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SUMMARY

This paper reports on an experiment in predicting demand levels
for individual Hi-Valu airframe spare parts for the B-52 without the
benefit of B-52 ccnsumption data. The experiment was designed to test
the validity of a conclusion tentatively advancéd in an earlier study,
that the level of demand is related to physical and operational charac-
teristics of parts. To make the experiment as realistic as possible, the
predictions used only information on certain physical and operational
characteristics of the parts, the demand significance of which had been
svaluated with ths help of B-47 consumption experience. Information on
actual consumption experienced for these parts on the B-52 was delib-
srately left out of consideration. %

Cne hundred fourteen families of parts were considered. Each Masteé
Part Number was classified along with its substitutes, as: high—demand,%
low-demand, or intermediate-demand, according to physical and operationaﬁ
characteristics. These predictions were then compared with the consump-é
tion actually experienced during the first five quarters of 3-52 opera-
tion (February 1955 to April 1956). The results of Chi-square tests
were consistent with the hypothesis that level of demand was related to
physical and operational characteristics. These characteristics alone
were then found to be sufficient to classify parts, in the aggregate, asi
high-demand, low-demand, or intermediate-demand items.

The memoréhdum also discusses some of the theoretical foundations:

for the concepﬁ of service-life factors, and the relationship of these

to the demand predictions in the present study. The place of service-
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- life failures in a more general theoretical analysis of spare-parts:;
consumptionrié éxamined. Because of the relatively small part played by

 service-life failures during the early history of a new weapon system,
estimates of service-life factors are much less important for the pre-

. diction of spare-parts demand than at later stages in the weapon system's
history. The memorandum considers some of the implications of the data

" used in this research for the determination of service-life factors.

; The low over-all level of spare-parts demand observed in the five quar-

. ters covered by the data appears to be due to service-life considerations :

"and to the small size of the particular aircraft programs studied.
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I. INTRODUCTICN

This Research Memorandum deals with the prediction of demand for
airframe parté in the absence of consumptioh data on the parts in questio%.
Since, under present procedures, a very large fraction of the spare—partsg
provisioning is completed before significant operational experience with
the weapon on which the part is to be used becomes available, this problem
is central to spare-parts supply. Even with a deferred procurement policy,
some idea of the approximate levels of demand to be expected for particulér
parts is highly desirable. ;

This study forms part of RAND's continuing research on the demand for

spare parts.1 It does not complete our work on this important problem, l
nor does it recommend any particular procedure for early application in t%e
Air Force. It is rather a progress report and should be of interest to j
those individuals in the Air Force concerned with the problems of iﬁitial%
provisioning and with matters of broad supply policy. é
The study describes an experiment in predicting demand for B-52 air-é
frame spare parts in the absence of operational experience# The predictiéns
are based solely on certain inherent technical characteristics of these .
parts, such as their location on the aircraft or their function, which had
been evaluated with the help of demand experience on the B-47. The pre- .

dictions made on this basis agreed well with the reported consumption of

the same parts during the early phase-in of the B-52 weapon system.

1p.3. Brown, Characteristics of Demand for Aircraft Spare Parts, The
 RAND Corporation, Report R-292, July 1956. T.A. Goldman, Relationship

. Between Program Elements and System Demand for Airframe Spare Parts, The
' RAND Corporation, Research Memorandum RM-1858, 22 January 1957.
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An earlier study of data from the World Wide Stock Balance and

lconsumption Report for property class OlaF-Bb,?l indicated that the parts

exhibiting the highest demand rates tended to show one of the other of

certain inherent characteristics, and that the parts with the lowest

demand rates could be characterized in a similar manner by other inherent

characteristics of a distinctive nature. These groupings appeared to
correspong in part to the distinction between insurance-type parts and
operational-type parts used in Air Force provisioning.

The prediction of demand rates in the absence of operational

: experience is a central problem of initial provisioning. With present

. procedures, most of the initial provisioning is completed before any

fsignificant operational experience has been gained. Thus, most of the

%inventory is brought into the Air Force system on the basis of a priori

:predictions. Since predictions cannot be expected to be very accurate

before a great deal of actual experience has been accumulated, it seems

idesirable to delay the provisioning decisions on new weapon systems.2

It will never be possible, however, to defer all provisioning decisions ¥

‘until adequate demand experience is in. The very first decision, i.e.,

“the determination of the parts that seem eligible for some form of

Zdeferred provisioning, requires at least a rough prediction of the early

‘demand for each spare part under consideration. Therefore, it is

< ‘

i
i

1T.A. Goldman, Relationship Between Program Elements and System
Demand for Airframe 3pare Parts, The RAND Corporation, Research Memoran-

dum RM-1853, 22 January 1957.

21, Petersen, Savings from Procurement Deferral with Interim Con=-

.tractor Support: The Case of High-Value Airframe Spares, The RAN

Corporation, Research Memorandum RM-2085, 10 January 1958.

!

H
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necessary te search for better methods of making demand predictions prior%

to consumption experience; at the same time that means are developed to

|
delay critical or expensive procurement decisions. Deferred procurement :
: [
decisions will, of course, be less dependent upon the very crude early 2

predictions.







II, THE DEMAND PREDICTION EXPERIMENT

This section outlines in detail the procedure followed in conductingf
the demand prediction experiment. It describes the parts sample and how :
it was selected.

The Parts Sample

Originally, the experiment was intended to cover all parts, grouped %
by Master Part Number, in the Hi-Valu List for a single propertiy class,
in this case 1AFG. It turned out, however, that some parts had to be
eliminated. The -4 Handbook (Illustrated Parts Breakdownl), from which
irformation concerning the location, function, and construction of each
part was obtained primarily, did not give this kind of breakdown for a
number of assemblies, 31 in all. The information was published in separaée

technical orders: that were not available at RAND, and it seemed inad-

* visable to delay the research until they could be obtained. Since the

nature and fupction of many of the parts in this group was not entirely

. clear from the nomenclature alone, it seemed inadvisable to include thenm

in the classification procedure without precise information.<

1UsAF T.0. 1B-52B-4. _

24s it turned out, some of these assemblies, e.g., actuators, showed
demand rates in the B-52 consumption data which were among the highest
reported during the first five quarters, thus confirming the indications
of the research on B-47 parts. To this extent, their exclugion may be
presumed to have reduced the effectiveness of the classification proce-
dure used in the present experiment. In view of the diversity in observed
demands for the group of 31 as a whole, the decision to exclude these

assemblies, in the absence of adequate descriptive information, appears

in retrospect to have been justified. The parts covered by separate

© tech~order parts breakdowns are listed in Table k.
. r




Fuel tanks were also eliminated, partly because they are inherently
different from the other parts in this property class, but more parti-
cularly because the large number of master part numbers involved, 8% in
all, would have tended to give undue weight to this single and somewhat
unrepresentative type of item in the statistical analysis. On the basis ﬁ
of the B-47 data previously examined, it was supposed that fuel tanks
would prove, in general, to be high-demand parts. While as many as five f
demands were reported for individual master-part-number groupings in the %
fuel-tank categofy, dufing the five quarters studied, the number of items%
with no demand was relatively large, bringing the average demand down to '
a rather low level. It may well be that service-life factors play a

major role in the consumption of fuel tanks.

The Prediction Technigue

Each master part number was classified, with its substitutes, as
high-demand, low-demand, or intermediate-demand, on the basis of certain
inherent characteristics. The characteristics regarded as significant,
and their influence on the demand for the parts, were derived from experience
with the B-47 airframe parts consumption data, reported on in RM-1858. |
The following principle was used to classify the parts: Certain charac-
teristics are associated with (relatively) high demand levels; in the

absence of these characteristics, one should expect (relatively) low

* demand levels. The characteristics considered come under three heads:

material, location, and function. The way in which they were used in

méking the demand predictiens can best be illustrated by censidering the

predictions individually.
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High-Demand Farts

To the high-demand category were assigned radomes, because of
their exposed location and vulnerable material; and flabs, because of
their exposed location (in the sense that they are extended, beyond
the edgg of the wing, during take-offs and landings). Certain assem-
blies located in the vicinity of the engine inlet were also placed in
this category on the basis of exposed location.

The parts placed in the high-demand category are listed in
Table 1. -

Low-Demand Parts

Parts containing no material of a vulnerable nature, such as
plastic or rubber, not in an especially exposed location on the air-
craft, and not having a function which involves wear and tear, or
stress and strain, or high risk of damage, were classified as low-
demand parts. A part meeting these specifications in full would
presumably be an insurance-type part, in Air Force terminology. OSome
parts which the Air Force woﬁld not call insurance-type parts are
nevertheless characterized by relatively low demand rates in the
consumption data previously studied. In the initial stage of the
experiment, these parts were classified separately from the insurance-
type parts. Since it was found that the consumption levels were too
low to permit statistical differentiation between insurance-type parts
and other low-demand parts, the two classifications were later

combined for purposes of statistical analysis.
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The parts classified as low-demand are listed in Table 2. Those
parts which are considered to be of insurance type are-indicated by an
asterisk. The parts not of insurance type are essentiaily those for
which the function or location suggests some small risk of damage,
even though the part conforms in general to the insurance-type pattefn.
In particular, any part designated as, or resembling, a door was con-
sidered to be excluded from the insurance-~type classification.

Intermediate-Demand Parts

The parts in th€ intermediate classification are clearly not
assignable to either the high-demand or to the low-demand category.
They are in general those parts which would be expected to receive
considerable use in normal operation of the aircraft, but would not
undergo such excessive stress and strain as to exhibit very high
failure rates, e.g., the tail compartment doors. A second type of
part in this category consists of those which are exposed to substan-
tial risk of damage, but are in all other respects comparable to
insurance-type parts, e.g., cowl panels. The parts placed in the
intermediate-demand category are listed in Table 3. Table 4 lists
the families of parts for which parts breakdowns are given in

~ separate individual tech orders (see Footnote 2, Page 5).1

IThe master part number used to designate each group of line items
appears in the issue of the Hi-Valu List, T.C. 00-35F-1-1AFG dated 16
February 1957. Earlier issues of this publication were not available
at RAND. Omitted from this study were 84 master part numbers, with
their substitutes, which were included in this issue of the Hi-Valu
List but were not in the Air Force inventory during the first five quar-
ters of the phase-in of the B-52 weapon system. These were not appli-
cable to early configurations of the aircraft, and were not reported in
the World Wide Stock Balance and Consumption Reports for the period.
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ITI. ANALYSIS OF RESULTS

The predicted demand levels were matched against reported
consumption, as given by the World Wide Stock Balance and Consump-
tion Reports for Property Class 1AFG, during the first five quarters
of operation of the B-52 weapon system, from February 1955 to April
1956. The effectiveness of the predictions was analyzed by a statis-
tical technique known as contingency-table analysis, and found to be

extremely good from a statistical standpoint.

Contingency-Table Analysis

Since the use of a coﬁtingency table for the purpoSe of statis~-
tical evaluation of an assumed relationship may not be familiar to
non-statisticians, a brief explanation of the principles is in order;
The fundamental point to bear in mind is that the prediction technique
employed did not require an estimate of numerical values for the
predicted demand levels, since parts were only classified into high,
low, and intermediate-demand categories. The contingency-table tech-
nique does not require that the observations be expressed in numerical
values. It is therefore well suited to the present éase.

Use of a contingency table in testing statistical significance has
been compared to computihg the odds on a "parlay" in horse-racing. The
% present experiment is then equivalent to a lli-horse parlay. Each
3 thorse" has been picked either to win, place, or show; that is, each
| master part number has been assigned to either a high, intermediate, or
low demand level. Such a prediction need not imply a specific numerical

i value for observed demand, any more than picking a horse to win implies

an estimate of its time to run the race.
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It is obviously desirable in a three-by-three contingency table,
such as is here involved, to make some allowance for the consideration
that predicting a high demand level for a part which turns out to have
an intermediate demand level is not so serious an error as if it had
turned out to have a low demand level. The contingency-table procedure,
in effect, awards points for the various possible matchings between
predicted and observed demand levels. This procedure may be compared to
the rule that allows a player who picks a horse to place to collect on
his bet also if the horse wins. The odds on a place ticket are of
course always computed to make allowance for this rule. In the contin-
gency-table computation a similar adjustment is made. A necessary
difference is that the adjustment is made in both directions, instead
of only‘one as in horse-racing. That is, points are scored for an
intermediate-demand item which was predicted to be high-~demand just as
for an intermediate-demand item which was predicted te be low-demand.
The number of points scored for each of the possible matehings

takes account of the number of parts involved in the predietion, and of
the percentages actually observed in each of the three categories. This
is logical, for the same reason that a ten-horse parlay will pay longer
odds than a three-horse parlay. A 1l4-horse parlay ought, therefore, to
give very long odds indeed. By the same token, a player who always

% picks the favorite cannot expect as long odds as the one who picks an

é occasional long-shot. The level of significance resulting from the
econtingency-table computation is a sort of pari-mutuel determination of

the odds on the 11lh-horse parlay. To say that the computed value of the
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. measure €hi-square is beyond the .0Cl level of significance, as in this
. case, is equivalent to saying that the parlay pays better than 1,000 to
1. The statistical conclusion implied is that it takes more than mere
luck to pick a thousand-to-one shot consistently, and therefore that the
classification was consistent with demand experience.

The number of rows in the contingency table necessarily corresponds
to the number of categories used in making the demand-level predictions.
The number of columns had to be determined by the number of demands
recorded for the various parts. If only a small percentage of the parts
had shown no consumption at all, during the five-quarter period, the
parts might have been grouped according to the specific number of
demands reported, in a large number of columns. Since the percentage
of parts with no consumption was quite large, there were not enough
parts falling under the individual numbers to make this classification
practical. The number of parts in each column would have been too small
to give a good indication of the statistical significance of the predic-
tions. Indeed, there was no basis apparent for dividing the observations
into more than three columns.

Since there were only four parts with five or more demands, it was
natural to take this as the cut-off point for the high demand level. It
. would be equally natural to regard zero demands as corresponding to the
© low demand level. A comparison showed, however, that defining low demand
{ as one demand or less in five quarters gave a higher statistical signifi-
cance. It is rather striking that more than five demands in five

quarters, for these Hi-Valu airframe parts, constitutes a high level of -
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demand. If this situation is at all typical, as it appears indeed to be,
some very significant conclusions can be drawn for initial-provisioning
policies. |

Findings

The contingency table which evolved from the experiment is given
in Table 5. The top row in the table corresponds to Table 1. Of the
ten part-number groups listed in Table 1, four had no consumption
during five quarters, so the number 4 is entered in the first column
of the top row.v Two of the ten parts had demands of seven during the
five-quarter period, so the number 2 is entered in the third column of
the top row (five demands and over). The remaining four parts in Table
1 fall in the category two tc four demands, inclusive. In the same way,
the second row of Table 5 corresponds to Table 3, and the bottom row
corresponds to Table 2., Technical aspects of the computation procedure
are discussed in the appendix. The computed value of Chi-square is
considerably beyond the .001 level of significance.

The correspondence between predicted demand levels and actual
reported demands is readily apparent from an examination of the contin-
gency table. Of the parts for which low demand levels were predicted,
94 per cent had less than two demands in five quarters, but only 40
per cent of the parts for which high demand levels were predicted
had demands of less than two, and only 67 per cent of those for which
intermediate demand levels were predicted. Of the parts for which high
demand levels were predicted, 20 per cent had five or more demands in
five quarters, but only 7 per cent of those for which intermediate
demand levels were predicted, and none of those for which low demand

levels were predicted.
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The total number of parts demanded in five quarters was 206,
ihvolving 48 master-part-number groups,fnot all of which were included
in the 114 parts for which predictions were made. Of the total demand
of 206, only 56 demands, involving 22 master part numbers, were for
parts for which intermediate or low demand levels were predicted, an
average of 2.545 per master part number. Equally important, if not
more so, is the consideration that all but two of these 22 had less
than 5 demands. Of the remaining master part numbers for which demands
occurred, fiine had demands of 5 or more, ranging as high as 35. The
average number of demands per part (in terms of the master-part-number
groupings) was 5.7 for this latter category.A The potential value of a
predictive technique: which will make it possible to isolate these
high-demand parts in advance: is therefore evident. For the parts pre-
dicted as having low demand levels, average demand per master part
number was .244 in five quarters. For those predicted as having high
demand levels, the average was 2.3. For the group predicted as having
intermediate demand levels, the average demand was 1.29.

If consideration is restricted to the first four gquarters, covering
the first year of operation of the B-52 weapon system, the conclusions
appear even more striking. Consumption totaled 121 parts under 39

: master part numbers. Only 27 of these, involving 16 master part

é numbers, were for parts for which low or intermediate demand levels

é were predicted, an average of 1.7 demands per part. In fact, only one

| of these master part numbers showed more than two demands during the
four quarters, and this one had total consumption of four parts.,

; Average consumption for the other 23 partsﬂyag_&i} per master part

number.
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It is of interest to note that only nine master part numbers were
subject to demands in the fifth quarter which had experienced no consump-
tion during the first four quarters, suggesting that earl& c&nsumption
experience has a substantial predictive value. Subsequent research will
be devoted to evaluating this feature more precisely.

An extremely important point to observe is that no possible classi-
fication of the parts as high-demand or low-demand would serve to dis-
tinguish the parts which were demanded from those which were not demanded
at all during the five—-quarter period. This can be seen from an examina-
tion of the list of parts classified as high-demand, shown in Table 1.
The parts not demanded inelude flaps, radome, and duct assemblies. The
parts demanded also include flaps, radome, and duct assemblies, and as
many as seven demands were reported for these families. The concept of
thigh demand" corresponds under these circumstances to a probability
distribution, rather than to an average number of demands. It is of
course possible to describe a probability distribution in terms of its
arithmetic mean, but it must be realized that computation of the mean In
practice will involve an averaging of several zeroes with other,
positive numbers, as long as the period of observation is confined to
the first few quarters of the weapon system phase-in.

This feature appears to be a significant characteristic of the
phase-in period. In the consumption data on B-47 Hi-Valu airframe parts,
studied in connection with the research reported in RM-1858, very few
families, even those in the category of insurance-type parts, had no
demands at all over a period of four quarters, except in the case of

families having limited applicability. The difference can reasonably
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be attributed to the much larger number of aircraft in operation in the
. B-47 weapon system during the period studied, and to the influence of
. service-life factors. These considerations give added significance to

the analysis of phase-in data on spare-parts consumption.
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IV. THE PROBLEY OF SERVICE-LIFE FACTORS

Much attention is currently being focused on the efféét 6f long
service life on the demand for spare parts, among Air Force personnel
concerned with supply problems. The reader may wonder why the predic-
tion technique employed here takes no explicit account of the average
service life of the parts considered. In this connection it may well
be desirable to consider briefly the problem of service-life factors
and its relation to the present research.

As indicated earlier, this research is an outgrowth of an earlier
study based on examination of B-47 airframe parts consumption data.

The B-47 weapon system, at the time these data were obtained, was at

or near the peak of its operational program. For this reason, service-
life factors may be presumed to have played a less important part in
the demand for spare parts than during the first years of the phase-in.
However, even in such consumption data it is to be expected that a

part with a long average service life will exhibit a lower demand rate
than a part with a much shorter average service life. There is thus

an implicit consideration of service-life factors in predicting demand
for B-52 airframe parts on the basis of a study of B-47 consumption
data.

During the early phase-in, differences in average service life
between two parts may not be apparent because neither of them shows any
significant amount of consumption. It will be evident that the simple

three-way classification used in making these predictions would not be
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readily affected by this fact. The implications of this conclusion are
fairly fundamental to any system of demand analysis for aircraft spare
parts, and merit further examination. Before entering on a discussion
of the subject, certain conceptual matters need to be reviewed, to
avoid subsequent confusion.

The Servicetlife Concept

The concept of Yservice-life failure" mayibe said to apply when
the failure of a part is the result of the age of the part. Such
failures may be presumed to result from the cumulative effect of
operational wear and tear on the assembly and its components, or, in
some cases, from gradual deterioration of materials with age. In
either case, the cumulative effect of these causes over a given length
of time increases the preobability of failure of the part. For what
are evidently technical reasons, the probability of failure will in
many instances exhibit a relatively sharp increase after some parti-
cular age has been reached. Whether age, in this connection, is to be
measured in calendar time or in some other units such as flying hours
is a matter for separate consideration.

The consumption of spare parts in an airframe property class such
as 1AFG is not always or only the result of service-life failure. A

: part may fail andihave to be replaced for reasons not directly asso-
ciated with age. Among such causes of failure may be mentioned excessive
i operational stresses, mishandling by flight-crew members or by ground

| personnel, and accidental damage of various kinds, such as collisions,

hail storms, damage in landing, etc. In addition, a part mey be
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replaced before it fails, either through personnel error, or becauss of
a tech order, or on a mandatory basis. Mandatory replacement is fre-
quently based on the age of the part, but this is not always the case,

The ccncept of an Maverage' service life of, say, 800 hours for
a particular part does not, of course, mean that every such part will
fail precisely on reaching 800 hours, no more and no less, but only that
more failures can be expected to occur between 75C and 850 hours than
between 350 and 45C hours, or between 15C and 250 hours. It will in
general be true that service-life failures, as defined above, of a
particular part will occur at various ages of the part. By recording
the age of every part at failure it will then be possible to estimate
the probability of failure at any given age, and thus to construct
actuarisl curves or probability distributions deseribing the proba-
bility function for age of the part at failure.

If the average service life of a part is quite long, the part
may be replaced before it has reached the end of its service life, for
one of the reasons mentvioned above. It is reasonable to expect that
the longer the average service life of a part, the more chance there
will be of its being replaced before it reaches the end of its service
life. This is particularly true of parts with an average service life
longer than the anticipated operational life of the aircraft. Most
insurance-type parts appear to fall in this category. Since they have
no cpportunity to attain their average service life, any replacements
which occur must be attributable to other causes. If no replacements
occur for one of the other reasons mentioned, then total demand for the
spare part'will be zero. This is yne_rggggg_fgrmggl}ing these parts

Tinsurance type.™
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It is instructive to consider the analogy of an automobile in this

~ connection. Some parts of an automobile, such as the muff}er? the
spark plugs, the oil filter, etc., will need to be.replacéd at rela-
tively short intervals, compared to the life of the car itself. Other
parts, such as the transmission, the piston rings, or the radiator will
last much longer, although they can be expected to wear out ultimately.
Still other parts, such as the axles or the frame, may last indefinitely.
Almost any part can be damaged accidentally before it wears out, and
the longer the average life, the more chance there will be of such
accidental damage. Very few axles are replaced on passenger cars because
they have worn out, but accidental damage to the axle is not infrequent.
For some parts, accidental damage is sc much more important than normal
wear and tear and other factors related to age that they can be con-
sidered as a separate category entirely. The windshield, front grille,
and fenders are examples of such parts. With normal care, the front

~grille of a modern automobile could no doubt be expected to last for
thirty or forty years, by which time the automobile would be considered
an antique. A statistical computation from replacement data on auto-
mobile grilles would, however, indicate a much shorter average service
life, in the purely statistical sense of time to failure, because of

: the very high frequency of accidental damage to this part. The per-

; centage of such parts replaced because of service-life failure will

j consequently be relatively small. In other words, such parts seldom

| live long enough to die of old age.
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It is possible, thus, to think of every part in an airframe property
class as subject to replacement either because of serviece-life failure,
i.e., because of age, or because of other causes, in which random causes
such as accidental damage may be expected to predominate. For some parts,
the risk of replacement due to such other causes will be so high that
service-life failures will play an insignificant part in the teotal, while
for other parts, few if any replacements will be due to éther than
service-life failure, either because the service.life is very short or
because the risk of replacement from other causes is very small, or for
both reasons.

It would be very desirable to determine from early operational
experience, such as that examined here, whether service-life failures
or random causes will account for most of the consumption of a particu-
lar part, over the life of the weapon system. When replacement of a
part is predominahtly the result of accidental damage or other random
causes, average consumption during any time period should be in general
proportional to the number of aircraft in the system during the period.l
The important point is to distinguish this case from that where replace-
ment of a part is predominantly the result of service-life failures,

when average consumption during a given time period cannot be expected

i IThis would be true whether the demand probabilities can be

i assumed to correspond to the Poisson distribution, or whether some
other distribution would be more appropriate, such as, for example, the
negative binomial distribution. (See B.B. Brown, Characteristics of

" Demand for Aircraft Spare Parts, The RAND Corporation, Report R-2G2,

- July 1956,,Sec. Iv.)
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to be proportional to the number of aircraft operational during the

period, unless the system has reached maturity, in an actuarial sense.
Initial replacements-of such parts may be expected te be roughly propor-
tional to the number of aircraft in the system at an earlier date, at

a distance of one service life from the period in question. For parts
with a relatively long service life, a mixed case may arise where
replacements ‘due to random causes play a small but not insignifieant
part during the phase~in, while service-life failures predominate at

a later stage. .

Implications for Present Study

In the light of the preceding paragraphs, what conclusions can be
drawn from the data under examination, with respect to service-life
failures? With regard to the large number of families of parts for
which no demands occurred during the five-quarter period, it is evident
that no positive conclusions can be drawn. If a part has not failed,
there is no basis for determining whether any future failures which
may occur will be due predominantly to random causes or to service-
life factors. It is, of course, possible to draw certain negative
conclusions. If a part has had no failures during five quarters, it is
presumably not a short-service-life part. By the same token, it is
presumably noct subject to a very high risk of damage or failure from
random causes. This information has value, but, of course, indicates
only a probability. /

The fact that one or more demands were reported for a part does
not necessarily mean that more positive conclusions can be drawn than

% in the case of pérts with no consumption. This fact can be exemplified v

by a part for which only one demand occurred; falling in the last of
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the five quarters for which data were obtained, as in the case of the
Hoist Assembly, Master Part Number L-51006-3, in Table Biw_In the
absence of further information, there is no way of determining whether
this consumption was the result of service-~life failure or nct.
Specific inquiry might make such a determination possible by Air Force
personnel, but it cannot be made from the consumption data alone until
data covering subsequent quarters become available.

There are, however, certain patterns of consumption which provide
information of a substantive nature. Consider, for example, the Tip
Protection Gear Wheel Door, Master Part Number 4-3294-146, the Wing
Tip Assembly, Master Part Number 5-69631, and the Upper Cowl Panel,
Master Part Number 5-46620-2C1, also listed in Table 3. Demands for
these parts occurred early in the five-guarter period and were not
followed by increasing demands in subsequent quarters. This pattern
is not consistent with service-life failure, and may therefore be
regarded as prima facie evidence that random causes dominate the
early consumption of these parts.

A pattern more likely to be the result of service-life failures
is exhibited by the Actua%qr Cylinders and Steering Metering Valves
listed in Table 4, showing demands which tend, roughly, to increase
from one quarter to the next. The possibility that inherent defects,
either in design or manufacture, are responsible for these failures
cannot be excluded, however, %Once agéin, the value of additional infor-
mation, supplementary to that provided by the consumption data, which

can be available to Air Force personnel, must be emphasized.
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These last two demand patterns represent extremes. HMost of the
parts for which demands cccurred cannot be said to fall definitely into
either category, as far as the pattern of demands is concérﬁed. Further
research on the analysis of system demand during the phase-in period may
make it possible to utilize the information provided by early consumption

data in forecasting demand rates for spare parts.
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V. CONCLUDING REMARKS

1 This experiment provides an answer to the question: Lisrit
possible to predict demand rates for airframe spare parts in the
absence of consumption? The results indicate clearly that such prediec-
Vtion iérin fact possible within certain limits. In view of the low
levels of consumption observed, a limited prediction capability appears
to be relatively satisfactory in terms of supply requirements during
the early phase-in of a new weapon system. The consumption experience
obtained during this early period should provide a firmer basis for
forecasts of subsequent spare-parts demand. Further research is under
way on the relationship between early and subsequent spare-parts demand.

Although the results of the experiment. indicate that some predie-
tion of spare-parts demand is possible in the absence of operational
experience, the implications to be drawn must depend to a considerable
extent on the framework of policies and procedures in which these
results are considered.

When the number of aircraft in operation in a particular weapon
system is small, as is the case during the early phase-in period, the
operational program is necessarily small, It can reasonably be antici-
pated that the consumption of spare parts will then be relatively small.
This expectation is borne out in the present instance. These data also
show that parts which are identical in nomenclature and function, and
differ only in their location on the aircraft, such as the left and

right wing tips, may have different demands. Such differences are

Just for this reason, howgver, the differences are large in percentage terms.
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If the simple classification procedure used in this experiment
to predict demand levels had proved unsuccessful, there would be
reason to reject the possibility of using more refined techniques to
obtain more precise estimates of consumption. Since this relatively
simple procedure has shown itself in fact successful, the possibility
of making more precise forecasts cannot be reasonably excluded.
However, the wide differences in observed demands for parts with the
same nomenclature, referred to above, should suggest caution in this
direction. The widespread feeling among those familiar with Air Force
provisioning procedures that precise computation of requirements in,
initial provisioning is not warranted would seem to be confirmed by the
data examined herein.

It is important to determine, as has here been attempted, that
demand rates during the early phase-in period can be predicted with a
degree of accuracy which, if not high, is at least adequate to meet the
needs of the policies in current use. Experience in the Logisticé
Simulation Laboratory has shown fairly clearly that if it were impossiblev
to set upper, and by’émplication lower, limits to the consumption rates
to be anticipated during the early phase-in, as a basis for provisioning
decisions until estimates of demand rates could be obtained from actual
operational experience with the weapon system, there would be little or
no foundation for a policy of deferred procurement.

A substantial degradation of the effectiveness of deferred pro-
visioning techniques was found to result from the inadvertent use in

the Laboratory failure model of demand rates for Hi-Valu parts which were
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artificially, and therefore unexpectedly, high. This experience shows
that deferred provisioning techniques implicitly requireran upper bound
for demand rates on the parts involved. If a relatively higher upper
bound is assumed for some parts than for others, then a lower bound is
also needed if procurement costs are to be effectively reduced by the
recommended policies. By the same token, attempts to derive scientific
techniques for predicting demand rates from consumption experience
would be pointiess if there were no basis for making initial previsioning
decisions beforé such experience is available. Stockage policies
derived from the theory of inventory control, however insensitive to
errors in demand estimates, must at leést presuppose that the order of
magnitude of the mean demand is in fact known. It is precisely this
assurance that the experiment here reported was intended to provide.
Such an experiment can offer a groundwork for the development of
improved provisioning technigues. It cannot of itself indicate a
preferred technique. As stated previously, it is intended as a part of
a continuing research project on the analysis of system demand for

spare parts.
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Appendix
RESULTS OF THEE CHI-SQUARE TEST

To test the significance of the relationship between reported

7 consurption and the classification of the parts (by master-part-number
groups) into high, intermediate, and low-demand levels, it seems appro-
priate to employ the null hypothesis that the relationship observed is
due to chance alone. The contingency table shown in Table 5, obtained
from the tables in the text, gives a value for BGhi-square of 43.8729,
with four degrees of freedom. This corresponds to a significance level
beyond .001l. In other words, a relationship as close as this would be
obtained by chance alone much less than once in a thousand times. In
statistical practice, a level of significance of .Cl or less is
ordinarily regarded as highly significant.

The grouping of the data in setting up the contingency table con-
stitutes something of a problem. As pointed out elsewhere in the present
Research Memorandum, the classification of the parts was carried out
with no knowledge of the consumption data, in order to make the experiment
completely objective. Consequently, the low levels of consumption
reported came as something of a surprise. Because of the low demand
levels, the grouping of the consumption data in setting up the contin-
gency table proved more critical than had been anticipated. Grouping
the data in a larger number of columns (smaller cell width) would result
in an unduly small number of observations to a cell, and more degrees of
freedom. On the other hand, a smaller number of columns (larger cell
width) would tend to reduce the sensitivity of the test and to obscure

some part of the relationship being tested.
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It was evident from the first glance at the data that all of the

3

observations in excess of four or five demands per part (i.e., per
N v sl .
master-part-number group) would have to be grouped in one column.

This left the problem of dividing up the interval from zero to five.

On theoretical grounas it appears desirable to separate parts demanded
z in two or more separate quarters from those demanded only once. Hence
§ the division between parts with one demand or less and those with two
to four demands. A division of the latter group into two parts did

not seem to be warranted by the number of observations contained in

the interval. The groupings made involve a certain arbitrary element.
Any other groupings which could be made would presumably be no less
tarbitrary. The reader is at liberty to construct his own contingency

table from the data in the text.

For any reader who is not familiar with the computation of the
;AChi-square statistic from a contingency table, the procedure may be

| deseribed in detail. The entry in each cell is squared and divided by
the product of the corresﬁonding row total and céiumn total. The

quotients are summed over all cells, and the sum less one is multiplied

by the total number of observations. This product is the value of

Chi-square.:L There are four degrees of freedom in this case. The

. computation is shown in Table 6.

1cf. Cramér, Harald, "Mathematical Methods of Statistics,™
(Prlnceton University Press 1951), Page h43.



Table 6

COMPUTATICN OF THE CHI-SQUARE STATISTIC

£50-1 2~ A‘S and over
High L x L L x 4 2 x 2

10 x S4 10 x 16 _ 10 x L
Intermediate 182 x 18 7 x 7 2 x 2

27 x 94 27 x 16 27 x 4
Low 72 x 72 5x 5 0

77 x G4 77 x 16

Lxlk oL 16 o .17021

10 x 94 = 940
18 x 18 _ 32k _
R siss .12766
72 x 72 . 5184 _
T x5, | 7238 -71622
Lxh . 16 _
70 x 16 %0 - 10000
Jx7 - L9 _
- 27 x 16~ 1432 ~H343
5x5 . _25
T x 16 -~ 133 -02029
2x2 . b -
10 x 4 L0 10000
2x2 . & .
27 x 4 108 -0370
1.38485
~1.00000
.38L85
x 114

43.87290

Source: Table 5
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