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BACKGROUND

HISTORICAL AIRCRAFT RELIABILITY

Ever since the government began buying large numbers of mil itary

aircraf t from competing civilian aircraf t prod uction corpora tions the

problem of forecasting reliability and main tenance requ iremen ts has

been an important consideration.

As soon as data became available upon opera tional aircraf t the

unscheduled maintenance failure rate was analyzed in terms of maintenance-

man—hours—per—f lying—hour (MMII) for the aircraft weapon system. Then

as new or replacement aircraf t were cons idered , the competing contractors

were asked to estimate the MMH of their proposed design. Since the total

weapon system cost includes the maintenance costs, the lower the repor ted

MMH the more likely the corporation would be to sell its model. Although

companies did perform some demonstration tests (often utilizing highly

trained personnel under ideal conditions) the estimates proved to be

grossly inaccurate and costs greatly exceeded predictions. The credibility

of the contrac tors ’ estimates soon waned as more manpower and spare parts

were needed than had been made available based upon those estimates .

As a resuit , spare parts shortages and lack t f  trained maintenance personnel

• led to lower mission accomplishment than forecasted and another method

of reliability/maintainability forecasting was sought.

As main tenance officers and technicians gained exper ience in

operational aircraft similar to the developmental aircraft , their op inions

as to the numbers of men and time required to do each task were sought.

1
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This source tended to be somewhat of a exaggeration since these

• operational personnel were concerned with having ample people and par ts

to mccomplish the requested missions and thus “looking good. ” Con-

tractors , predic tabl y,  criticized this method as biased and unfair. *

In any case both of the previous sources proved to be less than

• precise and cost forecasts  and comparisons continued to be d i f f icu l t

• and imprecise. With the advent of computers and the Maintenance Data

Collection (Z’LDc) system the use of computer  forecasting models became

feasible.

The MDC system was developed in the late l9SOs as a system of

documents or forms to record unscheduled and routine main tenance performed

on each aircraft belonging to the Air Force.’ The other services also

developed maintenance collection systems. Under the MDC system, each

time maintenance or suppor t is performed on or f or an aircraf t, the

repairmen document the aircraf t identification, what tasks were performed ,

and how many repairmen of each type worked for what time period. This

data is then stored on computer tapes for a variety of uses. See

Append ix B for  a comp le te description reproduced from AFM 66_1.2

DEVELOPMENTAL AIRCRAFT MAINTENANCE FORECASTING MODELS

In the mid—sixties the Air Force, in conjunction with the Rand

Corporation , developed a series of computer simulation program frameworks

(CONCUR , CONVOL , SAMSON II , etc)3 and la ter , by contract with CAd , Inc.,

(LCOM) .’ The Army 5 and Navy 6 also have made use of simulation models to

pred ict maintainability/reliability and mission accomplishment. 
•

2
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The current simulation model used by the Air Force for manpowe r

requirements forecasting is the Logistics Composite Model (LCOM) written

in Simscript ~~~~~~ LCOM is a general aircraft or weapons system model

which can be adapted to a particular aircraft or weapon system by

incorporating the data concerning that particular aircraft.

The inputs to this model are the daily mission schedules which

• define: when the aircraft are to fly and for how long ; the scheduled

maintenance servicing tasks, including the number and time distribution

that maintenance repairmen of each specialty are required for each task;

and what support resources each task utilizes. In addition the user

defines the correc tive maintenance ne tworks to include tasks , times,

and resources to repair each subsystem when it breaks. Failure clocks

defining the frequency with which each subsystem requires corrective

main tenance, the initial quan tities and resupply tines are also user

supplied .

• With these inputs, along with the initial number of aircraft to be

assigned , LCOM simulates the flying operations for the modeled organization

f or any desired time period. See AFHRL—TR—74—97(II) for a more complete

description of LCOM.8 Figure 1 illustrates the simulation technique.

In order to define the failure clocks for the subsystems of develop—

men tal aircraf t the engineer collec ts wha tever da ta is ava ilable f rom

similar operational aircraft, usually from the MDC system . This data

normally comes directly from an air base that operates the comparison

aircraft. The AFM 66—1 maintenance data is then processed through a

3
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series of FORTRAN computer programs vr tten for the CDC 6600 computer

to put it in a form that can be used in developing the simulation

inp’uts.9

The task times and failure rates are then analyzed b y ai rcraf t

systems development engineers to make adjustments for differences and

• improvements in the developmental subsystems. This new data is then

used to develop the computer networks of the simulated aircraft.

PROBLEM ENCOUNTERED DURING A COMPARABILITY STUDY

A number of difficulties arise during this process that must be

overcome by the simulation design engineer. For instance, data f r om

different bases flying the same aircraf t may display different failure

rates for the same equipment. Since the LCOM simulation normally bases

the forecasted failure distribution upon number of sorties between

f~ i1ures, this parameter is highly sensitive to the air base selected

as the comparison location.

One possible solu tion to this problem is to average the da ta f rom

several air bases before making the comparability analysis. However,

this method does not take into account the possibility that these

differences may be due to other than random chance. If , on the other

hand , some of the factors causing different failure rates can be measured

we can take them into accoun t in f uture stud ies and pr oduce a more

• accurate forecasting model.

One of the factors that possibly affects the failure rate is the

average length of the sorties flown. For instance, if the takeoff and

climb portion of a sortie produce8 a failure rate that is different

5
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from the fai lure rate during the cruisL portion of the flight, and

perhaps a third failure rate is prevalent during the landing phase,

thin the average number of sorties between failures is dependent upon

the average length of the sorties. This could also be described as

the failure rate during warm—up period for the equipment and the steady—

state  failure rate.

Thus the intent of this study is to determine whether sortie

• length is a significant factor in making comparability analyses and,

if so , what the simulation design engineer can do to account for  an

expected sortie length for a developmental aircraft that differs from

• the comparison aircraft.

F 

• -
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P LANNING EXPERI NLNTAL DESIGN

OBJECTIVE

The objective of this study is to provide a technique by which

the LCOM simulation engineer can readjust the failure rates of aircraft

subsystems to accoun t for  a planned d i f fe rence be tween sor tie length

of the developmental aircraft and that of the comparison aircraft.

Since maintenance data is kept by systems, subsys tems, and compon-

en ts, we are able to collect and analyze data for each aircraft system.

The aircraft parts are tracked by a five—digit work unit code when the

f i r s t two digits refer to the system, the third digit refers to the

subsystem and the last two digits refer to the comn snents. For the

purpose of this stud y, I will group the data by two—digit level.

Technical Manual TO—0O—20—2 explains the data collection system in

detail. 10

REQUIREMENTS AND CONSTRAINTS

The requirements for completion of this study are: da ta f r om three

or aore different aircraft that can be associated with sortie length ,

the use i_if computer statistical analysis packages, and computer data

reduction programs.

The constraints that persist throughout the study include limited

time and manpower to do the study. The source of information will be

the MDC system and civilIan aircraft contractor sources.

Since the prime immediate use of the results is to assist in a

modeling developmen tal cargo airlif t aircraf t, I have limited the data

7
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collec tion ef for t to large cargo, bombur and civil aircraft. However,

the techniques described in this report can be used for other models as well.

BASIC ASSUMPTIONS

• Several assump tions apply to the planned use of regression to

ana lyze the data . The most important assumption pertains to the warm—up

period for each of the systems analyzed in this study . The assumption

is that every sortie is of sufficient length to cover the warm—up

period and allow the system to rei ch its steady—sta te failure rate.

Thus, if we discount other effects and assume that cyclic effects will

stabilize within the sortie flight time then the average number of

main tenance actions per sor tie can be related linearly with increasing

sortie length.

There is some precedent for using this type of analysis. I would

like to point out that Mr. Maurice Shurman from the Boeing Company has

demonstrated that field data does support the changing fa ilure ra te

with time theory .11 According to this study failure ra tes seem to

stabilize between ten and twenty percent of the time into a sortie for

the aircraft with which we are concerned .

Mr. Shurman performs his analysis upon the data grouped by fai lures

within each aircraft type and then develops a common time dependent

failu re rate equation to predict the failure rate at any time within

the sortie. His equation is general and relates to all aircraft and

unspecified maintenance requirements.

Kern and Ornas have also studied how operational influences affect •

reliability . From their report one mi ght gain an insight into some of

8
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the operational factors that may chango the failure rates of avionics

equipment. 12

Another assumption is that other factors can be divorced from the

effect we are attempting to analyze. Such factors as differenccs in

mission profiles, maint°nance concepts (methods and policies), wea ther

• (environment), aircraf t age, aircrew techniques , u tilization ra tes and

any others may also offset failure rates. These factors must be isolated

or assumed not to completely hide the ef fec t we are studying.
• The third assumption is that the cyclic and flying hour e f f e c ts

can be measured and that the MDC system is accurate enough to show

these effects.

DATA COLLECTION METHOD

From a commercial airplane company I have obtained maintenance

data for a civilian aircraft collected for two different sortie lengths. ’3

I have also acquired data from B—52D a i r c ra f t  from three bases operat ing

in Southeast Asia .lk These two sets of data were grouped by base.

One group of the civilian planes (Boeing 727s) flew commuter fligh ts

only (averaging .566 hours) while the other group flew standard flights

(averaging 1.327 hours).

The B—52D aircraft data comes from three bases each flying the

same mission profile but requiring different sortie lengths (U—TAFAO —

4 hours , KADENA - 8 hours , ANDERSEN — 11.5 hours).

In addition to these data sources I have obtained from the Air

Force Logistics Command (AFLC) 16 computer tapes containing the MDC

information for all Air Force C—l4lA and C—l3OE aircraft for the period

of time June 1976 through May 1977. See Append ix A.

9
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PLANNED ANALYSIS

The initial anal ysis plan is to take this data , which describes

maiitenance performed on aircraf t flying the same mission profile but

different sortie lengths for several different type aircraft , and then

use regression programs to relate the failure rates to flying time and
4

number of sorties. We can think of the total average maintenance actions

per sortie as being made up of a constant portion (regression line

intercept) which we will call maintenance actions per sortie (MAPS)

and a variable portion (regression line slope) which we will call

Maintenance Actions Per Flight Hour (MAPFH). See Figure 2.

Some of the causes for these differences may be that, during

turn—on , electrical surges cause a short—term failure rate that is not

indicative of the steady—state equipment usage failure rate. There

is intensive low f requency vibration and shock during taxi and takeoff

as well as significant vibration during the fligh t phases req uir ing

hi gh power set t ings , such as low al t i tude and cl imb—out .  During the

maximum gross weight take—off  conditions there is longer use of maximum

power. Also , there is the thermal ins tab i l i ty  of electronic equipment

until the equipmen t reaches its steady—state temperature.

However , it is believed that after these warm—up or cyclic effects

have stabilized , the flight enters the phase of rela tively constant failure

rates for the cruise portion of the flight.

CLARIFICATION OF TERMS

Here we are defining a maintenance action to be any unscheduled

(not routine) action or repair service performed by one or more

10
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Wa rm up period Sortie length

Figure 2. Maintenance Actions (Cyclic and Flying Hour Factors)
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p
maintenance men and documented by a Fctm 349 under the MDC system .

Each action is documented against the proper work unit code and entered

int~o the records regardless of time required to make the repair.

Failure rate and average maintenance actions per sortie are used as

parallel terms.

As further clarification , the term “Main tenance Ac tions Per Sor tie

(MAPS)” refers only to the failures that occur as a result of the

cyclic or warm—up (transient—state) effect and the term “Maintenance

Ac tions Per Flight Hour (MAPFH)” ref ers only to the failures that are

time dependent (steady state) and not related to warm—up.

By plot ting the average number of maintenance actions per sortie

against the average sortie length for each system , and using regression

to smooth the data fluctuations, the estimated maintenance ac tions

per sortie (regression line intercept) and the estimated maintenance

actions per flight hour (regression line slope) can be calculated.

This technique can be used to estimate the maintenance actions

per sortie (MAPS) and the Maintenance Actions Per Flight Hour (MAPFH)

for each of the aircraft types considered in this study.

From this analysis an adjustment factor can then be determined to

account for a planned difference in sortie lengths between the develop—

mental and comparison aircraft.

12
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ANALYSIS AND RESULTS

DATA REDUCTION TECHNIQUES

The civilian aircraf t da ta is combined by sys tems to coinc ide

with mili tary designa tions and is presen ted in Table 1 along with the

B—52D data in terms of average maintenance actions per sortie. This

table is compu ted by div iding the total number of fa ilu res f or each

system, aircraft and sortie length by the total number of sor ties

flown during the considered time period.

Since the civilian aircraft all flew the same mission profile and

the B—52D aircraft all flew the same mission profile , and each source

of data is relatively self—consistent as f a r  as weather and main tenance

concep ts, it is reasonable to use linear regression to test the effect

of dif feren t sor tie leng ths upon average numb ers of f ai lures f or each

aircraft type and system .

Since the civilian data y ields only two da ta points per system and

the B—52D data only three , I have limited the regression analysis to

linear relationships. The results of these regressions and data summary

are presented in Tables 2 and 3. Regression line plots appear in Appendix C.

Data for the C—l3OE and C—l41.A aircraft was obtained from the MDC

inpu t to AFLC and was collected by each aircraft serial number and date.

This data was processed through a series of computer programs to

provide the total number of maintenance actions in each two—digit work

un it code areas for  the time periods June 1976 to Sep tember 1976 and

Oc tober 1976 through May 1977. Analysis were made upon each of these

13
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sets of data and upon the one year dat - combination f o r  each aircraft.

The method of data reduction to obtain the total maintenance actions

fot’ each system is presented in Appendix A.

The data for  the C—141A aircraft came from six Air Force bases :

1. McGuire AFB NJ with 47 a i r c r a ft .

2. Travis AFB CA with 41 a i r c r a f t .

3. Charleston AFB SC with 99 aircraft.

4. McCord AFB WA with 40 a i r c r a f t .

5. Norton AFB CA with 50 a i r c ra f t .

6. Altus AFB OK with 16 aircraft.

The data for the C—130E aircraft came from ten bases :

1. Pope AFB NC with 38 aircraft.

2. Elmendorf AFB Alaska with 15 aircraft.

3• Little Rock AFB AR with 64 aircraft.

4. Mildenhall Air Base England with 16 aircraft.

5• Clark AFB Philipp ine Islands with 18 aircraft.

6. Yokota AB Japan with 18 aircraft.

7. Andrews AFB MD with 1 a i rc ra f t .

8. Elmendorf AFB Alaska with 10 a i r c r a f t .

9. Mccord AFB WA with 21 aircraft.

10. Langley AFB VA with 6 aircraft.

The average number of maintenance actions per sortie for the

C—141A and C—130E aircraft grouped by base are prese nte d in Tables 4

and S respectively .
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For the C—141A and C—130E, since I-I!)’ data was available by aircraft

serial number and the aircraf t at ea ch base do not f l y the same mission

leugths as did the B—52D and Boeing 727 , each aircraft is considered

separate. Thus we have 244 data points for the C—141A and 215 data

points for the C—l3OE aircraft. See Appendix D for C—130E and C—141A

data.

HANDLING OF MISSI ON AND ABNORMAL DATA

Data for some of the C—141A and C—1 30E a i r c r a f t  was incomplete and

so these aircraft are eliminated from further analysis. These missing

or incomplete data stem from either und3cumented or inaccurate data

collection at base level, keypunch or computer tape production errors ,

or aircraft being grounded for long periods of time . In any case, it

is assumed that due to the volume of data received intact , the analysis

will not be greatly biased by the elimination of incomplete data from

the analysis.

Furthermore , in an attempt to use data from aircraft which fly

similar mission profiles I have removed the data from bases which fly

only training missions since their usage of aircraft create different

failure rates than those that fly airlift missions.

Since these airlift aircraft (C—141A and C—130E) fl y g lob al

missions and have repairs made at many locations , each of which uses

the same Air Force policies and maintenance regulations , the ef f e c ts

of weather , clima te, and maintenance locational idiosyncrasies are

assumed to be in balance.
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LINEAR REGRESSION RESULTS AND ANALY S 1~

Linear regression was performed for each aircraft type and system ,

and the resultant intercepts , slopes , variance and R2 are presented in

Tables 6 through 11 for C—130E and C—141A aircraft. Regression was also

used on the airlift data grouped by base , and the results appear in

Tables 12 through 17. Correlations of the data are presented in

Tables 18 and 19.

The Coefficient of Variation (C.V.) is the relative variability,

written as a fraction or percentage , and is defined as the standard

deviation divided by the mean .15 The squared linear correlation

coefficient is used to express the ratio of explained variation to

total variation)6 The standard error of the estimate is a measure of

the scatter about the regression curve. 17

From the Linear Regression Results (Tables 6 through 11) it can

be seen that for some systems the maintenance failure rate is somewhat

sortie length related and for many others the sortie length does not

account for much of the variation in maintenance requirements. in

each case, this information is quite useful in determining what , if any ,

adjustment should be made in the forecasted failure rates of develop-

mental aircraft. Some maintenance relationships to cycles and flig ht

hours ‘ire grap h ical ly  displayed in Appendix C.

As can be seen from the figures in Appendix C and Tables 2 and 6

through 11 the number of maintenance actions for nearly every system is

largest for the B—52D. Also , for nearly every system the number of

maintenance actions for the civilian aircraft is smallest. These

()L)st~rv~t t i C ) I C C  h o ld  rII(- I (Cr  h;~~ t Ii i -y r  I ~- Jill’? f I ~g h I  hour ro?;I 1c-(? I a! I iro~~ .
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From Tables 12 through 17 it ca~ ~- seen that the data for the

C—130E and C—141A aircraft , when grouped by base , displays a base related

eff ~ect that may overshadow the sortie length effect in this narrow

range.

-

- 
- 

Whereas the civilian aircraft and the B—52D both flew consistent

prede termined sor ties of the same leng th and mission p r o f i l e , each

C—130E and C—141A aircraft fly more varied mission profiles and sortie

lengths. Cargo airlift, airdrop , training , passenger , air evacuation ,

and other missions are flown by the C—l3OE and C—l4lA aircraft. Thus,

it is not unexpected that there is much more variance in the maintenance

requirements for the C—130E and C—l4lA aircraft.

The data for the C—130E and C—141A aircraft was also grouped by

sortie length classes as follows:

For the C—130E (Jun 76 — May 77 data)

Class Average Sortie Length (Hours)

1 0 — 2 .5
2 2.5 — 3 5
3 3 .5 — 4 _ s
4 4~ 5 — 7 0

For the C—l4lA (Jun 76 — May 77 data)

Class Average Sortie Length (Hours)

1 0— 3 .0
2 3.0 — 3 5
3 3.5 — 40
4 4 . 0 — 7 0

The results of the linear regression analysis of these two data

sets are presented in Tables 20 and 21 respectively . It is easily

observed tha t the e f f e c ts of this gr oup ing by sortie length illustrate

the cyclic and f ly ing hour fac tors  for  each sys tem
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FACTOR ANALYSIS RESULTS AND DISCUSSI ON

Also , a preliminary factor analysis was considered and a stepwise

regression program used to check the relative impact of several factors

including the total sorties flown , average sortie length , utilization

in terms of flight hours and sorties per month , and the base of assign-

ment. The results of this stepwise regression analys is are p resented

in Tables 22 and 23. A second order regression was checked but due to

a large variance and limited range of sortie lengths , results did not

appear to be meaningful •

The stepwise regressions (‘fables 22 and 23) illustrate the need

fo r  f u r t h e r  ~tudy in the area of factor analysis As can be seen f r om

these two tables the average monthly utilization of the aircraft and

the total sorties flown seem to provide a much greater explanation of

the variation in the average number of maintenance actions per sortie than

does the average sortie length for C—130E and C—l4lA aircraft However ,

these figures are quite often the result of maintenance rather than the

drivers of It. If the aircraft is down for maintenance often , it cannot

be utilized to fly as many missions or sorties as can the aircraft that

requires less frequent maintenance.

Also, during peacetime the aircraft are not planned to fly as

much an~.l the flight, crews may be more insistent upon having repairs

accomplished before flight. During wartime or surge efforts the aircraft

are often required to be utilized at the maximum level maintenance will

permit -
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Thus , it follows that for a plannC)d consistent utilizaLion rate

this type approach may be usef ul , but in practice , utilization is far

less certain than the expected sortie lengths.

Also , it need be no ted , the stepwise regression an alyses of the

C—130E and C—l4lA aircraft , in no case exp lains more than about half

of the variation in maintenance data. Thus, we might look to other

fac tors , random chance , or da ta erro r as reasons for  much of the

variation in the maintenance data,

An Analysis of Variance (ANOVA) was accomplished upon the airlift

da ta grouped by sortie length classification as previously descr ibed ,

total sorties flown, average utilization by f l ight hours and sorties

per month , and by aircraft assigned home base. Total sorties were

grouped as follows:

for the C—l3OE Aircraf t (Jun 76 — Nay 77 data)

Class

1 less than 126 sor ties
2 126 to 175 sorties
3 176 to 250 sorties
4 more than 250 sorties

for the C—141A Aircraft (Jun 76 — May 77 da ta)

Class

1 up to 250 sorties
2 250 to 325 sor ties
3 326 to 400 sorties
4 more than 400 sorties

The average mon thly utiliza tion by f l ying hours was gro uped as

follows :
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for the C—130E Aircraft (Jun 76 - ~1ay 77 data)

Class

1 up to 40 hours  per month
2 40 to 50 hours per month
3 50 to 60 hours per month
4 more than 60 hours per month

for the C—141A Aircraft (Jun 76 — May 77 data)

Class

1 up to 80 hours per month
2 80 to 95 hours per month
3 95 to 110 hours per month
4 more than 110 hours per month

The average utilization in number of sorties per month was grouped

as follows :

for  the C—130E Aircraft (Jun 76 — May 77 data)

Class

1 less than 10 sorties per month
2 10 to 17 sorties per month
3 17 to 24 sorties per month
4 more than 24 sorties per month

for the C—l4lA Aircraft (Jun 76 — May 77 data)

Class

1 less than 23 sorties per month
2 23 to 27 sorties per month
3 27 to 32 sorties per month
4 more than 32 sorties per month

The bas e of assignment was also used as a class if ication for  the

ANOVA research. The results of the ANOVA , presented in Tables 24 and 25 ,

Illustrate that there is a significant impact upon maintenance require—

ments caused by each of the factors tha t were analyzed. There also was

significan t interaction between many of the variables .
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PROBLEMS AND QUA L IFICATIONS

DATA PROBLEMS

In red ucing the da ta a number of problems were encountered with

the usage of the MDC system. Not only was there often missing data ,

but there were apparent inconsistencies in how some item s were documented.

Many maintenance actions may not have been documented at all , some appea r

to have been grouped differently when reported from various bases , and

some may have been in error. In any case a review of the MDC system

has been initiated and a more accurate method of obtaining data will

undoubtedly be of assistance in future research.

DATA NOT AVAILABLE

If , in the future , failure data could be documented according to

the time within the sortie the failure occurred , then a more accurate

analysis of f l igh t phase fa ilure ra te m i ght be undertaken.

Dif ferences be tween ages of the aircraf t , number of l44ndings and

crew techniques were not available for this study . However, it might

be noted that each of the bases is assigned aircraft of varying ages ,

and all crews are trained at a common location using a standardized

methodology and that crew members and maintenance personnel are often

reassigned to other bases having the same type aircraft.

N U1-IBER OF AIRCRAFT TYPES AND DATA TIME PERIODS

Another limiting factor is the time and number of aircraft types

studied . Data for different periods of time mi ght be considered as

well as other aircraft types in order that a more complete study mig ht

be undertaken in the future.
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CONCLUSIONS AND FLCO~ ’iENDATION

USAGE OF RESULTS

- From the correlations (Tables 18 and 19) and linear regression

results (Tables 2, an�’ 6 through 17) it can be concluded tha t there is ,

to varying degrees , a cyclic and a fli ght hour failure factor involved

in aircraft reliability. In order to use the information gained f r -~

this study the engineer need only compute the percent of m,-l in ti -na.i-

that is cyclic or sortie related (PSR) for each sortie length in quest C L~~.

See Figure 3

Since tile processed MDC data gives the engineer the mean number of

sorties between maintenance actions (MSBMAI) for the comparison aircraft

with a known sortie length (S1), the average cyclic or sortie related

failure constant can be computed as follows:

1
MAPS = 

~MSBNA~~ 
(PSR 1) = a constant

where MAPS = maintenance actions per sortie associated with the cycle

only 
~MsBMA1~ 

average maintenance actions per sortie of length S1

PSRi = percent of maintenance that is sortie related for sortie length

Si (from Tables 26 through 29 or as computed by the engineer).

So we see tha t tile mean number of sorties between maintenance

actio ts for the developmental aircraft (MSBMA2) can be calculated from

the known information

now MAPS = (
~~~~~

) (PSR2) known (from above)

so solving tile equation for MS BMA ?

PSR2 PSR:-gives MSBI-1A7 = MSRMA 1 ~- - -MAPS
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Sortie Length

FIgure 3. Average Maintenance Actions vs Sortie Lengths

Ni = total average maintenance actions per sortie length I

i = 1, 2 , 3 , - . .

A = average number of failures per cycle only (regression line intercept)

percen t sor tie rela ted (PSR) =

Jr

/

51 
-

11111 -- - - - i___ 
- - -  - - -  

-
~_: -—- -—‘ 

-
.~~~~~

— -  r~~. 



f~~
_ 
c’—c-=~-—-—- ‘

~~~~~~~~~~~~~~~~ c~~~~~~~~~~~~~
-
~
-- 

~
=

~
--

(‘C
i-i (N CD N (N c—I (5-4 C’S 05 (7) 05 (‘S H (C) (N CX)

(N H (N 50 (55 I/S C’. (C) 50 C’ ItS N 05 (C) (N
(N (S_I ~~c a) 

~~ c-4 ~~ ~~ C’S H N CC) N H N
H

U-)
f--i a) c—4 CO C’) -Ic- (F) 

~~ 5— - c-i Q H 05 0 CD ~_I (IS

(55 (‘S US c N ~f l N C) CO 50 (N (0 CX) H N - -
H (N ~~ U) H ‘_I ~~~ c-i C’S c-I I/S N CX) a) H N
H

f-i ‘sO ~~ C’ N 0) N 0) N c-~j . ifS ‘O US CD ~~ CO C’S

1/5 115 (0 (0 CC) N C’ H C) CS ~~ 0) 0’. (N 0) (0
CD (N ‘c_I 0) ~~ c--i c- ‘c-C’ H ‘_I H I/S N 0) 0) H N

to

4: U) (C) H C) (F) 
~7 C’) Lf) (7) (‘S (N C) (N C) C’ in c-—i

(0 N CO U) C’. C) 0 (N (“1 (N H N C) C) C’S C) 0)
c~ 0 (N ~~ CO ‘c_I (5--) uS In H ~r (N U’) CX) CS a) (N N

as

P-i _I-)
~ -l Ce U) CD CD (N (N ~~ ~ S -  ~~r (N CC) (N 05 0 C) ~~ 1(5 c-i

o ~~ 0 H C’ (N (N (‘5 in ‘c_I’ In (F) 05 (‘_I H I/S C-) CD
U) V ic-n us a) in (N us us H - U’S a) C’ a) a)

(I) a) —

4: (1) (1) CS C’S X)’ (C) 0) 50 (0 C’ (N N c--i 05 CD C) C’ H
5-i f--i
b (N ~~r C) 10 . 50 a) 1/5 CS if ~ (F) (F) C’) N ‘~~ (S_I

4: a) ‘S us as in (N us H ~C’ (N (0 CX) 05 a) (N CO
~I f--I N

(N
U) in 5 -‘0~ H N (F) 0) (F) C’S c-I 0 N- (0 CS c—I (0 05 C’S
Z I  f--i
o CCI (0 CC) H 05-c N C) (N 0) C’) CX) (0 10 (‘S 0) C-- X)
I—I (F) in as US (N (0 (0 H US (N (0 CX) CS CX) (N a)

50

4: -c--i
Cl) Cl) N (15 0 50 ‘sO (0 ((5 05 in (0 uS C) (N ‘o N it)

III ;) f--I
C) ~~ C) (N C’S m H ~~ ‘-0 0 N (N 0 a) 

~~ ‘ C) H (0
Z C 50 05 50 (‘S 50 (0 (N 115 c’S C-- a) as as C’~ CO
4 : - P  us
Zos

~~ a) (1) (N in (‘S (0 (0 in (c-f CS Cs N C’ H (‘1 H N C’Z H
I—I (0 N ~~ CX) (0 CS H (N N ~~ CD us (N (0 0)
4: (Si (0 CS (0 (‘5 (C) N (N ‘-0 (‘S N C’ CS CS (‘5 0)

-P
54.1 f--i
o 0 U) ifS N us in C’S 0) ‘.0 (F) 1.0 05 -

~r CD 50 in
U) f--i

~~ C’S C’S in ~~ - m in (0 C) CS c C’ (S_I 50 - C’S H
z ~ -. in N 0~l 1~— ~~ N N C’S (C) ~~

- N as as Cs ~~ - Os
(S5

05

to U)
f--i (N (CC H -(7’ (C) CD (N 0) (5-_I N N 0) (0 CS N c--I 

C’S CD N H (‘S (N C’S CS N ‘i)’ us ~~ N U’S C’S ~~- (N ‘-0 -~~ 05 0) tO 0) 0) (‘S N 115 (0 C’. CS 05 us Cl
‘4)

- c--I 4.1 f--i ‘c_I- F) it) N CX) H CX) C) c-i N (F) (‘5 CC) 05 C)5 0
c--..) tY~~P~0. 14 C N CS CX) CS 05 CD 0 N N 0 (N N CC) N CS N
4: 0 4) H N a) C’. 0) (0 Cs 05 US CO N CS CS CS CS (0 CS

(1 51)
C-i c- i
(P 0 0
(1) C-I - -~~~~~~~
U) 4.1 - f--i • -1.1 • 4.) 0,

(P 51) (0 ‘(5 ~ 14 0 F (0 C-i
(j’ . r)S 0 U) I. (-)-i c--I 1) a)

(‘~ 1 ~ U 5)) 0 ‘I  (5~ (0 -.--I Q C_ ) 4- )
C i  .—I - - I  c :  U - 4 )  ~‘I  - Cli C_i (0
I I  (1) ‘ f )  • c i  U . : - .---i C ’ -  4 - C 

~~ 
(C) i- -i

f - i  0 : i i c- C i  ‘u ‘ 5 -  ‘ ‘ 5  ~ ~ - - (‘C C I  P
( I )  - , i i~~~~~ c-- --l ~: -c- - i c - - i  - -

~~ .-,  ~ V c-i 4
Ii Cc c .1 Cc. PS 4: i—I ~: ~~-. Q ‘— “ S c ,

Cc,
c—~ C C C ’ S C C ’ 5  c--i (N _I 10 (0 N H (N C’S ~? C

c -I_i . - - J  — 4  c - - I  ,—l V~~ 4~ c-4- “ ‘~~‘ —

-

. -- • - :~~~
— —k .~~~~_ ~~~~~~~

‘ - 
_ ..k -



_ _ _  
~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -‘~. -~~~~~~~

U) I - ’
f--i CO (CC CO (0 s0 0 ‘cl 5 N Ic-) IC) ‘1 05 ~~ 05

0 0-, H ~~
c- U’) rn ‘ 4  H -ti- ~~

- N- C’S N m
(N H
H

- (I) In

I-i CO ~~ Os CX) C) ~~ ‘ N ‘S CO _I Os C) (‘S Ci (‘S

CD C) c--I IC) in C’S c - s i  H US ‘? a) -1- CX) .1-
c- -I H I—I
‘-4

In
- f--i Os c’s o 05 115 Os H H CD N ‘c? a) N CO C-—

0 .-i H H in i/S (c-S (N ( D i n  CO (0
CD H c-i

— H
>1
H
(0 U)

~ 0 C-i 0 ~~ (N H 1/5 in c-CC’ (N 05 N (N (N
I to • (N - • . - N

E—’ 5)i c--I 0 (N c—I (0 (0 ~~‘ (F) I CO I!) Os US • US
4 : 4~) Os 

H H a’.

U)
ft~ c-ti C—i (N N (F) ‘~~ (0 (F) H CO US CD ‘sO N a) N 0)

a) •

to U) H 0 (‘S H (N ID N US I_F) (N CD (0 C) 1(5 0 1(5
i—u n CO H C-_I H H
Ea )

o~~’
Ci) a) C-i (F) 

~~ US a) N (F) CO (‘S CX) i-s_I US —4 it) ‘-4 (0
I—I .

to H 0 tO H (N N a) US ~~ C’) _S N C—i ‘-0 C-’ ‘.0
N H (N c--I .—i

- ---4
F—~~c--4 Il)

4: c--I f--I 115 I/S N (N a) US (0 C) (‘S C) ID 0) 1!) a) (15 

E-~ - c-I H 0 N H I_fl a) 05 (0 US (c-S In a) t’~ N- (c-S N
C) ID H (N H c--I

Si)

0(0 U)
I-I - c--I C-i Cs (‘S H 0’, ~~ (N 05 0 C’. (0 (N c-I CS c-i C’.
E-I U) .

C) ~ H 0 0 (N (‘S 0 H N IC) (F) 0) C) ‘-0 0) (0 CX)
4: in (“I H H (N H H c--I

t o 4 -~O t i s  (5)
Z (0 f--i (‘5 H ‘0 0) N- i~ ‘,Ø i’S as ~‘i .~

. 
~~ as c -1- Os

Z H (‘1 0 ~~ (N ~~ C-i (55 05 N ~~
c- (‘S (N OS C) OS CD

to (N H c--i I_F) H H H c—I H
E~~~O)
Z - c-I
I—I -ii U) 0 a) ~~

c c_I (N ~~ US US ~~ CD OS C’S C) C’S C)
C-i -
~~ ( 5 5 0  Os (F) (D ID N (N 05 (0 0 10 ~~11) (N H H H c-c-? H (N H (‘5-1 H

IL. (‘S

c-C) -
U) 10 05 0 ID 115 CD 50 N (‘S C) H US N- 115 N
C-i •

to ~~ ~~ 0 0) US Os (N ~~ N (‘S Cs CD (N (N CS (N C’. 4
O (F) (“4 (‘9 H H ifS (N (c-S H (‘S H

(N
10
0~ - c--I -C-) f--I (0 0 10 H c - — N C’ CD C) N c-c—I C) Cs C) (7’.

C-i (0 CX) CD (0 0’. 05 ‘sO CC’. 05 ‘c_I N (0 ‘c-C) 05 (N CS (N
0 4) H i f)  H (F) (F) (N (N H (0 (‘S c-_I (c-S ~~ l~F)

Cc)
c-I
10 (5) 51)4: C - I H  (0

(CC 0 0
51) C-i - - ( 0(5 -4) - C-i • 4) - 4 0 ,

a) IV (0 c-ti ~ tY5 C-i 0 ( (0 f-i
E ti’. ti’. o in ( 0 D .  (0 H L 0 0 ’(CC ( 0 0 W  0 -c-I~~~~ i (0 - c - i O U  J
f-i c-i -c--I (00  - .1-) C)) - p

~~~~~
) (0

~4-1 W V  S -c-i 0 .(0 . H  t7’ . ij 0 51) 1-4
El C-i 14 (0 U ti’. f--i (1) C” . V 4) >i U) 4) (,
W I -’i ~ (CC c-l (0 -c- I H - c - i  >, ~ (0 ~4il 4 : C L . i1 5~~~to 4 : t o~~-)~~~~~Ci, 0 P-i 4:~~ D r..
U )j  p.,
>1 H (N C’S ? (‘S H (N ~~ US (0 N c—I (5-_I (‘5 -? t(n IH  H —-I c--i (‘3 ‘l ‘1 ‘cr c--i- -t -1• c- i-c- ri ‘i-c- c- ~~i

~~~~~~~~~~~~ . _~~~~~



___  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C--i
ii ( 0 0 5  (‘S C’S C--I c--I 0’. -~~ 0 50  (5-1 CD ‘-0 ‘.0 (F) c-I 0) CX) Cc-)

1._I
I-. —Zr N- CD (N N- ‘.00 H ‘f 5 ‘0 C’S C’. -_I sZr CS c-I -_I CD() (N c - 5  IfS C-I OS C--I IfS C’) C-) c-I -Zr 5~--I C’S (‘S H

H 

US
ii ‘0 —Zr C’S CD H Zr C) 0 C-I C) a) C’S C-I ‘0 N- CD c-I C’) CO 

o ( 0 0  C’S -~~ C— 0”. C’S -_I C-- ‘0 -Zr c~-i ‘D ’.D 0 —Zr US c—i
H C’. C_I ~_I 115 (N C’. C-) IfS (‘5 C-I c--I US (N C’S H C’S c--i
c-Io (0 CD

f-i CD C’S -Zr (4) (‘S C —  US 05 0’. s_I ‘LI a) H CD in H CX) C’. c—I
(S .(0
(0 C’. i’cS U S ( 0 N -c - - I U S ’ . DC’. r--. U S U S C S C S H ( 0 U S C - S

I-~ 0) (0 I_N -Zr US C--I 0’. C’) US C’S C-I c-I US (N C’) H C’S H
r,_I (0 c-)

US
F-. (SI f-i 0) ‘0 —7 H C) 0’. 115 C-C c—i (‘S -~~ (0 - _ I  C)) N- US CD ‘.0 C-—
0~~’() ‘c-i c-I~o 0) 4—c- c-—i (0 O S O S r — -- 7 O S C) C - J 0 ) I --- a ) c - - - -I c- -I c-- ) C ) (0 - _ I
Cl) U) 1-. C’— C’S -~--I’ ‘0 C-C C’. C’) 1(5 -~~ C’S c-—l US C’S -Zr H —Zr c-—I

U) 0
1.-I ( S )  U) C’S

C-i 1-c c—i —Zr US a) (‘S ~~I CD C)) a) N- C’. C) H C’S US C’S a) 15-—’ (0 
(1) US CD C--I (5-4 0) a) (N C’S 10 C’. C) (N 1(5 ‘.0 -Zr C’S N- ‘.0H f~ ‘.0 C’S US 50 (‘S 0”. C’S ‘.0 _I C’S (N ‘0 C’S -Zr H s_I c--I

‘C:
C-S

5-4 0 1-. 10 CD ‘.0 0’. —Zr US —Zr CD —Zr C) ‘0 H C’S US c—I ‘.0 (‘S H It)
C’S .(0

U) c-i C’ 115 ‘.0(0 a) (5-I C’s CX) CD c-i C’S ‘-0 C’. H ‘.0 0) C’. C’.
I US C’S It) ( 0 C’ 5  0’. -~~ ‘O s_I s_I c--i C-_I ‘-0 C’S US H s_I c--I

0 0
1-i C’.
f-i ~(S f-c 0’. —Zr N- N- N- CC) CD i-s CD IfS H (‘S c--I CD ‘0 CD CO c—I (‘-I
0 ( 0  c-C
~‘C: j c--I s_I C) c-i c-I CO a) H -Zr US —Zr N- H US’.0 CD (‘S H C’)U) s_I ‘s Z r ’ .O N- -Zr CD’. -Zr N- US —Zr H C-I C-s s_I US (N US H (N
1._I D
0 If ’.
Z C f-i H c--I C) H a) —I c-i (‘I CD ‘.0 CD (‘5(0 H LI_S CD CD’. C’S N-
‘1~~~1-i .(0

C)) (N N- c--i N- CX) C’. IfS N- H (“-I C)) C’S ‘-0 C-I C’S US CD —_I a)
-1/ (0 C’S US ‘.0 N- —Zr OS US C’s(0 US H C’S N- U Ss O  c-’i ‘-0 c-i (N
H a )
Z H
H C-i CD C’S ‘.0 US C’. -~Zr a) US H c-IS CC) OS H CD C’S C” . C) 0 N- 

-c-I C-I US H C’S (Xi C’. —Zr C’S 0 (N -‘_I (N (‘5 (‘4 C-I (‘50 CD C-s
I_I (N s O N -  a) US 0 5(0  a) C-- SO (N -Zr CX) ‘-0 N- C’S N- (N I’S

U-u i-c
0 0

C)) F-i US C’. c—I CD c-I a)’.0 C) -,_I 0’. N- 0 CX) ‘-~0 05 CD -Zr C’S N-
(-4
Z ~u-c- ‘ . OU S  C’S H -Zr C’. a) H (‘I ‘D C’. 0 0( 0  C’S CD (N C’S -~~1._I 0 H N- C)) CX’. N- CS N- C’. CO N- C’S ‘-0 C’ N- CO US C)) C’S 115

5—

F-u
0,

U)
- >‘.cC) (15

C I  ‘—I
U) 0. U

LI I-I 0. c-I
-‘ (0 D

0) U) ((S
(0 (0

F—’ 4-i ( 0 ( 0
f-c (5) Li 0 ) 1) 0) 0 0
Cl) ‘—1 (0 U) (5) -c- i -c-I
CX. 0 CCI Q i~l( c-c f-~~0) (0 i_I c_I
( 0 f - f-i H (4 . U )  U) c-—I H 0 CO C(S
O m i-i cs~. ~‘-~ -~~ (0 n. i-. u~ - c--i (.0 ‘CC)
LI 1) (0 H U) CI) 0- ~c-l 4_I i_I c-c-i ~,-I0 0  C-c (0 U 4 - I D H ( 0 I_ I c(S > >0) 0) L) 0)~~~~~O b O - c - - i U ) U ) - , - i 0 ) 0 O  (O il)

(0 (.I’. 0)) 
~~~~C - c - - l ( 0H~~~~, CJ ( 0 H- c - I  Z~~~1 0 ( 0 (0 0 ) 0 0 4 - a -c--I D U )  ( 0 ’,) 1 0 H  (0

U c - -l -c-i (0 ( 0 0 . 0 .~I 4 ~J CCI 10 Ii 0-. D 0 C-a
‘I-i 0.) c-ti ‘CO --I U c-C F-c ‘—I ‘CO 1) Li 0 (0 -c-I C(S
U (5) (0 ~c’4 Cc)) )~ F-, 0) (cC 0) ‘c - ,  CI) (5) i-I ~ IL. ti ti

--I D (O c--i C D ’ c - ’ I H -c--I C D  O P-u CO CO

I_I H Cl C’S —7 C-I -Zr H C) -1’ ifS 0 C-— (75 c-i IN c--i if ’. H C-I
C)) c-I H c—i c-—I (N CI <C <C <C —Zr —7 —Zr - -C US /5 s~0 ~0 C’— C’-.

54

-
~~~~~~ 

- 

-— -



rp~ ~~
---—- — - -

~~ 
_ _ _

f-c C’ ~~~ cc-’ . (5 C) ‘0(0  CX’ C’
_(0 c- - . -

0 0 0 0 0 0 0  N- 0 0  C - S O O N -  ‘- 00 0  US CO
0 IfS i--i (‘S H C—i
H

C) 
- 

U N- -_I ’0 (N C’S 0) N- CD 0’.- . .
1-4 0 0 0 0 0 0 0( 0 00 ’-O O O ( 0 ( 0 c ’,I H C C ) C O

0’. 115 C-4 (’S H CN
~1

I-i N- (‘1 50 (N c—I iC-c- OS —Zr 0’.- .
0 0 00 0 0 0 00 ’ 0 0 0 ’ . C D 0 O’ .H lIS C” l O a’
c--u (0 115 (‘S Cc - S H C ’ S
-I
0

U C’ s_I C’-. C’S —1’ (0 US C’S c--i
—, --—- _(0 - - •

(0 0 0 0 0 0 0 0 0 0 0C ’ I 0 0 0- . Z r 0) — Z r  (n c—I
1.4 4-) N- H (0 H (‘S C’S H Cc-S c-i
I-I CC)
1~~ C)
~~ 1.1
0 c-C 4-. us 0 0) C’ SO (‘5 115 CL) N-
US C)) (0 .(0  - . -(0 0) 00  0 0 0 0 0  (N 0 0 ‘ 0 0 0  H CO C’I ‘0 ‘.0 (-1
1._I (1) c--4 50 c--I ‘.0 H (‘S sZr H I’S H
~~~~4I
~~~ U c-I)

(.0 -c-i
(-4 41 1-’ 1’-. ‘.0 05 0 0 5 0)  CL) (N (‘I —Zr
-‘C:~~ f-c -C c- . -

0 0 0  0 0 0 0 0  -Zr 0 0 0 5  H 0 C’S C’) ‘-0 05 H s_I
H -~~ u) tr~ H 50 H -Zr —Zr H —Zr H

H
U) -Zr
Z H
0 I Icc (0 ~_I (N U) CO -Zr CX’. N- CX’.
~~1Q  .C - - -H 0 00 0 0 0 0 N- 0 0c -. tH O s O O C - c-I C’i c0 N-
0 (CC) -Zr H N- H LA IA (N -Zr H

H
1.3 15) —

0 ~D icc C-I 1(5(0 t5-1 _I US s_I ( 0 ( 0
z -C -

< -C 0 0 0 0 0 0 0  (“ I 0 0 0 5  H 0 H 00’ .  ~~ m rsi
Z Li (‘S (N N- (N ‘.0 to i-si to i--i

Z O )
H c--I 4-i 0 C’S Zr ( 0 - Z r  CO C’S ‘0 -Zr- -X 4 )  000 00 00 0 00 t 0 0 ( 0 s_ I c O r —.C’S O

-c-I i-si C’) CO C-I N- ‘.0 (Fl 50 (‘S
1.~~~4J

0
5-I U) 4.. i--i H (0 N- (‘1 US (‘5 ( 0C ’-z -~~ 

. - -1.2 >’. 0 0 0 0 0 0 0 c 0 0 0 -c-I -Zr Os Z r ’0 H — Z r  N - S O
C) (0 H C’ s_I N- 0) 11) C’-. s_I

5—
I&1

U)
a-c-
C__I >-, (‘S

H
LI_I 14 0. 0

Li 0. -c-i
(0 ~ Li
41 U) CC)

1-4 B (0
I_I ( 0 ( 0
F-. U) Li 41 (0 4) 0 0
((S H (0 U) ii) -c--i -c-i
0. 0 (C) O L i 0 - .  ~‘- W  (0 Li l-I
B U U  H D.. U) U) H H  0 CO c-C)
0 ((S i_I 0, >-c- ~~ (0 0. Li U) H ‘CO (CD
O 4) (0 H Cl) 0) 0. -c-i I_I i_I H S c-i

(~~~O Ci CC) 0 I J~~~~ H ( 0 L i C ( S  > >0) 41 0 W ’ t i U ’ C O H U ) U ) H a ) O ( )  (C) CC)
E 0 O b1) ) (0 H ( 0H > ’ .  1~I ( 0 H H  Z Z
( 0 ( C )  ( 0 L i  W O O  U H  (0
f-c H -c--i ,~~ 

(0 0, 0 Li 4) CC) a) 4.. 0. 0 0 f-c
i)) 

~~ (SC) -c--I C) C U c—i 0)) 1) Li 0 ~ -c-I (C)
f - a U )  00 ) C  f-i 4 1 0 0 41 1.’ .U) Cl) i_I 

~~~5Z~~~C ( )
-c--I ~ ( 0 H  (0 ~~~-c--l H c-c-I fc-,~~~ ~~~c-i (0 ~ 0 11’. CC)

—

1.1 H (‘I C’S Zr I’S sc-7 H (N If 5 5 0  N- CX’ H (‘I H US H (SI
(5) H H H H (‘I (N -Zr sI 1 -I -Zr -_I s_I US 1)5 50 50 N- N-
>5.

US

55

-



‘~~~~~~~~~~~~~~~~~ — -

in this manner the enginee r can I ke data from an operational

aircraft flying a known average sortie length , and adjust the mean number

of c-sorties between maintenance actions , or failure rate, to account for

a planned different sortie length when making maintenance forecasts

for a developmental aircraft

Another method that can be used to forecast the failure rate , wh en

using the data from this report as the comparison basis , is to use the

intercept of the appropriate aircraft system regressed data added to

the slope of this data times the number of hours in the expected sortie

length of the developmental aircraft.

This i.scond technique can only be used when using the actual data

within this study whereas the first technique can be used , when we

assume the percent sortie related (PSR) the same for other data sources

as f o r  one of the aircraft in this study , f o r  many d i f f e r e n t  comparison

studies.

For instance , in forecasting maintenance requirements for a new

Short Takeoff and Landing (STOL) aircraft , the Advanced Medium STOL

T r a n s p o r t  (AMST) many of the parts are the same or similar to those of

the C—141A and C—130E aircraft. However , the p lanned sortie length

for this new aircraft is about one hour. Thus either technique described

above can be utilizcd in this case.

Some othe r parts of the developmental AMST are more like those of

the C—5A And so , if we make the bold assumption that maintenance in

the relative .- reas of the C—5A ar e  e q u a l l y so r t i e r e l a t e d  (h.-os the same
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PSR) as those of the C— 14 1A , we can us- - the f i r s t techni que u t i l i z i n g

the PSRs from the C—141A and the MDC data t rom the C— 5A .

- Thus there are several situations which might occur. To illustrate

by using some calculations of the AIIST forecasted maintenance failure

rate :

Situation 1: The electrical system (System 42) of the ANST is quite

similar to that of the C—141A and so no reliability adjustment is

necessary. However , the average sortie length ansociated with the

C—141A data is 4 hours. The average planned sortie length of the AMST

is 1 hour. The mean sorties between maintenance actions (MSBMA1) f or

the C—141A is 18. So the mean sorties between maintenance actions

(MSBMA 2) for the AMST can be calculated as follows :

PSR 2HSBNA 2 i;-~ij- 
MSBMA1

= 18 from MDC da ta f or C—141A

PSR 2 = 46 .2 f rom Table 29 sor t ie  length 1 hour

PSR 1 = 17.6 from Table 29 sortie length 4 hours

thus
46.2

MSBMA2 = TT~ (18) 48

Si tuat ion 2:  The Pitch Trim (WU C 14D) f rom the AIIST is similar to

that of the C—1 41A and so no adjustment is necessary to account for

reliability. From Table 29 we see that the flight controls are not

sortie related (PSR ~ 0) and so we go to Table 11 to find that the

aver age number of f a i lures per f l ight hour is .064. From the second
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computational techni que and r eca l l i ng  5~ iat the planned sortie length

for the ANST is 1 hour ,

1 — 1
MSBMA 2 maintenance actions per sortie 

— 
— 16

Situation 3: The Fuel Controls (System 46J) of the AMST are to

be like those of the C—5A. We must now assume the percent sortie related

(PSR) for maintenance actions on the C—5A to be the same as those of

the C—l4lA Then from the first technique the MSBMA 1 for the C—5A is 45

from MDC data. The C—5A flew an average sortie length of 5 hours and

the AMST is planned for 1 hour sorties. Then by utilizing Table 29,

PSR 2 92 1
MSBMA 2 = 

~~

-

~~~~~
-- (MSBMA 1) = 

~~~~ 
(45) 59 .
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RECOMMENDATION S FOR DATA COLLECT1ON AN)’ FURTHER STUDY

Although further study into the factors that affect maintenance

requirements is recommended , the use of the data for the most similar

aircraft , as presen ted in this repor t, can be of benefit to the

simulation engineer.

As emphasized earlier , there is a need for accurate maintenance

da ta tha t includes the time in to the sor t ie that each f a i l u r e  occurs .

This data need be collec ted by aircraft serial number and include all

relevant factors such as data , phase of flight , airframe age , age of

failed par t , utilization , his toric mission summary , wea ther , where

main tenance work was accompl ished , etc. With a more complete data set

a fac tor analysis may prove quite useful in future failure forecasting .

In the meantime it is recommended that  MDC data be analyzed , using

the techni ques developed in this study , fo r  other  time periods and also

for other aircraf t, to further refine the results of this study .

59 

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

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

~~~~~~~~~
- 

.

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

~~~
-

~~~
- -



_____  ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX A

Data Reducti n Technique
for C—130E and C-.-141 Aircraft
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The C—130E and C—141A data arrive l from AFLC on sixteen 9—track

tapes which listed the maintenance data in cronolog ical order of all

mafntenancc actions performed by type aircraft. First , these tapes

were converted to 7-track tapes to speed processing on the CDC—6600

computer system .

Next , the relevant data was extracted and grouped by four digit

aircraft tail numbers (last four digits of aircraft serial number).

Then the data was grouped by aircraft system for each individual

a i r c r a f t .  Finally ,  the data was punched on IBM cards to be used in

the Statistical Analysis System (SAS) to analyze the failure data .

See Figure A—l. Computer progranis and collection notes follow .
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IBMTO66 IBMT O66 IBMT O66
Convers ion Conversion Conversi on

Program Program Progr am_ _

(~~,) (7 
Track\

)

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

- HOWCET
Program to Extract and
Reforma t Relevant  Da ta

- -  - 

Ks~~~
6 (Data so r t ed  by t a i l  number )

Da ta Collected b y 2—D ig i t  WUC
and Punched for Each Aircraft

Figure  A — I .  Data Collection Method
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Chapter 9

MAINTENANCE EXPER 1LNCE DATA (AFM 66-1)
S—I PURPOSE. The purpose of thi’i rhapte~ w (3) If maintenance is done on components that
outline the Maintenance Data Collection (MDC) are removed or removed and replaced to faci l itate
sysJ~m estab lished by. A FR 66—14 and AFM 66—i . maintenance in the same room or one imnwdj ate l~The MDC is the primary source for Air Force adjacent to the end item; this is recorded as on-
reliability and maintainability data ;  t herefore , basic equi pment ma intenance. If the individual that re-
understanding of its objectives , uses , and limitations moved the component has to leave the immediate
is essentia! to R & M data users. area (defined as out-of-sight), an •~FTO Form 250

wi ll be prepared to identify the stat us of the re-
9—2. OBJECTIVES. The Maintenance t.’ata Col kic- moved component. In this regard, w hen personnel
tion system w as designed primarily as a base level from one workce rite r remove an item and send it to
production credit and management informati on sys- personnel with a different work cente r code for
tern. T he objectives are to provide maintenance maintenance, the latter workcenter will record it as
managers with information about the production cIT-equipment maintenance.
accomplished by the ass igned maintenance per- (4) Due to management requirements , uniquesonnel; and to identify the equi pment on whic h procedures exist for engines. All  maintenance ac-
work was accomplished , why the work was required , complished on gas turbine and reci procating engines
and the action required to complete the job. The installed in aircraft , missiles , or AGE will heMDC system identifies maintenance requirements recorded as on-equi pment maintenance. Removal andand prohiem areas so that nppropriat .~ management rep lacement of gas turbine and reciprocating enginesact ion can be taken to effective ly support and meet for aircraft, missiles , or AG E wilt he recorded asthe established operational requi rements , In addi- on-equi pment maintenance wit h the engine treatedtion, the MDC system is designed to provide data as a component. Shop wor k on all removed gas tur-to AFLC for maintenance engineering and logistics bine engines and aircraft reci procat ing engines wi llmanagement. Selected data is a lso provided to the h~ treated as end item maintenance with on-equi p.
major commands and HQ USAF in accordance with ment and off-equipment recording concepts app ving,

• A FMs 66—261 and 66-271. (TO 00—2 0— 2—4). Shop work on reciprocating en- 
•gines removed from AGE will be treated as corn-

9-4. SCOPE. Th e MD C ~~stem is applkiat~le to all ponent maintenance and the off-equipment mainte-
functions outlined in AFM 66— I, and requires that nance concept will apply.
all maintenance act ions involving direct labor cx- (5) Each wnrkcenter partici pating in a job willpenditurea he recorded and reported in this system record maintenance actions and labor expenditures.unless exempted by TO 00—20- 2 . The system is ap- The documentation responsibility rests with theplicable to the life cycle of aircraft , missiles, ground senior representativ e from the workeenter. Thesecommun ications , electronics, and meteorological documents will he returned to the workcente r super-equ ipment , and related ~nd items beginning wit h visor who ~vi11 check for a~~uracy and completenessoperat ional teat and evaluation as described in i~FR prior to submission for processing.80—14. This includes compatible data reporting on b. Data Forms:contractor maintained equipment and maintenance
accomp lished in depot facilities. (1) Use of the AFT O Form 319. The AFTO

Form 349 , “Maintenance Data Collection Record. ”
• 9—4. flO C UME N TAT I ON CONCEPT. l’he AFTO was designed wit h sufficient flex ihility for use by the

Forms 346 , 319, and 350 are used as source docu- maj ority of organizations in recording maintenance
ments for the maintenance data collection system, actions on various types of equipment. Recording

and data collection procedures pertaining to this
a. Recor ding Concept procedures are divided into form are outlined in the 00-20-2-series technicaltwo basie categories identified as on-equi pment and orders.

off-equi pment maintenance documentation. (a) For on-equipment work t h e  primary
(1) Maintenance actions accomplished on corn- entries required on the AFTO Form 319 are block I

phet~ end items of equipment (aircraft , missiles, (Job Contro l Numberl, block 2 (Wo rkcenter ’~, block
removed engines , ground commu nications -e lectronics- 3 (ID Number), bloc k 6 (Time , as applica ble) , and
mete~ roIogica I ((‘EM) . trainers , A er o space Ground co lumns B throug h K. For in-shop engine work .
Equi pment (AGE)  and nuclear ~ eapnn5) are identi- primary entr ies are required in hl~ c ks I and 2.
fled as on-equi pment work .  This primar ily cons ists block :t (Engtne IF)) and in columns H through N.
of support general tasks , inspections , remova l and For oh -equi pm ent work no m-emo~ ed components,
rep lacement of components , fix-in-p lace maintenance primary entries are required in blocks 1. 2. andactions , and modifications, bloc k 3 or 5; block 19 (Fed era l  Supply CIa~s

(2) In-shop m;iintenanr -e act ions involving inter. (FSC) ), block 20 ( Part Number), and columns B
mediate level maintenance on removed compnnent~ 

through K.
is identified as off-equ ipment ma intenance. Th is (h) Up to five retate n on-equi pment niainte-
pr imarily con S is ts  of h’,nch check , repair or modifica. n.-mn ce act ions covered by a single job control numbe r
tion of components and ~ssemhl ie~, and nondestruc- against a single IF) number , and accomplished by a
tive inspection, single workcente r may be reported on a single cops
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of the AFTO Form 349. If more action lines are exp ”nde d , and parts consumed to sat isfy a mainte-
required, anot her A FTO Form :349 containing the nan’.m’ requirement w lo ’ther it he a discrepancy, an
same job contro l number , ID number and workcen(er insl i etion. or a Ts TO . Every action ta ken that is
code is completed and the art ion~ continued, This r.’Iat.’,l to a job, rcga rdlcss of workcenter , time or
recording procedure also app lies to off-equi pment plac - wi l l  carry the ~.ame job control number that
act ions; however , on-equipment and off-equipment aai, originalLy ass igned to t he j ib. This procedure
act ions will not he combined on a single copy of the is necessary to lormit control of all related actions ,
A FTO Form 349. T he four items eould be reported and to provide the capab il ity to t ie them together in
by a sing le line entry if the job co,itrol number, w o rk data systems to identify the total job for alvsis
unit, action ta ken, how malfunctioned and when purposes.
discovered codes are all the same and a unit count (2) Workce nter Code. The workc enter codeof four is entered, Similarly the .tF’l’O Forms 350 consists of five characters that identify orgoniza-prepared for shop processing of the four black boxes t ional elements to which maintenance personnel aremay reflect a quantity of more than one only if t he assigned, or locations to which they ma~ be dis-job control number , work unit code , federal su~ pIy patched. Standard wnrkcenter codes are used by allclass and part number ore the same, If these dc-  organizations engaged In the maintenance functionsments are different , a separate AFI’O l~c’rm 350 outl ined in AF M  66—I. in general , the code enteredmust be prepared for each item. Serially controlled in the workc enter block of the AFTO Form 349and t ime change items (with an asterisk iii the work indicates the workce riter of (lie individual doing theunit code manua l) must be recorded on an individual wor k and not necessarily where the work is accom-basis, (for examp le , only one item per AFTO Forms plished.349 and 350). ( 3 )  Identification (ID) Number. The ID num-

(c) The AFTO Form 349 can be used for ber consists of six characters , and is used to identif yidentification of both the end item of equipment and equipment on w hich work was performed or froma component for engine change actb,ns, for weapon which an item was rem oved, The first character ofsystems and equipment th at are managed under the the II) number is t h e  f i rst character of the owning
Advanced Configuration Management System workcenter code. The second character of the II)(AC MS), for time change items , for spec ial report- number is the first c haracter (prefix) of the equip-
lag on tires, and for reporting off-equipment mainte- merit classification code such as A for aircraft , Bnance act ions for Ground Radar or M for Ground Launched

(2) Use of the AFTO Form 350. The AFTO Missiles (AF M 300—4 , A DE MA—156--X l).  The last
Form 350, “Reparable Item Processing Tag,” is a four characters of the ID number normally are the

ponents that are removed from equipment end items Detailed procedures for assi gning ID numbers are
two-part perforated form that is attached to corn- last four positions of the equipment serial number.

and seryes as an identification and status tag. Art - contained in A FM 66—267.
other important aspect of this form is that it serves 

~4) Equipment Classification Code, The equip-as a source document pertaining to Repaired This men( c lassification code consists of three characters ,Station (RTS), Not Repaired This Station (NItTS), and is assigned to identify aircraft , missiles , groundand condemnation actions for the supp ly system. conununications, electronics , and meteoro logicalThis information is input to the base supply corn- equi pment , AGF ., t r a i n e r s , engines , ground launchedputer to identify stockage requirements. Information missile real property install ed eq ui pment, munitions ,pertaining to RTS, NRTS, and condemnat ions is also and prec ision measurement equipment. Codes arefor-warded through the supply system to AFLC OS a lso assigned for research and development andfactors for computing t he world-wide spares re- shop work. Most of the equipment classificationquirements. Recording procedures for the AFTO codes are assigne d to specific equipment such asForm 350 are outlined in the 00-20-2-series technical LGM—30B missiles. Some of the codes are assignedorders, by category of equipment or wor k such as non-
(3) Use of the AFTO Form 346, “Maintenance re gistered AGE and shop work that is not identified

Dat-a Collection Production and Scheduling Record. • to a weapon or support system. The authorized
• The AFTO Form 346 is used for scheduling the equi pment classification codes are contained in TO

calibrat ion of Precision Measuring Equipment 00—20—2.
(PME) and for recording all maintenance on preci- (5) Type Maintenance Code. The type mainte-sion measurement equ ipment for input to the MDC nance code cons ists of one character and is used tosystem. The AFTO Form 346 may also be used identify the t~pe of work that was accomplishedfor scheduling calendar maintenance requirements such as sc heduled or unschedul’sd maintenance. Typeon any equ ipment within the maintenance complex. maintenance codes are listed in each work unit codeNote that this pertains only to calendar require- manua l for individual types of equipment. A com-ments. Scheduling proceJures pertaining to the plete list of authorized type maintenance codes isAFTO Form 346 are outlined in AF’ R 66 -267. Main- contained in AFM 300—4 , volume XI.• tenance recor ding procedures for the A FTO Form
346 on PSIE are outlined in TO 00-20—10-6 (6) Work Unit Code The work unit code con-

sists of five characters , and is used to identify thec Data Elements: system, subsy stem , and component on which mainte-
(l~ Job Control Number ~JCN). The 3CM mince is required or on which maintenance was ac-

cons ists of seven characters , the first three are the comphished. These codes are published in work unit
J uhlen date and the last four are a unique job number code manuals for each weapon and support system
for that date. This pruvides a means to tie together and in code manuals by type of equipment for Se-
all on- and off-equipment actions taken , man- hours lected ground CEM, trainers , AG E, munitions, PME,
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and shop wo r k. A limited nurnher of work unit codes alp habetical (definition) and nu merical (code) sc-
are assigned in a special categ o ry to identif y task s of quenre . Onl y t hose how nialf unc ’ inmie d codes that are
a genera l nature slo b as Nhuli I~uilPnt s e t s  Icing, clean , app licable will lie listed in each n ork unit code
ing, inspection , storage , ground safety , record keep manual. For examp le. how malfuncti o ned codes ap-
ing. wea pons h,inml ing . and repetit ive shop tas ks. plicahle onl y to a so lid rocket rnis~ile will not be
Although t hey are work ‘ m it c o b s , they are iulent i- listed in a ground Cl- M w ork unit code manual.
fled as “Support General Cndes.” The flr~t t w o  posi-
tions of the mu ark unit codes far aircraft , groi;ruj Nnte: Due to the n~tu~e of support type ~ ork .
ya~ ar , and missiles .Ini standard s’,steni codes. They th~ recording of action taken . mmhen disc om pred .
identify functional s~ stems such as fl ight control and how niahitij ictioned eod~c is not required
system , codes antenna s~ ~t euuu , or haunch control s~c- with support general work unit codes.
tern. The f irst (is o posit ions of the work uflit codes
for support equipment ident ify typ es of equipment , 9—5. The foregoing paragrap hs of this c hapter de-
such as ground powered generators , or end items scribe the MI)CS object ives and repo rt ing concept as
of equipment , such as a tra iner. The first position of related to the host’ maintenanc e environment. In
support general caries begin s m i th a zero; ~nd t his is order to provide .-\FLC data on ma intenance events
standard in all wor k unit code manuals. ‘T he third ,is they occur w orldwide most of the data docu-
and fourth positions of the work unit code dont if~- niented at A F bases under the TO 00-20—2 series are
subsystem or major atst’mbly. The fifth position of submitted to lIQ AFI,C for use in logistic support
the work unit code normall y idertif,ns ~en,irable and related eng inee ring dec isions These data are
items, received and processed centrall y at HQ A FLC in the

(7) Units L,omp !etcd. Tho work unit coda in 1)056 Product Performance System. This data rye .
combination with an action taken code is used to tern not only rece ives and outpu t reports containing
descr ibe a “unit of work.” An entry s.f one or more Reliability and Maintainab ility (R and M) factors
units completed mus t also b~ made in the UNITS sm j t l~mn its established computer program s but also
block of the data collection form in order to show’ services other inte rfacing data syst e ms mvithi source
a completed action. An examp le of a unit of wo rk data. Sonic of t Ire interfacing data systems also out-
would he a wor k unit code for an antenna , w ith an put reports containing R and I’d factors individually
act ion thk code for removed and rep laced , and a unique to their esta blished coniputcr program coil-
un it count of one , for examp le , one antenna removed trols . Figures 9— I through 9—l a ilhu~trate the data
and replaced. fly using additional codes to identi fy floss’ from point of origin through the D056 major
the end item, the type of n ma in te n i nce  being aecom- system processes and to other interfacing systems
phished , w hen the ma intenrtmice requirement wa s ~is- w hich are ulr is’emm by tIme .same source data. The fol-
covered , how the item malfunction ed , and the t ime lowing pages of this chapter explain some of the
expended in accomp lishing the work , and the prodmic- erms used in the 1)056 and samp les of output
(ion credit system also provides information essential -e ports containing R and M factors ; however , for a
for maintenance and materie l management. full understanding of as-stem capabilities refer to

A FLCM 66—15 and 171—4 5.• (8) Action Taken Cod” . The action taken code
consists of one character used to identify the mainte .
nance act ion that was taken , suc h as remove and 9—6. Definitions of It and M parameters and terms
replace. Action taken codes are standard for all used in the 1)056 data system:
equipment and are listed in all work uni t  code a. Type How Malfunctioned Codes.manua ls. A comp lete list o f authorized action taken • (fl Type l— ’l’h~sc codes indicate that the itemcodes is conta ined in ,~FM 300—4 , volume XI. no longer can meet the minimum sp~ci6ed perform-

(9) When Discovered Co,le. The whe im discovered ance requirement due to its own internal failure
code consists of one character a nt  is used to identify pattern.
w hen a defect or mainten ance requirement was dis-
covered , suc h as during a q’m:tl ity contrc .l inspection. (2) Type 2—These codes indicate that the item
When discovered codes -i re listed in each work unit can no longer meet the specified performance re-
code manual for individual t~ pea of equ ipment. A quirement due to some induced condition and not
comp lete list of authorisod suhre n disc~ verpd carIes is Que to its ow n internal failure pattern.
contained in AFM 301) 4 , volume XI. ün1y t hat por- (3) Type 6—These codes indicate maintenance
tion of the when discos c’ni’-il code definition that ap,- resources were e~pcndnd due to policy , modifications,
plies to equ ipment listed in the work unit code items location, cannibalization and other no defect
manua l is to b~ used. I-’or exani ple , w hen discos ered conditions existing at the tinre maintenance was
cod’- f), Tn-Flight-No Abort/ Pu ring AG E Operation , accomplished.
would be listed in the AG 1- work unit code manual
as D, During AC E Operation. b. Failure occurr ences , The computer definition of

a failure occurrence related to a Work Unit Code is:(10) How Malfunctioned Code. The how mal- “any Type I flow Malfunctioned code reported infunctioned code consists of three characters and ~5 combination w ith an action taken indicating repair ,used to identify how the equipment. malfunctioned , ‘r djiistment or item replacement and one or snoresuch as cracked l’o provide maximu m ut i l i ty , these mnits produced. -

codes are also used to identif y time comnp liancu- tech-
nical order status i-eqimirenir ’nts , or to sh ow that a r . Quanlily per Application (QPA). This is the
msintcnance act i o n  ,t irt n”tm. result from a defect. A luant ity of i rhe t i t uc a l installed items on a single unit
complete list of aiith nri zq- I bow rvalf ’rnctione ,h codes ~f eqmiipmn ent that are reportable under the same
I. contained in /uFM 300—4, soh uime XI, in both work unit code.

106

• ‘~~~ 
. -



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

‘
~~~~~~~ -T ’

~~~~~~ 
‘
~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ — -:i

’-

~~~~~~~
- 

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

Al IC/AFSC P 400— il 
~IlIS PAOE I’S BEST QUAIIT( PRA flCABI~
71~~M COPY !~~ NISkiED TO DDC

MA,INT~~ANCE DA’~/t COLLECTI0U SYST~~4

t(~~~~0R1’ING AT AF BASES

“ON” 
~~~ UIP~~~~ 4T . “OFF” ~~n~t~~ r

Corrective and Preventive .~orrective and PreventiveMaintenance at or on the Maintenance Accomplished In
Aircraft or Equipment Repair Shops ott Items Removet.

From Aircraft  or Equinment

[~~ oded on AF~0 Form 314~ ]..,~~.se Data Automation 1,~iEncoded on AFTO Form~~~~Jor Coumputer Processing~

_ _ _  

~~~~~~~~~~~~~~~~
FAutodinj Mail~~~ MMCOM 

-

.s5ure 9.-I

107

— 
, 

~~~~~~~~~ •~~~~~~~~ - ~~
‘ ~~~~~~~~~~~~~~~~~~~ - ~.• ~~~~~ -- 4



-~~~~~ U- - 
~~~~~~~~~~~~~~~~~~ 

__________
1 -~~~~~ --—-—-—-—- — -  —.-•-- —.---. — ——— .—• - — - - — -

??J~CflC,~
.BI&

~~~~~~~ ~~~~~~
, - 

A.FLC /AFSC P 400—li

co~’~ ~~
-

AFLC D056 WEEKLY CC~ ~PTJT E3(~ PROCESSES

_______________________________________________ 
F

1 2750 1sF WG Compu ter
From /sF Bases 

[~~~~~ t1oris Branch (HQ AFLc)

Data Sys t em File
Maintenance

7 AudIt of Data Received

1/ 
Fr~rn AF Bases

Selected Data Feedback to MMCäii]
Retrieval for I [~~~pata Receipts ]Special Studies

1~~~urce

Tire Reliabil i ty Advanced Configuration
~valuati ~n System Management System

(OOAMA ) ~~~—.--———-—.~~~ ~ USAF Security Service
Standard Configuration ___________________

Ground Processing Management Systen PS Communication
System For C’-5A — Service

(OCAMA ) Engine Configur ation
!‘lanageuient System Aerospace Defense ConLGM-25 and LQ.i-30

Data To Space and Com modity Configuration Military Airlift CcmMissile Sys tems Org. Management System

S

Figure 9—2

108

~~~~~~ _“_
~~~~~~~~ _.A



AFLC/AFSC P 400-11 1~fl5 PAG! IS BEST QUAL!T7 ?RACflCA~~
LE

7R(~M COFY FURNISH-ED DO DDC

r~c 1)056 io~rr trx i” r -ui j ’r~~~n PROCESSES

~Data From 1)056 ~- Teekly Processes]

Source Data to Interfacthg Systems Data From Interfacing Systems
-

Logistic Cost Ranking System Part Number to Stock Number
Operating at Sacramento ALC Identification, Unit Price and

ftP l-igt Ac t iv i ty  From Federal
Flight Safety Predict ion Techn ique , Cataloging System
Operating at San Antonio ALC

Ident i f icat ion of the Item
Analytical Interval Determination Manager Technician and, Division

- 
For Depot Level Maintenance Within the AFLC Air Mater iel Area

Department of Defense Contractors Fly ing Hour s , Inventory, Sorties
- —  

) and Landing From the Aircraft
Status Reporting System

Accident, In cident and
F~nergency Unsatisfactory
Materiel Report Data From the
AFLC AF Mater iel Safety Off ice

— —a’—

1)056 Output Reports

D056 Data System Evaluat ion Reports
- -C. ~_~Sbtt ~L .

Repor ts Designed for Evaluation of’ Hardware
and Maintenance Performance Related tc
Individual Weapons and Equipment

Reports Designed for Evaluation of Hardware
and Maintenance Perf-ormance Related to
Recoverable Items

Precision Measuren~nt Equipment
Calibration Interval Analysis ’

Selected Data Retrieval for

— 

Spec ial Stud ies

ilgure 3—3

‘ 109

4.-’

-

~~~~ 

-

~~~~~~~~~~~



~ 
— — — -  — -. 

- . . .

rIIIS FAGS IS 
BEST ~1JM,~ITY

~~~~ ~~~~~~~~~ 
TO DDC 

AFLC/AFSC P 400-11

d. Use Factor (K,) .  This  is a ra t io  of actual use select ive retrieval routines. (Sample Report Fig.
time of individual Work Un i t  Codes to flying hou rs. 9—7.)

c. Mea n Time Between Fa ilure Occurren ce 
~ ~~~~~~~~~~~ Ac tions , Man- hours  and Abor ts by

(MTBF). Work U nit Code, RCS: l.OG—M\I O(AR) 7170 . This
MTBF End Item Operat ing Time ’ x K 1 x QPA report provides six months  of selected information

Q u a n t i t y of ~~~~~~ by month on ev ery report able Work Uni t  Code as-
‘End item operating time is determined ~ i,, , si gned to a par t icular  cseapon or equipment.  This

informat ion includes aborts , fai lures , maintenance
- 

lows: actions , MTII F, MTII M and man-hours.  Both “on ”For aircraf t—active a i r c ra f t  inventory tly in .r and “ofT ” equipment  data are considered for display
time from AFM 65-110. in this report (except  foe some types of A GE ,
For other equipment—Act ive  inventory f ly ing  t ra iners  and mun i t i ons ) .  (Sample Report Fig. 9.4.)
time from AF M 65— 110.

f. Abort s and Degraded Alert , ,, RCS: LOG—
f. Mean Time Between Maintenance Occurrence blM O(AR) i171 . This repor t pros- u k’s current  month

(MTBM). deta i l  j n f orm ; i t i r i n on Work Uni t  Codes and part
MTBM = End Item Operat ing Time ’ x QPA numbers  cau sing abor t s , mission fa i lu res  and de-

Quant i ty  of Data M a i n t en a n c e  Occurrences graded alerts. F’or gr ound e quipment , thi s report
‘All types of actions described in paragrap h ide nt i f ies  i tem s c a u s i n g  equipment  downtime. (Sass-
9—6L pie Report Fig. 9—9 .)

g. Action Limit (AL). This is a form of f a i l u r e  g. M ateriel  Safety Dericiency Report , RCS: LOG—
limit expressed in M T R F  (hours )  and used in the MMO(M)7 17 8. This  rep ort provid es twe lve months
computer program to compare current  failure rates of selected i n f o r m a t i o n  for Work Un i t  Codes app li-
with past history for the same item, cable to a Mission Desi gn Series a i rc ra f t  that have

t~een reported as con t r ibu t ing  to an accident orh. Failurt Limit. This is the acceptable quan t i ty  i ncid ent or have been the subject of an Emergenc}-of fa i lures  of an i tem for a 30 .day period. It  is as- U nsa t is fa ct ory M ater ie l  Report. A n y  of the abosesigned by the system manager  and used in the corn- event s hav ing  occurred w i t h i n  the past tw elseputer program ~
- compare current  period fai lures months and recorded in the D056 system , drives th~with past history for the same item. computer  to disp lay f a i l u re  rate , t rending  and

predictive main ten ance  experience data in this report9—I . 1)056 OUTPUT REPORTS. Selec ted repuiu ~ ~~~ as we l l  as t h~ quan t i ty  of hazard conditions reported.tam ing R and M related data  a re  id cnti f ie d and briefly (Sample Report Fig. 9— 10.)described in the fol lowing suh p t r a g r ap h s .
a. Selected Work Uni t  Code. Control Ident i f i er , h . Work Unit  (‘ode Corrosion Summary,  R( ’S:

RCS: LOG—MMo(AR ) 7I ~6. This  report provid es  LOG— MMO( AR)7 l79 .  This report provides three
summarized in fo rma t ion  on Work Un i t  Codes w i t h i n  months  of information on a weapon or equipment
a weapon for the cur ren t  repor t ing  period that  iden t i fy ing  Work Unit  Codes , number  of uni ts , man-
breeched ei ther  the Act ion L imi t  or F a i l u r e  Limit ;  hours and labor cost for corrective main tenance  due
ha d Emergency Uns at i s f a c to ry  Materi e l  Repor t i ng ;  to corrosion. The 25 Work Uni t  Codes incu r r ing  the
were  hi gh m a n - h o u r  consumers  or were  hi gh corro- highest  corrosion repair  cost are rank  ordered and
sion repair man-hour  consumer s , T his report  is used disp la yed sepa r a tel y in  the report for ease of identi ti -
as a management  reference to i den t i f y  items that  cation. (Sample Report Fig. 9— I L )
may w a r r a n t  detail  s tudy and evaluat ion.  Samp le i , System , Subsys tem Corrosion Summary,  RCS :report Figure 9-4. LOG—M MO( AR)7 180 . This  report is produ ced as a

b. Drt ail  Maintenance  Act ions  for S~Iccted Work comparison report  to h above using the ~arne three
Unit Codes , RCS: I.0G—~lM O(AR) 7l61 . This  r eport months  of’ corrosion repai r  data except that the in-
provides one to twelve months  of “on ” equipment  in-  formation is summar ized  to system/subsystem level
formation on Work Un i t  Codes w i t h i n  a weapon for and base location , (Sample Report Fig. 9—1 2.)
detail studie s, It is ava i l ab le  only on special i nqu i ry
and can be l imited in data p res en ta t ion  by selective j. System , Subsy~ tcm , Work U n it Code Failure

Su m mary,  tICS: l,OG—MMO(AR)7 183. This repo rtretr ieval options, (Samp le Report  Fig .  
~~~~ ‘) provides tw elve m onths  of informat ion  rel ated to

c. Detail Shop Act ions for Selec ted Work t ini t  cu r ren t  quar te r  experience for systems , selected sub-
Codes, RCS : L0G— ’*IM O( AR ) 7 I f ,~. Thi s  report is a systems and Work Un i t  Codes on an a i rcraf t ,  The
compa nion  report to p a r a g r a p h 9— 7h and p rovides data displ ayed is r a n k  ordered by system , subsy stem
detail  i n format ion from suppor t ing  repair  shops on wi th in  system and Work Un i t  Code wi th in  subsystem
reparable i t em s  removed f rom a weapon. It  also based on the q u a n t i t y  of f a i l u r e s  incurred .  Infor m a-
disp lays par ts  repla ced dur ing  shop repair.  (Samp le tion displayed in c lud e q  the q u a n t i t y  of fa i lures ,
Report Fig. 9—6.) M T R F , and a rat io  of c u r r e n t  qua r t e r  to the last

tw elv e  months experience. (Samp le Report Fig.d. Summari sed Ma i n t e nan ce  Act ions for ScIect ~d 9— 13 )
Work Unit  Codes: RIS: LOG —MMO ( AR )7 169 . This
report provid es  the same typ e  of i n f o r m a t i o n  as k. F ai lure  Rat e f )Ma for Selected Work L.’nil
dc ’srr i heii in p i r ag r : ip hs 9—71 , an d c hu t  s~ i th Ie s,er  Coiles . I lL S : l.O ;—MMOI -A t t )1 l s I .  1 his  report pro-
detail , It  is produce d s~ h en the  A c t i o n or ~ ai l :re vide~ twe lve mon ths  of i n f o r m a t i o n  qu ar t e r ly  ss hen
Limit Is breeche d and also b y sp ec ial i nqu i ry  us ing the Action Limit  is breeched and also by special in-
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qu iry- using selective retrieval routines. Information in ~ alled use environment. It is produced when the
displayed includes current quarter , previous quarter e u p ut ed failure l imit  for an item ( Federal Stoc k
and 12-month M T R F , quarter to 12- month ratio and Number)  is bree ched and also by specia l Inquiry.
data group ings by when discovered , action taken , how The informat ion displayed does not reflect mainte-
malfunctioned and base location. (Sample Report nance required while installed in a weapon or equi p-
Fig. 9-14.) . ment . It is limited to “off” equipment (shop and

I, Mala(ensnce Mass-hours per flying h our by depot) repairs. (Sample report Fi g. 9—17.)
Weap on, Command and System. tICS: LOG .. o. Maintenance A~Iions for Sel~c1ed F u N  Num-T.Thl O(AR)7 185. This rep ort provides 12 months of bets , tICS: LO G— M’tl O( AR )71$9. This repo rt pro-info rmation updated quarterly. The data disp lay ed sides six months of “ot T” equipment (shop and depotand the related computations are as indicated in the repair) information on a recoverable item. Informa -report title. (Sample Report Fig. 9—15 .) t ion disp layed includes quan tities of ma intenance

ns. Mai ntainabi lity Reliability Summary, tICS: actions , malfunction modes , and base location. It is
LO G.—MilI0(AR) 7220. This special inquiry report produced when the compute d failure limit for an
provides 12 months of information on Work Unit item (Federal Stock Number) is breeched and also
Codes within an aircraft. Informa ti on disp layed in- by special inquiry.
chides failure , maintenance action , abort and man- p. Parts Rep laced Dur ing Field or Depot Rep air ,hour rates as well as the most predominate RCS: LO G— M MO (AR)7 190. This report is producedmalfunction modes. (Sample Report Fig. 9— 16.) on the same criteria as above displaying six months

n. Selected Part Number Act ion Summary, tI CS: of parts replaced during repair  of items identi fied
LOG—M)lO(AR)7l88. This repo rt provides 12 in the RCS : L O G — M M O (A R ) 7 1 8 9 .  In formation also
months of information on a recov erable line item of displays quantity and reason for replac ement. (Sam-
supp ly (part number worldwide) regardless of its pIe report Fi g. 9—18 .)
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