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i ABSTRACT

This thesis presents the results of an analysis of
cannibalization and its effects on the F-14A and S-3A
aircraft. The analysis includes cannibalization measurement
methodologies, reascons why squadrons cannibalize, a comparison

of fleet cannibalization activity and altermatives to canniba-

lization. Cannibalization is shown not to be a maintenance
practice to be avoided at all cost, tut rather a viable
cost effective alternative to logistic system failures.
Additionally, material issue response delays rather than
material shortages were found to lead to increased

cannibalization.
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I. INTRQDUCTICHN

A. 3SACKGROUND

Cannibtalization can te simply defined as zhe removzal ol
2 component Irom one aircraft for use in resicring another
zircraly %o 2 flyable status. For example, 17 aircrals
aumber one Is not ready Ifor flight because 1T needs a
replacement radio and aircraft number two has a Tunctioning
radio, then canniralization is merely removing the radio
Trom the second alrcraft and installing it in the Lirst.

On 29 August 1978 the Chief of Naval Cperations directed
all aircraft squadrons %o reduce their level oI camnitaliza-~

tion Ty 20 percent. In this connection, <the Chief of Naval

ot

Qrver=tions expressed great concern over the wasted aircrafl

mainsenance manhours thast were taking place every time a

mainsenance technician cannitalized a needed zomporent / 1_/.
These wasted marihours amounted %o doudle work In that

every time canniballization takes place wwo compernent removals

and *wo component insszllation are necessary., At the time

of <nis direction by the Chief of Naval Operazions, as

well as since that time, <*he F-13A and S-37 zircrafs nave

nad the aighest levels of cannivalization 2ver achleved Ty

any naval aircralt. Yo matier what cannivtalizatlion measure-

mens methnodology is used, the F-14A and S-23 zircralt are

-

numter one ard number *wo navywide. In facz, The F-14A

e —




aircraf? are cannibalized at twice =he overall navy-

ibalizaticn razte. 3ecause of this they were chosen

S0 te the sutlects of this cannibalization 3=udy.

[33)

This thesis has four majlor oblectives zs *tney relate

sc the Chief of Naval Operations goal ol reducing camnitali-

tion. They are:

1. To research cannibalization measurement methcdology.

w
O

ince reducing cannibtalization bty 20 percent is the major

(%

Hy

otjective ¢ the Chief of Naval Operatiors, any s*udy ©
carni¥alization would e incomplete if It did not Include

an indepth analysis of nhow cannib®zlization is or can Te

2. To research why squadrons cannitalize. 3y nowing

wry a2ircraft squadrons cannibalize, majcr policy maxers
should be better zrtle tc assist squadrers in cannibalizaztion
reduction.

3. To presert a comparison of canniballzation In the

Atlantic and Pacific Fleets. By fnowing now <o measure

cannibalization and why squadrons cannitalize, the Chiel

of Naval Operations can estaolish z taseline =¢ compare tne
oresent levels cof cannitalization zo Iuture levels. Since
<ne Commander Naval Air Forces U.S, Aslantic Flee: =znd

<ne Commander Naval Air Forces U.S. Pzcilic Fleet zre

~ 3 - 3. a2 H vmm A - 3 L. -
raspcensitle Tor cannitalization reducsticn znd monlteoring

]
vl

N

iiith bimmtas e e ea L
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in their respective fleets, z study of canmnirzallization
would Te incomplete withouT 2 comparison between tThe Two,

4., To determine if canniralization is an evil or a

ot

f

riatle logisztic zlternative. The Chief of Naval Cperazicns,
in nis direction 0 tne flees, nas Tranded cennitalization

~
~

[5)
}._o
®

<ha*t wasted vzlua

[(]

) o

28 "an evil maintenance prac

"
ot

manpower” zand ne wanIs canniZzlization reduced 20 percent

by
3]
5]

cs of this

W]

om its preserz level, To underszznd the imp

identified

(<2
QG

goal, thne present level of cannibalization should

3

as well as the related cos*s *o she Navy. Then the guestion
cf cannibalization as a cost-erfectiive zlternative <o prover

logistic suppors needs to Se addressed.

. METHODOLOGY

Throughout *this thesis the reader should keep in mind
that zny analysis methodology chosen on any subject Is
ilzrgely dependent upon the situation the author Is =Trying
T0 portrzy. Policy makers, as well =zs thesis authers, will

~

cnoose <he mesnodology that tes® sSuppor®s their point of
view. TFor this reason many different methodologies will

te used throughout this *hesis in an effort *o minimize
individual crejudices.,

In znn 2ffors to find outT now TesTt To measure carnitall-
zation 2nd why carnibalization takes place, least squares
regression znalysis was perlcrmed throughout thls thesis.
Regression znalysis was perfcrmed using the general =guation

for z 3traighs line namely, 7 = 3 + MXA, where 7 is =he




A ettt o oo

Lo o

e i e omiom i i

dependen= variable zand X is the independent variatle. The
parameter 'B' represents *the Y-Intercept and 'M' Is the
sicre of trhe line.

For each regression analysis rerformed, a coefficlienz
cf determination (rz) was calculated, azlong with a T-statisti
and =2 regression equation,

Tre student-: distribution was utilized To estarlish
confidence levels for the slope coefficient where a t-stavistic
of greater than T 2.228 is significant at the 95% confidence
level., The effects of zutocorrelation on the regression
analysis were discounzed for one primary reason.

There is no reason %o suspect *hat if one month's
carmitalization activiiy is above average thai there will te
a2 tendency for the next months cannibalization activity to

be either above or below the average. Expressed another

way, cannibalization during a given month should not Te

influenced by now much cannitalization Sook place she pre-

a
tenance Suppor®t 0ffice (NAMSO) xeeps a complete data tase
cern 211 naval aircraf+. This data base contains documenta-
sion of every maintenance zction on every aircraft in zhe

3, Nz invensory [/ 2,2_7. Throughout “his =hesis, daza

)

from sne 2-M dasa tase Te*ween July 1679 and June 1520 was

\

i3




2, Navy directives and instructions. The daily operations

Hy

¢f aircraft squadrons are governed by iInstructions and
directives issued by 2 wide range of Navy commands. These
directives and Instructions establish *the vpclicies and pro-
cedures which all operating aircraft squadrons must follow.
2. Interviews. Since policies and directives zre
sutlect to interpretation by those who Implement then,

interviews were neld with squadron, funciional wing, and type

18

commander personnel.

D. ORGANIZATION
Chapter II of this thesis deals with the many dilferent
cannibalization measurement methodologies. Chapter III
is concerned with why aircraft squadrons camnibalize. <CJhapter ¢
17 presents a comparison study between NAL and NAP. Chapter
¥V deals with the question of cannibalization as an evil
or a2 viable logistic alzernasive. The cenclusions chapter

is a summary.




II. CANNIBALIZATION MEASUREMENT METHCDOLOGY

A. INTRODUCTION

Thus far, what cannibalization Is zand w#ho the nmajor

[@]
Y]
:

italization policy makers =z2re has teen presented. In
this chapter, the different methcdologies for measuring
cannibalization and which methodolcgies have been used
nistorically as z yardstick for cannibalization activity will
be explored. As was mentioned earlier, it is important to
understand that any measurement methodology chosen cn any
subject ma. er is largely dependent upon what type of envircn-
ment tvhe analyst or policy maker is trying to portray. For
this reason, measurement methodologies will be divided inzo
two major groups. In the first group explored, only <hose
meshodologies directed ty the Chiel of Naval Operaticns and,
as 2 consequence, by the major type commarders will te pre-
senzed. The second group of methodologies presented will

te alternatives o the first group.
=

B. MEASUREMENT METHODOLOGIES DIRECTED BY HIGHER AUTHORITY
The Chief ¢f Naval Operations / 1_/ and both major sype

commanders have directed all squadrcn commanding officers

%0 measure cannibalization acitivity in serms of canni®alliza-

tion removzls per 100 flight hours and cannibalization

removals *o *o%tal maintenance removals.




1. Cannibalization Removals Per 1C0 Flight Zcurs

Taking the number of cannibtaliza*ion removals in
an aircraf*t squadron per month znd dividing it 2y the number
of flight hours and then muliiplying =y 1C0 gives a ratio
of cannibalization removals per 100 flight hours. Figures
1 and 2 display navywide F-14A and S-3A cannibalization
a¢ctivity in this manner.

Intuitively, thils measure seems to e 35 good as
any, but leaves the maintenance manager with a very Iimportant
question to answer in using this measure: Is there a rela-
tionship or correlation between flight hours and cannibalization?

If there is a relationship or correlation between
cannibglization removals and flight hours, a simple leas<
Sqaures regression analysis should provide a large coefficient
f determination. Further, if a large coefficient of deter-
mination I1s provided in combination with a t-statistic that
falls significansly outside the $5% confidence iInterval for
testing the null nypothesis that the slope of the regression
line (M) is equal to zero, then a significant relationship
or correlation can be assumed. If this is the case, a
regression line based on cannibalization removals per flight
nour would Te an extremely wvaluable %ool in predicting
cannibalization removals for different flight nour scenarios.
However, great care must be taxken when determining zny cause
and effect relationship using regression analysis <o insure
the %wo v7ariables are causally related in <the manner assumed

by the form of =he 2squation.

}_.l
O~




FIGURE 1

Carmibalization Removals Per 10C Fiight Hours 2
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FIGURE 2

Tannibalization Removals Per 100 Flight Zours
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In the case of cannitalization removals pe

b1
b
[
b
L8]
[&]
ct

nour, a3 fairly strong relationship should exist. Af*ter all,

if aircrzaft are not flown then spare parts will not Te needed

ard, if spare parts are not needed, *hen no cannitalilizati

o

of needed spare parts would take place.

By using the general equation for a straight lire,
Y = Bt MX from Chapter I where Y corresponds to cannitali-
zation removals and X corresponds to flight hours. The
following regression results were ottained for the F-14A
and S-3A:

a. F-14 equation: Y = -273.22 + .4963X

Coefficient of Determination: r2 = ,7£9

5.76

t~Statistic: ¢

<

= 56.59 + 364X

Coefficient of Determination: <o = .824

b. S5-3A Equation:

t-statistic: t = €.84

In the case of both the F-14A and S-3A aircrafs,
the coefficients of determination indicate a fairly strong
relationship tetween cannibalization removals and flight
nours. This, in combination with t-statistics thas are far
outside of the $5% confidence acceptance region of 12.228,
makes flighT nours an extremely valiuable tool Ior predic-
+ing cannibalization remevals 2s operational zasxing (Iligzht
nours) varies. These relationships iIndicate that 7%

<he FP-14A d 32.4% oFf the S5-3A variance in carnitallizaztion

5

removals 2ach mon*h is flight aour related, and iIndicazes




v

2 strong relationship between cannibalization removals and
flight rours. Figures 3 and 4 plot the P-14A and S-34A
regression analysis data and the equations obtained.

By using a 10C fligh* nhcur Dase, these resulis say

0y

that approximately 50 cannitalization occcur for every 100

by

light nours cf the F-14A and 36 cannibalization occur
for every 100 flight hours of the S-3A.

2, Camnibalization Removals to Total Maintenance Removals

The second measurement methodology directed by the
Chief of Naval Operations 1is cannibalization removals %o total
maintenance removals. By taking the number of cannibalization
removals and dividing it by total maintenance removals, a ratio
is obtained. Figures 5 and 6 display F-14A and S-3A carniba-
lization expressed as a ratio of cannibalization removals to
total maintenance removalis over the time Iframe of this data,
A least squares regression analysis of cannibdbalization
removals, Y, to total maintenance removals, X, provides not
only an extremely large coeZficient of determinaticn for
the F-14A and S-3A aircraft, but also provides t-sitatistics
well outside the 95% confidence level. Figures 7 and 8 plot
tne F-14A and S-3A regression data. For *the PF-14A aircraft
the regression equation for cannibalization removals to
total maintenance removal was calculated to te 7 = -37G.6
+ L3064X, with a coefficient of determination oI .%49 and

3 %-3tatistic of 13.24., The $-3A regressicn esquasicn is

[N
il

1.47 = 383X, with =z coefficient of determination ol

O

O
)
J

M)

nd 2 t-statissic of 12.1.9,

¥




FIGURE 3

Cannivalization Removals Per Flight Hour
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Thus we see that Jor the F-144A almost +1 out of 100
maintenance removals were cannitalization vemovals; ZFor
The S-3A it was slightly more *han 38. The extremely righ
correlztion between cannibalization removals and *otal
removals makes this ratio an Immensely wvaluable tool In
rredicTing variations in cannitalization activiz<y.

As 2 footnote, 2 regression was made o desermin

ne correlation hbetween %toval maintenance removals, 7, and

ot
P

The F-14A aircraft provided an equaticn of ¥ = 466.82
+ 685X with a coefficient of determination of .86% and
t-statistic of 8.03., Likewise, the S-3A aircrafi's equation
was calculased to e ¥ = 52.60 + ,837X with a coefficient
of determination of .905 and a t-statistic of §.76. This
data indicates that 68.5 maintenance removals were made per
100 flignht hours of the F-14A and 93 maintenance removals
were made per 100 flight hours oI the S-3A. As expeczed,
flight nours drives total maintenance removals of which

cammitalization removals are a sSubset.

C. ALTERNATIVE METHODOLOGIES
Both methodologies directed by higher authority are very
usefz2l in =ne sense that cannitalization removais can te

predicsed with fairly high accuracy for a given Ilight nour

- ik
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1. Canrnibalization Manhours *o Total Maintenance Manhours

Cannitalization manhours are simply those manhours
expended by a squadron cannitalizing components. Total
maintenance manhours represents all manhours expended doin
maintenance including those manhours spent cannibalizing.

Carnivalization manhours divided by total maintenance
manhecurs gives the mainzenance manager an indication of
the impact of cannibalization in the overall maintenance
sffort. Figures 9 and 10 express this ratio for the F-14A
and S-3A aircraft over the time span of data. The yearly
mean ratio for the F-14A and S-3A aircraft was .048 and .058
respectively. This ratio on a yearly basis <ells major

policy makers that about five percent of the total maintenance

manhours expended in 2 yesar are cannibalization-related.
By using this ratio in conjunction with the yearly
cannibalization removals to total maintenance removals ratio,

+he maintenance manager zan get petter picture of the impact
=] Py

JO]

of carnibalization remcvals o the total maintenance eifort,

For example, the F-14A aircraft averages 4.8 percent of

2ll maintenance mannours cannibalizing, btut 33 percent of
a2ll maintenance removals are cannibalization removals.

The maintenance manager must te very careful in
using this data in combination. Total maintenance man-
nours are made up of a combination of removals, scheduled
main+tenance, unscheduled maintenance and suppcri-relatad

mannours,

28
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A least squares regression analysis of cannibalization
mannours, Y, to total maintenance manhours, X, for the F-14A
aircraft navywide was calculated %o te ¥ = -915.,5 + ,C538%,
with 2 coefficient of determination of .923 and a t-statis*ic
of 10.94, The S-3A regression equation is ¥ = -747.,7 = .0875X,

with a coefficient of determination of .380 and a2 s-statistic

3.

N

6. FPFigures 11 and 12 display *the F-14A arnd S-3A regres-

(o

o)
sion plot data. A Dbetter measure would be cannitalization
manhours to total removal manhours. Unfortunately, this

data is not available in the aviation 3-M data btase. If it
were available, a much more realistic picture would Dbe obtained.

2. Camnibalization Removals Per Sortie

Measuring cannibalization actions in terms of Iflight
hours only masks a more important cause of equipment fallures,
namely, the number of sorties. Ten one-hour flights produce
the same numver of flight nhours as one ten-hour flighs.
However, =an aircraft fiying ten one-nour flights has ten
times a2s many shecks from take-oifs and landings, as well
3s ten times more starts and sStops on the engine and avionics
components.

By taking cannibalization removals and dividing it
ty %re number of sorties, z more significant ratlio than
just flignt hours is obtained. TFigures 13 and 14 display
this me+*hodology for *he F-14A and S-3A aircral?l.

A least squares regression analysis of <he F-l144

airera’t using the numver of cannitalization remcvals,




Carmidalizasticn Manhours *to ZoTal Maintenance Marnours

Regression Plot - F-144 Navy
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FIGURE 12

Cannibalization Manheours *o Total Maintenance Mannours

Regressicn Plot - S~3A Navy

15,000 T
10,000 =t

'
5,000 -

|
, : | ,t

50,000 10¢,0c0 150,000 2C0C, 000




o d
+J
£
€21

£4

wovals Pe

or. Rer

-3
- -

oS
1]
o
a5 |

ERN
LaANN 2 2a

-

.

LA

T

o

.8C +

.L“O -y




FIGURE 14

o
2

1]

8N

T o=
-

Canniralizztion Remova

~
v

T

1.2




as 7 and the number of sorties as X produces a regression
equation of ¥ = -528.,67 + ,3859X with a coefficient of
determination of .825 and a t-siatistic of £€.87. The 3-3A
aircraft provides a regressicn eguation of ¥ = -76.38 +

1.08X with a .9C3 coefficient of determination and a t-statistic
of 9.64. Figures 15 and 16 display the F-14A and S-3A
regressicrn data plot and regression lines.

Both coefficients of determination are larger =k
the .76 and .824 obtained from the regression analysis of
cannibalization removals per flight hour. From this infor-
mation, the maintenance manager and policy makers czn conclude
that, for the F-14 and S-3 aircraft the number cof sorties is
a better explainer of the number of cannibalization than is
the number of flight hours.

3. Cannibalization Manhours Zer Cannibalization Removal

The next measurement methodology to be explored 1is
carnibalization manhours per cannitalization remova..
Dividing cannibalization manhcurs -y cannibalizaticn removals
gives *he maintenance manager and policy maker some Insight
into how much manpower is needed for the average cannitali-
zation removal. Figures 17 and 18 illustrate iis value
for the F~14A and S-3A aircrafz.

This methodology should give the nmaintenance marnager
2 feel for what is being cannizalized rather than now muca
carnibalization is taking place. A high manhour per cannlila-

lization ramoval average could mean shat the ccmponenis teling

cannitalized are narder to remove and replace <han 2 _ower
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zverage. This average can be used Tty policy maxers in
Searcring through the 3-M data base o see if there is one
varticular system which Is responsitle for a sudden rise
cr fall in the average.

A regression anzlysis of cannibalization manhours, 7,
to cannibalization removals, X, for the F-144 zircrafs
provided 2 regressicn equaticn of Y = 2025.4 = 2.30X, wWizh

coefficient of determination of .841 and 3 s-3tatis=ic

W

of 7.29. The S8-3A aircraft produced a regression equation
of ¥ = -€é47.5 + 5,08X with a t-statistic of 5.26 and a coef-
ficient of determination of .737. Clearly, cannibalization
removals create carmibalization manhours. Figures 16 and

20 display the F-14A znd S-3A regression data plot.

L, Cannibaglization In Terms 0f Eguivalens Manpower \

The total manhours avallable to =2 squadron are
relatively ccocnstant; what is dore with those manhours Is
not. Whatthe policy maker needs To &now IS noW nany manyears
can ze saved by not cannibalizing and what does thaT repre-
sent in sterms of cost. 3By xnowing this, the policy maxer
can decide where best to commit resources to minimize the
impact of cannibalization and if more resources will be
expended than saved in reducing cannibalization.

Aircraft squadron manning is based cn aircraft con-
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FIGURE 19
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Cannibalization Manhours to Cannitalization Removals

Pegression Plot - F-14A Navy
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Chief of Naval Operations Instruction 5320.170A. This means

each maintenance technician is expected to perform 252
nours of maintenance each month. By dividing cannitalization
manhours Ly 252, equivalent nan-mon<hs spent cannibalizing is
obtained. TIFigures 21 and 22 Illiustrate this methodology
for the F-14A and S-3A aircraft navywide.

With this information, a3 policy maker now has a
figure that can easily be converted into dollars. 2y
taking the average salary of a maintenance technician for
a year and multiplying it by the manyears expended, =a
total dollar figure is obtained.

The F-14 aircraft squadrons, for example, expended
379.5 man-montisnavywide cannibalizing in a single year.

By dividing this figure by 12, the number of mecnths in a
manyear, we obtain 31.62 equivalent manyears. Thus, navy-
wide, if F-14A cannibalization was reduced %to zero, 31.62
manyears would te available for other maintenance. Dividing
31.42 by the number of F-14 squadrons, which is 1£, provides
a value of 1.97 manyears per squadron.

If these 1.97 cannibalization manyears plus all
other maintenance manyears are less than the total availatle
manyears per squadron then no dellar savings can cccur Ly 2
reducticn in cannibalization. If, however, *his sum s
greater than available manyears %o a squadron, sSome amoun<

of savings can occur by 2 reduction in cannitalizasion.

I% is rno< 23T 2all zpparent +<hat <he mecss cost-elfecslive wWay
<o 40 *%nis is zy reducing cannibalizatiorn. J=her aress
ol 1 k

main<enance 3nould 23i30 te examined.
NI




FIGURE 21
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ITI. WHY DO SQUAPCRONS CANNTIBALIZE?

A. INTRCDUCTICN

In this chapter, the reason why aircraft squadrons
cannibalize will be examined. However, it is important =o
remember that there are as many different reasons to canni-
balize as there are aircraft squadrons and maintenance
managers. ZSach squadron works in a different management
environment with different constraints as well as different
goals *to fulfill. By understanding what cannitalization is
and why cannibalization takes place, we will be Letter atle

to measure i%s overall impact on aviation squadrons.

B. SQUADRON CANNIBALIZATION

1. Mgzterial Shortages

+3

he first and probably the moss obvicus reason IZor
squadron-level cannibalization i1s that a material shortzage
exists and the local supply system simply does not have a
replacement asset. In this case, the squadron level main-

the

iy

tenance manager n1as no cholce tut cannibalization i
aircraft is %o be restored o a2 missicn capatle <. atus.

In the case of a mzterial sncrtage of 3 replacement
asse* that cannot e cannibdalized (i.e., an o-ring seal
for 2 hydraulic cylinder), <he mainzerance manager's cnly
al*ernasive is %o walt for 3 retlacemens issex. ZHcwever,
“hat aircralft <nen beccmes =2valilzaZle 3S a 3ource Ior lunni-

valization of other assets.




Under the Naval Aviation Maintenance Program, supply
shortages are measured bty a3 not mission capatle supply (NMCS)
rate expressed in terms of its percent impact on aircraflt
readiness / 4 /. Aircraft readiness is obtained by adding
all *he hours in a month that an aircraft is ready for fligh=
(mission capable) and dividing those hours by 720 hours,
the number of hours in a 30 day month. Fcr example, if an
aircraft was mission capable for 555 hours in a month, its
readiness would be 555 divided ty 720 or 77 percent readiness.

Not mission capable supply 1is computed by summing all
the hours in a month an aircraft is not ready for flight
{no*t mission capable) due to material shortages and dividing

that value by 720 hours per 20 day month. For example, if

the sum of IMCS nours is 150 then the NMCS rate would be
150 divided ty 720 or 20.8 percent NMCS.

If MMCS drives cannibalization then squadron level
cannitalization would be expected to vary as a function
of the NMCS rate. By performing a regression znalysis of the
number of camnibalization removals, ¥, as a Ifunction of the
NMCS rate, X, for the F-14A zircraft, the equation was
calculated to be Y = 564,5 + 53,18X with a coefficient of
determination of .048 and 2 *t-statistic of .710. The S-3A
aircrafts equation was found to be ¥ = 1769.2 ~ ~,17.33 X
with a coefficient of determination of .04¢ and a s-statissic
9f .717. In Toth cases the t-statistic is well within zhe

2

95% confidence level of v2.228. This indicazTes zhat =n

48




null hypothesis that the slope of vhe regression line is
equal to zero is not rejected, The very small coefficients
of determination confirms the conclusion *hat the NMCS rate
nas little or no relationship to cannidbalization removals.
Figures 23 and 24 display F-14A and S-3A cannibalization
removals to NMCS regression data plots.

Material shcrtages will drive an individual decision
o cannibalize, but do not support overall cannibalization
rates. Squadron level maintenance managers consolidate
unfilled supply requirements to as few aircraft as possible
in order to maximize readiness. One would assume this shift
<o be true since no one would cannibalize a part if a re-
vlacement asset was available. Without this part consolida-
tion, we might expect to see the NMCS rate become more
proportional to cannibalization activizy.

This leads %o *he second reason for cannivalization,
tnat ¢f having a supply asset, but not teing able to issue
the asset to the squadron in the required time frame.

2. Supply Re§bonse Time

The aircraft carrier environment of today requires
aircraft maintenance managers to launcn aircraft in a 20-30
minute time-window. From the time aircraft-recovery is

over until the time of the next launcn of that aircralt is,

1% mest, 30 minutes. 3ecause of this, a replacemenr™ ccmpcnent

“hat takxes more *han 30 minutes to deliver is of 1istle use

to 2 maintenance manager.

kg
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Zven though a local supply activiiy could Ze 1CO percent
effective in meeting the Chief of Naval Operations goal of
one nhour supply response *ime, 1%t may not even come close
to meeting =he supporied squadrons maierial needs.

Many a mazintenance manager nas direcsed the camniTali-

~ -
- v

W
} ds

cn of 2 component prior to even ordering a replacement

component simply because the componen®t Was needed now and ro=

one nour from now.

3. Readiness Reaching

Readiness is measured against a tweniy~four hour
day znd 3 thirty day month, or a total of 720 hours. Zach

Time the air

O

raft is not ready for flight (not mission capatle),

the time it spends in a not ready status is subtracved from
720 nours to ger actual ready time. The readiness measure Is

3 percentage figure which is obtained by summing all the

actual ready *ime and dividing It oy 720 nours, The Chierl
of Maval Operations nas set az readiness goal Icr all squadrons

of 7O

o]

ercent. Aircralt rezdiness is so imporvant to the

Navry “hat it has become a determining JTactor in the career b

succass or fallure of squadren commanding officers. Ailrcerals

T ap—

2an e no:t ready for flight for many reasons, most of which
are in%ermal to Tne sguadren, zTut it 1s much essier ¢ tlame

a surper¥ing supply activiiy for lack of readiness Than o

i,

2dmis %0 she world <hat inzernal problems are he primary

| reascns for not teing ready.




To achieve the 70 percent readiness zoal, an zlircral:
must te mission capable for 5C4 nours each month., YNow wisthn
tnis goal iIn mind, readiness reaching as it applies <o cannita-
~ization and achleving 7C percen= readiness czn Te explained,

Zhe typical squadron maintenance crew while snore-
2ased works In ITwo 2ighz-nour snifts, five days 2 weex (1/
20 1/2 ¢f 2li F-14A and S-32 squadreons operasions are shore-
Tased 3t zny given %time), This means, 1litsle or nc main-
senznce is performed on weekends. Assuming a four weekend
menth, that means 192 nhours cf readiness time is accumulaczed
over the Iour weexends. In other words, 38 percent of zhe
5C4 rours required to meet Chief of Naval Operation standards
occurs during =z time period in which no maintenance is per-
Zormed. Add to that the eight hours a day that are no=s

covered Dy a itwo-shlift work force and the percensage Is

2]
1y

increased 3¢ T2 percent of she 5C4 hours necessary Tc reach

TNC standards.

These Tigures maxe 1T very profizatle in terms of

oy

»ezdiness %o cannizalilze on Fridays and during the seccnd

snift during the week even if the aircrafs Is ncet needed

&)

fcr tne nex® day’s flight schedule., 3y cannibalizing Irom
o<nher aircrafi and consolidating mazerial shortages, supply

response times and ozackorders are discounted. All thas

EA
[
td
®
=,
I+
3

needs %o e done 1s order 3 part, <aen cannit

W2it on =z System response Or risk a not-in-stocx sizuation

wren Snhe required readiness can te zcnleved Ithroush

-~
22
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5

arnitalization. 3y picxing and choosing cannitalization

[#)

time Irames, readiness can Te maximized at the expense
0ol a few exira manhours.

This readiness reachning policy consolidates IMCS
requiremenss %o tne minimum numter of aircraf*, avoids
supply response delays, and maximizes readiness %hat can e
gssentizl %0 Ihe squadron commanding officer.

4. OQOperatioral Commitments

Many type commanders view operationzl commiziments
as the only valid reason for cannitalization. After all,
if the zircraft i1s not needed %o meet the flight schedule
wny should we 2sk our maintenance technicians to 2xpen
double maintenance manhours Jjust to achieve readiness.
This view says, "Cannibalize when operational commitments !
require it and allow the supply system to react all other
<imes."” The CNC z2l1so directs that operational commi<menzs
are the only valid reason for cannitalization in his instruc-
tions to squadron commanding officers. Unfortunazely, zhe
CNC s7ill requires 70 percent readiness 1o be achlieved.
Squadron commanding officers have so many number
one priorities that the best Ithey can ever hope to do is
satisfice. Their rationale <ends %o be that if readiness
is 70 percen= and all operationzl commitments are made and
squadron tersonnel are relatively happy, then no cne WNould
@ver argue Wwith the amount of cannibvallization aczivisy,

Tnis view Is a2lso supported Ty 2 promotion system tna

W

.

amrnzsizes readiness rather Than cannibalization zcTivizy.

4

-
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JOperational commizments are measured in Terms of
flight hours. This has led to measuring cannilbalizaition
acticens per flight hour. This measuring criteria was
discussed in detail in Chapter II,

3. Avoid The Risk 0f A Stock Qut Or Missed Sortie

i3

ne supply system gcal as set out In Ihe Naval
Aviation Maintenance Program is to deliver GC percent of 21l
sguadren Issue-group-one demand In one hour., Issue-group-~
ore material is that material that makes an aircrzft not
mission capatle or reduced mission capable. This means
that, if a supporting supply activity 1is reaching the estab-
lished goal, ten percent of the time some period ol greater
than one hour, and in some cases weekXs, will be required to
deliver issue-group-one material.

In the case of the F~14A and S-3A, this 90 percent
goal has never teen achieved navywide. The F-144 and S5-~3A
nave averzged 20 percen® and 73 percent, respectively, for

the last 12 months.

4y

The maintenance manager's dilemma now tecomes thal o
rigking ordering 2 part and walting for it %to te dellvered,
while knowing that at least 20 percent of the iime, and in
the case of “he S-3, 27 percent of the =ime, *he order will
no* e filled, or cannibalize 2 sure *ning and not miss =z
scnedulad flight. Many maintenznce manager view camnidall-

z2zion 38 risk avoidance In Its purest form.
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2. Troubleshooting a Complex Aircraft

Very few, 1f any, maintenance maragers would argue
against the statement <that naval aircraft have become more
and meore ccemplex with each generation. Training demands
on new maintenance technicians are far in excess of the
demands placed on past personnel.

To minimize the zdverse impacT on mainzenance and
Zroubleshooting skills, modern aircraf*t sucn as the F-14A
and S-3A rely heavily on built-in-test (3I7) features for
troubleshooting. 3BIT simply tells the mainterznce man or woman
what is wrong with the system and which component or components
nas falled. This system works well, mcst of the time, until
the BIT? feature fails or a fallure occurs that is ocutside
the monitoring capacity of BIT., In the latter case many
error~-free components may ke changed tefore =2 faull is
correctead,

The removal oI error-Iree componenis oy a squadron

avel maintenance department is monitored Ty the supporsing

(=]

intermediate maintenance activity. This moniftoring takes
place so that intermediate mainvtenance managers can alert
squadron-level mainternance managers oI BIT problems or
faulty training of maintenance troubleshooiers.
Squadron-level maintenance managers and technicians
ncw become caught between a BIT system or “roukleshooter
sraining system shat nas faliled 2nd an in<ermediate main-

senance zactiviiy that monitors error-{ree compornent removal.

\n
O




To avoid this dilemma, the maintenance technician uses 2
xnown good system from another aircraft to troutleshoot

“he bad system. Simply put, *he maintenance manager directs
the cannibalization of a good aircraft to fault isolate

2 bad aircraft.

This type of cannibalization hides poor trouble-
shooting performances from the intermediate mainzenance
activity and perpetuates marginal 3IT system features,

By cannibalizing a good aircraft, to fault isclate a bad
aircraft, squadron level maintenance managers minimize their
error~-free removal percentages at the cost of a2 few extra
manhours. If squadron level maintenance managers viewed
error-free reporting by the intermedizte maintenance activity
as an indicator of a possible training or BIT system problems
rather than an indicator of their management ability, then
cannibalization for troubleshooting would be minimized.

7. Maintainzkility

In recent years the aircraft acquisition process nas
learned from past mistakes and has made maintainabilizy
a major design criterion for the acquisition of naval zir-
craft, Maintainability is the ability to repair an alircrafls
in a given time period assuming trained personnel and proper
replacement par*s.

The F-14A and S-3A have relied nheavily on maintaine-

atili<sy engineering from the very Zeginnming of <he acquisition

2]

ocess. However, Totn aircrafs nave she highest camnitailzazion

(e}

n
-3




rates by any methodolcgy ever experienced by naval aircrafd.
This cannibalization can, Iinpart be atiributed %o having

an 2ircraft whose compornent parts can be removed and replaced
so quickly (in most cases in less than 15 minutes elapsed

time) that waiting for a supply system to react to demand

does not seem to te an altermative worth considering.
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Iv. CANNIBALIZATION ACTIVITY 3Y MAJOR FLEETS
FOR T F-14A AND S-3A AIRCRAFT

A. INTRODUCTICN

This chapter will consist of two major sections. The
first section will deal with F-14A and S-3A cannitvalization
activity compared tetween the Naval Air Forces U.S. Atlantic
Fleet (NAL) and the Naval Air Forces U.,S. Pacific Fleet
(NAP). 3Both of the major type commanders of these forces
are responsible for the overall performance of all fleet
aircraft, fleet support aircraft and aircraft carriers in their
respective fleets. This comparison will be done using the
measurement methodology described in Chapter II.

The second section of this chapter will interpret the
comparison data presented in the first section and explain
the significant disparities tha*t exist between the two fleets
flying the same aircraft, in the same carrier environment,
overating under the same Naval Aviation Maintenance Program.

1. Cannibalization Remowvals Per 100 Flight Hours

In Chapter II it was shown that cannibalization
removals and flight hours nhad a definite relationship and
correlation for the F-1l4A and S~3A aircraft navywide; <haz
is, flight hours was shown to be a fairly strong predictor
of cannibalization removals with a coefficient of deter-

ninasion of .79 for *ne F-104A and .824 Tor =he S-3A and
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with t-statistics well outside of the 95% confidence regicn.
The data will now be seperated into that associated with
NAL and with NAP.

Figures 25 and 26 display NAL and NAP cannibalization
removals per 100 flight hours for both the F-14A and S-3A
aireraft.

In the case of the F-144A aircraft a regression analysis
of cannibalization removals, Y, per flight nour, X, by fleets
provides a coefficient of determination of .830, a t-statistic
of 6.98 and a regression equation of ¥ = ~54.19 + 0.648X
for NAP. The NAL fleet has a regression equation of Y = 75.02 1
+ 0.385X with a .556 coefficient of determination and a
t-statistic of 3.53.

A least squares regression analysis of the S-3A

aircraft provides the following results. The NAP S-3A squad-
rons produce a regression equation of ¥ = -52.89 +.400X with
a %t-statistic of 17.67 and a coefficient of determination

of .969, while the NAL S-3A squadrons yield a regression
equation cf ¥ = 133.88 « .317X with a t-statistic of 5.40

and a coefficient of determination of .745. Figures 27 and
28 plot the F-14A and S-3A regression analysis data.

Both regression analyses indicate that NAP canniba-
lization is significantly more light hour dependent zhan
NAL cannibalization.

Nhy flight hours is a much more significant faczor

in NAP than in NAL must be answered tefore any major canrila-
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FIGURE 25

! Carnibalization Removals Per 100 Flizht ZHours

; F-14A4 NAL and NAP
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FIGURE 26

Cannikalization Removals Per 100 Flight Fours
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FIGURE 27

Cannibalization Removals Per Flizht Hour
Regression Plot - F-14A NAL and NAP
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FIGURE 28

Tarnitalization Removzls Per Fliznt Jour
Regression 2los - S5-3A NAL and NA2
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2. Cannibalization Removzls to Total Maintenance Removals

The next major cannibalization methodology to be

[$Y]

axplored zs it relates to Zoth fleets 1s cannitalization
removals To totzl maintenance removals. PFigures 29 and
30 illustrate this methodology for both fleets using the
F~14A and S-3A aircraft over the time spand of the data.
A least squares regression analysis of cannibalization

removals, Y, to total maintenance removals, X, for the NAP

F-14A squadrons provides a regression equation of ¥ = -381.3

T 449X, with a t-statistic of 12.40 and a coefficient of
determination of .938, The NAL F-14A regression equation is

Y = 344.,9 + ,223%, Wwith 2 coefficient of determination of .489
and a t-statistic of 3.09. Using the S-3A aircrafit, the NAP
regression equatiocn was calculated to be Y = -21.9 + .375X,
with a t-statistic of 24.78 and a coefficient oI determina-

tion of .983. NAL S-3A sguadrons provided =z regression

(D

quation of ¥ = 20.73 = .356X, with a coeificiens of deter-

mination of .905 and a t-statistic of 9.81. [Iigures 31,

32 and 33, 34 display the F-14A and S-3A regression data plots.

3., Carnibalization Manhours to Toctal Maintenance Manhours

Figures 35 and 36 display cannibalization manhours
“0 %to%tal maintenance manhours for the F-14A and 3-34 i
aircraft by fleet over %“he time spand of <the datza base.

A leas® squares regression analysis Ior NAP F-14A

aircraft yields a regression equation ol Y = -10c¢T.4

~ ,CQ608X%, wixh coefficient of deserminzsicn cf .8C7 =z2nd
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FIGURE 23

Carnibalization Removals to Total Mainterance Removals

Regression Plot - S-3A NAP
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FIGURE 34

Canmnibalization Removals to Total Mazintenance Removals

Regression Plot - S-3A NAL
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FIGURE 35

Cannitalization Marhours to Total Maintenance Mannhcurs

F.14A NAL and NAP
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FIGURE 36

Cannibalization Manhours to Total Main*tenance Manhours

S-3A NAL and NAP
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a t-statistic of 6.46. The NAL regression equation was
calculated to be Y = 186.8 + .0429X, with a t-statistic of
4.12 and a coefficient of determination of .630., The S-3A
aircraft of NAL provided a regression equation of ¥ = 443.32
+ O408X, with a t-statistic of 5.72 and a coefficlent of
determination of .766. NAP S-3A aircraft produced a regres-
sion equation of ¥ = -341.6 + .079X, with a coefficient

of determination of .959 and a t-statistic of 15.4. Figures
37,38 and 39,40 display the F-14A and S-3A regression plot.

L, Cannibalization Removals Per Sortie

As discussed in Chapter II, cannibalization removals
per sortie present, a more realistic picture of the effects
of flight activity on camnibalization than do flight hours
alcne. The number of times an aircraft starts and stops,
takes off and lands has a much greater impact on components
than the number of hours a component 1s running.

By performing a regression analysis on the F-1.44A
aircraf® navywide, the coefficient of determination teitween

cannibalization removals and sorties was calculated ¢ be

.827 with a t~statistic of 6.87 and a regression equation

of ¥ = -528.97 + .8859X.
For NAP the F-14A data provides 3 regression equaiion
of T = -608.84 + 1.05X with a coefficient of determinaiion

of .881 and 3 t-statistic of 7.87. JAL F-14A aircralt
precduce a regression equation of o= 21,69 + 742X wizh 2

s.3=atistic of 4.46 and a coefficiens of deserminaticn of

.285.




FIGURE 37

Cannibalization Manhours to Total Maintenance Manhours
Regression PloT - r-14A NAP *
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FIGURE 38

Carnitalizaticn Mannours to Total Maintenance Manhours

Regression Plot - F-14A NAL
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FIGURE 3¢

Cannitalizazion Manheours to Tctzl Maintenance Mannours ;
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Regression Plot - S-3A NAP
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FIGURE 40

Cannivalization Manhours tTo Toztal Maintenzance Marnhours
Regression Plot - S-3A4 NAL
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The NAP S-3A aircraft regression provides a regression
equation of ¥ =-53.21 = 1.07X and a t-statistic oI 17.98
with a .$70 coefficient of determination. NAL S-3A data
reveals a regression equation of Y = 39.93 +~ 1.003X with a
7.55 t-statistic and .851 coefficient of determinavion.
Figures 41 and 42 display the F-14A4 znd S-3A regression data
plot.

5. Cannitalization Manihours Pexr Cannitalizastion Removals

The next measurement methodology to be explored between
fleets is cannibalization manhours per cannibalization removal.
Figures 43 and 44 display the F-14A and S-3A data by flieet
for *the +time spand of the data base.

By performing a regression analysis of cannitalization
manhours, Y, to carnibalization removals, X, the NAP F-14A
regression equation was calculated to te Y = 1340 + 3.7GX,
with a coefficient of determination of .837 znd a =-statistic
of 7.14, NAL F-14A aircraft provided a regression equation
of ¥ = -248.6 + 3.,99X, with a =-statistic of 13.53 and 2

efficiens of determination of .$51. The S-3A aircrzis

Q
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of NAP produced a regression equation of ¥ = -356 T £.3¢€X,
with 2 t-ssatistic of 12.29 and a2 coefficient of determination
of .9237 NAL 3-3A squadrons yielded z regresslion equasion

£ v = 311.3 = 3.20X, with a coefficient of dezerminaticn

o
+

.87% and a t-3tatistic of 3.40, TFigures 435, 56 and
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TIGURE 42
~apritaiization Removais Per Sortie
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FIGURE 46

Cannitalization Mannours to zlization 2emcvals
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Regression Plot - F-144 NaL

15,000-T

10,000 -

5,000

\n
[}
o
H
(@]
e}
o
’.__‘
U =
O
O
o
O dem
(@)
(@]

2

n




FIGURE 47

Cannitalization Marhours to Cannitalizztion Removals

Regression Plot - S-3A NAP
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FIGURE 48

Cannivbalization Manhours to Cannitalization Removals

Regression Plot - S-3a NAL
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6. Cannibalization in Terms of Equivalent Manpcwer

As discussed in Chapter II manpower available %o

a squadron is relatively constant, but what is done with

that manpower is not. Figures 4% and 50 illustrate F-14A
and S-3A cannibalization in terms of equivalent man-months
for each fleet.

Using <the F-14A aircraft as an example, NAL expended
12.2 manyears cannibalizing compared to 1G.4 manyears for
NAP between July 1979 and June 1980. Similarly, for <he
S~3A aircraft NAL expended 9.5 manyears carnnibalizing com-

pared to 11.£6 manyears for NAP over the same time period.

B. FLEET DICHOTOMIES

In the first section of this chapter, a cannitalization
comparison was presented between NAL and NAP using <he
measurement methodologies presented in Chapter II of Ihis
thesis, This ccmparison shows several significant dispari-
~ies between the *wo fleets znd leaves severzl very Iimperiant
juestions unanswered. Why is cannitallization signiflicantly
more dependent on flight activity in NAP squadrons than In
NAL squadrons, and why are mannours as a measurement criserion
more impor%ant o NAL squadron than NJAP squadrons?

Zguzlly as important as the unanswered questions 13 =he
overall picture that develops when 2all measurerent
methodologies are looxed at zogetrner. O the six measuremern:
methodolcgies presented, NAP clearly nhas = betzer camnlita-

liza%ion profile <han NAL using camnitalization removzls
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FIGURE 50

Equivalent Man-montisCannibalizing

S-3A NAL and NAP
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per flight hour and cannibalization removals per sortie as
criteria. NAL has a better cannibalization profile *han

NAP using cannibalization manhours to total maintenance
manhours, cannibalization manhours per cannibalization
removal, and equivalent manmonths as measurement criteria,
This leaves cannibalization removals to total maintenance
removals as the only remaining measuremen® methodology.

Using this methodology, NAP has =z btetter F-14A cannitalization
profile, but both NAP and NAL have the same profile for the
S-3A aircraft.

The only explanation for the dichotomies that exisz
between fleets when measuring cannibalization 1s that there
are different reasons for cannibalization in action. Chapzer
III of this thesis explained the reasons for cannibalizaticn.
Those reasons for cannibalization will now be explained as
they relate to sach fleet and should explain why these Ileezs
#ith the same alrcraft, on the same type of ship, cperating
under the same Naval Aviation Maintenance Program, have such
a significant difference in cannibalizztion profiles.

2, JNAL s NAP

Before attempting to explain the major differences
in cannitalization profiles *hat exis®t between NAL and VAP
an overall picture of fleet cannitalization and flight

activity must re presented. Tables I and II for the F-14a

>

and 5-3A zircraft will be utilized In an effort o present |

- 5 - |

-he major dichotomies that exist be-ween Tosh nmajor Tleess. ;
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TABLE I

F-14A
July 79 - June 80

Flight Hours

Sorties

Camnibalization Removals
Canmnibalization Manhours
Average NMCS Rate

Cannibalization Removals Per Flight Hour
2

NAVY ¥ = -273.22 - .4963X  rc = .769
NAL Y = 75.02 + .385X r? = 556
NAP Y = -54.19 + .64BX r? = .830

MEAN NAL 45.3
MEAN NAP 41.1

22023
13482

9989
36915
19.1%

t

ot

27357
17653
11244
58731
22.2%

.53
.98

)

O

Cannibalization Removals %o Total Maintenance Removals

2

NAVY Y = -379.6 + .LO6X 2 = 949
NAL Y = 344.9 + ,223X 2 = 489
NAP Y = -381.3 + 449X % = .938

MEAN NAL 38%
MEAN NA? 32%

+ =
"

T

ct

N

13.84
3-0“
12.40

()

Cannibalizasion Manhours to Total Maintenasnce Manhours

NAVY Y = -G15.5 = .0538X r© = ,923

NAL v = 18€.3 + .042cX r~ = ,820

an
ac

+
v

-
v

10.94

4,22

SODP D



NAP Y = -1067.4 ~ .0608X  r“ = .807
MEAN NAL  4.5%

MEAN NAP  5.0%

Cannibalization Removals Per Sortie

NAVY ¥ = -528.97 ~ .8859X  r% = .825
NAL v = 21,69 + 742X r? = 685
NAP Y = _608.84 + 1.05X r? = 861
MEAN NAL .74

MEAN NAP .63

ct
i

6.87
L.5€
7.87

ot
I

ct
1]

Cannibalization Manhours Per Cannibalization

NAVY Y = 2025.4 + 3.30X % = 8.41
NAL Y = -248.9 + 3.99X r = ,951
NAP Y = 1340 ~ 3.79X r? = .837

MEAN NAL 3.69
MEAN NAP 5.22

Cannibalization Manyears

NAVY 31.6
NAL 12.2
NAP 19.4

Removal

s = 7.29 ’
T = 13.93

T = 7.14




Flight Hours

Scorties

Camnmibalization Removals
Cannibalization Manhours
Average NMCS Rate

Cannibalization Removals Per Flight Hours
NAVY Y = -56.50 ~ .364X  r° = .324
AL Y = 133.58 = 317X 12 = 745
VAP Y = _52.89 + 400X 1% = .569
MEAN NAL  39.8

MEAN NAP 36.4

NA NAP

W
=
\O
N
N b
Ut OvOh~)
I SR WO LN S o
\O o oo
NOWWEHO

¢
|
O
w
=

T = 5.40
t = 17.67

Carmibalization Removals to Total Main*tenznce Removals

NAVY Y =

i

NAL Y

<

1}

NAP
MEAN NAL
MEAN NAP

Cannibaiization Marnours to Total Mainien:z

-61.47 = 383X  r® = .937

20.73 = 336X r° = .905
-21.9 = .375X% r? = 983
36%
36%

= 12.19
t = 9.81
t = 24,78

ce Mgnhours

NAVZ Y =
NAL 7 =
NAF 7 =

-
=747 ,7 - ,0€75X r* = 880
442,23 - [ CuCB% r< = 766
“341.,- - 0760X r~ = G50
< b

ot
1]
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MEAN NAL 4.8%
MEAN NAP 7.1%

Cannibalization Removals Per Sortie

NAVY v = _-76,88 + 1,08X r* = ,903 t = 9,84
NAL Y = 39,93 ~ 1.003X r% = .851 % = 7.53
NAP Y = -53.21 + 1.07X r° = .970 + = 17.98

MEAN NAL 1.06
MEAN NAP .97

Cannibalization Manhours Per Cannibalization Removal
2

NAVY Y = -647.5 + 5.08X r° = .737 T = 5.29
NAL v = 311.3 + 3.20X 2 = 878t = 8.40 i
NAP Y = 2356 + 6.36X % = 937  t = 12.26

MEAN NAL 3.65
MEAN NAP 5.53

Cannibalization Manyears

NAVY 21.5
NAL 9.9
NAP 11.6




For both the F-14A and S-3A aircraft, the fleet that had *he

most flight activity (flight hours, sorties) also had the

most cannibalizaticn activity. In the case of the F-144A

alrcraft NAP flew 5334 more flight hours than NAL and canniba-
ized 1255 more components. The S-3A aircraft of NAL ouzflew

NAP S-3A aircraft by 3146 £light nhours and cannibalized 1168

more ccmpenents.,

Flight activiiy by fleet may explain why one fleet
cannibalized more components but does nct explain why canni-
balization per flight activity is so different. In the case
of both aircraft, NAP cannibalization when measured against
flight activity was always lower than NAL. This otserva-
tion suggests that NAL must cannibalize for dirfferent reasons
than NAP,

Chapter III of this thesis presented seven reasons
why squadrons cannibtalize., They are operational commit-
men<s, material shortages, supply response time, readiness
reaching, risk avoidance, troubleshooting a complex ai~-
craft, and maintainability of design. 3Because toth fleets
fly the same aircraft, maintainability and itroubleshooting
a ccmplex aircraft can be discounted as reasons for different
cannibalization profiles. Readiness tetween Ileets has
always been so close to the same that it too can ve discounted
from *he picture. (Readiness figures have teen omitted from
this *hesis to keep it unclassified). This leaves operationzl

commi<ments, material shortages, supply response <ime and

96




risrz avoidance as the only reasons left to explain the fleet

dichotomies. By examining Tables I and II for the F-14A

and S-3A aircraft it becomes apparent that there is
a large dispariiy in cannibalization removals per flight
nour Tetween NAL and NAP.

In the case of NAP and the F-14A aircraft, the regres-
sion data for canribalization removals per flight hour indicates
that 83,0% of the montnly variance in cannibalization removals
is explained by flight hours for NAL only 55.5% of the monthly
variance in cannibalization removals iIs explained by flight
nours. Using the S-3A aircraft gives much the same results.
NAP S-3A aircraft indicate that 96.6% of the monthly variance
in cannibalization removals is explained by flight hours where
as NAL S-3A aircraft only explained 74.5% percent of monthly
cannidbalization removal variance with flight hours.

Both regression =znalyses indicate tnat NAP cannibali-
zation is significantly more £flight hour dependent that NAL
cannibalization, tut what is driving this difference?

Chapter III of this thesis concluded that material
shortages and cannibalization activity have little or n
relationship, but a higher materizl shortage rate will create
more risk of a stockout and may drive a squadron to cannibalize
to avoid risk., 1In the case of Toth aircraft the {leet wis!
the most cannibalization removals also has the nighest
average NMCS rate. 3oth fleets may te cannibalizing to
minimize risk, but the small difference in NMCS rate dces nos

appear *o explain *the significant diffsrences in cannitall-

)

zation removals per flight hour.
c7
°F




The only reason for camnibalization remaining <o
explain the different cannibalization profiles is supply
response time. Table III lists the top %en F-14A navywide
cannibalized components by fleet and average supply response
time from July 1979 to June 1980.

From this table, it is apparent that NAL drives the
navywide top ten cannibalization list for the F-14A. 1In
every case, NAL has many more camnibalization removals than
NAP. Even more significant is the fact that the average
supply response time for NAL is immensely longer than the
average supply response time for NAP, This data supports the
conclusion that NAL cannibalizes due to supply response time
delays much more than NAP in the case of the F-14A. (S-3A
data of this detail was not available)

The top ten navywide cannibalization removal lisz
accounts for 25.8% of all NAL cannibalization, 13.5% of all
NAP camnibalizasion and almost 20% of 2ll F-14A canniba-
lization. NAL's top ten cannibalized F-14A items total 2586
while NAP's top ten list is only 152¢. The difference
between NAL and NAP is 1059 items. This difference tetiween
NAL znd NAP, on the top ten items list alone, explains mest
of the difference in the mean rate tetween NAL and NAP when
measuring cannibalization in terms of flight activiiy. For
example, if NAL were to reduce its camnnibalization ty 1039
items (+the difference between NAL and NAP on *the <op sen

list) the following profile would develop:
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TABLE IV
F-144

NAL NAL NAP
(now) (after reduction)

Cannibalization Removals
P2r 100 Flight Hours
(yearly mean) 45.3 40,

N
=
’_J
'._

Cannibalization Removals

Per Sortie (yearly

mean) 74 .66 .63
Cannibalization Removals to

Total Maintenance Removsls
(yearly mean) 38% 32% 32%

This new profile explains the flight activity dichotomies
that exist between NAL and NAP, as well as the dichotomy that
exists between NAL and VAP when measuring cannibalization
removals to total maintenance removals. Considering the new
figures for NAL that occur, if NAL reduced cannibalization
by the difference between NAL and NAP on the top ten item
list all measurement criteria in Table IV become almost
identicai. This suggests that NAL cannivalizes to minimicze
supply response time delays.

This difference in supply response time between NAL
and AP on the top ten cannibalized item list may also
explain the cannibalization manhour differences between

flee<s.




All of the top ten F-14A cannibalized items are very
easy to cannibalize in th=* they require very few manhours
per component to cannibalize. By examining cannibalization
manhours to total maintenance manhours, cannibalization man-
hours per cannibalization removal and cannibalization manyears
in Table I and II, it becomes apparent that in the case of
both the F-14A and S-3A aircraft NAL has a much better can-
nibalization profile than NAP using manhour methodologies.

By cannibalizing items that require very few manhours per
component to cannibalize, NAL develops a cannibalization
profile where carmitalization manhours as a measurement
criterion, shows *that NAL expends less manhours in an absolute

and percentage sense cannibalizing.




V. SHOULD MAJOR POLICY MAKERS WORRY ABOUT CANNIBALIZATION?

A. INTRODUCTION

Cannibalization is simply an expression of a fallure some-
where in the logistic system. What causes that failure or
now much it costs to fix the failure is what majior policy
makers should worry about, not the fact that a component
was cannibalized from one aircraft to another. In this
chapter, canmnibalization as it relates to the logistic system
will be explained in an effort to determine if camnibalization
is an evil maintenance practice to be avoided at any cost or

if camnmibvalization is a viable logistic alternative.

B. COST OF CANNIBALIZATION

Chapter 1I of this thesis pointed out that the entire
U.S. Navy spent 53.12 manyears cannibalizing the F-14A and
S-3A aircraft between July 1679 and June 1980.

By dividing 53.12 by the number of F-14A and S-3A
squadrons (28) an average of 1.89 manyears per squadron was
spent cannibalizing. The question that must be answered is,
are the 1.39 manyears per squadron spent cannibalizing in
excess of total maintenance manyears availatble to 2 F-14A
or 3-3A squadron or do the F-14A and S-3A squadrons not

use all zvailable manyears to begin with?
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By dividing the 53.12 manyears into its rasic components,
a much different view of the cost of cannitalization in terms
0f manyears developes. For example, *the S-3A aircraft spent
21.5 manyears cannibalizing 14,59€ components. This means
that because there are 12 S-3A squadrons, the average squadron
spent 1.79 manyears canniballizing.

The F-14A aircraft presents much the same piczure, All
navy F-1l4A cannibalization was 31.52 manyears Tfor the period
of July 1979 to June 1980 (this equates to 1.97 manyears
per squadron spent cannibalizing). Of the 16 F-14A squadrons
14 are seagoing and two are replacement training squadrons,
A seagoing F-14A squadron has allowance for 1€8 organizational
level maintenance technicians. With the typical 80% marning
*hat is present navywide, this equates to 134 maintenance
cersonnel per squadron. One rZundred and <hir<y four men per
squadron times 14 squadrons equates *o 1876 manyears of
maintenance Ior the seagoing squadrons. All recorded
maintenance on the F-144A, including *the =wo <razining squadron
maryears, only equates to 650 manyears documented cetween
culy 1976 and June 1980, Clearly, 31.62 manyears is very
insignificant when compared against 1226 manyears available
for maintenance that is net utilized., F-14A and S-3A can-
nibalization does not cost extra manyears. It is merely
NOTKX %has can easily ve handled by existing manpower.

Nhere manyears may nave an impact on a squadron is at the

Norxcenser level. If one workcenter is doing mos®t ol zne
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camnibalization then cannicallizaztion mzy indeed nave an zdverse
impact on workcenter manpower. Tor example, if one wWork-
center accounts for the majority of canni®alization in 2
squadron, there may weil Te a manpower c0S% associazed wizh
cannibalization. In the case of F-14A ailrcraft Ifor example,
seven of the top ten navywide cannitalization 1list comporents
belong to one workcenter. This werkcenter could very pessitly

Ve working more manyears than availarle 2y working normal

time.

C. ALTERNATIVES TO CANNIBALIZATION

Cannibalization delivers %o the maintenance manager a
timely component that is ready for flight with a minimum
amount of effort. Cannibalization discounts logistic syszem
failures and allows the maintenance manager to work in an
environment of low risk, Cannibalization can maximize
readiress, nelp meet most, if not all, operational commiz-
ments placed on z squzadron znd discounis supply response
time delay prcblems. In fact, cannibalization allows air-
craft that have maintainability design features to utilize
“hose engineered features *to their fullest extent possitle
by not waiting for a2 one hour supply response time delay.

The only alternmative to cannitalizzsion, if readiness
and operational commiiments remain the same, 1s a logisztic

system that works with much beller accuracy than is now

ot

0gistic sys*en

'-J

oresent. The only probdlem is that <o Tix <he

<0 =he poin% where cannitalization is reduced Ty 20% nay
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cost 30 much more than cannibalization does that from a

cost-benefit standpoint it would be lixe throwing money away.

If the average manyear of labor zost as much as $1CC,000,00
then a 20% reduction in cannitalization By all F-144 and
S-3A sguadrons would only equate %o 1.06 million dollars
saved. Using an F-14A squadron as an example, 1.%7 manyears
times $100,000.00 times 20% is only 339,400.020.

If this savings of $39,400.00 is spent to reduce risk
of stockout by buying more spare parts or improving supply
response delays it is not going *to buy very much.

Thus, from a cost standpoin®, cannibalization is much
chezgper than 2 new logistic system. The only alternatives
are to fix all logistic reasons for cannibalization or pro-

cure an aircraf+t that is 100 percent reliable so tha% 2

logistic system is not needed.

ARV
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VI, CONCLUSIONS

This thesis presented an zralysis of carmizalizzztion

as it affects the F-14A and S-3A aircraft navywide and Ty

mz2jor <ype cormander. The ot jectives of this =h

T0 present camnitalization measurement mezhocdclo
squadrons camnibalize, 2 comparison Ty major fle
determine 1 camnibalization is in fact a viatle
alternative.

From this analysis o cannibalization it was
that cannibglization is cleezrly a function of Il
In fact, 76.9% of the menihly F-14A and
S-3A cannitalization wvarisnce is caused by <she m

variation In flight nours. It was snhown that tia

vetter predictor of cannitaliization acsivisy shan -he numter

Sortie activizy
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somewnere in the logis*ic system. The 7aigh tempo of carrier
operations that requires maintenance managers and zechnicians
S0 repalir a returning aircralt in less than 2C ninutes wizth
an aircraft that w~as desigrned fcr component remcval and
replacemen®t in less than 15 minutes, and 2 logistic suppor:

syszem based on a one-nour 3urply response time 1s where =he

!
'y

ctleam begins. Clearly, 1f cannizzllzation 15 =c te

reduced 2y 20%, the nhignest payoff posenzial is in reduced
supply response time.

The single biggest lesscn %o te learmed from this analysis
o7 cannibalizaticn is the fact that the act of cannidalizing
2 component is notv bad, dbut the doutle mainzenance manhours
“hat occurs is., We ask our maintenance technicians <o
2xpend double manhours tecause as maintenance and logistic
Tanagers we cannot maxe *the logistic sysiem serve us properiy.
Thus, the 20% reduc*ion called for by the Chiel of Naval
Jverations should be in manhours.

Cannivalization shculd e utilized, Tut tempered with
sound common sense until *he logistic system provlems taat
created it can Te corrected. However, the cost of fixing
the logistic system falilures may far exceed the cost of
the manyears spent cannitalizing now.

If z manyear of labor cost the U.3. Navy as much as
$100,000.00, tnen *ne <otal annual cos: of 211 F-14A and S-3A
cannibalization wculd only Se 5.3 millicn dollars. This

amounit of money would no%v do much <o nelp Zix a logistic
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system problem when you could only dbuy two or three spare
components per aircraft carrier Tefore your money ran OuT.
However, 1t may make a big dent in the supply response =*ime
problem if it were spent on computers o speed up tThe manual
issue of replacement components.

A 20% reduction as called for by she Chief of MNaval
Operations would reduce the deollars available To help Tix
the logistic system from 5.3 million %o 1.06 millicn.
Clearly, 1.06 million dollars would do very little in helping
28 squadrons reduce cannibalization.

Camnibalization should and can te minimized znd some
reduction is 2 sound achievable goal. But, why 20%? Why
not 15% or 25%? ANhat is so magic abtout a 20% reduction?

This reductian should be in manhours, not items camnivalized.
Nith this in mind, the author recommends the following aciions:

1. Measure cannibalization in terms of manhours.

2., If canmitalization must be measured in terms ol Jlight
activity, use sorties rather than flight hours.

3. Make supply response time instead of not missiocn
capable supply rates (NMCS) <he primary measure of supply
geffectiveness.

4, Zxpend resources reducing supply response time delzy
rather *than increasing stock levels Dby:

2. Reducing *he naval aviation maintenance grogranm
supply response time standard o 15 minutes, so engineered
maintainability design criterion can te Ifully utilized

Nitnout cannitalization;

ice




b, Relocate as many naigh demand, easy to remove and
replace componenis as space allows <o the flign: decx o
reduce issue delay %ime;

c. Automate zrhe DD-1348 and Technical Research
Sections of the Supply Response Center to allow for decreased
paper Work time on nmaterial issues;

d. Rearrange aircraft carrier sitore rooms sc com-
ponents *that meet the maintainability design criverion of
15 minutes to remove and rerlace are stored to minimize sheir
distance from point of demand.

5. Temper any camnitalization monitoring program with
sound common sense. Remember it is the acquisition and policy
setting process that gives maintenance managers, supply
officers and naval aviators an aircraft %o repair in thirty
minutes with a supply system based on one-nour responsSe time
and an aircraft designed which has componen®ts which can be

removed and replaced in less than 15 minutes.

.09




LIST OF REFERENCES

Chief of Naval Operations Messages 2921287 Aug 78 %

1420142 Mav 79 Carmibalizgtion Reduc*ion Progran.

Naval Aviation Maintenance Support 0ffice Repor:
=01, Cammibalization Analysis Summary,
July 1979 through June 1980,

Naval Aviation Maintenance Support 0Ifice Report
4790.A7958-01, 3M Aviation SCIR/Utilization/
Maintenance History # Scrubbed #, July 1979 <through
June 1980.

OPNAVINST 4790.2B, The Naval Aviation Mainternance
Program, 1 Oct 79.

110




INITIAL DISTRIBUTION LIST

No.

Defense Technical Information Center
Cameron Station
Alexandriz, Virginia 22314

Defense Logistics Studies Information Exchange
U.S. Army Logistics Management Center
Fort Lee, Virginia 23807

Library, Code 0142
Naval Postgraduate School
Monterey, California 93940

Department Chairman, Code 54 Js
Department of Administrative Scilence
Naval Postgraduate School

Monterey, California 93940

Professor Dan C., Boger Code 54Bk
Department of Administrative Sciences
Naval Postgraduate School

Monterey, California 93%40

Professor A. N. McMasters, Code 54Mg
Department of Administrative Sciences
Naval Postgraduate School

Monterey, California 93940

Commander Naval Air Force U.S. Atlantic Fleet
Code 53
Norfolk, Virginia 23511

Lt K.M. Myette, USN, Code 533

Commander Naval Air Forces U.S5. Atlanti
Fleet

Norfolk, Virginia 23511

111

Copies

2




