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Preface

As students in the Air Foros Inatituts of Technology's Graduate
Program in Space Operations, we are quite interested in the progress
of the Space Transportation System, This sysiem will be the primary
msans of launching DoD payloads into earth orbit, In fact, Dod
payloads will fly on up to half of all flights after 1988, Therefore,
any short falls the system may have in launch rate capabllity will
have a big impact on DoD, A review of the trade literature indicated
that the system has already reached the point of saturation and that
NASA has been unable to fund the hardware procurement and faoility
construction needed to increase the system launch rate to a level
sufficient to meet user needs, Therefore, additional operatienal
funding will have to be applied to the systea in the near future, As
this funding 1s bound to be limited, it must be wisely spent on those
portions of the system which will contribute greatest to increasing
the launch rate, The purpose of our thesia was to develop a IM

. rate enhancement plan whioh will present the propexr sequence in which

flight hardware and facilities should be added, This plan-also had to
provi.do accurate estimates of STS launch rate capability given various
oconfigurations of hardware and facilities, Therefore, the problea was
to develop a method which would acourately predioct STS launch nto
oapability and identify the bottlenecks in the system, Two sush
methods were devised, The analytic method was originally intended for
use in validating the simulation results, but it was found to be

acourate enough to b ussful by itself, Of course, if the most
accurate results ave desired, the simulation msthod is the one to use,
The launch enhancemsnt plan developed froa the two models is presented
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in Chapter VI, As expacted, the capacity of the system is less than
that anticipated by the current flight scheduls, The plan can therefore
bs used as a guide to determine what facilities and hardware to add to
meet the scheduled flights, In addition, it provides planners with a
tool to judge the financial viability of meeting various launch rates,

¥e would 1ike to thank our Advisor, Major Joseph Coleman of AFIT,
for his guidance in preparing this work, We would also like to exXpress
our sincere thanks to Mr, Herbert Fogarty of Rockwell International,
and Mr, Porter Bridwell and Mr, Vinoce Caruso of George C, Marahall
Spaceflight Center for their kind help in providing the data needed to
prepare this report, Finally, we would 1ike to thank our wives and
kids for putting up with us during the preparation of this thesis,
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Abstrect

The Space Transportation System (STS) is being developed by NASA
for NASA, DoD, and commercial use, National Space Policy dictates
that the STS become NASA's and DoD's primary means for launching pay-
loads into earth orbit, Unfortunately, the current flight manifest
saturades STS launch rate capability, Therefore, additional opsrational
funding will be required to increase it, This funding must be applied
to those portions of the system which contribute greatest to increasing
the system launch rate, This study presents two methods for deter-
mining the system launch rate, identifying the bottlenecks, and
developing a launch enhancement plan, The analytic method is fairly
easily and quickly done, using the data provided in the NASA Shuttle
Turnaround Analysis Report, while the Q-GERT simulation method gives
more accurate estimates of launch rate ocapability, Plans are presented
to show the facility configurations and flight hardware levels
required to produce various launch rates at Kennedy Space Center, The
capacity of VAFB was determined, but no launch enhancement plan was
developed for it since an increase in its launch rate would require
the obvbu: duplication of most of its facilities, The methods presented
can be used on the data provided in future STARs,




AN ANALYSIS OF THE SPACE TRANSPORTATLION SYSTEM LAUNCH

RATE CAPABRILITY UTILIZING Q-GERT SIMULATION TECHNIQUES

I. Introduction

The Space Transportation System (STS) is being developed by NASA
for NASA, DoD, and commercial use, This system is comprised of the
Space Shuttle flight hardware, their production facilities, and the
launch processing facilities at Kennedy Space Center (KSC) and
Vandenberg AFF (VAFR), National Space Policy directs that the STS be
the primary resowce for launching payloads into orbit, It also directs
DoD to assure the systems utility for national defense (Ref 1:2-3),
Therefore, most DoD payloads will be launched by the STS, 1In fact, the
current flight manifest shows that 35% of the STS flights scheduled
between 1982 and 1988 will carry DoD payloads, and the percentage will
rise to 50% after that (Ref 2:42), These DoD payloads will include
missile warning, surveillance, communication, navigational, and meteo-
rologiﬁal satellites (Ref 2:;40), In addition, technology now being
developed could be integrated into space based weapon systems for
national defense, Some of these systems would require STS launch due to
their large size (Refs 3:15; and 4:41),

Unfortunately, currently scheduled flights already saturate STS
capability, and high system development costs have prevented NASA from
procuring the flight hardware and processing facilities needed to

produce the launch rate required to meet user needs (Refs 5:120; and

6316-17), Therefore, additional operational funding will be required
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to increase the STS launch rate, However, tight economic conditions and
the major military modernization program underway will make funding for
space projects hard to obtain, That space funding which is obtained
must be wisely spent to insure that critical national defense needs are
met, Therafore, operational funding for STS launch rate enhancement
nmust be spent on those portions of the system which will contribute
greatest to increasing the system launch rate,

Problem and Scope

The purpose of this thesis is to develop a plan for increasing the
STS launch rate capability., The problem is to develop a method which
can acocurately predict STS launch rate capability given various facility
configurations and flight hardware levels, This method must take into
account the flow of flight hardware through the launch processing
facilities, and properly reflect the complex interactlons among these
facilitles and haxrdware, By accurately predicting system launch rates,
the method can be used to identify the bottlenecks in the STS., A plan
can then be developed to incrementally add capabllity to the bottlenecks
in order to increase the system launch rate,

Increases in STS capability are obtained by the addition of work
shifts or by facility and hardware procurement rather than by task flow
ad justment, The latter method is 1limited by system design and is best
left to the managers of the individual work centers, No funding limits
are assumed, The developed plan simply shows what work shifts and
facilities have to be added, and what hardware has to be procured to
meet various launch rates, It 1s left to NASA/DoD management to balance

the costs associated with achieving a particular launch rate againat the

valus of the payloads and budgetary constraints,
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General Approach
This study uses a Q=GERT network to model the STS launch process

flow, The Q-Gert approach is used because it is a computer analysis
tool which permits direct computer analysis on graphically modeled
systems (Ref 7:vii), The output from the Q-GERT Analysis Program is
used to identify the bottleneck(s) in the STS process flow (Ref 7;52-
55). Capacity is then added at the bottleneck(s) and the Analysis
Program 1s rerun, Successive ocutputs are compared to determine if
observed launch rate increases are statistically significant, This
process is repeated until the desired STS launch rate is achieved,
The results are then tabulated, showing the facilities/hardware

required to achieve various launch rates,

Sequence of Presentation

The Space Transportation System 1s described in Chapter II, The
research design provided in Chapter IlI shows the approach used to
deveiop and analyzs the Q-GERT model of the STS, Chapter III also
provides parametric descriptions and the statistical testing techniques
use, Describved in Chapter 1V are the steps taken to verify and validate
the Q-GERT model and the computer results, An analytic approach which
aided this validation effort is described in Chapter V., The procedure
used to apply the Q-GERT techniques to determine the launch rate
enhanoement plan is covered in Chapter VI, This Chapter also includes
a section on sensitivity analysis, Finally, the results are presented

in Chapter VII, and some recommendations for future study in Chapter

VIII1.
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Assumptions

This study bases its examination of the STS on the facilities and
hardware which will be available by the beginning of fiscal year 1987,
All of the facility upgrades and hardware procurement contained in
current funding plans are scheduled to be operational by then, Tt is
assumed that this schedule will hold, The facility upgrades include a
second launch pad and a solid rocket Processing and Storage Facility
(PSF) (Ref 8:68), Flight hardware procurement will bring the number
of Orbiters to 4 and the External Tank (ET) production rate to its
current 1imit of 24 per year (Refs 911003 and 10:179). Plans exist to
install the tooling required to increase the ET production rate to 55
per year, but the required funding is not being provided (Refs 10:179;
and 6116), However, the Solid Rocket Motor (SRM) production facility
is capable of handling the maximum envisioned production rate (Ref 11,
27).

It 18 assumed that no accidents occur to reduce the STS launch rate
capability, Orbiter damage or loss is not considered, and accidents,
such as hypergolic fuel spillage, are not allowed to interrupt the STS
work flow,

Much of the data used for the model parameters is obtained form

the Shuttle Turnaround Analysis Report (STAR 23) prepared by NASA

(Ref 12), This report charts the progress being made to meet the ground
turnaround design goal of 160 work hours, The turnaround time includes
all the activities which take place between the time an Orbiter lands
and is launched again, The report lists the various activities which
are required to prepare a Shuttle Vehicle for launch, Allocated and

assessed times are provided for each activity, The allocated times

e




are those necessary to meet the 160 hour design goal, while the assessed
times are those expscted when the Shuttle Program is fully operational,
The assessed times assume that procedures and tasks have been optimized,
and that personnel have achieved their maximum level of proficiency
(Ref 12:2-2).

Finally, it is assumed that payloads are available when needed,
and that the payload manifest for flights 5 through 63 is representa-
tive of the various types of payloads and thelr relative numbers
(Ret 9),

Literature Review

An extensive review of technical and professional literature was

accomplished, Library indices, such as the NASA Star Abstracts, were

thoroughly searched for studies which examined the STS launch rate,

The NASA Shuttle Turnaround Analysis Report, mentioned earlier, was

found in this manner, NASA and Defense Technical Information Center
(DTIC) computer literature searches revealed STS description reports
and environmental impact statements, Also reviewed were periodicals

such as Aviation Week & Space Technology, and journals such as

Simulation (Refs 13; and 14), The only article found on the subject of
STS launch rate was published in the June 1982 issue of Simulation.

The article, "Analysis of Space Shuttle Ground Operations," was

written by James R, ¥ilson, David K, Vaughan, Edward Naylor, and
Robert G, Voss (Ref 15), Their report presented a method for deter-
mining the probability of meeting a given STS flight schedule, Their
method also determines the dates by vwhich various hardware components
required for a particular flight must be available for launch

prooessing activities (Ref 15:187), Their use of simulation techniques
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is similar to the ones used in this study, However, their study did
not directly identify the bottlenecks in the STS or 1ist a plan for
adding capacity to the system,

This thesis makes extensive use of the Q-GERT computer simulation
techniques provided in A, Alan B, Pritsker’s Modeling and Analysis

Using Q-GERT Networks (Ref ?), The Q-CERT simulation language vas

developed to examine network flows in complex systems (Ref 7:vii-viii),
Some of the systems it has been used to analyse are truck hauling
operations, oll tanker port service facilities, and air cargo terminals
(Ret 717,216,371, and 375).

Analytic techniques were examined for their usefulness in solving
the launch rate probvlem, However, the discontinous nature of the STS
model’'s controllable variables, the lack of a solvable objective function
to relate those variadles to system launch rate, and the stocastic nature
of the STS launch process prevented the use of linear programming tech-
niques such as SIMPLEX and integer programming (Refs 16;165,261, and
4374 and 17:475), Queueing Theory was adequate to model portions of the
system, but the complexity of the system, and the probablistic nature of
its service activities, made an analytic solution computationally
infeasible (Ref 16:432), Therefore, simulation techniques were used to
generate representative samples of the system launch rate and to
identify bottlenecks in the system (Ref 16:437),

A Network Theory approach was used on a substantially simplified
model of the STS to produce estimates of the STS launch rates (Ref 18:
483-505), However, the simplification process made this analytic
solution less accurate than the simulation solution, Therefore, the

analytic estimates were used only to compare to the simulation results
in order to validate the latter,
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II. STS System Description

The STS is comprised of flight hardware and the production and
processing facilities which support that hardware, Flight hardware
includes Space Shuttle Orbiters, External Tanks, and Solid Rocket
Boosters (SRRs), Produotion facilities include the Thiokol plant which
produces the SRRs, and the NAéA Michoud facility at which Martin
Marietta produces External Tanks, Lu_mch processing facilities exist
at Kennedy Space Oenter (KSC) and Vandenberg AFB (VAFB), Flights
requiring ordital inclinations below 57 degrees are launched from KSC,
while those requiring higher inclinations will be launched from VAFP
(Ref 19:13), Restrictions against overland launches prevent either site

from acting as a backup for the other,

Kennedy Space Center
A typlcal STS flight at KSC begins in the Orditer Processing

Facility (OPF). 1In this facllity, the Orbiter is serviced, equipment
from the previous f1ight is removed, and the payload bay is prepared
for the next flight., Although Spacelab equipment is installed in this
faclility, free flying satellites are inserted into the Shuttle bay at
the launch pad (Ref 20). Conourrently, an SRR pair is assembled, The
aft skirt and rear segment for each SRB are assembled in the Processing
and Storage Facility (PSF), That assembly is then moved to a High Bay
in the Vehicle Assembly Building (VAB) and attached to a Mobile Launch
Platform (MLP). The remaining SRB segments and the forward skirt are
stacked, and an External Tank attached, After the Orbiter has been
serviced, it is moved to the VAB and attached to the SRB/ET combination.

Following system checkout procedures, the MLP, with the assembled
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Shuttle Vehicle on top, is moved to the launch pad, After prelaunch
servicing, the Shuttle is launched, The SRBs separate after use and
are recovered for refurbishment. The External Tank, which stays with
the Shuttle until it has nearly achieved orbdit, detaches and burns up
as it falls to Earth, The Orbiter then enters orbit, accomplishes its
mission, and return to Farth, It receives post-landing servicing at
the landing field, and is then towed to the OFF {0 begin the process
anew, The recovered SRRs are washed and disassembled, the SRR motor
segments are shipped to Thiokol for recasting, and the reuseable
components are refurbished at KSC,
The OFF has two bays, which permits the simultaneous servicing of

two Orbiters, The PSF can process one flight set of SRBs at a time,

and can store components for two other sets, The VAB has four High
Bays, Two of these are configured for Shuttle Vehicle assembly, while
the other two contain checkout (c/o) and storage cells for the External
Tanks, Should it become necessary to configure & third or fourth VAB
High Bay for shuttle assemble, a separate External Tank c/o and
storage facility would have to be built, There are two MLPs configured
for shuttle use, and a third is avallable for reconfiguration, Tvwo
cravlers are available to move the MLP/Shuttle Vehicle to either of the
two launch pads (Ref 8), Although the current flight manifest will soon
tax the capacity of these facilities, the funds needed for facility
expansion are not contained in future budget plans (Ref 6:16-17),

Yandenberg AFB
Vandenderg AFB launch processing proceeds along similar lines, The
site has separate faclilities for Orbiter, SRB, and External Tank

processing, However, these three components are assembled at the launch
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pad, The VAFE OFF is capable of handling only one Orbiter at a time,

and there is only one assenbly/launch pad available (Ref 21),

SRB and External Tank

SRBs are shipped to both launch sites by rail, and External Tanks
are shipped by barge (Ref 22:99), The maximum scheduled production rate
for doth ars 24 units per year, and their production facilities are
designed for future expansion to 40 units per year (Refs 23; and 24),
Production greater than the latter rate would require a more extensive

implacement of tooling and equipment (Refs 10:79; and 22:97),

Figures 1 and 2 show the launch process flow for KSC and VAFB,
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III. Research Design

The primary purpose of this project, as stated in previous chapters,
is to determine the launch rate capabilities of the STS under various
configurations and to determine what facilities to add to the system in
order to increase launch rate capabilities, In order to answer this
question a methodolgy of experimentation is required, This chapter
describes the process that was used to determine the experimental
design utilized to answer the question mentioned above,

The first section of this chapter describes the basic research de-
sign considerations for this experiment, This design includes the
response variadble, the pertinent factors and their levels of interest,
and design factors taken into account'when designing the model, The
sscond section presents the Q-GERT simulation technique and a ‘rief
history of some of its facilities that led us to choose this method
for our analysis, The third section describes the structural and
parametric models developed to deplict the KSC and VAFR STS turnaround
systems, The final section descrives the experimental methodology
used to evaluate launch rate capabilities, Also included is a descrip-

tion of the statistics used to test the results,

Research Design Considerations

The first step of the research demign is to identify the responae
variable(s) desired, the dependent variables (factors) and their levels
of interest, and other considerations of interest, One consideration

would be to determine the type of output needed to do statistical

testing on the results, This section presents each of these criteria as
they pertain to this study,
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Response Variable, As previously mentioned, the objective of this

study is to determine the launch rate capabilities of the system under
various configurations, Therefore, the primary response desired from

the model needs to provide information that can be used to calculate the

launch rate, Thus, the model selected must output the number of launches
yor year that the system is capable of producing or output something that
can be converted to launches per year (such as the time between launches),

Factors. There are numerous factors which affect the launch rate ]

capadility of the system, There are, however, a limited number of
factors that will both affect the launch rate and be such that they are

easily altered in the actual system, The factors that were selected as

the portions of the system at KSC to bs varied are the following:
1, Orbiters,
2, Orbditer Processing Facility (OPF) bays,
3. Cravlers,
4k, Launch Pads,
5. Mobile Launch Pads,
6. Vehicle Assembly Bullding (VAB) High Bays,
7. Processing and Storate Facility (PSF),
8. Solid Rocket Booster (SRB) storage,
9. External Tank (ET) Checkout Cells,
10, ET Storage Cells,
11. ET barges for shipment to XSC,
! 12, ET production rate, and
13, workshift schedules,

These factors were chosen both for their expected degree of effect on

the launch rate of the system and for their ability to be altered,




The ground system at VAFB is designed such that it would be
difficult to vary any of its facilities, The system, in fact, is not
designed to easily provide for increased number of launches, Therefore,
none of its factors were varied in its Q~-CERT model, This area is
further discussed in upcoming sections of this chapter.

Having chosen the factors, our next concern was to determine the
levels that each of the factors could obtain, Factors one through

sleven are such that they are added by integral amounts, The beginning

levels for each of these factors was determined by the number that each
was expected to have at the end of 1986 and are given in chapter II,
Thereafter, the level of each factor was increased as required,

Factor twelve was considered at three levels, The first level was the
current estimated capabllity of 24 ETs per year, the second level was
the future planned rate of 40 per year, and the last level is 60 per
year, The last rate is the rate the system was originally designed to
ultimately achleve, Factor thirteen was also considered at three
levels, The starting level was that which was used for the analysis in
the STAR (that is, two shifts for five days a week), The next level
was an increase to three shifts for five days a week, while the last
level was set at three shifts for seven days a week (around the clock
operstions),

Additional Concerns, For thoroughness sake, it would be best to

determine the launch rate under all of the various possible combinations
of the factors described above, However, the number of runs of the
systen required would be prohibitively large, For example, if factors

one through eleven had only two levels then the number of runs of the

system required to examine all of the possible configurations would be

18432 (2“*32). Therefore, it was desiradble to reduce the number of
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configurations to be examined, For the majority of the runs it was

anticipated that there would be a single 1imiting factor and thus it
would be ineffective to add to the other factors, Therefore, in !

¥ sddition to the number of launches per ysar, the model must output ]

information on resource usage and identify which components are delaying
launches and where the delays are occurring., This output would allow
efficient analysis of the system and enable resource addition to only
those factors which will improve the launch rate, This result greatly
reduces the number of runs required and thus saves computer time and
money,

Finally, the model must output information, such as the variance

of the means, to be used in the statistical testing of the results,
In summary, the model must output the number of launches per year
or give an equivalent output which can be used to calculate that value,

It must also allow the input of the various levels of the factors

mentioned, and it must output information on the usage of the various
factors, Finally, it must indicate where components are delayed, and

1t must output the data required to perform statistical analysis,

Q-GERT Simulation Techniques

Once the experimental design considerations mentioned above were

identified, the next step was to determine which simulation technique

was best suited for the study, This section describes the Q-GERT
technique selected and includes & bdrief history of the method, This
‘ technique was selected for its compatidility with the design criteria
’ previously mentioned, A brief description of the main facilities of
Q-GERT that led to its selection are presented,

Q-GERT Desoription, Q-GERT, as deacribed by its originator,
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A, Alan B, Pritsker, is a “"network modeling vehicle and a computer
analysis tool" (Ref 7:vii), GERT stands for Graphical Evaluation and
Review Technique, while the Q indicates that the technique allows for
the modeling of queues in a system, Q-GERT was designed to support

the sﬁtem approach to problem resolution, This approach consists of
decomposing the system into its significant elements, analyzing and
describing these elements, integrating the elements into a network model

of the system, and finally assessing the system performance through J

evaluation of the model (Ref ?7:viii). Q-GERT is therefore a method of
both modeling and analyzing systens,

Q-GERT can be traced back to PERT (Performance Evaluation and
Review Technique) and it is in fact a direct descendant of that method.
PERT was developed to show sequencing of activities and was an
activity-on-tranch representation of networks, Nodes were then
introduced to allow scheduling and decision points in the network and

; from this GERT was developed., GERT went thrsugh various stages,

including GERTS, GERT II, GERT IIIZ, and others, Eventually, from
these methods Q-GERT was developed, The btrief history given above was g

gleaned from Pritsker's Modeling and Analysis Using Q-GERT Networks.

(Ref 7:11-26), If more information on the history of the development vl
of Q-GERT is desired, the reader ies referred to the above book.

Q-GERT network modeling is based on an activity-on-branch

:-. 3 philosophy (Ref 7:3), This philosophy indicates that transactions
flowing through the network move down btranches that represent activities

such as proceasing times and delays., Branches are separated by nodes i

T et

vhich represent decision points, milestones, or queues, At the nodes,
decisions are made on twranches to be taken (if any), information such
as arrival time and processing time is kept, and/or transactions are
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held awalting server avallavility. Q-GERT allows both serial and

parallel processing of transactions,

As indicated in this description, Q-GERT has two basic functions,
First, Q-GERT provides symbology for constructing a graphical network
model of a system, This symbology allows the user to communicate
visually their representation of the system, The second function of
Q-GERT 1s to provide a computerized code to translate the graphical
nodel into a computer readidle languages so that analysis can be
conducted, The methodology also provides an analysis program which
utilises the model code, The Q-GERT Analysis Program is written in
ANSI Fortran IV, There is, however, a separate set of Q-CERT instruc~
tions that allows the user to easily code the model for analysis by the
analysis program. In this sense, Q-GERT can be considered a simulation
language,

Therefore, Q-GERT provides a methodology for constructing and
analysing simulation models of network systems,

Q-GERT Facilities, This section describes some of the Q-GERT
facilities that led to its choice as the simulation technique for this
study, The discussions are brief and if further, more detalled informa-
tion on the facilities is desired the reader should refer to Pritsker's
book (Ref 7).

First, Q-GERT allows for both user directed and sutomatic collec-
tion of statistics, There are five types of statistics that can be
requested by the user, They are the time of first releass of a node
(first), the time of all releases of a node (all), the time betwsen
releases of a node (between), the time between the marking of a trans-

action and the release of a node (interval), and the time that trans-
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actions wait at a node for the arrival of other transactions needed to

cause node) releass (delay), For this study the statistics of interest
are the between and the interval statistics, The between statistics are
used to determine the time between launches (which can be converted to
the average annual launch rate), The interval statistics are used to
collect information on the average processing time for the Orbiter in
the OPF, In addition to the user requested statistics, statistics are
automatically collected and output for various types of nodes, At
queue nodes, statistics on the average number in the queue and the
average walting time in the queue are collected, These statistics are
used to help determine where components are waiting for resources or for
other segments of the system to clear, These statistics can therefore
be used to help determine the limiting factor in the system, Thus the
statistics facilities provide the output of the desired response variabdble
and the information needed to determine limiting factors,

A second facility of é—cER'r allows for the designation of resources
that are limited in number, This facility is used for nearly all of the
factors of interest, since they are all of limited number, This capa-
bility allows for the delay of transactions due to a lack of available
resources, In addition statistics are automatically collected on all
designated resources, These statistics include the average number of
resourse units utilised and their availability over the run of the
system, This information is used to help determine limiting factors in
tre systen,

Next, Q-GERT allows for the marking of transactions with attributes,
These attridbutes can be used in making branching decisions at nodes and
for keeping track of various <types of transactions flowing through the
systen., In this model, the attributes are used to number Orditers, keep
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track of the number of missions that each Orbiter has been on, identify
payload types, and to hold information on branches to be taken, The
mission number is used to determine what type of special maintenance, if
any, is to be conducted on the Orbiter in the OFF, The payload types
are used to determine the type of activities to de conducted in the OFF
and to determine the length of the mission, This facility allows for

& consistent sequence of activities for each use of the Orbiter,
Without this faclility, probabilities would have to be relied on, thus
adding more uncertainty to the model,

Another useful facility of Q-CERT is the avallablility of assemdly
nodes, These nodes hold transactions in queues until one of each part
of an assembly is available and then combines the transactions, thus
simulating assembly of the units, There are numerous points in the STS
system where this type of facility is required., Such points are SRB and
ET assembly, and Orbiter mating to an SRB/ET assembly. With the trans-
actions waiting in queue nodes for the arrival of the component to
which it will be assembled, the automatic collection of statistics will
indicate which item is delaying the assembly. This information will help
determine the limiting factor in the systenm.

Q=CERT utilizes a next event time keeping systein rather than a
fixed interval time keeping scheme, This is most appropriate for this
study since the transactions move from node to mode and do not alter
processing time once on a particular branch, A fixed interval time
system 1s not required since the transaction movement is the concern
of this model and not the changes of the system over time, With fixed
interval, an activity could be completed in the middle of a time period,

but the model would not see the completion until the end of the period,
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This result could cause a loss in timing accuracy and affect the
results of the study, Compensation for this problem would require the
setting of the fixed interval at a value sufficiently small to reduce
the possible errors. This action would, however, greatly increase the
computer time required to run the system, 1In general, the next event
tine keeping system is used when the analyst is interested in what
happsns to the individual items in the system (Ref 25:110). Therefore,
this time keeping scheme is the method most appropriate for this study,

Additionally, Q-GERT provides a variety of distributions that can
be utilized in a model. The distributions of interest in this study
are the normal, the uniform, and the Beta-FPERT, This facility provided
the major ability that was not available for use with the analytical
model, that is, the ability to estimate the variability of the system,
The specific ways that these distributions were utilized is further
discussed in the parametric model descriptions,

Pinally, Q-GERT allows the user to add special user defined func-
tions and subroutines to accomplish tasks not provided for in Q-GERT,
The two areas used in this model were the User Punction(UF) and the
User Input (UI) Subtroutine, Subroutine UI was used to initialige values
that were required at the bveginning of each run., This subroutine 1is
automatically called by Q-GERT at the beginning of each run of the
model, UF is entered when requested at a node or activity in the Q-
GERT model, Numerous functions can be contained in UF, The specific
function to be eéntered is determined by the value of the argument
given by the user, Some of the spscific uses of UF in this study
were to set the initial number of misaions for each Orbiter, to deter-

mine the type of payload, to determine when to send ETs and Orbiters
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t0 VAFB, and to delay other VAB activities when SRB stacking was

ocour®rg in the VAB, In addition to these facilities, Q-GERT has
many intrinsic functions and subroutines that can be used in the user
designed functions and subroutines, The availability of these items !
allows the user to reduce the size of user designed programs, thus
simplifying the programmetr’s Jjob,

Therefore, primarily for the reasons listed above, the Q-GERT

simulation technique was selected as the technique to use in this

study.

Structural and Parametric Models

The next step in the research design process was to design the
simulation models, This section describes the structural and parametric
models utilized for analysis,

Prior to the description of the models, an explanatlon of the rea- }
son for the two models, one for KSC and one for VAFB, is given, The
primary reason for separating the two into different models is the
difference in the design of the two ground systems, The allowable
launch agimuths out of VAFB are only good for high inclination polar
type orbits, Since only a limited number of payloads will require this
orbit, VAFP was designed to handle only a few launches per year, The
VAFB ground system was not designed to allov for increases in capacity
and is basically fixed in its launch capabilities, Because the Shuttle

is assemdbled on the pad at VAFB, the only way to increase VAFE launch

rates is to decrease the activity times or duplicate most of the i
facilities, Therefore, the launch rate at VAFB was considered to be ?
constant, VAFE was modeled to determine this launch rate and to

determine the proocessing times for an Orbdbiter at VAFE, This informa-
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tion was then used in the KSC model.to model the draw off of resources
for VAFB operations, In summary, this study does not look at increasing
the STS launch rate at VAFB, since increasing it beyond current capa-
bilities would require the obvious duplication of most of its facili-

ties,

VAFB Structural Model, The assumptions made in this model are the

same as those listed in the VAFB Shuttle Turnaround Analysis Report

(VSTAR 05) .ground rules (Ref 21:162-64), Chief among these assumptions
is that ETs and SRBs are available when required and that there is a
single Orbiter dedicated for VAFB use, In addition, this study assumes
that there is a single barge dedicated to ship ETs from the Michoud
production plant to VAFB, and that this barge can carry four ETs per
trip, Q-GERT graphical and computerized representations of this model
can be found in Appendix B, The node numbers and activity numbers
referenced in this description are from that graphical model, The
mode] was developed using the information contailned in VSTAR 05,

The supply of ETs required for the complete run of the model are
generated (node 51 and activity 1) and then they wait at the Michoud
facility (node 1) for the barge to become available, When the barge
becomes available, four ETs are shipped to VAFB (activity 5) where they
wait for checkout and storage (node 5). When a transport (one available)
and ET storage (four available) become free, an ET is offloaded (activity
6), transported to the ET checkout facility (activity 7) and inspected
(activity 8), The ET then waits for the checkout cell (node 13) and the
transport is returned to the bvarge (activity 10), If there is one or
three ETs remaining to be unloaded, then another ET is unloaded (activi-

ty 20).and moved as above, If there are two ETs still on the barge, the
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ET transportation kits from the first two ETs are loaded onto the barge

e e e

(activity 19) before the next ET is unloaded, If no ETs remain to be
unloaded, the last two ET transportation kits are loaded onto the barge
; (activity 15) and the barge is returned to Michoud (activity 16), When
" the barge reaches Michoud (node 22), four more ETs are loaded and the
process is repeatéd,

¥Vhen the ET checkout cell is free (one available), the ET is

checked out (activities 11, 12, and 13), After that, the ET is returned
to storage where it waits to be used (nod§ 28), The FT checkout cell is
then prepared for the next ET (activity 22), after which it is made
available for use (node 26),

The Orbiter is generated (node 53) and waits (node 31) for the ;
Orbiter Maintenance and Checkout Facility (OMCF) to become available, ‘
When this facility 1s free.(one available), the Orbiter is moved into it ,
and prepared for launch (activity 27)., After that, the Orbiter waits in
the OMCF (node 34) until it is needed at the pad for mating with the
SRB/ET assembly,

When a SRB/ET assembly becomes available, the Orbiter is moved to
the pad and OMCF is freed (node 37), The Orbiter is mated (activity
29) and then pad operations are conducted (activity 32), Upon comple-
tion of the pad operations, the Shuttle Vehicle is launched (node 40)
and the time between launches is retained,

The Orbiter conducts its mission (activity 33), after which it
lands at VAFB, If the landing strip is in use, the landing is .

=ty

delayed (node 42 and activity 34), When the landing strip is free,
the Orditer lands and post landing operations are performed (activity
35). The Orbiter is then moved to the safing and deservice facility
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(node 29) where it is safed (activity 25), The Orbiter is then towed

to the OMCF (activity 26) where it waits (node 31) for the OMCF to
become avallable,

After launch, the launch pad is refurbished and prepared for the
next SRP stack (activities 36 and 37). The SRBs are then stacked and
verified (activity 39), after which the assembly waits for an ET (node
45), When an ET is available, the ET is moved to the pad and the ET
storage cell is freed (node 48), The ET is mated to the SRBa (activity
43) and the assemdbly then waits for an Orbiter (node 50),

VAFB Parametric Model, The parametric model used for the VAFB sys-

tem was determined from the data contained in VSTAR 05 (Ref 22), This
report provides both allotted and assessed times for the various activi-
ties, The activities given in VSTAR 05 are presented in terms of the
work hours required to complete the various tasks, The ground rules
for the assessment of the turnaround is based on two work shifts
operating for five days per week, Since the desired cutput of the model
is a measure of yearly launch rate and the output of the structural model
is given in time between launches, the activity times need to be con-
verted to a form which can be used to produce the desired results, The
yearly launch rate can be determined by dividing the number of days in
& year by the average time between launches (in days), It was there-
fore desirable to convert the work hours to days, Working two shifts
for five days per week equates to 80 hours per week or 11,428 hours
Par day. Dividing the work hours by this figure gives the number of
11,428 hour days required to complete the task. For example, if a task
requires 20 work hours to oomplete, it takes 20 hours/11,428 hours per
day , or 1,75 days to complete,

The next requirement was to determine the distribution(s) to use
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in the model, For most of the activities there was very little differ-
ence dstween the allotted and the assessed times given in the VSTAR 05,
Due to this fact, and the fact that the times are a compilation of many
individual sub-tasks, it was decided that a normal distribution should
be used for most of the activities, The average of the allotted and
the assessed time was used as the mean of the distribution, and one
half of the difference between them was used as the standard deviation
of the distribution, Had the model been based on the many individual
sub-tasks, the overall distribution which would result would tend to
look 1ike a normal distribution as indicated by the Central Limit
Theorem (Ref 30:181-185), This selection of distridutions was tested
against other possible distributions to determine how this selection
affects the results of the model, The results of this analysis are
reported in Chapter VI,

There were some parsmeters that were not listed in VSTAR 05. One
of these parameters was the mission time, The distribution used was
the same as the nominal mission that is presented in the KSC parame-
tric model and therefore discussion is deferred on it until then.
Another parsmeter not in VSTAR 05 is the shipping time for the ETs from
Michoud to VAFB, Conversation with Michoud ET personnel indicated that
the shipping time would be between 25 and 30 days one way.(Ref 23),
Lacking further information, a uniform distribution was used with the
minimum and maximum times set equal to the figures given above,
Finally, there were some activities which had assessed times equal to
their allotted times, ET transport time to the pad is one such time,

These activities were given constant distributions,
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KSC Structural Model, This section describes the model used to

simulats the KSC STS facilities, The facilities included in this
description are those that are used as the starting points of the
study, The node and activity numbers referenced in this section are
those listed in the Q-GERT network for KSC, This network and its
computerized representations are found in Appendix A,

Prior to describing the model, one of the important assumptions
should be discussed, The assumption that SRB production and refurbish-
ment facilities can supply the number of SRBs required for the various
launch rates is made for two reasons, First, the modeling of the SRR
retrieval and production system would add great complexity to the
model, but would not provide much more insight into the system, The
reasons for th}.s result are that the model would have to make many
assumptions on component lifetimes, probabilities of loss, and
distritutions of lifetimes, These factors would have to be estimated
with little or no data available to use in doing so, Secondly, it was
found during literature searches that detailed studies have already
been done on this subject (Refs 26; and 27), That research produced
a model of the SRB system, BOSIM (Ref 26), This model has been used to
determine the number of SRB components needed to reach various launch
rates, Results from this model for a 445 launch traffic schedule can

be found in James V, Butler's SRB Subsystem Quantities for 1979-1991

Shuttle Operations (Ref 27), Our study of KSC operations could not
provide further insight into the SRB area, and, in fact, the modeling
of the SRB retrieval and production system could decrease the : - 1iabil-
ity of the model, Therefore, the assumption was made that SRE produc-

tion is sufficient to provide SRBs to KSC when required,
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At the beginning of the structural model, the initial Orbiters

(three at KSC) are generated (node 1), and an additional one is
generated at VAFB (node 31), At these points, the Orbiters are numbered
(attribute 2), the number of missions each will have by the start of
fiscal year 1988 is determined (using UF 1) and stored in attribute 1,
and the initial down payload is set (attribute 3), UF 1 contains the
number of flights each Orbiter will have by fiscal 1988 and 1s based on
the current f1ight manifest (Ref 9), The Orbiters then wait (node 2)
for an OPF bay to become available (node 3),

When an OFF bay is freed (two available), the Orbiter moves into
it and required Orbiter servicing begins (nodes 4 through 27), First
the up payload is selected (UF 4), The payload is selected using
cumulative probabllities calculated using the shuttle manifest and a
Monte-Carlo sampling technique.(Ref 9), The payload types considered
are the following:

1. Spacelad,

2, Horizontally installed (non-Spacelab), and

3. Vertically installed (payload inserted at the launch pad).
once the payload selection is made, the Orbiter is safed and deserviced
from its previous flight (activity 4),

From this point four parallel Orbiter activities take place in the
OPF, The first set of activities (nodes 6 through 11) is payload
related, First the down payload is removed (activity 5 or 6) and then
the up payload is loaded and serviced (activities 7, 8, 9, or 10), The
partiocular activities that are conducted depend on the payload type,
Finally, the final system verification is conducted (activity 11) and
then the Orbiter waits for the maintenance activities to be completed
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(node 11), The second path in the OPF is concerned with Space Shuttle

, Main Engine (SSME) maintenance, The routine SSME maintenance is
conducted (activity 12), and the Orbiter then waits for the completion
of any Periodic Significant Scheduled Tasks (PSSTs) (node 12), The

SSME PSSTs are accomplished at various flight intervals and are conducted
in parallel with the routine SSME maintenance, The type of PSST to be
completed is determined by the mission number for the Orbiter (using

UF 5), and is then performed (activity 14, 15, 16, or 17). When the

PSSTs are completed, the Orbiter waits for the routine maintenance tc
be completed (node 14)., When all of the SSME manitenance is completed,
the two transactions are combined and the new transaction waits (node
17) for the other OPF activities to be completed, The third parallel

path 1s the Orbiter scheduled maintenance, The routine maintenance

(activity 15) 1s conducted in parallel with Orbiter PSST maintenance #
(activity 21, 22, 23, 24, or 25), Which type of Orbiter PSST (if any)
is conducted depends, 1like the SSME PSST, on the number of missions that
Orbiter has completed (using UF 6), When both the routine and PSST
Orbiter maintenance is completed, the Orbiter waits (node 23) for the
other OFF activities to be completed, The final parallel activity is
the Thermal Protection System (TPS) maintenance (activity 27), When
this activity is completed, the Orbiter waits (node 24) for the other
OFF activities to be completed, When all four of the types of

Orbiter maintenance are completed, the time the Orditer was in the

OFF is recorded (node 26) and the Orbiter waits in the OPF (node 27)

for an SRB/ET assembly to become available in the VAR,

The next portions of this section will describe the SRR, ET, and

VAR portions of the model,




The initial aft skirts for the SRBs are generated (node 51) and wait

(node 52) for the PSF (one available) to become available (node 53), 4‘
When the PSF is free, the aft skirts (one pair at a time) are mounted i
on the stands (activity 53) and wait (node 55) for the SRM canisters
to arrive (SRM canisters wait at node 56), When both are availabdble,
the aft skirt and the aft SRB segment are mated (activity 55), This
assenmbly then waits for storage to become available (node 58), When

storage is frees (two bays available), the assembly is moved into it

(node 63) and the PSF is freed (node 61) for the next SRR set,

Three MLPs are generated (node 64) and wait for a VAR High PRay
(node 65), When a High Bay is free (two available), the MLP is moved
into it and prepared for SRB stacking (activity 62), 1If SRR stacking
is taking place elsewhere in the VAB, the MLP activity is delayed
(using UF 11) until the stacking is complete, When the MLP preparation
is complete, the MLP/VAR set walts (node 68) for a SRB pair to become

available for stacking,

e —— -~

When both a SRB pair and a MLP/VAB set become available, the SRB
pair is moved into the VAR and the SRB storage bo.yiis released (node |
96), SRB stacking then begins (activity 64), Since SRB stacking is :
a hasardous operation, all other VAR activities (activities 32, 62, 65, ‘
69, 70, and 77) are delayed until the stacking is complete (using UF 9),
After stacking 1s complete, SRB verification is conducted (activity 65),

after which the assembly waits (node 72) for an FT to become available

for mating,

The ETs are produced at a rate of 24 per year (node 79 and

activity 71). ETs are then selected to be sent to either KSC or VAFB

(node 80), This decision is made (using UF 8) on the basis of sending
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ten ETs per year to VAFBR (ten is the figure obtained from the analysis

of the VAFB model and projected flight schedules), The ETs to be sent
to KSC wait (node 81) for a barge (four available), It is assumed
that there is a separate barge available to send ETs to VAFR, When a
barge becomes available, the ET is shipped to KSC (activity ?4), When
the ET arrives at KSC, it waits (node 84) on the barge for an ST check-
out cell to become svailable (two exist). When the checkout cell becomes
available, the ET is offloaded and the barge is sent back to the Michoud
facility (activity 75) for further use (node 8?), The ET is then
processed through the checkout cell (activity 7?7), This activity is
delayed when SRB stacking opsrations take place (using UF 15), When the
ET processing is complets, the ET waits (node 89) in the checkout cell
for a storage cell to become avallable (two exist), When a storage cell
is freed, the ET is moved to it and the checkout cell is freed (node 92),
¥hen an ET and a SRB assembly are both available; the FT is moved
to the MLP/SRB assembly and the storage cell is freed (node 75), The
ET is then mated to the SRB assembly (activity 69), This activity is
delayed (using UF 14) during SRB stacking operations (in the other High
Bay). After mating, the SRB/ET assembly is checked out and verified
(activity 70). Again, this activity can be delayed by SRB stacking
operations (using UF 14), When verification 1s complete, the SRB/ET
assenbly waits (node 78) for a serviced Orbiter to become avallable,
When both an Orbditer (waiting in the OPF, node 27) and a SRB/ET
assembly are available, the Orbiter is moved to the VAB (activity 30)
and the OPF day is freed (node 29). The Orbiter is then mated to the

SRB/ET assembly (activity 32)., This activity is delayed (using UF 10)

when SRB atacking operations take place in one of the other High Bays,




When the mating 1s complete, the Shuttle Vehicle waits (node 32) for a

cravler (one available) and then waits (node 34) for a launch pad (two
available), When both are available, the shuttle is moved to the pad
(activity 33) and the VAB High Bay is freed (node 98), After arrival at
the pad, the crawler is returned (activity 34) and freed for further use
(node 38), Pad operations are then conducted (activity 36), after which
the shuttle is launched (node 40), The mission number is incremented
and the time between successive launches is retained,

After the launch, the pad is refurbished (activity 37), and then
freed for further use (node 41), The MLP is washed down on the pad
(activity 61), after which it is moved to the VAR where it waits
(node 65) for its next use, As mentioned in the SRB assumptions, the
SRB components are immediately returned (activities 53 and S4) for
further use,

The Orbiter conducts its mission (activity 40 or 42, depending on
the payload type) and then prepares to land, This model assumes that
the Orbiter lands at the site from which it will next be launched, The
landing site is determined (using UF 7) such that ten Orbiters per year
go to VAFB, If the Orbiter is to land at KSC (activity 42), the landing
strip is checked to see if it is free (node 45), If the strip is in
use, the Orbitor landing is delayed (node 46 and activity 43), 1If the
strip is free, the Orbiter lands and the post landing activities are

accomplished (activity 44), after which the Orbiter 1s moved to the OPF
for servicing (node 2),

If the Orbiter is to land at VAFB (activity 45), the VAFF landing
strip is checked (node 47) to see if it is free,. If not, the landing is
delayed (node 48 and activity 46), If the strip is free, the landing
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and post landing operations are conducted (activity 47), after which

the Orbiter waits to be used (node 49), The Orbiter is then processed
for launch (activity 48), and finally launched (node 50). The number

of Orbiter missions iz updated and the time between missions is retained,
The Orbiter then conducts its mission (activity 49), and when it is
finished, the landing site decision (node 44) is made as before, At

the start of the run a single Orbiter is generated at VAFE (node 31),

KSC Parametric Model, This section describee the activity para-

meters used in the KSC model, The majority of the parameter data was

obtained from the KSC Shuttle Turnaround Analysis Report, STAR 23

(Ref 12), This data, like the VSTAR data, is given in terms of allotted
and assessed tinmes,

As in the VAFR parametric model, the data is given in work hours
and needs to be converted to days, This was accomplished in the same
manner as was the VAFB data, Additionally, the KSC model allows for
increased number of shifts above the nominal two shift, five day per
week schedule, The additional levels considered are three shifts for
five days per week, and three shifts for seven days per week, These
convert to 17.143 and 24 hours per day, respectively, These values
are used to convert the given work hours to days,

Unlike the VSTAR 05 data, the STAR 23 data shows wide differences
between the allotted and the asseased times, In fact, the estimated
overall turnaround time has an assessed value of 888 hours (77,7 days)
compared to the design, or allotted, value of 160 hours (14 days)
based on two shifts for five days per week,

Due to the lack of actual data to statistioally fit known
distriutions against, 1t was decided to use the beta~PERT distri-
bution provided by the Q-GERT Analysis Program for the majority of the
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activities, This distribution was chosen because it does not require

a calculation of the mean or standard deviation of the distribution,
Instead, the beta-PERT uses estimates for the most likely (m),
optimistic (a), and pessimistic (b) times to calculate the mean

(a + bm + b)/6 and the variance (b - a)2/36 used in conjunction
with the beta-PERT distribution (Ref 7:;204-208),

It was assumed that the assessed times given in the STAR were the
most likely values for the activity times, The allotted times in the
STAR are based on the design turnaround time of 160 hours and these
were therefore taken to be the optimistic times, There was no data in
the STAR on vwhich to base the pessimistic times, Therefore, it was
decided to make them symmetric with the optimistic times around the
most likely times, Personnel responsible for preparing the STAR were
contacted and their opinions solicited, Such conversation indicated
that the above cholces for most likely, optimistic, and pessimistic
times were as good a guess as any (Ref 28),

It was recognized that the selection of the optimistic and
pessimistic times could affect the outcome of the model, Therefore,
sensitivity analysis was performed on them and the results of that
analysis are presented in Chapter VI,

Although the majority of the parameters in the STAR were modeled
using the bdeta-FPERT distribution, there were some parameters which
had allotted and assessed times which were nearly equal, Some of
these were MLP and pad refurbishment times, and transportation
tines for moving shuttle components between the various facilities,
For these activities, the times were taken as constant and equal to
the minimum of their allotted or assessed times,
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As with the VAFB model, there were some parameters that were not

presented in the STAR, Specifically, these were the ET shipping times,
the Orbiter mission times, and the Orbiter use time at VAFB, For the
ET shipping time, the pesrsonnel responsible for the ET were contacted
and they indicated that this activity would take seven days (Ref 23),
This was used as a constant time in the model, For the mission times,
it was determined that there are two basic sets of mission times, One
time would be for Spacelab missions, Power extension packages are
planned for development and use, These packages can extend the
maximum shuttle endurance time from 14 days to 30 (Ref 29:20), The
primary use of these packages would be to extend Spaceladb mission
time, Based on this information and our recollections of projected
Spacelad mission times, it was decided to use a normal distridution
with a mean of 12 days to model these mission times, The standard
deviation was chosen to be 3 days, and the minimum was set at 7 days
and the maximum at 30 days, Literature dealing with the other types
of missions indicated that an average mission time of 4 to 5 days

was expected (Ref 5:22; and 12:7-16). Therefore, the mission times
for all non-Spacelab missions were selected using a normal distribu-
tion with a mean of 4 days, a standard deviation of 1 day, a minimum
of 2 days, and a maximum of 7 days, The expected value of the Orbiter
mission time, found by multiplying the means of 12 days and 4 days
times their respective ratios of occurrence, is equal to 5,376 days,
Finally, the time an Orbiter spends at VAFB was obtained from runs of

the VAFB model., This time was also found to be normally distributed,

A tabdle which contains all of the activities and their parameters
can be found in Appendix A, This table gives the data ih work hours
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and in days for each of the work shift levels discussed,

Experimental Design

Once the research considerations and the models were developed, the

next step in the research design process was to determine the actual
experimental design to use to obtain the desired output and to analyze
the results, This section describes the methodology used, and includes
the statistical testing techniques used on the results,

The first consideration was to determine the starting conditions
of the model and how to account for the possidble effects of these
starting conditions, The starting conditions selected include those
facilities and hardware that are scheduled to be avallable by fiscal
year 1988, Startup conditions were expected to have some affect on the
outcome of the model and therefore it was decided to ignore the first
year (365 days) of operations for statistical collection purposes,
Since the expected turnarcund time is about 80 days (based on STAR 23
data), the system should go through at least four complete cycles, and
any affect the startup conditions have on the overall statistics should
be minimised, It was found that the elimination of greater amounts of
the startup data from statistical collections did not decrease the
variance of the output, Therefore, the model was well into steady
state operation after the first year of each run,

The next questions that were addressed were the length of each
run and the number of runs to choose in order to accurately character-
ise the mean of the time between launches, Since the expected life of
the system was originally anticipated to de about ten years, this value
vas used for the length of each run, In addition, it was felt that ten

runs of the system were adequats to accurately characterize the mean,
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Both of these values were somewhat arbitrary, Therefore, sensitivity

analysis was conducted on them to determine if longer or more runs
would provide significantly better results, Increasing either number
would, of course, increase computer run time and cost, The results of
this analysis is presented in Chapter VI,

Prior to describing the methodology used in this study, an
assumption made for this analysis should be discussed, This assumption

is that it is better, that is more cost effective, to add work shifts

to a facility than it is to add a whole new facility, The reasoning
behind this assumption is simple, Both of these options require the
hiring (and paying) of additional work crews, Although the addition
of a new facility may require the hiring of fewer workers, the costs
of oconstruction and maintenance would probably drive total 1ife cycle
costs above those of the option of more fully utiliszing the existing
facility., This philosophy was found to be compatible with NASA i
philosophy in telephone conservation with NASA personnel (Fef 28), i
Therefore, although both options can increase the launch rate, this
study accepts the philosophy of increasing the number of work shifts
in a facility before adding a new one,

YT NI

Due to the way that the structural model was constructed and the
type of output generated, the actual methodology used to analyze the
results was relatively simple, The next few paragraphs give a descrip-
tion of the basic methodology used on the results, H

Onos the starting model was run on the computer and the output
obdtained, the first task was to determine the launch rate that the

~ e AT

systen vas ocapable of under the starting conditions, This determination
was accomplished by dividing 365 days by the mean time between launches
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(the value under the output average column for node 40). This

calculation yields the average launch rate in launches per year,

Next, using the queue node and resource statistical portions of
the output, the results were analyzed to determine which factor(s)
was/were 1imiting the launch rate, The resource utilization statistics
give the average number of each of the resources that are in use during
the runs, When this value approaches the maximum number available,
that resource may be a 1limiting factor, The queue node statistics give
the average number of transactions in the queue and the average number
of days that the transactions wait in the queue, This data is used to
determine where transactions are walting for resources or for other
components for assembly, When two components are to be mated, the
amount of time that each component waits in the queue bvefore being
assembled indicates which component is waiting for the other, The
component that waits the shortesc amount of time on the average is the
component which is limiting that portion of the syatem, If transactions
build up in queue nodes waiting for resources, the following resource
may be 1imiting the launch rate, Once the limiting factor(s) has/have
been identified, this factor is increased (first by adding shifts, if
applicadle) and the model is run again, If there are two or more
factors that appear to 1imit the launch rate, each of the factors is
increassd on separate computer runs to determine which is the most
effective in increasing the system launch rate, The launch rate is
calculated and the analysis is conducted as before, This process is
continued until the desired launch rate ia reached, Since the original
design goal of the STS called for a launch rate of 45 per year at KSC,

this level was used as the stopping point for simulation effort (19:39-
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40), A more detaliled step-by-step example of this process is presented

in Chapter VI,

In order to determine whether or not the results from two runs
were statistically different, a method of statistically testing the
results was required, Since the model output means and standard
deviations, it was decided to use the pooled t-test of hypotheses to
evaluate the results,

The object of the successive runs of the model is to increase the
launch rate of the system, Therefore, the test to be conducted must
be one that wil) determine if the launch rate from the first run is
statistically larger than the launch rate from the second run, However,
the mean and standard deviation given in the output is in terms of the
average time between launches, Since the greater the time between
launches, the lower the launch rate, the actual test that is required
is one that tests whether or not the time between launches of the second
run is less than that of the first run,

Before proceeding further with the description of the test statis-
tics used, it should be noted that the tests used assume that the
populations of interest are normally distributed, Since the result,
time between launches, is the result of the sum of a number of
independant random variables, the central 1imit theorem was assumed to
be applicable and the final distridution was, therefore, assumed to be
normal, A set of results were tested using the Kolmogorov-Smirnov
test and 1t was found that there was no significant difference between
the sctual data and the expected data for a normal distribution. (Ref
25/M0). The results of this test can be found in Chapter VI, There-

fore, the assumption of normality seemed to be appropriate for this




study. The test and equations described below are from Hines and

Montgomery (Ref 30:287-289, 295-296, and 312),

As previously mentioned, the object of the statistical testing was
to determine whether or not the means of two runs were equal, Therefore,
the null hypothesis (H,) is that the two means are equal (uq = uy) ,
where uy is the mean of the first run and up is the mean of the second
run, The alternate hypothesis (H;) 1s that the first mean is greater
than the second mean (uy > uz) ., If the null hypothesis is rejected,
then it is accepted that the first mean is greater than the second, and
the launch rate of the second run is greater than that of the first,

The type of test statistic used to test these hypotheses depends
on whether or not the variances of the distributions are equal,
Therefore, before the means can be tested, the variances must be tested

for equality, The test statistic used in this case is
2,. 2
Fo = S1°/S, (1)

where F, is the test statistic, and 812 and 822 are the sample variances
of the two distributions of interest, This variance is obtained by
squaring the standard deviation given on the output for node 40, It
should be noted that for this test the largest variance is placed in the
numerator of Equation 1, This test statistic is then compared to the
following point of the F distribdution:

Fae/2, ny-1, ny-1 (2)

where OLis the probability of a type I error (0,05 was used in this
study), and nq and n, are the number of obssrvations for each distribu-
tion, In this study, ng = n, = 10 ., The value of the statistic is
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read out of a F distribution chart, For this study and the above

values of o, ny, and n,, the statistic used is

Fo.025, 9, 9 = 4,03 3)

The displayed value was obtained from the table on page 600 of Ref 30,
If F, is greater than 4,03, the null hypothesis is rejected and the
variances are assumed to be not equal, If Fo 18 not greater than 4,03,

the variances are assumed to be equal,

Once the equality of the variances has been determined, the test

on the means is conducted,

If the variances are equal, the test statistic is

to = Xy = Xp) / (S, * (1/ng + 1/ny)h) ()

where t, 1s the test statistic, X; and X, are the sample means of the
two runs, ngy and n; are as before, and Sp is the pooled standard
deviation, Sp is calculated as

Sp= (g =D * 8P4 (ny - 1) *8)) /(mgeny-2)  (5)

where sl; Sé, ny, and n, are as described before, This test statistic
is then compared to

1"01.1\14»:\2-2 (6)

Since K, ny, and n, are constant for this study, the above statistic is

0,05, 18 = 1.73 (?)

The displayed value was obtained from the tadle on page 596 of Ref 130,
If t, is greater than 1,734, the null hypothesis is re jected and the




first mean is assumed to be greater than the second, indicating that the
launch rate of the second is greater than that of the first, If ¢, is
not greater than 1,734, the first mean 1s not greater than the second
and thus the second run did not shov an increase in launch rate,

If the test on the variances indicates that they are not equal, the
following test statistic is used:

te = (kg = Xp) / (55%/ny + Sp2/ny)? (8)

The variabdle values are the same as before, This statistic is compared
to tg'v where

i ((s4°/n) + (55°/n2))? ,
(557/n)/(ng + 1) + (552/np)*/(ny + 1)

v

(9)

1r t, 18 greater than t¢'v, the null hypethesis is rejected and the
second mean is assumed to be less than the first mean, indicating that
the launch rate of the second run is greater than that of the first run,
If t, 1s not greater than t."v, the second run did not improve the launch
rate, |

The results of these tests are presented in Chapter VI and Appendix
A, In addition, a detailed example calculation is presented in Chapter
VI,
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Iv, Verification and Validation

The utility of this thesis effort depends on the validity of the
simulation model, and the assumptions on which it is based, While it
was not possible to validate the model's predictive properties with
100% certainty, steps were taken to insure it produced reasonable
accurate projections of future STS capacity, Three steps were used in
this validation process (Ref 251210), First, the Q~GERT simulation
runs were examined to verify that the model operated as intended,
Next, the underlying assumptions and simulation results were examined
for validity, Finally, the results were subjected to statistical
testing, and sensitivity analysis was performed on the model's
variables, The following paragraphs describe each of these steps in

greater detail,

'Verifico.tion

To verify that the simulation model behaved as intended, the
Teatures of the Q-GERT trace routines were used, These routines 1ist
the sequence in which activities are performed and portray the deci-
sions, value assignments, and btranching which occur at the nodes (Ref
7:194), These traces were obtained for various simulation runs and
thoroughly examined, They revealed that the simulation model accu-
rately reflected the various activities done on STS flight hardware,
and properly routed the hardware through the various facilities, The
trace routines also revealed that the 1imited capacities of the STS
facilities were prope. ly reflected in the launch processing sequence,
Therefore, it was determined that the simulation model behaved as

designed,
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Validation

The validation of the simulation method was itself a multi-step
process, The underlying assumptions, the model, and the simulation
results were each examined for validity,

Assumptions, The assumptions discussed in Chapters I and I1II
were all examined for veracity, The following paragraphs present the
validation process for each of them,

The first assumption was that the facility upgrades and hardware
procurement contained in current funding plans will be completed by
1988, This assumption does not affect the validity of the thesis, If
the planned upgrades are not completed, they will simply have to be
considered necessary additions to the facility/hardware procurements
listed in the conclusions,

The assumption that no accidents occur to reduce the flight hard-
ware avallable or to interrupt launch processing activities is, of
course, a very optimistic one, Acclidents are likely, and excess launch
capacity should be provided to allow for the resulting capacity
reductions, Thils excess capacity should be large enough to insure
(with reasonable confidence) that the minimum launch rate needed is
achievable, Unfortunately, the determination of how much excess capac-
ity to acquire is a difficult task and is beyond the scope of this the-
sis effort, The recommendations contained in Chapter VIII identify
this topic as an important follow on effort,

The activity times contained in the Shuttle Turnaround Analysis

Report (STAR) were assumed to be the best available estimates of the
actual times to be experienced when the system matures, As the people

pudblishing the report are those tasked with providing realistic
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estimates of these times, the times should be the best estimates

available, However, only five launches have taken place, and launch
processing activities are still on the steep portion of their learning
curves, Therefore, adequate samples of actual activity times to statis-
tically compare to the assumed (estimated) times do not exist,
Consequently, sensitivity analysis was performed on the estimated
activitiy times and their assumed distributions, The results of these
analyses are presented in Chapter VI. As expected, the simulation
results are very sensitive to changes in the estimated activity times,
moderately sensitive to the degree of symmetry assumed for their
distributions, and slightly sensitive to the spread (value of sigma)
of the distributions about their means, Vodel sensitivity to the
choice of distributions (beta-PERT, normal, etc) was comparable to
to the choice of sigma, Telephone conservation with KSC personnel
indicated that the cholce of a beta-PERT distribution with the most
likely value set equal to the assessed value, the optismistic value
set equal to the allotted value, and the pessimistic value set
symmetric with the optimistic value about the most likely, is as good a
guess as any, Several years of launch processing data will have to be
accrued before the choice of distribution type can be based on an
accurate fit of actual data, Chapter VIII contains a recommendation
that the simulation runs be repeated when sufficient launch date
becomes availadble to adequately characterize the actual distributions
for activity times.(Refs 12; and 28),

The assumption that payloads are always available when needed for

launch processing activities is defendadle., Although unexpected delays

in payload avallability may occasionally affect launch processing,
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flexidble payload scheduling procedures and prompt indentification of
rayload problems can minimize launch delays, At any rate, the addition
of excess launch capacity would not resolve this type of problem, The
assunption that the current flight manifest i1s representative of future
manifests affects the number of flights requiring payload insertions in
the OPF, The later process adds time to the Orbiter turnaround and
affects the overall launch rate, Since the total number of flights
scheduled for the STS over the next decade has been substantially
decreased, the paylead projections based on the higher launch rates are
probably inaccurate (Ref 6), Therefore, the scheduled manifest for the
next few years is probably the most representative of the types of
payloads and their relative numbers,

The assumptions made about VAFB launch rates were also examined,
The VAFB launch rate governs the number of ETs, SRB palrs, and Orbiters
made unavailable for KSC use, The rate at which ETs and SRBs are used
at VAFB affects the point at which ET and SRE production must be
increased above current limits, The amount of time an Orbiter spends at
VAFB affects the equivalent number of Orbiters avallable for KSC use,
To determine VAFB's ability to meet scheduled launch rates, and to
determine the amount of time that an Ordbiter spends in launch processing
activities, a Q-CERT simulation and analysis was done for VAFB (Appendix
B). This analysis used the information contained i the VAFB Shuttle
Turnaround Analysis Report (Ref 21), The same assumptions made about
the activity times in the KSC report were made for the times in the
VAFB report, The results of the VAFB simulation were used to character-
ize the data used by the KSC simulation to model the draw off of

resources for VAFB operations, As scheduled VAFR flights will tax the
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capacity of that launch site, the senaitivity analysis presented in

Chapter VI showed that it made 1ittle difference to KSC operations if
a shuttle Orbiter was dedicated to VAFB,

Finally, the assumption that the Q-GERT simulation techniques work
as advertised was examined, The Q-GERT trace routines showed that the
model behaved as described in the text (Ref 7), The fact that the
use of past projections on shuttle turnaround times produced results
that agreed with old projections of launch capacity indicated that the
Q=-GERT statistic collection methods work, Also, an analysis of the
Q=GERT statistical techniques covered in the text indicated that they
were appropriate, It was assumed without gquestion that the Q-GERT
simu]ation package available on the computer system used is the same
as that described in the text,

Model, The KSC and VAFB Q-GERT simulation models in Appendices A
and B appear to accurately portray the flow of shuttle hardware through
the various facilities used for launch processing, Given the proper
inputs, and given that the Q=GFRT simulation package operates as
advertised, the model output should accurately predict STS launch
capacity., Inaccuracies could arise as a result of the assumptions
made about the input, or from improper analysis of the computer results,
The assumptions were discussed in the previous paragraphs, and the
results are discussed in the following ones,

Results, To validate the results, they were compared to published
and analytically derived projections of STS capacity, and the model
variables were subjected to sensitivity analysis,

Projections of STS launch capacity show it as 24 launches per year
with the facilities to be in place by 1988 (Refs 8:68; and 10:79). The
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Q-CERT model was run with the activity times contained in STAR 17

(May 79) and the results gave a capacity of about 24 per year,

However, when the model was run using the activity times contained in
the May 1982 STAR (STAR 23), the predicted capacity for KSC dropped
from {7 launches per year to 12, Published capacity is unchanged

and still 1isted as 24 per year, with 18 launches per year coming from
XSC, Therefore, either the published capacity or the simulated capacity
is incorrect, As the current flight manifest is based on achieving a
launch rate of 2l per year by fiscal year 1988, the question of which
figure is correct becomes a very important one,

The sensitivity analysis discussed in Chapter VI showed that the
simulation results were slightly sensitive to the type of distributions
and values of sigma chosen for the activity times, However, this
sensitivity was not enough to account for the wide difference between
the models projected capacity and the published capacity, The model
was, however, very sensitive to the choice of most likely values for
the activity times, These values wers taken directly from the STARs,
where they are listed as the assessed times for the various activities,
The assessed values have grown considerable over the last couple of
years, For example, the overall assessed time for launch pad operations
has grown from 57 hours in STAR 17 to 320 hours in STAR 23, As these
times are supposed to be the most accurate available estimates of the
actual times to be experienced when the system matures (after flight 30),
it appears likely that the current flight schedule is overly optimistiec,
and that the models projected capacities are more realistic (Refs 9; and
32), Not only that, but it appears likely that additional capacity will
have to be added to the system to meet current flight schedules, There-
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fore, the results contained in Chapter VII can be used now as a guide to

adding the work shifts and facllities necessary to meet the current
flight schedule,

Since there were no published projections of STS capacity which
satched the results of the computer simulation, the simple analytic
mode]l presented in Chapter V was devised to provide results to compare
the simulation results to, Unfortunately, it was not possible to build
an analytic model which could properly account for the complex inter-
actions among the facilities or for their limited capmcities, Although
the results provided by the simple analytic approach are somewhat
inaccurate, they are good enough to compare to the simulation results
to insure that the latter results have the appearance of accuracy,

This final step in the validation proceas added ignificantly to our
confidence that the simulation method produced accur=ate and useable
projections of STS launch capacity,
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V. Analytic Approach

The simple analytic method coversd in this chapter was used to
produce a launch enhancement plan similar to that obtained using the
simulation method, Unfortunately, the simplifications made to allow
the analytic approach prevent this model from properly reflecting the
interactions among the various facllities, For example, the simulation
model will not allow an Orbiter to leave the OFF bay until an ET/SRB
assenbly is available to mate it to in the VAB, The retention of the
sexviced Orbiter in the OPF prevents that OFF bay from being used to
service the next Orbiter in line, This occurrence is a true reflection
of neuiity. However, the analytic model ignores the fact that serviced
Orbiters may remain in the OPF and assumes that service on the next
Orbiter can begin immediately upon thé completion of service on the
previous one, This assumption causes the analytic model to overstate
the capacity of the facility., Similar simplifying assumptions are made
about the other STS facilitles and hardware, Therefore, the plan
produced by the analytic model is inaccurate and overly optimistic,
However, in the absence of any published plan using recent STAR data,
this analytic plan is accurate enough to compare to the simulation results
to insure that the latter have the appearance of validity, This
appearance of validity increases the confidence with which the
simulation results can be used, The following paragraphs describe
the analytic network used, the method used to compute faclility and
hardware oapacities, and the derivation of the launch enhancement
Plan,
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Figure 3, STS Analytic Network

Analytic Network

The analytic network used to model the STS launch processing flow
is shown in Figure 3, This network takes into account the flight
hardware needed to assemble a Shuttle Vehicle, and its flow through
the various facilities in preparation for launch, The nodes represent
the various facilities, and the branches represent their capacities,
The interelation of the tranches and nodes is similar to that in a PERT
dlagram (Ref 18:487-491), All of the activities (branches) leading
into a node must be completed before that node can be released,
Also, all of the activities represented by the branches must be com-
pleted before a launch can take place, Therefore, the capacity of the

system 1is equal to the least of the capacities along the twranches,




Table I, Activity Times

Activity ?ﬁ:ﬂ:ﬂaﬁﬂ;) (pfzﬁﬁe:)

MLP Wash 62 14
MLP Refurb 39 14
SRB/ET (Stacking) 272 10
VAB (Orditer Mating) 168 10
Pad Ops 320 6, 7
Pad Refurd 78 13
ET c/0 216 - 10
PSP Ops 272 11
Orbiter Turnaround Time

(verticle Payload) 840 7
Orviter Turnaround Time

(Horigontal Payload) 888 6
OFF Time (Vert Payload) 352 ?
OPF Time (Hor Payload) 400 6

% (STAR 23, Ref 12)

Capacities

The capacities of the various facilities are calculated using the
assessed times contained in STAR 23, Since symmetric distributions
were chosen for the simulation model variables, their most likely
values (STAR 23 assessed values) are also their mean values, Therefore,
the use of the assessed values as the expected values of this analytic
approach produces results which can be validly compared to ths simula-
tion results, The activity times contained in Tadle I were obtained
from Pigures 6, 7, 10, 11, 13, and 14 of STAR 23, These times were
used to compute the capacities of the various facilities and flight
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hardware, The remainder of this section covers the calculations of
these capacities,

The capacity calculations are dependant on the work week schedule
chosen, The standard work week used is two shifts, five days per
week (2/5). The longer work weeks considered are three shifts, five
days per week (3/5) and three shifts, seven days per week (3/7).

Each shift is eight hours long, and the latter work week, (3/7), is an
around the clock operation, No allowances are made for holidays, The
various activity times are multiplied times a factor which reflects the
work week chosen, This computation determines how many work days are
required to complete an activity, ~'l‘he three work week factors are
caloulated as follows;

7 days per work week

(2/5) = = 0,0875 days/hour (10)
80 hours per work week

7 days per work week

(3/5) = = 0,0583 days/hour (11)
120 hours per work week

: 7 days per work week
3/7) = = 0,0417 days/hour (12)
168 hours per work week

VAB High Bay Capacity, In the process of assembling a Shuttle
Vehicle in the VAB, certain hagardous operations take place, During
these operations, the other VAB High Bays are evacuated, Therefore,
the time it takes to assemble a Shuttle Vehicle can be extended by
the requirement to perform hasardous operations in one of the other
High Bays (Ref 12:7-11), The hazardous operations are Solid Rocket

Motor (SRM) stacking (52 hours) and Orbiter hoisting (4 hours) (Ref 12),
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If only one High Bay is used for vehicle assemdbly, no delays will

result, The expected vehicle assembly time is therefore equal to
(MLP Refurd + SRB/ET + VAB) (13)
or, using the values in Tabdle I,
(39 + 272 + 168) hours = 479 hours (14)

If two High Bays are used, there is a chance that the hazardous
operations in one bay will delay work in the other, However, if their
operations are running in parallel, no delays will be experienced,
This latter result can occur, since safety constraints do permit the
simultaneous processing of two SRM sets (Ref 12;7-1), The ratio of

hazardous operation time to total assembly time is

56 hours

- 0,117 (15)
479 hours

Assuming the start of assembly operations in the two High Bays are
independant of each other, the probability that operations in one dbay
will be delayed by hazardous operations in the other is

1.0 - 0,117 = 0,833 (16)
Therefore, the expected assembly time when two High Bays are used is
479 hours + (0,883 *# 56 hours) = 528,45 hours (17)

When three High Bays are used for Vehicle Assembly, there will be
at least a S6 hour delay due to the restriction on SR¥ parallel

processing., A 112 hour delay will result when the three bays operate




out of sequence with each other, The probability that a 112 hour

delay will occur 1is

k79 (479 - 56) (479 - 112)
* *

* (0,117)° = 0.677 (18)
56 56 56

Therefore, the expected assembly time when three High Pays are used is
479 hours + 56 hours + (0,677 * 56 hours) = 572,89 hours (19)

If four High Bays are used for vehicle assembly, delays of 56,
112, and 168 hours are possible, The 56 hour delay will always occur
due to the restriction on parallel SRB processing, The 112 hour delay
will occur when two bays operate in sequence while the other two
operate out of sequence, or when three bays operate in sequence, The
168 hour delay will occur when all four bays operate out of sequence

with each other., The probability of a 112 hour delay is equal to

k729 56 (479~ 56) . (479 - 112)

v W e *

* (0.117)“ * 6
56 56 56 56

k79 56 56 (479 - 56)

e W e # — ®

4
» (0,117) * 4 = 0,523 (20)
56 5 56

The factors of 6 and 4 reflect the number of ways the two configurations

which produce a 112 hour delay can occur. The probadility of a 168
hour delay is equal to

479 . (479 - 56) . (479 - 112) (479 - 168)
56 56 56 56

» (0.11?)“

= 0,439 (21)
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Therefore, the expected assemdbly time when four High Bays are used is

479 hours + 56 hours + (0,523 * 56 hours) + (0,439 * 112 hours)

e —

= 613,48 hours (22)

The VAB High Bay capacity is computed as

365 days/year
(expected assembly time) * 0,0875

* # High Bays (23)

vhere 0,0875 is the work week factor for the (2/5) schedule, Capacities

EREEEE e erap

reflecting the other work week schedules, (3/5) and (3/7), are computed
using the factors 0,0583 and 0.0417, The capacities for the four VAB
configurations were calculated using Equation 23 and the results of

Equations 14, 17, 19 and 22, These capacities are shown in Table II,

Table II, VAB High Bay Capacity

Work Week Capacity in Launches per Year
(shifts/hours) 1 Bay 2 Baye 3 Bays b Bays
(2/5) 8.71 15.79 21 84 27,20
(3/5) 13,06 23,68 32,77 40,80
; (3/7) 18,29 33,15 45,87 57,12

55




MLP Capacity. The MLP capacity is calculate as

365 days/year

(MLP Wash + MLP Refurb + SRB/ET + VAB + Pad Ops) * 0,0875

* # yLPs  (24)

MLP Refurbishment, SRB/ET Stacking, and VAB Obiter mating operations are
carried out in the VAR, while MLP Washing, and Pad Operations are
carried out at the launch pad, If either of these facilities should

go to a (3/5) or (3/7) work week schedule, the equation would change

slightly, For example, the addition of a third shift in the VAR is
calculated as

365 days/year

((Wash + Pad) * 0,0875) + ((Refurb + SRB/ET + VAR) * 0,583)

* # MLPs (25)

Various strategies for increasing MLP capacity were investigated.
Their capacities and their percentage increases over the nominal
capacity (2/5 work week) are shown in Tavle III, Total MLP capacity
is found by multiplying the chosen strategy by the number of MLPs

available, For example, the three MLPs now available have a nominal

oapacity of 3 * 4,85, or 14,53, launches per year,




Table III. MLP Capacity (per MLP)"

Strategy for Adding Work Shifts Capacity in | Percentage Increase
Launches over the

(shifts/days) per Year Nominal Capacity

Nominal Strategy (2/5) 4,85 cemeee
(3/5) for Pad 5.69 17.4 %
(3/5) for VAB 5.95 22,8 %
(3/7) for Pad 6.31 30,3 *
(3/7) for VAB 6,84 k1,1 #
(3/5) for VAB and Pad 7.27 50,0 7
(3/7) for Pad and (3/5) for VAB 8.32 71.8 %
(3/5) for Pad and (3/7) for VAB 8,64 78,3 %
(3/7) for Pad and VAB 10.17 110.0 %

* No adjustment for hazardous operations in VAB High Bays

Although the capacities listed in Table III reflect the relative
merits of the various strategies, they do not adequately take into
account the true capacity of the VAB, As discussed in the section on
VAB High Bay capacity, Shuttle Vehicle assembly operations in one High
Bay can be interrupted by hazardous operations in another High Bay,
Since vehicle assembly operations take place on top of the MLPs, MLP
capacity is reduced by these interruptions, The calcuiations of High
Bay capacity revealed that VAB operations (MLP Refurbishment, SRB/ET
Stacking, and Orbiter mating) are dependant on the number of High Bays
configured for vehicle assembly, Equation 17 shows that the expected
assendbly time is 528,45 hours when two High Bays are used, Likewise,
Equation 19 gives 572,89 hours as the 'expectod assembly time when three

bays are in use, and FEquation 22 gives 613,48 hours as the expected
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time when four bays are in use, The expected time when only one bay is

used is 479 hours, This time is the one that was used to produce the

results shown in Table III, To compute the ad justed values for MLP

capacity, the expected values for High Bay operations were inserted in
Equation 24 in place of the times represented by (MLP Refurb + SRB/ET
4+ VAB), The capacities listed in Table IV are these adjusted values,
Total MLP capacity is found by multiplylng the listed capacity by the

number of MLPs,

Table IV, MLP Capacity

# High Strategy for Adding Work Shifts Capacity in
Bays Used (shifts/days) :‘;";2;:
2 Bays (2/5) for VAB and (2/5) for Pad 4,58
" (3/5) for VAB and (2/5) for Pad 5.68
" (3/5) for VAB and (3/5) for Pad 6,87
" (3/7) for VAB and (3/5) for Pad 8.24
" (3/7) for VAB and (3/7) for Pad 9,62
3 Bays (3/7) for VAB and (3/7) for Pad 9.17
4 Bays (3/7) for VAB and (3/7) for Pad 8.80

# Per MLP, when two or more High Bays are use

It should be noted from the last three lines above that the
capacity of a single MLP decreases as the number of VAB High Rays
used for Shuttle Vehicle assemdly is increased, Therefore, an

increase in the number of High Bays will force a more than

proportionate increase in the number of MLPs,




ET C/O Cell Capacity., The ET C/O Cell capacity is computed as

365 days/year
* # c/0 Cells (26)
(ET ¢c/0) * 0,0875

The ET C/0 time (in hours per launch) was obtained from Table I,

Table V contains the calculated FT C/0 Cell capacities for the three

types of work weeks,

Table V. ET C/0 Cell Capacity

Work Week Capacity in Launches per Year
(shifts/days) 1 c/o Cell 2 ¢/0 Cells
(2/5) 19,31 38,62
(3/5) 28,97 57.9%
3/ 40,56 81.11

* No adjustment for hazardous operations in VAB

However, the capacities in Table V do not allow for work

Ainterruptions caused by hazardous operations in the other VAB High

Bays, Equations 17 and 19 reflect the additional time required to ,;
perform Shuttle Vehicle assembly as hazardous operations periodically

delay High Bay operations, The ratio of ET C/O time to total vehicle

assenbly time is

216
— (27)

479

& By multiplying this ratio times the adjusted vehicle assembly times
given by Equations 17 and 19, an expected ET C/0 time is obdtained,
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This expected time reflects the delays caused by hazardous operations
in the VAB, The adjusted times obtained are 238,30 hours for ET C/0
when two High Bays are used for vehicle assembly, and 258,32 hours
when three bays are used, The capacities shown in Table VI were
obtained by substituting the ad justed times in place of the previously

used 216 hours in Equation 26,

Table VI, ET C/O Cell Capacity

’ wu;] Work Week Capacity in Launches per Year
Bays | (shifts/days) 1 ¢/0 cell 2 /0 Cells
2 (2/5) 17.51 35.01
2 (3/5) 26,26 52,52
2 (3/7) 36.76 73.52

3 (3/?) 33.91 *

* Adjusted for delays caused by the performance of
hagardous operations in the other VAB High Bays

#* The use of a third High Bay for vehicle assembly
reduces the bays available for ET C/O to one,

PSF Capacity. The PSF capacity is calculated as

; 365 days/year
i * # PSF bays (28)
‘ (PSF Ops) * 0,875

The calculated capecities for the PSF are shown in Table VII,
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Table VII, PSF Capaclty

Vork Week Capacity in Launches per Year
(shifts/days) 1 PSP Bay P
(2/5) 15.34 30,67
(3/5) 23,00 46,01
3/7) 32,21 64,11

Orbiter Capacity., The Orbiter capacity computation is made under
the assumption that all ground operations take place on an around the
clock basis (3/7 work week), This action enables Orbiter capacity
limitations to be identified separately from facility limitations,

The equation for computing Orbiter capacity is

365 days/year
(Expected Turnaround Time + Expected Flight Time)

* # Orbiters (29)

The current flight manifest shows that approximately 51.7% of the
missions will require payload installation in the OPF (Ref 9), This
activity increases the overall turnaround time by 48 hours to 888 hours,
The rest of the missions (48,3%) will have their payloads inserted at
the launch pad, and the assessed turnaround time for these missions is
840 hours (Ref Table I), The expected Orbiter turnaround time thus

bacomes

(888 hours * 0,517) + (840 hours * 0,483) = 864,82 hours (30)

or

(664,82 hours # 0,0417 days/hour) = 36,03% days/launch (31)
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The expected flight time is computed using the flight time distribu-
tions assumed for the simulation model, Those were normal distribu-
tions with means of 12 days for Spaceladb missions and 4 days for all
others, The relative percentages for the two were based on the current
f1ight manifest and are 17,2% and 82,8%, Therefore, the expected

flight duration time is
(12 * 0,172) + (4 * 0,828) = 5,38 days/f1light (32)

By plugging the results of Equations 31 and 32 into Equation 29, the

computation of Orbiter capacity becomes

365 days/year

* # Orbiters (33)
(36,03 days/launch + 5,38 days/flight)

Orbiter capacity for various numbers of Orbiters is shown in Table

VIII. An additiona)l Orbiter is included for VAFB operations,

Table VIII, Orbiter Capacity

4 orvaters® |  Launches
per Year
8.81
17.63
26,4k
35.26
b, 07
52,89
61,70

@ N3 O W F W

# Includes one Orbiter for VAFB
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However, separate computations which take into account the work
weeks used in the OPF, VAB, and on the launch pad were made, The
capacities obtained were used in conjunction with the launch enhancement
plan to show the need to ~uickly go to (3/7) work week schedules in the
three facilities, The computatiions to caloulate the capacities are
similar to those used in computing MLP capacity. For example, Orbiter
capacity with OPF, VAB, and Pad times of 376,82 (Equation 3?7 result),
168, and 320 hours, and a (3/5) work week, is

365 days/year
((376.82 + 168 + 320) * 0,0583) + 5.376 days/flight

* # Orbiters

An additional correction was made while doing these computations,

the section on VAR High PRay capacity, it was shown that hazardous
operations in one High Bay can delay normal operations in the others.
The mating of an Orbiter to an ET/SRB assembly is one of the operations
which can be interrupted, The number of High Bays used for vehicle
assembly affects the expected delay, Equations 17, 19, and 22 take
into account this delay and can be used to recompute the time 1t takes
to route an Orbiter through the VAB, The ratio of Orbiter mating time
to total vehicle assembly time is

168

— (35)
479

Equation 17 gives the adjusted assembly time as 528,45 hours when two
High Bays are used, For the use of three bays, Fquation 19 gives

572,89 hours as the adjusted time, Finally, Equation 22 gives a time of
613,48 hours as the adjusted time when four bays are used for vehicle




i assemdbly, By multiplying these numbers times the ratio in Equation 35,

expected times for Orbdbiter VAB operations can bes obtained,

The calc

lated values are 185,32 hours when two bays are used, 200,93 hours

when three bays are used, and 215,17 hours when four bays are used,

These values are used in place of 168 hours in Equation 34 to obtain

the results shown in Table IX,

Table IX, Orbiter Capacity

Work Week

Orviter Capacity in Launches per Yur“

OopF Pad

VAB
(/9 [T2/9)] (2/5)
2/5) |$3/5)|(2/5)
2/5) [t3/5) |3/5)
a5 |trs|@rs
3/5) [63/5) | 3/5)
3/3) [83/5) |3/7)
o fars) |G/5)
o/ [ |6/s)
o farm [em
(3/7) [(3/7) |(3/7)
[(3/7) 3/7) |(3/?)

2 Orbiters |4 Orbditers |5 Orbiters |6 Orbiters
4,42 13.26 17,68 22,10
b,73 14,19 18,92 23,65
5.38 16,14 21,53 26,91
5.52 16,55 22,07 27,58
6,42 19,27 25,69 32,11
7.09 21,26 28,35 35.44
7.22 21,66 28,88 36,10
7.69 23,07 30,76 38,45
8,66 25,99 4,65 43,32
8,53 25,60 3,13 42,66
8.41 25,25 33.66 42,08

# The numbsxr in the upper left corner of each VAB entry is the
l number of VAB High Bays used for Shuttle Vehicle assembdly,

#% TIncludes one Orbiter for VAFE operations




OPF Capacity. The capacity of the OFF is dependant on the work
week schedule, The equation for computing OPF capacity (assuming a
(2/5) work week schedule) is

365 days/year
(OPF time) * 0,0875

* # OFF bays (36)

Missions requiring payload insertion in the OFF extend OFF time to %400
hours, The OFF time for all other missions is 352 hours and the rela-
tive percentages of the two types of misaions are 51,7% and 48,3%

(Ref 9), Therefore, the expected OFF time is
(400 hours * 0,517) + (352 hours * 0,483) = 376,82 hours/1aunch (37)

This time was used in Equation 36 to produce the results shown in

Table X,
Table X, OFF Capaclty
Work Week Capacity in Launches per Year
(shifts/days) 1 Bay 2 Bays 3 Bays
(2/5) 11,07 22,14 33,21
(3/5) 16,61 33,21 49,82
(3/7) 23,25 146,50 69,74
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Launch Pad Capacity. The equation for computing the launch pad

capacity is

365 days/year
(Psd Ops + Pad Refurb) * 0,0875

* # launch pads (38)

Using the activity times listed in Table I, the various launch ped

capacities were computed, These results are presented in Table XI,

Table XI, Launch Pad Capacity

Work Veek Capacity in Launches per Year
(shifts/days) 1 Pad 2 Pads 3 Pads
(2/5) 10,48 20,96 31,4
(3/5) 15,72 31,544 47,16
(3/7) 22,01 bl ,02 66.03

ET and SRB Capacities, The ET and SRB production rates are
tuilding towards 24 per year, Their production facilities are designed
t0 allow the implacement of the additional equipment needed to bring
their production rates to 40 per year, A greater effort would be
required to increase the production rates beyond 40 per year (Refs 22;
23; and 24), This analytic approach assumes that the ET and SRP
production rates are increased to the levels needed to meet the desired

launch rates,

Launch Enhancement Plan

Tadles II through XI were used in conjunction with the network

shown in Figure 3 to develop the launch enhancement plan shown in
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Table XII. At each step in the development of the plan, the facility
or hardware with the least capacity was identified and capacity added
to it, The process for adding capacity was to add work shifts before
adding facilities, This process assumes that available resources will
be fully utilized before additional facilities are constructed, The
first line of the plan gives the current capacity of the STS at KSC.
This capacity is based on the complet;on of current construction plans
and ﬁcludesz

1, 4 shuttle Orbiters (one of which is dedicated to VAFB),

2. 2 OPF bays,

3. 2 VAB High Bays (out of the 4 High Bays in the VAR),

b, 1 PSF bay (this facility also contains two storage bays),

5. 2 ET C/0 Cells (positioned in two of the VAB High Bays),

6. 2 Launch Pads, and

7. 3 MLPs (assuming the third available MLP is reconfigured for
STS use),

The configurations and capacities of each of these facilitles and
hardware are shown in the columns below the appropriate headings on
Table XII, The first entry in each cell gives the units needed (bays,
MLPs, etc) to produce the associated capacity, The second entry gives
the work week schedule employed (if appropriate) and the lower entry
gives the capacity of that configuration, The capacity for the over-
all configuration represented by a row in the Table is given in the
left hand column, This overall capacity is found by locating the
facility or hardware on that line which has the least capacity, The
second column gives the corresponding capacity obtained from the

simulation approach, To use the plan, locate the entry in the left
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hand column which corresponds to the desired launch rate, and read off
the configuration needed from the other columns in that row,

As can be seen by comparing the first two columns, the simulation
results closely match the analytic results, The sequencing of facility
and hardware additions are about the same and the corresponding launch
rates are nearly equal, Therefore, the simulation results appear to be
valid, This final step in the validations process greatly increases the
confidence with which the more accurate simulation method and results
can be used, However, the analytic method proved to be more accurate
than expected, Therefore, it may be good enough to use in those
situations where less accuracy is acceptable, At any rate, the analytic
method should be used in conjunction with the simulation method when the
latter method is chosen to insure the simulation results appear valid,

Since two of the four VAB High Bays are used for ET C/0 and
storage, an increase in the number of VAB High Bays used for Shuttle
Vehicle assembly will cause a decrease in the number of KT C/0 Cells,
This result will create the need for the construction of a separate
ET C/0 and storage facility.
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VI. Application and Analysis

This chapter presents the applications and analyses of the simul-
L ation models described in Chapter 1II. In addition, the results of the
sensitivity analysis conducted on the mocels is presented, The first

section describes the results of the sensitivity analysis conducted on

v IR ot

the VAFB model and the final results obtained from the model, The

methodology used to incorporate the VAFB results into the KSC model is

PRty SV,

~ aleo presented, The second section of this chapter presents the

analysis of the KSC model, This section includes the results of the

various sensitivity analyses conducted, a sample analysis of the output
from the model including a statistical testing of the results, and the

final results obtained from the analysis of the XSC simulation model,

VAFB Model Analysis

Sensitivity Analysis, As mentioned in Chapter III, 1little
% information was avallable on which to base the determination of the
type of distribution to use for the process times at VAFR, This

situation was mainly due to the fact that no actual data exists to

7y Y

compare the times to, For the reasons stated in Chapter I1I, the normal
distribution was selected as the distribution to use for this model,

g

1 However, two other possible parametric models were considered and

sensitivity analysis was conducted to determine how the use of the other

models would affect the outcome of the study, The two other methoda for

modeling the times were, one, to use the uniform distribution, and, two,

s, oAt

% to use constant timee, For the uniform distribution model, the allotted ;

and assessed times from VSTAR 05 were used as the endpoints of the

distribution, If the allotted and assessed times were identical, a




constant time was used, In the constant time model, the maximum of the
allotted or assessed times was used as the time for the activity, 1In
both of these models, the distributions and the times for ET shipping
and Orbiter mission were the same as those in the normal mode, The

results from these models is presented in Table XIII.

Table XIII. Three VAFB Distribution Models

Mean Time Standard Annual

Hodel Between Launches]  Deviation Launch
Rate

Normal 32,3551 0.1689 11,281

Uniform 31,8657 0.1374 11,454
Constant 3%,3691 0.1171 10,620

These results were tested to determine if there was a significant
difference between the launch rates obtained from the three models,
Since the normal model was the model selected for use, the other two
models were compared to the results of this model, 1In this test, the
null hypothesis is that the means of the two models being tested are
equal, while the alternative hypothesis is that the means are not equal,
For this test, the assumption is made that the means are normally
distrituted, The Central Limit Theorem indicates that this assumption
18 valid for distribution which are the sum of many independant,
identically listributed functions (Ref 30), This is the case here,
The test statistics and the methodology for applying these tests is
that vhich was presented in Chapter III,

First, the equality of the variances was determined, The statis-
tic that the test statistic was compared to is found in Fquation 3 of
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Chapter I1I, If the test statistic was greater than this value, the

variances were not considered equal, If the test statistic was less
than 4,03, the variances were considered equal, For the normal versus
uniform model, the test statistic was F, = (0.1689)2/(0.13714)2

= 1,51 and thus the variances of these two models were considered
to be equal, For the normal versus constant model, the test statistic
vas F = (0.1689)2/(0.11?1)2 = 2,03 and the variances of these
two models were also considered to be equal,

Since the variances are equal in these cases, the test statistic to
use to test the equality of the means is that of Equation 4 in Chapter
III, This test statistic requires the calculation of Sp using
Equation 5. The test statistic in this case is compared to the
following statistic:

/2, ny 4 n, - 2 (39)

If the absolute value of the test statistic is greater than the
statistic calculated using Zquation 39, the means are considered to not
be equal; otherwise they are considered to be equal, In these cases,
the value for e« is 0,05 and ng = n, = 10 , and thus the value of
the statistic in Equation 39 i1s 2,101 (Ref 30:600). For the normal
versus the uniform model, the value for Sp is 0,1532 and to is 7,145,
Therefore, there is a significant difference between the two models,
For the normal versus the constant model, Sp is 0,1430 and to is
=31,4926, Therefore, there is also a significant difference between
these two models, This analysis reveals that the distribution chosen
does indeed have an effect on the outcome of the model, However, the

difference in launch rates (Table XII) is not significant from a

7




practical point of view, Thus the selection of the normal distri-

bution is reasonable and, if fact, results in a mean launch rate that
is nearly midway between the launch rates of the other two models,
The results are assumed to be more sensitive to the times used in the
distribution than to the actual distribtution chosen, Therefore, an
significant changes in the projected times for the activities modeled
could have a greater affect on the outcome,

Model Results, The VAFB model was run with both one and two
Orbiters dedicated to the facility, The results of these runs are

shown in Table XIII,

Table XIII, VAFB Model Results

Number of Mean Time Average Annual
b Between Launches Launch Rate
Orbiters (days) (1aunches/year)
1 32,3551 11,281
2 19,4117 18,797

Various sources (Refs 31123; and 33:6) indicate that the average number
of launches out of VAFB will bte out 10 per year, Thus with the assessed
times used in this model, the expected launch rate could be achieved
with only one Orbiter, while the maximum rate of 20 per year that was
forecast in the initial studies could be nearly reached with two
Orbiters dedicated to VAFR use (Ref 21:11),

Since the expected rate of launch from VAFB is 10 per year, it was
decided that this value should be used as the annual launch rate for
VAFE in the KSC model, It was decided that these launches should be

uniformally distributed throughout the ysar, since this is the
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assumption made for the VAFB launches in VSTAR 0S5,

ey

The distribution used in the KSC model for the processing time of

u ‘ the Orbiter at VAFB was determined simply by using the results of the

I L o et s

VAFB model directly, 1In addition, it was decided not to dedicate an

Orbiter to VAFB in the KSC model due to the fact that this would result i

in the Orbiter remaining 1dle at VAFB for part of the year when that {
Orbditer could be put to use at KSC. Therefore, the KSC model allows
any of the Orbiters to be launched from VAFB, However, if the launch %
rate at VAFB increased to 11 or 12 per year, it would be necessary to }

dedicate at least one Orbiter to VAFB, Additionally, if the processing
time for VAFB increases any great amount, then an Orbiter would have

to be dedicated to VAFB,

KSC Model Analysis
This section presents the analysis of the KSC simulation model,

First, the results of the sensitivity analysis conducted on the distri-
butions, length of each run, number of runs to determine a data point,
and the payload mix probabilities are presented, These results are
followed by a sample analysis of the output from the model including the
statistical testing of the results, Finally, the results of the analysis
using the KSC model are presented,

Sensitivity Analysis, The first concern of this analysis, as

T AT T e s A I WO A AT A oo T e | .

mentioned in Chapter III, was the degree to which the optimistic and
pessinistic times chosen for the beta-PERT distribution affected the
results, To .analyze this, the model was evaluated under four
conditions, with the endpoints for the distribution changed each time,
For the first case, the optimistic time was taken as the allotted time

and the pessimistic time was set so as to make the distribution symmetric
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around the most likely time, 1In the second case, the pessimistic time
was reduced so that the distance between the pessimistic and most likely
time was one third the distance between the optimistic and most likely

; time, The third case returned the value of the pessimistic time to that
it originally had and set the optimistic time so that it was one third
of its original distance away from the most 1ikely time, Finally, in
the last case, the optimistic and pessimistic times were both moved to
the one third points used in the preceeding two runs, All runs were
3650 days in length and each result was based on 10 repetitions, The

results of these runs are presented in Table XIV,

Table XIV, Distribution Changes Results

Case Number Days BRetween Standard ::ﬁﬁ:i
Launches Deviation Rate
1 28,1827 0. 5061 12,951
2 25,7959 0.1698 14,146 1
3 29,8880 0,4821 12,212 ﬁ
4 27,0461 0,1592 13.495 ;

For the test of the variances, the test statistic used is in

=Y v’ ) #SpoT TN

Equation 1 from Chapter III and this statistic is compared to the value
given in Equation 3. Th null hypothesis is that the variances are equal,
while the alternate hypothesis is that they are not equal, The results

S e et e YoM 7

of these tests are presented in Tabdble XV,
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Table XV, Test on Distribution Cases Variances

Cases
F Results
Compared °
{1 vs 2 8,892 0.12 + 022
1 vs 3 1,102 G’ - 0-32
2 2
1vs 4 10,123 G 40,

The next step was to test the equality of the means, The null
hypothesis is that the means are equal, while the alternate hypothesis
is that they are not equal, For the cases where the variances were found
to be unequal, the test statistic used was that in Equation 8 and this
statistic was compared to t°‘72, v where v is calculate according to
Equation 9, For the case where the variances are considered to be equal,
the test statistic is that from Equation 4 with Sp calculated as in

Equation 5, This is compared to t¢/2 n The results of
’

p+mp 2’
this analysis is presented in Table XVI,

Talbe XVI, Tests of Distribution Means

Cases
t Results
Compared 0
1ve 2 14,2283 uy L u,
1vs 3 -7,716 uy ¢ U,
1vsl 6,776 uy ¢ oy,
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Therefore, the endpoints chosen for the distribution do have an
affect on the output of the model in terms of time between launches,
However, the calculated launch rates are not drastically different
(Table X1V), Thus, there is some possible error due to the endpoints
chosen, However, by using the endpoints chosen in the paranetric model,
the overall model allowed for both unexpected delays and time reductions
in activities, This fact, along with the reasons cited in Chapter III,
resulted in the choice of the endpoints in case 1 for use in the model,

Next, it needed to be determined whether or not the length of the

runs (3650 days) was adequate to characterize the mean time between
launches, To test this length, the model was run for both 3650 and

7300 days, The results of these runs are presented in Table XVII,

Table XVII, Run Results

Time Between Standard

length of Run
Launches Deviation
3650 days 28,1827 0. 5061
7300 days 28,2833 0.2598

lated using Equation §,
= <0,587 ., The absolute value of ¢t is less than ¢

formulas in Equations 1 and 3. In this case, Fo

For this example,
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First, the equality of the variances was checked using the

3.79%

less than 4,03 and thus the variances are considered equal,
are compared using Equation 4 for the test statistic and t,./z n
?

for the comparison statistic, To calculate *’0' Sp must first be calcu-
= 0,38295 and
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The means

0,025, 10
Therefore, the means are not significantly different and 3650




days is an adequate run length for characterizing the mean time between

launches,

The next area that required testing was that of the number of runs

required to adequately characterize the mean, For this analysis, three

different values for the number of runs were examined; these being §

runs, 10 runs, and 50 runs, Each run was 3650 days in length as

determined before, The results of these different cases are presented
in Table XVIII,

Table XVIII, Number of Runs

Time Between Standard
Launches Deviation

Number of Runs

28,1008 0.5919

28,1827 0. 5061
28,2596 o.b152

The variances and means were tested as in previous analyses, The results
are presented in Tables XIX and XX,

Table XIX, Test on Run Variances

Runs Compared

{0vs §

10 vs 50




Table XX, Test on Run Means

Cases Compared to Result
10 vs 5 0,2800 Yy = u5
10 vs 50 -0, 5155 Wy = uSO

Therefore, there is no statistically significant difference

between 5, 10, and 50 runs of the system, They all characterize the
mean well, Ten runs was chosen for the model since fewer runs
would decrease our confidence in the results, and more runs would
have increased the computer time required to complete a simulation
run,

Finally, the probabilities that were selected to determine the (
typs of payload to be placed in the Orbiter were examined for their

affect on the results, There are two places in the model where the
payload type could affect the turnaround time, They are the OFF

payload activitles and the mission flight times, In the OFF, horigontal

and Spacelab payloads (types 1 and 2) require more processing time
- then do the verticle payloads (type 3) which are loaded at the pad, 1

This difference is expected to have little effect though, since

regardless of the payload type, the same maintenance activitics are

RRE e

performed, The mission duration, however, could affect turnaround,
The Spacelab mission has an average duration of 12 days, while the ;

other missions have an average duration of only 4 days, Therefore,

significant increases in the number of Spacelad missions could

increase the turnaround time for the Orbiters, To test the
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variations were tested (Table XXI),

! sensitivity of the model to the payload types the following payload

Table XXI, Payload Types and Probabilities

»

Payload Type 1 Payload Type 2 Payload Type 3
Payload Case Probability Probability Probability
1 0.172 0,345 0.483
2 0.1 0.4 0.5
3 0.2 0.1 0.7
4 0.3 0.2 0.5
5 0.5 0.1 0.k

The results from each of these cases is presented in Table XXII,

Table XXII, Payload Type Tests
Days Between Standard
Payload Case Launches Deviation
1 28,1827 0, 5061
2 28,1101 0.3559
3 28,2174 0,2070
4 28,5976 0,2476
5 28,5791 0.2779

These results were tested using the same methodology given in the

previous analysis, The results of these tests are contained in Tables
XXIII and XXIV,
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Table XXIXI, Test of Payload Variances

Payload Case Fo Results
1 ve 2 2,022 c? -
1vs 3 5.978 0’12 ¢ d32
1vs 4 4,178 d12 40,2
1vs 5 3.317 o - al

Table XXIV, Test of Payload Means

Payload Case to Results
1 vs 2 0.377 u = u,
1vs 3 -0,201 Uy = g
1vsl -2,329 uy ¢ u,
1vs § -2,261 uy ¢ ug

The above results indicate that as the percent of Gpacelad
payloads increases, the greater is the effcct on the model results,
However, no effect was significant until the Spacelab made up 30
percent of the total payloads, A review of the current flight
manifest indiocates that the probability of Spacelad use being this

high is lov, and therefore this conoern is not a major one (Ref 9),




-

Sample Analysis and Results, The following 1s a stup by step
analysis of the output from the Q-GERT model, The output from the
starting configuration is used for this example, The sample output
used can be found in Figures 4 and 5, The calculations shown are
representative of the calculations used throughout the analysis,

The firat step is to determine the launch rate that the current
configuration is capable of achieviny, This is accomplished by using
the average value (column headed by AVE,) for node 40, LAUNCH, This
number 1s the average time between launches, which in this case is
28,1827 days., The launch rate is found by dividing this number into
365 days per year, This calculation yields a launch rate of 12,951
launches per year,

Once the launch rate has been calculated, the next step is to
determine the factor(s) that is/are limiting the launch rate, This
Job is done by first looking at the Average Resource Utilization and
Avallability tables of the output (Figures 4 and 5), These tables
indicate that the PSF, VAR, ET Rarge, FT checkout cell, KT storage
cell, and the SRR storage are all in nearly constant use, The fact
that the SRB storage and the FT storage cells are nearly full indicates
that the functions filling these cells are producing above the level
required and as such they are not the limiting factors, This step
eliminates the ET production and the PSF from consideration as 1limiting
factors, This step also indicated that the VAB may be a 1imiting factor.

The next area of the output to examine is the queue node statis-
tics, The data in the queue table can be used to determine where itenms
are walting in queues and the length of time that they are required to

wait, The following nodes are of the most interest for this analysis;

8l
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1, Node 2, WAITOPF - Orbiters wait in this node for an OFF btay;

2, Node 27, ORBWAIT =~ Orbiter waits for SRB/ET assembly after
finishing processing in the OFF;

3, Node 78, WAITORR ~ the ET/SRB assembly waits for an Orbiter to
finish OFF processing;

&, Node 58, WAITSTOR - SRB set waits for SRB storage cellj

5. Node 63, WAITMLP - SRB set walts in storage for MLP/VAB High
Bay to become available;

6. Node 68, WAITSRB - the MLP/VAB waits for an SRB set;

7. Node 65, WAITVAB - the MLP waits for a VAR High Bay;

8. Node 72, WAITET - the stacked SRB waits for an ET; and

9. Node 94, WAITSRB - the ET waits for the stacked SRB set,

The two columns of primary interest in this section of the output
are the average number in the queue node and the average waiting time in
the queue, The average waiting time is calculated based only on the
transactions that actually have to wait,

The best method of analysis of the queue data is to compare the
data for queue nodes that proceed an assembly operation, As a starting
point, the data on the Orbiter waiting to be mated (node 2?) and the
data on the ET/SRB assembly (node 78) are compared, The information
in the. output indicates that there is a larger average number of Orbiters
vaiting (0,2632) as compared with the average number of 5RB/ET assemblies
(0.0829), 1In addition, the Orbiters wait longer (7.4110 versus 2,3464

days) than the SRB/ET assemblies, These results indicate that neither

the OFF nor the Orditers are the limiting factor, tut that the delay is
ocourfing prior to the SRB/ST mating operation, The first assembly point
prior to the SRB/ET mate indicated that the SRB is not waiting for FTs
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(node 72), The ETs on the other hand wait in storage an average of

55.6275 days (node 94), This time appears excessive, However, it is

primarily due to a slight over production of ETs,

The next point where components wait for assembly is prior to the
SRB stacking. The queues before this point indicate that there is an
average of 1,8484 SRBs waiting (node 63) while the ¥LP/VAB never have to
wait for an SRB set, This difference indicates, as did the resource
data, that the PSF is processing an adequate number of SRRs and it is
not the limiting factor,

The analysis so far has narrowed the 1imiting factor down to either
the MLP or the VAB., The data for queue node 65 indicates that there is
an average of 0,1302 MLPs waiting an average of 3,6870 days each for a
VAB bay to become available, This leads to the result that the VABs are
the 1limiting factor, This fact agrees with the data in the resource
tables discussed previously, Keeping in 1ine with the philosophy stated
in Chapter III, shifts are added to the VABs before a new VAB High BRay
is added, At this point, the work shifts in the VAB were increased from
tvo shifts for five days per week to three shifts per five days per week,
The mode)l was then rerun and the result was an average time between
launches of 25,8320 days and a launch rate of 14,129 launches per year.
To determine i1f this is a statistically significant increase in the
launch rate, the statistical tests described in Chapter III were
accomplished, The sample calculations for these tests is presented in
the following paragraphs,

The average tive between launches for the first run was 28,1827 days
and the standard deviation was 0,5061, For run two, the average time

between launches was 25,8320 days and the standard deviation was




0,2060 days, The first step was to test the equality of the variances,
F‘o was found to be 6,036, This is larger than the comparison statistic
(4,03) and therefore the null hypothesis is rejected and the variances
are assumed to be not equal,

Next, the null hypothesis of Uy = u, was tested against the
alternate hypothesis that u, > u, . The test statistic in this case
was found to be 13,598, The comparison statistic is t“' , Yhere
v = 12,548 , Therefore, the value of the comparison statistic is
1.771 (Ref 301596) at & = 0,05, Since t  is greater than the
comparison statistic, the null hypothesis is rejected and the time
between launches for the first run is assumed to be greater than that
of the second run, This leads to the conclusion that the launch rate of
the second run is greater than that of the first run,

At this point, the output of the second run was analyzed to deter-
mine the limiting factor, This process was continued until the desired
launch rate was achieved, The results are presented in Table XXV,

The results in this table show the facility additions that this study
recommends and the order in which they should be added to efficlently
increase the launch rate, There were some instances where the analysis
of the output indicated thl.f there were two or more limiting factors
occurring at the same tine, In these cases, each of the limiting

factors were increased individually to determine which factor increase

would result in the greatest increase in launch rate, A tadle presenting

all of the configurations examined can de found in Appendix A,
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Table XXV,

Simulation Derived Launch Enhancement FPlan

Anneal

30.06
31.34
32,68
33.46
37.42
38.95
40,20
41,64
43,68
48,46

Launch ” . orr » PP ET /0 | VAB Launch
Rate JOrbiters] Bays MLPs Bays Oslls |Hg Bays Pads
12,95 | & 2 (2/5)| 3 1 (2/5)| 2 (2/5)] 2 (2/5)] 2 (2/5)

14,13 ° " " " " 2 (3/5) "
15.35 " 2 3/s)] - " " " "
15.96 | * " "o ros y "
18.53 " " . " " " 2 (3/5)
21,70 " 20/ » " " " "
22,65 " " " - " 203/
24,04 » " " 1 (3/?7) w " "
26,76 " " " " " " 2 (3/7)

3 (3/7)

# Includes one Orbiter for VAFB operations

#% The addition of the third High Bay for vehicle assembly reduces the
nunber of ET C/O Cells in the VAB to one, As this single cell oan
not handle the launch rate, a separate, two cell ET C/0 and storage

facility will have to be built,

See the next pege for additional comments on this plan,
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L Additional comments on the Enhancement Plan:

1.

2,

3.

The PSF has two storage bays in addtion to the single processing
bay, The addition of a second PSF is required when the launch
rate reaches 30,06 launches per year, This second facility was
run with a single processing bay and three storage bays, The
total of the two PSF facilities is then two processing bays

and five storage bays,

ET and SRB production rates are assumed to match the annual
launch rate, This annual launch rate includes the rate for
KSC and that for VAFB (assumed to be 10 per year), Therefore,
1t should be increased to 40 per year when KSC reaches il per
year, and to 60 per year when KSC reaches 30 launches per year,

The simulation results showed that a single crawler (of the two
available) was sufficient to handle all the launch rates
examined, In addition, four barges able to handle a single ET
each were found to be able to handle all of the launch rates
examined, The model assumed that there was an additional, four
ET barge available to transport ETs to VAFB,

The model also assumed that there were as many ET storage cells
as there were C/0 cells,
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VII, Conclusions

The Space Transportation System is being developed to launch
NASA, DoD, and commercial payloads, National policy directs NASA and
DoD to use the STS as their primary means for launching payloads into
earth ordit, Consequently, most DoD payloads will be launched by the
STS, and DoD's share of STS flights will rise to 50% after 1988,
Scheduled DoD payloads include missile warning, surveillance, communi-
cation, navigational, and meterological satellites (Refs 1; and 2),
Future payloads may include space based defensive weapon systems
(Refs 31155 4ils1),

Unfortunately, STS launch capacity is already saturated, and the
flight hardware procurement and launch processing facility construction
needed to inorease the system launch rate are not contained in current
funding plans (Refs 51203 and 6316-17), Those funds which may later
bescome available must be wisely spent to insure that the launch rate is
increased to the level needed to meet critical national defense needs,
Therefore, they must be spent on those portions of the system uhiéh
contribute greatest to increasing the system launch rate,

The purpose of this thesis effort was to develop a plan for
increasing the STS launch rate, The problem was to develop a method
to accurately predict STS launch rate capability given various facility
conflgurationi and flight haxrdware levels, Two such methods were
developed; one vres an analytic approach, while the other uses a
simulation approach, The analytic approach in Chapter V turned out
to be surprisingly useful, However, it does not accurately reflect
the ocomplex interactions which oocur as f1ight hardware progresses

through the launch processing facilities, The simulation approach




uses Q-GERT modeling techniques to properly reflect the flow of flight
hardware through the various facilities, and the complex interactions
which result, Both methods properly identified the bottlenecks in the

STS and were used to develop plans for sequentially adding capacity at
bottlenecks in order to efficiently increase the system launch rate,

These plans are based on the assumption that work shifts will be

i 2 RN R

)
?
g adddd at the processing facilities before the facilities are expanded
]

e

or additional flight hardware is procured,

papame

The times it takes to complets the various processing activities
were obtained from the Space Shuttle Turnaround Analysis Report
(STAR 23) (Ref 12), Only five STS launches have taken place to date,

and the processing activities are still high on their learning curves,
Consequently, the available samples of activity times are not adequate
for use in determining their ultimate statistical distributions,

Therefore, the assessed activity times given in the STAR are the best
avallable estimates of the times to be achieved once the system matures,
These times were used as the average activity times in the analytic
aMh and as the most likely times for the distributions used in

BT T B P A bl 2 ST ST O B pe,

the simulation approach,

=

Analytic vs Simulation
The analytic method is based on a simple network flow diagram
which reflects the capacities of the major facilitles and hardware in

the STS, The Q-GERT simulation approach treaks down the ST3 into the

activities which take place within each of the facilities, Statlistical
distributioms vere developad for theses activities and used by the
Q=CERT computer routines to simulate the operation of the real systenm,
The Q-CERT structure developed takes into account the blockages which




i

ot G
L ey g BT S , (ot a i o s s

-

¢

A

can ocour as a result of the limited capacities of the various facili-
ties, The number of simulation runs to make for each system config-
uration, and the length of each of these runs were set at the levels
needed to accurately estimate the mean predicted launch rate and to
sdequately characterize its distribution, The design of the simulation
method and its application are presented in Chapters III and YI, while
the verification and validation of this method are presented in Chap-
ters IV and V, The analytic method presented in Chapter V was
developed for use in validating the results of the simulation method,
The analytic results were compared to the simulation results to insure
that the latter have the appearance of validity, The closeness to which
the results of the two metnods match greatly increases the confidence
with which the simulation method and the launch enhancement plan can

be used, As more STS launches take place, and as more accurate esti-
nates of STS activity times become available, the two methods can be
used to update the launch enhancement plan presented in Table XXV,

For many puproses, the analytic method may adequately predict the
system launch rate, It offers some advantages over the simulation
method, for it can be relatively quickly done, and it does not require a
knowledge of Q-GERT techniques, access to a Q-GERT simulation package,
or the use of computer resources, By comparing the analytic and
sismulation plans presented in Tables XII and XXV, it can be seen that
the analytic method consistently overstates STS launch rate capability
by up to three launches per year, The simulation method should be

used when this degree of error is considered signifiocant, In the latter.
oase, the amalytic method is still useful, for it can be used to help
validate the simulation results, and to provide a guide to use in




choosing the facility/hardware configurstions to test with the
simulation method,

In summary, both the analytic and the sim:lation methods are use~
ful ways to predict STS launch rate capability, The predicted capa-~
bilities for various system configurations and hardware levels can
then be used to develop a launch enhancement plan which would apply
scarce funds to those portions of the system which contribute greatest
to increasing the system launch rate, The simulation method is more
accurate than the analytic method, btut it takes more time, knowledge,
and material resources to do, Therefore, the degree of accuracy
desired will dictate which method to use,

Launch Enhancement Plan

The results of the analytic and simulation methods are presented
in the launch enhancement plan shown in Table XXV, This plan applies
to the facilities at KSC, Although the simrlation method was used to
detsrmine the launch rate capability of VAFB, no plan was developed to
increase the VAFB launch rate, All SRB/ET stacking, Orbiter mating,
and payload operations are done on the launch pad at VAFB, Therefore,
any plans to increase that site's capabdility would have to include
duplication of most of the VAFB facilitles,

The analytic and simulation methods both produced nearly the
same sequence of facility configurations and hardware levels, In
addition, the system launch rate capabilities predicted by the two
mothods closely matched, Since the simulation results were more
acourate than the analytic results, the launch enhancement plan shown
in Table XXV 4is the one we recommend for use, However, the simulation
method did not directly provide the capaocity of each of the facilities
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and hardware items at each step in the sequence, If these individual
capacities are of interest, their analytic estimates are shown in
Table XII, To use either plan, look for the desired launch rate in the
left hand column, The facility configurations and hardware levels
listed to the right of that number are the ones required to meet
that launch rate, The numbers within each bdlock give the number of
units needed and, if appropriate, the work week schedule required,

It should be noted that the listed launch rates do not take into
account work interruptions caused by holidays or accidents, Users
may consider adding additional launch rate capacity to allow for these
interruptions, Also, it should be cautioned that the data this plan is
based on 1s undergoing perlodic revision, Consequently, the plan pre-
sented may quickly become outdated, Therefore, the methods presented
in this thesis should be used on the new data provided in future STARs
to produce updated versions of the plan, Finally, it is left to DoD
and NASA management to balance the costs associated with achieving a

particular launch rate against the value of the payloads and budgetary
constraints,




VIII. Recommendations

We have the following recomee-dations for follow on efforts to
make,

Eventually, sufficient actual launch processing data will be
accrued to permit accurate fits of probability distributions to, We
recommend that the thesls effort be repeated using these distributions
in place of the beta~PERT distributions assumed this time around, If
the analytic method is also used on this actual data, care must be
taken to insure that the analytic capacities are calculated using the
mean activity times and not their most likely.values, It may also be
useful to periodically repeat this effort using the estimated times
€iven in new STARS until the actual times are readily available,

Finally, no allowances were made for interruptions caused by
accidents, We recommend that a study be done to determine the proper
allowance to make, The study could be based on the actual 5TS accl-
dent rate once the system matures, or, until then, on similar
experiences with other systems, The determined allowance could be
included as a figure to add to the desired launch rate, or it could
be included probabilistically in the analytic and simulation methods
themselves,

If carried out, these recommendations will insure that the launch
enhancement plan is kept up to date, and that proper allowance will be
made for capacity reductions caused by accidents,
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Appendix A
KSC Q-GERT Model and Results

This appendix contains the KSC Q=GERT simulation model used in
this thesis, The graphical model is presented in Figure 6 and is
followed by the listing of the computer program used in the analysis
and the parameters used in the model (Tables XXVI, XXVII, and XXVIII),
Finally, the full set of results is presented in Table XXIV,
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NOTF:

1.

2.

3.

, WARDWARF,

TON ARE:
NUMBER
NUMBER
NOMRFER
NUMRER
NUMRBRER
NUMBER
NIUIMBER

CONFIGURATION FFFECTS THE LAUNCH RATF.
ALTERING THF MODEL

THIS PROGRAM. THF

OF
OF
oF
OF
oF
oF
OF

ARF, DFESCRIRED IN COMMFNTS FURTHER ON IN

RESOURCES THAT ARFE READILY AVAILIBLE FOR

ORBITERS;

ORBITER PROCESSING FACILITIES (OPF);
CRAWLFRS (TO TRANSPORT STS TO PAD);
PADS;

VEHICLE ASSEMBLY BUILNING (VAB) RAYS;
MOBILE LAUNCH PADS (MLP);

SOLID ROCKET BOOSTER (SRB) PROCFESSING

AND STORAGE FACILITIES (PSF);

NUMBER
NUMBER
NHMBER
NUMARER
NUUMBFER
NUMBER

OF
oF
oF
OF
OF
OF

SRB STORAGE BAYS;

EXTERNAL TANKS (ET) PRODUCFD PFR YEAR;
ET BARGES (TO SHIP FT TO KSC);

FT CHECKOUT CFLLS;

FT STORAGFE CFLLS; AND

WORK SHIFTS PER WEFK,

THIS MODFEL ASSUMES THAT THFE SRB REFURRTSIMENT AND
PRODUCTION RATE CAN BE SCHEDULED AND BALANCED TO

BE ABLE TO PROVIDE THE NUMBFR OF SRR PATRS RFQUIRED
TO MFFT THE LAUNCH RATE, THE MODFL DOES HOWFVER
CONSIDFER THE AFT BUILD UP OF THE SRR,

THIS PRNGRAM PROVIDES AS OUTPUT A SUMMARY OF ALL OF THE
RIINS OF THF SYSTFM.,

THE SUMMARY INCLUDFS THFE FOLLOWING:

A LISTING OF THE STATISTICS COLLFCTED AT FACH
DFSIGCNATED NODPFE TO INCLUDE:

THF AVERAGE TIMFE BETWEFN LAUNCHES (IN DAYS,
NODE 40 LAUNCH);

THE STANDARD DEVIATION OF THE AVERACF;

THE AVERAGE OF THE STANDARD DFVIATION; AND
THE NUMBER OF RIINS OF THE MODEL;

A LISTING OF DATA ON THE QUFUE NONRS TO INCLUDE:
NODE NUIMRER AND LARFL;

AVERAGE NUMRPR IN THE OUFUE NODE WITH
STANDARD DEVIATION; AND

AVERAGE WAITING TIME IN THE QURUE WITH
STANDARD DEVIATION; AND

A LISTING OF RESOURCE AVAILIBILITY AND UTIL-
IZATION,

A.
Pe
C.
P,

A.
Re

C.

THF NODF 40 STATISTICS CAN BE USED TO DETERMINF THE LAUNCH
RATF CAPARILITIFS RY DEVINDING TNHFE NUMBER OF DAYS IN A YEAR
(365) BY THFE AVERAGE NUMBER OF DAYS BFTWEEN LAUNCHES,
CIVES A RFSULT IN LAUNCHES PER YEAR, THE NUEUE NODE AND
RESOURCE DATA CAN BE USED TO DETERMINE WHAT PORTION(S) OF
THE SYSTEM TS/ARE LIMITING THE LAUNCH RATE.
ARBARRAARAARARARANARABRAARAARARAAANAARAARRARRAARRAARARARARARAAACAN

THIS

RRRRARRRRARRA AR ARRRAR AR RARARAR R AR AR AR AR RARANARRA ARG ANANRGANRARAA
THIS PROGRAM IS THFE OSGERT CODF FOR A SIMULATION MODEL THAT
DFPICTS THE FLOW OF THE SPACE TRANSPORTATION SYSTEM (STS)

AT THE KFNNFDY SPACF CENTFR (KSC). THIS MODEL IS USED TO
PREDICT THF LAUNCH RATE CAPARILITY OF THF STS, THE CODF

CAN RF CHANGED TO MODEL VARIOUS CONFIGURATIONS OF THF FACe
AND WORK SCHEDULFES TO DFETFRMINE HOW EACH
SPECIFIC METHODS OF
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BRARARRANARRRARNAARRAARRANRRARRRAARRRRARRARRAAR N AR ARRNANARNAARANANR AN

TIIS 1S A TUNCTION PROVIDED FOR BRY O+CFEFRT THAT ALLOWS TNF
VSEP TN MAKL MODIFTCATTONS TO TRANSACTIONS AND ACTIVITIES.
FUMCTION I'F 1S CALLFD AT NODFS SPECIFIFED BY THF PROGRAMER
WITH THF APGUMFNT 1FN, THFE VALUF OF TFN DPNTEPMINFS WHICY! OF
THE VARINUS 1F=-TIFEN BLOCKS IS TO BF FrXFCNTFED, VALUFS

APE PETHRNFP TN UF, THF NVAR COMMON PRLOCY¥ TS REOUIRED BY
N=CEPT, FOR A DETATLED DESCRTIRTION OF TI'F VARIPLES IN THIS
COMMON SEE “MODTLING AND ANALYSIS UISING N0-GFRT NETWORKS "

EY A, ALAN B, PRITSKFR, PAGES 243-248, THE ncot COMMON
RLOCK VARTRLES ARE:

1. TTANK<THF TIME AFTFR WHICH THF NFEXT EXTERNAL TAN¥
4UST RE SFNT TO VAFB,

2. TLAKND-THF TIMF AFTFR WHICH THE MEXT ORBITFR MUST
LAND AT VAFR, AND

3. TEND2=-TRF GCREATEST FND TIME FOR SRH STACKING.

TIFSE VARTRLES WILL RF FURTHFR DESCRIRED WHEM THEY ARE USFED,
ARARRRRR R AR R R AR AR AR R AR A AR R RARR AR R RRRNRRARARARARAAR AR R AR RA R AR KRN AL

COMMON /NVAR/ MDF NFTBU(LNO) ,NRFL(LOND),KRFLP(100),
1 YRFL2(100) NRUN NRUNS,NTC(100),PARAM(100 4) TRFC,TNOW
COMMON  /11COM/ TTANK,TLAND, TEND2

ARRRRRRRRRARR AR R AR I AR AN AR R AR AR AR AR IR AR B AR ARAR AR AARNARA RN R R AR R AN
CP IS THY CULMTILATIVE PROBABRILITY OF THE VARIOUS TYPES OF
PAYLOAPS ASSOCIATED WITH THF NUMBERS IN VAL. THE DIFFERENT

TYPES OF PAYLOADS AND THETR INDTVIDUAL AND CULMULATIVE
PPORARILITIFS ARF:

E
®*
*
*
®*
PAYLOAD NO TYPF PROBR CU'l, PROB *
1 SPACFLAR «172 172 *

? HORIZONAL «345 « 517 *

3 VERTICLE +4R3 1,000 *

L ]

*

*

®

*

*

A ENRTZOMAL PAYLOAD 1S ONE THAT IS LOADFER TN THE OPF,
A VFRTICLF PAYLOAD IS ONE THAT IS LOADFD AT THE LAUNCH PAD,
THESF THO VARTARLES (CP AND VAL) ARF HSFD TO DFTERMINE
TIHF NFEYT PAYLOAD THAT THF NRRITER WILI CAPRY,
AANARRARRR R RARRRRAAR AN R AR AR AR ARRRA AR AR A A RR AR AR AR RARRARRRAAAR

RFAL P(3), VAL(3)
PATA CP/,172,.517,1.0/, VAL/1.0,2,n,3,0/
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TNIS PLOCY TS CALLED AT NODE ONFE AND IT RETURNS TO ATTRY-

START OF THF SIMULATION RUN, GATRB(2) GFTS THF VALIE OF

ATTRIRUTFE TWN WHICN IS THE ORBITER NUMBER AND USES THIS

VALUFE TO PETERMINFE THF NUMBFER OF PREVINUS MISSTONS FOR THE

ORBITER, AS AM EXAMPLE, IF ATTRIBUTF TWO EOUALS ONE (THF

FIRST ORRITFR) THEN ATTRTBUTE ONE (NUMBER OF MISSIONS) IS

SFT TN 21, THIS 1S DONF AT THF REGINNING OF THE FACH RUN,
RARRARRARRRARARRAARANRANRARANRANARAARRRANARRARAAARRARARNARR AR AR AN

» % % % 2% B 2H»

IF (TFN.FQ.1) THEN
1F (GATRR(2).EQ.1.0) THEN
U = 21,0
F1LSF IF (GATRB(2).EN.2.0) THEN
UF = 18,0
FILSE
"F = 9,0
END T1F
FEXN TF
»

ARRAARARRRANARARARRRN AN R RARARRA AR RRAARANARRAR AR RAAR AR AR ARARAAARAAR

* TNTIS RLOCY TS CALLFD AT NODF 45 AND IS USED TO MOVFE THFE *
*  VALUF OF THF LAST ORBITER PAYLOAD (UP PAYLOAD) IN ATTRI® *
* RUTF 4 TO ATTRIBUTF 3 WHICH IS THE DOWN PAYLOAD, *

ARAAARNRARAARARARRNRNRNARRRARRRARARARRARRARAARARARNRRRANRANRARRRRAER
*
TF (IFN.FQ.3) THEN
UF = GATRB(4)
END IF

*®

AARRRARRARARARARKNARARRRAANRNARRANRRARAARRAAAARNRAARNRARARRAARRARNAARAAAN

* THIS R1.OCY¥ 1S CALLED FROM NODF 4 AND IS USED TO DETERMINF *

THE NFXT PAYLOAD (UP PAYLOAD) FOR THE ORBITER, THF PAYs  *

LOAD 1S SFLEGTED USING THE DPROB FUNCTION AMD THE VARTABLES®

CP AND VAL. THF ARGUMENTS FOR THE FUNCTION ARE CP (THF. *

CULMULATIVF PROBABILITY FOR FACH CNOICF), VAL (THF VALUE  *

OF FACH POSSTHLF CHOICF), THF NUMBFR OF POSSIRLE CWOICES, *

AND TIE NUMBER OF THF PANDOM NUMRBRFR STRING TO0 RE USFD, *

TIFE RWANDCM NUMBER STRING IS INTRINSIC TO N<GERT. DPROR »

USFS A IONTK CARLO SELECTION TECHNINUF TO SELECT THE PRORs #

ARTLITY ANND THUS TRE VALUE OF THFE CHOICE. DPROR REFTURNS  *

ONE OF THFE 3 POSSTIBLE VALUFS IN VALUE TO UF. THIS VALUF  *
®
L]

IS THFN PLACEDN TN ATTRIBUTE 4 (UP PAYLOAD),
RARRRARARARRARRARARRARRNRANAARRARANARARAAARARARAARARRANARAAA AR

PP 3 3 B I 2

IF (1IFN.FO.4) THEN
IUF = PPROB(CP,VAL,3,2)
END TF
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THIS PLNCK 1S CALLFD FROM KNODE 13 AND DETERMINES THE TYPE
OF SSMF PRRIONDIC SIGNIFICAKT SPECIAL TASK THAT MUST BF
PERFORMFD (IF ANY), THFE TYPE OF PSST THAT IS DONE DFe
PFNDS ON THF MUMBFR OF MISSIONS THAT TIE ORRITER HAS BFFEN
ON. THE NUMBRER OF MISSIONS OF THE ORBITFR 1S MAINTAINED
TS ATTRIRUTIE 3 AND IS RETRIFVED USING THF CATRB FIUINCTION.
THIS MUMBFR IS THEN COMPARFD AGAIST THE PSST RENUIREMENTS
TO DPETFRYMINF YHICH TASKS ARE REOUIRFD, 1IF TWN PSSTS ARF
REOUIPEDN THE ONF WITH THE LONGEST REQUYRFN TIME IS DONE.
THF PSSTS AND THF FLIGHTS ON YWHICH THEY ARFE ROUIRED ARF:

1. HIGN PRESSURF FUFEL TURRO PUMP TINSPFCT: EVERY 2 FLIGHTS
2. NICY PRESSIIRFE OXTDIZFR TURBO PUMP: FVERY 5 FLIGHUTS
3. FENCINF RFMOVAL AND REINSTALLATION: EVERY 9 FLIGHTS

> » 2% % %30 3B N PP 2

AS AN FXAMPLE TF THF NUMBER OF MISSIONS IS A MULTIPLE OF
2 TRFEN UF IS SFT FQUAL TO 1 AND THIS IN TURN SFTS ATTRIBUTF®*
5 TO 1. THE TRANSACTION THEN RRANCHES ON A/TRIBUTFE 5 AND &

SCHEDULES THE TASK REQOUIRFD FACH TWO FLIGHTS. *
ARARRARR R RN AR AN RN R AR RRA A RN A AR AR AN ARARR R AR RN AR AR AR R AR RRARAR S

* # % % * B F BB R FF R TSR N

IF (JFN.E0.5) THEN
ATl = GATRR(1l)
1F (AT1.FQ0.0.0) THEN
U = 4,0
CFLSE TF (AMOD(ATL , 2.0).Fn,.D,.0) THEN
UF = 1.0
FLSF IF (AMOD(AT1,5.0).,F0.0.0) THFN
UF = 2,0
FIL.LSE IF (AMOD(AT1,9.0).F0.0.0) THFN
UfF = 3,0
FLSF
UF = 4,0
END TF
FND TF
*
RARRRARRARRARARRARRARANARARRRAARANRRARARRAARRRAARARRRAARAARANARARARRANARAARR

* THIS RLOCK TS CALLED FROM NODE 19 AND DETERMINFS THE TYPE
OF NORBITFR PSST THAT MUST BRF PREFORMED (IF ANY). THE
MFTHOD OF SFLECTION IS THF SAMF AS IN THE ABOVFE BLOCK.,
THFE. PSSTS AND THF FLICHTS ON WHICH THEY ARF REOUIRFD ARE:

2. PARTIAL PLB THERMAL CTL SYS REPLACEMFENT: FEVFRY 33 FLTS
3. FUFL CFLL RFMOVAL AND REPLACEMENT: EVFRY 12 FLTS

4. APU RFPLACFMFNT: FVERY 13 FLTS

»
*
*
»
" 1. PAYLOAD RBAY THERMAL CTL SYS REPLACFMENT: FVERY 40 FLTS
*
*
~
ARRRARARARARR AR AARRAR AR R AR AR R R ARARRRRRARAARRRARRRARARRARRRNRR
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IF (TFN.F)).6) THEN

ATL = GATRR(1)
IF (AT1.F0,0,0) THEN

UF = 5.0
ELSH+ TF (AMOD(ATL,40.0).F0.0.0) THEN
Ur = 1,0
FISE TF (AMOD(ATLI,313.0).F0.0,0) THEN
Urp = 2,0
FLSE TF (AMDOD(AT1,12,0).FQ.0.0) THFN
UF = 3,0
ELSF IF (AMOD(AT1,13.0).E0.0.0) THEN
UF = 4,0
] FLSE
UF = 5.0
FND IF
ENR YF

*

AARARARRANRR R AN AR ARAAARRAARRA AR AR AR AN AARAANRARAAAA AR R RARAAN AN AN S A
THIS KLOCY 1S CALLED AT NODF 44 AND TS USED TO SFLFCT THE *
LANDING SITF FOR THE ORBITFR., THF CUMRENT SINULATION TIME  *
18 COMPARFN TO THFE TIMF CONTATNED IN TLAND (THF TIMF AFTFR %
WHTCT THF NFXT ORRITFR MUST RF SENT TO VAFR). TF TNOW IS *
CPFATFI TUEN TLAND TIRFN A TUa IS PLACT TRIRUTE SEVFN  ®
AN TEE 00 prFR TS SENT TO VAFB.  TLAND 15 THEN DPPDATFD To &
RTFLFC™ THF TIME AT WNTGH THF NEXT ORRITFER IS SFNT TO VAFR, *
I¥ TYOU 1% ¢0T GREATFR THEX TLAND TIEN A ONE TS PLACED INTO ®
ATTRIRUTE SEVEN AND THE ORRITFR IS SENT TN ¥YSC. THE VALUE %
ADDFEN T TLANMD (36,5) TS SFLFCTFN SO AS TO SENT TKN ORBTTERS *
*

*

*

*

TO VAFPE A YFAR, THF ORBITERS ARFE SENT TO TVPE CHOSFM 1AND-
ING STTF HY BRRANCHING FROM NODE 44 ON THFE VALUE IN ATTRIBUTE
SHVFN,

RARNRARARARAR KRR ARRARARARARR AN A RRARAARRNRARAARNAAAAARANAR AR A AR AN RA

2 * > » P B SR X F RN »» %

TF (TFNJFDOL.7) THFN
1IF (TNOW.GT.TLAND) THFN
Ur = 2,0
TLANN = TLAND + 36,5
FLS ¥
Ur = 1,0
A A

END 1 F




ARARARRNNARARRNRAARNRRARRRARNARRARRRNARAARARAARNRRR N ARARRARARNRARAANRRNAS

THIS RL.OCK¥ 1S CALLED FROM NONFE RO AND 1S USFD TO SFLECT THFE *
DFSTINATION FOR THE FXTFERNAL TANK AFTER PRODICTION, THF *
WLOCK NSFS TUFE SAME LOCIC AS TDPAT DFESCRIRED FOP THF SELFC- *
TION OF THFE LANDING SITE FOR THF ORBITFP MFNTIONED ABROVFE, *
THIS BLOCY ALSO SFNDS TEM FEXTFRNAL TANKS A YEAR TO VAFR, .
AR RA N RARARARANRAR RN ARNR A RN RRARANR AN AN R RN A AR ANA A AR RARANARAN AR A AR

* % % * R *»

IF (TFN.FOLR)Y THFN
I (TNOULGT.TTANK) THENM
"F = 2,0
TTANY = TTANK + 16.5
FLSF
I = 1,0
(2RI TN O
FNDOTT
*
AARRARRAANARANRANARNRAARARRANANRARARRRNRAARARNARARRANARRANNARRAARRARRARARARAAANAARNRARR

*  TNIS RILNCY TS CALLEN PRIOR TO SRR STACKING IN THE VAB. THIS *
IS NONF T DFLAY OTHFR ACTIVITIES IN THFE VAR DUE TO SAFFTY *
RPEOUTRFMENTS. THE LFENGTH OF THE SRR STACKING PROCFSS (TIME) *
IS DETFRMINED FTRST WSING PARAMFETER SET 26. TUFE FND TIME *
FOR THE STACKING 1S DETERMINED BY ADDINC THF STACK TIMFE TO *
THFE CURRENT SIMULATION TIMF (TNOW). THE FND TIME FOR THIS *
STACK (TENDL) IS COMPARED TO THE LAST SRB STACK FND TIMF *
(TFNP2), IF TENDL IS LESS THFN TEND2 THFN THE OTHFR ACTIV. #
ITIFS APF ALREADY DELAYED PASSED THE STACY TIMF AND THERE *
IS NO NXEFP TO EXTEND THEM ANY MORE. TF TFNDL IS GRFEATER *
THWAN TFND2 THEN THE VAR ACTIVITIFES MUST BRF DELAYFD. IF *
THERF ARF NO CURRENT SRB STACKINGS OCCURRING THEN THE ACT-e *
ARE DFELAYED FOR THE FULL TIME OF TIF CURRFNT STACK (TIMF). *
1F TPERF TS ANOTHFR SRR STACK IN PROCFESS THEN THF ACTIVITIES *
ARF. EXTKENDFD BY THE DIFFFRNCF BRFETWFFEN THE CURRFNT STACK w
TIMF AND THF NFW STACK TIMF. THE ACTIVITIFS ARE DFLAYED BY *
USINCG THE XTFEND SUBROUTINF, THIS SUBROUTINFE TS INTRINSIC *
TO O-GFERT AND HAS TWO ARGUMENTS, THF FJIRST ARGUMENT IS THF *
ACTTVITY MUMRBFR OF THE ACTIVITY TO HE DELAYFD AND TUF SFCOND *
ARGIUFMFNT 1S TPE LENGTH OF TIME THAT THE ACTIVITY 1S TO BF *
DFLAYED, TF THPF ACTIVITY TO RF DELAYED IS NOT CURRFENTLY IN *
PROGRTSS THFEN THFE RFQUEST IS IGNORED., FINALLY, THF PROCFESS *

%

L]

*

TIMFE FOP TUF SRR STACK 1S PLACFD IS ATTRIBUTF SIX AND THF
ACTIVITY 1S RFCUN,

®
.
L
*
®
L
*
.
*®
*
®
.
]
*
*
*®
®
®
*
*
*
®
*®
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IF (TFN,FN,9) THEN
TIWE = BF(26)
TEND]L = TIMF 4+ TNOW

I (TFNDL . CT.TFND2) THENM
IF (TMOW,GT.TFND2) TI'EN
TIMFl = TIME
FLsr
TIYF1 = TENDl - TEND2
Fyvno gy
CALL XTEND (32,TIMFD)
CALL XTFND (62,TIMF1)
CAL) YTFND (H6S5,TIMF1)
CALL XTEND (69 TIMFI1)
CALT. XTEND (70,TIMFL1)
CALL. XTEND (77,TIMFI1)
TEMD2 = TFND1
rYnD IF
"y = TIMF
FNpoTY
*
RARRARARRRRARKARRRARRARRRAARNRRNRNRARAARANAARARARAAARRRNRRRARNARAARANRAR

THIS RLNOCY TS CALLFD PRTOR TO MATING THFE ORRITFR TO THF SRB/ *
FT ASSFMRIY, FIRST TI'E PROCESS TIMFE FOR THE MATING IS DPF- *
TFRMINFD (TIME2) USING PARAMETER SFT 20, IF TUFRF 1S A SRB ¢
STACK CURPFNTLY IN PROGRESS THFEN THF PROCFSS TIMF 1S FXTFNDED®
RY THF AMOUNT OF TIMFE LEFT TO COMPLFETF THF SRR STACK. THIS *
(S NONE FOP SAFFETY RFASONS THAT DO NOT ALLOW ANY OTIPFR VAR "
ACTIVYITIFS WHFN THERE TS AN SRB STACK OCCURING TN THE VAR, »
IF THFRF TS NOT A SRR STACK IN PROGRFESS THFN THE ORGINAL *

»

*

TIYF FOP THF ORRITER MATFE TS USFD AS THF ACTIVITY TIMF,
RRA R AR RR IR AR AR AR AR AR R R RN AR AR R AR R ARA R AR KA AR R AR AR RN AR AR R ARA AN

* % % % % % ¥ X B B2

IF (TFM.FO,10) THFN
TIME2 = BF(20)
IF (TFKD2,GT.TNOW) THEN
TIMF2 = TIME2 + (TEND2 - TNOW)
Frn oy
I"F = TIMF2
END TF
*
ARRRARRARRRRRRARARRRRARRAR RN R RN N A RN A AR AR R AR R AR R AR AR AR R RN RARN AN

* THIS RLOCK TS CALLED PRIOR TN MLP REFURBISHMENT IN THF VAB. *

* THF PROCESS TIME IS THFN EXTENDED IN THF MANNFR DESCRIBFD *
*  PRIVIOUSLY TF A SRB STACY¥ IS TN PROGRFSS. A CONSTANT TIMF .
# IS USFP IFOR THE ORICINAL MLP RFFURRISHMENT TIME, "

RARRRARANARARAANRRRARAARRNRARARANAAANRAAANRAANRRRARAARARARRAANRANNAAARA
L4

IF (TPN.EO,L1L1) THEN
1F (TFMD2,.GT. TNOW) THFEN
UF = 1,467 + (TFHND2 = TNOVW)
ELSF
Uy = 3,413
FND TF

END TF
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* THIS RLOCK DETFRMINE THF PROCFESS TIME FOR TUHF SRR CHECKOUT i
* OPERATIONS NSINGC PARAMETER SET 27, 1IF THERF IS A SRB STACK

* CURRENTLY IN PROGRESS THFN THE ACTIVITY TIMF IS FEXTFENDFD AS *
* PRFEVINUSLY DESCRIRFN, .
ARERARRARAANRRARARRRRRRARRARRAARARRARAAR NN AAAANRAARARANANAIN AN NRAARNA AR
»
IF (IFMN.FE0,12) THFN
TIMFY « BF(27)
1F (TFMD2.GT.TNOW) THFN
TIMF3 = TIMEJ + (TEND2 » TNOW)
FND IF
U'F = TIME]
END IF
*

RARAARARARAAR AR AR RARNR AR ARAR RN A AN AR A AR A AR R ARANRNARRARRARRAR AR R A RN

* TITS RILOCY CALCULATES THF FET MATF PROCFSS TIMF ['SINGC PARA- "
*  MFTER SFT 2R, THE TIMFE 1S EXTENDED AS ABROVF WHFN REONUIRFD. *
RARRRARRARRR AR AN AR RRRARARARR AR R RARAANRARANRRAAARRARANANNARARARARARRRARAAD

*
IF (TFN.FO.13) THEN
TIMF4 = RE(28)
IF (TFMD2,GT,TNOW) TUWEN
TIMEL = TIMFSL + (TEND2 < TNOW)
FHD 1F
UF = TIMF&4
END TF
]
ARARRARRRAAR AN R RARRRRRARNARRRRARRARARRANAARARRRARRARARARAAARRRAARRAR AR
*  TI'IS BLNCK CALCULATES THE FT/SRB CHFECKOUT OPFRATIONS TIMF "
®  USTMGC PARAMETER SET 29, THE TIME IS FXTFENDFD AS RFONTIRED IN *
* TI'F SAME MANMNFR AS ABOVF, *
RRERRRRRRRARRAKRRRAARRARAARAAARRRAARAARRRAAAARRARRARANARAARNAA R AR R AR AN
*

IF (TFN.ED,14) THEN
TIMFS = RF(29)
IF (TFNN2.GT,TNOUW) THENM

TIMFS = TIMES 4 (TFNDZ - TNOW)
EMND TF

UF = TIMFS
END TF




ARRRARRARRRARNARRRAANARRARRRNAARNABARARARA AR RAARRNANARAARNRAAARAARANEN
* THIS RLOCY CALCUHLATES THF FT CHECKOUT NPFRATIONS TIMFE USTNG *
*  PAPAMETER SET 30, THFE TIMF 1S EXTFNDFD AS AROVE WHFN NEFDFD #
RARARRARARRARARERRARRRARRRARARAARARARARRARRANAARRRARAARARARARANAARRARANRR
*
IF (1FY,F0,195) TUuEN
TIMFA = RF(10)
1rF (TFED2 ,GT.TNOW) THFEN
TIMFAh = TIMF6 + (TEND2 + TNOW)
NN :
DF = TIMF6
FND IR
RFETUPY
FND
*
AAARAR AR AR A AR ARNAARARNRARARARRARRARNARRA AR AR AN R AN R AN AN RANRARA AN AN ANR
TITS SURROUTINFE TS CALLED AUTOMATICALLY BY THF OGFRT ANALS *
YSTS PROCRAM AT THF BEGINNING OF FACH RUN OF TUHF NFTWORK, .
THTIS SURROUTTINFE TS USED TO INTTIALIZF THF VALUES OF TTANK, b
TILAND, AND TFND2, IN ADDITION, ON THF FIRST RUN, THF PARA-* *
MFTFR SFTS DUSED IN THE USFR FUNCTION AROVE (20, 26, 27, 28, *
29, AND 30) ARF TNITIALIZFD, CPRP I8 AN INTRINSIC ROUTINE *
T NDeCFRT TNAT IS USFD TO INTIALIZF PARAMFTER SETS TO RE *
]
]

NTILIZFND AS A PFTA-PFERT DISTRIRNTION,
ANRANRRRANARARRARRRRRARANANNAANNAARARNRRAARNAARARARARAARARA AR A

* 8 * 2% %R 22

SURPOUTINE UL
CoMON /OVAR/ NDE NFTRU(L100) NREL(I0ON) NRFLP(100),
1 KRPFL2(100) NRUN,NRUNS,NTC(100),PARAM(100,4) ,TRFG,TNOW
COMMON /ucoM/ TTANK, TLAND, TFEND2
TTAYY = 36,50
TLAND = 36,50
TEND? = (0,0
IF (NRDN,EO,1) THFN
CALY, CPRP(20)
CALL CYBP(26)
CALL CPBP(27)
CALY, CPRP(28)
CALL CPRP(29)
CALL CPRP(30)
END IF
RETHRN
FND
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* THUF FOLLOVING PORTION OF THE PROGRAM IS THF O-GFRT COMPUTER *
*# REPRFSFENTATION OF THF NETWORK DFESIGNED TO PFPICT THF STS *
*  FLOW AT YSC. THF PROGRAM UTILZFD THE O<GFRT ANALYSIS PRO- "
®# CRAM TN ANALYSF THE SYSTEM. FOR A FULL NFSCRIRTION OF THE *
* PRNOGRAM STATEMFNTS AND THFTR PARAMFTERS SFF “MONFLING AND *
*  ANALYSIS USING N<GRRT NETWORKS”, RY A, ALAN B, PRITSKER. *
*  THE PROGCRAM ACCOMPLISHES 10 RUNMS OF THE MODEL WITH *
®*  FACH nUM "FING 4015 DAYS IM LFNGHT. TYF FIRST 3165 DAYS ARFP *
* IGNORFD FOP STATISTICAL CALCULATIONS., THE OUTPUT IS A SliMe #
®  MARY NTF ALL TEN OF TUF PRUNS, .
ARARARRARRRAARR AR RRRAANN AR ARARARARAACARAANARNRANAANARNNANARROAARARS
*

L 3

®

GFN ANDRUSYSZYN ,KSCOPS,10,30,1982 12, ,4015,10,5,365,8%
S01,1,0,1,A* SONRCF rnn ORRTTERS
V\s,l,z,rn, ur,1 3,cn,2,s,cn,lot

ACT,1,1,CO 0.0,\,(°)A2.LE.2* GENFRATES ORBITERS

ACT, 1,2,cn 0.0,2,(9)A2.LF,3* SENDS ORBITFRS TO WAIT FOR
* OPF

OUF 2/RATTOPE [ (1N)3* ORBTITERS VAIT FOR OPF RAY
WES , L/0PFEPAY, | 3% . FSTABLISIES THF NUMRFR OF
* NPF BAYS (2). TO ADD OR

" DELFTF BAYS PUT THE DF-

* SIRED NUMARFR TN PLACF

* OF THE 2

ALL Y, ,1,1,2/40 ALLOTS OPF BAY
REG,4,1,1,D, M ORBITFR FNTFRS THF OPF AND
* IS MARKED WITH THE CURRENT
* TIMF

VAS, 4,4 UF 4% SFLECTS U'P PAYLOAD
ACT,4,5,0P,1 ,3/SAFFORR* ORBITER 1S SAFFD PRIOR TO
* SERVICING

RFG,5,1,1%

ACT,5,6,RP,2 4/PLBACCFES* PLB ACCESS 1S GAINED
RFG,6,1,1,F*

ACT, 6,7 ,BP,3 S/REHORPL,(9)A4.LE.2* REMOVFE HORIZONTAL PAYLOAD
ACT,6,7 ,BP 4 6 /REVERPL ,(9)A4.FO,.3* REMOVE VERTICLF PAYLOAD
RFEC 7 1,1, t*

AvT 7, ‘a) nP 5,7/NORFLKT,(9)A4,1,F 2% INSTALL WOR, FLIGHT KIT
PEG,B,1 1%

ACT,s,G,nP,h,BIINHORPL* INSTALL HOR, PAYLOAD
RFEG,9,1,1*

ACT,9,10,RP,7,9/NORPLCROUT* IOR. PAYLOAD CHECKOUT
ACT,7,10,RP R 10/VERPLTKRT,(9)A4,. R0, 3% INSTALL VFR, FLIGNT KXIT
RFG,10,1 1%

ACT,10,11,8P,9 11/FINALCO® FINAL PLR CHECKOUT
QUF,IIIVAITWAINT.(IO)25* PAITS FOR OPF MAINT. ACT-

IVITIFES TO RF COMPLFETED
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ACT , 5,12,8P 10, 12/SSMEMAINT*
MME V2/UATTPSST,(10)15%
*

ACT,5,13,C0,0,0,13*
Kpc.l.'ll.l'"'
VAS,13,5,UF 5%

*

ACT 1,014,011 ,14/SSPSSTL,(9)AS.FO.L*
ACT 1Y 14,89, 12,15/8SPSST2,(9)A5,.FN, 2%
ACT, 13,114,877 13,16/SSPSSTI,(9)AS.EN, ¥
ACT,13,14,00,0.0,17/NOSSPSST,(9)AS5.FN.4
OUF 14 /VATTSSME, (10)15%

*

MAT,15,2,12/16,14/16%
*

®

*

RFG,16,2,2%

ACT,16,17,C0,0,0,18%

OUF ,17/SSMFWATT,(10)25%

L]

ACT,S,18 ,BP 14 ,19/SCHMAINT*

OUF, 1R /YATTPSST,(10)21%
ACT,5,19,C0,0,0,20%

RFC,19,1,1, F*

VAS,19, 5, UF ,6*
ACT,10,20,RP,15,21/0RRPSST],(9)AS.EQ.1*
ACT,19,20 BP 16,22/0RRPSST2,(9)AS5.FO. 2%
ACT, 19,20, ,rP 17,23/0RRPSST3,(9)AS5.FQ.3*
ACT,19,20,8P,1R8 24 /ORRPSST4,(%)AS.EQ.4*
ACT,19,20,60,0,0,25/NOPSST,(9)AS.EN. 5%
QUE,20/VATTSCE,(10)21%
MAT,21,2,1R/22,20/22%

]

*

REG,22,2,2%
ACT,22,23,C0,0.0,26%
OVFE,23/SCHUATT,(10)25%
ACT,S,24 ,RP,19 27 /TPSMAINT#
2"R,24/TPSWAIT,(IO)2S*

MAT,25,2,11/26,17/26,23/26,24/26%
»

*
*

STA,26/0PFTIMF, 4,4 ,D T*
®

ACT;Z&,Z?,C0,0.Q,ZS*
ONFE,27/0RBUAIT,(10)2R8%

ROUTINE SSYE MAINT.
WAITS FoP SSME PSST
TO BF COMPLFETED

SFLFECTS SSMF PSST TO
RF COMPLFTFD

*

WAITS COMPLETION OF
ROUTINE SSME MATINT.

WHEN ALL SSMF MAINT. IS
COMPLFTFD THF TRANSACTINONS
ARE COMRINFD INTO ONE
TRANSACTION

YATT FOR OTHER OPF
ACTIVITIFS

ROUTINFE ORBTITFR MAINT.
WATIT FOR PSST MAINT,

SFLECT ORBITFER PSST

WATT ROUTTINE ORP MAINT
WHEM ALL ORBRITER SCHEDULED
MATNT TS COMPLETF THF
TRANSACTTONS ARF COMBINFED

WAIT FOR OTHER OPF ACT.
TPS MAINTENANCE

WAIT FOR OTHFR OPF ACT.
TO RF COMPLFETED

WHEN ALL OPF ACTIVITIES
ARF COMPLFTF TPF TRANS-
ACTTIONS ARF COMRINED RACK
INTO ONF TRANSACTION

THE TIMF ORRTTFR WAS

IN TNHF OPF 1S RFCORDED

ORBITER WAITS TO BF MATFED

e TR ST

T ——




pos

SFL,28/ORBMATF ASM, B/8, ,27 78
*

»
ACT,?8,24,€0,0,0,29+%
FRE,29,,1,1,3*

*

ACT,29 .30, ¢0,Nn,00,370/TOWTOVAR®
REC,10,1,1%*

VAS,3I0 6 NIF ,10%

ACT,30,32,AT,H 32/MATEORB®
NI'F,32/WATTCORAL ,(10)33%
RFS,2/CRAULFR, 1,3%

L]

]
®

ALL,33,,2,1,32/34%
OVFE,34/VATTPAD, (10)35%
RFS,3/PAD,2,315%

»

*

*

* .

ALY, 15,,3,1,%4/6*

RFC,V6,1,1%

ACT, 36,98 CO 0,0 R4k

FRFDQ“' "‘l‘ .hh*
ACT,98 .99 €0, 0,0, ,RS*
STA,99/RFTVAR,1,1,D, R* »
ACT,36,37,60,0,61,33/TOUTOPAD®
REC,V7,1,1*
ACT,37,18,00,0,61,34/RETCRAVLFR?Y
FRE,38,2,1,3*

®

ACT,318,19 Cc0,n,0,35*
STA,39/RETCRAUTL 1,1 D, B*
ACT,17,40,8P 21,76/PANOPS*

®

STA,40/LAUNCI, 1,1 ,D R
L]

]
VAS, 40, 14,00, 1%

ACT,40,41,60,6.8%,37/RFFRRPAD®
FRE,41,,%,1,35%
*

ACT,41,42,00,0,0,3R%
STA,42/RETPAD,1,1,N, B*
ACT,40,6%,C0,0.0,39¢
REG,43,1,1,F*

ACT, 43 446 N0 22 40/SLMISS,(9)A4,FN. 1%
ACT, 47,64 ,N0,23,41/NOMMISS,(9)A4.CE, 2%

119

WHEN ROTH AN ORRTTFR

AND A SKRH/FT ASSrMBLY

ARF, AVALTRLE, TUF ORBITFR
MATING ACTIVITY IS RFGUN

TNE OPF RVAY IS FRFED
FOR THFE XFXT ORBITER
TOW ORBRITER TO VAR

DETFRMINF ORR MATF TIME
MATF ORBTTFR TO ASSFMBLY
ASSFMRLY WAITS FOR CRAWLFR
FSTARLISUFES NUMRFR OF
CRAWLERS (1). TO ADPD CRAW-
LFRS PUT THF DPESTIRFD NUMe
RFR TN PLACFE OF THE 1
ALLOTS CRAUWLFR

ASSFMBLY WAITS FOR PAD
ESTARLISHFS THE NUMBFR OF
PADS (2)., IF IT IS DNESIRED
TO ADND OR SUBTRACT PADS
CHANGF THF 2 TO THE
NESIKRFND NUMRBRER

ALLOTS PAD

FREY VAR

HOVF ASSFEMRLY To PAD

RFTURN THE CRAULER
FRFF CRAUWLER FOR
FURTHFR USF

PAD OPERATIONS TO INCLUDF
THF COUNTDOWN

LAUNCH THF ORBITER AND
RFCORD TIF TIMF BETWFFN
CONSECUTIVF LAUNCHFS
U'PDATF MISSTON COUNT
RFFURBISH LAUNCH PAD

FREF LAUNCH PAD FOR
FURTHFER USF

SPACFLAR MISSION TIME
NOMINAL MISSTON TIME

s R A

s

T LN T T BN o M 1 R S
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L. REC,44 1 1 F*

VAS, T 7 UF 7 SELECT LANDING SITF
ACT, b4 65 rn WNO 42 /KSCLND,(9)A7.LE.1* LLAND AT KSC

QUF, AS/LAnnvqc 0,0,(7)46% LANDING QUEWF AT KSC
VAS,45,3,UF, 3% MOVF. UP PAYLOAD TO

* DOWN PAYLOANF ATTRIBUTF
REC,46,1 1% IF THE STRIP AT ¥SC IS IN
*®

USF THEN THE LANDING OF
THE ORBITER IS DELAYED
UNTIL THE STRIP IS CLEAR

]
L]

ACT, 46,45, €C0,0,4 43/DELYKSC* KSC LANDING DFLAYFD
ACT,45,2,C0,0.09 44/LANDOPS® KSC LANNDING OPERATIONS
ACT 44 47 cn 0,0 45/LNDVAN,(9)A7.EQ.2% DRBITER TO VAFBR

OUF A7IVAFHLAun ,0,(7)48* LANDING OUFUF AT VAFS
REG,48 1,1# IF THFE LANDING STRIP

]

AT VARF TS IN USFE TPHFN
3 * THF LANDING 1S DFELAYED
ACT, 4R 47 ,C0,0,4,46/DFLYVAFR* DELAY VAFRB LANDING

ACT,47,49,00,0,09,47/VLANDOPS* VAFB LANNING OPFRATIONS
SOU,31,0, 1% GENERATF INITIAL VABRF ORB
vAs,31,1,€0,7,2,C0,4,3,C0,3,8,C0,10* SETS THF INITIAL VALUES

* OF MISSION NUMRFR, ORRITER
NUMBFR AND DOWN PAYLOAD
FOR THF VAFR ORBITER

~
[ ]

ACT,31,49,C0,0,0%*

Q"F bq/V&)P”AYT* ORBTITFR WAITS FOR USF

AT VAFH
ACT 49,50 NO 24 ,48/VAFBOPS* VAFR LAUNCIH OPFRATIONS
STA, SOJVAFRT IME ,1,1,D, B¢ LAUNCH ORBRITFER FROM VAFR

VAS, 50,14 0 1*

AND RFCORD THF TIME
RFTYHFEN LAUNCHES
UPDATF NUMBFR OF MISSIONS

ACT, 50 aa_Nn 23 49IVAFnM1<ston* NRBTITAL MISSTON FROM VAFH

xnu 51,0,1, SOURCFE OF TINITIAL AFT
SKIRTS

VAS, S1,R,IN,1*

ACT,51,51,C0,0,0,50/CGFNAFTSK,(9)AB, LF.9%

ACT,51,52,C0,0,0,51,(9)AR,LF. 10w GFENFRATF 10 AFT SKIRTS

ACT, 4D ,52,C0,0.0,52/RETAFTSK?* AFTFR LAUNCH TMMEDIATFLY

® RETURN TME AFT SKIRTS

OUE,52/WATTPSF ,(10)53% AFT SVIRTS WAIT FOR PSF

RFS ,4[/PSF,1,53% ESTABLISUES THE INITIAL

»

NUMRBRFR OF PSFS AT 1

TO ADD OR SURTRACT PSFS
PUT THF DESIRED NUMBFR
IN PLACF ODF THF 1, IN
ANRDITION CHANGCF THE NUM-e
BER 1 IN ACTIVITY S5 ToO

THE DESIRFD NUMBER OF PSFS
ALY ,57,,4,1,52/54® ALLOTS PSF¥

> % * 2 » >




REG,S54,1,1%

ACT,54,55,C0,0,7 ,53/AFTFSTANDS
OUE,SS/UATTSEM ,(10)57#

ACTINGD [ S6,CO 0,0 S4/RETSRM*

DNE,SAJUATTAFTSK,10,(10)57#
*

SFL,ST/AFTRUETLD ASM (7)55,56%
ACT,S7,5R,BP,25,55/BUTLDUP 1 *
]

*
®

NUF,S5R/UATTSTOR ,(10)59%
RES,5/SRRSTORF,2,59%
L]

* » %

»

ALL,59,,5,1,5R/A0%

RFC,60,1 1%

ACT, RO, 61 ,00,0,0,56%
FRFE,61,,4,1,5%*

ACT AL, A2,€0 0,0 5T
STA,b2/RETPSE 1,1,D B*
ACT,60,63,C0,0,0, 58%

OUFE 63/WATTMI P (10)69%

SO, 64,0, 1 A%

VAS,64 ,R TN | *

ACT, 64,64, ,0,0,50 (9)AB,LF, 2%
ACT, 64 ,65,00,0,0,60,(9)AB.LF.3*
ACT,40,65,C0,5.43,61/WASHMLP*

*

OUF 65 /WATTVAR ,(10)66%
RFS,6/VAR,2 hh*
*

*

*

]
ALL,66, 6,1 ,65/67*
PFGLAT, 1, 1%
VAS,67,6 ,UF 11%

L ]

ACT,67,6R,AT,6,62/MLPREFURB®
NNF,6R/UATTSRE ,(10)69%
SEL,69/STACKSRR,ASM ,(7)63,68*
®

*

ACT,69,70,00,0.0,63%
REC,70,1,1%

VAS,70,6 ,IF 9%

ACT, 70,71 ,AT,6 ,64/SRRSTACK®*
ACT,70,96,C0,N,0,R2¢%
PRF'““D Dsillsq‘
ACT,06,97,00,0,0 A%
STA,97/RFTSRAST,1,1,Nn, B*

INSTALL AFT SKIRT TN STAND
AFT SKINTS WAIT FOR SRM
RFTURN SRM AFTFR LAHNCH
SRM WATT FOR AFT SKIRT
STARTS WITH 10 IN OUFUE

AFT RUTLDUP OF SRB TN PSF
NUMBFR OF SFRVERS (1 1IN

THIS CASF) MUST FOUAL THE
MUMRFR NOF PSFS

SRBS WAIT STORAGF
FSTARLTSHFS NUMBFER OF SR%
STORAGF BAYS AT 2, TO ADD
OR DFLFTFE STORAGE PLACEF
TNE PESTRED NUMBER OF
STORACF RAYS IN PLACE OF
THE 2

ALLOT SPR STORAGE

FREF PSF

SRR WAITS FOR MLP AND VAR
SOQURCE OR MLPS

GENERATE 3 MLPS

WASH MLP AFTFR LAUNCH AND
MOVE TO WAIT FOR VAB

MLP WAITS FOR VAR
FESTARLISIFS THE NUMBER OF
VARS AT 2. TO ADD OR

LET® THF VARS PUT THNF DF:.

STRED NUMRFR IN PLACF OF
THE 2

ALLOT THE VAR

DETERMTINF MLP RFEFIRRISH-
MFNT TIMF

REFURRISH MLP

"ALT FOR SRR SFET

WHFN BOTH THF SRRS AND
THF MLP/VAR ARF AVAILIRBLF
SRE STACKXING IS STARTED

DETFRMINE SRR STACY¥ TIMF
STACK SRRES ON MLP

FREF SRR STORACF




REG,71,1,1*
VAS, 71,6 ,1'F,12%
®

ACT,?71,72 AT ,6,65/SRBALINE®
ONE 72/WATITFT,(10)73%

SFL,7Y/FTMATYE ASN ,(7)72,04%
*

*

ACT, 73,74 ,€0,0,0, 66%

RFG, 74,1 ,1%

VAS 74,6, 1'F 17 R CO, 0%

ACT 74,77 ,AT 6 A9 /MATEET®
ACT,74,75,C0,0,0,67%

FRE |75, ,9,1,907T

ACT 75,76,C0,0,0 AR%

STA,7A RETETSTORE, 1,1 D, R*
REC,77,1,1%

VAS, 77,601 ,14%

»

ACT 77,78 AT ,6,70/FTSRBCO*
OUF ,7R/WATTORR (10)28%
'.(‘”070)0’1 "\*
ACT,79,79,¢0,15.21,71/PRODFETS*

%*» % % %

]
ACT,79,30,C0,0,0 T72%
REG,H0,1,1 ,F*

VAS 80 7 )7 8%

DETFRMTIME SRR CHECKOUT
TIMF

SRB CHECVFONUT AND ALTGNMENT
WAIT FOR FXTERNAL TANK
WHEN AN FT AND STACKFD

SRR APRF AVATLIBLE THFEN TIF
ET MATING TS RFEGUN

PETERMTINFS FET MATE TIMF
MATF FT TO SRR

FRAEFE FT STORAGF

DETFRMTINF FT/SRR CHFCKOUT
TIMF

FT/SRR CHFCY¥OUT

WATT FOR ORSTTFR MATE
SOURCF FOR FXTFRNAL TANKS
PRODPIUCF FTS AT A RATF

OF 24 PEP YFAR, TO TN-
CRFASF THF PRODPUCTION RATE
CUANGFE THE NAYS BFTWFEN
propncTrIon (CNPRENTLY
15.21) TO THF DESIRFD RATF

PETERMING ET DESTINATION

ACT, 80 81,0 N,0 73/ETTOKSC,(9)A7.FO,L#*FT SF“T To KSC

OUF S1L/UATTRARG  (10)R2*
RES,T/ESCRARNE 4 AR2*
*

L]

*

»

AVE %2, ,7,1,81 /R

REG,%7,1,1*

ACT N3 R4 00, 7.0,74/SHIPTOKSCY
ONE B4L/UAITFTCO,(10)RS5*

*

RFS,R/FTCOCFLY ,2 ,RS%
L]

*
"
*
*
A

LL,BS, P 1,%6/96%

FT UATTS FOR BARGEF

FSTARLISHFS THF NUMBFR OF
KSC BARCFS (4), TO ADD OF
PELETE RARGFS PUT THE DFe

STREDN NUMBFR TN PLACF OF
THE &

ALLOT ¥SC RARCF TO FET

SHIP FT TN ¥SC

FT WATTS AT KSC FOR

AN FT CHECYOUT CFLL
ESTARLISHFS THF NUMRFR OF
FT CUFCXOUT CFLLS (2). TO
ADD OR DFLETFE CHECKOUT
CFLLS PUT THF DESTRED
NUMBFR OF CFLLS TN PLACEF
OF THF 2

ALLOT ET CHFCKOUT CFLL




L PFC, RO, 1, L% i
VAS,R6 6, UF,15% DETFRMINF ET CVECKOUT TIME :
ACT B6 ,RT €0, 7,0,75/RFTRARCE® RETHRN RARCE TO MICIOUD {
FRE,R7, 7,1, 82% FREE RARCF TN SHIP NEW FT i

ACT B7 %8 €n 0,0, ,76%
STA,RR/RFETKIAR,1,1,D, R¥*

ACT Bh 49 AT 6,77/FTCOOPS* ' FT CHECKFNNT OPFRATIONS .
: OUT BY/UATTITST, (10)90% T'T WAITS FOP STORAGFE 1
: NFS,O/FTSTORF 7 ,90% FSTARLTSHFS THF NUMPFR OF ’
* FT STORAGE CFLLS (2). TO !
* AND OR WELFKTFE CFLLS PuT !
* THE DESIRFD NUMRER IN f
* ;

PLACF OF THFE 2
ALL,90, 9 1 RA/9* ALLOT FT STORAGE §
RFG,91,1,1%

ACT,71,92,00,0,0,78%

FRF,Q02, % 1, RS5* FREFE ET CHFCKOUT CELL
ACT,92,93,C0,0,0,79%

STA,93/RFTETCO,1,1,D,R*

ACT,91,94,00,0,0,R0%

QUF,94 /UAITSRE,(10)73% FT WAITS FOR SRB PRTOR

* TO FT MATFE

ACT,80,95,C0,0.0,B1/ETTOVAN,(9)17.FN.2*SEND ET TN VAFR
STA,95/FTTOVAFR,1,1,D, B*

SFF,2,467574R8302 /1% REINITIALIZES RANDOM

* NI™RBFR SFED 2 FACIH RUN




RRRRERRRRRARN AN RARERANRRRARRRRRRRARNRRARRRAANRRARAARARARARAARRRANAN AR W

SFT NUMPFR,

ARF 1% DEITS NF DAYS.

AR,1,7.70,1.58,13,83*

*F T R R EE R RS ER N

PAR,? 20RO 0,4R 5, 12%
PAR,3,2.10,0,26,3,94%
PAR 41,60, ,0.26,2,.54%
PAR S S5.A0,2,10,9,10%

*

PAR 6 0,70 0,53 0,80%
PAR 7 6,30 1,58 ,11,.0%%
PAR R 9,10 2,10 16,10%

*

PAR, D D,R0,2,1N,17,59*%
PAT 10,1R,99,2,10,35,70%
PAR,11,1N0.85,2,10,19,60%
PAR,12,10,50,2,10,18,90%
PAR, 11,8.08,2,10,14,00*
PAR 14 ,22,40 2,10,42,70%
L

PAR,15,27.30,2,10,52,.50%

PAR 16,7,.79,2,10,13,4R%

PAP 17 ,46.64,2,10,7,18%

PAR 1%, 3,15,2.10,4,20%
PAR,19,14,97,2,33,27,53*
PAR,20,4,20.1.31,7.09%

PAR 21,260,600 ,2,10,51,10%
PAR,?22,12,00,7,.60.30,00,3,00%
PAY 23,4,00,2,90,6,00,1,00%
PAP 24 ,32,25,31,00,33.00,0,5*
PAR 25,23,10,8,75,37,45%*
PAN26,4,900 2,P4 6,96%
PAR,27,A,00 2 R4 6,90%

®

PAR,29,2,10,M,38,3,33*

PAR 29,272,400 1,66 ,4,14*

PAR, 30,170,900 ,4,55,33,25*

Fru+

124

TUE  FOLINYING LINES OF CODK
THIS PPOCRAM, THFE FTRST NUM9FR

MAXTIMUM TIMES FOR THF DISTRIRUTTONS,
THFE PARAMFTIR SETS USING THF NORMAL
STANDARND NFYTATION OF THE DISTRIBUTION, ALL OF THF VALUFS

THF PARAMFTER SETS USED IN *
AFTFER PAR IS THF PARAMFTER  *
THF NEXT NUMBER TS THF MOST LIFELY TIMF *
T} TVUF RFTA-PFRT DISTRIRNTION FXCFPT FNOR PARAMFTER SETS 22, *
23, ANND 24, TN WHTCH CASF THF NUMRFR TS THE MFAN OF A NORMAL *
DISTPTIRUTINN, THE NEXT THO NUMBRFRS ARF THE MTINTMUM AND "

*
*
*
*
*®

THF FOURTH NUMBFR IN
DISTRIKI'TION TS THF

RRRAERRNARARAARANARNRNAARAARARARRAAARNRARRRAARRNRRAANAARRNARRARARRARARA R

SAFF AND NESERVICE
ORRITER

CATIN PLR ACCESS
RFMOVE HORIZONTAL PL
RENOVFE VERTICLE PI.
INSTALL, HORTZONTAL
FLICNHT ¥PIT

INSTALL HARIZONTAL P,
CHFCKOUT PORTZONTAL PL
INSTALIL VERTICLE
FLLIAVT ¥IT

FINAL PLR CHFCYOUT
ROUTIMF SSMF MAINT
HPFTP INSPFCTTION
HPOTP INSPFCTINN

ENC RFEMOVE & TNSPFCT
ROUTIME SCHEDULFD
ORBITFEP MAINTENANCF
PLAY TCS RFPLACF
PARTIAL PIR TCS RFPLACF
FI'EL CELIL RFPLACF

APl RFPLACF

TPS MAITNTENANCF
ORBITER MATE ACTIVITIFS
PADR OPFRATIONS
SPACFIABR MISRION
NOMINAY MISSION

VAFR ORBITFER OPS

SER AFT RUILDUP

SRB STACYING OPS

QUN CHECYOUT AND
ALTOGNMUNT

ET MATFE OPERATIONS
SRB/FET CHECYONT

ET CRFECKOUT aPSs

T TR T




KSC Beta-FERT Parameters

Table XXVI,

Pessimistic
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2
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2/s
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80
<901
85
50
.05
RIEUR
3
4
64
15
93
.20
.60
.10
+90
<90
.10
40
+«90

REggRes

it

Activity

Description

Safe Orbiter

Remove Horlzontal Payload
Remove Vertical Payload
Instal Horizontal Flt Kit
Instal Horizontal Payload
Horizontal Payload C/0
Install Verticle F1t Kit

Final Orb/PL Checkout

ET/SRB Checkout Operations
ET Checkout Operations

SRB Alignment and Verif,

Mate ET

Orbiter Mate Activities

Pad Operations

Orbiter Scheduled Maint,

Orbiter PSST #1

Gain Payload Bay Access
Routine SSME Maintenance
SSME PSST #1

SSME PSST #2

Orbiter PSST #3

Orbiter PSST #b

TPS Maintenance

Aft Bulldup of SRB

3RB Stack

SSME PSST #3

Act,

Nunm,

M3 VWO -0 O

22 Orbiter PSST #2

10
11
12
1
15
16
19
23
24
27

21
32
36
55
64
65
69
70
7
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Table XXVII, KSC Normal Parameters

Act, Activity Standard
Num,| Description Mean Minimum Maximum Deviation

Spoeeiub Mission 12,00 7.00 30,00 3.00
41 |Nominal Mission 4,00 2,00 7,00 1.00
“8 VAFB Opeutions 32.35 31.00 33.00 0.20

Table XXVIII, KSC Constant Parameters
Act,. Activity Work
Num, Description Hours 2/5 3/5 3/7
30 Tow Orbiter to VAR 1.0 0,09 0,06 0,04
33 |Tow to Pad 7.0 0,61 0,41 0.29
3% [Return Crawler 7.0 0,61 041 0.29
37 |Refurbish Pad 78,0 6,83 4,55 3.25
43 |pelay XSC Landing 9.6 0,40 - -
44 |Landing Ops KSC 1.0 0,09 0.06 0,04
46 |Delay VAFB Land 9.6 0,40 - -
47 |VAFB Landing Ops 1,0 0.09 0.06 0.04
53 |Install Aft Skirt 8,0 0.70 0.47 0,33
62 |Refurbish MLP 39,0 3.1 2,28 1,63
74  |Ship ET - 7.00 - -
75 Return Me - 7.00 - -
2u/yr ko/yr 60/yr

71 Produce ETS 15.21 9,125 6,083
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\ Appendix B

VAPB Q-CERT Model

This appendix contains the VAFB Q-GERT simulation model, The
graphical model is presented in Figure 7, followed by the computer
1listing of the Q-GERT program used and the parameters used in the model
(Table Xxx),

N o
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2 F RN R AR TR RS R RER

RRAANRRANAANRRARRRRAARRARABARRARRAARAARRRARARARA AN NAARRNRARA R AN AN

TRIS PROCRAM TS THE O<CERT CODF FOR A STHPLATION MODEL b
TUAT DFIPTICTS THE FLOW OF THFE SPACF TRANSPORTATION SYS- *
TEM AT VANDENBFRC AFB, HIS MODEL TS USFD TO PRFENPICT THE *
LAVUNCH RAT® CAPANILITY OF THF STS AT VAFH, THE MODEL *
NVAS DESTGMEN TO NETFRMINE LAUNCH RATE FOR ONLY THE CON-e »
FICURATION USFD TN THE MODFL, HOUFVER, THF USFR CAN ALTFR *
THF MODEL TO FXAMINF NDTHFR CONFIGURATIONS OF THF SYSTEM, *
TUF PORTIOMS THAT CAN BF FASTLY VARTFED ART TN NI'MBFR NF &
NPRITFEES, THE NUMBER OF ORBITER CHECKNUT AND MAINTFNANCF ®
FACTLITIES (OMCF), THE NUMBFER OF FT CHFCKOUT AND STORF- *
ACE CELLS, AKD THFE NUMBFER AND TYPE OF FT RARCFS USED TO *
SHIP FTS TO VAFR. THNIS MODEL ASSUMES THAT TIFRI ARE AN *
UNLIMITED NUNBER OF FTS AND SRBS AVAILIBLF TO THF SYSTFM, *
IN ADDITION IT ASSUMFES THAT TUHFERFE IS ONLY ONE LAUNCH PAD, *
AS AN OUTPUT THFE MODFL CTVES DATA NN THFE TIMF RETWFFEN *
LAVUNCIES AND THE STATISTICS ON THIS DATA. IN ADDITION, *
THF OUTPUT GIVFS STATISTICS ON THF NIUMRER AMD AMOUNT OF "

«

*

TIMF THAT TRANSACTTIONS WAIT IN THUFE VARIOUS OUFUFS,
RRAANRRARANAARR A AR AN AR AR AR A AR R A AR ARANR AR AARR AR AR A AARRAAAANRR

* % % B X B F E NN EF RSN

FUNCTION UF (IFN)

ARARARRRRR KR ARRRARARARRRARARARARARNNRRRRRIRANRARNRANARARANRAA RN

TNTS TS A FUNCTION PROVIDED BY O<GERT THAT ALLOWS THE *
U'SFR TO MAKE MONIFICATTONS TO TRANSACTIONS AND ACTIVITIES.*
FUNCTION I'F TS CALLED AT NODF SPECTFIEN BY THFE PROGRAMMER *
WITH THE ARGUEMFNT TFN. VALUES CALCULATFED IN THF FUNCe  *
TION ARF ®STURNFD IN UF. THFE QVAR COMMON RIL.OCK CONTAINS *
VARTRLFS RFOIITRED AND USED BY THF N<GERT ANALYSIS PROe .
GRAM. FOR A DETATLED DESCRIPTION OF THF VARIBLFS SEE *

®

*

*®

“MADFETLING AND ANALYSIS USTING QsGFRT NFTWORKS™, RY A. ALAN
Re PRITSYFER, PAGES 2434248,
RAARAARARARARRRARRRARRNARAARNRAARRRNANARRARARRARRRRARARRRARRKS

COMMON /OVAR/ NDE,NFTRU(100) ,NRFL(100),NRFLP(100),
1 NRFL2(100),NRUN,NRUNS ,NTC(100) ,PARAM(100,4) TREG,TNOW




ARRNRRRRARRRRARRRRARARARNRAARNRRARNRANARRRRRANR AR AR ARAR AR AR A AAN AR

*  TETIS PORTION OF THE USFR FUNCTILON (UF) TS USED TO DETFERs #

* WMINF WHAT TYPE OF ACTIVITIFS HAVE TO RF ACCOMPLISHED *

* WHILE UNLOADING THF FT BARCGE. THIS MODFL ASSUMES THAT 4 * !
* FTS ARF TRANSPORTED ON THF BARGF AT OME TIMF, IF TNERE  # b
* APFE NO ETS ON THF RARGF THFEN THF BARGF TS RETHRNFD TO * é
* PICY UP MORF ETS (UF = 1). TF THERE ARF TWO FTS LEFT ON * i
* THE BARCF, TUEN THE TRANSPORT STANDS FOR THFE FIRST TWO * :
* FTS ARF LLOADFD OM THF RARGF REFOR ANOTHER FT TS UNLOADED # i
* (UF = 2), IF TRFEPF IS ONE OR THREE ETS STILL ON THFE BARGE,* :
# CPIFN THE NFYT ®T IS IMMEDTATFLY UMLOADED (UF = 3), * 4
AARARRARRANARARRARARARRRRRARNANRANARRARRRANRARRAARARRR AR RRAARRRARAARK 2
- i
. %

IF (ITX.EN0,1) THEN
TF (NRFL(S5).FN,0,0) TI'EN
UF = 1,0
; ELSFE IF (NRFL(S5).F0.2.0) THEN
: Hr = 2,0
| FLSF
[ UF = 3,0
FND 1F
[ FND IF
RFTURN
FND

. P TR B

RARARRARAARARNRRRRRARRRARARARRNARRAANAARRANAAARNANRRANRARANAARARNRAA N
THE FOLLOMING TS THE O<GERT CODPE USED TO DEPTICT THE GRAPH«*
1CAL MONFT OF THF VAFB SYSTFM. THIS CODE IS USED RY THE *
0-CFRT ANALYSTS PROGRAM TO ANALYSFE THE SYSTEM. THF PPO- *
GRANM ACCOMPLISHFES 10 RUNS OF THE SYSTEM, FACH RFING 4015 *
PAYS TN LENGNT., THE FIRST 365 DAYS OF EACH RUN ARE IG-  *
NORFD AND NOT USED FOR CALCULATING THE STATISTICS. TIIS *
TS DONF TO PEDUCF THFE POSSIBLE FFFECTS OF THFE STARTING *

CONPITIONS, AS AN OUTPUT THF PROGRAM PROVIDES THF RF-. *

*
*
L
*
L]

BT Tt

T

SULTS OF TNFE ANALYSIS, AVFERAGCFD OVER THE 10 RUNS, FOR A
PETATLFD DESCRIPTION OF THFE O-CERT COMMANDS USED SEF
"MODFLING AND ANALYSIS USING O*GERT NETWORKS™, RBY ALAN A.
B PRITSKFR.

ARARARNRRNR AR AR RARNRRANARARR R AR AR ARRRRARARRRRAR R AR RAARRAARAARR

IR I I I I I N I B R N N N

GEN,AMDRUSYSZYN,VAFROPS ,09,27 /1982 ,6,0,0,4015,10,,765,4*
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!\'(H"Sl'n.l,’\*
VAS,51,2,IN,1%

ACT,51,51,C0,0,0,1,(9)A2,LF,3*
'\‘-:T.sl.l.cn.n.n.?.(g)Az.[lEOA*

SOU,S52,0,1, A%
VAS,S2,3,1K,1%

ACT,S52,52,C0,1.0,7,(9)A3,1LF,200%
ACT,S52,1,00,1,0,4 (9)A3,.LE,300%

OUF  L/FTHICH, (10)2%

RFS V/PARGF 4 2%

AL, 2,,1,1,1 /%%
REC,3,1,1*

ACT, 3,5, UN L, ,5/SUHIPVAFR®
OUFE,S/ETVAFB, (10)6*
RFES,2/XPORT 1 H#

*

ALL,K, ,2,1,5/7*
QUF,7/WATTSTR,(10)8%
»

RFS,3/STORAGF 4 6%
*®

ALL R, J3,1,7/0%

REG,9,1,1*

ACT,9,10,N0,2 A/OFFLOAD®
REC,10, 1,1
ACT,10,11,80,3,7/XPORTFT*
RFCL,1Y ) bR

ACT, 11,12, ,80,7,3/RCVINSP®
REG, 12,1, 1%
ACT,12,11,00,0,0,9%
ACT,12 20, €N, 0,88 10%*
OUE,13/UTCROUNT [ (10)14%
NES,4/CKONTCFL, 1, 14%
ALL,14, ,6,1,13/15»

REG, 15,1 ,1%

ACT, 15,16 ,N0,4 ,11/CKOTPREP*
REG,16,1,1*

ACT, 16,17 ,NO,5,12/FTSYSCO*,
REC,17,1,1*

ACT,17 1R _NO,6,13/SECURFCO*
REC,18,1,1%

SOURCE OF FIRST 4 FTS

GENFRATF FIRST 4 ETS
SOURCE FOR KURKSFNUENT ETS

GENERATFE 300 ETS

ETS WAIT FOR BARCGE
FSTABLISHES 4 RARGFS
ALLOTS RARCFE TO FT

SHIP FT TO VAFR

FT WAITS TO BF UNLOADED
ESTABLISHFS THF NUMRER
OF ET TRAMSPORTS

ALLOTS TRANSPORT

ET WAITS FOR

STORAGF. CFLL

FSTARLISHFS 4 FT STORAGF
CELLS

ALLOTS ET STORACNF

OFF LOAD ET
TRANSPORT FT TO STORACGFE

INTTLAL FT INSPECTION

RETUPN XPORT TO NOCK
FT WAITS FOR CHFECXOUT CFILIY,

FSTARLISNHES | CNECXOUT CFLL

ALLOTS CITRCKOUT CELL
PRFPARE FT FOR CDPFCKOUT
CHECKOUT FT SYSTEM

SECURE ET FROM CHECKOUT

g e sy




- e aimd

RFC,20,1,1 F*
VAS,20 1 F 1

PETERMINE LARGF ACTIVITIFS

ACT,20,21,80,7 ,15/NOFTINO,(9)AL,EQ.I* NO FT5 ON RARGF

®
*

TRGC,21,1,1#%

ACT, 21,22 ,11,1,16/RFTRARCE®
FRF 22,1 4 2%
ACT,22,23,€0,0.0,17%
STA,?\/R\RCFPFL,I,I,D,B*
ACT,21,24,C0,0,0,1R%*

LOAD LAST 2 TRANS-
PORT STANDS

PETURN RARGF TO MICHOUD
FREF & BARCFS

ACT 20,24 NN 8 RQ/T”OINFTO (9)AL.E0.2% TUOD FTS OF RARGF

*

LOAD FIRST 2 TRANS-
PORT STANDS

\rT 20,24 ,¢n 0,0 20/0TRERING,(9)AL1.FQ.3* 1 N2 3 TS

*

FRF,24,,2,1 9%
&CT,?Q 25,00,0.0,2
STA, SIYPORTkFL,l
ACT, lﬂ 26 ,N0,6,22
®

ACT, 18,78 0 0.0, 23/ETTOSTOR®
FRFF,26,,4,1,14%

ACT, 26,27 00 ,0,0 24*
STA,27/CORFL,1,1,N, R*
OUF,28/FTUATT, (LO)4AR
SON,53 0 1*

ACT 51,29 00 0,0 44/CENONR
OUE,29/DRELAND®

ACT,29,30 NO,9,25/SAFFORR*
RFG,30,1,1%

ACT,I0 31 ,NO, 1D 26/ TOVOMCF®
ONE,IT/WATTONCF,(10)32%
RFS,5/0MCFRAY 1 ,72%
ALL,Y2,,5,1,31/3)¢#
RFC,33,1,1%

ACT, 3,34 ,%0,11,27/0MCFACT®
OUE, V4 /ORBWATT,(10)35%

[l
W1,
/P

)*

ON BARCF, NO
SPFCTIAl ACT.
FREF TRANSPORT

PREPANE CHRCROUT CFLL
FOR NFXT ET

RETURN FT TO STORACGFE
FREF ET CHECXOUT CFLL

FT UALTS FOR USFE
SNURCE OF NTRTITFR
GENERATF ORWITF®

SAFF ORRBITIR

TOW ORRITFR TO OMCF
ORBITFR WAITS FOR OMCF
FESTABLISHFS 1 OMCF RAY
ALLOT NOMCF RAY

OMCF ACTIVITIES
ORBITER WAITS FOR IISF

e o T e g

e g pear agoe




SFL,I5/A8SYN¥ s ASM (7)34,50%
*
*®
*

»

ACT,35,16,C0,0,0 ,2R*
REG,V6,1,1%

ACT, V36,10 N 4 79 /MATEORRY
ACT, 16,17 ,C0,0,0_,30%
FRF,37,,5,1,12%
ACT,¥7,3%, 00, 0,0 31%
STA,IR/OMCFRTL 1,1 ,D, B%
REG,30,1,1*
ACT,39,40,M0,12 312/PADOPS*
STA,40/LAUNCY 1,1, ,D, B*

*

*

ACT 40,41 80,173,313 /MISSTON®
OUF, 41 /NATTLAND 0,0 ,(7)42%
PEC,472 1 1%

ACT 42 ,41,C0, .0 Y4 /DELAYLAND®
*

ACT,41,29 NO,14,35/1.ANDOPSH
ACT 60,43 10, 15,36/SFOPAD
REC,43,1,1%

ACT 63 446 NO 16, V7/UFFREPAN®
ACT 43,446 N0 1T 18 SUPPOT RFFRR*
RFG, 44 ,2,2%
ACT,84,45,N0,18 19 /ASSYSRR*
ONE,45/SRBUATT 1,(10)46%

®

SFL,4A/VTTNSN™ ASM _(7)65,28%
]

*

ACT, 46,47 ,60,0.35,40%
RFGC AT ,1,1%

ACT 47,48 ,C0 0,0 A%

IRF AR T 1 h*

ACT 4R 49 O 0,0 H2%
STA,L9/FTSTRFL,1,1,p, 8%
ACT, 67 ,50,50 19,43 /MATEFRT*
ONF,S0/ASSYWATT,(10)15%

137

YHEN ROTH THE ORBITFR
AND TIFE FT/SRR ASSFMRLY
ARFE AVATLIRLFE THFN THNFE
ORBITFR MATING PRO-
CFSS IS RFCHM

MATFE ORPRITFR

FREF OMCF RAY

LAUNCI PAD OPFRATIONS
LAUNCH ORBITER AND

RECORD TIME BFTWEEN
SUCCESTVE LAUNCUFS
ORBITER MISSTON TIMF
LANDING OUFUF FOR ORRITER

NELAY LANDING IF

STRIP IN USF

LANDING OPFRATIONS
SECURFE PAD FROM LAUINCH

REFURBTISH PAD
RFFUREISH SIPPORT FINC

STACY SRRS NN PAN

SRB ASSY WAITS FOR FET

INITTALLY ONE¥ TN OUFUF
WHEN AN ET AMD

SRH ASSY ARF AVAILIRLE
THEN FT MATE IS BFCGUN

XPORT FT TaO PAD

FREE FT STORACF

MATE FT TO SRP ASSY
SRB/ET ASSY WATITS




r—

ANRARARRA R AR R AR RARARRARRARRARARRRARARARRRARANRAARRAARRARARARAARA AR
THE FOLOWINGC ARF THF PARAMETER SETS USED FOR TNHF ACTIVe
ITLES USFED IN THIS MODEL, THF FIRST NUMBER AFTFR THE PAR
IS THE PARAMETFR SFT NUMBFR, PARAMFTER SET 1 1S FOR A
UNTFORM DISTRIBUTTON, IN TNIS PARAMETFR SFT THE FIRST
PARAMFTFER TS THE MINIMUM TIMFE WHILE THF SFCOMD PARAMETER
IS THF MAXIMUM TIME, THF REST OF THE PARAMFTFRS ARE FOR
TUHF NORMAL, NISTRIBUTION. THY FIRST PARAMFTER 1S THE MEAN
TIMF , THFE SECOND 1S THE MINIMUM TIME, THF THIRD IS THFE

* % % % % % % ¥ %%

;. ]

L]

PAR,1,,25.0,30,0%
PAR,2,0.131,0,066,0.195,0,022%
PAR,3,0.1720 10,088 0,153,0.011%*
| ]
PAR,L,1.925,1,400,2,450,0,175%
PAR,S,2.80,2,275,3.325,0.175%
PAR,6,1.750,1,225,2.275,0,175%
PAR,7,0.416 ,0,0R8 0,744 ,0,109%

PAR,S,0.214,0.175,0.306,0,022%
]

PAR,Q 2,909 1,794 ,4.025,0,372%
PAR,10,0,100 0,044,0,306,0.066%

MAXIMDY TIME, AND THE LAST PARAMETER IS THFE STANDARD DF*
VIATION.  ALL OF THF PARAMETERS ARF IN DNDAYS,
AARERR AR R A AR R AR R R AR A AR AR R AR AR AR R AR NN AR R AR AR RN NN R AR A AR R R KRN

* % % % % 2 B BN BR

SHIP TIME FOR ET

OFF LOAD FT

FT XPORT TIME AND

ET INITIAL INSPECTION TIMF
PREP FT FOR CHFCKOWT

FT CHECKOUT TIME

SECURFE FT FROM CHECKRONT
LOAD ET TRANSPORT
STANDS, O IN OUEUFE

LOAD FT TRANSPORT
STANDS, 2 TN QUFUE

SAFF ORRTTFR

TOW ORB TO OMCF

PAR,11,16.719,10,675,21,963,1,881%0MCF ACTIVITY TIME

PAR,12,6.R47 ,5,338 R.356,0.503*
PAR,13,4.00,2.00,6.00,1,00%
PAR,16,0.175,0,044 0,438 ,0,044%
PAR,15,0,175,0,109,0,241,0,022%
PAR,16,4.244,2,275,6.213,0.656%
PAR,17,3.675,2. 888 ,4.463,0.263¢
PAR,18,4.374,3,850,4.900,0.175%
PAR,19,1.600,0,875,1,925,0.175%
FIN®

PAD OPERATINNS

MISSION TIMFE

LANDING OPERATIONS
SECURFE PAD FROM LAUNCH
REFURBISII LAUNCH PAD
REFURBTSH SUPPORT FUNC
STACK SRBS

ET MATE TIMF
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