 

cost to the military service of all labor required to perform this "retrofit" 

operation on the spare parts. 

3. Design Termination Costs - The coet to the military service resulting 

from the effect of a design change upon the raw material and purchased parts 

(in the contractor’s plant) which were about to be made into spares at the 

time of the design change, whether the design change causes a condemnation 

of this material or merely necessitates its rework. 

Before turning to the specific results of the analysis, it is desi-able 

that the reader obtains some idea of the numbers and types of design changes 

which affect a military aircraft. 

III. TYPES AND TIMING OF DES13: CHANCES 

Various kinds of engineering changes affect modem aircraft. While 

only a relatively few of these modifications affect the inventories of 

delivered spare parts, almost all of them are important from a logistics 

viewpoint. 

Chart I shows the number of design changes processed monthly over the 

period January 1955 to March 195*, by the Lockheed Engineering Department 

for five Lockheed aircraft, the P-10/*, T-?3, T-2V and P-2V (Navy), and the 

1049 (an older version of the commercial Constellation).^ The T-33, P-2V, 

and 1049 aircraft rep: esent older models, their basic design having been 

determined a decade or more in the past, (the T-33 is a development of the 

^Unfortunately, similar data for the F-94 aircraft were not available. 
However, discussions with Lockheed personnel indicate that the characteristics 
of the types and timing of design changes are very similar from aircraft to 
aircraft. 
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F-flO). Whll« the T-2V 1« a T-33 altered for Navy carrier operations, major 

nodernlz&tlon and modification hmm gone into lie design; therefore, the 

P-104 and, to a lesser degree, the T-2V csn be classified as ne*ly design»«! 

aircraft. 

Chart I shows that the number of engineering changes is greatest for 

the newer models of aircraft.1 More than three-fourths of all the changes 

processed during this time period occurred on the P-104 and T-2V, whose 

first production models were completed during December 1955* This suggests 

that the number of changes for any one aircraft model is greater during the 

early s ages of its production. It is interesting to note, however, that 

problems requiring some modification in the design of even the older air¬ 

craft continued to arise. 

The design changes plotted in Chart I fall into two general types. 

First are those which car be performed within the aircraft*• original con¬ 

tract specifications and with limited money expenditure. The aircraft 

contractor is given a rather free hand in introducing these modifications, 

and they make up the bulk of the changes listed in Chart 1. As far aj 

possible, the contractor attempts to make these modifications with a minimum 

disruption of the production line. In many cases the aircraft will continue 

to roll off the production line without incorporating the new improvement, 

while the contractor uses up the material and parts ordered or produced to 

meet specifications of the older configuration. From a logistice point of 

*While total costs of these design changes were not available, Lockheed 
personnel in charge of design change were convinced that Chart I would 
continue to reflect the sane picture ever if costs of design change, rather 
than their number, were used. In fact, their feeling was that the cost per 
design change was higher, during the perio<4 for the F-104 and T-2V. 
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view 0tich deBirn chanr«s should not greatly influanca »pare parts invantory, 
* 1 

for with the policy of concurrent lellvery of »per«», the stock In the hend» 

of the Air Force will he appllceble to the aircraft delivered to date. The 

aircraft Incorporating the new dealen will enter the sy.teir. with the .pare. 

support associatad with th® now d®sií?n» 
♦ 

The prinary Irpact of this typ® of d®slfm chan.-® it In th® add®d adrin- 

istrativ® problems that li-nltod applicability br. , about in cat ilo*iirf ®nd 

record keepin«. Furthemore, as th® sh®er nun. urs of spares lin® it®ms 

increase, the problems of requirements determination become more complex. 

However, the complexity is primarily a matter of increasing the numbers of 

requirement computation rather than the difficulty of each computation. 

Naturally, this holds only if the data processing system underlying the 

requirements determination is capable of correlating each spare with all 

the end items to which it is applicable. 

Vore serio s design changes are those which either alter th® basic 

specifications of the aircraft or entail appreciable costa. In either cas®, 

th® contractor does not wi®h to *> ahead with the chanye without specific 

approval from the Air Force, since major modification to the aircraft ari 

the spares already delivered may be involved. Moat of the d»siyn charges 

that seriously effect delivered spares fall into thi® category. 

Reasons for airframe modification vary: (1) Th® prim® contractor may 

submit a chan«® which h® feels will improv® performance or simplify pro¬ 

duction: (2) contractor ve-dors may alter th®ir component® ®o that airfram® 

modification becomes necessary; (3) customer ®xp®ri®nc® or chan«® in 

Iwith concurrent sostW delivery, th® «pares* order is d®liv®r®d In 
th® same proportion as th® end it®r they eupport; for «xarnpl®, 
the air-raft ar® delivered, half of th® «parea initially purchased for th*®e 
aircraft is also delivered# 



P-1C55 
10-02-57 

requirements m*y indicate tha desirability rf a chanre. Chart II indicates 

the per cert of the number of enpineerinr changes by cause for the T-^3 and 

T-2V for the period January 1955 to March 1956. Of interest is the fact 

that the relative importance of contractor desifm improvements is similar 

between these two models, even though the T-2V is a much newer model having 
1 

a greater number of desim changes. The T-2V shows a larrer number of 

customer, rather than vendor or production improvement, changes. No data 

exist showing whether this difference arises because of the a^e difference 

of these two aircraft models. 

IV. CHAN OK IMPACTT Q? PrXIVbRO F->L AIRFRA' > oPLK: r.V^.NTOKY 

The F-94 series of aircraft was purchased under five separate contracts 

negotiated between \01Q and 1^51. Apn-oxlmately POO F-94 aircraft were 

delivered between early 1950 throuph mid-1954. The airfrane spares initially 
2 

purchased for these aircraft amounted to approximately 164.3 million. 

To analyze desim chanza impacts on F-94 spares the following components 

were estimated: 

a. Unpineeriu? obsolescence 

b. spares modification 

c. Contractor dssim-temtnat Ion costs 

d. Limited applicability 

The resulta obtained and the method used to measure each of these types of 

spares design chantre impact are discussed in turn. 

^Lockheed officials believe that the relative importance of the various 
causes of desim chantre is very similar from model to model. 

^Obtained from AMC "udpet Program Sumaries for the appropriate years. 
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A. Er^lnecrlr.^ Obaoleacancc Coeta 

The basic data ussd to evaluate the dollar value of airframe spares 

made totally obsolete as a result of design charge were the 151 Time Compli¬ 

ance Technical Orders issued by the Air Force for the purpose of introducing 

changes on P-94 aircraft. Design Charge Technical Orders, known as T.O.’s 

or T.O.C.’s, are usually prepared by the manufacturer after negotiationo 

with the !r Force. Each T.O. will describe the change to be accomplished, 

the serial numbers of the aircraft affected, and the dates within which the 

change should be made. Normally a design improvement will specify a 24-month 

span within which to accomplish the change. A safety change, on the other 

hand, specifies inmediata compliance. 

The T.O. will specify whether or not the design change affects the end 

item in such a way that the usability of delivered spare perts is also 

affected. In each technical order, there is a separate list of spares that 

are affected as well as the disposition of such parts. Disposition possibil¬ 

ities fall Into one of the following categories: 

a. Condemn and dispose as surplus 

b. Retain for use on unmodified aircraft 

c. Retain for use until modification of the aircraft is accomplished 

d. Modify per instructions contained in the technical order 

Spare parts nade obsolete through design change were uefined as the 

sum of categories (a) and (e) above. The dollar value of these conde^ined 

parts was obtained by multiplying the on-hand asset position of each part 

by its unit price. 

'"As of the month in which the data were collected (June 1956), these 
lrl Tech Orders were all the Tech Orders issued to modify the F-94 aircraft. 
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1 
Tabl« I (and column ona of Sucmiry Tabla V) shows tha dollar valúa of 

dalivarad airframa spara parts condamnad by Tachnical Ordars in tha F-94 

seria# of aircraft. Lass than 25 par cant of tha dasl*n chanças spacifiad 

2 
ir T.0#f # resultad in tha condamnat ion of delivered spares; and comparatively 

3 
few spara parts actually ware condemned. Furthermore, lass than 30 par cant 

of tha condemned spares had a unit price of more than tan dollars. Only 

one T.O. lists a spare with a unit price of more than $500 to be condemned. 

Most of the condemned items were bits and pieces connected with the relative¬ 

ly expensive items that had been affected by the desim chanpe. Tha very 

sharp increase in the value of condemned parts in 1955 ia due to one T.O. 

which involved a major modification of the F-94* 

n. Spares ’'odlflcatlor Costs 

The costs of chanrinr delivered spare parts to a new configuration 

include the dollar value of components and labor used in tha modification. 

The total value of the component (''retrofit") kits purchased by tha Air 

Force to rodify delivered spares is obtained by multiplying the coat of 

the parts contained in the kit by the number of kits purchased. labor cost 

of modifyinr spares was obtained by multiplying the labor hours involved 

(estimated on tha T.O.) by the number of kits, times the cost per labor 

U 
maintenance hour (estimated at $5«75)* 

1Tha difference between the Table I - IV and their corresponding column» 
in Table V is that the latter cumulate» the data shown in Table I - IV. 

2At leaet. another 15 T.O.»» list »pares to be condemned, but the»» spares 
were found to have no asset poeition. Another seven T.O.«a, showing inexpen¬ 
sive »pares to be condemned, are not included in the total v'#cause the asset 
positions of these inexpensive items could not be determined. everal very 
inexpeneive item» are omitted due to difficulty in ascertaining their aeeet 
positions. However, even If the numter of spares condemned as a result of 
design change were actually doubled, the derived figure would not alter the 
picture considerably; very few spares were condemned on the T.O.’s. 

3Of the»» 76 condemned part number», four had more than a simple applica¬ 
tion per plane. 

“TM• fixur« *•» by th. RA..D Co.t D.p.rta.nt i" ¡Sa*1 
another study. In addition to direct personnel coete. this estimate meant 
to include training coete, base overhead, and investment costs. 
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TABLE I 

Cond—n«d Spaf... T-% Aircraft, by I.tp 
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Approxim*t«ly 60 p«r cent of the 151 Technical Orders call for rod1fyln^ 

delivered aparee In »orre way. The total coat of perfonrinr theae modifica- 

llora was approximately $600,COO of which about one-third was for retrofit 

kite and two-thirds for labor. The dollar value of aparea modification 

coat la allocated by year in Table IT (and column 2 of Table V), 

C. Contractor PeeiTn Terminai lata 

Design Termination Costs include spare parts material or work in 

procesa that rust be reworked or discarded as a result of a design change, 

Patimatsa are based on Lockheed records covering design change termination 

costs, and the scrap and rework costa of inventory material. 

Wher a design chance occurs, a Terrination Design Change Coat Accour t 

(TDC ) is sat up, and the expenses of rework and obsolescence arising from 

a reduction in parts ordared are accumulated. Theae coats covar both pro¬ 

duction and spare parts; tharafora, to isolats TDC charges aaaociatad with 

apares, the total TDC costs were multiplied by the ratio of airframe spares 

value to total value airframe plus aparea. For the F-94 this ratio was 24.1 

per cent of the TDC costa. 

A TDC cost account is held oper^ accruing coats in tha yaara thay arias, 

urtil all of the expenses arising from the design changa are recorded. This 

may cover a considerable time period. In this study such expenses hava bsan 

tabulated as they were recorded (i.e., accrued) in each year regardasse of 

the year that the particular TDC account originated. 

Concerning the inventory material scrap and rework coat, tha contractor 

felt that moat of this cost could be attributed to design changa, with some 

unknown percentage traceable to careless handling of material in tha shops. 

No correction was -ade for this factor. The Lockheed cost syater does not 

segregate material scrap and rework costa between production and apares; 
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lÀBtf U. 

y<Í Çotts, 2f. hodlfrlng SP+r**M. Wk .>jg.^A bj T«»r 

T««r Mu«»b«r of** Dollar Valu# of Dollar Valu« of % of 
T«ch 0rd«r* Kits for Spares Labor for Spares Total Total 

1951 

1952 

1953 

1954 

1955 

Mo Date 

1 

2 

5 

53 

23 

6 

90 

$ 5,940 

173 

1,554 

126,560 

84,749 

904 

219,880 

$ 12,765 

1,282 

2,260 

273,177 

102,051 

7,866 

399,401 

$ 18,705 

1,455 

3,814 

399,738 

186,800 

8,770 

3.02 

.23 

.62 

64.55 

30.16 

1.42 

619,282 100.0C 

** This list includes only those Tech Orders which show some spares 
modification costs. 
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therefor«, th« sare percentage factor of 24«! was used here to separate the 

spares portion of the material scrappage cost frotr the production portion. 

Table III (and column 3 of Table V) presents the totals of spares 

termination desirn change costs and inventory scrap and rework costs for 

the F-94’8 by time period. 

D. Limited Arnlicability Cost 

A design chanre on a particular aircraft model may make a spare 

item no lonrer useable in the new configurât lor. • The item is not obsolete, 

since it can still be used on other series of the aircraft: but, the Air 

Force supply will be more than needed for the remaining demand potential. 

In the final disposal of parts, records do not permit separation of this 

excess resulting from design chanre. Because this cost could not be 

measured directly, the upper limits of reduced applicability were determined 

by finding the full dollar value of all parts whose use was in ary way 

curtailed by a desirr chanre. This method, of course, overstatee cost, icr 

many parts would have beer used before the end iter was phased out of 

service. 

The basic data for eetimatine this cost were taken fror the cortractor’s 

"exhibits” or lists stowihr reductions in spares* quantities on order, by 

reason for the reduction. Where the indicated cause was design chamre. 

Air Force and contractor’s records established the remaining applicability 

of each such spare item. The cost of these affected spares was measured 

by tabulatinr the dollar value of all such spares dslivered to the Air 

Force. Four types of applicability limitation were established: 

a. Only applicable to specified aerial number F-94Cj 

b# Not applicable to F-94C, but to another type, model or 

series of aircraft: 
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Termination Oosign Chango Costa, and Invontory Matarial^ 
-3crap and Rowork Coati» P-94 Spare Parta, by Toar 

Inventory Material Termination Deaign 
Tear Scrap & Rework Costa Change Coats 

{Dolían») (rollara) 
Total 

(Dollars) 

1948 

1949 

1950 

1951 

1952 

1953 

1954 

1955 

$ - 

480 

8,710 

39,435 

56,915 

108,250 

101,510 

690 

• 830 

10,940 

14,065 

30,500 

207,820 

85.655 

77,150 

6,855 

I 830 

11,420 

22,775 

69,935 

264.735 

193,905 

178,660 

7,545 

•315,990 1433,825 •749,805 

1 Obtained from coat accounting recorda of the Lockheed Aircraft Cor¬ 
poration, Burbank Division. 
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c. Applicable to specific seriei F-94C aircraft, and also to 

another type, no^el, a-d series of aircraft; 

i. *Jo remaining applicability (totally obsolete). 

The sue. of (a), (b), and (c), above, represent the co^t of limited appli- 
1 

cability, as found by this "exhibit" aethod. 

The dollar value of airframe parts whose applicability was in sores way 

limitei by design change is shown in Table IV (and in column U of Table V). 

More than 90 per cent of the total cost falls into category "a," applicable 

to specified serial number F-94C aircraft only. Close to 400 different 

spare line iters had their applicability limited by desitTn change. Of these, 

about 50 iters were expensive assemblies with costs of "»re than $500 per 

unit. This trroup of expensive iters accounted for almost r*0 per cent of 

the value of spares with limited applicability. 

E. ^rrpfatlor. of Spares Pesigr. Change Impacts 

The various elements of design charge ir.pact are now aggregated, 

and cumulated over the six years. These elements, cumulated from Tables I - 

IV above, are shown in columns (l) - (4) of Table V. Columns 5 and 6 of 

Table V present the cumulative dollar value of spares design change cost. 

The figures in Column 5 exclude the costs of limited applicability; these 

numbers constitute minimum estimâtes. Column 6 includes the full value of 

^The total value of parts in the (d) category provided an independent 
estimate of the importance of engineering obsolescence. This method of 
estimating design charge obsolescence established an upper limit for this 
cost factor, because the figure obtained is that of spares delivered to the 
Air Force, not, as in the Technical Order method, (see p. 12-13» above), 
of spares on hand at the time of the design charge. The scope of the data 
provided in the Exhibits was not identical to that covered in the Technical 
Orders. However, when the coverage of the ti*> methods was reconciled, some¬ 
what lees than ¢40,000 of F-94 airframe items were mads obsolete by design 
chance via the Exhibit method compared to a $32,000 estimate on the basis 
of the Technical Order method. Since the Exhibit method produces a known 
over-estimate of such impacts, these two results were taken to be in basid 
agreement. 

»(which we call the "Fjchibit method") 

mm*1 wew;Biiiwwi>miiw ÍÍmíIÍJ^ 
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T A.BLE 17 

Dollar Valu« of Air fram« Part« with Applicability Limit«*! by 
D«ajgn Chan/«, P-94 Spar««, by T/P« of Limitation anl T«ar 

T«ar Typ« of Limitation! 

a b 1 
Total 

1951 • 425 $ — 

1952 87,730 3,988 

1953 968,441 41,937 

1954 507,445 23,972 

$ ~ 

387 

U,007 

21,208 

$ 425 

92,105 

1.051,385 

552,625 

♦1,564.0U $69,897 $62,602 $1,696,540 

1 a Only applicable to specified »«rial number F-94C« 

b Not applicable to P-94C, but to another type, model or series of 
aircraft. 

c Applicable to specific serial P-94C aircraft, and also to another 
type, model, and series of aircraft. 
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»11 airfrAJM parts which h»v* h»d th«ir applicability limitad in som« way 

by a deaim chanca; these can therefore be viewed as maxiraiao estimates. 

The last three column» of Table V relate the estimates of spares desim 

change cost to the dollar value of delivered F-94 airframe spares. Column 8 

shows the minimum estimate of spares desiyn chança cost in per cent of the 

value of delivered sp*res, while Column 9 shows eimilar information for the 

maxlfran estimate. 

It appears that at the end of the first six years of the F-94 program, 

between 3.7 and 6.3 per cent of the value of delivered airframe s^res had 

been made obsolete as a result < ? desiçn chança. Surprieinçly, despite the 

fact that the bulk of design change occurs early in the phaae-in of a weapon, 

the impact on delivered spares appears to be relatively small during this 

early period. 

Contrary to expectations, therefore, the spares co»t of design change 

appears to be lowest during the early phase-in of the weapon. During the 

firet two years of an aircraft prorram, between one and two per cert of the 

value of delivered spares are affected by design changes. Since the greatest 

number of engineering changes occur early in the program, one would expect 

the spares design change impact to fall rather than rise over the life of 

the weapon. Some of the reasons for the reverse situation are: 

1. In general, while airframe changes are more numerous luring 

the early phase-in period, they tend to be relatively minor in scope. Many, 

if not most, of the early design changes affect expensive maior assemblies: 

Estima ted from AMC Budget Program ùur«narles for the relevant years. 
These data include only the spares initially purchased while the F-94 was 
in production. They do not include "follow-on sparse,” which were less 
than 10 per cent of all F-04 «oars parts through 1955. 

mmm « ita .1,. . IHUl' 
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how«ver, most cassa irvolv® relatively minor modifications rather than con¬ 

demnation of the assembly itself. Parts condemned by reason of desirn change 

tend to consist of low-cost components for such major assemblies. Further, 

ever if modification costs per unit are substantial, the fact is that most 

major airframe itens have relatively low expected demand rates* hence, early 

in the phase-in, few such spares tend to be in the system. As a consequence, 

total apares modification cost tends to be low at this tine. 

2. Later in the life of a weapon, major modification pro-ams 

nay occur in orler to Improve the performance of the aircraft rather than 

to '•orreet an early design deficiency. For example, an interceptor model 

may receive extensive modification to take advantage of new air-to-air 

"issile. Or, an aircraft designed in an era of reciprocating ensines may 

undergo ra,!or modifications by having Jet engines added to its power conple- 

rent. Apparently, durlnr these major edification programs, the bulk of 

spares design change impact occur. For the F-94, one Tech Order covering 

a -ajor modification late in the program accounted for 90 per cent of the 

roughly one million dollar value of spares condemned by reason of design 

1 
change over a period of five years. 

3, Expensive spare parts are rot often condemned by a design 

change. They are ordinarily modified, while the associated bita and pieces 

are condemned or limited in applicability. Only one item with a unit cost 

of greater than 8500 was condemned by a1! the F-94 Tech Orders. Similarly, 

less than 25 itens with a unit cost of greater than $500 were limited in 

their application by design change. 

The purpose of this T.O. was to improve the cold weather performance 
of the F-04. The change essentially consisted of a new de-icln^ system for 
the aircraft, making components for the old system obsolete. 
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U» Contractera and Air Force show a ¿rood da&l of administrative 

flexibility in reactir.* to deslqn chances. The lar.^e ntirber of reductions 

in orders for pa-te affected by desifr. change sho^s the system’s responsive¬ 

ness in this area. For example, or one F-94C contract, approximately 1^.5 

million of airfrare spares were placed on order. While the aircraft under 

this contract were in production, approxir itely $4.1 million of the iters 

originally placed on order were cancelled s a result of design change, and 

spares associated with the newly designed confiruration were produced and 

delivered. Had these desi^^n changes net been caught, about Î3.1 million of 

useless spares would have been delivered to the Air Force. 

5. In the case of the F-94, most of the spare parts were delivered 

by 1953« However, the greatest spares impact of design charges occurred 

after 1953, because the majority or the coetly design changes (in terms of 

limited applicability and spares condemnations) occurrei after 1953. Also, 
1 

the Air Force policy of concurrent delivery of spares, which ensures that 

the spares delivered have applicability (at least at the time of de.ivery) 

to a certain number of end items, would tend to de’ay the impact of design 

change on delivered spare parts. 

V. r-ciT: CHAN94 impact: cn r-ioc an: ^-5: r.y:%.T0r;_Y 

Information covering selected elements of design change impact was also 

collected for two ether weapons, the F-100 and 3-52 aircraft, to serve as a 

limited check on the results obtained for the P-9/., because both the F-100 

and the 3-52 are relatively new weapons, spares design change costs for 

only the first two years of the phase-in could be gathered and only twe 

elements, engineering obsolescence and »pares modification, could oe studied. 

-1- 
See Footnote 1, page 10 above. 
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Th« results, therefore, are restricted to the early phase-ln period and 

reflect the impact of both in-plant or contractor obsolescence and limited 

applicability. The data uaed for estimation consisted of the Technical 

Orders written on the F-100 and $-52 up to May 1956» The "method of analysis 

was the same as that followed on the F-94 (PP* 11-15)» 

A. Spares FnFlneerlr.f Obsolescence Costs 

As of May 1956, 57 Tech Orders had been issued covering F-100 air¬ 

frame desien changes. Of these, 13 called for the condemnation of one or 

more delivered airframe spares. The dollar value (unit price x quantity on 

hand) o:’ tjch condemned spares was approximately $17,500. As in the case of 

the F-94, almost all of the condemned parts were inexpensive (unit price less 

than fio). By March 1956, slifhtly more than $30,000,000 worth of F-100 air¬ 

frame spares had been delivered to the Air Force. Thus, less than 0.1 per 

cent of the value of delivered airframe spares had been rade obsolete by 

reason of desim change durlne the first two years of the F-100 program. 

The F-100 program is still too embryonic to make any sweeping generalisations 

about the ultimate importance of spare engineering obsolescence; but the 

results obtained appear to corroborate the estimates of design change impact 

for the F-94 during the early phase-in period. 

The importance of spares engineering obsolescence in the n-52 program 

to date parallels that for both the F-100 and F-94. Of the 256 3-52 Tech 

Orders issued by July 1956, 36 made some delivered spares totally obsolete. 

The total dollar value of the roughly 150 condemned parts (as of the most 

approximate date following the T.O.) came to $133,000. By May of 1956, 

^Cbtalned from the Spares Administration Division, North American 
Aviation Corporation. 



P-ICS5 
10-31-57 

-27- 

Äbout 0.3 per c«nt of the tUU million of delivered B-52 airframe items had 
1 

beer nade obsolete by reason of desifrr' chance. Airain, the low value of 

spares ennineerinp obsolescence during the early B-52 program bore out the 

F-04 results. 

B. Spares MaiifIcatlon Costs 

Or.ly eight of the 57 F-10C Technical Orders called for modification 

of delivered spares. The cost of parts and labor require! to perform the 

necessary modifications totaled $34,000, of which almost 90 per cent repre- 

sented labor expense. Thus, the coat of spares modification came to atout 

0.1 per cent of the value of F-100 airframe spares delivered during the 

first two years of the F-100 program. 

Spares modification was called for on 35 of the 256 B-52 Tech Orders. 

The value of material and labor required to perform the modification comes 

to $267,000, of which about ¿0 per cent was for modification kits and 40 

per cent for labor. As of mid-1956, B-52 sparss modification costs amounted 

to about 0.6 per cent of the value of delivered airframe spares. 

During the firat two years of the F-100 and B-52 program, the cost of 

sparse modification rsqulred by design change was less than one per cent of 

ths value of delivered spares. These results are consistent with the esti¬ 

mates dsrived for the F-94 during the early phase-in period. 

VI. DISCU3510»: OF RESULTS 

The cost estimates of spares design changes developed in this study 

should be interpreted as approximate values. A variety of problems, includ¬ 

ing chanring dsfinitions of key words in Air Force records over time and 

^The value of B-52 airframe assets was obtained from Ü3‘F Property 
Çlaee Manarement Digest. Directorate Supply and Services, 0CA.VA. 

itJNHMIlBlIMW11 N 
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gãpe in »vÄilahl« data, mad« pr«cia* raaulta iuipoaeibl« to obtain, but thla 

should not narata tha jrararal conclusions drawn from tha aatimataa. Whila 

it is impossible to avaluaba, pracisely, how much has baan missad dus to 

paps in tha data, erpariarce with tha available iata indicata it is hlihly 

unlikely that tha obsolescer.ce costs under consideration have been under¬ 

estimated by more than 10 par cant. Tha data ware such that wa could at 

least know where tha paps existed and also what kinds of dasien changes 

ware irvolved. In no case is there a data pap involving tha impact of a 

major design change. 

In considering the results, tha fact that tha study examines only cne 

weapon, tha F-94, over its first line operational life should be kept In 

mind. Data on engineering changes indicata, however, that .noet aircraft 

behave in basically tha same fashion with respect to the timing and the 

number of engineering changes. Furthermore, the analysis of the design 

change impact upon the first years of sparse suppo-t for the 9-52 and F-100 

weapons support the estimates obtained for the F-91. 

In evaluating these results, ths fact that the present study estimates 

the spares impact of design change aa it occurs under present Air Force 

provisioning and procurement policies should be kept in mind. For example, 

were all aircraft designs froten, for a given weapon, when a specific number 

of that weapon had been produced, the results would have been different. 

Also, were the Air Force to spend relatively more resources on design changes 

of older model aircraft and less in producing new modelten the fu‘ure, the 

results of this study would not be imuediately applicable to the future. 

However, no such institutional changas appear in the offing. 

The broad conclusion of this study, than, can bs stated: over ths 

life of a weapon the cost of airframe spares design change, including 
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obsol«8c«nce And modification of dallverad apap«at In-plant obsolescence, 

and limited use may eventually be as much as 10 per cent of the value of 

delivered spares. For the F-9A model , a spares cost of five to seven per 

cent appears more nearly correct. 

It is not possible to state, with assurance, what provisioninír oolicles 

are "optimal” In the ll*ht of such obsolescence costs. Other costs, such as 

reordering and warehousing, must also be considered. However, in the light 

or this study’s introductory comments, it appears that the value of purchasing 

expensive spare parts on a "hand-to-mouth" basis until the design configura¬ 

tion of the end article become* hardened mifdit be considerable. Expensive 

(having a unit coat of more than $500) spare parts, which consist of only 

two per cent of the Air Force line items but more than 50 per cert of total 

spares* dollar value, are beginning to be controlled under an Air Force Hi- 

Valu program. In this "hi-valu" arse, the gain that would result from a 

decrease in spares* obsolescence costs might be considerable, at. a relatively 

small cost. However, the obsolescence costs Indicated by this study do not 

seem to warrant by themselvea a cbarc* in the present procurement policy 

for "low-valu" items, for which the Air Force is tending toward larre 

(poaaibly 1ife-of-type) initial buys. For "low-valu" ite^s, the costs of 

reordering and handling probably are predominant. These are, of course, 

only tentative conclusions but it is hoped that the obsolescence estimates 

supplied by this study will be helpful in reaching a firm, conclusion regarding 

provisioning policies. 
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