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SUMMARY

Proble m
There is a need for a more respo uave method for pre dictin g the ground support equipmen t (SE)

requirements and the related main te n ance ma npower requirements for aircraft systems during development.
This method shoul d provide early estimates for use in trade -offs and eval uations , and should be sensitive to
the operational requireme n ts of the aircraft . This report addresses a study effort whose purpose was to
develop such a method by fi rs t establishin g the basic anal y tical rationale , and then by creating a users’ guide
for the method .

Approach
W ith the cooperation of many people and organizations involved in Logistics Com posite Model

(LCOM) studie s, the necessary relationships between manpower , support requirements , and operational
scenari o were identified and verif ied. A computer prog ram was developed from an existing maintenan ce
data collection program to produce the information needed to conduct a LCO M simulation stu dy of
proposed support equipment work centers.

Results and Cond usions
The programs and methodologies developed we re successfully used to simulate an A-7 powered

support equipment wor k center , and to perform trade -offs between related manp ower and support
equipment requirements. It was demonstrated that this methodo Io~ ’ provides the analyst with a next
generation tool for addressing these factors .

This methodology has also been used to support the F-16 support equipmen t and the AMST support
equipmen t LCOM simulation studies conducted by the Di rectorate of Equipment Engineering, l~~puty for
En gineering, Aeronautical Systems Division, Wright-Patterson Air Force Base , Ohio.
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PREDICTING POWE RED SUPPORT EQUIPMENT
AND ASSOCIATED MAINTENANCE MANPOWER REQUIREMENTS

I . INTR ODUCTION Order (AFTO) Form 349 and then transferred to
ma gnetic computer tape s designated M3D64-A.
The M DC programs use A8D64-A tap es for input .

This repor t outlines efforts which address Outpu t provides data for the LCOM branching net .
w e a p o n  system main tenance manpower works.requirements as a function of supp ort equipment
(Se) requirements and operational requirements . 3. Phase I — This program processes input dat a
Suppo rt equipment (SE) was previously referred for ready acceptance into the LCOM program.
to as aerospace ground equi pment (AGE) . The
Logistics Composite Model (LCOM) has been used Figure 1 is a typ ical LCOM branching network
successfully in the recent past to accurately pre - showing the vari ous paths the courses of action
dict maintenance manpower requirements for the may take , and also showing the supporting data.
weapon systems themselves. This study addresses The development of a cvmplete set of such net-
the feasibility of using LCOM to predict the ~~ works which would reflect all relevant opera! ionai
tenan ce manpower requirements for the SE; aid activities is usually crinsidered the di~nax of an
then to determine the influence of the numbers LCOM study. However , this is by no means a
and types of SE upon manpower requirements. routi ne accomplishment. For example , there are

approxi mately 300 such networks needed for an
The term LCOM has gained wide acceptance up-to-date LCOM sim ulation of the A-i weaponthroughout the Air Force as a reference to all system.

LCOM related models. However , the LCOM model
itself is just one of three or four models that can The network , depicted in Figure 1, deals with
be used in a LCOM study. For this technical re- unscheduled maintenance on the gas turbine en-
port , the term LCOM will refer to the LCOM g ine which is on the AM32.60 SE. This network
model itself; the term MMM (Maintenance Man - presents task names (AAAE OO ), occurrence proba-
power Models) will refe r to all LCOM associated bilit ics (e), personnel (AFSCs) required (423X5),
models. A full discussion of these models may be mean task times (1), and SE (D-60) requited for
found in AFHRL-TR-74-97, Volumes I throug h each task. Much of this type of data is usually
VI. The full list and description of these models obtained from the maintena nce data collection
are: (MDC) programs.

1. LCOM — A computer simulation piogram Although network development is the high
based upon queuing processes and network an al - point of an LCOM study, there would still remain
y~s. When used for simulating a weapon system , much to be accomplished after this. Manning and
branching networks are developed which represent SE requirements and /o r associated sensitivity
the main tenance and flying activities associated studies would come afterw ard . The LCOM model
with an operational scenario. The individual tasks itself may be thought of as a mechanical tool
within these networks have average completion which processes the network information in order
times and completion time standard deviations. ~ to project final manning/SE recommendations.
addition , the servicing and maintenance tasks also However, the utilization of the LCOM model is
demand specific man power and SE resource s. rote compa re d to the research requi re d to develop
There are two types of maintenance activities re- the networks.
presented by the networks: scheduled and un- The MDC model was deve l oped to process air-
scheduled . The simulation of a given unschedu led cra ft maintenance data. However, SE maintenance
activity is controlled by a clock associated with data arc recorded on the ABD64-A tape also. It
that activity. The clocks are set individually for app eare d feasible to obtain initial network insight
the unscheduled activi ty to be simul a te d based and information for a pro posed SE operational
upon the dist ribution parameters (mean , standard work center by processing this SE MDC data via
deviation) of the number of sorties between the the MDC model. The acquisition of this network
unscheduled activi ty of interest . information would brin g closer to reality the
2. Maintenø,ce Data Colkrtaon (MD C) — These LCOM simulation of a proposed SE work center
programs process weapon system maintenance for a newly developing weapon system . As is the
data recorde d in accordance with , AF TO 00—20. case for weapon system network development , this
The data are recorded on Air Force Technical ini t ial SE network insight and information would
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need to be discussed, adjusted , and verified via in order to develop a work center scenario which
visits to the various SE operational work centers “drives ” the LCOM simulation model in the same
from whence came the MDC data. manner tha t a weapon system ’s activities (sortie

rate by aircraft type and numhe i , and sortie dura-
Study Approach tions) “dri ve” a weapon system LCOM simulation.

It was first necessary to assure that MDC data 2. Second ,lpp ro ac/ i: The SE networks and sup-
for SE could be processe d through the MDC pro - porting data developed per the f ir s t appr r iac-h were
grams with no more than a reasonabl e amount of inco rporated into the parent weapon system ’s (in
modification to the programs needed. Second , a this case the A-7) LCOM model so tha t the
thoroug h study of typica l powered SE work cen- weapo n system ’s scenario drove the simulation.
ters at Myrtle Beach AFB, South Carolina , and at An initia l LCOM model of the A-7D had pie-Wng h t - Patierson AFB, Ohio , was completed viously been constructed at Advanced Systemsbefore attemptin g to model an SE work center via Division , Air Force Huma n Resources Laboratorythe MMM models. l’hird , several modeling tech- (AFHRL) ,  Wright-Patterson AFB , Ohio. Thisniques were investigated in order to further model was up dated , expanded and revalidated byidentify and cla rify the optimum manne r in which AFH RL personnel and by maintenance specialistsan SE work center may be simulated. at Myrtle Beach AFB. The SE work center net-

New computer programs to process the MDC works were first developed for an LCOM simula-
SE maintenan ce data were developed. This was tion of the Myrtle Beach SE work center per the
done by modifying the existing MDC pr ograms. f irst approach . Various simulations were accom-
The new progra ms process this data so that the SE pu shed in order to determine the relationshi ps
network data for unscheduled maintenance activ i - between SE maintenance manpower requirements ,
ties are outputted in the same manner that the ope rational requirements , and SE requirements.
or ig inal  p r o g r a m s  outputted aircraft data. These SE work Center networks were then in-Appendices A thru F present the listth~~ of these corporated into the A-7D LCOM model innew programs. accordance with the second approach . It was

Visits were made to the Wright-Patterson AFB found that the second approach was more accurate
powered SE work center and to the Myrtle Beach than  the fi rs t approach . However , the f irst
AFB powered SE work center to obtain insight approach is much less deman ding in terms of run
into their system of operations and also to ascer - time , complexity and turn around time; and the re-
lain whethe r or not the centers would lend fore , lends itself more readily to sensitivity
themselves to MMM modeling with only a reason- analysis.
abl e amount of model revision. It was discovered
that maintenance activities on SE are recorded in a Overview
ver y similar manner to that in which aircraft ma in - Section II outlines the revised MDC programtenance activities are recorded (i.e., In accordance development. Also , the feasibility of simulating anwith AF TO 00-20-2). The dispatch in g activity of SE work center using LCOM is established. Signi-SE was studied , and relationships were noted ficant dat a and data analysis results which support
between SE dispatch activity and aircraft sortie this feasibility contention are also presented. Arates , review and familiarity with Sections 1 thnn~gh 11-’

The modeling was approached in two different of AFHRL- TR- 74-9 7(III J (which documents (lie
ways: original MDC program) are recommended in order

to obtain a ful l  understand ing of the analyt icalI .  First Approach: The networks and suppo rting rationale presented. Review is also rt commendeddat a were developed for the SE work center in the f ar the individual who intends to use this revisedsame manner that they are usually developed for MD C p m gra in for processing SE datathe parent weapon system; that is, by proce ssing
the ABD64-A tape data in order to gain initial A full-scale MMM study of a powered SE work
inv~ it and supporting information concern in g the center for the AM32-64) Generator and the NF-2
unscheduled maintenance networks. These net- Light Stand is addressed in Section III .  These two
works were then verified by discussing them with pieces of SF w”re used to exemplify, and furthe r
skilled and experienced maintenance personnel at verify the proposed modeling techniques devel-
the work centers, Next the SE work centers’ activi - oped durin g this study. Sensitivity ana lyses were
ties (dispatch ra tes by equipment type and performe d for : (a ) mainten ance and servicing man -
numbe r , and dispatch duration,) were investigated power requirements , (b) SE requi rements , and (C)
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operational requirements. Section 111 is also in- 3. What are the factors which influence the
tended as tile user ’s portion of this report. All of operat ional scenario of an SE work center , and are
tilt’ information required of a user ’s guide to the the supporting data available or feasibly attain-
, ‘r~ pi ‘uJ ~~ deling techniq ues is in Section III. able?

Sect ion IV outlines the concluaons and in- Criteria Influencing SE M aintenancesigh ts obtained from this study. It was concluded Requirementsthat SF d isp atching activi ty was directly related to
serv ic ing, pickup and delivery , and unscheduled In order to a t t C I T ) p t  SE modeling, the failure
mainten ance manhours. The other factors driving factor ( s) tha t  cause SE to fail m ust be determined.
SE ma intenance are the tot al number and diffe rent The hypothesis concerning SE is that the flying
type s of SI: possessed by the work center. A final schedule generates unscheduled SE maintenance.
insight gained was that  an SE work center can be That Is. as the sortie rate for a given unit equip-
modeled as a system in itself and that this system ment (U E )  configuration increases , demands on
modeling lends itself to MMM application, the SE increase ; similarly as demands on SE in-

crease , unscheduled maintenance in the SE branch
increases. This hypothesis is supported by two

II . MODEL DEVELOPMENT , PROGRAMMING independent investigations .
AND VERIFICATION Figure 2 is a plot of A-7D sorties/month vs. SE

unscheduled maintenance man-hours (MMH ) cx-Powered SE Work Center Description pended fu ring the corresponding month . The data
SE branches are composed of three work in Figure 2 were obtained from Myrtle Beach

centers: (a) managemen t , (b) repair and inspec- AFB . Two unique factors enabled the analysis to
tion , and (c) servicing/picku p and delivery. Of be made . First , the A-7D is the major aircraft
these three only two , repair and inspection and system prese1~t at Myrtle Beach which relates SE
servicing/pickup and delivery actually perform maintenance directly to the aircraft ’s demand for
AFTO Form 349 reportable work in accordan ce SE (also noted that a linear relationship exists).
with AF 10-00-20. Secondly, during the months shown , the A-iD ex-

The work centers have a mission of satisfying perienced a broad range flyin g schedule.

demands for SE initiated by aircraft servicin g and A further look at the Myrtle Beach SE work
unscheduled maintenance . To complete these SE center allows the work in the SE branch to be
missions, SE is dispatched to parked airc ra ft and divided into the following five activities.
re turned again after use . This dispatching activity
may involve several types of SE ove r a 24-hour Activity Work Generator
period.

Unscheduled Maintenance Aircraft Sorties
After an SE mission , the equipment is serviced Periodic Inspection Equipment on Hand

and operationall y checked, If found operative , the Servicing Aircraft Sorties
equipment is returned to a ready line. If inopera- Pickups and Delivery Sorties/Distances
tive , it is placed in a waiting for m aintenance Supervi sion Work Center Size
status until parts and manpower are available for
repair. A scheduled maintenance activity called a The work generators were deter m ined through
periodic inspection (PE) is also performed on the observations of the work center ’s operations and
SE. This maintenance task is similar to an aircraft by discussions with experienced work center
phase inspection. A typical PE may consist of 16 personnel.
man-hours of maintenance performed twice a year It is noted that the SE maintenance activities
on a given piece of equipment. of major interest are generated by aircraft sorties,

In order to at tempt an MMM effort of an SE which adds further verification to the contention
work center , the following questions must first be that aircraft sortie rate is the prime factor influ-
investigated : encin g maintenance on SE.

I .  What are the factors which significantly in- The next task was to establish a relationship
flue nce SE failure s and likewise SE maintenance between aircraft sorties and SE demands. This con-
activities? sisted of determining an SE demand per sortie for

the weapo n system of interest and for each typ e of
2 . Are the da ta available , or feasibly attainable , SE in the work center. Data were obtained fro m
for the branching networks which outline the AF Form 864 (Daily Req uiremen t and Dispatch
unscheduled maintenance on SE? Record) (Figure 3) maintained by Job Control or

8 
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the SE Branch , and compared with sorties flown numbe r of eve ry piece of reg istered SE. An equ ip.
for the same time periods to arrive at these men t typ e such as a TTU-228E may have several
demands rates per sortie. Figure 4 summa rizes NUNs that need to be obtained so that all like
demands per sortie for vari ous pieces of SE at equi pment can be proce ssed together.
Myrtle Beach . These demand rates per sortie are
quite significan t for LCOM networking because It is necessary to obtain from the work center a
they are the same as the occurrence probability list of all NllNs that pertain to the part icular piece
that a particular piece of SE will be needed for a of SE in question. Figure 5 gives the NB~~ for all
sortie. the TTU-228E Hydraulic Mules , and for all the

NF-2 Light Stands at Myrtle Beach AFR . This isMDC Program Revision necessary if maintenance data are to be processed
It was nece ssary to obtain unscheduled main- on these pieces of SE. This list may be compiled

tenance data on SE equipmen t in a manner similar from information obtained fro m the TO 35-I
to that whereby aircraft unscheduled maintenance series, Application of AF Registration Numbers ; or
data are obtained; and then establish SE corn- it may be obtained from the work card for the
ponent failure rates per sortie. An investigation particular piece of equipment at the work center.
into the availability of a data base for SE revealed Besides the difference in the use of equipmen t
that the maintenan ce data collection system con- class codes, there are some other differences in the
tam ed data suitable for networking purposes. The records . The most obvious difference is the work
data base , however , is different from aircraft data unit code scheme . All SE equipment work unit
in several respects. Contained on every ABD69A codes can be found in either TO.002 5-06-2-2 or
tape obtained from base level are AFTO Form 349 TO 35C2-3-l.06. The work uni t codes are 5-digit
records of every piece of equipment worked on at alphanumeric codes. Because the firs t two char-
this location. To avoid the cumbersomeness of acters are always alpha , the data base programs
makin g individual runs on individual equipment had to be modified to accommodate this differ-
types it is necessa ry to sort SE records into like ence.
units before processing through a modifie d version
of the aircraft data base run . Other codes contained on the record are similar

to codes utilized by aircraft msintenance. The
The procedure for distinguishing between How Malfunctioned codes are identical to the

various equipment types is in some cases straight- codes utilized for aircraft maintenan ce. Action
forward and in other cases quite complex. For Taken codes are also identical. The Type Main-
engine or motor driven generators (Federal Stock tenance and When Discovered codes are slightlyClass 6115) and munitions han dl in g equipment, different. This difference in these two codes must
identification is straightforward. These equipment be accoun ted for to make proper modification to
types can be identified by the equipment class the data base processing programs.
code ( EQ/CL) found in the same position on the
AFTO Form 349 records as the mission design To accommodate the difference in the SE data
series (MDS) for an aircraft (see 10.00-20-2). base some modifications of the MDC program

were required. The entire Iistin~ for all programs,
All othe r SE such as hydraulic mules, air con- uruque or modified for SE processing, are con-

ditioners , air compressors, light stands and others tam ed in the appendices . The major changes to the
are not so easily distinguished. Equipment class data base processing scheme was the introduction
codes in this area do little more than sepa rate the of the pre-processor , modification to GETDATA,equipment into general categories. For example, now GETAGE , and the  modification of
hydra ulic test stands fall under equipment class COMBINE , now COM RAGE .
code AE. This code signifies a class of equipment
known as Inspection and Maintenance Equipment. The pre.processor is a new program required to
This dass includes large work stands, engin e stands select and sort only those pieces of equipment re-
and hydraulic mules. Obviously this does not help quired for networking. The pre-processor provi des
in the construction of a network for a specific the user with the ability to select by card input
type of hydr aulic mule. those equipment class codes and NUN designators

desired. The pie-processor then inputs these sepa-
To identify a particular type of SE such as 

~~ rate SE files Into the data base programs to beTTU-228E hydraulic mule , the National Item processed sequentially by rew inding the data base
Identification Numbe r (N 1IN) designator must be program tapes while files are resident in core.
utilized. The NUN designator is a three-digit alpha-
numeric charac ter that Is part of the registrati on The GETAGE program is a resul t of modifi -

cations made to accommodate the differences In

I l



Name A- 7D Demand Rate/ Sor t ie

A1132—60 Generator 1.27
NV—2 Light Stand 1.06
TTV228E Hydraulic Mule .045
MC i Air Compressor .090

(Hi Pac )
MC2A Air Compressor .080

(Lo Pac)
NJ—i Bomb L i f t  Truck .080
MB— i Cabin Leakage Tester .032

Agure 4. Powered support equipment demand rate/sortie.

DLD
DLU
FQ3 TTU-228E HYDRAULIC MULE
FRC
FTK

LAA
LAB
LAC
LAD
LAE
LAP
LAG • NF-2 LIGHT STANDS
LAII
LU
w
LAX
LAL
LAM
LAQ

FigureS. NIIN equipment.
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the data base as discussed previously. The addition The scenari o used reflects thc support of a 72
of a service file was the major change with respect JE A-iD wing flyin g about 1,000 hours per
to the user. Because most maintenance in the SE month. To support this operation and deployment
branch is done within a relat ively small work area , req uirement , 24 AM32..60s (—60) were on hand.
the general support codes (01000 to 09000) take The NF-2 was selected because it w~ utilized
on more significant meaning. Such codes as 03114 almost as heavily as the —60. The NF-2 provides
(Periodic) provide meaningful informa t ion to night lighting and 120 volts AC power for support
those concerned w ith SE maintenance . Thus, these of flight line maintenance.
general supp ort codes have been induded in the Both approaches as described in Section 1,processing nina. paragraph B are exemplified. In order to conduct

an LCOM study using either the f irst approach orAdaptsb~ity of SE Work Centers the second approach , all information that would
for the LCOM Models be required to process the original MDC program is

The fIrst modeling technique outlined in n e e d e d .  ( S e e  Sec t ion  IV of AFHRL-
Section I , whereby only the SE work center is TR-74-97(ffl)). In ad dition the following informa-
simulated , requires an operational scenario for the tion is needed :
SE work center. That is, a description of SE 

~~~ I.  Support equipment work unit code manuals.
alcoa, duration, and departure times must be
estimated. AF Form 864 (see Figure 3) is a source 2. The equipment class code for SE pieces that
for such data. Figure 6 is a cumulative probability are of Federal Stock Class 6 1 15 (motor driven
distribution for the dispatch of AM32-60s at generators or munitio ns handling equipment). (See
Myrtle Beach during the spring of 1976. Figure 6 TO-00-20-2 or TO 35C2-3-1-06.)
was produced from data obtained from AF Forira 3. The NUN designator for pieces of SE other
864, other such illustrations for other pieces of SE than those classified as Federal Stock Class 6 1 15.
could likewise be produced. Such distributions are (See TO 35-I), Applicat ion of Air For ce Registro-
input into the LC OM model to generate departure tion Numbers.) The Nu Ns may also be obtained
times, from the work card for the particular piece of

Figure 7 is a probability distribution of the equipment at the work center.
AM32.60 dispatch durations . This dist ribution was 4. A set of completed AF Form s 864 ( Figure 3)
also plotted from data obtained from AF For rra for the 6-month period of interest. These forms
864, an d is needed as LCOM input , are obtaine d from Job Control or the SE Branch at

The data depicted in Figures 6 and 7 are the operational unit of interest.
needed only for simulation of an SE work center 5. The unscheduled maintenance networks are
per the f irst approach outlined in Section I ~ obta ined by processing the SE data obtained from
such cases, du mmy sorties are generated which the ABD64-A tapes through the MDCAGE pro-
then generate demands for various typ es of SE. grams in order to obtain initial insight and infor-
These demands would reflect the dispatch tunes mation for these networks. These networks are
and durations depicted in Figures 6 and 7. then verified by discussion with experienced main-

If the SE maintenance networks , ‘are incor- tenance personnel in the field.
porated into the parent weapon system ’s LCOM Paragraph A and Figures 8 throug h lOb of thismodel in accordan ce with the second approach , section apply to the f irst approach. Paragraphs B
dispatch times and durations for SE are auto • and C and the rest of the illustrations apply to
matica lly generated. - both the f irs t approach and the second approach .

Main Dispatch Network for SE
III . PREDICTIN G POWERED SE REQUIREMENTS VS.
MANPOWER REQUi REMENTS AND OPERATIONAL Dispatch times and dispatch duration distribu-

REQUIREMENT S FOR ThE A.7D t ions , means , and standa rd deviations were
developed from completed AF Forms 864 (FIgure

A full-scale MMM simulation of a powered SE 3). As mentioned in Section II, Figures 6 and 7
work center for the AM32-60 Generator and the present these data. In the dispatchin g network , the
NF.2 Light Stand is addressed in this section. —60 and the NF.2 are “used” based upon their
These two pieces of SE are used to exemplify and average util ization (or dispatch) time, not oper-
further verify the proposed modeling techniques sting time.
outl ined in Section Il.
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H 0301 0 *~O3 2—~ 0 r f l& 0) ‘I*3H NETWOR(
J’OC I P4 T 0 W 3 1 J 0002 0 03010 31 I ~ 1060 1TOW 165310
J 0 0 0 ?  Z 00~~00 J 0003 5 00010 11j rc~~ ~4 ! ( ’ TP 1 J00 t I4~ 0 00013 ‘51 - 30 30%. 1060 - - - -
J !0’~4 4 t O~’~ ? J 3 O C S  0 C O O l O  31 1 ~ 1060 ITOW 1603*0
J”005 H~~~PV 1 .10006 0 03010 .31 - 3 0 106 0 ITO H 1603*6 -
JG~ 0F’ 01~~PT 1 J~~U 07 0 0 2 010 31
J 000 7 CAI LSI J 20~.3 C 03 3 10 31 - -

J r~ c 6  H~ E SOY 030 10 31
H t3O1~ *13~ 63 ‘!~ I00tC TNSP(CTI)W IPE)

.10110 HTv ~~03 J O O t I  0 o~~o tc  31 1 ~ 106 0 1TUG 1~ 23X5
J C O I I  Z0~~~C C  .10012 5 000 10 11 — -

JC( ’ t2  H ”46C ’E .13013 0 010 10 31 160 29%. 101 0 t~ 23 (5
.10013 MT UcO ~. 0 00010 31 1 0 1060 i~ 23K 5 ITUS

Figure b a .  LCOM Form 11 (extended) listing for AM32-60 generator
(main network and periodic inspection).

— - - - 
H 

- 

0301 3 Mr—’ MA IN P4ETWO R4~J~ fl2 0 HTOWO 4 J 0O~~1 0 00010 31 1 0 1NF2 ITOH 1603*0
J (’021 7 n 0C4 )~ J0~ ?3 S 0 3 0 10 11

- JOr.23 H K F~~P? .10024 ‘5 - -  01010 31 30 30 %. t~ F!
j r Q~~ 4lT n W O S  J00’~ 0 03 0 10  Ii 1 0 144F2 ITOH 1603*0

• J:~~~5 H c c Pv ~ t~r~~6 U 0iU1 ’~ Si I C IHF2 S TOW 1603*0
J0O?~ fl ’~~~ T2 J 00 ’ T I) 0031 0 31
JI~O27 CS&.15 ’ J 0t ’8  C - -  030 10 31- -  - - - -

J 00 20 H’~~S02 0 0 3 0 10 31
— - H -  - 00010 Nc’—2 ~E~ t 00tC - - - —  -

Jt ~030 HTO WC ’ - .10031 0 03 010  31 1 0 t ’4F2 1106 14~ 3*5
J~~31 Z 0 f l~~00 .10032 ‘5 - —  00016 11 - —

Jt ’O!? H’I(’? D~ .13034 0 000 1 0 31 ~0 2~ L INF2 II.23X5
— ---J ’~P34 I4T OW r7 - -— 0 -~~~~ 00010 31 - - 1  C INF2 ITUG 11.0313—-

Figure lOb. LCOM Form I I  (exte nded) listing for NF-2 light stand
(main network and periodic inspection).
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Figures 8 and 9 outline the main dispatch net- associated with the revised MDC program
works for the AM32-60. The networks for the (MDCAGE). They are TRN AG E, BASIC AGE , and
NF-2 are an alogous. Figure 8 depicts a dummy PRINTAGE.  In addi t ion , a new program
sort ie rate that generates requi rements for the AGEPREP, was needed to account for the unique
—60 . Figure 9 presents an operational network for characteristics the SE dat a have for aircraft data.
a du mmy sortie that is driven by the —60 periodic The AGEPREP run was incorporated into the
inspection schedule. No te that there is a KEEP TRNAGE effort . J~ rtinent files are described in
task in the main networks. This task represents the Figures 1 la , j i b , and 1 Ic.
dispatch duration for the piece of SE equipment The ABD64.A tapes are processed through the
demanded. This duration is a random variable that MDCAGE programs in somewhat the same manner
follows the distribution outlined in Figure 7, and that they are processed through the origin al MDC
it also has the dist ribution parameters indicated in programs. Figure 12 shows a typical deck setup to
Figure T process the TRNAG E run. Figure 13 further

The TOW tasks in Figures 8 and 9 are self- clarifi es this setup routine . The nine track
explanato ry — so is the service task (SERVI). The ABD64-A tapes are used as input. Also NlINs and
DCRM T tasks decrement all of the failure clocks the EQ/CL are specified at this time and inputted
on the various significan t components on the into TRNAGE. The particular types of SE whose
various pieces of SE considered. The clocks were maintenance data are to be processed are indicated
decremented right after the SERV tasks because by their EQ/CL or their NllNs.
the investigations into the work center opera tions The EQ/CL is identical for all pieces of SE
revealed that essentially all unscheduled mSU’t which are of the same type. (e.g. , all AM32-60s
tenance tasks are discovere d here. This is because have EQJCLs of Si) (Columns I and 2 of Figure
essentiall y none of the SE failures would prevent 12). The N u N  is unique for each piece of SE,
the particular piece of SE from completing its therefore, “dummy” EQ/CLs are assigned to those
mission- That is, it could go ahead and complete types of SE tha t must be identified by their NIINs
its mission wit h a faulty or “less than 1 00%” corn- in order to group all in dividual pieces of one type
ponent , and the malfunctio n or dama ged part of SE into one group. Consider Figure 12 and
wou ld not be discovered or corrected until the Figure 5 and note that all TTU-28E Hydraulic
mission was completed and the SE was being Mules are grouped under a “dummy” EQ/CL of
serviced. Also, should the piece of SE become ~~ OA (columns 4 and 5 of Figure 12 also indicates
operative durin g its mission performance (e.g., run that all NF-2 Light Stands were grouped under an
out of gas), a second identical piece is dispatched EQ/CL of OG; and that all maintenance data on
so rapidly (one to five minutes) that the “SE mis- the UJ.l Bomblift Truck (whose EQ/CL is YK ), all
sion” is essentially not delayed. These ext ra maintenance data on the Hydraulic Mule , on the
dispatches are accounted for by the demand per Light Stand , and on the AM32-60 will be pro-
sortie rates that are greater than one in Figure 4. ceased for this computer run effort.

CALLSI checks to see if there has been a Figure 14 shows a typical deck set-up to
failure since the last dispat ch (or sortie). If SO , process BASIC AGE and FIgure 15 further clarifies
actions are completed in accordan ce with the this set-up routine. Note that BASIC AGE is
appropriate networ ks in order to repair the corn- processed more than one time per run , (4 times in
ponent that failed. The RE ADY task places the SE the example) in order to process more than one
piece back in the operationally ready pool. piece of SE per ru n. Figu res 16a and l6b depict

Figu res lOa and lOb are listings from LCOM the input data for BASIC AGE and PRINTAG E.
Form 11 (extended). These forms are used to Figures 17 and 18 deal with PRINTAGE in an
describe the networks for input to the PHASE I analogous manner.
model. Figure lOa represents the —60 operational Figures 19 and 20 present typical output from
networks and Figure lOb represents the NF-2 main the revised MDC program. This output results in
operational networks . the data needed for the unscheduled m~ nten an ce

on SE; or more specifi cally, the unscheduled main-
Unscheduled Maintenance Ta~~a tenance on various components of the SE. Figu re
Networks for SE 19 is the on-equipment file , and FIgure 20 is the

The primary computer run efforts associated off.equlpineflt file .
with the MDC program are TRN9TO7 , BASIC Figure 21 depicts the unscheduled maintenance
RUN, and PRINTOUT. Analogous efforts are ~~~~ network for the chasis on the —60. Data for this

network were obtained from FIgures 19 and 20.
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FILE—NAME (S) TYPE—FILE U SAGE

ABD64A Data 9—TRX Magnetic Tape INPUT

BTRNAGE FORTRAN Binary Permanent Converts 9—TRK Tape
File To Create Data Pile

T7DATA

TYPE Data (Aeft Identifier) INPUT

T7DATA System
Data Temporary Permanent
File LFN~TAPE 7 Contains Acft Elimination

Data — Purge As Soon As
Possible

BAGEPREP FORTRAN Binary Permanent Create Final OUTPUT for
File TRNAGE

EQPCLS Data System File INPUT

MFLIN, MSUP1
MSUF2 Data System File INPUT

SORT1’~ G Utility Sorts Records Dependent
on INPUT Sort Directives

LIMEQPCLASAGE Data Permanent File OUTPUT From TRNAGE
INPUT To BASIC AGE

Figure lit TRNAGE flea.
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FILE-NANE TYPE-FILE USAG E

BGETAGE FORTRAN Bi nary Permanent File

LINEQCLASAGE Data Permanent File LFN=Tape 7 IN PUT

NOMAF1 Data Permanent File LFN Tape 40 INPUT (AFSC Noreen)

NOMAF 2 Data Permanent File LFN Tape 50 INPUT (AFSC Noreen)

SORT MRG Utilit y Sorts Records
Dependent on INPUT
Sort Directives

ADJUST FORTRAN Binary LFN~’Adjust

BAGEBIN FORTRAN Binary Permanent File

COLLECT FORTRAN Binary Permanent File

BREPAG E FORTRAN Binary Permanent File

BT}LRAGE FORTRAN Binary Permanent File

AGEQCLAS Data Permanent File LFN—Tape 19 OUTPUT From Part 2
INPUT To Part 3

Figure Jib. BASIC AGE files.

FILE-NAME TYPE—MANE USAGE

AGEQC LA S Data Permanent File LFN—Tape 8 INPUT

BPRT AGE FORTRAN Binar y Permanent Pile

NOMAF 2 Data Pe rm anent File LFN Tape 10 INPUT (AFSC Nomen)

Figure Jic. PRINTAGE files.

-s  
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lVB H~~ TCSB ,T1OO O ’CM 1OC iOOO ,IO2 0OO ,N T 1. H?10375’53771
COMMENT . INTERCOM BATCH •.NO PECK
R~!QUE~ T, rAPE7..PF .
ATTRs..H .BT ,E~TRNAGE ~CY~2.
V N  ‘TAPE8~L0O738’LOO827’LOO8~~~.
REQUEST .TRPE8 ,NT ~~ ‘NOR ING .
PT.
CATALOG~ TAPE7 .T7DATfhCY=1 ,RP 999.
RETURN TAPE? , TRPE8 .
LIMIT ,3 (J?2.
COPYBR • INPUT ‘TAPE2O.
REW iND .TAPE2O.
PE0 IJE~ T ,TAPC7 ,.PF .
ATTACH .BA ~BA6EPREP ,CY~~l.
ATTAC H .TRPE27 ,T7PATR ,c:Y=1.
PEW INtl ‘TAPE27 .
REWIND ,TAPE8 ,TAPE7.
PFL 70’)t3 fl .
PA.
FILE .TRPE8 .BT=C ,RT~ Z,FL=?1 ,FO=SQ .
FILE ~TAPE? ,BT=C ,PTZZ ,FL=71 ,FO~~ Q .
LD ’.ET ,FILES TRPE8.’TAPE7 .
:~oPTMRG .
CATALOG • TAPE? ~L IME QPCLR :~R6E ,CY=1 ‘RP~999.
RETURN TAPE? .
•EOR
FR
•EOP
DL B OR
PLUOR
FQ3OA
FRC OA
FTK OA I
LRAO’5 f
LAB 06
LACOG I~LAt’OG
LAEOG 

~LAFOG (
LRGCtG (
LAHOG I
L A I O G  I
LAJO6
LAI’ OG J
LAL OG I
LF$P1O6 j
LAO (iGJ
•EOR

I
•EOP
SORT
FILE ,INPUTzTAPE8 (R) ,OUTPUT~ TAPE7 (P)
FIELD ,LSUF (?0,2 ,DISPLAV )
KEY ,L~ UF (A ,0ISPLAV )

•EOP figure 12. TRN AGE contr ol cartle aid input dedc.

_ _ _  
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CARD COLUMN FORMAT VAR IABLE D ESCRIPTION
*1 1—3 R3 MYIIN Indicates data to be

kep t for pro cessing
F u N  designator for

unlimited piece of equipment

4 Rl MSUF1 1st & 2nd characters** ___________ __________ _______________

of assigned dummy
5 Rl MSUF 2 equipment class code.

2 7/ 8/9 EOR ca rd

3 1 Rl EQPCLS 1(N) Indicates data to be
processed thru the SE2 Rl EQPCLS2(N) data bank series. FirstN and second character

1 N 25 of real equipment
class codes .

* This deck in to be in sorted order based on the MFIIN where letters
come before numbers.

** A maximum of 4 d i f ferent  equipment class codes (either assigned
“dummy” codes or real ones) is allowed .

Figure 13. Pmgram TRN AGE setup.
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zIA ’;. :Tc~ p .T7?7 . I tr .oO , ’ :M 7O o OO. H7 tO? 7~ HI CK ~’~ 377I
COMP1EhT . D4TEPCCM PAT’ : I-4 JO~ .. ND DECk...
L IPIIT ~~~~~~kTT U .~~~.Fu 3ETA ~E ,C YR IO
,.,TTAI :H.TAPE? .LZME ,)PCLA SA’E ,CY—t.
ATTH H.T E4CI ,~4DMAF1 ,cY ~~1
AT T ,~~H.TFiPE~~O .r4OMi~~2,CY 1.
PEl .JIND .TAP E~ .TAP E4fl ,TAPE~~O.
F I L E  ~TRPEl
FILE ,TAPE4.ca= -:cs .BT*c ,RT Z,FL .150.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Lr ’ : ET ,FIL .’TAPE? ’ TAPEI .
I. rI .
PEI,IItlP .1RFE40.
PEh’IHt’ P TAPE 1)
LtI :ET’FI LE~ = TRFEL ’TAPE4)

PEI.4INt~ .TAPE4.
ATTF.cH .RrJu:~T ~~~~~~~~~~~~~
LD ET ,PRESET*ZERO .
ADJ li~~T .
pET’Jc~PI ,ADj U~ T .
PEWINL ’ ,TRP El ,TRPE2 .

~ ILE,TAP E1 .F O O ,BT.~C,RT.Z,FL 15O .
ATTA c H .AI~ .~ A’~EBIH ~CY— 1 0.
AP .
PEWINI .TAPE~~fl .
~ E uIr ltP c TAPE 1 ,TRPE2)
FILE ,TRPE2.F~~~ C .S~T~ C ,RT Z,FLa33 . Repeat this sequence of
LD~ET (FILE~ —TAPE1’TAPE2) 

cards for each time BASIC
~j P TMP~~ 6C) GETAGE processes an SE type.

PEhIINLU TPPEI .TAPE2)
A TT A C H. I OLLECT ,COLLECT ,CV~ t .
Lti ET ,PPE!ET~~ ER0.
COL LECT -
PETUPPI -COLL ECT -
PE~I1P1fl(TAPE1 ,TA P E2)
FILE ,TA PE2.Ftj~.~ Q ,BT C,PT*2,FL.41.
LD -~ET (FILE~~ TA PEI/TRPE2)

~OPT NPG(6C -‘

P EM IND P TA FE t ,TA PE2)
A TTACH. gP .BPEPA ~E ,CYa i .
P.R.

~E~.lI Nt~ .TAPE~ ,TAPE9 .TAPEI C’ ,TAPEI2.
FILE ,TFiFEt2 .FO Q,FT~ C ,RTxZ ,FL .150.
F ILE,TRPE2.Fo= . c’ ,BT—’: sPT~ Z,FLZ4 1 .

- LD !ET (FILE~~ TAPEt ’TAPE2)

~OFT MPG’6C )
PEW It1L~ TAPE I ,TAPE2)
REhIIN ti ,E~P.
LD:- ET ,PPESE m.ZERQ

RE¼4tr4t ,,TAPEE1,TAPE9,TA PEI 0.TA PEI2.
FILE ,TAPE12 ,FO C~~.FT~ L ,PT~ Z,FL* 1!50.
F ILE TAPE 3 .F~~=~~c • BT~ C .PT — ~ ,FL— :33.
LI ;ET (FILES’~1APE3’TAPE12)

OPT MP6’6C )
~E~lIND ,TAPE3 ,TRPEI2.
COP YCF ,TAPE3 .TAPEI9.
PEWII4D ,TA PE3 .
R E W I N D ~TH.
LtL~ET .PPESET ZEPtJ .
T*4.
~EW1 ,TAPE1 ,TRAE2 ,TAPE3 ,TAPE4 ,TAFE$ ,TAPE9,TAPEt0 ,T~~E 1I~ T~~E17.

CRTAL O’;.TPPE19, EQcLn~ ,Cy.~1 ,PP.999.
CE TI IRN , THPEL Vt.
RETIJCN.TAPE$ ,TF.PE9 ,TAPE1 0,TAPEI 9.
E X I T .
CEWINIf~TAPE4 .
•EOR

Figure 14. BASIC AGE control car e and Input.

23

- 

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

_____________ ______________ 
___________

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-- — -



p

BJ1516 5714
000
•EOR
SORT (1 ,1 ,45 u ,4 -

‘

FILE~ lAPEl ~~~~~ ,R ,N)
FILE(TAPE4,O ,D , ~P,N)
SEQ(37 ~ABCDEF6HIJKLMNOPQPST UVW~ YZ0 123456789
KEY (R.C ‘1 ,29)
RECOPD (I .‘IJ’45 ’

END
•EOP

500 600 600
EOR

S O P T C 1  , 1, 3 : 3 , ,4 ..
FILE (TRPE I ,S,D~ ,R ,N)
FILE (TRPE2 ,O ,D , ,R ,N)
-SEQ 3 7~RRCDEF6HIJKLMNcIP QRsTuyQxYzo123456789 )
KEY (R ’C,l ,17)
PECOPD (I ,1I,33)
END
•EOP
SOPT( 1~~1,4 1,  .4
FILE (TRPE I ,S,D . ,R,N ~
FILE (TRPE2 ,0,D , ,P,N)
SEQ (63 ,ABCDEF ~f4IJKLPiNOPOPSTUVWXVZ0123456799+— .’O$= , .::( )‘

~~~4 - !&’?
-
~

KEY(A .C .1  ,15)
RECORD ’ I .IJ .41)
EN I’
•EOR
SDRT (1 ,1 .33, ,4)
FILE (TA PEI2 ,S,D. ,R,N)
FILE (TAPE3 ,O ,D. .R,N)
SEQ(63 ,ABCDEF6H IJkLPw1oPQpsTUvW~YZ0123456?89+—.’: )$ • .:~( ] . “

e !* ~~
’

~~~

K EY ( R,C .1  .5)
RECCRD( I ,U,33)
END
•EO~

NOTE: This sequenc e of cards should be repeated for each time BASIC AGE f
is processed with only the first two characters of the first card
chang ed to reflec t the EQ/CL being processed .

FIgure 14 (ContInued)
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CARD COLUMN FORMAT VARIABLE DESCRIPTION

1 1—2 R2 !‘~~S Equipment class code
(rea l or di~~~y) for
data being processed.

Additibnal input which is the same as for GETDATA

1 1—5 15 LIMONEQ Upper limit for the
on—equi pment file of the

- ratio of elapsed time
(in 1/10 hr. units) and
maintenance actions

6—10 15 L]]IOFEQ Same as in COMBINE

11—15 15 LIMSERV Upper limit for the
service file of the
ratio of elapsed time
and maintenance actions.

Repeat this sequenc e of card inputs for the number of equipment class
codes being processed .

Figure 15. BASiC AGE setup.

23110 FM~ MACHINE SH~~ 531X0
23120 FM! METAL.. PRCCES!1N6 532X0
23130 FM~: STRUCTURAL. REPAIR 534X0
23410 FMS AGE REPAIR 421R3
:23420 FM S: AGE SERVICING 4~ 1S3
23330 FM S ELECTRICAL 423X0

F igure Ióa . BASIC AGE input.
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421R3 FM FAS 06€ REPAIR
~~~i~~i FWF ~~ R~~~~L~yICIN6423X 0 FM ~LECTPICAL
531X0 FM MACHINE SHOP
532X 0 FM METAL PROCESSI~~~534x0 FM STRUCTURAL REPAIR

Figure 16b. PRINTAGE Input.

CARD COLUMN FORMAT VARIABLE DESC RIPTION

23 Ri IEQPCL 1 1st and 2nd characters
___________ __________ ______________ of the equipmen t class

code for the SE being
processed . If a “du ~~ay”
code (i.e., EQPCL1 is a
number), then only the
RII Ne are printed.

25—28 1X ,R3 IPII N (I) List of FI1Ns where
O�I �14. This is for
printout purposes only,
when a d~~~ y equip ment
code is given in Columns
23—24. If I > 14, place ETC
in last position. The first
character of each 4 col .
block is not read , so the
3 characters FIIN must be
right justified .

NOTE: Be sure to includ e cards for on—engine file although the data
bank is a null file.

Figure 17. Program psintage setup.
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Z1PA~ t9O~~~ M 0 ’ ~~:TC:E~~IO 9c’0. H7l0375 HICKS 5:3771
COMMENT . IN TERCOM PA TCH •.. NO DECK
AT TA CH~ TA FE 8,AGE QCLA :~ ,C V= ? .
COPYCF ,TAPE8 .TAPE9 .
REWIND ‘TAFE9 -
ATTACH.TA PEIO .NOMA F2 ,’:i=l .
PEWINt ’~ TAPE 1 0.
ATTACH ,BF .BPPTAGE ~C ;Y=i.
PP .PL~40(’tI (’
REWINt . ~~~~~~ Ii~~ ~~~~~

- sTAPE 9.
COFYCF ,TAPE8 ,TriFE9 .
PEW I NIP TAFE9 ,,
PP ,PL~4 0001 .REUIND~ TAPE 1O .BF .‘TAPE9 .
COPYCF iTRPE8 .TAPE9 . -

REWINI ’.TAPE9 .
BR ,PL*40 00Cj .
REWIND ,TAPE I 0 .PP ,TAPE9 .
COPVCF ,TAPE 8 , TAPE9 -
REWIND ,IAPE9 .
BR ,PL*40000 .
‘fOR -

,7t ’ . .rr t e ’ s q . o  t~~”J
- -  —.— - - . - -  - - -  —

571’ ..r~ ~~~~~~~ ‘.~~‘j

37 1h.~~0 t O ~~i5. P) ‘5~J
- . - -~~ -

~it’..~~c ~~~~~~~ ~c~~j
le ,eS I(rs.t,s(I

~~
,Fs. tlIPd~E OE cd, ’d - - — .——--

~
.—- — - - — — -- -—.-- -- —.— - -

S71’..~~ tisi ~ .~ t,vIC ’(Q3, P A I f FA . t , 5( Ifi ,FA.1I) l  - - . . -

‘i t ’..ar  t t ~~19. ’~ ‘.3YK

~~~~~~~ i~’ci~~., ~svic .

~~~~~~~ t~~~1Q .~ ISYK ?*o~ ca.~d
7I’.t~ 10’t ’ .~ I~~O1 m.D ntti ~13 FRC FI~~’ -

— .

S7tli .Gt ’ t’JS~ 5.~ ‘.50* m.D Dt.U ~O3 FR S~ ~ TK
- - -. — -  — -—-— .—— -•-— -.----.

crt ’ .ec t oc iq . o r ica OLD nt. .s r~~s r~ ’~ ~~~•55,~ A ,F*.1, I,~ IC, CS.fl ,(r ~~.t, ’. I Ir~,rc.ts ,rs. t, P, tx&, cs. t I ) ,  - —.

S7 1h .Ot  1~~~1~ .fl ¶513* OLD OLU ?13 FRC rr~~

~O ~~~ —

.7p,•~~r 1 S t ~ .~ IS IC U LA S t. *C LA ~3 tAt  LA~ •&G LAM LAl LA J LAK Lit LAM LAO
- - .-. ..— — — -  — - - -•- -- - -  - - — — - — —  . — -

5?t’..~ r~ t 3 1 q.O ‘.505 LU LA S I~~C L A )  t At  L A ~ LAG LAM LA X LAJ LA ~ LAL LA M LAO

!?Ih .~~ jI~~j~ .1 ~5’~G LU L*I I &C LAD tA t  LA ~ L A G LAM LA X Lii L *~ tA t LAM LAO

371’..CC t~~513.~ !53G L A- A L AO L A C  L AD LA ! ~~F LAG LA M LAX L *i LA K LAL LAN LAO 
- _. — — - _ — __ - .-

Figure 18. PRINTAGE costrol rate d lapel.

27

- a..-.- - . 
— — — — ----5 

-— -. — - ____u.p—.- 
- - . —



p 2 ,~~~ V 5 5 7 1 V T V  V V
I. •~ ••~ - N. S.. I. - S. S. - 1- 4. S. S.
‘-5 •—~~ I ~~ a a I - -, ., 0t ‘I — •t fl
•2 ~ ‘ - .4 0 0 11 -S I a ass -a a

‘~ • •‘ fl a a - .4 a - .~ C C 5 .
.4 -. ~4 1~~~ — .4 .4 - .4 4 .4 4.4 4
~~ 

•.~~1- .%  •-4 4. ‘5 45 4. 4. ‘ 5 %  4. ‘5
I T~~ 5 2 5 7 7 2 1 5 ?  7 2
2 12 2 2 5 2 * I - 5 2 2  2 5
a 2 2  - 2 5 7 2 5 5 - - 5 2 5  2 2

I .. — .4 I — a w, in a

~~~ ~ ~~~~~~~~~~~~~ : 
:~ 

:~ :~~ 
~~~

.~~2a  a,. . S a 2 .  - ~~~•‘ 2 2 5 ~~ - 2 7 0 2  5 2 2
5’ 5’. P.. 554 .4 .4 N 1 * — 

~ 

-0 .4 

- / 

N N V N — V . .4 . 4 . 4 . 4  .4 .4 .4

f l 0 0 0s 0 9  . 2 9  2 9  0 2 2 2 2 2 0 2
I T I l t I T I  I I f t a . . o V I N IPS V I S C  I 5 5 2  5 7 2

2 .4 2 4 5 S 0 4  4 4  .4W ’
.4 VS ~~ .4 Vi .4 5’ Vi 0 0 - .4 . . . P. — .4 . US 5’ .4 • 545 . 4 0  0 541 555 

~~ Z .5 .5 4.4 V4 454 - 554 45 • - Si
.4 N. 5’. 4 5 4  P 5 4  .4 .5 454 55 .4 .4.4 4 — . . 4

S i .  Si Si S - -5 5 7 - - - 44

.~~~~~. a - .a 4 1  -
.4 N a s  — * nn . .m . N . . — .~ - . .S.~~P) c4. IV .4 5’w N . a a a . a  a U - a U . 0 0  4 0 0  U N U N  ~~~U N

a — a 2 0.. a a ~~a S 2 5 2  2 22
‘4- 44- ‘4~ 5. ‘44 4. 4. 5. U 4. 4 L P 5 • 4. 54. 5 • 4. — 2 - Si S.. 4.s Si Si Si Si ~~.4 4 2 2 i V 0 2 . Wk’ O W  00  2 0 2 0  2 0 2 4 2 0 2  2 2 . 4

~~ 

~~~~~

I ,  U 0 0 0  .441 — 4 1 *  4 1 . 4 . 4 W  54 4 2  41.4 sO ‘4 2  0.4 41 *4 53 ’) 5341
4 4 2 4 4 4 4 4 . 4  4.5) .41-1 55 .5 .5 4 4 .4 1- 4 *  .4 .4 .4 . 4 4 4  4 4 . 5

P. 5. 4.55 8555 _ ia — 4.. 554 S. 4 . 4 5
7 7 5 7 5 5 54  7 4  2 . 4 4 4  4 4 g U S  1 7.. 4 S 2 4 4  4 . 0  5 2 7 5  5 5 2

“ - . 4 . 1 - 5 . 8 .4 5.. . S i a  4 . 2  4 4 . 7  8. 8 2  4. ~~~~~~ 4.8.4.
9 9 

a .  a a U a a p a . . a  . a a
V I I E EZ V S I J  *0  7 4 )  7 2 0 2 1 2 5 5  1 5 2t3~~- O 0 0 a o 0 r n  04  04  0 0 0 0 0 0 0 0  0 0 0
2 7 75 7 7 7 7 4  *4  2 4  7 2 0) 1 2 4. 7 0 2 0  7 7 7

~~ ~~ 2
9 9 94  .4 .4 4 4 4

aa,,aa.,a., , at  3 4  p. p . C  a. a c  p. a.. a Man
S S U U 0 X I  U * M I  U N . 4 5*  . 4 5*

* ~4 ~4 .4 * ~4 0 2 -, 20 0 .4 .4 0 0 .4 (3 4 s  .4 .4 .4 54 .4 .4 .4
‘54 P~ Pd 45.4 45 Pd Pd 0) .444 .450)  9 9 454 *4 9 9 455 455 5) 8 IV A’ N. Pd PU N 45

• •  • .• .• 4 4. • k .08  ~~. S S S a S  S a .•2 S .e 4 . 0 4  • 5 . •

‘ , . e a U p a  a a a a • a U S a l  U S
~~ 0 4.) 0 014 U U U S - U U • 44 0 U U U 44 (4 ‘ 0 44
1- .‘ 1-1141 44144 1-55) 44 55 44 5) S 44 4* 5 5) 4* 55 55 5’ 51.4
‘ - ‘ . 5 8 8 84 .8 4. 4. 5. 2 U 8. 4 5 1- 5 1 - 1 -  1 - 8 8 .
. 44 4 4 4 4 4 4  4 4 4 4 a .4 .4 4 4 . 4 4 2  2 . 4 4a a

S I: 44 . 45 4 4 454 — —
0) 44 a 5.4 44 5 0 0 41 .4 054 0

5~~~~% ~~~~~~~~~~~ (sit II (4 a P. • a a a a a a a a., a
.4 4 4 4 4 4 4 4 4 . 4  4 4 4

* 4 4 . 44 4 4  4 4 4 4 .4 .4 .4 4 4 4  . 5 4 4“ . a a a a a a  a a a a a a a a p p  . U U
‘ i i . ,. ig I f l , . O  II 45 4, ii U 4) S i  0 5 5 5 5  • ) I )f l

9 9 8 5) 8 8 9 9 - 5 9  - 5 9 5)
a a a a a a a I t S  2 1 2

2S

.4- -i— - — —  — — -.— -.S.~~~~~
_ .

a.—



V I ’ ,
7 ~ ~~~~~~~ ; S

51- 45 - S St 4 5. + 4
• .. -. .4 - 05 .5 ES I I —f l , ’  a~ US — a - . - a 0
an 55*5 0 - 45 0 - C 45

5’ .55 4* .5 * 1 . 4  4* - 5 4 5 4* 0  .4
4. 44 ‘ - “  ‘5 ‘5 ‘5

1 1 4 4 5 4  5 T I I 1 , 1 P. a .  5
t a r a  *0  L I V  . 5  * 5 2 0*a ~~ 7
2 8  50  0 .  4 5 2 I I  S . .4 2

CS 44 4 . 4  I 2 ‘.i .4
.4 7 4 5 7  I 5 .~ .., .5
. 5 5  - V i a  I

o ..0 —
7 7 . 45 4* 0 - 4’ I - - 545 015 -- .4 7 0  • .4 7 0 0
5’ U’ 5 5 5  4 2 3 . 4
o a * 5 ’ .  - . I S .
2 w o I 0) -

I w
- 

~~~~I 
- 

I7 4 3  7 4 1  7 7 T~~~~ Y S -
O 2 14’ 0 ~~~• 5 1 5 .55 I 0 2
S S - O W ’  7 S~~ 2 5~~~ 1. 5 5 4 5 0 - 2 7

4 0’  0 - I ~~5’~~~ I 0
5 ’ ’  ~~~I ~~ 5’ • .4 P S  (4 + - 0~~~~1
• P~ Pd 554 N . . . • 4 - 541 . 0  5.4

- 44 p. P. .4 545 -
- S Pd Vi I 7 I

I I p. -- *0  - . 0 0 0
U 70 N - 70 . 5  a .

O 0 5 1- - - ‘ a - 1 5 .
0 0~~ .0 2 0  0 - .0 I 0 0 0  0
1 7 0 4 2 5’ I -4 5 ,

I WS SPS I 00  .4 I 1 8 5 5 5 5 . 4 5 5 . 4 5 5  1-11-6 0’S O - .4 44 54
S V - 2 0  Z Z S ZZ Z Z ’ Z  4540.5 ’ 55 7
0 7 1  07  1 S a I O O i ’ O O O O  Cl? S . p I 05  -
II 54 5.5 - ‘ 70  I ~~~~~~~ — “ — ro e  .45_4

4. I - 4. 5 S- P. s-I- I - S.
( 4 . 4  (4 . 4  050  I 1 4 1 10 1 04) 0.4  I .000
4 4  4 4 1  - 2 0  - . 4 4 4 4 4 4 4  4 4  I l a O - 4 4~~4. 4. • S. - . 5
.40 .40 .4 0 0  . 4 4 4 1 -’  40  .0 00 ( 3  54

I 4 0 -  I . 4 . 3 0 ( 42 5 2 7  2 4 .  5 0 2
I 5 0  ~~ - I 5 0 0 )  - 2

I * S - 4 4 5 . 4 & N . N . t  ‘ . 4  5 $ p4
I p4 .54 P. Pd I I

o a - I - .0 - 0 - — -l i i i  I p. P44
• . 1  .4 0 I I 4 1 3 +  . 1

4 2 5 4  0 0  I - 4 2 4 2 4 2 2 4 2 4 2 4 2  4 2 4 4  I 5 0 0  - 4 2 0
S I  II 4 0  : - ,

1 5 1 5 5 7 5. 7 U  4 0 4 4  - -
2 4 2 ’  .4 - . 4 ••

0 0 -  0 4 4 0  I .5 4 * 5 5 5 ’ 5 5 4 4  00 5.400 - •0
~~8 • #  5. 44 - N P 5 4 — I I 1-. 0 0 I as .  -

.4(4 - - 
*5’ 0.1 5 4 - SN  .40 7 2 00  .4(4

• C P I .~ I • I
4 *  4*  - - ~-°  

I - 8.’
4 -  5 I C -

*0 *0~~ .4 .4 P_i Vi . 4 5 5 .4 . 4  - ..0 I - .10
- Si I 4.1 0

S a a a 0 I l a u t a U p  a p a a a
2 .4 S 4 00 5 2 5 5 2 2 2  2 4 00 0  I 2 4
SP OIL 4.45 S 4 2 —  I 554 5(4 4. 554 5t4 154 4. 4 . 4 2  42 I 4 .05
S C’ 2 0 5 . 4 .  2 2 4 0 0 5 4 0  . 1.5-I C S . .  (5. 0 0  2 0 0.
U 13 5 4 0  

— 
3 0  0 ( 40 0 0 ( 4 0  54 • 54 00  * ~ 4._I

U I 4. 00 a 1 a. 00 0 I
4 .•  4.0 1 0 -  I s .Pd  2 0
7.4 0*4  4. 42 OP .  - Isi 42 7*  s~~90  9 0  — 2 0 9.5 - 2 41.

5 0  4. 4 54 - I I 00 14 .4 4. 4 4 . 4u. (30 .4 T•  4.) 0 - I 
~~~~ .4 5 0 0  4.) 0) I U a

. 5’ 54 .4 5 . * - .  z -
44 0 4 .4 0 . - 420 .4 .4 44 I
S. U 54 P .4 & 43 54 554 5 .4 2 (4 54 N (~~5-0  4 .4  54 44 - 4 1 - 0  4 4 .  P~~05440 1 -40  4 42 I 0 5 50  4 42 1410
942  92  7 5 4 9 4 2  7 9 4 2
80 85 4 2 0  14 I . 2 8 5  .4 0 0 0  5.4 - 95
44 0) 4 0  .4 4 0  0 4 D 4 4  U . 4 . 5 4 4  0

.4 4 44 .4 4 54 2 . 4 .  0 70  . 4 . 4 . 4 . 4 . 4.4 .4 . 4 4 5)  7 ~~~~~ 0 *0 . 4  . 4 5 4

.4 4 Si 5 4 0  I.. 2 • 2 4  2 4 2 . 4  C .4 4 Si 5.5 S — S.. V
0 U 7 4.4 .4 0 1 4 ( 4 0 0 0 4 1  2 5 554 0
41 44 2 54 .4. S. #4 14 (4 14 44 .4 5.4 9 - S 54 0 4.
25.4 . 2 . 4 .  0 4 2 0 4 2 2 0 4 2 0 S . 5’ .  ~~~ 44 I - . 4 5
S. 4. S. 0’ 4 0 .4 S. P.. 5 5. 4. 4. 4. U PSi 4. 4- 0 2 - P.
(4 54’ U 454 .1 4. ( 4 0 4 1 00 ( 4 4 1  9 Vi .4 - 4. 545
Si Pd 54 45 0 54 0 5.44. 454 (41 S J t ~ 4.4 5 .5 0. • 54 0 (,a IV
d p i .  . 4 5 . 4  5 (4 0 . 4 . 4 . 4 . 4 . 4 . 4 . 4  4 . 5  0. ~~~~ (4 0 ‘ S 3 P P .

54145 54 14 9 0 iii .4 - 4.1 4. 454 1544.154 Id 1.1 55 5) 4.. 42 I 44 4
.4 .j 5) 00  5 2 .4 1.1 0.4 55 1 2 - .4

V . P  7 4 4  0 0  0 2 5 5* 5 7 5  5 . 5 4  4 2 00  ‘S 2 4 5
8 7 5 1-  8 7 4  2 & •  4 4 4 4 5 . 4 4  4 5) 4  7 O a .  8 7 4

04 05 ’  0 0 0 2  - 0 0  0 5 2 00
7 1 8  2 5 5  42 1) 5 — 214  42 0 2 0 . 4  5 5 5
5 . 5  U S , 1 51- 0 4 U a a w a a P  P 55. 0 5. 7 045 .0 aId S

2.4 22  55 .4 .  * 7 7 2 5 2 2  5 2  - si . J a . I  *2
0 — 44 4. 44 5’ 540 0 0 000 0 0  0 — 44 5’ 5,45..  44 —
7 Si 2 44 55 7 7 7 7 1 2 2  7 P.I SI - I 5 54

7 5 54 4 4 1 4  5 14 4 8 4  - 7
.49 5) 2 4 0 4. 5 - 0) 4 4 . 4 . 4 4 5 4 4 3
.4. 4. .J 1 4 54 .4 5 1 4 5  4 54 - S

0(4 .4 11 0 7 5 0 0( U O O  55.) 0. 2 7 00
*4  *4  MI .4 * 4 . 5( 5 * 5 *  *2  51 .4 *4

.4.4 42 4 a a . a . . 4 a a  .04 42 4
SI P 54 5.4 55 8 4 V. Pd P4 i_i Pd .5, 55 5Si ., a 4 .4 IV IV 55 7
. 0 4 1 ( 1  5 ( 5 ( 5  7 V S — .5.0 .0 .5. .0 .0 .* ‘S i l t S  V V .4 0.5 *1

9 4  s e  s. S C I., V a DC Ii .4 5’ S SI, 2 . .
2 4  2 4  S. 0 5’  4. .5 7 4  S. 4 . 4 0  5. 5 4

a a .4 5.. .4 . S_ S I  US U 55 .4 s 5’ a
a Wet  I 42(4  5 4 0 4 4  00 I a a a p I. p a 4 2 ( 1  ( 3 5 4 4 . 4  .30 I U
0 4 4 3  4 4 0 9 044 ( 4 4 4 2  0 4 dU 1 4 4 1 0 4 1  1)09 0 4  0 4 4 2  - U
(45 4 7  . 4 4 2  5 1 4 2  4 . 4 2  4 * 1 8 5 ) 5 5 1 8 4 * 4 4  . 4 4 7  i 4 5  ( .440 - 5 5 8 2
8 1-. 5 ) a  7 5 5  4 8 . 4 4 4 8 . 4  (5. 5 ) U  7.55  55. -

~~~~~4 C E~~~~~ 4 
-

1 a 42 0 - 
5 .4 •i 5’ s e

.4 - 114 (1* I 1154* 011 2 II -
N. I 8 5) 0 8. 180 8. ( 4 5 0 5 8 44 N5 4 5
#6 44 — 55 SI Si S. I5 •t•S ISIS ( 5 5 1 ( 4  (5 (4 S. IVO 54 5. Al p. 0
4 4 S 4 . 1  I 4.0 4 5 4 . 4 4 4 4  4 I 4 . 0 5 4 5  5 4 . 0 5 4 5  .4
4 - 4  4 14 4 4* 4 2 4 4  .4 5 5 I 4
• p a a a u a a a a a  p a a U
I) ~~ S • S 4 P ( l P I i S i I l ( 4 J  41 * a
44 5 5 ) 9 9 9 9 9 7  8 a a
a a a a . a a a a  a a a a -

I - a a -
S S
a +S

_ _ _ __ _ _ _ _  ___
4
’ ~~~~~ 

— —
~~~~I~~

.Lfl
~~~~~ 

-
~~~ 

- 

- - -~



I Q ~~~~
~~~~~~~~ II 8 i ~ 0~ YI C)  • ~4 C IT  5’I~~~~~~so P44 . 1

-
~~ I c~a I 111 .18 $
o c•,i a

Ii

C., . ) < e~i-~~ r, ~~~
-
~~ I c’-l I 14
I~4

5.

I~4 ’ * W 

~~~~~~~~~~~~~~~~~~~~ I
$4

0
0 0

0~~~~~~4

8~~
~~~ra4~~~~~~~

I
30

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

-I--- 
-
-~~~~~

--- :- ‘ -

—~~~ 
- - - -— — —  — 

.
- 

I,
,, 

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



The networks for the other components of the operationally ready a very large per centage of the
-60 and the NF~2 are analogous, time.

The fIrst task depicted In Figure 21 is a failure Thus, a tool has been developed and demon-
clock with mean dispatches between failures strated whereby trade.offs between people and
(MDBF) indicated. The MDBF values were ob- equipment can be investigated.
tam ed from data obtained from the MDCAGE Figures 24 and 25 represent results obtainedprogram and data from Figure 4. The rest of the from the first approach recommended in Section 1,network is developed in the same manner that Paragraph B. The primary advantages of the f irstunscheduled maintenance tasks are developed for approach over the second approach have beenairplanes; i.e., obtaining data and ins$ght from the demonstrated; e.g., (a) the relative speed andMDCAGE programs to develop an initial network simplicity with which initial answers may be ob-and then checking and verifying these networks t am ed concerning manning and equipmentwith maintenance specialists in the field, authorizations for an SE work center as a function

Figures 22 and 23 are listings from LCOM of operational demands on the center, and (b) the
Form i ls  (extended) . These Illustrations represent ease of conducting sensitivity analysis over the
all of the unscheduled maintenance tasks networks parameters just mentioned.
for the —60 and the NF-2, respectively. Normally, An LCOM simulation of the A-7D with the SEthe unscheduled maintenance networks would not unscheduled maintenance networks incorporatedremove SE equipment from being operationally per the second approach was performed. Thisready . The LCOM program assumes that they are approach gives more accurate results than does theassociated with the aircraft , not the SE. Therefore , f irs t, It is recommended that the final answers bein order to get accurate statistics about the obtained via the second approach after the f irstamount of time that the individual pieces of SE approach is utilized to debug the SE unscheduledarc down for maintenance, It is necessary to maintenance network, to obtain “ball park”demand the appropriate piece of SE for every task answers, and to perform any sensitivity studiesin the unscheduled maintenance networks, that may be needed.
Results

FIgures 24 and 25 are results obtained from an IV. CONCLUSIONS
LCOM simulation of the AID SE work center.
They address sensitivity studies performed for SE Various insights were obtained from this study
authorization levels, and personnel authorization effort . In the past , the whole concept of predicting
levels. Both Illustrations depict work centers that manpower for SE has been obscured because the
are performing over 99% of their missions. (Note work centers have not been reviewed as a system
the Operations Performance Summary.) Figure 24 in themselves. This study demonstrated that SE
represents a work center with an optimum level of work centers can be treated thusly, and that they
manning. (Note the 60%.plus utilization of the lend themselves quite readily to MMM modeling.
423X5s and the 603X0s in the Personnel Perform- The work centers respond to demands in a manner
ance Summa ry . All other AFSCs are constrained similar to the way aircraft maintenance responds
by the necessity to have at least one of them to a flying schedule; e.g., SE dispatch activity
assigned to the work center. However, Figure 24 drives the consumption of unscheduled main-
also shows a low level of utili zation of the SE. tenance , servicing, and pickup and delivery man-
(Note the 60%-plus non-use of the —60 and the hours in the same manner that aircraft sorties
NF-2 ) The apparent over-authorization of SE is drives the consumption of unscheduled main-
necessary in order to assure that sufficient SE is tenance and servicing of aircraft.
operationally ready to perform 99%-plus of the It was also demonstrated that the In teraction
missions of the SE work center. between the number of pieces of SE equipment on

Figure 25 represents an SE work center with an hand and the sortie rate of the weapon system and
optimum authoriza tion of SE. (Note the less than the manpower requirements can be accounted for.
34% non-use of the —60 and the NF-2.) However, A new methodology has been developed which
the 423X5 and the 603X0 people are utilized less allows the analyst to Investigate these interactions,
than 16% of the time. The excessive nuither of and to attain a clearer understanding of the
people are needed in order to assure that a large complexities that demands from various aircraft .4
portion of the reduced amount of equipment j~ 

and equipment types place on the SE work center. .4

31

_  
_ _ _  

_ I

- — ~~~
. - ~2I —~~~~ 

—
~~ . 

— — - , 
— + - _____I_I..___ - - - -. - S .- . -- , -



AF Form 864 , Daily Requirement and Di fferences be tween air bases, posubly
E~s patch Record, is a key element in the analysis, reflecting differences in operatiorn4 util ization and
and has been completely ignored In past SE work environment , can also be a factor influencing the
center study efforts. These records provide data as dispatch and/or failure rates of SE. When selecting

an air base from which to obtai n completed AF
to when, how long, and by what aircraft or Forms 864 upon which failures per demand are to
organization SE is used. It also provides a basis for be based , it would be wise to select a base that has
computing failure rates for SE, which would be operational and environmental conditions similar
based upon mean demands on SE before to those propose d at the work center being
maintenance actions. However, it should also be modeled. Further research is suggested to identify
recognized that AF Form 864 may produce a very relevant environmental and operational factors,
ill-defined dispatch activity if care is not take r4. and establish procedure s for taking the significant
Such factors as pre-p lan ts, sub-pools and multiple variables into account. The total answer will not
aircraft utilization of SE may come into play be available until an intensive future effort is made

to identify an improve d measure for predicting SEmany times and they must be dealt With. failures which accounts for all significan t factors.
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APPENDIX A : TRNAGE DISCUSSION AND LISTING

TRNAGE is a modifica tion of TRN9TO7 (AFHRL-.TR.74-97(llI)) which extracts SE data only from
the AB064-A tapes. It also pulls off specific equipment classes as restrained by card input. EquIpm~st~~MI
codes AA.AZ have dummy equipment class codes assigned based on their Nu N’s. -
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APPENDIX B. GETAG E DISCUSSION AND LISTING

GETAG E is a vernon of GETDATA (AFHRL-TR-74.97(III)) for SE equipment. It uses a formatted
READ on one record at a time rather than a buffer in of 39 records. It treats only one type of equipment
class code data at a time ; i.e., when a new code is encountere d5 it treats that like an end-of-file. Records
which are dropped are printed out and labelled as “unaccept able record.” Work Unit Codes (WUC) with the
left-mo st character of a letter or of zero are kept. The AGE SERVICE file replaces the aircraft
SCHEDULED tile, NTYPE 3. It is spli t off from the other files by having a zero as the 1eft ~most character
in the WUC. Since it has no actio n taken codes, a maintenance type code (variable name LI) of A is
assigned a I , D 2 , P~3, and S4 .  On=eq uipment (NTYPE=l) and off-eq uipment (NTYPE-O-6) files must
have maintenance type codes of P. B, or S to be acceptable. In GETDATA for on-equipment data , the how
malfunctioned code of 799 is only kept when it is accompanied by an action taken code of X. In GETAGE
all 799 codes are kept. GETD ATA for on.equipment data drops how malfunctioned codes of 800 and 805
for action taken codes of P and K. GETAG E keeps P’s and K’s with 800’s and 805’s. MA~ 5 hav e records
printed out for user to check but are not dropped . NO ENGINE , NTYPE 4 is split out for SE equipment.
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APPENDIX C: AGEBINE DISCUSSION AND LISTING

The change in COMBINE (AFHRL.TR-7497(ll1)) for SE w In the Interpretation of the header
card. The Input for the ratio of ELAPSED TIMEIMA is listed for on.equlpment 5 off.’equlpsnent , and then
for sens’ce type n~ 1ntenance.
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APPENDIX D: REPAGE DISCUSSION AND LISTING

REPORT (AFHRI,TR.97(III)) was altered to allow the SE SERVIC E file to split out 4 instead of 3
action types (based on the IT in GETAGE).
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APPENDIX E: THREAGE DISCUSSION AND LISTING

THRELVL (AFHRL.TR.7497(flI)) w~~ modIfied to allow the SERVICE II. to have 4 actIon type
brsskouts Instead of 3.
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APPENDIX F: PRINTAGE DISCUSSIONS AND LISTING

PRINTOUT modifications melude QPA set to 1, the header card fo r each maintenance type file has /

an equipment class code and up to as many as 14 FUN codes inputs available when needed for printout
purposes only . The SERVIC E fIle only prints out line by line summaries of data by WUC, AFSC, crew size,
overtime, MM per maintenance type , MMII and MMII( 100. Further summaries and tables which are given
for ON.EQUIPMENT are suppressed. (Also, no longer in overlap format because of the computer system
changes.) PRINTAGE is repeated for all of the equipment class codes which were processed through the SE
data bank program series in one run.
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ABBREVIATIONS AND DEFINITIONS

SYMBOL DEFINITION

ABD64A Magnetic computer tapes with recorded
maintenance activity.

AGE Aerospace Ground Equipment

BASIC AGE Part 11 of MDCAGE program

BASIC RUN Part II of MDC program

EQ/CL Equipment Class Code

LCOM Logistics Composite Model

MDBF Mean Dispatches Between Failures

MDC Maintenance l~ ta Collection

MDCAGE Maintenance Data Collection Program
for SE

MDS Mission Design Series

MMII Maintenance Man Hours

MMM Maintenance Manpower Models

N u N National Item Identification Number

PE Phase Inspection

PHASE I An MMM pre.proce sar model

PRINTAGE Part III of MDCAGE program

PRDJTOLYr Part III of MDC program
‘3-

SE Support Equipment

TRNAGE Part IofMDCAGE program

TRN9TO7 Part I of MDC program

UE Unit Equipment

4
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