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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 cos ts are being sought.

This report documents the results of a study to modcl 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. ~~~. Greene , Dr. .3. Witt ,
and Mr. M. Sternberg-Powidzki of ARINC Research i~ 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 mode ls , is to provide the FAA with management tools
to estimate the e f f e c t of var iati on in a irway f a c i l ities main tenance
scenarios On :

Costs to the user communi ty caused by fac ility ou tage

Costs of corrective and preventive maintenance .

The Facilities Maintenance Cost Model has been designed to address the
second issue , w h i l e the compa~ ion model , tne 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 ex ample appli cation
of the model. It is the third of three ri-ports 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 en tire model development e f f o r ts. 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/l— 2
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CHAP TER 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 meafl 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 sk i l l  level ,
are incurred for direct maintenance action , a.’3 well as travel time on level
B fac~.lities .* 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 numbe rs of personnel required
for each sk i l l  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 personne l co ts ri present 80 percent of the FAA
maintenance costs. Consequently, TSC encouraged the development of a model
that would focus on this single key maintenan’;e-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 one-year interval. The model has been formu-
lated to evaluate both the preventive maintenance ano ci-~rrective maintenance

5There 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 poss ible , 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 type’s of facilities w itr x n the sector , and accumulate
total sector maintenance costc.

The p r i n c i r a l  model ou t c~ t s  incl . i ’)€ thc ext,cct~d anr, jal cost of m a in —
t a ir in g  a sp e c i f i c  f a c i li t y  t y r e  w i t r i r  a sectOr , tre recii :c-d r~~mber of
personnel  by s k i l l  level  for  th a t  fac~~i i ty  t , r e , t r e  c’. ict  of ~ r e v e n t iv e
m a i n t e n a n c e  and co r r e c t i v e  m a i n t e n a n c e , atd toe c oot  of c a l l — b a c k s .  Tn e
model a lso  r~r ov ides  s i m i l a r  cost and labo r ‘.i a t a  o r t r r  t o t a l  of al l  f ac i l i -
t ies w i t o i r  the  sector , i r c lj ’ i x n~ r a ’~enr r . 1/o ir .o ’oyt  oe roor .oe l  r eocj ir ement s
and cost o .

2 — 3 / 2 — 4

_ _ _  - _ _ _



CHAPTER THREE

METHOD OF SOLUTION

3.1 TECHNICAL APPROACH TO MODEL FORMULATION

The FMC!1 is an analytic model, comprising a set of equations design..d
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 Vrcnos 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 ir.teracti’e mode. A program listing is pro-
vided in Figure 4-1 of Cha ter Four. Construction of the model required
recognition of the predominant effect of labor on maintenance cDsts and
the way in which this labor effect manifests itself c-n cost. Interviews
wi th maintenance per sonnel ~r the New England Region and the Boston Sector
were conducted so that maintenance practices common t. 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 add itional costs can be added to the model incrementally without
reqiirinq 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 f i le  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
fac i l ity type , an add itional f i l e  (called FACFIL ) con ta in i ng facility data
conunon to all facilities of that type throughou t 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 f a c i l i t y  f i l e  d~ita , the corrective
maintenance (CM), preven tive maintenance  (PM), and their sum , direct

3— 1
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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 faci l ity
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 requ irements , in man—hours, and the wage rate over the labor
classes requi red.

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 Main tenance

Preventive maintenance (PM) cost is determined by the maintenance
man—hour a~xpenditures required (in accordance with preventive maintenance
schedules published in DOT orders applicable to the faci l i t ies  under
evaluation) and travel time . Dail y 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  f ac i l i t y—to—fac i l i t y  travel for dail y PM , ra ther than
travel from the central maintena nce location to the faci l i ty assumed for
the other actions.

Preventive maintenance is assumed to be performed during normal work
hours only.  It does , however , a f f ec t  the overall s t a f f ing  requirements
for the f ac i l i t y  type and maintenance sector .

3 .2 .2  Corrective Maintenance

Corrective maintenance (CM) actions are those initiated by fa i lur e
withi n a faci l i ty .  The fa i lure  may be catastrophic , caused by a component
fai l ure ; or it may be one caused by performance degradation below the
tolerances specified in DOT orders for fac i l i ty  operations . Either type
of f a i l ure wi l l  normally require replacement of components , modules , or
entire systems, depending on the severity of the failure.

3— 5
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The model assumes that all failures are scheduled for immediate repair
during normal duty hours and tha t  they preempt prevent ive  maintenance re-
quirements. Corrective action considers the manpower required to restore
a facility and includes the transportation time from normal duty station
to the fai led fac i l i t y, test and diagnostic setup time , fault-isola tion
time , time to repair , operational test time , and transportation time to
return to normal duty station.

Failures occurring during off-duty hours ar. scheduled for repair
dur ing  normal duty hou rs if the failed sy stem has a restora tion level A ,
or scheduled for repair by “all-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 additiona l time authorized for transportation between
the technician ’s home and his norma l duty station . Level B system failures
are repaired the next normal working day if Contact with call—back personnel
is not es tablished .

Facilities categorized as restoration level C are normally manned 24
hours  per day. Therefore , ta i lu res  of systems in these f a c i l ities are
treated the same as normal duty system failures except that t h a  labor rates
are increased to reflect a shift differential.

3.2. 1 Direct Maintenance

The direct maintenance (DM ) is tb ’  ,um 1 the ~ r~-v.rit iv ’- maintenance

and the corrective maintenance . This 1 ; a ir i t i ty  r .- (Y a- I - r;t ‘ h a -  l i i i  mainte-
nance labor demand for the fad l i t y anal/or I r a ;  i n  ,- narr c , -a -  t or.

3.2.4 Personnel Re1uirements

The model comf ut .-;  the minimum r i a w t h vr  of  , n -  - r ; ; , a - i  taf  a g iven  s k i l l
category required to perform a ll a-x ~~a - .  t a - i  a ’ - v e f l t k v a -  a l l - I  ‘ r a e -  ‘ i v . -  r n - i i n t e—
nance for each fa ci l i ty t YF ” ’ Pa ’r so r i r o -  I a ~~ ; l i i r a - m , - r t a r ’  j a • t  a - r ~~~; U,’) through
the application of produa-t iv ; ‘,‘ f a a - a  ‘ a - . ,  wh i ’:h i n -  b - I  . r r ’ -  a a v . •  nsa m~r ’
nance and prevent v a -  ann a i n t  a n I . a r l - ’- t 3 ma” ~ h - ’  r I  wi  . in ’ I a I ’  ‘ n a r a - ( a r t .i—

t ion t ime) as t ha -  b ,a c ;a -b in;.’ (dir ’- ’ 1 ,),’,r -ir a -I .1; a n . - r  I .I.a~~I . . t a . . ) a i r l a . s

such as t r a i n i n q , waf ) , — ’ ; ?  a n d ; ! ’) ,  ~~~~~~~~ • -a t L ’ , I a , C ’ • a S  f l a a f l i r l i  I -  ‘ l v’ -

activi t ies .  The rnod,rl i r , r - i ’ j ’ i , - s  . a ’  a r .  ;‘ u ’ - a  - I -  •i.i i t ’ . F a  ‘ iv ity ‘‘I
each labor class , which  t a k ’ - - , I f l ? ,) , - - -,, ~r t  a , ’ r.’-p i i i f - i  ‘ a-~~ ~
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CHAPTER FOUR

PROGRAM DESCRIPTIbN

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 interact i ve 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
f i les 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 l i s t ing  for the Faci l i t ies  Maintenance Cost Model
Program is presented in Figure 4-1. The listing is in FORTRAN coding wi th
the associated l ine n umbers for t ime—share  appl icat ion . To f ac i l i t a te
unders t and ing  of the coding flow , the specific funct ions performed by the
l ines  or groups of lines of code are summarized in Table 4—1.

4 .5  DETAILED FLOW CHART S

A deta i led f low chart  of the program is presented in F igu re  4-2 .
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Table 4-1 . SUMMARY OF PROGRAM SOURCE LISTING FUNCTIONS

Program Lines Function

100 - 160 Program , variable type def in i t ion  and dimensioning
170 — 200 Ident i f ies  and calls the sector file (SECFIL) and

fac i l i t ies  f i l e  ( FACFIL)
210 - 220 Reads SECFIL header and general sector data
230 — 240 In i t ia l izes  variables
250 Reads SECFIL for skil l  level data
260 Reads FACFIL header
270 Reads SECFIL management data
280 - 320 Identifies number of types of facilities to be evaluated
330 — 340 Ini t ia l izes  variables
350 Beg ins fac i l i ty  type evaluation loop
360 - 430 Iden t i f i es  type of fac i l i ty  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 fa i lures  to specific sh i f t s
670 - 720 Determines daily and wec-kend maintenance s h i f t  factors
730 - 750 Determines regular sh i f t  maintenance action demands
760 Determines non-regular s h i f t  maintenance action demands
770 - 800 Determines call back demand and cost
810 Determines regular  s h i f t  corrective maintenance time/

action
820 — 830 In i t i a l i ze s  variables
840 — 850 Determines regular shift corrective maintenance demand
860 - 890 Establishes if minimum Ct-I coverage demands are satisfied
900 - 950 Determines PM and total mair•tenance demand
960 Accumulates maintenance hours for skill level required
970 Determines corrective and preventive maintenance cost
980 - 1020 Determines number of maintenance personnel required for

f ac i l i t y  type
1030 - 1050 Determines demand , cost , and number of intermediate

level maintenance personnel required for fac i l i ty  type
1060 — -1090 Determines  cost totals for fac i l i ty  type
1100 - 1170 Checks und of SECFIL f i l e , rewinds SECFIL, reads header/

common data
1180 — 1250 Outputs f ac i l i ty  data
1260 Ends f a c i l i t y  loop
1270 Accumulates intermediate level personnel
1280 Outputs summary header
1290 - 1340 Determines sector salary totals by sk i l l  level
1350 - 1390 Determines n umber 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 ptogram

stopped
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CHAPTER FIVE

PROGRAM USE

5.1 TAPE SETUP

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

5.2 INPUT DATA

Descriptions of the sector and faci l i t ies  f i l e  data elements are
given in Tables 5-1 and 5—2 , respectively. The program considers as many
sectors as there are sector f i les  provided as data input. The n umber 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 ident i f ied .  Note that PMMH in Line 40 is a vector. In 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 throuqh 5-5 are reproductions of outputs of model run s
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,

5— 1



Table 5-1. SECTOR DATA FILE (SECF IL)

Mnemonic Descrip tion

NF T Numbe r of fac il ities in the Rector data file

MB!, Number of skill levels avai lable within the sa’~ tor
741k Averag . manage-mont suppor t labor rate (dollars par hour)

SiR lntemec dmate maintenance shop labor rate (dollar . per hour)

PRODS In termediate main tenan ce shop labo r product ivit~- ratio

XXX Mnemonic for maintenance ek ill leve l

SiR Labor rate (dollars per hour , defined for each skill level)

(13 PSLR Overtime labo r rate (dollars per hour , defined for each skill level)

RD1F Shift differential (a factor defined for each skill level)

MPER Management support requirement5 as a function of maintenance staff Sir e

XXX Mnemonic for a facility type with in the sector

AOH Average annual facility operating hours (hours per year)

~ iH Avera ge daily facil ity operating hours (hours per day)

PCONB Probability of contacting a maintenance man for a restoration tev.1 B
facil i ty

k’~S Fraction of failures repaired directly at the site

PROD Average maintenance man product ivity

NSCAT Maint enance skill leve l ident ifier (see Note 1)

NRLA/NP-LB/NRLC Number of facil i ti es having restoration levels A , B , or C

NDSA/NDSB/NDSC N umber of daily sh ifts for facilities having restoration level s A , B, or C

NWSA/UWSB/NWSC Number of weekend shifts for facilities havm nq restoration levels A . B , or C

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

TNT Average travel time to one of these facil ities from the central location
(hours)

TXT D Averege travel time to one of these facilities for daily PM (hours)

Notes , 1. Thenc parameters are ropeal,nd for each skill level avail able within the
tector.

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

Table 5-2. FMCM FACILITIES DATA FILE FOR EACH FACILITY TYPE (FACF I L)

Mn~r.acani~ Code’ Desc r i p t ion

Alphan umeric Alphanumeric identif ier for fa cil i ty type (e.g., OS , MR . iON)

ltr ncMA 
- 

Mean time between eorra ’ctive Malnt a-fla nc ,, actions (operating hours per fa i lu re )

SUP Perronncl •uffmci a ’ucy factor (nonai i u ,w’n sional factor to provide safety margin in
deta’r m m n i nq a~ rsoaa na ,  requ I ri-ma nt ,)

FIT!’ Average (ault-i’ ,a lat ion and te- ,t time (m,- i mn t e r a a n c e  man-ha ,ura per action)

NTiS Mean time to repair (mainta-nance man—hours per action)

Na,jn tim’, to remove and replace (‘sair ,ten ,inct’ main-hours m r  action)

$747417 Average intermediat e -lev el re)ai.ir time (maintenance man—hour s per action)

PMIc I Preventive maint enance t i m e  (m ain te n an ce  man—h ours r’cr action)”

•The:a ’ p.i z~~m.~t c ra ~ ar c ri--pel ted fa r  ~ ia ,-li (acm I i ty type with in t h e  soctor.
‘Tlmim ladramtI ’ te r  is  .I a a a r r a y  of pre va .nt ivo is ,i n ta- n ince times, lay f ,-mc i l it y  type , for each of
the (olla awi na ~ sch e d u l e d PM fr. ’q uc-n c 1a-r ~ a daily, weekly, mon thly, quarterly, cemi— amnua lly,
iaamui uel! y , th re e tim,,, dai ly, avery Other day, twic , a week , every Other w,’ok.

5—2
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T~ bie ~ - I 0IY 1’rJ ia  DATA F I L E  ( S E C FIL )

Mnemonic ~a - ~~t or  Pa ram ete r s

£4
NSI .  4

ML?

SLIt 0

P 76208 . 7

. k i  li -Leve l Param eters
Mnemon i c

SAD ART NAV ENV

sim 12 12 12 12

I -SLS 18 18 18 1 0 . 9

SDLF 1 .2 5  1 . 2 5  1 . 2 5  1 . 2 5

MPEP 0 0 0 2 3 4 5 8 2 10 11 12 1 3  15  17 19 2 1 2 3  27 29 31

F a c i l i t y  P a r a r n a - t a - r s
Mne mur a i c  T I

ASK ARSP SECRA CD RMLT ARTS-3 ALS OS WC LOll MM H VON TACAN

AON 8760 8760 87(~0 811 8760 11761) 438)) 9760 8760 8760 8760 8760 8760 8760

0074 24 44 24 24 24 24 12 24 24 24 24 24 24 24

PCONS 0 0 0 0 0 0 0 .95 .95 .95 .95 0 0 0

RI’S 1 1 1 1 1 1 1 1 1 1 1 1. 1 1

PRO D .6 .6  . 6 .6 .6 .6 .6 .6 .6 .6 .6 .6 .6 .6

NSCAT 1 1 1 1 1 2 4 3 3 3 3 3 3 3

NRLA 0 0 0 0 I) 0 0 0 0 0 0 0 0 0

NDSA 0 0 0 0  0 0 I) 1) 0 0 0 0 0 0

NWSA 0 0 0 0 0 0 0 0 0 0 0 0 0 0

NRLB 0 0 0 0 0 0 2 1 2 1 1 0 0 0

NDSB 0 0 0 0 0 0 2 1 1 1 1 0 0 0

NWSB 0 0 0 0 0 0 2 1 1 1 1 0 0 0

NRLC 1 1 2 1 2 1 0 3 3 3 3 1 1 1.

NDSC 3 3 3 3 3 3 1) 3 3 3 3 3 3 3

NWSC 3 3 3 3 3 3 0 3 3 3 3 3 3 3

TRiP 0 0 0 0 0 0 0 2 2 2 2 0 0 0

TNT . 3  0 . 3  0 0 0 . 2 5  .2 5  . 3  1 1 . 3  . 25  .25

TRI’ti . 3  0 . 3  0 0 0 0 .25 . 3  0 0 0 0 0

‘Applies to composite of a l l  s k i l l  levels .
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Figure 5-5. FMCM OUTPUT (PART C)

The f i rst output block of Figure 5—3 , for the ASR, shows corrective,
preventive , and direct maintenance costs pes’ year. It can be seen that

a- direct maintenance cost is the sum of the costs of corrective and preventive
maintenance. Since the ASR is subject to level C 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—site 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 MR 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 sector annual direct cost” is the suxi~ of the
direct maintenance cost and management/support cost. The item denoted
“total 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 lower portion of Figure 5-4 is a su~~ ary 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. It 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 is that in this run only two facilities have been
selected (a program option): the Pa-SR 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 program-generated 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
listing, constitute a test case.

5 .7  APPLICATION OF THE FMCM

The model, as noted earlier, is structured to have a coninon file
(FACFIL) containing data on all types of facilities maintained by the
Airways and Facilities Division of the FAA that are conunon to all sectors,
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and a series of files each containing data peculiar to a specific mainte—
nance sector (SECFIL). The ,rincipal uses of the model, therefore, are:

To evaluate specific sectors or selected facility types within
specific sectors for their attendant expected annual maintenance labor
(and management/support) personnel requirements, direct labor costs, and
salary costs.

To dete rmine the impact on the maintenance sector or on the
facil i ty—type baseline evaluations due to specific changes in reliabil-
ity, maintainability, technical or support parameters, maintenance
scenario, etc .

To conduct sensitivity analysis to determine the driving param-
eters and their associated ranges of impact .

Speci f ic sector maint enance evaluations are handled through normal
exercise of the program , with specific sectors and facility types to be
evaluated being designated by terminal inputs. The model is structured
to permit evaluation of successive sectors/facility types without the need
to recompile each time.

Alternative maintenance scenario evaluations can be handled in two
ways: through a permanent change to file data (or establishment of addi-
tional permanent files) or through the insertion of temporary program
statements to modify the main program. Selecting between these approaches
for a specific application will d-~pend on the nature and extent of the
changes. If they tend to be simple, then the temporary change to the main
program approach is preferred; otherwise, the changes are better made as
permanent changes to the affected files. In this latter case, additional
permanent file changes would again be required to restore them to their
original condition once the evaluations were completed.

The best means of accomplishing sensitivity analyses is to insert
temporary changes to the main program and take advantage of the looping
feature of the program. To illustrate, assume that the sensitivity to
some parameter (PARM ) is desired and that PARM is read from either the
conunon or sector files. Following the read statement for PARM , we could
then insert the following temporary statements:

PRI NT , * VARI ATION FACTORS*,

READ , VARF

PARM - VARF * ~~pJ4

Thus, each time PARM is read from the file, its value is modified by a
terminal input for the modification factor, which, if repeated over the
range of interest for the parameter, would then provide the resultant
output sensitivity curves for PARM (e.g., VARF could go from 0.1 to 10).
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Table 5-5 summarizes the specific terminal responses 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. As 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 described 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 RESI 1ONSE REQUIREMENTS
FOR NORMAL I’ROGRAM EXECUTION

- Term inal FORTR?LN
Question ‘ CommentsResponse Variable

1. Input sector file Permanent file SECFIL None
name? name of sector

to be evalua-
ted , e. ,g . ,
LOGAN

2. Do you want to YES or NO AR None
consider all
fac i l i t y  types?

3. How many types? Integer number NFT Only if AR — YES .

4. Facility? Facility name NAMF Only if AR ’— YES.
(e.g., ASR)

5. Do you want to YES or NO AS If AS NO, pro-
run another case? grams stops;

otherwise , it
recycles to
question 1 i ;r  a
new case.

I
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CHAPTER SIX

SYMBOLS

All symbols and variables appearing in the program listing (shown in
Figure 4-1 of Chapter Four) are summarized and described in this chapter.

Table 6—1 defines variables which are input via th-,~ sector and facilityfiles. Table 6—2 is a listing of variable symbols and definitions.
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Table 6-1 . INPUT FILE SYMBOLS AND DEFINITIONS

Symbol Definition Units

AOH Average annual facility operating hours Hours per year
BLR Intermediate level repair labor rate Dollars per hour
BMM}I Average intermediate level repair maintenance Maintenance man—

man-hours per action hours per
action

DOH Average daily operate hours per facility type Hours per day
FITT Average fault isolate and test time per Maintenance man-

facility type hours per
action

LABOR Labor skill name n/a
f.fl.R Average management support labor rate Dollars per hour
MPER Management support requirements n/a
NAMFAC Facility type name n/a
MTBCMA Minimum time between corrective maintenance Operate hours

action per facility type per failure
MTTR Minimum time to repair per facility type Maintenance man-

hours per
action

l’fl’RR Minimum time to remove and replace per Maintenance man—
facility type hours per

action
NDS - Number of daily shifts per facility type per n/a

restoration level
NFT Number of facility types n/a
NRL Number of facilities per restoration level n/a

per type
NSCAT Skill level identifier per facility n/a
NSL Number of skill levels per sector n/a
NWS Number of weekend shifts per facility type n/a

per restoration level
PCON Probability of contact per facility type for n/a

restoration level B
P1.1MM Preventive maintenance man-hours per action Maintenance man-

per facility type hours per
action

PBOD Average productivity per facility type n/a
PROOB Intermediate level productivity n/a
PSLR Overtime labor rate per skill level Dollars per hour
RTS Fraction of failures repaired at site per n/a

facility type
SDIF Shift differential per skill level n/a
SLR Labor rate per skill level Dollars per hour
SUP’ Personnel sufficiency factor n/a
TRT Average travel time per facility type Hours
TRTD Average daily PM travel time per facility Hours

type
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Table 6-2. INTE RMEDIATE VARIAB LE SYMBOLS AND DEFINITIONS

Symbol D e f i n i t i o n  U n i t s

DEMB Intermediate level repair demand per faci l i ty  type Maintenance
man-hours

DEMBT Total interir-ediate level repair demand Maintenance
man-hours

DEMD Corrective maintenance demand per restoration Maintenance
level per facility type man—hours

DEMDC Corrective maintenance demand per facility type Maintenance
man-hours

DEMDP Preventive maintenance demand per facil i ty type Maintenance
man—ho urs

DEMP Preventive maintenance demand per restoration Maintenance
level per facility type man—hours

EOH Average weekend operate hours per facility type Hours per
day

IF Preventive maintenance frequency identified 1 or 0
LDUM Dummy variable n/a
MS Daily maintenance shift identifier 1 or 0
NC Weekend operations identifier 1 or 0
NDUM Dummy variable n/a
NMINS Dwmny variable n/a
NNDD Minimum required number of personnel per skill n/a

• level
NOFT Total number of facilities n/a
NPER Number of maintenance personnel per skill level n/a
NS Total number of shifts n/a
PD Daily fai lure allocation factor n/a
PE Weekend fai lure allocation factor n/a
SECMCM Program name n/a
SMMHC Total corrective maintenance man—hours per action Maintenance

per facility type man—hours
per action

SMMMP Total call—backs corrective maintenance man-hours Maintenance
per action per fac i l i ty  type man-hours

per action
XDUM Dummy variable n/a
XNOF Average n umber of failures per year per facility n/a

type
XNOFD Average number of weekday failures n/a
XNOFW Average number of weekend fa i lu res  n/a
YY Shift differential identifier n/a
YDUM Dummy variable n/a
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