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BACKGRCUND

HISTORICAL ATRCRAFT RELIABILITY

Ever since the government began buying large numbers of military
aircraft from competing civilian aircraft production corporations the
problem of forecasting reliability and maintenance requirements has
been an important consideration.

As soon as data became available upon operational aircraft the
unscheduled maintenance failure rate was analyzed in terms of maintenance-
man-hours-per-flying-hour (MMH) for the aircraft weapon system. Then
as new or replacement aircraft were considered, 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 reported
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 contractors' estimates soon waned as more manpower and spare parts
were needed than had been made available based upon those estimates.

As a result, spare parts shortages and lack of trained maintenance personnel
] ' led to lower mission accomplishment than forecasted and another method
of reliability/maintainability forecasting was sought.

As maintenance officers and technicians gained experience in

operational aircraft similar to the developmental aircraft, their opinions

as to the numbers of men and time required to do each task were sought.
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This source tended to be somewhat of a: exaggeration since these
operational personnel were concerned with having ample people and parts
to accomplish the reduested missions and thus '"looking good."” Con-
tractors, predictably, 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 difficult
and imprecise. With the advent of computers and the Maintenance Data
Collection (MDC) system the use of computer forecasting models became
feasible.

The MDC system was developed in the late 1950s as a system of
documents or forms to record unscheduled and routine maintenance 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 support is performed on or for an aircraft, the
repairmen document the aircraft 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
Appendix B for a complete 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)d and later, by contract with CACI, Inc.,
(LCOM).* The Army5 and Navy6 also have made use of simulation models to

predict maintainability/reliability and mission accomplishment.




The current simulation model used by the Air Force for manpower
requirements forecasting is the Logistics Composite Model (LCOM) written
in Simscript II.5.7 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. 1In addition the user
defines the corrective maintenance networks to include tasks, times,
and resources to repair each subsystem when it breaks. Failure clocks
defining the frequency with which each subsystem requires corrective
maintenance, the initial quantities and resupply times 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
for any desired time period. See AFHRL-TR-74-97(1I) 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-
mental aircraft the enginéer collects whatever data is available from
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
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series of FORTRAN computer programs written 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 by aircraft
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 from
different bases flying the same aircraft may display different failure
rates for the same equipment. Since the LCOM simulation normally bases
the forecasted failure distribution upon number of sorties between
fagilures, this parameter is highly sensitive to the air base selected
as the comparison location.

One possible solution to this problem is to average the data from
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 account in future studies and produce 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 produces a failure rate that is different




from the failure rate during the cruisc portion of the flight, and

perhaps a third failure rate is prevalent during the landing phase,
then 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, l
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. |




PLANNING EXPERIMLNTAL 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 account for a planned difference between sortie length
of the developmental aircraft and that of the comparison aircraft.

Since maintenance data is kept by systems, subsystems, and compon-
ents, 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
first two digits refer to the system, the third digit refers to the
subsystem and the last two digits refer to the components. For the
purpose of this study, I will group the data by two-digit level.
Technical Manual TO-00-20-2 explains the data collection system in
detail.l?

REQUIREMENTS AND CONSTRAINTS

The requirements for completion of this study are: data from three
or aore different aircraft that can be associated with sortie length,
the use of 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 developmental cargo airlift aircraft, I have limited the data
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collection effort to large cargo, bombior and civil aircraft. However,
the techniques described in this report .can be used for other models as well.
BASIC ASSUMPTIONS

Several assumptions apply to the planned use of regression to
analyze 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 re:ch its steady-state 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
maintenance actions per sortie 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 failure rate
with time theory.11 According to this study failure rates 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 failures
within each aircraft type and then develops a common time dependent
failure 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 Drnas have also studied how operational influences affect

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

| _
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the operational factors that may change 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 differences in
mission profiles, maintenance concepts (methods and policies), weather
(environment), aircraft age, aircrew techniques, utilization rates and
any others may also offset failure rates. These factors must be isolated
or assumed not to completely hide the effect we are studying.

The third assumption is that the cyclic and flying hour effects

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 aircraft from three bases operating
in Southeast Asia.l!" These two sets of data were grouped by base.

One group of the civilian planes (Boeing 727s) flew commuter flights
only (averaging .566 hours) while the other group flew standard flights
(averaging 1.527 hours) .

The B-52D aircraft data cémes from three bases each flying the
same mission profile but requiring different sortie lengths (U-TAPAO -

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 tapeé containing the MDC
information for all Air Force C-141A and C-130E aircraft for the period

of time June 1976 through May 1977. See Appendix A.

9




PLANNED ANALYSIS

The initial analysis plan is to take this data, which describes
maintenance performed on aircraft 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
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 frequency vibration and shock during taxi and takeoff
as well as significant vibration during the flight phases requiring
high power settings, such as low altitude and climb-vut. During the
maximum gross weight take-off conditions there is longer use of maximum
power. Also, there is the thermal instability of electronic equipment
until the equipment 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 relatively constant failure

rates for the cruise portion of the flight.
CLARIFICATION OF TERMS
llere 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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maintenance men and documented by a Fcim 349 under the MDC system.

Each action is documented against the proper work unit code and entered
into 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 'Maintenance Actions Per Sortie
(MAPS)" refers only to the failures that occur as a result of the
cyclic or warm-up (transient-state) effect and the term '"Maintenance
Actions Per Flight Hour (MAPFH)" refers only to the failures that are
time dependent (steady state) and not related to warm-up.

By plotting 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 actions - |
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.




ANALYSIS AND RESULTS

DATA REDUCTION TECHNIQUES

The civilian aircraft data is combined by systems to coincide
with military designations and is presented in Table 1 along with the
B-52D data in terms of average maintenance actions per sortie. This
table is computed by dividing the total number of failures for each
system, aircraft and sortie length by the total number of sorties
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 far as weather and maintenance
concepts, it is reasonable to use linear regression to test the effect
of different sortie lengths upon average numbers of failures for each
aircraft type and system.

Since the civilian data yields only two data 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 iﬁ Tables 2 and 3. Regression line plots appear in Appendix C.

Data for the C-130E and C-141A aircraft was obtained from the MDC
input 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
unit code areas for the time periods June 1976 to September 1976 and

October 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 for each aircraft.

The method of data reduction to obtain the total maintenance actions
: : for 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 aircraft.

2. Travis AFB CA with 41 aircraft.

3. Charleston AFB SC with 99 aircraft.

4. McCord AFB WA with 40 aircraft.

5. Norton AFB CA with 50 aircraft.

6. Altus AFB OK with 16 aircraft.

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

3 1. Pope AFB NC with 38 aircraft.

2. Elmendorf AFB Alaska with 15 aircrafs.

3. Little Rock AFB AR with 64 aircraft. 3
4. Mildenhall Air Base England with 16 aircraft.

5. Clark AFB Philippine Islands with 18 aircraft.
6. Yokota AB Japan with 18 aircraft.

7. Andrews AFB MD with 1 aircraft.

8. Elmendorf AFB Alaska with 10 aircraft.

9. McCord AFB WA with 21 aircraft.
! 10. Langley AFB VA with 6 aircraft.

The average number of maintenance actions per sortie for the i
C-141A and C-130E aircraft grouped by base are presented in Tables 4

and 5 respectively.

17




6T¢ "€ ZTL°81  89¢°S 6EY°9T  SLO°S 0L 6T 9LT'% 91G 6T yjuol 134 sar3liog aBeiaay
SLL'9 LTH°GS  T98°L 819°€S  €€€°8 6£9°TS  658°6 A ALY Yyjuop 134 siH 28eiaay
£56° 058°2 0TZ'T TETE £0S°'T  LO6°E [ EGET 0°Y 30uPUIIUTEBRK 1V
6T9°%%  €I8°GTZ €72'G9 €S6°06T TSE'T9  £99°/LTC 89T°%S  89€°0€T YjuoR/sariiog 3jo i1squny Te3IOL
€6€° 900°€ 686" 8€6°€ vE6 " 88.°2 681" L%9°C 3438114 124 siH a2eiaay
950" Ve LA 692" rA YA 69€" SOT* 0s€” uor3elraeyN iepey 7/
890" 91 690" %9T" 9.0° ™t* 860" eyT” uotie8rtaey orpey 1/
€10° €10° 120° 610" 820" L20° 610" 120° 131 <9
090° c9T* LLo* €8T" VI 602" 990" ) e SUOTIBITUNUWOD T9
vEo " £€90° 6€0° %90 " 8€0° 080° oYv0°* £60° jorrdoany  zg
620" L90° GE0"* 780" 6%0° SEl 050" 621" sjuauniisul I¢
820" 160° VI 290" 090" GIT* 650" i T S3TITTTIIN ISIK 6%
920" 0" 220" o%0° T€0° 9%0* LEO" 840" A1ddng u234x%p (¥
%90° GeT” 061" 00¢€* 811" ote" GGT* 0z¢* swelsAs Tani 9%
Zho" 9z1° €60° LHT” 080° 607" ZET” 9¢Z " sAs doT3ewnaug R OTINBIPAH G%
0.0° TR LL0® LET® £€80° 9¢T* 80" HCits swaisds Buriays8r1 4%
120° 080" $%70° 180" £90° Ladty 950" ZET” A1ddng 18mog TEITIIRTI T
Gso* 6CT" 190" ovT* zen: 602" 00T"* L6T" puoy a1y 1% ~
%50 ° 090" €€0" S90° 820° 980" €50° yIT" JuBTg I3MO4 XNV 47
9€C” 66" Bl 9%¢* 6sZ” 169" ™ee 089" aur8uz 77
8€0° 180° £v0° £60° 8%0° AN 00T"* 9nT" sTox3u0) IYBTTd T
950" e 801" 981" 101" 68T" 860" T6T" iesn Surpue] ¢T
%60 " ELe LOT* 82¢" %L0° Tt 8ST" Al sjuswireduwoy a8erasni 71
€LT” ogY® 61C" os%® L8T" Ggg” 8T¢" %19° dWBeIFITY 1T
.Q.w Uuean *da:s uea *d>s uealy *3>'s ueap EMum%m
139® 9T 3398 %9 130® GT 1308 g¢
Hﬂmnmvcmz xuom 9TIITT CMNZ c,.mmﬂm maom wwmm

913105 12d SUOT3Id® JdUBUSIUTEBW JO UOTIELTASP PIBpUBIS *a-s
9131105 19d SUOTIOE 2DURUBIUTBW JO I3aqunu 33eI3AY = UBIR

SUOT3IBTIA3(J PiBPUPIS PUE S3TIIO0G 124 SUOTIDY 2dUBU2IUTE)y 2EEi3ay
(L, Kelx - 9, unf)
asvd X9 @3ILNO¥O VIVA I0€T-D % ITEVl

ko




(oo €ET'6T  T9L°T L€6°ST  G60°C £60°ST  968°% TL%6T  %96°¢€ 78€°8T Y3uog 13g SaTIL0S *dAY
0LT°L STE'SH  TIwS'L 0T%°0S  S9Z°L 0I%°8% T¢S°IT  698°ZS  09%°L S67° 1S YauoR 134 SIH ‘3AY
€9,°C 8Ly £69° 0LS°€ 119° 199°C 0€Z°1 v€S°T ¥08 " €98°€ @ourUdIUTEK TTV
18€°69 000°8TZ £99°L€ 8E€T'T8T GZ6'SS 00%'TBT 86L°69 TTT'BIT LEL'LY" 9% 91T Y3uoK/S2T310S ‘ON TBIOL
81S " €SY°¢C €8¢ " €6T°€ 9%s " €10°2 z0t” 0%L°2 vLE” L€8°C Y3114 134 SiH aBeaany
€vtT” 0LT" L0 z1e” 9.0° 661" 860" zoz” 160" 11€" uor3edraeN Iepey 7/
€so- 601" €90° TLL* 9%0° 111’ 0L0° s 190" 9€T" uotiedraeN orpey T/
€zo- LE0" §z0° 1€0° £10° 810" Z10° L10° 6€0° L20° i1 99
ottT" 91" 790" 9%e” %80° 998 190° 6€T" z50° 681" suoTIBOTUNUWO) TQ
czo- LS0" 9%0° <60" €20° 00" 720" 8€0" 150° 101° jorrdoany  zg
650" XA 8€0" €60° 120° 650" T%0° S90° Geo0” 10T" sjuswniisul T¢
9€T" 691" 620" $90° %20° LSO" Geo° Sv0” sz0° 9.0° SSTITTTIN OSTH 6%
050" 290" 120° zs0° ¥10° 7€0” 620" €90°  %€0° zLo° A1ddng ua84xp /%
002" yig" £60° 09¢" zL0" LyT” 260" L8T" LS0° (A% swaisAg 19ng 94
81" 65" 890° 9¢T" 6%0° 960" €60° YLT” v€0" 191" sAg d13EUMAdug § ‘PAH G
Vi 641" 090" 90z" 960" 761" A4S 80T" 090° AN swa3sAg Buriydr1 4%
2T’ a9T° 0€0° 850" Sz0° 680" 6%0" 6S0° cz0° LLO" A1ddng 13moq *393713 74
gze” €92° LSO" €6T" L€0" et SLO" EET” v.0° 00z* "Puod 1V 1y
680" 9€T" 8€0" 680" z€0° £80° %50° 8L0° 9€0° €60° JUBTq 19MO4 XNV  H7 ~
8065 * 687°1 8v1" T0S* 821" 61" €LT" 78¢" owT” 1€L” aurduz 77
960" 6ST" 740" LT zs0° YL 160° 6TT" Gso0° 6ST" sToa3uo) IY3TTd 9T
A 602" 780" v9¢° 6€0° €€T” 201" 8LT" 7%0° €oe” lean Buypue] ¢1
8L1" ol 9.0° Tee" L60° s9z” 174 % 8ET" GST* £6€" *duop a8erasng 71
09%* IsLe LIT" 9ew” 621" 6L€" 961" 69¢€" 781" 819" dWeIIITY T
‘ars ueap *as ueay *a*s ueap *a's ueay ‘a's uesay wals4g
130 9 i3o® T¢ 13%e 01 130e 8T 13o® 8T
A3T8uen PAODOR jJaopusurd ©3030X Ja1e1d aseg

973105 19d suoy3d® IJuUBUSIUTEW JO UOTIBTASP PABPURIS = °(°S
913105 12d SUOTIO® IDURUSIUTEBW JO 19quUNuU 3TeIBAY = UBIY

5 SUOT3IBTA3(Q PIBPUBR]S PUB S3TIA0S 124 SUOTIDY 2dueuU3juTR 23e13AY
(Lt LeR - 9L unr)
(p,2u0)) ISVE A9 QIJNO¥D VIVA FOETO "% IT4VL




006 °G¢E 006 S 0G6L°€1 g8¢€ "91 99¢ €T 0L°6T yluol 134 sar3liog =feisay

000°2TT 0%9 %2 SLL"8E 6%%°8S TLT°6S 6%1°%9 Yyauoly 1agd say =fexaay
€96°%L1 006 °L0€ 0S%°9Z¢€ UT4AR %3 02Z7°8L7 TES"S6Z Yjuoy 194 S9T3II0S IO 13gumy
809°¢€ 90L°€ 6TE € GSh € 968°¢ 9%8°¢ Y8114 194 siy 2Eeiaay
£€€°0 %€T1°0 L91°0 18T°0 $1Z2°0 91Z°0 uorieStaey iepey I/
€sZ'0 0110 %910 821°0 %€T10 I%1°0 uorie8taey orpey 1/
020°0 010°0 100 LT0°0 S10°0 020°0 311 <9
EGE 0 897°0 i) %61°0 62C'0 €12°0 SUOTJEDTUNWWOD TG
L8T°0 880°0 60T°0 960°0 ZT1°0 9110 jorrdoany  z¢
2LTo 860°0 T0T°0 LTT°0 SE1-0 %Z1°0 sjuswni3suy  TI¢
G81°0 6L0°0 €90°0 £L0°0 %010 621°0 S3TITITIN ISTK €%
8T1T1°0 6€£0°0 250°0 S90°0 0S0°0 %80°0 £1ddng ua2ixp /%
907°0 801°0 0ET"0 62170 611°0 9Z1°0 swa3sig 1ang g+
co0€°0 680°0 880°0 %970 ° T2Z°0 G8T0 sAs oT3ieumaud § ODITNeIPAH  C%
£€8%°0 6ST°0 %9T1°0 %22°0 €8T°0 L%E0 sw23skg BuTIYEIT v Q
9€1°0 9%0°0 S%0°0 9.0°0 8L0°0 %100 £1ddng 18mog Te2TI3Id°TI T+
681°0 690°0 6L0°0 00T°0 110 8Z1°0 *puo) ITY I+
LST°0 9%0°0 £%0°0 0S0°0 6S0°0 £80°0 JUBTd I2m04 XNy =7
009°T %70 LLE"O o%%°0 975°0 665°0 aursuz T
9/T'1 9.1°0 €8T°0 18T 0 %87°0 8€7°0 ST033u0) WYSBITI %1
0201 122°0 91Z°0 €22°0 LOE"0 GlLE°0 1ean Surpue] €3
€19°0 0€T°0 9TT1°0 691°0 6ST°0 Z€T°0 sjuswizedwo) a%erasng 1
068°1 8€% "0 €9¢°0 LTS 0 609°0 Z€9°0 JWeIIITY T
3308 91 130® Q¢ 3398 QY% 13%e 6% 3I0E Th  AI0E 1Y we2ssg
sSN1TV U0l ioN vHOUuZ d0umm.ﬂumﬂu STARI] LATNHON

S9T1105 194 SUOTIDY ddueBU3IUTER) 3FeIaAY
(LL e - 9¢ unp)
4svg A€ @I4A0¥O VIVA VIHT-0 °G IT14dVL




For the C-141A and C-130E, since 'he data was available by aircraft
serial number and the aircraft at each base do not fly the same mission
lemrgths 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-130E aircraft. See Appendix D for C-130E and C-141A
data.

HANDLING OF MISSION AND ABNORMAL DATA

Data for some of the C-141A and C-130E aircraft was incomplete and
so these aircraft are eliminated from further analysis. These missing
or incomplete data stem from either undocumented 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) fly global
missions and have repairs made at many locations, each of which uses
the same Air Force policies and maintenance regulations, the effects
of weather, climate, and maintenance locational idiosyncrasies are

assumed to be in balance.
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LINEAR REGRESSION RESULTS AND ANALYSIS

Linear regression was performed for each aircraft type and system,
and the resultant intercepts, slopes, variance and R? are presented in
Tables 6 through 11 for C-130E and C-141A aircraft. Regression was also
usec 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 Variatioﬁ (C.V.) is the relative variability,
written as a fraction or percentage, and is defined as the standard
deviation divided by the mean.!S The squared linear correlation
coefficient is used to express the ratio of explained variation to

16

total variation. The standard error of the estimate is a measure of

the scatter about the regression curve. 7 E

From the Lincar 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 flight
hours are graphically 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

observations hold true for both cyclic and flight hour related failures.
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From Tables 12 through 17 it can !« seen that the data for the
C-130E and C-141A aircraft, when grouped by base, displays a base related
effect that may overshadow the sortie length effect in this narrow
range.

Whereas the civilian aircraft and the B-52D both flew consistent
predetermined sorties of the same length and mission profile, 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-130E and C-14]A aircraft. Thus,
it is not unexpected that there is much more variance in the maintenance
requirements for the C-130E and C-141A 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 3.9 - 4.5
4 4.5 - 7.0

For the C-141A (Jun 76 - May 77 data)

Class Average Sortie Length (Hours)
1 0 - 3.0
2 3.0 - 3.5
3 3.5 - 4.0
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 that the effects of this grouping by sortie length illustrate

the cyclic and flying hour factors for each system.
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FACTOR ANALYSIS RESULTS AND DISCUSSION

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 analysis are presented
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 (Tables 22 and 23) illustrate the need
for further .tudy in the area of factor analysis. As can be seen from
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-141A 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 and 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 planncd consistent utilization rate

this type approach may be useful, but in practice, utilization is far
less certain than the expected sortie lengths.

Also, it need be noted, the stepwise regression analyses of the
C-130E and C-141A aircraft, in no case explains more than about half
of the variation in maintenance data. Thus, we might look to other
factors, random chance, or data error as reasons for much of the
variation in the maintenance data.

An Analysis of Variance (ANOVA) was accomplished upon the airlift
data grouped by sortie length classification as previously described,
total sorties flown, average utilization by flight hours and sorties
per month, and by aircraft assigned home base. Total sorties were
grouped as follows:

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

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

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

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

The average monthly utilization by flying hours was grouped as

follows:
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for the C-130E Aircraft (Jun 76 -

Class
» i up to 40 hours per month
2 40 to 50 hours per month
3 50 to 60 hours per month
4

for the C-141A Aircraft (Jun 76 -

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

The average utilization in number
as follows:

for the C-130E Aircraft (Jun 76 -

Class
i less than 10 sorties
2 10 to 17 sorties per
3 17 to 24 sorties per
4 more than 24 sorties

for the C-141A Aircraft (Jun 76 -

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

more than 60 hours per month

more than 110 hours per month

May 77 data)

May 77 data)

of sorties per month was grouped

May 77 data)

per month
month
month
per month

May 77 data)

per month
month
month
per month

The base of assignment was also used as a classification 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 that were analyzed. There also was

significant interaction between many of the variables.
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PROBLEMS AND QUALIFICATIONS

DAT} PROBLEMS

In reducing the data 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 items were documented.
Many maintenance actions may not have been documented at all, some appear
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 flight phase failure rate might be undertaken.

Differences between ages of the aircraft, number of landings 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.

NUMBER OF ATRCRAFT TYPES AND DATA TIME PERIODS

Another limiting factor is the time and number of aircraft types
studied. Data for different periods of time might be considered as
well as other aircraft types in order that a more complete study might

be undertaken in the future.
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CONCLUSIONS AND RI:COMMENDATION

USAGE OF RESULTS

* From the correlations (Tables 18 and 19) and linear regression
results (Tables 2, and 6 through 17) it can be concluded that there is,
to varying degrees, a cyclic and a flight hour failure factor involved
in aircraft reliability. In order to use the information gained from
this study the engineer need only compute the percent of maintenance
that is cyclic or sortie related (PSR) for each sortie length in question.
See Figure 3.

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

sorties beiwween maintenance actions (MSBMA1l) for the comparison aircraft
with a known sortie length (Sl)’ the average cyclic or sortie related

failure constant can be computed as follows:

1
MAPS = (EEEEKI) (PSR}) = a constant

where MAPS = maintenance actions per sortie associated with the cycle
1
only (3 cawa.) = average maintenance actions per sortie of length S
y (MSBMA]) g P g 1
PSR] = percent of maintenance that is sortie related for sortie length
S1 (from Tables 26 through 29 or as computed by the engineer).
So we see that the mean number of sorties between maintenance

actions for the developmental aircraft (MSBMA;) can be calculated from

the known information

L
now MAPS = (EEEHK?) (PSR>) = known (from above)

so solving the equation for MSBMA;

PSR? PSRy
gives MSBMA7 = . = MSBMA, =)
MAPS PSRy
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Figure 3. Average Maintenance Actions vs Sortie Lengths

Ni = total average maintenance actions per sortie length i

£ =il 230

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

percent sortie related (PSR) = %—
i
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studies.

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

Transport (AMST) many of the parts are the same or similar to those of

the C~141A and C-130E
for this new aircraft
above can be utilized

Some other parts
the C-5A. And so, if

the relative areas of

In this manner the engineer can t ke data from an operational
aircraft flying a known average sortie length, and adjust the mean number
of '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, when i
[ v using the data from this report as the comparison basis, is to use the r .
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 tecond 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

P as for one of the aircraft in this study, for many different comparison

For instance, in forecasting maintenance requirements for a new

| 2 o e gt
T S S S T 1 " —— — i =

e

R
s

aircraft. However, the planned sortie length

is about one hour. Thus either technique described
in this case.

of the developmental AMST are more like those of

we make the bold assumption that maintenance in

the C-5A are equally sortie related (has the same
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PSR) as those of the C-141A, we can us. the first technique utilizing
the PSRs from the C-141A and the MDC data from the C-5A.

* Thus there are several situations which might occur. To illustrate
by using some calculations of the AMST forecasted maintenance failure
rate:

Situation 1: The electrical system (System 42) of the AMST is quite
similar to that of the C-141A and so no reliability adjustment is
necessary. However, the average sortie length associated 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 (MSBMA;) for

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

(MSBMA3) for the AMST can be calculated as follows:

PSR

2
MSBMA, = PSR, MSBMA|
1
MSBMA, = 18 from MDC data for C-141A
PSR2 = 46.2 from Table 29 sortie length 1 hour
PSRl = 17.6 from Table 29 sortie length 4 hours

thus
46.2
MSBMA; = 7772 (18) = 48
Situation 2: The Pitch Trim (WUC 14D) from the AMST is similar to
that of the C-141A 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

average number of failures per flight hour is .064. From the second
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computational technique and recalling that the planned sortie length

for the AMST is 1 hour,

1 Ary
MSBMA, = naintenance actions per sortie .064 = 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-141A. Then from the first technique the MSBMA, 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,

PSRy 92.1

MSBMA, = PSR, (MSBMA1) = g g (45) = 59.




Simiame b sd i

RECOMMENDATIONS FOR DATA COLLECTION ANI' 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 presented in this report, can be of benefit to the t
simulation engineer. ]
As emphasized earlier, there is a need for accurate maintenance
data that includes the time into the sortie that each failure occurs.
This data need be collected by aircraft serial number and include all
relevant factors such as data, phase of flight, airframe age, age of

failed part, utilization, historic mission summary, weather, where

maintenance work was accomplishked, etc. With a more complete data set

a factor analysis may prove quite useful in future failure forecasting. ¢
4
In the meantime it is recommended that MDC data be analyzed, using {’
]
the techniques developed in this study, for other time periods and also

for other aircraft, to further refine the results of this study.
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APPENDIX A

Data Reducti(n Technique
- for C-13CE and C-141 Aircraft
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The C-130E and C-141A data arrived from AFLC on sixteen 9-track

tapes which listed the maintenance data in cronological order of all

maintenance 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
aircraft. 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-1. Computer programs and collection notes follow.
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9 Track 9 Track /9 Track
" Tape Tape ( Tape
* 1 1 3
IBMT066 IBMTO66 IBMT066
Conversion Conversion Conversion
, Program Program Program

N

\,

7 Track

7 Track
Tape

Tape

\,

“‘/

HOWGET
Program to Extract and
Reformat Relevant Data

I ———

\\\SORTMRG ' (Data sorted by tail number)

Data Collected by 2-Digit WUC
and Punched for Each Aircraft

Figure A-1. Data Collection Method
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Chapter 9

MAINTENANCE EXPERILNCE DATA (AFM 66-1)

9-1. PURPOSE. The purpose of this chaptes 13 w
outline the Maintenance Data Collection (MDC)
system established by. AFR 66-14 and AFM 66-1.
The MDC is the primary source for Air Force
reliability and maintainability data; therefore, basic
understanding of its objectives, uses, and limitations
is essentia! to R & M data users.

9-2. OBJECTIVES. The Maintenance wvata Collec-
tion system was designed primarily as a base level
production credit and management information sys-
tem. The objectives are to provide maintenance
managers with information about the production
accomplished by the assigned maintenance per-
sonnel; and to identify the equipment on which
work was accomplished, why the work was required,
and the action required to complete the job. The
MDC system identifies maintenance requirements
and problem areas so that appropriatc management
action can be taken to effectively support and meet
the established operational requirements. In addi-
tion, the MDC system is designed to provide data
to AFLC for maintenance engineering and logistics
management. Selected data is also provided to the
major commands and HQ USAF in accordance with
AFMs 66-267 and 66-271.

9-3. SCOPE. The MDC system is applicable to all
functions outlined in AFM 66-1, and requires that
all maintenance actions involving direct labor ex-
penditures be recorded and reported in this system
unless exempted by TO 00-20-2. The system is ap-
plicable to the life cycle of aircraft, missiles, ground
communications, electronics, and meteorological
equipment, and related end items beginning with
operational test and evaluation as described in AFR
80-14. This includes compatible data reporting on
contractor maintained equipment and maintenance
accomplished in depot facilities.

94. DOCUMENTATION CONCEPT. The AFTO
Forms 346, 349, and 350 are used as source docu-
ments for the maintenance data collection system.

a. Recording Concept procedures are divided into
two basic categories identified as on-equipment and
off-equipment maintenance documentation.

(1) Maintenance actions accomplished on com-
plete end items of equipment (aircraft, missiles,
removed engines, ground communications-electronics-
meteorological (CEM), trainers, Aerospace Ground
Equipment (AGE) and nuclear weapons) are identi-
fied as on-equipment work. This primarily consists
of support general tasks, inspections, removal and
replacement of components, fix-in-place maintenance
actions, and modifications.

(2) In-shop maintenance actions involving inter-
mediate level maintenance on removed components
is identified as off-equipment muaintenance. This
primarily consists of bench check, repair or modifica-
tion of components and assemblies, and nondestruc-
tive inspection.

(3) If maintenance is done on compunents that
are removed or removed and replaced to facilitate
maintenance in the same room or one immediately
adjacent to the end item: this is recorded as on-
equipment maintenance. If the individual that re-
moved the component has to leave the immediate
area (defined as out-of-sight), an AFTO Form 250
will be prepared to identify the status of the re-
moved companent. [n this regard, when personnel
from one workcenter remove an item and send it to
personnel with a different workcenter code for
maintenance, the latter workcenter will record it as
off-equipment maintenance.

(4) Due to management requirements, unique
procedures exist for engines. All maintenance ac-
complished on gas turbine and reciprocating engines
installed in aircraft, missiles, or AGE will be
recorded as on-equipment maintenance. Removal and
replacement of gas turbine and reciprocating engines
for aircraft, missiles, or AGE will be recorded as
on-equipment maintenance with the engine treated
as a component. Shop work on all removed gas tur-
bine engines and aircraft reciprocating engines will
be treated as end item maintenance with on-equip-
ment and off-equipment recording concepts applyving,
(TO 00-20-2-4). Shop work on reciprocating en-
gines removed from AGE will be treated as com-
ponent maintenance and the off-equipment mainte-
nance concept will apply.

(5) Each workcenter participating in a job will
record maintenance actions and labor expenditures.
The documentation responsibility rests with the
senior representative from the workcenter. These
documents will be returned to the workcenter super-
visor who will check for accuracy and completeness
prior to submission for processing.

b. Data Forms:

(1) Use of the AFTO Form 349. The AFTO
Form 349, “Maintenance Data Collection Record.”
was designed with sufficient flexibility for use by the
majority of organizations in recording maintenance
actions on various types of equipment. Recording
and data collection procedures pertaining to this
form are outlined in the 00-20-2-series technical
orders.

(a) For on-equipment work the primary
entries required on the AFTO Form 349 are block 1
(Job Control Number), block 2 (Workcenter), block
3 (ID Number), block 6 (Time, as applicable). and
columns B through K. For in-shop cngine work.
primary entries are required in blocks 1 and 2.
block 3 (Engine 1D) and in columns B through K.
For off-equipment work on removed components.
primary entries are required in blocks 1, 2, and
block 3 or 5: block 19 (Federal Supply Class
(FSC)), block 20 (Part Number), and columns B
through K.

(b) Up to five retatea on-equipment mainte-
nance actions covered by a single job control number
against a single ID number, and accomplished by a
single workcenter may be reported on a single copy
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of the AFTO Form 349. If more action lines are
required, another AFTO Form 349 containing the
same job control number, ID number and workcenter
code is completed and the actions continued. This
recording procedure also applies to off-equipment
actions; however, on-equipment and off-equipment
actions will not be combined on a single copy of the
AFTO Form 349. The four items could be reported
by a single line entry if the job control number, work
unit, action taken, how malfunctioned and when
discovered-codes are all the same and a unit count
of four is entered. Similarly the AFTO Forms 350
prepared for shop processing of the four hlack boxes
may reflect a quantity of more than one only if the
job control number, work unit code, federal supply
class and part number are the same. If these ele-
ments are different, a scparate AFTO Form 330
must be prepared for each item. Serially controlled
and time change items (with an asterisk in the work
unit code manual) must be recorded on an individual
basis, (for example, only one item per AFTO Forms
349 and 350).

(¢) The AFTO Form 349 can be used for
identification of both the end item of equipment and
a component for engine change actions, for weapon
systems and equipment that are managed under the
Advanced Configuration Management  System
(ACMS), for time change items, for special report-
ing on tires, and for reporting off-equipment mainte-
nance actions

(2) Use of the AFTO Form 350. The AFTO
Form 350, “Reparable Item Processing Tag,” is a
two-part perforated form that is attached to com-
ponents that are removed from equipment end items
and serves as an identification and status tag. An-
other important aspect of this form is that it serves
as a source document pertaining to Repaired This
Station (RTS), Not Repaired This Station (NRTS),
and condemnation actions for the supply system.
This information is input to the base supply com-
puter to identify stockage requirements. Information
pertaining to RTS, NRTS, and condemnations is also
forwarded through the supply system to AFLC as
factors for computing the world-wide spares re-
quirements. Recording procedures for the AFTO
Form 350 are outlined in the 00-20-2-series technical
orders.

(3) Use of the AFTU Form 346, “Maintenance
Data Collection Production and Scheduling Record.”
The AFTO Form 346 is used for scheduling the
calibration of Precision Measuring Equipment
(PME) and for recording all maintenance on preci-
sion measurement equipment for input to the MDC
system. The AFTO Form 346 may also be used
for scheduling calendar maintenance requirements
on any equipment within the maintenance complex.
Note that this pertains only to calendar require-
ments. Scheduling procedures pertaining to the
AFTO Form 346 are outlined in AFR 66-267. Main-
tenance recording procedures for the AFTO Form
346 on PME are outlined in TO 00-20-10-6

c. Data Elements:

(1) Job Control Number (JCN). The JCN
consists of seven characters, the first three are the
julian date and the lust four are a unique job number
for that date. This provides a means to tie together
all on- and off-equipment actions taken, man-hours

ey o my—
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exprnded, and parts consumed to satisfy a mainte-
nance requirement whether it be a discrepancy, an
inspection, or a TCTO. Every action taken that is
related to a jobh, regardless of workcenter, time or
plac . will carry the same job control number that
was ariginally assigned to the job. This procedure
is necessary to permit control of all related actions,
and to provide the capability to tic them together in
data systems to identify the total job for unulvsis
purposes.

(2) Workcenter Code. The workcenter code
consists of five characters that identify organiza-
tional elements to which maintenance personnel are
assigned, or locations to which they may be dis-
patched. Standard workcenter codes are used by all
organizations engaged in the maintenance functions
outlined in AFM 66~1. In general, the code entered
in the workcenter block of the AFTO Form 319
indicates the workcenter of the individual doing the
work and not necessarily where the work is accom-
plished.

(3) Identification (ID) Number. The ID num-
ber consists of six characters, and is used to identify
equipment on which work was performed or from
which an item was removed. The first character of
the ID number is the first character of the owning
workcenter code. The second character of the ID
number is the first character (prefix) of the equip-
ment classification code such as A for aircraft, B
for Ground Radar or M for Ground Launched
Missiles (AFM 3004, ADE MA-156-XI). The last
four characters of the ID number normally are the
last four positions of the equipment serial number.
Detailed procedures for assigning ID numbers are
contained in AFM 66-267.

{4) Equipment Classification Code. The equip-
ment classification code consists of three characters,
and is assigned to identify aircraft, missiles, ground
communications, electronics, and meteorological
equipment, AGFE, trainers, engines, ground launched
missile real property installed equipment, munitions,
and precision measurement equipment. Codes are
also assigned for research and development and
shop work. Most of the equipment classification
codes are assigned to specific equipment such as
LGM-30B missiles. Some of the codes are assigned
by category of equipment or work such as non-
registered AGE and shop work that is not identified
to a weapon or support system. The authorized
equipment classification codes are contained in TO
00-20-2.

(5) Type Maintenance Code. The type mainte-
nance code consists of one character and is used to
identify the type of work that was accomplished
such as scheduled or unschedulnd maintenance. Type
maintenance codes are listed in each work unit code
manual for individual types of equipment. A com-
plete list of authorized type maintenance codes is
contained in AFM 3004, volume XI.

(6) Work Unit Code. The work unit code con-
sists of five characters, and is used to identify the
system, subsystem, and component on which mainte-
nance is required or on which maintenance was ac-
complished. These codes are published in work unit
code manuuls for each weapon and support system
and in code manuals by type of equipment for se-
lected ground CEM, trainers, AGE, munitions, PME,
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and shop work. A limited number of work unit codes
are assigned in a special eategory to identify tasks of
a general nature such as equipment sevvicing, clean-
ing, inspection, storage, ground safety, record keep-
ing, weapons handiing, and repetitive shop tasks.
Although they are work unit codes, they are identi-
fied as “Support General Codes.” The first two posi-
tions of the work unit codes for aircraft, ground
radar, and missiles are standard system codes. They
identify functional systems such as flight control
system, codes antenna system, or launch control sys-
tem. The first two positions of the work unit cndes
for support equipment identify types of equipment,
such as ground powered generators, or end items
of equipment, such as a trainer. The first position of
support general codes hegin with a zero; and this is
standard in all work unit code manuals. The third
and fourth positions of the work unit code identify
subsystem or major assembly. The fifth position of
the work unit code normally identifins venarable
items.

(7) Units Completed. The work unit code in
combination with an action taken code is used to
describe a “unit of work.” An entry of one or more
units completed must also be made in the UNITS
block of the data collection form in order to show
a completed action. An example of a unit of work
would be a work unit code for an antenna, with an
action take . code for removed and replaced, and a
unit count of one, for example, one antenna removed
and replaced. By using additional codes to identify
the end item, the type of maintenance heing accom-
plished, when the maintenance requirement was dis-
covered, how the item malfunctioned, and the time
expended in accomplishing the work, and the produc-
tion credit system also provides information essential
for maintenance and materiel management.

(8) Action Taken Code. The action taken code
consists of one character used to identify the mainte-
nance action that was taken, such as remove and
replace. Action taken codes are standard for all
equipment and are listed in all work unit code
manuals. A complete list of authorized action taken
codes is contained in AFM 300-4, volume XI.

(9) When Discovered Code. The when discovered
code consists of one character and is used to identify
when a defect or maintenance requirement was dis-
covered, such as during a quality control inspection.
When discovered codes are listed in each work unit
code manual for individual types of equipment. A
complete list of authorized when discovered codes is
contained in AFM 300-4, volume XI. Only that por-
tion of the when discovered code definition that ap-
plies to equipment listed in the work unit code
manual is to he used. For example, when discovered
code D, In-Flight-No Abort/During AGE Operation,
would be listed in the AGE work unit code manuai
as D, During AGE Operation.

(10) How Malfunctioned Code. The how mal-
functioned code consists of three characters and is
used to identify how the equipment malfunctioned,
such as cracked. To provide maximum ulility, these
codes are also used to identify time compliance tech-
nical order status requirements, or to show that a
maintenance action did not result from a defect, A
complete list of anthorized how malfunctioned codes
is contained in AFM 300-4, volume XI, in both
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alphabetical (definition) and numerical (code) se-
quence. Only those how malfunctioned codes that are
applicable will he listed in each work unit code
manual. For example. how malfunctioned codes ap-
plicable only to a sclid rocket missile will not be
listed in a ground CEM work unit code manual.

Note: Due to the nature of support type work,
the recording of action taken, when discovered,
and how malfunctioned codes is not required
with support general work unit codes.

9-5. The foregoing paragraphs of this chapter de-
scribe the MDCS ohjectives and reporting concept as
related to the base maintenance environment. In
order to provide AFLC data on maintenance events
as they occur worldwide, most of the data docu-
mented at AF bases under the TO 00-20-2 series are
submitted to HQ AFIL.C for usec in logistic support
and related engincering decisions. These data are
received and processed centrally at HQ AFLC in the
DO56 Product Performance System. This data sys-
tem not only receives and output reports containing
Reliability and Maintainability (R and M) factors
within its established computer programs but also
services other interfacing data systems with source
data. Some of the interfacing data systems also out-
put reports containing R and M factors individually
unique to their established computer program con-
trols. Figures 9-1 through 9-18 illustrate the data
flow from point of origin through the DO56 major
system processes and to other interfacing systems
which are driven by the same source data. The fol-
lowing pages of this chapter explain some of the
erms used in the D056 and samples of output
‘eports containing R and M factors; however, for a
full understanding of system capabilities refer to
AFLCM 66-15 and 171-45,

9-6. Definitions of R and M parameters and terms
used in the DOS56 data system:

a. Type How Malfunctioned Codecs.

‘(1) Type 1—These codes indicate that the item
no longer can meet the minimum specified perform-
ance requircment due to its own internal failure
pattern.

(2) Type 2—These codes indicate that the item
can no longer meet the specified performance re-
quirement due to some induced condition and not
due to its own internal failure pattern.

(3) Type 6-~These codes indicate maintenance
resources were exprnded due to policy, modifications,
items location, cannibalization and other no defect
conditions existing at the time maintenance was
accomplished.

b. Failure occurrences. The computer definition of
a failure occurrence related to a Work Unit Code is:
“any Tvpe 1 How Malfunctioned code reported in
combination with an action taken indicating repair,
1djustment or item replacement and one or more
tnits produced. '

c. Quantity per Application (QPA). This is the
juantity of identical installed items on a single unit
>f equipment that are reportable under the same
work unit code.
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Figure 9-2
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DOS6 Output Reports
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Precision Measurement Equipment
Calibration Interval Analysis®
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d. Use Factor (K,). This is a ratio of actual use
time of individual Work Unit Codes to flying hours.

e. Mean
(MTBF).
MTBF = End Item Operating Time* x K, x QPA

Quantity of Failures
*End item operating time is determined ae ~'
.lows:
For aircraft—active aircraft inventory flyine
time from AFM 65-110.
For other equipment—Active inventory flying
time from AFM 65-110.

f. Mean Time Between Maintenance Occurrence

(MTBM).
MTBM = End Item Operating Time* x QPA
Quantity of Data Maintenance Occurrences*®
*All types of actions described in paragraph
9-6a.

g. Action Limit (AL). This 1s a form of faiture
limit expressed in MTBF (hours) and used in the
computer program to compare current failure rates
with past history for the same item.

Time Between Failure Occurrence

h. Failure Limit. This is the acceptable quantity
of failures of an item for a 30-day period. It is as-
signed by the system manager and used in the com-
puter program t~ compare current period failures
with past history for the same item.

9-7. DO36 OUTPUT REPORTS. Selected repurts con-
taining R and M related data are identified and briefly
described in the following subparagraphs.

a. Selected Work Unit Code. Control ldentifier,
RCS: LOG-MMO(AR)7166. This report provides
summarized information on Work Unit Codes within
a weapon for the current reporting period that
breeched either the Action Limit or Failure Limit;
had Emergency Unsatisfactory Materiel Reporting;
were high man-hour consumers or were high corro-
sion repair man-hour consumers. This report is used
as a2 management reference to identify items that
may warrant detail study and evaluation. Sample
report Figure 9-4.

b. Detail Maintenance Actions for Selected Work
Unit Codes, RCS: LOG-MMO(AR)7167. This report
provides cne to twelve months of “on” equipment in-
formation on Work Unit Codes within a weapon for
detail studies. It is available only on special inquiry
and can be limited in data presentation by selective
retrieval options. (Sample Report Fig. 9-5.)

c. Detail Shop Actions for Seclected Work Unit
Codes, RCS: LOG-MMO(AR)T168. This report is a
companion report to paragraph 9-7b and provides
detail information from supporting repair shops on
reparable items removed from a weapon. It also
displays parts replaced during shop repair. (Sample
Report Fig. 9-6.)

d. Summarized Maintenance Actions for Seclected
Work Unit Codes: RCS: LOG-MMO(AR)7169. This
report providea the same type of information as
described in paragraphs 9-7b and ¢ but with lesser
detail. It is produced when the Action or Failure
Limit is breeched and also by special inquiry using
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selective retrieval routines. (Sample Report Fig.
9-17.)

e. Maintenance Actions, Man-hours and Aborts by
Work Unit Code, RCS: LOG-MMO(AR)7170. This
report provides six months of selected information
by month on every reportable Work Unit Code as-
signed to a particular weapon or equipment. This
information includes aborts, failures, maintenance
actions, MTRF, MTBM and man-hours. Both “on”
and “off"” equipment data are considered for display
in this report (except for some types of AGE,
trainers and munitions). (Sample Report Fig. 9-8.)

f. Aborts and Degraded Alerts, RCS: LOG-
MMO(AR)7171. This report provides current month
detail information on Work Unit Codes and part
numbers causing aborts, mission failures and de-
graded alerts. For ground equipment, this report
identifies items causing equipment downtime. (Sam-
ple Report Fig. 9-9.)

g. Materiel Safety Deficiency Report, RCS: LOG-
MMO(M)7178. This report provides twelve months
of selected information for Work Unit Codes appli-
cable to a Mission Design Series aircraft that have
bteen reported as contributing to an accident or
incident or have been the subject of an Emergency
Unsatisfactory Materiel Report. Any of the above
events having occurred within the past twelve
months and recorded in the DOS6 system, drives the
computer to display failure rate, trending and
predictive maintenance experience data in this report
as well as the quantity of hazard conditions reported.
(Sample Report Fig. 9-10.)

h. Work Unit Code Corrosion Summary, RCS:
LOG-MMO(AR)7179. This report provides three
months of information on a weapon or equipment
identifying Work Unit Codes, number of units, man-
hours and labor cost for corrective maintenance due
to corrosion. The 25 Work Unit Codes incurring the
highest corrosion repair cost are rank ordered and
displayed separately in the report for ease of identifi-
cation. (Sample Report Fig. 9-11.)

i. System, Subsystem Corrosion Summary, RCS:
LOG-~-MMO(AR)7180. This report is produced as a
comparison report to h above using the same three
months of corrosion repair data except that the in-
formation is summarized to system/subsystem level
and base location. (Sample Report Fig. 9-12.)

j. System, Subsystem, Work Unit Code Failure
Summary, RCS: LOG-MMO(AR)7183. This report
provides twelve months of information related to
current quarter experience for systems, selected sub-
systems and Work Unit Codes on an aircraft. The
data displayed is rank ordered by system, subsystem
within system and Work Unit Code within subsystem
based on the quantity of failures incurred. Informa-
tion displayed includea the quantity of failures,
MTBF, and a ratio of current quarter to the last
twelve months experience. (Sample Report Fig.
9-13.)

k. Failure Rate Data for Sclected Work Unit
Codes, RCS: LOG-MMO(AR)TIRL This report pro-
vides twelve monthsg of information quarterly when
the Action Limit is breeched and also by special in-
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quiry using selective retrieval routines. Information
displayed includes current quarter, previous quarter
and 12-month MTRBF, quarter to 12-month ratio and
data groupings by when discovered, action taken, how
malfunctioned and base location, (Sample Report
Fig. 9-14.) .

l. Maintenance Man-hours per Flying Hour by
Weapon, Command and System, RCS: LOG-
MMO(AR)7185. This report provides 12 months of
information updated quarterly. The data displayed
and the related computations are as indicated in the
report title. (Sample Report Fig. 9-15.)

m. Maintainability Reliability Summary, RCS:
LOG-MMO(AR)7220. This special inquiry report
provides 12 months of information on Work Unit
Codes within an aircraft. Information displayed in-
cludes failure, maintenance action, abort and man-
hour rates as well as the most predominate
malfunction modes. (Sample Report Fig. 9-16.)

n. Selected Part Number Action Summary, RCS:
LOG-MMO(AR)7188. This report provides 12
months of information on a recoverable line item of
supply (part number worldwide) regardless of its
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installed use environment. It is produced when the
coroputed failure limit for an item (Federal Stock
Number) is breeched and also by special inquiry.
The information displayed does not reflect mainte-
nance required while installed in a weapen or equip-
ment. It is limited to *“off” equipment (shop and
depot) repairs. (Sample report Fig. 9-17.)

o. Maintenance Actions for Selected FIIN Num-
bers, RCS: LOG-MMO(AR)7189. This report pro-
vides six months of “ofl”” equipment (shop and depot
repair) information on a recoverable item. Informa-
tion displayed includes quantities of mazintenance
actions, malfunction modes, and base location. It is
produced when the computed failure limit for an
item (Federal Stock Number) is breeched and also
by special inquiry.

p. Parts Replaced During Field or Depot Repair,
RCS: LOG-MMO(AR)7190. This report is produced
on the same criteria as above displaying six months
of parts replaced during repair of items identified
in the RCS: LOG-MMO(AR)7189. Information also
displays quantity and reason for replacement. (Sam-
ple report Fig. 9-18.)
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UHF COMMUNICATIONS
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IFF SYSTENS
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FOUIPMENT

WAVIGATION, FIRE CONTROL,
WEAPONS DELIVERY, ECH, PNOTO
RADID NAVIGATION

BOMBING NAVIGATION

FIRE CONTROL SYSIEM

WEAPONS DELIVERY

ELECTRONIC COUNTERMEASURE
PHOTOGRAPHIC/RECONNAISSANCE

NISCELLAREOUS EQUIPWENT

PERSONNEL AND MISCELLANEOUS
£QUIPMENT

EXPLOSIVE DEVICES AND
COMPONENTS

ACTION TAKEN CODES

CODE  DESCRIPTION

BENCH CHECKED AND REPAIRED

THIS CODE WL BT [NTFRED WHEN
RENCH CHECK AND REPAIR OF ANY ONE
116M 1S ACCOMPLISHED AT THE SAME
TIME (ALSO SEC CODE F)

BEMCH CNECKED SERVICEARLE

(N0 REPAIR REQUIRED) THIS €0OC
wiLl BF ENTERED WHEN THE ITEM 1S
BINCH CHECKED AND NO REPAIR WAS
REOUIRED

BENCH CHECKED REPAIR DEFERRED
T4IS CODE WILL BE ENTERED WHIN
BENCH CHECK IS ACCOMPLISHED AND
REPAIR ACTION IS DEFERRED. (SEE
coot F)
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Past

$1-01
$2-01

$5-01

sL01
63-01
64-01
6501

.01
1301
10l
1501
16.01
101

96.01

97-01

ACTION TAKEN CODES
COBE  DESCRIPION

BENCH CMECKED AND REPAIRED

THIS CODE wil BE FNIERED WHEN
BINCH CHECK AND REPAIR OF ANY ONE
ITEM IS ACCOMPLISHED AT THE SAME
TIME. (ALSO SEF CODE F)

BERCH CNECKED SERVICEABLE

(NO REPAIR REQUIRED) THIS CODE
WILL BF ENTERED WHEN THE (TEM 1S
BENCH CHECKED AND NO REPAIR WAS
REQUIRED

BENCH CWECRED REPAIR DEFERRED
THIS CODE Wil BE ENTERED WHEN
BENCH CHECK 1S ACCOMPLISHED AND
REPAIR ACTION IS DEFERRED. (SEE
coor f)

OENCH CHECKED
10 ANOTHER BASE n

1TEM 1S BENCH CHECKED AT A FORWARD
OPERATING BASE. DISPERSED

OPERATING BASE OR ENROUTE BASE AND
IS FOUND UNSERVICEABLE AND
TRANSFERRED T0 A MAIN OPERATING
BASE OR HOME BASE FOR REPAIR. THIS
COPE WILL NOT BL USFD FOR 11EMS
RETURNED 10 A DFPOT FOR OVERMAUL
THIS CODE WILL ALSO BE USED WHEN
FME OR OTHER [OUIPMENT IS S(NT T0
ANOTHER BASE OR UNIT FOR BENCH
CHECK CALIRRATION. OR REPAIR AND

IS T0 BE RETURNED, AND FOR (TEMS
FORWARDED 10 CONTRACTORS ON BASE
LEVEL CONTRACTS

BENCN CNECHED WRIS (NOT REPAIRABLE
THIS STATION REPAIR WO!

AUTHORIZED)

IS COOE Wil BE TNTERED WEN Tt
SHOP IS NOT AUTHORIZED 10 ACCOM-
PUSH THE REPAIR THIS CODE SHALL
ONLY BL USED WHEN THE REPAIR
REQUIRED 10 RETURN AN 1T(M 10
SERVICEABLE SIAIUS 1S SPECIFICALLY
PROMIBITED BY CURRENT TECHMICAL
DIRECTIVES 1HIS CODE SHALL MOT BE
USED DUE TO LACK OF AUTHMORITY FOR
EQUIPMENT. TOOLS FACILITIES

SKMLS PARIS OR TECHNICAL DATA.

BENCH CNECRED NRIS.LACK OF
EQUIPMERT. TOOLS, OR FACHITIES

THIS CODE Witl BE ENTERED WHEN THE
REPAIR IS AUTHORIZED BUT CANNOT BE
ACCOMPLISKED DUE T0 LACK OF EQUIP-
MENL T00LS OR FACHIMES THIS
CODE SHALL BE USED WITHOU! REGARD
AS 10 WHITHER THE EQUIPMENT
T00IS, OR FACHITIES ARE AUTHOR-
IZED OR (INAUTHORIZED

DENCH CNECKED WRTS LACK OF
TECHMICAL SkuLS

THIS CODE WiLL BF ENTERED WHEN
REPAIR CANNOT BE ACCOMPLISHED DUE
10 LACK OF TECHNICALLY QUALIFIED
PEOPLE

QENCN CHECKED WRTS LACK OF PARTS
THIS CODE wiL BE ENTERED WHN
PARIS ARE NOT AVAILABLE TO ACCOM-
PLISH REPAIR

BENCH CNECKED RRTS SNOP BACKLOG
THIS CODE WILL BE ENTERED wH(N
REPAIR CANNOT BE ACCONPLISHED DUE
10 EXCESSIVE SHOP BACKLOG

BENCH CNECRED WRTS LACK OF
TEcHmIcaL eana

THIS CODE WiLL BE ENTERED WHEN
REPAIR CANNQT BE ACCOMPLISHED OUE
10 LACK OF MAIRTENANCE MANUALS,
ORAWINGS (17 WHICK DESCRIBE DE
TANLED REPAIR PROCEOURES AND
REQUIREMENTS

BERCH CHECRED WRTS EXCESS 1O DASE
REQuiRENEnTS

THIS CODE witl AL ENTERED wHiN
REPUIR witL NOT BE SCHEDULED FOR
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ACTION TAREW COOES (coul)
DESCRIPTION (CORT)
BENCH CNECRED WRIS EXCESS 1D
REQUIREMERTS (CONT)

SHOP REPAIR DUE 10 I1EM BEIAG
EXCESS T0 BASE REQUIREMENTS

BENCH CRECKED RETUANED 10 BEPOT
REIURNED 10 DEPOI BY DIRECTION OF
SYSIM MANAGER (SM) OR I11EM
MANAGER (IM). USE OMLY WHEN |1EMS
THAT ARE AUTHORIZED FOR BASC ({VEL
REPAIR ARE DIRECTED 10 BE REIURNED
10 DEPOI FACILITIES BY SPECWIC
WRITTEN OR VERBAL COMMUNICATION
FROM THE IM OR SM OR WHEN JIEMS
ARE 10 BE RETURNED 10 DEPOL
FACRITIES FOR MODIFICATION IN
ACCORDANCE WITN A TIME COMPLIANCE
TECHNICAL ORDER (1C10) OR AS UR
XMBiS

QENCH CHECKED-CONDEMNED

THIS CODE WILL BE ENTERED WHEN THE
ITEM CANNOT BE REPAIRED AND IS 10
8E PROCESSED FOR CONDEMMATION.
RECLAMATION. OR SALVAGE WS COOE
WILL ALSO BE USED WHEN A “CON
DEMNED. CONDITION IS DISCOVERED
OURING FIELD MAINTENANCE DISAS.
SCMBLY OR REPAIR

INITIAL INSTALLATION

THIS CODE WL BE USED FOR INSTAL-
LATION ACTIONS THAT ARE NOT H(-
LATED 10 A PREVIOUS REMOVAL ACTION
SUCH AS INSTALLATION OF ADDITIONAL
EQUIPMENT OR INSTALLATION OF AN
ITEM TO REMEDY A SHIP SHORT CON
DITION THIS CODE will BE USED
ONLY FOR €QUIPMENT MANAGED UNDER
THE ADVANCE CONFIGURATION MANAGE-
MENT SYSTEM RU(R[NC[ 10°s

00 20-2-3. 00 20-2.5, AND

00-20-2.). MUSI BE USED WilM MOW
MAL CODE 799.

(11}

TWIS CODE WKL NOT BE USED 10 CODE
“ON EQUIPMENT® WORK I ANOTHER
COGE WiLL APPLY. WHEN 1T IS USED

IN A SHOP ENVIRONMENT. THIS CODE
WILL DEMOTE REPAIR AS A SEPARATE
UMIT OF WORK AFYER A BENCH CHECK
SHOP REPAIR INCLUDES IME TOTAL RE-
PAIR MAN-HOURS AND INCLUDES CLEAN
ING. DISASSEMBLY INSPECTION
ADIUSTMENT  REASSEMBLY AND
LUBRICATION OF MINOR COMPONENIS
INCIOENT T0 THE REPAIR WHEN THESE
SERVICES ARE PERFORMED BY THE SAME
WORK CENTER. FOR PRECISION
MEASUREMENTS CQUIPMENT. THIS CODE
WILL 8€ USED ONCY WHEN CALIBRATION
OF THE REPAIRED 11EM IS REQUIRED
(SEE CODE G).

REPAIR AND/OR REPLACENENT OF MINOR
PARTS, WAROWARE ANG SOFTCOO
(SEMS GASRETS, ELECTRICAL
CONNECTORS, FITIINGS TUBING

HOSE_ WIRING. FASTENERS, VIBRATION
ISOLATORS  BRACKELS, €1C )

WORK yNIT CODES DO NOT COVER MOST
NON REPAIRABLE ITEMS, THEREFORE
WHEN 1TEMS SUCH AS THOSE

IDENTIFIED ABOVE ARE REPAIRED OR
REPLACED TMIS ACTION TAREN CODE
WILL BE USED. WHEN THIS ACTION
TAKEN CODE 1S USED. THE WORR UMIT
CODE witL IDENTIY THE ASSEMBLY
BEING SERVICED OR MOS! DIRECTLY
RELATED 10 PARIS BEING REPAIRLD OR
REPLACED FOR EXAMPLE, I AN
ELECIRICAL CONNECTOR WAS REPAIRED
ANO WAS ATTACHED 10 A RA
TRANSMITTER THE wORK UM CODE
(OR THE TRANSMITTER WOULO B€ USED
WITH [HIS ACTION TAKEN CODE FOR
PRECISION MEASUREMENT EQUIPMENT
THIS CONE WIL BE USED FOR REPAIRS
THAT 00 NOT RIQUIRE CALIBRATION OF
THE REPAIRCD 11EN (SET COOC F)

T.0.1F-111E-06

ACTIOR TARED CHOES (COYY)
QESCRIPTION (comD)

ateair
IRED (FOR OB EQUIPWERT" WOt
onr)
THIS CODE wit BE USED 1OR AlL
OISCREPANCI(S WHICN ARE CHECKED
AND FOUND 10 REQUIRE NO FURINER
MAINTENANCE ACTION THIS CODE Wil
BE USED OMLY W 11 IS DEFINITELY
OETERMINED [KAT R REPORTED OLft
CIENCY DOES WOT EXIST OR CANKOT B€
OUPLICATED. MUST BE USED WITH HOw
MAL CODL 299, 812. OR 948

CALIBRATES nG ABIUSTMENT REQUIRED
USE TWIS CODE WHEN AN (TEM IS
CALIBRATED AND FOUND SERVICEABLE
WITHOUT NEED FOR ADIUSTMENT. OR 1S
FOUND 10 BE N TOLERANCE BUT IS
ADJUSTED MERELY 10 PEAX OR
MAXIMIZE THE READING. If THE ITEM
REQUIRES ADIUSTMENT 10 ACTUALLY
MEET CALIBRATION STANDARDS OR 10
BRING N TOLERANCE USE CODE K

CALIORATED ADNSTMENT REQUIRED

USE THIS CODE WHEN AN IIEM MUST BE
ADIUSTED YO BRING 11 N TOLERANCE
DR MEE) CAUIBRAION STANDARDS If
THE ITEM WAS REPAIRED OR NCEOS RE-
PAIR IN ADDITION 10 CALIBRATION

AND ADIUSIMENT. USE CODE F.

ADNUST

INCLUDES ADJUSTMENTS NECESSARY FOR
SAFETY AND PROPER FUNCTIONING OF
£QUIPMENT SUCH AS ADIUST. BLEED
BALANCE. RIG FIT REROUTE. SEAl/
RESEAL, POSINON/REPOSITION. OR
ACTUATING RESET BUTION SWITCH OR
CIRCUIT BREAKER. FOR USE WHEN A
DISCREPANCY OR CONDITION 1S
CORRECTED BY TWESE 1YPES OF
ACTIONS. & TNE 10CRTITIED COM
PONENT OR ASSEMBLY ALSO REQUIRES
REPLACEMENT OF BITS AND PIECES AS
WELL AS ADIUSTMENT ENTER THE
APPROPRIATE REPAIR ACTION TAXEN
CODE INSTEAD OF L.

QISASSEMBLE

THIS CODE wrL BE ENTERED FOR DIS-
ASSEMBLY ACTION WHENM THE COMPLETE
MAINTEMANCE 108 IS BROKEN INTO
PARTS AND REPORTED AS SUCH. DO NOT
USE FOR ON EQUIPMENT WORK.

ASSENDLE

THIS CODE wiL BE ENTERED FOR
ASSEMBLY ACTION WHEN THE COMPLETE
MAINTENANCE )08 1S BKOKEN INTO
PARTS AND REPORTED AS SUCH. 0O MOT
USE FOR ON-EQUIPMENT WORK

aEnovio

THIS COOE WKL BE ENTERED WHEN AN
1TEM IS REMOVED AND ONLY THE
R(MOVAL (S 10 B ACCOUNTED FOR. 1N
THIS INSTANCE DELATED OR

ADDITIONAL ACTIONS whi 8E
ACCOUNTED FOR SEPARATELY IAISO
SEE CODES O R S. 1. AND U) 00
NOT USE FOR OFF EQUIPMENT WORK

msTaLey

THIS CODE WHL BE ENTERED IN(I AN
HHEM IS INSTALLED AND OMLY 1
INSTALLATION ACTION 1S T0 BE
ACCOUNTED FOR (ALSO SEE COOES E.
P R S T AND U) DO NOT USE FOR
OFF EQUIPMENT WORK

REMOVE ARD REPLACE

TiS CODE WILL BE ENTERED WHEN AN
ITEM 1S REMOVED AND ANOTMER (IKE
ITEM IS INSTALLED. (ALSO SEE CODES
1 AND U) DO NOT USE FOR OFF
CQUIPMENT WORK

RENOVE AND REWSTALL

THIS CODE WILL BE ENTERED WHEN AN
ITEM IS REMOVED AND THE SAME 11EM
RENSTALLED. (MLSO “EE CODES T AND
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ACTION 1AREW CODES (COWT)

m sEstaipTion (Cont)

-

RENQYE AND REVNSIALL (CON))

U) 00 NOI USE FOK OFF EQUIPMENT
WORK  MUST BL USED WIIH WOW MAL
CODL 800 804 GR 80

RENOVED FOR CANNIBALIZATION

THIS COOE WL BE ENTERED wHEN A
COMPONENT 1S CANNIBALIZED Tht
WORK UNIT COOE wic( (OENTHY ThE
COMPONENT BEING CANNIBA(IZE0 00
NOT ust THIS CODE FOR OFF
EQUIPMENT WORK MUST BE uSED WiTH
HOW MAL CODE 199

REPLACED AFTER CANMIBALIZATION
THIS CODE WL BE ENTERED WHEN A
COMPONENT IS REPLACIO AFIER
CANNIBALIZATION DO MO USE THIS
CODE SOR OFf EQUIPMENT WORK MUSI
BE USED WITH MOW MAL COGE 199

AN
THIS CODE WL Bt ENTERED WHWEN
CLEANING IS ACCOMPLISHED 10
CORRECT DISCREPANCY AND/OR WHEN
CLEANING IS NOT ACCOUNIED FOR AS
PART OF A REPAIR ACTION SUCH AS
CODE F NCIUDES WASHING ACID
BATH_ BUFFING SAND BLASIING
OFGREASING. DECONTAMINATION €1C
CLEANING AND WASHING Of COMPLETE
1TEMS SUCH AS GROUND EGUIPMENT
YEHICLES. MISSIES OR AIRPLANES
SHOULD Bt RECORDED BY UTHIZING
SUPPORT GEMLRAL COOES

TEST ImsPECTION SERvICE

INIS CODE Wil BE ENTERED WHEN AN
1TEM 1S TESTED OR INSPECTED OR
SERVICED (OTHER IHAN BENCH CHECK)
AND MO REPAIR 1S REQUIRED WIS
CODE DOES NOT INCLUDE SERVICING OR
INSPECTION CHARGEABLE 10 SuPPORT
GENERAL WORK UNIT CODES

TRouBLESHOOT

ENIER 1S CODE WHEN TINE EXPEWDED
IN LOCATING A DISCREPANCY IS GREAT
ENQUGH 10 WARRANI SEPARATING THE
TRQUBLESHONT TIME FROM THE REPAIR
1IME USE OF TWIS COOE

RECESSITATES COMPLLNION OF TWO
SEPARATL LINE ENTRIES OR TwO
SEPARATE FORMS ONE FOR TME
TROUBLESHOOT PHASE AND ONE FOR THE
REPAIR PHASE WHEN RECORDING TME
TROUBLESHOOT NWE SEPARAIE FROM
THE REPAIR TIME IHE TOTAL TIME
TAXEN 10 ISOLATE THE PRIMARY CAUSE
OF THE DISCREPANCY SHOULD Bt
RECORDED UTIIZING THE WORK GNIT
SODE OF TWE DEFECTIVE SuB SYSTEM
IR SYSIEM. DO NOY USE FOR OFF-
EQUIPMENT WORK

£oRRpsSIoN REPAIR

INCLUDES CLEANING TREATING
PRIMING AND PAINTING OF CORRODED
ITEMS THIS CODE SHOULD ALWAYS BE
USED WHEN ACTUALLY TREATING
CORRODLD 11EMS LIHER ON
EQUIPMENT OR IN THE SHOP THE WORK
UNIT CODE SHOULD 1IDENTIFY THE ITEW
THAL IS CORRODED USE SUPPORT
GENERAL CODE FOR PAINIING OR
CORROSION PREVENIVE TREATMERT
TRIOR 10 AN ITEM BECOMING
CORRODED

ST
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TYPE MAINTENANCE COOES
DESCRIPTION

TYPE MAINTENANCE CODES FOR AIR
CRAFT, ORONES, INSTALLED ENGINES
AND RELATED MOBILE TRAINING SETS
(MTS) AND RESIDENT TRAINING EQUIP
MERT (RTE). ENGINE SHOP CODES ARE
lt.ﬂtﬂl&n“ FOLLOWING TMIS LISY OF

SERYICE -

INCLUDES ALL UNITS OF WORK ASSOC!
ATED WITH SERVICING, CLEANING AND
MOVEMENT OF EQUIPMENT.

UNSCHEDULED MAINTENANCE -

INCLUDES ALL UNITS OF WOPK
ACCOMPLISHED BETWEEN SCHEDULFD
INSPECTIONS EXCEPT AS FROVIDED IN
PRECEDING CODE A, AND EXCLUDING
ACCOMPUISHMENTS OF 1CT0°S

BASIC POSTFLIGNT OR
THRUFLIGNT INSPECTION

INCIUDES “LL UNITS OF WORK
ACCOMPLILHED DURING ALL PHASES OF
THE BASIC POSTFLIGHT OR THRY
FLIGHT INSPECTION.

PREFLIGHT (NSPECTION -

INCLUDES AL UNITS OF WORK
ACCOMPLISHED DURING ALL PHASES OF
A PREFLIGHT INSPECTION. FOR MOBIE
TRAINING SEIS AND RESIDENT TRAIN
ING EQUIPMENT THIS INCLUDFS ALl
UNITS OF WORK ACCOMPLISHED DURING
SCHEDULED INSPECTIONS SUCH AS
OAILY SAFETY. AND SERVICING IN-
SPECTION. EXCLUDING PERIODIC
INSPECTIONS.

CALIBRATION OF OPERATIONAL EQUIP
MENT (ROW PME) BY OWNING OR
ASSISTING WORK CENTER .

EXCLUDES CALIBRATION ACTIONS BY
PRE CAUIBRATING WORK CENTERS (SEL
10. 00-2506-4.1 FOR 1YPE
MAINTENANCE CODES FOR PME)

T.0.1F-111E 18

4 PERIODIC, PRASES OR
NAOR ISPECHISN -

INCLUDES ALL UMITS OF WORX
ACCOMPUISHED DURING LOOK AND Fix
PHASES OF PERIODIC. PHASED OR
WAJOR INSPECTIONS, EXCLUDING
ACCOMPLISHMENT OF 1CTO'S.

Q FORWARD SUPPORT SPARES -

INCLUDES ALL UMITS OF WORK PER-
FORMED BY ALL ACTIVITIES IN
RECORDING IN-SHOP MAINTEMANCE
ACTIONS ON MAC FORWARD SUPPORT
SPARES. EXCLUDING ACCOMPLISHMEN]
OF T1CT0°S

R DEPOT MAINTENANCE -

INCLUDES ALL UNIS OF WORK
ACCOMFPLISHED WHEN DEPOT MAINIE
NANCE OR REHABILITATION (S
PERFORMED, REGARDLESS OF LOCATION.
EXCLUDES ACCOMPLISHYENT 0f 1CTO'S

S SPECIAL iNSPECTION -

INCLUDES ALL UNITS OF WORK
ACCOMPUISHED DURING ALt PHASES OF
SPECIAL INSPECTIONS. EXCLUDING
ACCOMPLISHMENT OF TCTD'S. INCLUDES
ALL FUNCTIONAL CHECK FLIGHTS

1 TIEE COMPLIANCE TECHNICAL
ORDER (TCT0) -

INCLUDES ACCOMPLISHMENT OF AlL
fcras.

\l AIRCRAFT TRANSIENT MAINTENANCE

INCLUOES ALL UNITS OF WORK
ACCOMPLISHED ON/OR FOR TRANSIENT
AIRCRAFT, EXCLUDING ACCOMPLISHMENT
0F TC10°S.

noTE

SEE TO 0025 06-2.1 FOR OFF
E:l;l[?sllll SHOP TYPE MAINTENANCE

114

WHER DISCOVERED CODES

CODE  DESCRIPTION

2o N @™ >

»w ™ S v = =

BEFORE FLICNT - ABORT - AIR CREW
BFTORE FUIGHT-NO ABORT-AIR CREW.
M ELIGHT ABORT.

INFLIGHT - NO ABORT

AFTER FLIGHT . AIR CREW.

BETWEEN FLIGHTS-GROUND CREW
GROUND ALERT - NOT DEGRADED
BASIC POSTFLIGHT INSPECTION
PREFLIGHT INSPECTION.

DURING TRAINING OR MAINTENANCE ON
EQUIPMINT UTILIZED IN A TRAINING
ENVIRONMENT (USE ONLY FOR CLASS K
TRAINING EQUIPMENT) THIS CODE
SHOULD BE USED WHEN RECORDING
MAINTENANCE OR DISCREPANCIES ON
CLASS 1 TRAINERS.

PHASED INSPECTION

GROUND ALERT - DEGRADED
FUNCTIONAL CHECK FLIGHT.

SPECIAL INSPECTION.

QUAUITY CONIROL CHECK.

DEPOT LEVEL MAINTENANCE

DURING SCHEDULED CALIBRATION.

NON DUSTRUCTIVE INSPECTION IN- "
CLUDES OPTICAL. PERETRANT, MAG-
NEVIC PARTICLE, RADIOGRAPHIC, £0DY
CURRENT. ULTRASONIC, SPECTROMETRIC
OIL ANALYSIS, ETC.

OURING UNSCHEDULED CALIBRATION.
IN SHOP REPAIR AND/OR DISASSEMBLY
FOR MAINTENANCE.

ENGINE TEST STAND OPERATION.

UPON RECEIPT OR WITHDRAWAL FROM
SUPPLY STOCKS

OURING OPERATION Of MALFUNCTION
ANALYSIS AND RECORDING EQUIPMENT
OR SUBSEQUENT DATA ANALYSIS

CORROSION CONTROL INSPECTION.
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APPENDIX C
Average Number of Maintenance Actions

per Sortie versus Sortie Length
for Selected Systems
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Maintenance Actions per Sortie
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System 22/23 - Engine
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Maintenance Actions per Sortie
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Figure C-6. System 41 - Air Cond
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