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PREFACE

The Federal Aviation Administration is responsible for operating
and maintaining the airway facilities of the National Aviation System.
The magnitude of annual operating and maintenance costs is such that
means for reducing these costs are being sought.

This report documents the results of a study to model the relationship
between airway facility maintenance practices and (1) aircraft delays in
terminal areas, and (2) maintenance costs.

These models are intended to serve as tools for estimating the impact
on system users and system operators of proposed maintenance cost reduction
initiatives.

The models were formulated, demonstrated, and documented by ARINC
Research Corporation under contract to the Transportation Systems Center.
Mr. F. Frankel of the Transportation Systems Center provided the technical
guidance. The dedication and expertise of Mr. L. B. Greene, Dr. J. Witt,
and Mr. M. Sternberg-Powidzki of ARINC Research is acknowledged to be the
major contribution to this work.
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CHAPTER ONE

INTRODUCTION

This program, Facilities Maintenance Cost Model (FMCM), is one of
two programs prepared by ARINC Research Corporation for the DOT/Transporta-
tion Systems Center (TSC) under project number TSC/420-0137-WD. The purpose
of the two programs, or models, is to provide the FAA with management tools
to estimate the effect of variation in airway facilities maintenance
scenarios on:

Costs to the user community caused by facility outage

Costs of corrective and preventive maintenance.

The Facilities Maintenance Cost Model has been designed to address the
second issue, while the companion model, the User Delay Cost Model (UDCM),
addresses the first.

This report provides the documentation of the FMCM, including a de-
scription of the model, a program description, and an example application
of the model. It is the third of three reports prepared under contract
to TSC. The first report, entitled "User Delay Cost Model and Facilities
Maintenance Cost Model for a Terminal Control Area", provides documentation
of the entire model development efforts. The second report, entitled
"Users' Manual and Program Documentation for the User Delay Cost Model",
provides data on the UDCM, comparable to that contained in this report.

1-1/1-2



CHAPTER TWO

FACILITIES MAINTENANCE COST MODEL

2.1 DESCRIPTION OF THE COST DETERMINATION PROCESS

The Facilities Maintenance Cost Model was formulated to evaluate labor
costs associated with maintaining FAA facilities within a maintenance sector.
The model determines these costs by computing the number of maintenance and
supervisory personnel required to perform all corrective maintenance (CM)
and preventive maintenance (PM), with proper allowance for personnel pro-
ductivity. The basic cost-determination process that is modeled is depicted
in Figure 2-1. For corrective maintenance, mean time between corrective
maintenance actions (MTBCMA) and mean time to restore (MTTR) are used to
determine the expected number of corrective maintenance actions and expected
repair times per action. For each action, man-hour demands, by skill level,
are incurred for direct maintenance action, as well as travel time on level
B facilities.* Man-hour demands are similarly determined for preventive
maintenance. Total man-hour requirements are summed over all facility types
for the sector. These are then converted to numbers of personnel required
for each skill level, and the numbers are then used to determine support
personnel. These total manpower requirements are then combined with wage
rates and salaries to determine the annual sector labor costs.

2.2 OVERVIEW OF THE MODEL AND ITS CAPABILITIES

It is recognized that personnel costs represent 80 percent of the FAA
maintenance costs. Consequently, TSC encouraged the development of a model
that would focus on this single key maintenance-cost factor. Therefore,
the FMCM has been designed to predict required maintenance staff levels and
associated costs on the basis of the expected annual requirements for cor-
rective and preventive maintenance, the desired facility-restoration levels,
and personnel productivity factors. The FMCM evaluates the expected direct
labor and salary costs for a cne-year interval. The model has been formu-
lated to evaluate both the preventive maintenance and corrective maintenance

*There are three facility-restoration levels. Level A facilities are not
repaired outside normal working hours. Level B facilities that fail out-
side normal working hours are repaired, if possible, by calling maintenance
personnel back. Facilities subject to level C restoration are attended by
three shifts of maintenance personnel on a 24-hour basis.

2-1
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required by any single facility type, accumulate staffing and cost data
for the facility type within the specified maintenance sector, evaluate
all other designated types of facilities within the sector, and accumulate
total sector maintenance costs.

The principal model outputs include the expected annual cost of main-
taining a specific facility type within a sector, the required number of
personnel by skill level for that facility type, the cost of preventive
maintenance and corrective maintenance, and the cost of call-backs. The
model also provides similar cost and labor data on the total of all facili-~
ties within the sector, including management/support persannel requirements
and costs.

2=-3/2-4



CHAPTER THREE

METHOD OF SOLUTION

3.1 TECHNICAL APPROACH TO MODEL FORMULATION

The FMCM is an analytic model, comprising a set of equations designed
to calculate the expected annual labor costs of maintenance within a given
maintenance sector. The model is programmed in FORTRAN IV and has been
demonstrated on the CDC Kronos time-sharing system. By running the model
from a time-sharing terminal, maximum advantage can be taken of its ability
to evaluate selected sectors and facilities, print the results, then run
again, all in a man-machine interactive mode. A program listing is pro-
vided in Figure 4-1 of Chaj'ter Four. Construction of the model required
recognition of the predominant effect of labor on maintenance costs and
the way in which this labor effect manifests itself on cost. Interviews
with maintenance personnel of the New England Region and the Boston Sector
were conducted so that maintenance practices common to the FAA and peculiar
to the Region could be reflected in the model.

It is significant that, as currently configured, the model does not
include costs of spares provisioning or other logistics support costs.
These additional costs can be added to the model incrementally without
requiring a restructuring of the model as it currently exists.

As shown in Figures 3-1 and 3-2, the model begins by accepting, as a
terminal input, the sector file name and then reading in data from the
sector file (called SECFIL) describing the overall maintenance charac-
teristics of the sector to be evaluated and data peculiar to each of the
facility types within the sector. (These data are shown in Chapter Five.)
Then the analyst specifies whether or not he wants every facility type in
the sector evaluated. If only selected facility types are desired, he
must then input how many of the facility types within the sector will be
considered in the analysis, together with their identifiers. The analysis
begins by considering each facility type separately. To evaluate each
facility type, an additional file (called FACFIL) containing facility data
common to all facilities of that type throughout the FAA system is required.
A detailed logic flow diagram is provided in Figure 4-2 of Chapter Four.

On the basis of the sector and facility file data, the corrective
maintenance (CM), preventive maintenance (PM), and their sum, direct
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maintenance (DM), are computed and presented as intermediate output data.
After these manpower requirements have been computed separately for each
facility type, they are combined to determine the total personnel require-
ments for the maintenance sector.

The combined man-hour requirements are translated into specific
staffing levels for each of the maintenance skill levels defined in the
input data. Through this procedure realistic staffing levels are developed
wherein personnel of the same skill category may work on several facility
types. Having determined the number of maintenance personnel, the model
uses a table lookup to determine the number of management/support personnel.
Total personnel costs are calculated in the model by summing the product
of personnel requirements, in man-hours, and the wage rate over the labor
classes required.

At the end of the analysis, total sector maintenance requirements and
costs and facility cost'allocations are printed. At the option of the
analyst, the program can then either terminate or return to the beginning
for another program execution.

3.2 KEY COST CATEGORIES

The key cost categories that the model considers are defined in
the following subsections.

3.2.1. Preventive Maintenance

Preventive maintenance (PM) cost is determined by the maintenance
man-hour expenditures required {in accordance with preventive maintenance
schedules published in DOT orders applicable to the facilities under
evaluation)and travel time. Daily preventive maintenance actions are
assumed to require travel times different from those for the longer PM
actions, which are assumed to be the same as for a CM action. This is
done to reflect facility-to-facility travel for daily PM, rather than
travel from the central maintenance location to the facility assumed for
the other actions.

Preventive maintenance is assumed to be performed during normal work
hours only. It does, however, affect the overall staffing requirements

for the facility type and maintenance sector.

3.2.2 Corrective Maintenance

Corrective maintenance (CM) actions are those initiated by failure
within a facility. The failure may be catastrophic, caused by a component
failure; or it may be one caused by performance degradation below the
tolerances specified in DOT orders for facility operations. Either type
of failure will normally require replacement of components, modules, or
entire systems, depending on the severity of the failure.



The model assumes that all failures are scheduled for immediate repair
during normal duty hours and that they preempt preventive maintenance re-
quirements. Corrective action considers the manpower required to restore
a facility and includes the transportation time from normal duty station
to the failed facility, test and diagnostic setup time, fault-isolation
time, time to repair, operational test time, and transportation time to
return to normal duty station.

Failures occurring during off-duty hours are scheduled for repair
during normal duty hours if the failed system has a restoration level A,
or scheduled for repair by call-back personnel if the system has a restora-
tion level B. Call-back repairs are subject to premium overtime rates for
labor and include the additional time authorized for transportation between
the technician's home and his normal duty station. Level B system failures
are repaired the next normal working day if contact with call-back personnel
is not established.

Facilities categorized as restoration level C are normally manned 24
hours per day. Therefore, failures of systems in these facilities are
treated the same as normal duty system failures except that the labor rates
are increased to reflect a shift differential.

3.2.3 Direct Maintenance

The direct maintenance (DM) is the sum of the preventive maintenance
and the corrective maintenance. This quantity represents the total mainte-
nance - labor demand for the facility and/or maintenance sector.

3.2.4 Personnel Requirements

The model computes the minimum number of personnel of a given skill
category required to perform all expected preventive and corrective mainte-
nance for each facility type. Personnel requirements are determined through
the application of productivity factors, which include corrective mainte-
nance and preventive maintenance times (both of which include transporta-
tion time) as the baseline (direct labor) and all other labor categories
such as training, watch-standing, leave, vacation, etc., as nonproductive
activities. The model includes as an output the actual productivity of
each labor class, which takes into account the foregoing factors plus any
minimum manning constraints (e.g., level C manning requires at least 3
maintenance personnel per day).

The model will permit consideration of an alternative scenario in
which some failed items are repaired at an intermediate repair facility,
with the site repair activity then becoming simply a remove and replace
“ action. The extent of this option is established within the sector file
by the variable RTS (fraction of failures repaired directly at the site).
The model automatically determines the number of required intermediate-
level personnel and their associated costs based on the input values of
RTS for each facility type (0 € RTS € 1). The model also determines the
number of management/support personnel required for the established mainte-
nance personnel based on FAA standards; it determines their costs and includes
these costs in the total costs (direct labor and salary) for the sector.

3-6



CHAPTER FOUR

PROGRAM DESCRIPTION

4.1 OPERATING ENVIRONMENT

The Facilities Maintenance Cost Model (FMCM) program has been devel-
oped to run on a time-sharing computer system -- the CDC Kronos system.
However, the program is written in FORTRAN and could be utilized on other
time-sharing systems but, due to the interactive nature of the program
execution, it could not be run in a batch computer environment without
some reprogramming.

The program instructions and the input data files should be entered
into the time-sharing computer system prior to running the FMCM. Once these
files have been set up, the program can be executed after going through the
normal log-in procedure for the time-sharing system. The log-in procedure

will ‘result in the main program being called into the computer, and the
execution of the program will cause the required data files to be accessed.

4.2 PROGRAM SPECIFICATION

The program is written in standard FORTRAN IV. There is no calling
sequence or overlay structure.

4.3 SUBPROGRAMS

There are no subprograms.

4.4 SOURCE LISTING

The complete source listing for the Facilities Maintenance Cost Model
Program is presented in Figure 4-1. The listing is in PORTRAN coding with
the associated line numbers for time-share application. To facilitate
understanding of the coding flow, the specific functions performed by the
lines or groups of lines of code are summarized in Table 4-1.

4.5 DETAILED FLOW CHARTS

A detailed flow chart of the program is presented in Figure 4-2.

4-1
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n2sn & FERD flsFLH-LHBDPiIIsLsSLPiI?-LsP?LEil)-L.SDIF(I)
an2en READ v=s» LHsLsboi

00270 READ 12 LHsLs cMPERCI v ISl sl

AN230 FPRIMTse DO OO WANT TO COMZIDER ALL FRCILITY TYFEZes
on2s0 READsAA

00300 IFCAM.ER.IHVESHGOTO =

00210 PRINT»o HOW MAMY TYPEZes

ON320G READSMFT

NOS30 2 MPER=MOFT=0 F TMCOIT = PCOMCLY = n, & PCOMOZY=1.
00340 COZCT=COSPT=COXTT=TFOTF=LEMET=0,

na3sn DO 4 I=1sNFT

ou3s0 IF CARLEG. IHYEZXE0TO 2

0370 PRIMNTse FACILITYe:

HO320 RPEAD NAMF

D390 5 READ <1s2LMsHAMFAC (T2

On40n IF CAR.NE, ZHYESy B0TO 19

0ng10 PRIMT 100 HAMFAC <1

00420 100 FORMAT ¢<»e FACILITY ¥+ SR

430 15 CAONTINUE

10430 RERD (lsﬁLNsLsHDHsLsDDHsLsPEDNfEﬁ,LsPTianPEDDsLsNEEWT
ao4S0 READ als}LHp(L’HELtJFaLsHD?le,L:HMEﬁJﬁsJ=1,33

ou4e 0 RERAD 1e 3 LHsLs TRTFsLs TRT L TRTD

4?70 IF(fHH.HE.EHTEE).HHD.iHHMFHCiI?.HE.HRMFE)BDTD ]
o420 7 READ ©Zsa0LMsLIUM

eog30 RERAD EE!)LH’LsﬁTECNH-LtiUF~L-FITT9LpMTTP-LsNTPP-L-BMMH
NS00 RERD 22 LHsLs 6FMMH L Iy s 3=1s 1 U

GnS10 IF cLDuM, ME . MPMFRC ST 60T 7

MS20 REWIND &

00S30 RERD (2srLMHslsLsL

Q0S40 XNDF=ROH-MTECMA E HOFo13=0

00SS0 XMOFD=C& e DOHR-MTECMA % MHOFM=XHOF ==HOF D

03San D0 % J=1:3 % Mz Ch=MES C =

ONS7P0 NOF <I>=NOF 1> +HREL .00

nasgo 9 PO =PE =1,

N0S90 NOFT=MOFT+NOF oI

00600 EQH=AOH~104-2.5¢00H

nnet1o IF(DUH.GT.16.JPD613=PUaEJ=PD£3*=.333

00620 IF ¢DOH.LE.S.2PD(1Y=1.

(continued)

Figure 4-1. SOURCE LISTING



DOE30
DN&40
anes0
no&e&l
nnev0
Bo6es0
anéean
oneoo
Do7LO
nara20
00730
0ora0
ouysn
0aean
0uve0
no?20
0790
noson
ISR
320
00230
nns40
uNsso
ngasn
Q0870
pas2o
nogan
ansno

onasQ
V=]
aeaFn
ao3zn
]
0L ang
a1
oLozo
1030
01040
01050
01051
01070
01020
010230
n11on
01110
01120
n1130
01140
01150
011640
01ien

IF((DDH.GT.S.).RND.(DUH.LE.16.ﬁ)PDc1h=PDtEﬁ—
1F<(EDH.GT.U.?.HND.tEUH.LE.B.)?PE¢1?=1.
lF(EUH.GT.16.)PE(1)=PE(2}=FEf33=.333
IF((EGH.GT.S.).HNU.ﬂEDH.LE.lé.}}PEc1)=PEfE) 5
DO 11 J=1:3 % RESF =10,

IF (NDS .2 JLE. SO I =1]

IF (NDS <JD LEQ. 1aME 2 =0
IF(NWE < JLE. 2 MES <
IF cNWE 0y JLE. 1Y MEZ =1l
IF CMWs . L ER. OMES C1a =0
0 12 kK=1+3

[
A

RSF(J)=NRL{J)0(PD{K30XHUFDOM?fw)+PEiK)¢xNDFm0MEE(K)?+RSF(J)

12 MT ok =MES (K1 =1

11 FLF €3 =HNOF eH&L 11 —RIF .1

SMMHP=Co TRTP+F I TT+RTIOMTTR+ i 1 -RTZ2 #MTRR
IF ¢CSMMHP.LT. 2.9 SHMHP=E,

POTP=RLF (2} ¢FCON2) ¢ TMMHF ¢ PELF (HETATY
TPOTP=TFPOTF+POTF % DEMDC=DEMDF=0.

EMMHE=°0TRT+FITT+RTE¢NTTR+il‘RTE)OMTPQ 1 Cozo=CcOsP=0.

po 14 J=1s10 % IFcde=00 F IF (FPMMH .y JHE, 0.0 IF©Jr =1

14 COMTIMUE ¥ yDuUM=0.
00 12 J=ts3 & vy=1. % IF.J EQL. Y EEDIF (NECATY
DEND=(PEFfJ3+RLFﬁJb0f1—PEDHfJ)ﬁ)03MNHF

NC=0

IF CMLIS o 1 o ME. DY HIZ=1

ME=SeHDT ¢4y +S oML .0

IF ¢MMINS CHETCATY LT, Mo M THE CHICRAT =M
DEMP=NRL «.J1 & ¢ (ZE0+103eNHC @ 02

DEMDP=DEMDF+DEMF F DEMDC=DEMDOC+DEND
DLHRE ¢HECRTY =DLHF AT +DEMD+DEMF
COSC=COZC+DEMDeLE
IF cDEMD, EG'. 0. 1 ME=]
“OUM=TEMDAHI+SUFeZORFT cDEMD M
13 YDUuM=YDUM+HS e TILM+D EMF
NDUM=IHT Oy DM © *PROLD +, 335
MEEL (HSCETY =HIKL (HECATY +HTLN
TEME= 1 -RTZ ¢ EMMHeHOF ¢ 1% ¢%NHOF

TRTO+PMMH (13 ¢ TF 10
0091U++320C20TRT+PNNH(E?FOIFfE?+1€¢(E‘TPT+pMMHfE
Uﬂ?Eﬂ*‘lF(4?#EO(EOTRT+PMNHf5530IFfSJ+fS’TFT+PMNH
00930+K?SO+BIEOHC}0(EOTQTD+PNmHﬁ?)FOIF(?3+51:

TelF iy +de (2eTRT+PMMH (42D
(e IFUED+
TN+SSeMI ¢ (2eTRT

00?40++PNHH§¢3)01FfS¥+104*%E'TRT+PNNH‘?‘ﬁOIFig‘+360fTRTQE+PNNHi103?01F(10ﬁ3

AT ey ¥ COTP=COIF+DEMFeILR CHTCATY oY

MPERE=INT ¢IEME- (205G eFROTEY +, 3331 % COFTL=NIUMeZ0Z0eILR (HICAT)

COSTE=MFEREBeZ NSO eELF
COEC=r0ZC+POTP+TIENESELR
DEMET=DEMET+DEME % COZT=COZC+HIDIFR
COsCT=COZCT+C0DEC ¥ COSPT=COSPT+I0IP
COSTT=COSTT+C0%T

IF cAA. EQ. 2HYEZ2 50OTO 44

REWIND 1

READ <1s2LMsLsbLsblsL

RERD ©lssbMabsbLoLsboaisilaiailysisid

D0 28 Jd=1lsN:iL

22 READ wls7LMabLaisiar
RERD (1ssLMsls CLs.d=1s
44 CONTINUE

Figure 4-1. (continued)

(continued)



n1180
01190
ni200
nie1o
nzen
n1zzn
01240
0125n
1280
N1270
n12sn
01E90
n1200
01zt
1320
u1EE0
13240
Q13S0
01260
N1EF0
N1320
012510
01400
G141 0
ni42n
11420
n1446
014540
01460
11470
i4zn
01430
01500
ns1n
0SE0
01530
01340
n1ssi
01550
01S?0
01530
nigsn
11400
01810
015620
01630
01640
01650
01€50
01470
01630

PRINT 101sCOSCyCOSFICOET

101 FORMAT Co CM COST =oF10.3s¢ FM COET =oF10.2xe DM COST =oF10.2>
PRINT 102.POTP

102 FORMAT (¢ COET OF CALLEACKS =eF10, 23

PRINT 103 NOUMs LREDR cHSCHTS » COTTL

103 FORMAT cI4.0 OF SITE LREDOF CLAST  eAldse AT AMMLRL BASE COST =6F10.2
PRINMNT 1045 MFEREs COSTE

104 FORMAT CId4e0 OF EREZE LAEBDOR CLASS AT ANMLUAL COST =oF10.2%
4 CONTIMUE

NDUM=NBUM=INTfDEMPTfFEﬂEHOPEDDEh+.???3

PPIHT-ffo ZLMMARY OF IECTOR YALIES+

DO 16 I=1+NSL ¥ MHOD=MMIHZ v S

IFIMSkL Iy LT, MHDDY KL 01 =HMDD

AOUM=E020, oMIKL T

IF (HDUM EG. 0, 3%IUM=1.

DLHRS CIa=DLHRS © 10 4TI

1 MDUM=MDLUM+MIEL (1)

IF fmTm (LT, 145 MET=MFER (MM

00 EI7 MM=1s9

MME=1 0oMM+a % MHE=1NoeMM+1 3

IFCrmDUM L 3E.. MMEY . AMID. CMIN LE. MMED Y MGT=MFEFR © 1 Z+MM)
417 COMTIMUE % COZM=2020eMEToMLE

THCOST=COSTT+COSME BUUM=MELIMeZ 131 EL R

PRIMT 101«C08CTCOZFTCOSTT

FRINT 102, TPOTF

TLOET=C02M+BIUM

DO 17 I=1saMEL

HDUM=HEKL(I)°EUSB°ELRﬁlii TCOST=TCOST «%Dilim

PRINT 103sMEKL (I LAHEOR I 5 KL

17 FRIMT 10%:DLHR= 1Y

10% FORMAT C1eHse WITH ACTUAL FRODUCTIVITY = oF&. 4)

PRINT 104 MEUMY EDLIM

PRINT 10SM3T 2050 o
IUS'FDRMHT£I4-0.DF MET ZUPFORT AT AMMNURL Q5T =oF 10,5
PRINT 10 TMCOST

106 FORMAT o TOTAL ZECTOR AMMUAL LAEOF TIRECT COET =oF1n.2
PRINTAIU?,TCDET

107 FOSMAT ¢e TOTAL ZECTOR ANNLIFRL CAEOR BRSE COST =oF 10,8y
PRINTs » 7o ALLOCATED FACILITY TYPE LAEDR COZT ZLUMMARYe
PREINTso FRCILITY OUAMTITY DIRECT LREOR COST BAZE LAEDFR COSTe
DO 12 I=1.MFT ®
UCOSD=NOF CI) ¢ THCOST-MOFT

UCDZE=MOF <10 o TCOETHAFT ,

13 PRINT 10SsNEMFAC Iy «HOF (I3 O3t 0SS

FRIMNTs #»¢ DO ¥YOU WANT TO RUN ANOTHER CASEe.

RERDs AE )

108 FORMAT cAL0yS¥ [4e2F20, 20

IF (AB. ME. 3HYESY STOP

REWIND 2

5070 ¢

END

Figure 4-1. (continued)
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Table 4-1. SUMMARY OF PROGRAM SOURCE LISTING FUNCTIONS

Program Lines Function
100 - 160 Program, variable type definition and dimensioning
170 - 200 Identifies and calls the sector file (SECFIL) and
facilities file (FACFIL)
210 - 220 Reads SECFIL header and general sector data
230 - 240 Initializes variables
250 Reads SECFIL for skill level data
260 Reads FACFIL header
270 Reads SECFIL management data
280 - 320 Identifies number of types of facilities to be evaluated
330 - 340 Initializes variables
350 Begins facility type evaluation loop
360 - 430 Identifies type of facility to be evaluated
440 - 460 Reads SECFIL for facility type data
470 - 510 Reads FACFIL for facility type data
520 - 530 Rewinds FACFIL, reads header
540 - 550 Determines expected failures; allocates them to daily
and weekends
560 - 660 Allocates daily/weekend failures to specific shifts
670 - 720 Determines daily and weekend maintenance shift factors
730 - 750 Determines regular shift maintenance action demands
760 Determines non-regular shift maintenance action demands
770 - 800 Determines call back demand and cost
810 Determines regular shift corrective maintenance time/
action
820 - 830 Initializes variables
840 - 850 Determines regular shift corrective maintenance demand
860 - 890 Establishes if minimum CM coverage demands are satisfied
900 - 950 Determines PM and total maintenance demand
960 Accumulates maintenance hours for skill level required
970 Determines corrective and preventive maintenance cost
2980 - 1020 Determines number of maintenance personnel required for
facility type
1030 - 1050 Determines demand, cost, and number of intermediate
level maintenance personnel required for facility type
1060 - 1090 Determines cost totals for facility type
1100 - 1170 Checks end of SECFIL file, rewinds SECFIL, reads header/
common data
1180 - 1250 Outputs facility data
1260 Ends facility loop
1270 Accumulates intermediate level personnel
1280 Outputs summary header
1290 - 1340 Determines sector salary totals by skill level
1350 - 1390 Determines number and salary cost of management/support
personnel
1400 - 1550 Outputs sector summary data
1560 - 1600 Allocates and outputs facility costs by type
1610 - 1680 Determines if additional cases are to be run or program

stopped




Initial
Program

{

(of

'ATRWAYS AND FACILITIES MAINTENANCE SECTOR COSTS®

Dimension
Variables

Make Real
Integer
Values

NAMFAC, LABOR, SLR, PSLR, SDIF, MPER,
NSKL, PCON, NDS, NWS, NRL, PMMH, RSF,

RLF, PE, PD, MS, MES, IF, NOF, NMINS,

DLHRS

MTBCMA, MLR, MTTR, MTRR

Print
' INPUT SECTOR FILE NAME'

Read
SECFIL

]

Figure 4-2.
(continued on

LN, L, NFT, L, NSL, L, MLR, L, BLR,

IN, L, L, L, L

DETAILED FLOW CHART
pages 4-7 through 4-18)

4-6

L. PRODB

it

-

Y



No

NSKL (I) = 0

NMINS (I) = O
DLHRS (I) = 0

Print
' HOW MANY TYPES'

LN, LABOR (I), L,
SLR (I), L, PSLR (I),
L, SDIF (I)

L, L, L

NPER =
NOFT =-
I=1, 22) TMCOST =

LN, L, (MPER (I},

PCON (1)
PCON(3)
COSCT
COSPT
COSTT
TPOTP

Print DEMBT =
' DO YOU WANT TO CONSIDER ALL

FACILITY TYPES'
Read
AA

Figure 4-2. (continued)
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nonn

il
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Print ‘
'FACILITY'

i,

N, NAMFAC (I)

Print
'FACILITY?' NAMFAC (I

V

LN, L, ACH, L, DOH,
L, PCON(2), L, RTS,
L, PROD, L, NSLAT,
IN, (L, NRL(J), L,
NDS(J), L, NWS(J),.
J=1,3), IN, L, TRTP,
L, RTR, L, TRTD

LN, LDOM, LN, L,
<Fme  MTBCMA, L,
SUF, L,
FITT, L,
MTTR, L,
MTRR, L,
BMMH, LN,

J=1,10)

)

L, (PMMH(J),

Figure 4-2.

{continued)
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XNOFD
XNOFW

XNOF = AOH/MTBCMA
NOF (I) = O

= 260 (DOH/MTBCMA)
= XNOF - XNOFD

EOH = (AOH/.04)

MS (J) =1
MES (J) =1
NOF (I) = NOF (I) + NRL (J)
PD (J) = O
PE (J) = O
\
NOFT = NOFT + NOF (I)

- 2.5 (DOH)

= .333
= .333

PD (1) =1
PD (1) = .53
PD (2) = .5
PE (1) =1
PE (1) = .333
PE (2) = .333
PE (3) = .333
PE (1) = .5
PE (2) = .5

Figure 4-2.

(continued)




] Ms (1) =0
No
Yes MS (2) = 0
No
Yes
MES (3) = 0
No
Yes
MES (2) =0
No
MES (1) = 0

RSF(J) = [NRL(J)] x [PD(K)] * [XNOFD] X [MS(K)] + [PE(K))
X [XNOFW]) X [MES(K)] + RSF(J)

MS(K) =1

MES(K) = 1

!

RLF(J) = (XMOF) [NRL(J}] - RSF(J) ——D

Figure 4-2. (continued)
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Y

SMMHP = 2 (TRTP) + FITT + RTS (MTTR) + (1-RTS) MTREK

Yes
SMMHP = 2
No

POTP = [RLF(2)) [PCON(2)) (SMMHP) [PSLR (NSCAT) ]

TPOTP = TROTP + POTP

DEMDC = 0

DEMDE = 0

SMMHC = 2 (TRT) + FITT + RTS (MTTR) + (1-RTS) (MTRR)
COSC = O

CCSP = C

IF (J) =0
Yes
No }
YDUM = 0

H Figure 4-2. (continued)




13

Dod =1, 3
)
Yy = 1
Is Yes
J =3 YY = SDIF (NSCAT)
?
No

DEMD = SMMHC (RSF[J] + [RLF(J)])(l - PCON[J])
NC =0

(NSCAT)

NMINS (NSCAT) = NS
< NS

DEMP = [NRL(J)) (260 + 104[NC] (2 TRTD + PMMH[1])] [IF(1l) +
52) [2 TRT + PMMH(2)] [IF(2)] + 12 [2 TRT + PMMH(3)]
[IF(3)] + 4 (2 TRT + PMMH(4)] + IF{(4) + 2 [2 TRT
+ PMMH(S)] [IF(5)] + [2 TRT + PMMH(6)) [IF(6)) + (780
4+ 312 NC) [2 TRTD + PMMH{7)] [IF(7)] + (130 + 52 NC)
{2 TRT + PMMH(8)] [IF(8) + 104 [2 TRT + PMMH(9)]
[IF(9)] + 26 [2 TRT + PMMH(1l0)] [IF(10)]

Figure 4-2. (continued)
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DEMDP = DEMDP + DEMP
DEMDC + DEMDC + DEMD

DLHRS (NSCAT) = DLHRS (NSCAT) + DEMD + DEMP
COSC = COSC + DEMD[SLR(NSCAT)] (YY)
COSP = COSP + DEMP [SLR(NSCAT)] (YY)

NS = 1

No

(10 jrarmmm—

XDUM
YDUM

]

DEMD/NS + SUF [SQRT (DEMD) /NS]
YDUM + NS(XDUM) + DEMP

1

1

NDUM = INT[YDUM/2080(PROD) + .999]
NSKL (NSCAT) = NSKL(NSCAT) + NDUM
DEMB = (1 - RTS) (BMMH) [NOF (I)] (XNOF)
MPERB

COSTL = (NDUM) (2080) [SLR(NSCAT)]
COSTB = (MPERB) (2080) (BLR)

COSTC = COSC + POTP + (DEMB) (BLR)
DEMBT = DEMBT + DEMB

COST = COSC + COSP

COSCT = COSCT + COSC
COSPT = COSPT + COSP
COSTT = COSTT + COST

Figure 4-2. (continued)

INT [DEMB/ (2080 [PRODB] + .999)]




MDUM = INT [DEMBT/(2080)(PRODB) + .999]
MBUM = INT [DEMBT/(ZOBO)(PRODB) + .999)

-

Print
' SUMMARY OF SECTOR VALUES'

Do I = 1, NSL )

|

NNDD = NMINS(I)/5

Is
NSKL(I)

< NNDD
?

NSKL(I) = NNDD

No i

XDUM = 2080 NSKL(I)

Is

XDUM = 0 Yeg XDUM = 1

No

DLHRS (I) = DLHRS (I) /XDUM
MDUM = MDUM + NSKIL (1)

M |
L)

Figure 4-2. {continued)
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Is Yes
MDUM < 14 MGT = MPER (MDUM)

MPER(13 + MM)

MME = 10 MM + 4
MNE = 10 MM + 13
Yes Yes
MGT =
No No

COSM = 2080 (MGT) (MLR)
TMCOST = COSTT + COSM
BDUM = MBUM (2080) (BLR)

:Prlnt

COSCT COSPT, COSTT

L)
(ol

TPOTP

Figure 4-2. (continued)
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¥

TCOST = COSM + BDUM

XDUM = NSKL{I) (2080) (SLRII])
TCOST = TCOST + XDUM

Print Print
NSKL(I), LABOR(I), XDUM TMCOST

g,
(1

DLHRS(I) Oii)
(Prlnt Print

MBUM, BDUM *ALLOCATED FACILITY TYPE

f ' LABOR COST SUMMARY'

-

Print Print
MGT, COSM HEADER
\
16

Figure 4-2. {continued)
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UCOSD = NOF (I) (TMCOST/NOFT)
ucoss = NOF(I) (TCOST/NOFT)

Print
’ NAMFAC(I), NOF(I), UCOSD, Uucoss

Figure 4~2. (continued)
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CHAPTER FIVE

PROGRAM USE

5.1 TAPE SETUP

The program is contained in a standard magnetic tape cassette and is
read into the time-share computer from a remote terminal by whatever pro-
cedures are appropriate to the terminal. Input files are read-in separately
in accordance with the format described below.

5.2 INPUT DATA

Descriptions of the sector and facilities file data elements are
given in Tables 5-1 and 5-2, respectively. The program considers as many
sectors as there are sector files provided as data input. The number of
facilities per sector is variable and is controlled solely by the program
dimensioning statement.

The FMCM was exercised for the Logan maintenance sector by use of the
input file data shown in Tables 5-3 and $5-4. Figures 5-1 and 5-2 present
these same data in their input format. In Figure 5-1, the Logan Sector
Data File, Lines 20 through 70 are personnel data inputs, and from Line 80
onward the data pertain to sector facilities. Line 20 in Figure 5-2 identi-
fies the first set of data as that associated with the Glide Slope trans-
mitter, here abbreviated GS. Lines 30 and 40 contain the data for the
variables identified. Note that PMMH in Line 40 is a vector. 1In the
remaining lines of the file the parameter names are further abbreviated to
single letters. For example, in Line 60 "M 170" appears. This means the
MTBCMA for the localizer is 170 hours.

5.3 MODEL OUTPUTS

Figures 5-3 through 5-5 are reproductions of outputs of model runs
performed during the demonstration of the model. Figure 5-3 shows a
run in which all facility types in the Logan sector are evaluated. The
figure is truncated to show only the outputs associated with the first
five facility types, out of a total of fourteen.



Table 5-1. SECTOR DATA FILE (SECFIL)

@ J NSCAT

Mnemonic Description
NFT Number of facilities in the sector data file
NSL Number of skill levels available within the soctor
MLR Average managcment support labor rate (dollars per hour)
BLR Intermediate maintenance shop labor rate (dollars per hour)
PRODB Intermediate maintenance shop labor productivity ratio
[ kXX Mnemonic for maintenance skill level
SLR Labor rate (dollars per hour, defined for each skill level)
(:)u PSLR Overtime labor rate (dollars per hour, defined for each skill level)
SD1F Shift differential (a factor defined for each skill level)
| MPER Management support requirements as a function of maintenance staff size
(xx% Mnemonic for a facility type within the sector
AOH Average annual facility operating hours (hours per year)
DOH Average daily facility operating hours (hours per day)
PCONB Probability of contacting a maintenance man for a restoration level B
facility
RTS Fraction of failures repaired directly at the site
PROD Average maintenance man productivity

Maintenance skill level identifier (see Note 1)

NRLA/NRLB/NRLC | Number of facilities having restoration levels A, B, or C
NDSA/NDSB/NDSC | Number of daily shifts for facilities having restoration levels A, B, or C
i NWSA/NWSB/NWSC | Number of weekend shifts for facilities having restoration levels A, B, or C

TRTP Average authorized travel time to one of these facilities for a call-back
(hours)

TRT Average travel time to one of these facilities from the central location
(hours)

{ TRTD Average travel time to one of these facilities for daily PM (hours)

Notes: 1. These parameters are repeated for each skill level available within the

-

sector.
2. These parameters are repeated for each facility type within the sector.

Table 5-2, FMCM FACILITIES DATA FILE FOR EACH FACiLITY TYPE (FACFIL)

Mnemonic Code* . Description

MTBCMA
sur

FITT
MTTR
MTRR
BMMIT
PMMH

Alphanumeric | Alphanumeric identifier for facility type (e.g., GS, ASR, LOM)

Mean time between corrective maintenance actions (operating hours per failure)

detexmining personnel requirements)

Average fault-isolation and test time (maintenance man-hours per action)
Mean time to repair (maintenance man-hours per action)

Mean time to remove and replace (maintenance man-hours per action)
Average intermediate-level repair time (maintenance man-hours per action)

Preventive maintenance time (maintenance man-hours per action)*w«

Personncl sufficiency factor (nondimensional factor to provide safety margin in

*These parameters are repecated for ecach facility type within the scctor.

**This parameter is an array of preventive maintenance times, by facility type, for each of
the following schoeduled PM frequencices: daily, weokly, monthly, quarterly, semi-annually,
annually, three times daily, overy other day, twice a week, every other week.

1

w



Table

5-3.

SECTOR DATA FILE (SECFIL)

Mnemonic

Sector Parameters

NFT

14

NSL

4

MLR

18

BLR

0

PRODB

Mnemonic

Skill-Level Parameters

ART

NAV

ENV

SLR

12

12

12

PSLR

18

18

10.9

SDLF

1.25

1.25

1.25

MPER*

8

9 10

11

12 13

15

19 21

23 27

29

31

Mnemonic

Facility Parameters

ARSR

SECRA

CD

RMLT

ARTS-3

ALS

GS

VOR

TACAN

AOH

8760

8760

8760

876C

8760

8760

4380
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Figure 5-5. FMCM OUTPUT (PART C)

The first output block of Figure 5-3, for the ASR, shows corrective,
breventive, and direct maintenance costs ber year, It can be seen that
direct maintenance cost is the sum of the costs of corrective and Preventive
maintenance. Since the ASR is subject to level ¢ maintenance, there are no
call-back costs. Two men in labor category RAD were considered in the cal-~
culation, at combined annual salaries of $49,920. Since only on-gite repair
is conducted at Logan, the base (intermediate) labor category is null;
therefore, the cost is Zero. Base repair is in the model as a logistic-
Support scenario option. After the ASR cost data are printed, the next
facility to be evaluated, "ARSR", is identified. This cycle continues
until all facilities in the sector file have been examined.
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Figure 5-4 shows the summary output for the entire sector. It gives
the total corrective, preventive, and direct maintenance costs for 14
facility types and, for those facilities which are restoration level B,
the total cost of call-backs. The total basic salaries of the four labor
classes are displayed, as well as their expected actual productivities.
Productivity is defined as the ratio of actual maintenance time to total
on-duty time.

The item denoted "total gector annual direct cost" is the sum of the
direct maintenance cost and management/support cost. The item denoted
vtotal sector annual labor base cost" is the sum of the annual base
(salary) costs of four labor classes and management/support cost. It is
assumed that management/support personnel productivity is unity.

The table in the jower portion of Figure 5-4 is a summary of allocated
labor costs for the entire set of facilities. The basis for the allocation
in this case is that the 30 facilities have equal weight. Tt is possible,
of course, to allocate these costs by another weighting system.

Figure 5-5 displays the same kinds of data as Figures 5-3 and 5-4.
The only difference ig that in this run only two facilities have been
selected (a program option): the ASR and TACAN, which must be identified
by terminal inputs before each is evaluated.
5.4 RESTRICTIONS AND/OR LIMITATIONS

There are no hardware or software restrictions. Restrictions on data
ranges Or capacities are not anticipated.

5.5 EDITING AND DIAGNOSTICS

There are no programrgenerated diagnostic messages.

5.6 TEST CASE

The input and output data files presented in Section 5.3 were obtained
from the program demonstration. These files, when considered with the program
1isting, constitute a test case.

5.7 APPLICATION OF THE FMCM

The model, as noted earlier, is structured to have a commorn file
{FACFIL) containing data on all types of facilities maintained by the
Airways and Facilities Division of the FAA that are common to all sectors,
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Table 5-5 summarizes rhe specific terminal yesponses required for

normal exercise of the program. The responses for usages with temporary

changes to the program will depend on the nature of the changes introduced
and their formats. BAS shown in the table, program usage is extremely simple,

with terminal inputs being needed only to specify what is to be evaluated

(sector/facility) during a given terminal session. The set-up of the files

whose specific contents and structure are descyibed and presented in the

program documentation for the Logan maintenance sector represents the only

complex aspect of program preparation.

Table 5-5. SUMMARY OF TERMINAL RESPONSE REQUIREMENTS

FOR NORMAL PROGRAM

EXECUTION

Terminal

estion
Qu Response

‘ facility types?

Input sector file permanent file
name? name of sector
to be evalua-
ted, e.,9-:
LOGAN

Do you want to
consider all

YES or NO

How many types? Integer number

Facility? Facility name

(e.g., ASR)

po you want to
run anothexr case?

YyES or NO

FORTRAN

variable Comments
SECFIL None
AR None
NFT only if AR = YES.
NAMF only if AA = YES.
AB If AB = NO, pro~
grams stopsi
otherwise, it
recycles to
question 1 iocr &
new case.
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CHAPTER SIX

SYMBOLS

variables appearing in the program listing (shown in

All symbols and
ed and described in this chapter.

Figure 4-1 of Chapter Four) are summariz
nput via the sector and facility

Table 6-1 defines variables which are i
ymbols and definitions.

files. Table 6-2 is a listing of variable s



Symbol

AOH
BLR
BMMH

DOH
FITT

LABOR
MLR
MPER
NAMFAC
MTBCMA

MTTR

NFT
NRL

NSCAT
NSL
NWS

PCON

PMMH

PROD
PRODB
PSLR
RTS

SDIF
SLR
SUF
TRT
TRTD

Table 6-1.
Definition

Average annual facility operating hours

Intermediate level repair labor rate

Average intermediate level repair maintenance
man~hours per action

Average daily operate hours per facility type
Average fault isolate and test time per
facility type

Labor skill name

Average management support labor rate

Management support requirements

Facility type name

Minimum time between corrective maintenance
action per facility type

Minimum time to repair per facility type

Minimum time to remove and replace per
facility type

Number of daily shifts per facility type per
restoration level

Number of facility types

Number of facilities ber restoration level
per type

Skill level identifier per facility

Number of skill levels per sector

Number of weekend shifts per facility type
per restoration level

Probability of contact per facility type for
restoration level B

Preventive maintenance man-hours per action
per facility type .

Average productivity per facility type

Intermediate level productivity

Overtime labor rate per skill level

Fraction of failures repaired at site per
facility type

Shift differential per skill level

Labor rate per skill level ’

Personnel sufficiency factor

Average travel time per facility type

Average daily PM travel time per facility

type

w3

INPUT FILE SYMBOLS AND DEFINITIONS

Units

Hours per year
Dollars per hour
Maintenance man-
hours per
action
Hours per day
Maintenance man-
hours per
action
n/a
Dollars per hour
n/a
n/a
Operate hours
per failure
Maintenance man-~
hours per
action
Maintenance man-
hours per
action
n/a

n/a
n/a

n/a
n/a
n/a

n/a

Maintenance man-
hours per
action

n/a

n/a
Dollars per hour

n/a

n/a
Dollars per hour
n/a
Hours
Hours

R



Table 6-2.

Symbol Definition

DEMB Intermediate level repair demand per facility type

DEMBT Total intermediate level repair demand

DEMD Corrective maintenance demand per restoration
level per facility type

DEMDC Corrective maintenance demand per facility type

DEMDP Preventive maintenance demand per facility type

DEMP Preventive maintenance demand per restoration
level per facility type

EOH Average weekend operate hours per facility type

IF Preventive maintenance frequency identified

LDUM Dummy variable

Ms Daily maintenance shift identifier

NC Weekend operations identifier

NDUM Dummy variable

NMINS, Dummy variable

NNDD Minimum required number of personnel per skill
level

NOFT Total number of facilities

NPER Number of maintenance personnel per skill level

NS Total number of shifts

PD Daily failure allocation factor

PE Weekend failure allocation factor

SECMCM Program name

SMMHC Total corrective maintenance man-hours per action
per facility type

SMMHP Total call-backs corrective maintenance man-hours
per action per facility type

XDUM Dummy variable

XNOF Average number of failures per year per facility
type

XNOFD Average number of weekday failures

XNOFW Average number of weekend failures

Yy Shift differential identifier

YDUM Dummy variable

200 copies
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INTERMEDIATE VARIABLE SYMBOLS AND DEFINITIONS

Units

Maintenance
man-hours
Maintenance
man-hours
Maintenance
man-hours
Maintenance
man~hours
Maintenance
man~hours
Maintenance
man-hours
Hours per
day
lor O
n/a
lor 0
lor O
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
Maintenance
man-hours
per action
Maintenance
man-hours
per action
n/a
n/a

n/a
n/a
n/a
n/a



