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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 carnibalization measurement

methodologies, reasons why squadrons cannibalize, a comparison

of fleet cannibalization activity and alternatives to canniba-

lization. Cannibalization is shown not to be a maintenance

practice to be avoided at all cost, but 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. _7ZTROD)UC T 10N

A. AKGROUND

2annibalizazion can b-e simply defined as thne removal of

a ,omro-'ent from one aircraft for u-se :n*. rest crin-g arnotner

~~catto a flyabjle status. For examp'le, if a -craft,

number orne is not ready for flight because it- needs a

replacement radio and aircraft number -Iwo has a fu,.nctioning

radio, then cannibalization is merely remov--ng the radio

from the second aircraft and installing it in th' e first.

On 29 August 19758 the 'Chief of NavalI Operat:ios di~rected

all ai-rcraft squadrons to -reduce their level of cannibaliza-

tion by 20 percent. in this connection, -.he Chief of Naval

OLrera-.i-ors ex-ressed great concern over th e wast.ed aircraft-1-

main-enarnce manhours that were taking place every time a

main-tenance techn~cian canniibalized a needed oomponent I13

These wasted manhours amounted -to double work in tLhat

every time cannibalization takes place t wo component removals

and two comronent inst.allation are necessary, At t.he -..!.me

of this direction by the Chief-L of Naval Operatlions, as

well as since that; time, the F-14A and S-3A airoraft have

nadthehighest levels of cannibalizati4on ever ac'neved '-y

.ny naval aircraft. No mat-er what canniba14izton measure-

ment, metnodolog-y is u-sed, the F-14A and S3> aircraft are

numoer one and number two navywide. in fac, -e 7--A



and S-3;A aircraft ax carn oaized at twice thne overall rna--
w~d canibliztio rae 'Because of t'-Is they *.eecosen

to b.e the subj-ect s of this canrnibalizaticrn study.

Thsthesis has four major objectives a hyrlt

to 7the Chief of Naval Operations goal of reducing cann:.al-

Za::1on. They are:

1. To research cannibalzatiocn measurement Tne7",-odcoT;.

Since -reducing carnib'alization by 20 percent is the major

obj*ective of thIe Chief of NavalI Operations, any st-udy of

c arxibaliaion -mould be incompletve i" it did not _:nclude

an indet h analysiLs of how cannibalization i 4S or can, '-e

measured.

2. To research whyj squadrons cannib-alize, By k-ow~r

why aircraft squadrons cannibalize, majocr policy makers

should be better- able to assist squadrons 2". cannibalizaclon

r educt ion.

3. To present a comparison of canilbalization in the

Atlant11ic and 'Pacific Fleets. By ictowinj how to measure

cannibalization and why squadrons cannib--a'lize, th",e Chief

of Naval Operations car. establi-sh a: bcaseline toc compare -,^e

)resent levels of c annibalization -to future levels. S i oc e

the Commander Naval Air Forces "I.S. AtlIantic Flee: and

-he ommander Naval Air Forces U.S. Pacific Fleet are

r esrcrsible fo-r cannibaIlzatlon reduct.or".n andntr~.



~their resuective fleets, a stcudy of carzib-al zatior.

wmould te in-complete without, a comparison beTween the two,

4. T o d e e r -ine if4 -,annib4al Iz aion -i4s an e vl o r a

v~belogist,_c alt.ernative. The Thi-ef of Naval Coerati4crs,

:nhis direction -.o the flee7, h-as bCranded carn4'ali-za-.ion

as "an evil maint-,enance orac-._'ze -.hat wasted valuab_,le

manrcower"' and h-e wantIs canrni'zaliz-a ion reduced 20 piercent

from it- s -oreser-t level. To urnders-.and the i-Mnact o.f I s

goal, the nresent level of cannibali4zation should b' dentified

as well as the related costs to the .Navy,. Then the question

cf cannibalization -as a cost-effecti4ve alternative to propDer

lo'gist4ic support needs to be addressed.

Throughout this thesis the reader should keep in mind

that any ana-lys~s methodology ohosen on any subject is
=1rel deenen upon the situat ion t he author :s 7rying

to nortIray. Policy makers, as well as thesi-s aut hors, will

choose t:he me-.hodology that best supports their point of

view. For this reason many different methodologies will

b-e used -throughout this thesis in an effort to mini4mize

:nd~vdua -.re jud-ces.

in an. ef.,ort. to -find out h-ow b-estI to measure cannibLa-

zati,-on and why cannibalizati-on takes place, least squares

reg-ression analysis was performed thnroughout th s tn'esls.

Regression analy sis was performed using the general equation

for a stagh ine namely, *1 3 MX, where Is the-

X, .



dependent variable and X is the independent varriablie. The

parameter 'B' represents the "f-ntercepT and '.4' is the

slope of -the line.

For each regression an.alysis rerformed, a coeffi-ient

of determination (r2) was calculated, along with a :-statis.ic

and a regression equation.

The student-t distribution was utilized -o establ-sh

confidence levels for the slope coefficient where a t-statistic

of zrea-er than - 2.228 is significant at the 95% confidence

level. The effects of autocorrelation on the regression

analysis were discounted for one primary reason.

There is no reason to suspect that if one month's

carnnibalization activity is above average that there will be

a 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 be

:n_-fuenced by how much carnnibalization took place the pre-

cedin-g mont,.

The following three primary sources of data were relied

upon:

_. Aviation 3-M data case. The Naval Aviation Main-

tenance Suzport Office NAIMSO) keeps a complete data base

on all naval aircraft. This data base contains documenta-

ion of :'very maLntenance action on every aircraft in ,he

. ':a-; inventory Z-2,3_7. Throughout this thesis, data

from the 3-M data tase between July 1979 and June .9C was

A.sed.

A,



2.Navy directi-ves and instructions. The daily operations

of aircraft squadrons are governed by instructiorns and

di'recti-ies issued by a wide range of' Nav-y commands. These

dlrec;ives and inst4ructi-ons establish the ollcies and zr-.c

cedures which all operating aircraft squadrons must follow.

T-. nterviAews. Since policies and directives are

s u C, ct to int.erpret ation by those who implement them,

-r~erviews were held with squadron, func~ional wing, and 7yr~

commander personnel.

D. ORGANIZATION

Chapter II of this thesis deals with the many differen7

cannibalization measurement methodologi es. Chapter III

-s concerned with wy aircraft squadrons cannibalize. Ch av)te r

IV :)resents a comparison study between NAL and NAP. Chapt er

V deals with the question of cannibaliLzaticn as an evil

or a viable logistic -alt.ernat!ive. The ccncluszons chapter

is a summary.

14



II. CANNIBALIZATION MEASUREMENT "METHCDOLOGY

A. INTRODUCTION

Thus far, what cannibalization is and who the major

cannibalization policy makers are has been presented. In

_tis chapter, the different methodologies for measuring

c arunibalization and which methodolcgies have been used

historically as a yardstick for cannibalization activity will

be explored. As was mentioned earlier, it is important to

understand that any measurement methodology chosen on any

subject ma, er is largely dependent upon what type of environ-

ment -he analyst or policy maker is trying to portray. For

this reason, measurement methodologies will be divided nto

two manor groups. In the first group explored, only those

me-hodologies directed by the Chief of Naval Operations and,

as a consequence, by the major type commanders will be pre-

sented. The second group of methodologies presented will

be alternatives to the first group.

B. MEASURENMT METHODOLOGIES DIRECTED BY HIGaR AUTHORITY

The Chief cf Naval Operations '-_ 7 and both major type

commanders have directed all squadron commanding officers

to measure cannibalization activity in terms of cannibaliza-

tion removals per 100 flight hours and cannibalization

removals to total maintenance removals.

15A



1. Cannibalization Removals Per 100 Flight 'ours

Taking the number of cannibalization removals in
ar. aircraft squadron per month and dividing it by the number

of flight hours and then multiplying by 100 gives a ratio

of cannibalization removals per 10 flight hours. Figures

1 and 2 display nav-ywide F-14A and S-3A cannibalization

activity in this manner.

Intuitively, this measure seems to be as good as

any, but leaves the maintenance manager with a very important

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

cannibalization removals and flight hours, a simple least

sqaures regression analysis should provide a large coefficient

of determination. Further, if a large coefficient of deter-

mination is provided in combination with a t-statistic that

falls significantly outside the 95% confidence interval for

testing the null hypothesis 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

hour would be an extremely valuable tool in predicting

cannibalization removals for different flight hour scenarios.

However, great care must be taken when determining any cause

and effect relationship using regression analysis to insure

the two variables are caus-lly related in -the manner assumed

by the form of the equation.

10



F IGURE 1
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FIGURE 2

nibalizatior. Removals Per 100 Flighnu Hours

S - 3A __Na-v7

60

50

40

79 80 s0
Jul 'rf

IU a



In the case of cannibalization removals per flign

hour, a fairly strong relationship should exist. After all,

if aircraft are not flown Then spare parts will not be needed

and, if snare parts are not needed, then no cannrzaza-ion

of needed spare parts would take place.

By using the general equation for a straight l!ne,

Y = 3 - XX from Chapter I where Y corresponds to ca i _aii-

zation removals and X corresponds to flight hours. The

following regression results were obtained for the F-14A

and S-3A:

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

Coefficient of Determination: r 2  .769

t-statistic: tC 5.76

b. S-3A Equation: Y = 56.59 r .364X

Coefficient of Determination: r2 = .824

t-statistic. t = 6.84

In the case of both the F-14A and S-3A aircraft,

the coefficients of determination indicate a fairly strong

relationship between cannibalization removals and flight

hours. This, in combination with t-statistics tha: are far

outside of the 95% confidence acceptance region of e2.228,

makes fligh hours an extremely valuable tool for predic-

ting cannibalization removals as operational :as.Ing (flight

hours) varies. These relationships indicate that 6.% of

the F-14A and 2.4% of the S-3A variance in cannibalizaion

removals eachr month is fli Lght hour related, and indicates



a strong relationship between cannibalization removals and

flight hours. Figures 3 and 4 plot the F-14A and S-3A

regression analysis data and the equations obtained.

By using a !0 flight hour base, these results say

that approximately 50 carnibalization occur for every 100

flight hours of the F-14A and 36 cannibalization occur

for every 100 flight hours of the S-3A.

2. Cannribalization Removals to Total Maintenance Removals

The second measurement methodology directed by the

Chief of Naval Operations is cannibalization removals to 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 canniba-

lization expressed as a ratio of cannibalization removals to

total maintenance removals over the time frame of this data.

A least squares regression analysis of cannibalization

removals, Y, to total maintenance removals, X, provides not

only an extremely large coefficient of determination for

the F-14A and S-3A aircraft, but also provides t-statistics

well outside the 95% confidence level. Figures 7 and 8 plot

the F-I4A and S-3A regression data. For the F-14A aircraft

-.he regression equation for cannibalization removals to

total maintenance removal was calculated to be -f = -379,6

- .4064X, with a coefficient of determination of .949 and

a t-statist ic of 13.64. The S-3A regression equation 4s

" 4- 7 - .383X, with a coefficient of ieterm ation of

97 and a -- statistic of 12.'9.

20



FIGURE 3
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FIGURE 4
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FIGURE 4
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Thus we see that for the F-14A almost 41 out of 100

maintenance removals were cannibalization removals; for

the S-3A it was slightly more than 38. The extremely high

correia- ' o . between cannibalization removals and total

removals makes this ratio an imjnensely valuable tool in

rredic-ing variations in cannibalization activitv.

As a footnote, a re-ression was made to determine

the correlation bet-ween total maintenance removals, *_, and

flight hours, X.

The F-14A aircraft provided an equation of Y = 496.82

.685X with a coefficient of determination of .866 and

t-statistic of 8.03. Likewise, the S-3A aircraft's equation

was calculated to be Y = 52.90 + -937X with a coefficient

of determination of .905 and a t-statistic of 9.76. This

data indicates that 68.5 maintenance removals were made per

100 fl-ight hours of +he F-14A and 93 maintenance removals

were made per 100 flight hours of the S-3A. As expected,

flight hours drives total maintenance removals of which

cannibalization removals are a subset.

C. ALTM-NATIVE METHODOLOGIES

Both methodologies directed by higher authority are very

useful in the sense that canniaization removals can be

predicted with fairly high accuracy for a given flight hour

figure, more information is needed to provide a total

cannibalization nicture. The real impact of cannibalization

on a squadron is on manpower in the total maintenance effor-.

Therefore, methodologies relative to manpower are Lntrcduced

-,hi3 Section. 27
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1. Canr.ibalization Manhours to Total Maintenance Manhours

Cannibalization manhours are simply those manhours

expended by a squadron cannibalizing components. Total

maintenance manhours represents all manhours expended doing

mantenance including those manhours spent cannibalizing.

Cannibalization manhours divided by total maintenance

manhours aives the maintenance manager an indication of

-the imDact of cannibalization in the overall maintenance

effort. Figures 9 and 10 express this ratio for the F-I4A

and S-3A aircraft over the time span of data. The yearly

mean ratio for the F-lIA and S-3A aircraft was .048 and .058

respectively. This ratio on a yearly basis tells major

policy makers that about five percent of the total maintenance

manhours expended in a year are cannibalization-related.

By using this ratio in conjunction with the yearly

cannibalization removals to total maintenance removals ratio,

the maintenance manager can get a better picture of the impact

of cannibalization removals to the total maintenance effort

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

all maintenance manhours cannibalizing, but 33 percent of

all maintenance removals are cannibalization removals.

The maintenance manager must be very careful in

usn..g this data in combination. Total maintenance man-

hours are made up of a combination of removals, scheduled

maintenance, unscheduled maintenance and support-related

m anhour s.
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A least squares regression analysis of carnibaiization

manhours, Y, to total maintenance manhours, X, for the F-14A

aircraft navywide was calculated to be Y = -915.5 - .0538X,

with a coefficient of determination of .923 and a t-statistic

of 10.94. The S-3A regression equation is Y = -747.7 - .0675X,

with a coefficient of determination of .880 and a t-stazistic

of 8.56. Fizures ii and 12 display the F-14A and S-3A regres-

sion Dlot data. A better measure would be cannibalization

manhours to total removal manhours. Unfortunately, this

data is not available in the aviation 3-M data base. If it

were available, a much more realistic picture would be obtained.

2. Cannibalization Removals Per Sortie

Measuring cannibalization actions in terms of flight

hours only masks a more important cause of equipment failures,

namely, the number of sorties. Ten one-hour flights produce

the same number of flight hours as one ten-hour flight.

.owever, an aircraft flying ten one-hour flights has ten

times as many shocks from take-offs and landings, as well

as ten times more starts and stops on the engine and avionics

componen ts.

By taking cannibalization removals and dividing it

by the number of sorties, a more significant ratio than

just flight hours is obtained. Figures 13 and 14 display

this methodology for the F-14A and S-3A aircraft.

A least squares regression analysis of -he F-14A

aircraft using the number of carnibalization remcvais,

31
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as Y and the number of sorties as X produces a regression

equation of Y = -528.97 - °3859X with a coefficient of

determination of .825 and a t-statistic of 6.87. The S-3A

aircraft Drovides a regression equation of Y = -76.88

1.08X with a .903 coefficient of determination and a ,-statistic

of 9.64. Figures 15 -and 16 display the F-14A and S-3A

regression data plot and regression lines.

Both coefficients of determination are larger -,an

the .769 and .824 obtained from the regression analysis of

cannibalization removals per flight hour. From this infor-

mation, the maintenance manager and policy makers can conclude
that, for the F-14 and S-3 aircraft the number of sorties is

a better explainer of the number of cannibalization than is

the number of flight hours.

3. Cannibalization Manhours ?er Cannibalization Removal

The next measurement methodology to be explored is

cannibalization manhours per cannibalization removal.

Dividing cannibalization manhours by cannibalization removals

gives the maintenance manager and policy maker some insight

into how much manpower is needed for the average cannibali-

zation removal. Figures 17 and 18 illustrate its value

for the F-14A and S-3A aircraft.

This methodology should give the maintenance manager

a feel for what is being cannibalized rather than how much

cannibalization is taking place. A high manhour per carr.i'za-

lization removal average could mean that :he components zeing

cannibalized are harder to remove and replace ,an a Lower
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average. This average can be used by policy makers in

searching through the 3-M data base to see if there is one

tarticular system which is reszonsible for a sudden rise

or fall in the average.

A regression analysis of cannibalization manhours, -',

to ca n.ibalization removals, X, for the F-14A aircraft

orovided a regression equation of 'I = 2025.4 3.3OX, with

a Coeficient of determinat on of .841 and a t-statistic

of 7.29. The S-3A aircraft produced a regression equation

of Y = -647.5 t 5.08X with a t-statistic of 5.29 and a coef-

ficient of determination of .737. Clearly, cannibalization

removals create cannibalization manhours. Figures 19 and

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

4. Cannibalization In Terms Of Equivalent ManDower

The total manhours available to a squadron are

relatively constant; what is done with those manhours is

not. Wha-the policy maker needs to know Is h'ow man, manyears

can be saved by not cannibalizing and what does tha- repre-

sent in terms of cost. By 'mowing this, the policy maker

can decide where best to commit resources to minimize the

impact of cannibalization and if more resources will be

exrended than saved in reducing cannibalization.

Aircraft squadron manning is based on aircra f con-

fig1ration, computed workload, specified cperating profiles

and required operational capabilities. Manhours axe brased

on E3 productive manhour per -week per man in accordance with
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Chief of Naval Operations Instruction 5320.170A. This means

each maintenance technician is expected to perform 252

hours of maintenance each month. By dividing cannibalization

manhours by 252, equivalent man-months spent cann-balizing is

obtained. Figures 21 and 22 illustrate this methodology

for the F-14A and S-3A aircraft navywide.

With this information, a policy maker now has a

figure that can easily be (.onverted into dollars. By

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 air-craft squadrons, for example, expended

379.5 man~montisnavywide cannibalizing in a single year.

By dividing this figure by 12, the number of months in a

manyear, we obtain 31.62 equivalent manyearso Thus, navy-

wide, if F-14A cannibalization was reduced to zero, 31.62

manyears would be available for other maintenance. Dividing

31.62 by the number of F-14 squadrons, which is 16, provides

a value of 1.97 imnyears per squadron.

If these 1.97 cannibalization manyears plus all

other maintenance manyears are less than the total available

manyears per squadron then no dollar savings can occur !y a

reduction In cannibalization. if, however, this sum is

greater than available manyears to a squadron, some amouz

of savings can occur by a reduction in cannibalization.

It is no- az 3.l apparent that the most cost-effec-ive way

to do t** is " y reduc-ng : a-nibalization. 0Other areas

of maLntenance should aso be examined.
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III. WHY DO SQUADRONS CANNIBALIZE?

A. INTRODUCTION

In this chapter, the reason why aircraft squadrons

cannibalize will be examined. However, it is important to

remember that there are as many different reasons to car i-

balize as there are aircraft squadrons and maintenance

managers. Each squadron works in a different management

environment with different constraints as well as different

goals to fulfill. By understanding what cannibalization is

and why cannibalization takes place, we will be better able

to measure its overall impact on aviation squadrons.

B. SQUADRON CANNIBALIZATION

1. Material Shortages

The first and probably the most obvious reason for

squadron-level cannibalization is that a material shortage

exists and the local supply system simply does nor have a

replacement asset. In this case, the squadron level main-

tenance manager has no choice but cannibalization if the

aircraft is to be restored -o a mission capable : atus.

In the case of a material sh-ortage of a replacement

asset that cannot be cannibalized (i.e., an o-ring sea!

for a hydraulic cylinder), the mainzer.ance manager's only

alternaive Is to wait for a reriacemen, asset. However,

that aircraft then becomes ava_iazle as a source f-r :_-i-

balizaricn of other assets.
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Under the Naval Aviation Maintenance ?rogram, supply

shortages are measured by a not mission capable supply (NMCS)

rate expressed in terms of its percent impact on aircraft

readiness -4_7. Aircraft readiness is obtained by adding

all the hours in a month that an aircraft is ready for flight

(mission capable) and dividing those hours by 720 hours,

the number of hours in a 30 day month. For example, if an

aircraft was mission capable for 555 hours in a month, its

readiness would be 555 divided by 720 or 77 percent readiness.

Not mission capable supply is computed by summing all

the hours in a month an aircraft is not ready for flight

(not mission capable) due to material shortages and dividing

that value by 720 hours per 30 day month. For example, if

the sum of NMCS hours is 150 then the NMCS rate would be

150 divided by 720 or 20.8 percent NMCS.

If NMCS drives cannibalization then squadron level

cannibalization would be expected to vary as a function

of the NMCS rate, By performing a regression analysis of the

number of cannibalization removals, Y, as a function of the

NMCS rate, X, for the F-14A aircraft, the equation was

calculated to be Y = 594.5 -t 53.18X with a coefficient of

determination of .048 and a t-statistic of .710. The S-3A

aircrafts equation was found to be Y = 1769.2 - -. 17.33 X

with a coefficient of determination of .049 and a --statistic

of.-17. in both cases the t-statistic is well wit in the

95% confidence level of -r2.228. This indicat"es a e
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null hypothesis that the slope of the regression line is

equal to zero is not rejected. The very small coefficients

of determination confirms the conclusion that the NMCS rate

has little or no relationship to caribalization removals.

Figures 23 and 24 display F-14A and S-3A cannibalization

removals to 1TMCS regression data plots.

Material shortages will drive an individual decision

to 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

to be true since no one would cannibalize a part if a re-

Dlacement asset was available. Without this part consolida-

tion, we might expect to see the NMCS rate become more

proportional to cannibalization activity.

This leads to the second reason for cannibalization,

that of having a supply asset, but not being able to issue

the asset to the squadron i.n the required time frame.

2. Supply Resyonse Time

The aircraft carrier environment of today requires

aircraft maintenance managers to launch aircraft in a 20-30

minute time-window. From the time aircraft-recovery is

over until the time of the next launch of that aircraft is,

at most, 30 minutes. 3ecause of this, a replacement compcnen7

that takes more than 30 minutes to deliver is of little .se

to a maintenance manager.
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Even t hough a local supply activity could b-e 100 percent

effective in meeti-g the Chief of Naval }Onerati ons goal of

one -ouir supply response t"Ie, :t may no-, even come close

to meet ing the supportled squadrons m*.aterialI needs,

Mary a maintenance manager has direct ed the can-z-ali-

zatin of a component prior to even ordering a replacemrent

connonen-t s 'mTly because -he component was needed now and n.

one hour fro-m now.

3. Readiness Reaching

ieadiAness is measured against a twent11y-four hour

day and a thirty day month, or a total of 720 hours. Each

7t-me tnie aircraft is not ready for flight (not misslon capable),

the time it spends in a not ready st'.atus is subtracted from

720 hours t1o get act ual ready time. The readiness measure Is

apercentage figure which is obtain~ed by suming all the

a:c-tual ready time and d -r,- dng itby 720 nours. The Chef

of Naval Operations has set a readiness zgoal frall squadrons

of .0 per-ent Aircraf-"t readiness iss mportant to the

Navyj that iLt hias become a det.ermining f.ov' Ln -,he career

success or failure of squadron cormmanding offi--cers. Aircraft,

a-.eno ready for flight for many reasons, mnost of which

are internal to the squadron, b-ut it is mUCh easer t .o blame

a si-ortin4g suonly activi-fty for lack~ of" rePadin-ess tchan to

admit, to the world that internal problems are the p.-ri

reasons for not bigready.
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To acnieie -.he -0 Percent readiness -7oal, an. ai'rcraft,

must L be Missi on -apable for 5C4 *-ours eacr, month. Now -Y::n.

ti.zs zgoal In mind, readiness reaching as It applies to car.n-z-a-

-4zaticr. and 7civn C percer: readi-ness car. b-e extPlained.

The t-y-ica.1 squadron maint enance crew while shore-

base woks n to eght,-hour shifts, five days a wee--~

to 1/ 2 of ail F-14A and S-3A squadrcrns operati-ons are sn-ore-

basd a a gier.tie). Ths means, littl'e or no main

ternance is -jerformed on weekends. Assuming a four weekend

month, th-at means 1912 hours of readiness time is accumulaed

over the four weekends. In other words, 38 percent. ofl the

:04 hours required to meet Chief of Naval1 Operation standards

occurs during-, a -'ime neriod in whicn, no maintenance is per-

formed. Add to that t.he eig-ht hOurs a day thnat are not

cooiered by a two-shif-t work force and the percentage is

:ncresed7o 73 Percent o- -.he -C ours necessary -o reaon-

"N standards.

These f igires make it very profit able In terms of

readiness to carnz a-Lize on Fridays and during th*Ie second

shifrt during the week ever, if tne alrcraf-, is not needed

for the next day's flight schedule. 3y 3annibalizing from

otner aircraft and consolidati-ng material shortapzes, supp-ly

res-conse ti 4mes and b-ackorders are discounted. All t.hat.

needs to b-e done iS order a tart , t.hen cannib--alize, Why

wat on a syst em response or r:.sk a not-Lin-stock situat:on

w-en :erequired readiness can '-e acnieved hch

A



c rnbalization. 3y picking and choosing cannibL!izaion

time frames, readiness car. ze maximized at the expense

of a few extra manhours.

This readiness reaching policy consolidates NMCS

requirements to the minimum number of aircraft, avoids

supply response delays, and maximizes readiness that ca.n :e

essenti'al to the squadron commanding officer.

4. Oerationa. Comm.itments

Many type commanders view operational commi-menzs

as the only valid reason for cannibalization. Aft er ail,

if the aircraft is not needed to meet the flight schedule

why should we ask our maintenance zecbhicians to expend

double maintenance manhours just to achieve readiness.

This view says, "Cannibalize when operational commitments

require it and allow the supply system to react all other

-mes." The CNC also directs that operational commitments

are the only valid reason for cannibalization i4n hinstruc-

tions to squadron commanding officers. Unfortuanately, the

CNO still requires 70 percent readiness to be achieved.

Squadron commanding officers have so many number

one priorities that the best they can ever hope to do is

sa.isfi;ce. Their razionale tends to be that if readiness

is 70 percent and all operational commitments are made and

squadron personnel are relatively happy, then no one mould

ever argue with -he amount of cannibaiizatIcn activ. i. -

This view Is also supported by a promotion system tnat

emr'asizes readiness rather thn n_.anialization activity.
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3oerational commitments are measured in terms of

flight hours. This has led to measuring canniba!ization

actions per fligh- hour. This measuring criteria was

discussed in detail in Chapter II.

5. Avoid The Risk Of A Stock Out Or Missed Sortie

The supply system goal as set out in tne Naval

Aviation Maintenance Program is -o deliver 90 percent of all

squadron issue-groun-one demand in one hour. Issue-group-

one material is that material zhat makes an aircraft not

mission capable or reduced mission capable. This means

that, if a supporting supply activity is reaching the estab-

lished goal, ten percent of the time some period of greater

than one hour, and in some cases weeks, 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 been achieved nawwide. The F-14A and S-3A

have averaged S0 percent and 73 percent, respectively, for

the last 12 months.

The maintenance managers dilemma now zecomes that of

_isking ordering a part and waiting for it to be delivered,

wh;le c:Lowin.g that at least 20 percent of the time, and in

the case of the 5-3, 27 percent of the time, the order will

not be filled, or can.nibalize a sure thing and not miss a

scheduled flight. Many maintenance manager view ca.nnibal.-

za:ion as risk avoidance in i-s nurest form.
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6. Troubleshooting a Complex Aircraft

Very few, if any, maintenance managers would ar gue

agains- the statement that naval aircraft have become more

and more complex with each generation. Tra4ning demands

on new maintenance technicians are far in excess of the

demands placed on past personnel.

To minimize the adverse impact on maintenance and

troubleshooting skills, modern aircraft such as the F-14A

and S-3A rely heavily on built-in-test (BI:) features for

troubleshooting. BIT simply tells the maintenance man or woman

what is wrong with the system and which component or components

has failed. This system works well, mcst of the time, until

the BIT feature fails or a failure occurs that is outside

the monitoring capacity of BIT. In the latter case many

error-free components may be changed before a faul - is

corrected.

The removal of error-free components by a squadron

level maLntenance department is monitored by the suppor7ing

intermediate maintenance activity. This monitoring takes

place so that intermediate maintenance managers can alert

squadron-level maintenance managers of BIT problems or

faulty training of maintenance troubleshooters.

Squadron-level maintenance managers and t"echnc"ans

now become caught between a BIT system or troubleshooter

trai g system that has fa'ed and an intermediate main-

tenance activity -hat monitors error-free compcnent remo'al.
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To avoid this dilemma, the maintenance technician uses a

known good system from another aircraft to troubleshoot

the bad system. Simply put, the maintenance manager directs

the cannibalization of a good aircraft to fault isolate

a bad aircraft.

This type of cannibalization hides poor trouble-

shooting performances from the intermediate maintenance

activity and perpetuates marginal BIT system features,

By cannibalizing a good aircraft, to fault isolate a bad

aircraft, squadron level maintenance managers minimize their

error-free removal percentages at the cost of a few extra

manhours. If squadron level maintenance managers viewed

error-free reporting by the intermediate 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. Maintainability

In recent years the aircraft acquisition process has

learned from pasz mistakes and has made maintainabili4y

a major design criterion for the acquisition of naval air-

craft. Maintainability is the ability to repair an aircraft

in a given time period assuming trained personnel and proper

replacement parts.

The F-14A and S-3A have relied heavi1y on ma" a_-

a-,lity engineering from the very begLnning of the ac.uiSi'ton
process. :owever, both aircraft have the highest cannibalization

-,,1 H
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rates by any methodology ever experienced by naval aircraft.

This cannibalization can, inpart be attributed to having

an aircraft whose component 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 be an alternative worth considering.

g1
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IV. CANNIBALIZATION ACTIVITY BY MAJOR FLEETS
FOR TE -14A AND S-3A AIRCRAFT

A. INTRODUCTION

This chapter will consist of two major sections. The

rst section will deal with F-14A and S-3A cannibalization

activity compared between the Naval Air Forces U.S. Atlantic

Fleet (NAL) and the Naval Air Forces U.S. Pacific Fleet

(NAP). Both 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 that exist between the two fleets

flying the same aircraft, in the same carrier environment,

operating under the same Naval Aviation MaLntenance Program.

1. Cannibalization Removals Per 100 Flight Hours

In Chapter II it was shown that cannibalization

removals and flight hours had a definite relationship and

correlation for the F-14A and S-3A aircraft navwwide; that

is, flight hours was shown to be a fairly s-rong predictor

of cannibalization removals with a coefficient of deter-

mination of .769 for the F-1LA and .824 for -he S-3A and

*g
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with t-statistics well outside of the 95% confidence region.

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

aircraft.

In the case of the F-14A aircraft a regression analysis

of cannibalization removals, Y, per flight hour, X, by fleets

provides a coefficient of determination of .830, a t-statistic

of 6.98 and a regression equation of Y = -54.19 + 0.648X

for NAP. The NAL fleet has a regression equation of Y = 75,02

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 Y = -52.89 -. 40OX with

a t-statistic of 17.67 and a coefficient of determination

of .969, while the NAL S-3A squadrons yield a regression

equation of Y = 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 flight hour dependent than

NAL cannibalization.

Why flight hours is a much more significant factor

in NAP than in NAL must be answered before any macr

ization pO -- oizy an be made and -nus wil be deal- with Ln

section 3 of this 1,hapter.

~_7 -



FIGURE 25
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FIGURE 26
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FIGURE 27

Cannibalization Removals Per Flight H~our
Regression Plot - F-l14A NAL and NAP
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FIGURE 2S
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2. Cannibalization Removals to Total Maintenance Removals

The next major cannibalization methodology to be

explored as it relates to both fleets is cannibalization

removals to total maintenance removals. Figures 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 Y = -381.3

_r .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 - .223X, with a coefficient of determLnation of .489

and a t-statistic of 3.09. Using the S-3A aircraft, the NAP

regression equation was calculated to be Y = -21.9 t .375X,

with a t-statistic of 24.78 and a coefficient of determina-

tion of .983. NAL S-3A squadrons provided a regression

equation of Y = 20.73 - .356X, with a coefficient of deter-

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

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

3. Canbalization Manhours to Total Maintenance Manhours

Figures 35 and 36 display cannibalization manhours

to total maintenance manhours for the F-14A and S-3A

aircraft by fleet over the time spand of the data base.

A least squares reression analysis for NAP F-14A

aircraft yields a regression equation of Y = -1067.4

.C608X, with a_ coefficient of determinaticn cf .SO- and

6 a



FIGURE 29
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FIGURE 91
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FIGURE 32
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FIGURE 33

Casribalization Removals to Totall Maintenance Removals

Regression Plot - S-SA NAP
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FIGUIRE 34
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FIGURE 35
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FIGURE 36
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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 Y = 443.3

.0408X, with a t-statistic of 5.73 and a coefficient of

determination of .766. NAP S-3A aircraft produced a regres-

sion equation of Y = -341.6 t .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.

4. 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 cannibalization than do flight hours

alone. 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 is running.

By performing a regression analysis on the F-14A

aircraft navywide, the coefficient of determination between

cannibalization removals and sorties was calculated t o be

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

of = -528.97 - .8859X.

For NAP the F-14A data provides a regression equation

of Y = -608.84 + 1.05X with a coefficient of determination

of .861 and a t-s-atistic of 7.87. NAL F-14A aircraft

produce a regression equation of = -1.69 - .742X with a

t-statistic of 4.66 and a coefficien- of determLnatcn of

.685.
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FIGURE 3.7

Canibalization Manhours to Total Maintenance Mdanhours

Regression Plot - F-14A NAP
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FIGURE 38

Cannibalization M.Vnhours to Total Mai tenance vlanhours

Regression Plot F-14A NAL

7500

5000

2500 "

50,000 100,000 150,000 200,000

76



Cannbalz-a7io. M=-hours to Tot-al ".lai-er.a-ce ,4-nours

Regr'ession ?7ot - S-3 A NA?

15,000

10,000

5,000

50,000 100,000 15D0,000 2C0,000



FIGURE 40

CannibCaization Manhours co Total Main4ten=a.ce Manhours
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The NAP S-3A aircraft regression provides a regression

equation of Y =-53.21 + 1,0 X and a t-statistic of 17.98

with a .970 coefficient of determination. NAL S-JA data

reveals a regression equation of Y = 39.93 - lo003X with a
7.55 t-statistic and .851 coefficient of determLnation.

Figures 41 and 42 display the F-14A and S-3A regression data

plot.

5. Carnibalization Manhours Per Canibalization Removals

The next measurement methodology to be explored between

fleets is carnibalization manhours per cannibalization removal.

Figures 43 and 44 display the F-14A and S-3A data by fleet

for the time spand of the data base.

By performing a regression analysis of cannibalization

manhours, Y, to cannibalization removals, X, the NAP F-14A

regression equation was calculated to be 1340 3.79X,

with a coefficient of determination of ,837 and a --sTatisTic

of 7.14. NAL F-14A aircraft provided a regression equation

of Y = -248.9 - 3.99X, with a t-statistic of 13.93 and a

coefficient of determination of .951. The S-3A aircraft

of NAP produced a regression equation of Y = -356 - 6.36x,

with a t-statistic of 12.29 and a coefficient of dezermina on

of .937 NAL 3-3A squadrons yielded a regression equation

of Y 311.3 - 3.20x, with a coefficient of determinaticn

of .875 and a t-statistic of 8.40. Figures 45, 46 and

47,48 display the regression data plot for the F-1 A and

S-I A aircraft.
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FIGUJRE 43
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FIGURE 44
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F'IGURE 45
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FIGUJRE 46"
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FIGURE 47
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FIGURE 48
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6. Cannibalization in Terms of Equivalent Manpower

As discussed in Chapter !I manpower available to

a squadron is relatively constant, but what is done with

that manpower is not. Figures 49 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 19.4 manyears for

NAP between July 1979 and June 1980. Similarly, for the

S-3A aircraft NAL expended 9.9 manyears cannibalizing com-

pared to 11.6 manyears for NAP over the same time period.

B. FLEET DICHOTOMIES

In the first section of this chapter, a cannibalization

comparison was presented between NAL and NAP using the

measurement methodologies presented Ln Chapter Ii of this

,hesis. This ccmparison shows several significant dispari-

ties between the two fleets and leaves several very impor.an,

,ueszions unanswered. 'Thy is cannibalization sigificanly

more dependent on flight activity Ln NAP squadrons than in

NAL squadrons, and why are manhours as a measuremen- crterion

more important to NAL squadron than NAP squadrons?

Equally as important as the unanswered qes-tons is -. e

overall picture that develops when all measurement

methodologies are looked at togeter. Of the sIx measuremen,

methodologies presented, NAP clearly has better tann:ia-

lization Profile than NAZ using .aLrialization removals

- '. 9



FIGURE 49
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FIGURE 50
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per flight hour and cannibalization removals per sortie as

criteria. NAL has a better cannibalization profile than

NAP using carnibalization manhours to total maintenance

manhours, cannibalization manhours Der cannibalization

removal, and equivalent manmonths as measurement criteria.

This leaves cannibalization removals to total maintenance

removals as the only remaining measurement methodology.

Using this methodology, NAP has a better F-14A cannibalization

profile, but both NAP and NAL have the same profile for the

S-3A aircraft.

The only explanation for the dichotomies that exist

between fleets when measuring cannibalization is that there

are different reasons for cannibalization in action. Chapter

III of this thesis explained the reasons for cannibalization.

Those reasons for cannibalization will now be explained as

they relate to each fleet and should explain why these fleets

with the same aircraft, on the same type of ship, operating

under the same Naval Aviation Maintenance Program, have such

a significant difference in cannibalization profiles.

2. NAL vs NAP

Before attempting to explain the major differences

-n cannibalization profiles -hat exist between NAL and NAP

an overall picture of fleet cannibalization and flight

activity must be presented. Tables i and IT for the F-14A

and S-3A aircraft will be utilized "n 3n effort to present

-he major dichotomies that exist be';ween both :major fleets.
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TABLE !

F-14A
July 79 - June 80

NAL N AP

Flight Hours 22023 27357
Sorties 13482 17653
Cannibalization Removals 9989 11244
Cannibalization Manhours 36915 58731
Average NMCS Rate 19.1% 22.2%

Cannibalization Removals Per Flight Hour

NAVY Y = -273.22 - .4963X r 2 = .769 t 5.76

2 3NAL Y 75.02 + .385X r = .556 t = 3.53

NAP Y = -54.19 + .648X r2  .830 t = 6.98

MEAN NAL 45.3

)EAN NAP 41.1

Cannibalization Removals to Total Maintenance Removals

NAVY Y = -379.6 i .406X r 2 = .949 t = 13.64

NAL Y = 344.9 .223X 2 = .489 = 3.04

NAP Y = -381.3 ,
- .449X 2 = .938 t = 12.40

YEAN NAI 38%

MEAN NA 32%

Cannibalizat ion Manhours to Total Maintenance Mnhours

NAVY f = -915.5 .0538X r 2 = .923 t = 10.94
2 = .. = 4 .7r2

NAL 168." .Y10 = 4.12
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NAP Y = -1067.4 - .0608X r2  807 t = 6.46

MEAN IAL 4.5%

MEAN NAP 5.0%

Cannibalization Removals Per Sortie

NAVY Y = -528.97 - .8859X r2 = .825 = 6.87

NAL Y = -1.69 - .742X r2  .685 = 4.66

NAP Y = -608.84 + 1.05X r2 = .861 = 7.87

MEAN NAL .74

MEAN NAP .63

Cannibalization Manhours Per Cannibalization Removal

NAVY Y = 2025.4 + 3.30X r 2  8.41 t : 7.29

NAL Y = -248.9 + 3.99X r 2  951 = :3.93Sr 2 =.3

NAP Y = 1340 - 3.79X = .837 t 7.14

MEAN NAL 3.69

MEAN NAP 5.22

C mniba-lizat ion Manye ars

NAVY 31.6

NAL 12.2

NAP 19.4
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TABLE !I

S-3A
July 79 - June 80

N laL N AP

Flight ours 20576 17430
Sorties 7689 c521
Carmi'balization Removals 8193 6353
Cannibalization Manhours 29982 23188
Average NMCS Rate 31.9% 25.9%

Cannibalization Removals Per Flight Hours
NAVY Y = -56.59 .364X r2 = .324 t = 6.84

NAL Y = 133.58 .317X r2 = •745 t = 5.40

NAP Y = -52.89 + .400X r2 - •69 t = 17.67

MEAN NAL 39.8

MEAN NAP 36.4

C ranibalization Removals to Total Maintenance Removals

NAmTf Y = -61.47 .383X r .937 t = 12.19

NAL Y = 20.73 .356X r 2  .905 = 9.81

NAP Y = -21.9 - .375X 2  .983 t = 24.78

MEAN NAL 36%

MEAN NAP 36%

Cannibalization Manhours to Total Main-enance Tanhours

NAVY Y = -747. - .06,5X 8 .880 =.5'

NA.: Y 443.3 - CaceX r' . T66 5.7?

NAF C- 3i.- -790X r- .959
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ME AN NAL 4.8%

MEAN NAP 7. 1%

Cannibalization Removals Per Sortie

NAVY Y = -76.88 + 1.08X r2 = . = 9,64

NAL Y = 39.93 - 1.003X r2  .851 t = 7.55

NAP Y = -53.21 + 1.07X r .970 t = 17.98

MEAN NAL 1.06

MEAN NAP .97

Cannibalization Manhours Per Cannibalization Removal

NAVY Y = -647.5 t 5.08X r 2 = 737 z = 5.29

NAL Y = 311.3 + 3.20X r2 = .875 t = 8.40

NAP Y = -356 + 6.36X -2  .937 t = 12.29

MEAN NAL 3.65

MEAN NAP 5.53

Cannibalization .Manyears

NAVY 21.5

NAL 9.9

NAP 11.6
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For both the F-14A and S-3A aircraft, the fleet that had "he

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

most cannibalization activity. In the case of the F-14A

aircraft NAP flew 5334 more flight hours than NAL and canniba-

lized 12 55 more components. The S-3A aircraft of NAL oueflew

NAP S-3A aircraft by 3146 flight hours and cannibalized 1168

more components.

Flight activity by fleet may explain why one fleet

cannibalized more components but does not 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 observa-

tion suggests that NAL must cannibalize for different reasons

than NAP.

Chapter III of this thesis presented seven reasons

why squadrons cannibalize. They are operational commit-

ments, material shortages, supply response time, readiness

reaching, risk avoidance, troubleshooting a complex a-'.-

craft, and maintainability of design. Because both fleets

fly the same aircraft, maintainability and troubleshooting
a complex aircraft can be discounted as reasons for different

cannibalization profiles. Readiness between fleets has

always been so close to the same that it too can be discounted

from the picture. (Readiness figures have been omitted from

this thesis to keep it umclassified). This leaves operational

commitments, material shortages, supply response time and

96



risk 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 disparity in cannibalization removals per flight

hour between NAL and NAP.

In the case of NAP and the F-14A aircraft, the regres-

sion data for car.ibalization removals per flight hour indicates

that 83.0% of the monthly variance in cannibalization removals

is explained by flight hours for NAL only 55.6% of the monthly

variance in cannibalization removals is explained by flight

hours. 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

cannibalization removal variance with flight hours.

Both regression analyses indicate that NAP cannibali-

zation is significantly more flight hour dependent that NAL

cannibalization, but what is driving this difference?

Chapter III of this thesis concluded that material

shortages and cannibalization activity have little or no

relationship, but a higher material shortage rate will create

more risk of a stockout and may drive a squadron to cannibalize

to avoid risk. In the case of both aircraft the fleet with

the most cannibalization removals also has the highest

average NMCS rate. 3oth fleets may be cannibalizing to

m-nimize risk, but the small difference in NMCS rate does not

appear to explain the significant differences in cannibali-

zation removals per flight hour.
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The only reason for cannibalization remaining to

explain the different cannibalization profiles is supply

response time. Table III lists the top ten F-14A nav-wide

cannibalized components by flee- 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. In

every case, NAL has many more cannibalization 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 list

accounts for 25.8% of all NAL cannibalization, 13.5% of all

NAP cannibalization and almost 20% of all F-14A canniba-

lization. NAL's top ten cannibalized F-14A items total 2586

while NAP's top ten list is only 1526. The difference

between NAL and NAP is 1059 items. This difference between

NAL and NAP, on the top ten items list alone, explains most

of the difference in the mean rate between NAL and NAP when

measuring cannibalization in terms of flight activity. For

example, if NAL were to reduce its cannibalization by 1059

items (the difference between NAL and NAP on the top ten

list) the following profile would develop:
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TABLE IV

F-14A

NAL NAL NAP
(now) (after reduction)

Cannibalization Removals
Per 100 Flight Hours
(yearly mean) 45.3 40.5 41.1

Cannibalization Removals
Per Sortie (yearly
mean) .74 .66 .63

Cannibalization Removals to
Total Maintenance Removals
(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 NAP when measuring cannibalization

removals to total maintenance removals. Considering the new

figures for NAL that occur, if NAL reduced zannibalizazion

by zhe difference between NAL and NAP on the top ten item

list all measurement criteria in Table IV become almost

identicaL. This suggests that NAL cannibalizes to minimize

supply response time delays.

This difference in supply response time between NAL

and 'TAP on the top ten cannibalized item list may also

explain the cannibalization manhour differences between

fleets.
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All of the top ten F-14A cannibalized items are very

easy to cannibalize in that 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 cannibalization manhours as a measurement

criterion, shows that NAL expends less manhours in an absolute

and percentage sense cannibalizing.
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V. SHOULD MAJOR POLICY MAKERS WORRY ABOUT CANNIBALIZATION?

A. INTRODUCTION

Cannibalization is simply an expression of a failure some-

where in the logistic system. What causes that failure or

how much it costs to fix the failure is what major policy

makers should worry about, not the fact that a component

was cannibalized from one aircraft to another. In this

chapter, cannibalization as it relates to the logistic system

will be explained in an effort to determine if cannibalization

is an evil maintenance practice to be avoided at any cost or

if cannibalization is a viable logistic alternative.

B. COST OF CANNIBALIZATION

Chapter II 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 1979 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 available to a F-14A

or S-3A squadron or do the F-14A and S-3A squadrons not.
use all available manyears to begin with?
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3y dividing the 53.12 manyears into its basic components,

a much different view of the cost of cannibalization in terms

of manyears developes. For example, the S-3A aircraft spent

21.5 manyears cannibalizing 14,596 components. This means

that because there are 12 S-3A squadrcns, the average squadron

spent 1.79 manyears cannibalizing.

The F-14A aircraft presents much -he same Dic-ure, All

na,,,,y F-14A cannibalization was 31.62 manyears for 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 168 organizational

level maintenance technicians. With the typical 80% manning

that is present navywide, this equates to 134 maintenance

zersonne! per squadron. One hundred and thirty four men per

squadron times 14 squadrons equates to 1876 manyears of

ma_.'tenance for the seagoing squadrons. All recorded

maintenance on the F-14A, including the two traLnLng squadron

manyears, only equates to 650 manyears documentedbetween

July 1979 and June 1980. Clearly, 31.62 manyears is very

insignificant when compared against 1226 manyears available

for maintenance that is not utilized. F-14A and S-3A can-

nibalization does not cost extra manyears. It is merely

work -hat can easily be handled by existing manpower.

Where manyears may have an impact on a squadron is at the

workcenter level. If one workcenter is doing mos-t of the
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canribalization then cnni.alizazion may indeed have an adverse

impact on workcenter manpower. For example, if one work-

center accounts for the majority of .a.ra.zaTion n a

squadron, there may well 'e a marpower cost associated with

cann4balization. In the case of F-14A aircraft for example,

seven of the ton ten na'rrwide cannibaliza-ion list components

belong to one workcenter. This wcrkcenter could very pcssibly

be working more manyears than availale by working normal

time.

C. ALTERNATIVES TO CANNIBALIZATION

Cannibalization delivers to the maintenance manager a

timely component that is ready for flight with a minimum

amount of effort. Cannibalization discounts logistic system

failures and allows the maintenance manager to work in an

environment of low risk. CannibalizaTion can maximize

readiness, help meet most, if not all, operational commit-

ments placed on a squadron and discounts supply response

time delay problems. In fact, cannibalization allows air-

craft that have maintainability design features to utilize

those engineered features to their fullest extent possible

by not waiting for a one hour supply response time delay.

The only alterative to cannibalization, if readiness

and operational commitments remain the same, is a logistic

system that works with much better accuracy than is now

present. The only problem is that to fix the logistic system

7o -he point where cannJI.alization is reduced by Z0% may

iC4
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cost so much more than cannibalization does that from a

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

If the average manyear of labor cost as much as $1OC,000,00

then a 20% reduction in cannibalization by all F-14A and

S-3A squadrons would only equate to 1.06 million dollars

saved. Using a F-14A squadron as an example, 1.7 ranyears

times $i00,000.O0 times 20% is only $'9 ,400.20.

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 standpoint, cannibalization is much

cheaper than a new logistic system. The only alternatives

are to fix all logistic reasons for cannibalization or pro-

cure an aircraft that is 100 percent reliable so that a

logistic system is not needed.
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'I.CONClusiONS

This thesis nresented an analysis of baizaion

as it affects the F-14A and S-3A aircraft navywide and b
n.aco tyecmmne. h bectives of ths hesis were

to preser. 3anibalization measurement me- cdc-cg-es, why

squadrons canni4balize, a comp~arison b-y ma-or :lee-,s and.to

determine if cannibaliza ior. is in fact a viabcle logist.ic

alt-.e rnati ve .

Prom this analysis of cannibalizat on it was learned

t'hat cannibalization is clearly a fun Cti4or, of fli, ht ac-tivit-y,

.1In fact, 769 of -he monthly F-14A and S2.4% of -.hemotl

S-3A cannibalization variance i S caused b,-y -.he month>l

variati.on infih or. twas shown tnhat -,-e -umber-

of sorti]es or flights bCy a given type aircraft- is a much,

better Dredictor of cannib'_aliz-ati-on -ciit han thle number

of flgthours on an aircraft.. Sortie aciiyaccounts

for 82.5% Of the F-14A and ^0.3% of -,he S-3 A montuhly

variance in cannibalization removals. C'learly, if one

has t1c measure cannibalizatiocn In terms of flight- activiy,r-'.,-

can-za:.-Zation removals t-er sort.-e i-s -,he b-est, measure.

The analysis of why squadrons Can-nib-alize notdout.

that one could 'be 1005 effecti_-ve at. meeting.z N14CS goals, and

not even dent the amount of zannibalization t.-a-. takes pLace.

However, cann-fbalization is an expression o: -'a-7-



somewhere in the logistic system. The high tempo of carrier

operations that requires maintenar.ce managers and 7ec.ic ans
.o repair a returning ai- t in less than 30 minutes with

an aircraft that was designed for component removal and

replacement in less than 15 minutes, and a logistic support

s-stem based on a one-nour supply response Isme :s where the

crcblem begins, rly, rnibalization is o e

reduced by 20o, the highes payoff potential is in reduced

supply response time.

The single biggest lesson to be learned from this analysis

of cannibalization is the fact that the act of cannibalizLng

a component is not bad, but the double maintenance manhours

that occurs is. 'te ask our maintenance technicians to

expend double manhours because as maintenance and logistic

managers we cannot make the logistic system serve us properly.

Thus, -he 20% reduction called for by the Chief of Naval

Oerations should be Ln manhours.

Cannibalization should be utilized, but tempered with

sound common sense until the logistic system problems that

created it can be corrected. However, the cost of fixing

the logistic system failures may far exceed the cost of

-he manyears spent cannibalizing now.

If a manyear of labor cost the U.S. Navy as much as

$100,000.00, then the total annual cost of all F-14A and S-3A

can.nibalization would only be 5.3 million dollars. This

amount of money would not do much to help fix a logistic
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system problem when you could only buy two or three spare

components per aircraft carrier before your money ran out.

However, it may make a big dent in the supply response time

problem if it were spent on computers to speed up the manual

issue of replacement components.

A 20% reduction as called for by the Chief of Naval

Oera.ions would reduce the dollars available to help fix

the logistic system from 5.3 million to 1.06 million.

Clearly, 1.06 million dollars would do very little in helping

28 squadrons reduce cannibalization.

Cannibalization should and can be minimized and some

reduction is a sound achievable goal. But, why 20%? Why

not 15% or 25%? What is so magic about a 20% reduction?

This reductian should be in manhours, not items cannibalized.

With this in mind, the author recommends the following actions:

1. Measure cannibalization in terms of manhours.

2. If cannibalization must be measured in terms of flight

activity, use sorties rather than flight hours.

3. Make supply response time instead of not mission

capable supply rates (NMCS) the primary measure of supply

effectiveness.

4. Expend resources reducing supply resoonse time delays

rather than increasing stock levels by:

a. Reducing the naval aviation maintenance program

supply response time standard to 15 minutes, so engineered

maLntainability design criterion -an be fully u*xiized

without cannibalization;

iC8
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b. Relocate as many high demand, easy to remove and

replace components as space allows to the flight deck to

reduce issue delay time;

c. Automate the DD-1348 and Technical Research

Sections of the Supply Response Center to allow for decreased

paper work time on material issues;

d. Rearrange aircraft carrier store rooms so com-

ponents that meet the maintainability design criterion of

15 minutes to remove and replace are stored to mLnimize their

distance from point of demand.

5. Temper any cannibalization 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 to repair in hirty

minutes with a supply system based on one-hour response -ime

and an aircraft designed which has components which can be

removed and replaced Ln less than 15 minutes0
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