
*0-4053 381 AIR FOØCE LOGISTICS COW4AIC WRIGHT—PA , ,u~SCN AFt 01410 F/S 113
LOGISTICS I*ACT OF LONGER C—5 MISSIONS. (U)
MAY FT 0 I. CASEY

II4CLASSIFI ED AFL C—t R—76—16 Pt.
Io:l~~~~~~~~~~~~~~~~~~~~~~

I ____ 

JU flith~1U • .11
/



2 5

~~~

I . I 
~ Q ll~I~0

ll~ll ‘ 
25 110 1.4 

1111116



I

c~

_ _ _  

D D C

UJ I / f B
.

~~~~C~D

DIRECTORATE OF MANAGEMENT SCIENCES
DEPUTY CHIEF OF STAFF
PLANS AND PROGRAMS

AIR FORCE LOGISTICS COMMAND

______________________ 

WRIGHT -PATTERSON AIR FORCE BASE, OHIO
VIS?RIBUTION STATE MENT A



— ~~~~~ 

\~

______ ___ .
~~~ 

-

‘ LOGISTI CS IMPACT OF J~ONGER “
C—S MISSION S . - -

1 . ~ - 

C-Tt,~- i ( ~ -
~~~~~~~~~

‘ /

D . L./CASEY

/1 ~~~~~~~~~~~~~~~~
- -

AFI~~\ Technica1 ,~e~~~~t.~~~ . 76-16 /

0 D C
F r n ~ni~nU MAY 2 1978

~~~~ L~B

The Management Sciences Off ice  (XRS) /
Headquar ters , Air Force Logistics Command

Wright—Patterson Air Force Base, Ohio 454 33

DISTRIBUTION sTATEMI:NT A

,~, -A ~pprov.d foT public releas.;
DIrithutioi~ Unlimited

~~

_

~ 

TI. .~~ ~~~~~~~~
. -- -,______



ABSTRACT

/ This study was undertaken to determine the impact and

savings to accrue from maximum commitment to longer C—5

missions (perhaps 15-17 hours) using inflight refueling.

This was accomplished by reviewing maintenance writeup

data for shorter flights versus longer flights. Tradi-

tional logistics forecasting techniques are based on the

number of flying hours. Therefore , a change in sortie

length would not be expected to impact on logistics

requirements unless the overall number of flying hours

changed. An examination of this relationship was under-

taken in this study. It was found that the occurrence

of a sortie tends to result in a given number of a~ainte—

nance writeups regardless of the length of the sortie.
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PREFACE

This is one of several studies to evaluate the logistics

impact of changing the length of sorties. This study ,

based on the C-S aircraft, is an extension of a previous

study on the logistics impact of changing the sortie length

on F—4 aircraft (see YTef. 9). It  a t tempts  to i d en t i f y

those systems for which maintenance is impacted on by the

number of sorties flown instead of’nr in addi t ion  to the

number of hours flown .

iv

- ‘

~ 

-- -~~ ~-~~~~~- --~~~~~~~~~~ — -



-

~~~~~~~~

SUMMARY

This study has resulted in several observations and conclu-

sions. Those observations and conclusions of this C—5A air-

craf t  study wh ich relate to length of sortie as opposed to

type of sortie appear to be valid uniformly for all aircraft.

This position is generally supported by the reports listed in

the bibliography of this study. Most, if not all of the

re ferenced reports, infer  that the traditional approach of

forecasting logistics support based on flying hours is subject

to considerable error. While unanimous agreement as to the

wideal w forecasting mode), does not exist, most knowledgeable

authors conclude that the number of sorties and the type of

sorties flown has an impact on logistics support.

The following observations are made:

a. Maintenance does not appear to be flying hour depend-

ent. The number of maintenance write—ups per flying hour

decreases monotonically as flight length increases.

b. The occurrence of a sortie tends to result in a given

number of maintenance write-ups regardless of the length of the

sortie.
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c. Although the d i s t r i b u t i on  of maintenance write-ups

among the aircraft systems is not the same for all lengths

of flight, no trend (either increasir .q or decreasing) is

apparent as sortie length is increased.

d. Although previous similar studies (see bibliography )

on a variety of aircraft types conclude that the type of

mission flown has an impact on the logistics support

required , this study was not able to confirm that conclu-

sion. Most C—5 flights are cargo hauling missions and hence

multiple “mission codes” were not available for analysis.

With the data used in this study , the sorties with “blank”

mission code or mission code other than “cargo haulinc ” we re

concluded to exhibit the same maintenance write-up rate as

the cargo haulinq sorties. This is to be expected since

the C-S is a transport aircraft and a variety of maneuvers

is not flown from sortie to sortie.

e. This study was unable to relate maintenance write-

ups to actual demands on the wholesale loqistics system .

This is not a unique problem peculiar to this study or the

C—S aircraft. Maintenance write-ups are a standard data

item and may result in three conditions: (1) labor being

expended with no supplies expenditure (adlusting, calibra-

vi
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tinq, cleaninq, etc.), (2) labor and supplies expenditure

against the base stocks (3) labor and supplies requests

against the wholesale logistics system. No data system was

found which would track the maintenance write—ups to actual

demands on the wholesale logistics system. However, even

though maintenance writeups were used instead of actual

demands on the wholesale logistics system, it is felt  that

all findings of this study are valid and meaningful at least

on an order of magnitude if not on a finite quantitative

basis.
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I. INTRODUCTI ON

This project was initiated by a letter from HO USA.F/LG,

8 March 1976, to HQ MAC/LG and HQ APLC/LO. Within AFLC,

the project was assigned to LOAC who, with the assistance

of LOR , completed an initial review. In July 1976 it was

determined that sufficient data was not readily available

for a quick answer. Since HO APLC/XR had a similar study

already underway to evaluate shorter sorties on the P—4

for TAC (See Ref. 9), XP became the OPR for this study.

This study was undertaken to determine the logistics impact

and savings that would accrue from maximum commitment to

longer C—5 missions (perhaps 15—17 hours) using in—flight

refueling. Since traditional logistics forecasting tech—

niques are based on the number of flying hours, a change

of sortie length would not be expected to impact on logis-

tics requirements unless the overall number of flying hours

changed. An examination of this relationship was undertaken

in this study.
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II .  DISCUSS ION

A l i terature search was conducted through the Defense

Documentation Center (DDe) and the Defense Logistics

Studies Information Exchange (DLSIE) . Although several

stud ies h inted that a relationship ex ists between sortie

length and maintenance rate, no substantive data was

presented . In addition to the DDC and DLSIE literature

searches, contact was made with Douglas Aircraft Company

and with Boeing Company . Information received from

those sources was quite valuable.

a. Boeing report 4Dl62—lOOlS—l , “B—52D Operations —

Southeast Asia vs CONUS,” concluded that af ter four hours

of a twelve hour mission , 50% of the fai lure  and 47 % of

the abort causing conditions have occurred. At eight hours

the percentages are 80% and 93%, respectively. The data

used in this current C—S study did not permit identifying

maintenance write—ups with the portion of the flight at

which the condition occurred. However, as will be discussed

later in this report, this study concludes that longer

flights do not result in any more maintenance write-ups than

short flights.

2



~~‘. Douglas Aircraft Company *MDA 75—055 , “ Initial

lint nanc’e Cost Prediction Method ,” conta’ns a table which

shows the change in maintenance cost as the length of

flights changes. The Pouqias report did not contain sup—

portiv~’ information and efforts to obtain additional

information from Douqias Aircraft Company were unproduc-

tive . The contact point at Douglas Aircraft Company stated

t h a t  thc~ company had invested over three years on an
U

in—house study and was reluctant to disseminate the inf~-

nation to outside organizations.

Although the T~oejnq and Douqias reports do not apply

specifically to the C-S aircraft , they are felt to be valu-

able hackqround information. Review of the bibliography

will show that many reports have been written over the

past 10 or more years relative to forecasting and/or

evaluating the maintenance aspects of various aircraft.

Those reports resulted in recommendations for several data

collection improvements to permit relating maintenance

data to specific sorties and missions. They observed that

a malor obstacle to routinely analyzing aircraft malfunc-

tion and maintenance data was the absence of a method for

relating sortie information to maintenance records .

3
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In reviewing possible data bases for use in this study ,

it was determined tha t the Ma intenance Analysis Detection

and Reporting System (MADARS ) would be the best da ta source

for the C—S aircraft. Data was requested from the MADARS

system at OC-ALC. This system provided flying hour and

maintenance data for each aircraf t on an ind ividual sortie

basis. The data was grouped by sortie length and the main-

tenance rates were calculated for each major system of the

aircraft. Maintenance rates were then comparad to deter-

mine whether sortie length affected maintenance rate.

That is , is the maintenance rate f or f ive two hour f l i ghts

and the main tenance rate for one ten hour f l ight equal

or is there an e f f e c t  caused by the fact  that the f ive two

hour f l igh t s  result in four addit ional t akeof f s  and land-

ings (high stress conditions) as well as four additicnal

“on ” and “o f f”  of all electrical and electronic

equ ipi~~~ t?
4

.4

Review of flying hour data revealed that on a given day, an

aircraft might fly 0—20 hours and make up to 43 landings

and still be classified as~ f1ying “one sortie.” The

dietr~butions of landings/so~~ ia and f ly ing  hours/ sortie

are shown in Tables 1 and 2. Those distributions represent

900]. sorties flown July 1975 - September 1976 inclusive.

4
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Landings/Sortie Juiy 1975 — September 1976

Landings Cum %

1 58.5 58.5

2 12.5 71.0

3 2.5 73.5

4 1.4 7 4 . 9

5 1.2 76.1

6 1.2 77.3

7 1.3 78.6

8 1.5 80.1

9 1.8 81.9

10 2.4 84.3

11—1 5 11.1 95.4

16—20 2.]. 97.5

21— 25 1.5 99 .0

26 — 30 0 . 7  99 .7

31+ 0 . 3  100.0

S ?AflLE 1



Flying Hours/Sortie July 1975 - September 1976

Pli ght Length (Hrs ) Cum %

0—2 8.9 8.9

2—4 18.3 2 7 . 2

6—8 31.6 58.8

8—10 19.4 7 8 . 2

10—12 3.6 97 .8

12—14 1.1 99.1

14—16 0 .6  9 9 . 7

16+ 0.~ 100.0

I
6 TABLE 2
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Since sorties consisting of a single landing comprise a

significant portion of all C—S sorties, namely 58.5% a

decision was made to restrict the data used in this study

to those sorties having a single landing. That decision

permitted the evaluation of sorties (cycles) as a predic-

tive variable while eliminating “noise ” that could result

from attempting to differentiate among “landings” versus

“full stop landings” versus “landing gear cycles” versus

“engine cycles ,” etc.
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III. PROCEDURE

This study examined data for the entire C—5 fleet since

only 77 aircraft are involved. A special program was

developed by Oklahoma City ALC personnel to extract fly-

ing hour data and maintenance data from the MADA RS system

for the period August 1976 — December 1976. As stated

previously, “eorties” which cons isted of multiple landings

were excluded from consideration for this study. Also

excluded from consideration in this study was any impact

on the tankers that might be used for refueling the C—5

aircraft to accomplish longer length sorties.

The data extracted from the MADARS system consisted of

all single landing sorties flown by each C—S aircraft

during the period August 1976 - December 1976. It con-

tained the f l ight length and main tena nce wri teups that

resulted from each flight, by aircraft serial number.

S 
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The data was arrayed in two hour flight lenqth segments

for 0-14 hour flights. Flight lengths exceeding 14

hours were excluded since too little data was available

for valid analysis. A summary of the data is shown in

appendix 1. An explanation of the work unit codes (WUC )

is contained in T~ppendix 7.

As stated above , the maintenance data used in this study

were the maintenance writeups that resulted from each

single landing sortie. Maintenance writeups do not

necessarily result in demands (requisitions) on the whole-

sale supply system. Ideally, the maintenance data desired

is the number of demands on the supply system which result

from sorties of various length . Unfortunately, this link

was not possible. Certainly data exists reoarding the

number of demands made against any specific federa l stock

numbered item. However , it is not possible , with the data

used in this study, to track that demand back to a specific

sortie. Such a link probably cannot be made without devel-

oping a new data system specifically for that purpose.

flfforts are being made to determine that relationship. It

is felt; however , that regardless of the exact correlation

between “maintenance  wri teups ” and “demands ” , the conclusions

drawn from this study relative to the effect of sorties, fly-

ing hours , mission type , critical systems , etc. are valid and

m e an i n gf u l .  At worst , the conclusions would show only an

order of magnitude as opposed to a f i n i t e  quan t it a t ive  value .

9



IV. HYPOTHESES

Three hypotheses were tested:

- Maintenance rate is dependent on the length of

the f l i g h t .  That is , maintenance rate is a funct ion of

flying hours and is not affected by engine startup , take-

o f f s , landings , equipment cycles on and o f f , etc.

H2 
— if H

1 
is false in the sense that a greater mainte-

nance rate occurs on short flights, then the distribution

of maintenance wri teups which occur on short f l igh t s  is

the same as the distribution for writeups which occur on

longer flights. That is, each work uni t  code (WU C) accounts

for the same percentage of writeups regardless of the length

of the flight.

H3 
— The type of mission flown (mission code) has an

effect on the number of maintenance writeups. That is, some

types of missions are more demanding on the various aircraft

systems than other mission types are.

10 



Hypothesis  *1 (m a i n t e n a n c e  rate is f l y i n g  hour dependent)

was evaluated by analyzing the number of maintenance write-

ups per f l y i n g  hour and the number of maintenance writeups

per sortie for each flight length (in two hour groupings).

If  maintenance rate is f l y i n g  hour related , the number of

maintenance writeups per flying hour would be the same

regardless of the sortie length. As shown by the last six

columns of Appendix 1, the number of maintenance writeups

per flyinq hour decreases monotonically with increased

sortie length. Those same six columns of Appendix 1 also

show that the number of maintenance writeups per sortie is

not monotonically increasing or decreasing, but remains

basically constant regardless of the length of the sortie.

That data is presented in summary form for all work unit

codes (WUC) and with WUC 01—09 excluded. WUC 01—09 are

“ground support” actions while the remaining WUCS are

“aircraf t systems ” related (see Appendix 2). The data was

analyzed in those two groupings since certain maintenance

writeups (WUC 01—09, refuelinq, aircraf t cleaning, inspec-

tion, etc.) are related to the fact that a sortie occurred

and are independent of the type or length of mission flown.

Review of the two groups of data will show that the con-

clusions relative to the maintenance writeup rate per flying

hour and per sortie are the same regardless of which WUC

grouping is used. Only the quantitative value of the mainte-

nance writeup rate changes, the overall pattern does not.

This relationship is further shown in figures 1 through 4.

11 
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Figures 1 and 3 present data for all WUC; figures 2 and 4

present data with WUC 01-09 excluded.  Data is plotted for

each month August—December 1976 and for  each two hour f l i q h t

length qroupinq from 0—14 hours.  Figures 1 and 2 show a

definite curve with relatively little scatter of data.

Figures 3 and 4 , however , d isplay cons iderable  Scat ter  in

the data with no discernable pattern. Even with the severe

scatter , it is obvious that neither a u~Dnotonically in-

creasing nor a monotonically decreasing relationship exists.

Using the average value for each flight length group , the

best curve fit is a straiahtline of constant value .

Hypothesis *2 (each WUC accounts for the same percentage

of writeups regardless of the length of the flight) was

evaluated by tabulating the percentaoe of sorties within

each flight length grouping and comparing those percentages

with the percent of maintenance writeups which fell within

each grouping . That tabulation is shown in table 3. This

is another way of showing what was presented in the previous

section , namely that the rate of main tenance  w r i t e u p s  per

sortie is relatively uniform over all sortie lengths .

Table 4 lists the “ground support” (WUC 01-09) maintenance

writeups and the fifteen aircraft systems with the most

writeups. A tabulation was made of what percent of wr i teups

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



SORTIES AND MAINTENANCE WRITE-UPS AUG 76—DEC 76

FLIGHT SORTIES MAINT WRITE—UPS MAINT WRITE-UPS

LENGTH (All Work Unit (Excluding WUC—Ol-

Codes “WIJC”) 09)

(lirs) No. No. No.

0—2 230 11.8 2691 12.7 1947 11.9

2—4 370 19.0 2585 12.2 1859 11.4

4—6 457 23.4 5613 26.4 4704 28.8

6—8 348 17.8 2603 12.3 2063 12.7

8—10 447 22.9 6975 32.9 5122 31.4

10—12 77 3 .9 680 3.2 537 3.3

12—14 22 1.1 79 0 .4  75 0.5

17 TABLE 3
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MAINTENANCE WRITE—UPS AUG 76—DEC 76

FLIGHT LENGTH (HO URS )

WTjc 0—2 2— 4 4-6 6-8 8—10 10-12 Total

01—09 27 .5  28. 2 16.2 20.8 26.6 21.1 23.3

11 13.2 13.9 14.8 13.8 15.7 17.5 14.7

23 8.4 8.3 8.2 7.3 7.3 7.6 7.8

13 7.8 6.4 7.9 10.8 6.0 3.8 7.3

72 4.6 5.8 7.5 5.6 6.3 7.9 6.3

55 6.0 5.1 7.9 5.0 5.2 7.1 6.0

41 3.3 4.1 4.1 3.1 4.1 5.1 3.9

51 2 .7  3.2 4 . 2  2 .7  3.7 3 .2  3.5

12 2.8 3.2 3.6 2.7 3.2 3.1 3.2

44 2.9 2.4 3.4 3.9 3.0 4.0 3.2

18 TABLE 4



~ 
‘ --- - . • -- - ---,---- ---. —.

45 3.6 2.6 3.2 4.2 2.7 3.4 3.1

52 2.7 3.2 3.9 2.0 3.1 2.8 3.1

46 2.0 1.6 2.5 2.1 2.4 2.8 2.3

42 2.1 1.9 2.3 2.7 1.6 1.5 2.0

14 2 .8  1.5 1.9 1.7 1.0 1.2 1.6

24 1.0 1.3 1.5 1.9 0.9 1.2 1.3

Misc 6.6 7.3 6.8 9.7 7.2 6.7 7.4

Tota l 100 100 100 100 100 100 100

19
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each WUC accounted for within each flight length as well as

overall for the composite of all flights . Review of table 4

indicates that no trend is apparent , either increasing or

decreas ing , as flight length changes. The question is: Does

the distri bution of wr iteups, by WUC , vary significantly for

different length flights? A test of independence was carrie l

out using a contingency table. Table 5 classifies maintenance

writeups (actual  and expected) by WUC and flight length. To

obtain the theoretical frequencies  (based on the assumption

of independence),  we apply the marginal  percentages for  the

composite of all flight lengths to the totals for each flight

length. Thus the expected frequency for  WTJC 11 for flight

length 0—2 hours is X 2691 = 396 , etc. To test the

hypo thes is of indepen dence for table 5 , we compute~~~~~~~~~~j)

where Fij is the actual frequency of row i, column j an

f ij  is the fre quency of row i, column j that would be ex-

pected based on the hypothesis of independence. That

calculation is carried out in table 6. The value of the

summation is 481.70. We compare this result with the~~
20.05

point for the pro per valu e of n. This sets the r i sk  of

rejecting the hypothesis when it is true at 0 . 0 5 .  In t h i s

test, n = (number of rows - 1) (number of columns - 1) ;  or

(12—1) (6—1) 55. MostX
2 tables do not contain values

for n 30. For larger values of n the f o r m u l a :  ~ =

— — 1 is used where ~ is the value of a variables

measured from its mean and expressed in standard devi.~t i on

20
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MC 3408/sma/lO Mar 77

~~ (F~~ — f i
3

) 2
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WUC 0—2 2—4 4—6 6—8 8—10 10—14 TOTAL

01—09 23.08 26.93 118.11 6.58 34.76 4.78 214.24

11 4.45 1.05 .04 1.50 4.91 .~~7 12 .52

23 1.22 .71 .91 - .71 2.65 .15 6.35

13 .99 3.05 2.82 42.63 15.88 9.62 74.99

72 12.99 1.04 12.31 1.76 .01 3.00 31 .11

55 0 3.41 32.09 4.33 8.31 2.63 50.77

41 2.42 .25 .37 4 . 3 2  .36 5.63 13 .35

51 5.15 .70 7.72 4.40 .69 .15 18.81

12 1.39 .01 2.67 2.01 .07 1.04 7.19

44 .57 4.40 1.61 4.35 1.01 1.04 12.98

45 1.69 2.78 .20 8.89 4.39 .17 18.12

OTHER .76 1.06 4 . 7 9  8 .0 7 6 .56  .03 2 1 . 2 7

TOTAL 54.71 45.39 183.64 89.55 79.60 28.81 481 .70
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units. The ~ value corresponding to a 0.05 risk is ~~~~

Substituting this value in the formula gives aX4 val ue of

approximately 73. Since 481.70 is greater than 73 we con-

clude that there is a difference in the distribution of

maintenance writeups among flight length groupings . In-

deed , the difference is so great that we would have rejected

the hypothesis of independence at the 0.001 level of signi—

ficance , since the 0.001 point of the~~
2 distribution for

n = 55 is approximately 90. However , as stated above , no

trend (either increasing or decreasing) is apparent as

flight length changes.

Hypothesis *3 (some types of missions are n~~re demanding

on aircraft systems than other missions) was not included

in the initial definition of this study . It was added only

after a similar study on the F—4 aircraft concluded that mission

code was a significant determinant of maintenance writeups.

(See Ref. 9) Therefore , the August—October 1976 data extracted

for this study ~iid not contain a mission code designation . The

addition of mission code was included in the data extracted in

November 1976 and December 1976. Those two n~ nths of data

were analyzed for mission code impact with the following results:
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a. Of 401 sorties in November 1976; 270 sorties had

a blank mission code , 92 sorties had an “MI” mission code

(scheduled transport missions in which the primary objective

is the movement of cargo. Ref: AFR 60—1 , atch 2, 2 Jan 7 5),

and 39 sorties contained mission codes other than “MI” .

b. Of the 363 sorties in December 1976; 199 sorties

had a blank mission code , 140 sorties had an “MI” mission

code , and 24 sorties contained miss ion codes other than “MI” .

c. The data for November 1976 and for December 1976

• were each tested using the Aspin-Weich t test (See Ref. 10)

to determine whether there was a significant difference in the

maintenance writeups per sor tie between “blank” mission code

sorties , “MI” mission code sorties and the universe of all

mission codes. The Aspin—W elch procedure is used to test the

di f ference  between two simple means when ~~ and are un-

known and may not be equal. In all cases tested , for both

November and December , it was concluded that the samples came

from the same universe; that is , “bl ank” mission code and “MI”

mission code have the same maintenance wri teup rate  per

sortie as t~~ universe of all mission codes. Appendices 3

and 4 show the data and the s ta t i s t ica l  test for  November and

December respectively.
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V. REGRESSION ANALYSIS

A regression analysis was made using data from August 1976 —

December 1976. Seven data points were used for each of the

five months. The data points for each month correspond to

the flight length groupings used throughout the study. The

results of the regression analysis are shown in Appendix 5.

An analysis was conducted for the total maintenance write-

ups observed , all WTJC except 0 1—09 , and the 10 aircraft

systems having the largest number of maintenance writeups.

Review of Appendix S brings out the following:

a. The coefficiency of determination was always in the

50—70% range. Hence, it is estimated that flying hours

and sorties jointly account for 50—70% of the variance in

the number of maintenance write—ups. This is neither an

extremely strong nor extremely weak relationship for fore-

casting maintenance write—ups .

b. The standard error of the estimate ( ) is relative-

ly high in all cases tabulated. This means that the fore-

cast values will vary considerably from the actual values

of maintenance write-ups. This substantiates the statement

in paragraph a above that the regression fit is not an

exceptionally good one.
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c. In addition to the reqression runs of fly inq hours

and sorties jointly as a predictor of maintenance writeups ,

two additional sets of runs were made. Flying hours alone

were evaluated as a predictor of maintenance writeups and

sorties alone were evaluated as a predictor of maintenance

wri t eups.  Comparison of the joint runs and the two individ-

ual runs shows that in all twelve cases the R2 for the joint

run is higher than either of the R25 for the individual runs.

Additionally, review of appendix 5 shows that for 10 of the

12 groups of WUCs evaluated , the for sortie was larue r

than the R2 for flyinq hours , althouqh the difference between

the two was re’atively small in some cases. This indicates

that sorties are a slightly better predictor of maintenance

writeups than flying hours are. Adding the second variable

in the reqression run of the joint effect of flyinq hours

and sortie increases the R 2 value about 10%.
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VI. CONCLUSIONS

1. The number of maintenance writeups per flying hour

decreases monotonically as f l ight length increases.

2. The number of maintenance writeups per sortie remains

constant regardless of flight length.

3. The distribution of maintenance writeups which occur

on short flights is not the same as for writeups which

occur on longer flights. That is, each work unit code

does not account for the same percentage of writeups re-

gardless of the length of the flight. However, no trend

increasing or decreasing was observed as flight length

increased.

4. The type of mission flown (mission code) is not a

significant factor in determining the number of maintenance

writeups on the C-S. This results from the fact that most

C—S flights are cargo hauling missions.
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VII. OBSERVATIONS

1. A study should be undertaken to relate maintenance write-

ups to actual demands on the wholesale logistic system. No

current data system was found that could track this relation-

ship. Hence, a new data collection system would have to be

designed specifically for this purpose.

2. Forecasts of future requirements should consider “sorties”

as well as “flying hours”.

3. Further study should be made regarding the impact of mis-

sion code on logistics requirements for other aircraft types.

Because of the singular type mission (cargo hauling) flown by

the C—5A , a true evaluation of mission type could not be

accomplished in this study. However, the F—4 study (See Ref. 9)

of the logistics impact of changing the sortie length indicated

that a strong relationship exists between mission type and

maintenance support requirements.

28

~~~~iimii,iu— -1
~=:i:Jllt ~~~~~~~~~~~~~~~~~ ~- •~~ 

- -
• _ -~-



RIBLIOC.RAPHY

1. WN—7037—PR “Variations in C—l4lA Flyinci Activities
Between Inspect ions” (September 1970)

2. SLSR-30—69 “Applying the C-SA MADAR System to Extendinq
TF—39 Fnqine Life” (Auqust 1969)

~. RM—5701-PR “The Relationships of Fliqht—Line Maintenance
Man—Hours to Aircraft Flyinq Hours ” (August  1968 )

-1. SLSR-6—721¼ “A Study of Fly inq Hours and Sorties as Pre-
di ctors of T3—52H Enqine ” (January 1972 )

~~. Rieino Report 0 162—10015—1 “13—520 Operations — Southeast
i\sia vs CONUS” (September 1970)

6. LO 12970A “The Value of In-Flight Refueling Capability
to the Strategic Airlift Force ” ( May 1974 )

‘ . Lr)—33967A “C—5 Aeri~d Refuelinq ” (March 1975)

S. At’ Report 1865—71 “Aerial Refueling and the C—5A”

Q . AFLC Technical Report No. 76—7 “Logistics Impact of Sortie
Orien ted Air Crew Tra in ing ” (April 1977)

10. Acheson J. Duncan “Quality Con trol and Indus tr ia l  Statistics ”

11. AU Report 1375—71 “Enroute Base Refueling vs Aerial
R e f u e l i ng for the C-5A in a Strategic Airlift Role”

12. Douglas Report MDA 75-055 “Initial Maintenance Cost Pre-
dic tion Method ”

11 . RM 1700 “~‘actors Affecting Ma l function Rates of F86—F and
F86—D Aircraft ” (Sep tember 1956)

29

~~~~~~~~~~~~~~~~~~~~~~ 
•
~~~~

, - - - -~~~~~ ~ - r~:



_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX 1

SUMMARY OF DATA

30

~~~~~~~ ~T~~* ~ LII



~Si ~~~ 
r

- — ‘~~ - -~‘.T 7:’ - -  7C~~1O!~~ 1 ’) ~ ALT MRC RAFT
‘~‘“ ‘ S ”  I’Y’ — !ITI”” 1 ~76 —

‘C ‘UC’ ; :uc
- —  

~
‘ _ 1,  -~ ‘ 11 17 71 04 05

- ;_ 5 
-— 

-~~.9D i’~~’~~1 ‘~ ,r ’ ’~~~~ ; 1~C}{ I1~SP SPEC INSP r~
;rr;’-

‘5 —— 3 6 ——• v’ 4 35 73 — —

1 1 1  7 29 13 — —
7”  3 14 7 ——

-
~ 75 14 .11 19 — —

1~~~~ ‘~~~ 1 ‘ 3 5  25 122 117 7

‘1. T I F i- ~ 1 1 — —
‘‘~~“ ‘~~~~~ 52 5 7 ’  4 89 111 -;

“ 1  5 ’  2 19 2 1 — —

5 ’  6 75  11 ——- ‘12 ‘“ 51 4 25 ( ——
‘ 51  1 - )  15’ 1’ 157 161 4

• “ (- -~ 1 1 3  “5 ‘~ 1 — —

1’ 1” 5 27
‘-~~~ -~~~~ S I r  17” ‘ 6 4  2~ ——

‘ “1  ~‘r  ~ 7 2 24  9 ——
~~

‘
~~
‘ 5” 17~ 9 30 7 ——

15 124 ~ 7 2

7 - •T~~~ SI 1 13 19
c’- ’ ‘~~~ ‘ 1—I 5 2 1) 4

71 12 1 11 2
- - -- 5 10 14 lI~ ——‘r r  ~‘5 4  r 5  15 31  1 10 ——
‘-Y~1 11 ’  11-;  4 1 31 77 1

~‘— 1 1
5’ - 7 1 -1  ‘ 1- -

~~~ 4 4 0  2 ”  1511 ‘- :  iso ~ 3 19 — —
7 5 j -1 ’~ 4 42  13 2

1’  )1~ 4 . ’ 2~ 170 3 5 ——
1”” 151 1” 70 4 )  1

1 1 7  5 1” ’  61 387 114 1

1 1— 1 ’
( 5  1 —— —— —— —— ——

1 i; —— —— 2 ——
‘-“C— ‘1’ —— 1 3 — —

79 ‘i —— 17 3 ——‘v_ C ~~~~~ 23 41 — — 15 7 ——
1-; “S —— 11 19 ——

‘1 1 1 —— — —

51 1 — —  — — —— —— — —
10 1  - 1 —— —— —— ——r,Tv ~ (11 2 —— —— — — ——‘55  12 4 —— —— —— ——

~~
‘-‘

~~~~ ‘ ll’’i 1151 1~~” iRS 854 571 1”

31 

~~~~~~~~~~~~~~~~~~~~



C— ’ ~ ‘ .‘- ‘ 5 )  ‘ 5T)11’T”1” ’ I
51’ 1i’55’ ~ 97 f  — ‘ -

‘I,I’ ’l’ T “1Y1~1c~ ‘~~~‘1T I l l  -1 5 1  5 ‘ S
‘ 7’r~ U’’ ’9S ;‘‘r , ‘~~~~ - — ‘ -  

~~
‘ ‘ ‘  V ’  ( 5 1 ~~ ’ i  -

-1 1 -‘ 1.1 1 ’
46 37 15 — —  5 3
94 1” —— 125-- 1~,I 15 l~ — —  — —  r 1  7 51
51 4-1 — —  — —  ~~1 ‘ 5  5’

‘ “1, 119 0 11~

5’ ’  11-1 57 , -  2 — —  ‘ I
1 7 ”, S ’  5 0  —— - 5 3
114 “ 3  ‘ —— — • ‘ 1

2 2 4  3 7  —— 2 ‘ - 3  -‘ - 2
1; ’ ~~ -1 —— ‘ Ii 5 1  5

3 - , - ’  ‘ -

111 5, ’; — —  5_ ’ -

- ‘ - ‘C T ” ’~ 
115 4~

, 5 1’  - - ‘ 1  —

- ‘1’ 5 5 2  111 9 —— - ‘ ;‘ ‘ i s ’
i ‘‘7 IS  3 “5 2 1 - ’
“9’ ’ 79’ ;  “‘ ‘ — —  1 ‘ “  11
‘“' 5’ 2 300 •1~~ 7 ‘ ‘ ‘3 ‘ ‘ ) 1  -

S

--  4 7 ’ ;  56 ‘3 —— 4” 1
““P 782  15 55  — —  1

641 91 —— 5 ) 7  5 - ’ 74
- •  -: ~~‘ 1 “3  — —  5 1’

-1 9 -I 55 — —  — —  5. ’ 5 , ”  - ‘ 1
‘ A’ , V o l  145 11 1 - ’ “ 1 2 -

7 — 1 1
- “51 06 1” 1’ -  1 -  1’

511 55 2 ’  — —  F’’ 2 ’
“ “ 7  -15 15 —— 1 1 1  ~~~ -~

i5

~ 

511” 3 1’; ‘ 5” 5 -

‘1’7 1-’ l 1 1 27 1’ 1 1 ’
• 1-1 ,’ )  4 4 7  “11 5 5, ‘91” 2 5 )  1 5 1

5 ’ ’ ;’ ‘ - 5  6 —— — —  ‘- — — — —

~ - r  —— — —  —— — —  ——
2 1 1  21 —— — — ‘ 5  •

2 5 - )  20 — —  — —  1 -  -
~

259 20 — —  — —  ‘ 11

-- “ ‘- ‘, ~1l5 7 7 —— — —  51~~ 25 1’

1 52 4 —— — —  -— —— ——si r’ ii I — —  — —  I — — .2
11 1 — —  — —  —— — —  — —

1)1 3 — —  — — — —  5, — —

‘1FC 104 ‘ - - -— —— _5
- “Si. 25 5  ‘2 — —  — —  5 1

“S’J ’ “'‘ ~~r . 1127 1 5 1 -~ ~‘ 1 ’  - ‘ ‘ ‘ 1  - ‘  ‘‘

32

—~~~~-“ ‘ “--‘-‘-—-— -~~~~~ -‘.-.——- —-—--- ~~~~~~~~~~~ - 
- - • ~• -~~ -~~~~



-- --
~~

--- -“-“'w--” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~--w
”_

~ ~~~~~~~~~~~~~~~~~~~~~~~ ~ -- -~~~~~~~~ ~~~~~~~—~~--- .-- _— —~~ -- --- 
~~~~~~~~—-“' —‘-9.-- —--“-- - ---~~~ 

_ - _ -~~~~~~~

REST
’
AV’~~

’ ,~ ~~~
- - - ‘ I - ‘ ( II” ’- - . .‘ ‘.5 ‘IT A - “ I- i’  “J ’ “ Ill ~ 1L At~~~’(~~l’1’

S I ’~~~~’ ’ ’’’’ 1 ’ ’  ‘ ‘-  — ‘ l , l’’’’ ’ ’’ I! ’’ 1’’

( ‘ I’ ’ - 411f l  If1IC W1 (C (111 -

‘ - ‘ ‘ - ‘ I .  2’ 1’’;~~~~~~ ’ -  I’’ -; I ‘ - , I ‘1 41 4’
‘lI i I ’ ’ ’ ’

_ 
* ‘ ‘ 1’’ ’ i1- ’ ’ , ’1 , — N 1 : 1 ? 1 i -  A l ’ S  7 ’ ~~1 A IR (S1NI1 P1 1(47 5 ’ ) 1 ) 1 1 ’

1’ ’  - ‘ i i  — — I ‘1
— I ’  ‘ - ‘‘ :1 ‘ 7  7

- -  ‘ ‘ - ‘ ‘ 7  — ‘ ‘ 7 7  1 . ’--  ‘ ‘ I - I - 1 1  ,4 -T I C ’  i i
- I ’  -

‘ I I—— ‘ I  ‘ , ‘ ‘ C -  ‘ I -

- - 1 -1 I ‘C - ‘ ‘C 4 1 C
1 - - C’ ’, ‘ I ’ ’

-. - I - 7 ~, 4 7  7 7 - 1  7
- - , , , -  ‘ ‘ ~~ -,  4 . 1 ii T I

‘ I ’  1 )  1’ ’  ‘ I~~ -

1 7 ’ ”  C ” ”  ‘ 1 ,‘ l .7 11 10 - I - ,

1 1 )  ‘ 4 ’ - 1’ II
- ¶ - - ‘~~S 1 1 17  S C -  7 -

I I  - ‘ 1 7 1  1-1 7 7 , -
I C  ‘ - ‘9 -  5’ - 1-I 3 ’  1. ’

I .  ‘ ‘ 1  ‘1 ,‘ ‘  7 7  
5’  ~ 3 ’ - ’  , - 7 1 ’  7 ,5  ‘ C ’  ‘ 7 1

‘ I , ,, ‘ ‘ —  11
1 ’  ‘C

- ¶ 1  ‘ C I  1 ’ - ‘ - ‘ 1 I -‘ ‘ 7
- I - , I I I -1 ’. 1 ‘1 lI

‘ - 1 ¶  , 1 I - i i -  1 1 1 1 ’—
I I ’’  ‘ ‘  I’l l 7 0  91

‘ I - - ;  ‘ - I  - ‘ ‘ . , ‘ ‘ 1  2 1  1,1
- ‘ C- f l  ‘ , 4’ , 1 1

11 7 ’  “
~~ 21

‘‘5 ,’ I 1 1  .‘~~ 54 1 -  I i  1, 1 ‘ 1

‘ ‘ ‘ 7 1 ’ ~~7 2 ’ - 1 17 1 t O  ‘7 ’ - .1
-
~~~ ‘91 ‘ ‘ , ‘ (3 7 (‘1, 2 7  1 1 7 . ’

—— — —

1’’ ’ — ¶ 1  ‘1 — — — 7 • -1
‘ l - ’  ‘ I ‘ 1’- 1 1 1  -

‘
‘l 5 ’ ‘ 7 ’ , - C - - ‘C I 1-I 1 

, ‘ , ‘ 7 7 ’  ‘ ‘  ‘ , ‘7 7 ’ , 7 1

- I I -  - - - I — -- — —  — —  ——
1 1 ‘ — I ‘ -1

1 ‘ 7  - - - • —— — — ——
7 7  ‘ - — .1 - ‘ I

7’- ~~“ 51, ‘ - ,  - ‘ ‘ I I “ 1 - (  -

- ‘‘ 1 ,” ,~ • - ‘ 7  ‘ - ‘ ‘ - 7  I 7 ’  1 ‘ - ‘1 ‘. Il - .1 ) ’

11

~

‘ - --- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



.——w-” —“-- —‘—-‘- 
~~~~~~~~~~~~~~~ 

--,-— - ‘-‘ —-‘----- - — - - _
~~~~~~~~~~~

;•;_ -

,‘— S  F YT?4C IIl’3IIRI-3 ‘ MAI’S’71”:S’: ’’ “ “I 1 5 - ;  7 ’ , ’ ’,’ ‘, 1 1 1 ( ’ ’ S  “I’
3 0 7 1  — ‘ ‘ - ‘ . ‘ I

I, ’ ‘ ‘I ‘~~
‘ ,)7I,  - I) ’ ’ ’  - - 71 -  - .11W

l ’ 7 .r C• 1IT FLYXHG ~ SORTIT ’5~3 4 4  -1’; - 1 -  ‘1 - 1 ” 1
‘,I’NI1’I’II 1ICCIII3 S 1 t ’7IT !I\’’’ ’.’, ’I ,l ‘711’ 5 .  ‘‘: 7 ;’ ’; ’ ’  5 -  ‘1’IL 1’ s S r

(1—?
57111 59 -15 4 5 -‘ ‘ 3 — —

l ISP 413 3”  5 7  1’ ‘‘ 7 - ‘ 25’
94 ‘ ‘1 - 7 5  2 1  ‘ 1  5 I 1’ . 15
18 15 1 ‘ - ‘ ‘ 1 ‘-  11

“ 9-‘;‘ 51 44  U’ - “ 1 — —  F
“- 1 7 9’ , 271, 210 70 5 ’  I 1 ‘ ‘ 7

571, 7 314 1 0 ’ -  5 - 
“ 1 I

565 52 11- 1 - ‘ - 5 7

‘“C T 124 7 3  1’) ‘ - ‘5 F’
2 7 4  1,~ 1-1 1 5 ‘ - 2 ’
212 777 -1 7 ’  - )  1

~TSI .  1-~ ’3 O 177 1,1  I - -
, - C

5 7 7 , 1  56-1 ill 16 5 - -  1’  I 7 7 ’
‘II I’ 4 71 .  ‘7 ’ , 7 4  7 1  - ‘  ‘ C I I

590 ill’ 51 11 ‘ ‘ 1’ 1’ ’ 1

3 8 3  71, 2 3  7” 17 5 -
‘ 7 1

2 95 “7 12 25 1 - 1  - ‘ i i
‘100 -1 57 5,’),. 111 ’ 1 ‘I 15 - ‘ ‘ 5 -

C • — Cl

4 0’~ ~~1- ‘3 7 -
- 1

SI’-P 292 ‘3 ’3 19 1’  5 - 7
‘31 1(3 5 ’ )  1” 3 1~ 5’;

- •  11,’ 6 71 51 2-1 1:1 5 - 1  . , 5 7
- “ ‘ - ‘C 4 5 - 1 (- ‘3 3 I  

~~
‘, ,

‘493 145 112  5 - ’- ’  ‘3 -1 2 1  1 ¶ 7 ’

761 R6 57 17 1’  ‘ -

7 5111’ ‘351 (‘5 lI ‘ 5  1’  - ‘ C

770  85 4 ”  1- ’ 3 ’  -
, 

5”
‘382 108 ~l ‘35 ~, ‘5 1 7 , ‘I)

“Crc ‘127 103 61 s ”  SI I S
4021 4 4 7  207 5 1 ”  5 7 ‘7  -• 2 -II

1, 1-I’
A ’ ’  65 6 — —  — —  — —  — —  — —  — —

;vp 106 10 —— — —  — —  — -

230 2 1 1 -1 7 1 1 
- ‘

N W  759 20 55 II 1” —— -
- S I

‘“ ‘C 215 2’) 51 ‘ - C I 7
7 - 1 5  1715 77 ‘-7 , ‘ l  3 I’

F’— 14 -
52 - - - 4 —— —— — -- —— — — — —

s - p  ii 1 —— —— • —— 1 - ‘

‘l IT 11 1 —— — —  — —  — —  — — ——
‘1,~5’ 5 7 1  1 9 1 -‘ — —  S — — — —

5 0 4  17 I —— I S —— I
-— 1”P

~5 795 - ‘7  - ‘ - ‘ •‘ 5

;“\‘I’, T~)TT’~L 1127 1 1951 7,7 15 “ “ - 1 1 ’ -  ‘ 1 ’

34



‘— 5  7”  “~~~“ ‘ ““ ‘l ’  “ ‘1” ’ ’’; ‘ “ 5- ”T “57 1 P1175 A l l .  ~~IR”7~~FT
,‘\‘‘ ,II’5 1” ’  1-1  - 

— ‘ 5 ~~~7 ’ 7 ’ 1 C 7 7 ’ ’ 7 7 1’’ ;

71! ’~’ 747 1~’ 1417C IqIIC sr i ’ - ’
1” 7 1 ” ’  - LV I ”  I ‘ - “‘ “ 7 - ’ , - 

- - 59 61 62 7 ,1
I ‘“ 1 , 5 “ “ “S  -511-rI’ 1’ 1 7  “' MAI’3r~R h F  CON VHF CON IIIIr C ’-

- ‘~,5 .1’ , -
‘ I~I S — —  I

7 7 ’  1 ’ -  11 I ’~ Il 1 ——
7 ‘~~~

. - - - ‘ C  -
, - -1 -1 ‘3 ——

l’I 7 ’ , 1 1 .17 1 3 7
‘ 1 7 ’ ,’ 5 - i -  1 1” 8 1N 

5’ , - ‘ - -  -
- 3 1  7’  I - ‘ 4 I

S I C  ~ 1 I I - ’’ - I ‘2  2 1 1
5 , - ’ ’ 

,
‘

- ‘‘ ‘  7 3  ‘3 ——
“ l  l~ 1’) ‘~, — —

‘ ‘ I  ,, “C 5 ” , ‘ ‘  “5 5 7
‘ 1l~~, ’ - 7 ,’ ‘‘ - l  5 ’ , 5 7 ;  ‘, S — —

5 7 - ,’ 7 ’ ’  ‘I I  1 7 ’  22  7 I I

‘ - ‘ - .1 1 1 )  3 - ’  7 3 1  ‘C I
-‘ ‘ - ‘  ‘ - - -  

‘-  11  -
‘ 17

I I - - 4 ’  5 1 ” '  12 1 5 1
‘ ‘ 7 ’ ’ ’ ¶ I 7 -, I, 7 7 -, 7) 51  -

,

‘11’ , ’ ‘ ‘ 1 ’ , 5” ‘ C 7 5  5 — _ 
7 , - ‘ 1 1 , ’ 5 ’  ‘ ‘ ‘ 1 1 1 1  ‘3’~ 1’)

5 , ’  1 ¶ ‘‘ - ‘ - I -  .7 .7 1 1 ——
‘‘V Il -

‘ 5 1  (5 — —

- ‘ 1  rh , -‘ 7 3  5 7  ——
‘ - 7  ‘3 - ‘ 5”  4

‘‘‘‘C ’ 1°- I ‘ “' I • 31 11. I -

5 ,’ 5 1 - 1  C ’  I - i

1—I
‘‘ - S ‘I~~ 1’  1’) 1’’ 2 1

‘17 7 ’ ‘ ,‘ I l  I , 1 - ’  4 ’ )  -
‘ I

7 ’ )  ‘7 ’ )  7 ”  ‘1’) 5 17  — —

‘9 C ’ ’  “ C l  ‘ 1~ 
- . ‘ 3 5 1),’ ,‘ ‘I - ‘ S

I”I’ ’ “- ‘“  1fl~ 5 ’ -  1 70  7:7 5, 4
“‘91 5 1 , 1,1 — I ‘ - ‘‘‘ ‘ 7 I 7’ . ,1 ‘17 _‘l 7

5 1_ 1

1’) ’ - 1”' — —  — —  — —  — —  — —

‘11) ‘1 ‘1 I”l 1 1 ——
‘‘Cl ’ ‘ ‘ 7 1  ‘7 5 5 ’ ’ . .2 _‘ I
‘1~~’~ ’ ‘ 7  ‘3 ‘ ‘1 e - 11 -i 7. 1
“V ‘7’ ‘I - 1” 4’ )  ‘ 7 .7

1 2 — 1

‘“‘1’ l~~ I —— I —— —— — —
‘ 3 - -I’ 1 1  1 — —  — —  — —  —— ——
‘ ‘, ,‘‘  1 ) 7  - —— I — —  —— — —

5 ) !  I 5 5 1 —— — —
‘‘ ‘‘ ‘ - S I ,  V .  -‘ ‘ 5 1 7 — —  — —

“IS “ ‘ “ “S ’  - 1 1  - S I  1” ' ’ - l  ‘ C -  I I - ‘ i ’ S  4 7 ’ 1,1 1

‘5

—- - —-- - --—--



“ — -

~~~

--

C— S  ‘- ‘TY IN C.  HOURS S ‘IA 1N71”:2’I” ,-~~~
“ I “n rç” - - ‘ , ,s r ’ , — ”~ ’, ”-

7’-
- AIICI I’ST 1Q7 1.  — ‘I 179’ ’ ’V”  5 ‘7 1

WIN” 7:’ - ’ C -

‘- I I  ‘ ISIT “ 1VT ’4G 50qTT7” ~ 1 . 7  1 5 ’  1 . .  71 7
TJ’’I-l ”H IICIIC4 S 1’1”r’~iI~~’ ““11’ irs - - ‘7 II ’ S  C- 1’ ’79 ’ 7 ) i ) ’5\1, I’, ‘VS  55 ’

( 5 — 2
I I’S  5’; 4”5 I —— - ‘  —— 2
‘SflP 4 1- 17 1, — —  — —  C~ -11
1CT 94 6(7 9 “ 7 ‘1 37

‘1’”’? 39 1r
~ -‘ —— 1 7 -‘ 1

51 44  IC ‘ 5 F
‘r,’VPA T . 27 1- 7 1”  7 I ‘I 3 1  7 . ’ )

7 7 ’ - ’  314 5 7 ’  —— 7 —— ,
-“rr 11.5 97 ‘7 — —  — —  :5
- Cr”'’ 124 7 7  12 -

, I 17 17
‘IC’,’ 224 1’’) 7 —— I ‘3
orc 212 7 1  1 1 I 1 5 1

1059 ‘37) 3 7 ‘3 1 ‘7 ;‘ 1’ -

9155 SM 113 10 —— 1 6 -1”
47 (5 (79 (7 3 ‘ C 7 I ‘ 1
9172 UI’ 21 7 7 :5’ 1 1 7
181 71, S I 1 77

r-,rc 295 97 5 7 11
2)10 4 ”” ' 5 ’) 1 ‘1 ‘C 5 5 - 1

“—9
405  ‘35 1 — — 1 ‘3 11
“‘7 ’  1’) 7 — — C, 2 ‘1

“3“ 154 1 ‘31 51) 1 7  -11
‘11)5’ 1.71 ‘C’3 ‘1 1 ‘3 ‘I I -‘

“'SI C 494  (- ‘7 C — —  C, - ‘  15
24 ’ ) ‘3 14 C 24  1 7’ 5 - ’ ‘ ‘7

q_ ~~ r~
97 75 76 1 81’ ‘3 — — -‘- 1 3 - - I
‘ICI” f,’, “I —— ‘ 551 ‘

‘170 85 2-1 1 ‘5 7 1

‘509’ 982 1175 11’ II 517 , 5 1

927 11)1 11; 3 1 -‘ 1 17 1
“AL 4 0 2 3  44 ’ ? “ ‘5 5”, ‘7’; - C l  11’’

1 , 3 — 1 2
/115(1 65 (~ —— —— —— —— — —

‘5711” 106 1 - )  —— — — —— — —  — -

(“CT 210 ‘1 —— —— —— 5 1 S
219 20 1 5 ‘ - 7
71 5 -‘ -) ,‘ — — 1 1 1

““'TAr, ‘ 7 3 9  77 5 I 11 S I

7 2 — 5 4
‘71 ,1  52 3 —— —— — — —— — —

1 3  1 2 —— — — 5 2
1~3 S — —  — —  — —  — —  — —

“(CV 151 ) ‘1 —— —— —— —— ——
504 9 5 1 —— —— I
2 1 75  ,‘.‘ 7 1 — —  1

‘ I 7 \ C -~ 1) T(’)TAT 15171 1’3’3l .‘ 7’S 1 -  1 ‘ ‘ ‘‘ , I I ‘ ‘ 7

36 

~~~~~~~~~ --- -~~~~~~ -- - - —



~ ‘-~ “ --~~~~~~~~~~~~ -~~~~~~~ --—~~~-‘“-- -—~~~~~~-‘- ---~~~“-- ‘ ~~~~-~~~~ --“-- - _ _ _ _

BESI A~/ a •’~’~ COPY
‘— ‘3 ‘“‘ ‘‘7 “ S C ’’ ’ ’ ’ ’ ‘ ‘“ ‘ ‘ ‘ ‘‘5 ’ ’ ’  ,5C” 1, “‘ I ’ ’ t ’ ’ ’, 11.1- AS17CIUIl’T

‘‘‘ ‘ ‘ “S”  1 ’ S  — “‘ ‘ l ’J’”””7I 117’

‘I’”’ WII C M , 9 T ’ S ’ ’ . 15,11’” .
“ ‘ S C ” ’ ‘V ’ S - S  S ’C 1? ”I”~ ‘15 ‘37 _~ TOTAL ACI’IC ” ’II’i SCT 11”’5~

‘ ‘ 7 5” “‘ ;“ r”l”3I  “ - ‘S IT  1’IRE EXT PER F L Y  hR P1,717 77l’,lT

‘C ’-  ‘ 5  — —  —— 175 3 . 1 17  3 . 1 7 ( 7
““I’ ‘I 3 ”  :‘ — — 617 13.47.

‘ I I  (
~ ‘C ‘3 17 .017 5 9 .58  5 1 . 7 - 7

- S “‘ ‘7’ ‘1 1. 481 12.1~6 11 .31
“ ‘- ‘7  ‘7 7  ‘ -I 7 — —  613 11.56 17 , ”)

- ‘  7 , _SI, ‘ “  - 
~‘ 3 ’ 1  II ‘1 2691 .75 11 . ”

- 15 1 51 )1 3  -‘ 7 120 1.72 ‘7 , 1 ’

II’” ‘;‘ 2 1-7 997  5.14 17.7’-
(‘7 ’_ ”  1 ‘ - ‘ 7 7  1 2 56 (7 7 , 59

‘C’’ ‘ ‘ ‘ .17 —— ‘h O  472 2 .11 (.. ‘;-i
-‘9-, ’ ‘ ‘ “‘7 ‘3 1 32 7  1.4’) - 1 . ””

S s ’ ; ’  )“ -1 1) 11 .59.09 2. 14 . 1 ’

9;’ - ’ ‘;‘;‘ 5 5 1  ‘-  —— 726 1.,’ ’b  (‘.1

‘“-P 1 ’” -  51 1 177’) 3.61
‘7’” ‘3 ” ’  1 1 C - ‘ 0 115-1 .’ 2.82 1 1.1’.
“,~~‘,‘ 

I”)  .1 5 79’  1. ’36 ‘i.”' ’

“95’ ‘“ ' ‘3  ‘7 5 7 5 ( 7  2 .57 7 . 3 .11
‘ 1) ”  15” 7 ‘ ‘) ‘5(51 i 2 . II 12. 7’S

(— ‘1

“I”’ 1 “5 “u. —— —— 256  . 63  4 ,  ‘.7
-7-’ ’”  ‘‘1 ’  1” (. —— 379 1. 34 “.1 ’

“5-” “ 11 ‘ Cl  .5 2 678 1.716 7, 1 -

‘VI 71 7 )  (, 11 676 1.01 7. ’ ’
“75’  1 - 7 1 (,‘3 1 5  —— 614 1.7’S 8 911

‘V I  1-1 9 27 11 21.03 1.1-1 7. 1”

91’ 5 “‘‘1 ‘ 1 C ,  5 7 (.l~fl .177 7 . 1
7 ‘ ‘5 ¶ —— 866 1. ¶ 1  1 l •

7”1’ “‘5 1 —— 115 ’7 1.50 1 7 ,’~ 5
‘ C I ’  1 ” ’  1 1-’ 7351 2 .3” 21. ”’

‘)l’~” 
‘1’” 5 ) )  ‘ C I  1 1Q41 2 .73(7

“ ‘9 ’ ’ C  7 - ) ’ )  1 ’O  ‘ 7 ’  ‘ C ’  15975  5 ” )

“ — 1
- - _

‘
- , ‘ -  —— —— 1~ ~~~~~ 5, 1)

1- ” ’  7 ,  —— —— 4 ,7 )  ,4 - )

“.1 — —  —— 5 1 5  .‘;C7 “ . ‘73
“7‘‘ ‘‘1 —— 1 11’) LI’; 7.’,. ’’;

7 “”C ‘1’;  “1) —— 21’) 1.51 11. 1 ,

““ “11, ‘71 ’; 7 ‘ 1 1, 6 871  .77 1. ‘1 . 7 7

_ 5 ’ _  S -
‘ ‘ _ I — —  —— — —  — —  — —

‘ ‘‘‘1’ 5 )  5 — —  — —  3’S ,‘ . ‘- 1  1 ’ . “ - 7

“1”'’ II I — —  — —  ——
1-) ) ‘5 —— —— .0 ,37 I. ”

III ’ 1 ) - ‘ —— — —  155 • 31- -1 .”

“'‘‘C , ‘ S ’ S  1’” —— —— 7’) .2 7

5 ’ 5 ’ 5 ) ’ ’ ,”,’ , 1 5  ‘ “ l 551 .1 17~ 175 ,‘ 12 .’~ 1.89

37

L ~~~~~~~~~~ — - - -~~~~~. ~~
- —-“. - ~~~~~~~ ~. , ,

~~~~~~~



- ‘‘“'““L” ”~~
”” - - ‘-‘-- _-_—“

~~~9—”---—’ — —

C — s  Y LYIN ; IID URF ’  S MAII1 ’CI - I Cl . /1 ’ I CI ’  5C ’7’I, ”’’ 5’ 1 7  97 , 5 ,  95
M1GI’$S T 1~~7~ — ‘J”9”’’ ” ’ ’’”. 5 7 ”

TO”AI. s .  t ‘ . ~151 -
rLI’;HT FLYING SORTIES “X’;’Lt ~ST”  ‘ , “ ‘ 1 1”’  s, ’ 1 ‘1”
I,!-’5’IC~TH 11071RS 05—fl ’) l’l’ ,5 ‘I V !!” 1’I’’’ ; ,17 ’I ’

0— 2
ISlE’, 55 45 135 ‘, 5 3 ,~) )
STIr 46 37 4 2 3  “.7 ’ 1 “ . 7 ’ -
OCT 84 69 1.29 7 .1” ‘1 ,1)
‘ by  38 35 317’) 1 ~. 31) 1’~, 

7 3

“7FF 51 44 401 ‘7~~~_’i
276 23’) 19’17 ‘1 1”, “7 7 . ’,

2 — 4
AllIS 314 10(3 257 , 5 ”  2 . 1 1

165 ‘52 5.7 . ’ 3 . ‘IS 1 ’ . ’ ’
OCT 124 71 4” ,1 ‘5 .7_ S

~U C V 224 69 if- ’) 1. C-~ “ . 2 2
232 ‘iC’S 217 5.712 3• 1 5

5059 37 73 5 9 5 9  1 7 5

-SIICS 564 113 617 5 .  ‘“7 s .
4715 l.17~ L i ”  5 5 , 13)

“CCT 5512 116 1153 .5, 1’S
‘ by  3 171 71 (C’S,’ 1 ,7;~

DISCS 295 57 5 ( 72  2 . ‘71 1 ) , 1’
2300 4 5 7  4 7 ’ ) -’ 2 .77 .1 11 .1’

405 5(3 57 17 . 4 1  3 . 5 7
STIr 282 39 21-5 . “i - , —
OCT 641 91 5156 .5”  1- .

671 (13 5-1 5 . ~1
‘)r c 494 1” ) 50’ ) 5 ,3 )  “ ‘ ‘‘I

‘I5)’I’AL 2493 I’l’i 2731-1 . 5 ,- ) ’

“ — j 7 1
‘ l l(S 765 8(5 4 1)0 . ‘S’S 5, 

‘‘I

583 6’S 61) 3 1, ‘17 5 .

77(5 17’S 914 Li”  ‘7
SC” 91)2 10” 1649 5, 1 . 7

927 101 54 5 ”  1. ’i7 5 1 .1’~A 0 2 1  4.17 51’ ’  1. ‘7 17 .~~5

1 ’ S — i . ’
65 (5 (3 . 1 7  1 .

STIr 106 10 —— —— -—
(‘1( 1’ 2 10 25 (79 .- 7 1  1. 15

90V 219 2 ’)  2 5 1 3  5 • 1 1  5 2 . 1 1

DISC 215 2 ’) 5 76  ,‘)5 5 . 5’ )
“C’7”AL 1735 77 51” .C ’ I

1 2 — 14
/111(5 ‘12 4 —— —— -—

11 5 32 ‘ . 1(5 1,’. 1)

“ SC”' 13 1 — —  — —

“1’ 1733 13 7 .‘1~ .3”
104 17 16 • 1 5  4 .’;’)

“(‘TAt 285 22 7’S , 7( 3 , 1-)

‘Tl -’;’iS) 1’OTTSI. 17.271 5951 1(53’ )? 1. 1 ’  ‘I . 75

38



~~~~~~~~~~~ “~~~~~~~~~~~ ‘~~‘ ‘~~~~~~~~~~~~~~ ‘ ‘ ‘ 
_ “ 

‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

APPENDIX 2

EXPLANATION OF WORK UNIT CODES (WUC )
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C—SA Ref: TO 1C-CSA-06

WUC DESCRIPTION

01 Ground Handling, Servicing and Related Tasks

02 Aircraft Cleaning

03 Scheduled Inspections

04 Special Inspections

05 Preservation, Depreservation , and Storage

06 Arming and Disarming

07 Preparation and Maintenance of Records

09 Shop Support General Codes

11 Airframe

12 Cockpit and Fuselage Compartments

13 Landing Gear

14 Flight Controls

23 Turbofan Power Plant System

24 Auxiliary Powe r Plant System

41 Air Conditioning, Pressurization, and Surface Ice Control

42 Electrical Power Supply

44 Lighting System

45 Hydraulic and Pneumatic Power Supply

46 Fuel System

47 Oxyge n System

49 Miscellaneous Util i t ies

40
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51 Instrumen ts

52 Autopilot

55 Malfunction Detection Analysis/Recording System

61 HF Communications

62 VHF Communications

63 UHF Communications

64 Interphone

65 1FF

66 Emergency Communications

71 Radio Navigation

72 Radar Navigation

91 Emergency Equipment

97 Explosive Devices and Components

‘:1

I
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_ _

A S PIN — W E L C I I  TEST ( SE E  REF 10)

;‘1ovember 1976

~ Blank Mission Code

a ~1 Mission Code

Total of All Mission Codes

= 13.48 M~iintenance Write—ups per Sortie

9,13 Maintenance ~-Jrite—ups per Sortie

12.40 M ain t e n an s - e W r i t e — u p s  per So r ti e

-) c ’  ( X _ v r  sS 1 = ~~~~~~~ ~1 “1 = 
1 57 . 4 8  

= 5, 74 S
N 1

— 1 N
1 10

S ~~~~ 
~~~~= “ 178.08 —

~~-— - ‘ 17~~~0~
2 1 10

= 47 ,~~6 ~~~~~ a 
47 .96  —

N 3— 1 10

5.748
5.748 + 17 .SOS = . 14 4 0

5.748 5

“ 13 5.748 + 4 . 796 = .5451

17.808
= 17 .803 ~ 4. ’~’~~s = • 7~) 7 q
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31

r~~ i’ I : : — W E L C I t  TI ST (~‘on t  ‘d)

-lovember 1976

+ ________ 

.059 !~ + .5715 
= .070 1 7 n 12 

= 14

+ 

(1—C 13) .2971 + .2069 .0560 ; n = 18
I) ,, ‘1 —1 N 3— 1 9 13

= + = 
. 6 2 0 6  + . 0450  

= 0739 ; n 23 = 14

13.48 — 9.13 .8963 ; P = .3
12 5 748  + 17 .808

t 
13.48—12.40 

= . 3 3 26  ; P = .713 5.748 + 4 .196

9.13 — 12.40

17.808 + 4.796

In all cases tested , we conc lude tha t the samples came

f r o m  the same universe; that is , “blank ” mi ssion code

and “Ml” miss ion  code have the same maintenance

wr iteup rate per sor tie as the un iverse of all m ission

codes.
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ASPIN—WELCH TEST (SEE REF 10)

December 1976

~ Blank Mission Code

= Ml Mission Code

X 3 = Total of All Mission Codes

13.23 Maintenance Write—ups per Sortie

X2 
= 10.49 Maintenance Write—ups per Sortie

= 12.14 Maintenance Write—ups per Sortie

2 ~~~~ (X
1—~~1

)2 S
1
2 

,,
~~~1 = 1 72 .85 = ‘~~~~~ . -  

= 7 .2 3 r ,
1
_ I- , -

~~,

(X 2 X~~) 
64 . 9 4  = 

64.94 
= 6.494

= ~~~ = 38.63 = 3 .863

7.2 85
12 = 

7.285+ 6.494 5.287

7.285
C ’ C13 7 .285 + 3. 863 = .6534

c — 6.494 —
23 — 

6.494 + 3 .8 63 — .6270
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ASP i’J —~J~:i.cij TI S’2 (Cont  I d )

December 1976

1 
= 

c12 
+ ~~12

) 
.2795 + .2221 

= .0550 = 1R

= ~~

‘

~~~~ 3 
+________ .4269 + .1201 

= .0607 ; ii 17N 1— i  N 3— 1 9 13

= + 

(l_9~~)~ .3931 + .139 1 
= .0591 ; n , = 17N 2 1 N

3— 1 9 -.3

13.23 — 10.49
735~ 

. I, = 4— 7 . 2 8 5  + 6.494

13.23 — 12.14

7.285 + 3.863 = .3263 ; p =

10.49 — 12 .14
6.494 + 3.863 

= .5124 ; P = .6

In s-ill cases tested , we conclude that the samples came

from the same universe; that is, “blank ” mission code and

“~ ‘s - l ”  mission code have the same maintenance writeup rate

per sortie as the universe of all mission codes.

____________ _ _ _ _ _ _ _ _ _ _  --- ---_



APPENDIX 5

REGRESSION ANALYSIS
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I 1~1S  ~ ION ?s.Nr’.LYS IS

I~~i ; s ~ s - 1 on ~, ‘~5l sor ties , 11~~~1 Ilyi nci hours , h i  ~-:~~t — flecemb~ r 1971, .

I~~~~I ’ S lC ’I ) E (j u s - l t w n  is in t hs.’ f o r- n :

y = + e~

“him~cr of maiflten .ince wr itinis

= A cons tan t

A = C o e f f i c i e n t  of va r iab le

:: , ‘i~~rthcr of f l y inq hours

P. = C oe f f i c i e n t  of var i~’ible Y 2

\uml) er  of sort ies

= ~
‘oe ~~f ic i e n ~ of d e t e r m i n a t i o n

C tandard error of the estimate

Work u n i t  code

(‘o e f f ie i e nt  of d e t e r m i nat i o n  when on ly  f l y i n g  hours  are  used
as s- i p r e -~ i c t o r  of m a i nt e n a n c e  w ri t in ~~s

C o e f f i c i e n t  of lete rm in at i o n  when on ly  sort ies are  use~1

~u; a p r e d i c t o r  of m a i n ten an ce  w r i t e u p s.
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