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| NTRODUCT! ON

Background
This report describes work accomplished under a task authorized by the
Ship Production Committee, Panel S°-4, Design/Production Integration.

The principle purpose of the work was to develop the tools that are
necessary for inteqrating the sctedules by which drawings are developed and
equipment is procured in shipyards which use modern modular construction prac—
tices in their shipbuilding, repair o overhaul projects.

The conversion to modular construction.practices from past system-
oriented construction practicea has greatly enmphasized the need for ouch i
tegrated schedules. First, there is much less overlap of the design effort
and the construction effort, so there is much greater need for the drawings to
he correct and complete when the drawing is first issued, without reservations
caused by lack of adequate information about the equipment to be installed.
Secondly, because of the emphasis on preoutfitting of construction modules
(units) while the units are being built, rather than after the tull is
erected, major equipment may be required sooner relative to the shipbuiilding
contract award than was required in systaororiented practice,

In general it has been common in nost shipyards to deternine the date
by which an equipment nust be ordered, i.e., the equipnent Purchase O der
Award (PCA) Date, by (a) identifying the date by which the equi pment
(hardware) had to be in the shipyard to support the construction proceess, (b)
identifying the manufacturing lead time for the hardware, and subtracting (b)
from (a). This approach has conpletely ignored the fact that equi pment per-
formance and configuration data (software) is needed to support the design

Process, and is needed in atine frame with will allow drawings to be issued
on a schedule which is in phase with the required construction schedul es.

Since equipment cannot be ordtered until the desion effort reaches the
point where the required performance of the equipment has been defined, and

the design camnot be campleted until after the equipment has been ordered and
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1t5 details are confirmed by the equipment supplier, i1t i1s clear that the

drawing develocpment and equipment procuwreneEnt processes are wnterdependent and
must be scheduled in an integrated manner.

fpproach

In order to develop a system for integrating these two processes, it was
first necessary to determine what information was required by each process
from the other. The point of time in each process when the data was needed
was also required. With these facts established, it was possible to develop
the logic of the required informatian flow path. Finally, a computer program
had to be developed to facilitate the calculations involved in the integration
of the scheduling processes. This program allows the issue of reports which
provide the dates which must be met.

Personnel from the Design Engineering Division of Ingalls Shipbuilding

MNiwsimises { TOM) —raed $wmm covaneen]  uorwlrurst v Ccosvoo mmed s e roumie L4
LIVISION (1S oK TraOmn SEveErTa. VENELrS Wo oarve most aupymu‘.‘b ¥ e inuer—

viewed to develop the information requirements and the times by which various
types of data had to be available for minimum interruption of their routine
processes. The data fromthese interviews were developed into a description
of the information flow paths.

Two types of miniconputer general application programs were inves-
tigated, a networking program and a relational data base program The latter
was chosen as preferable for this effort, primarily because of the greater
control of the ultinmate specific application programthat was allowed by this
approach.
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INFORMATION RETLIIREMENTS

General

Both the content and the timing of the availability of information are
important to the generation of good schedules for the major processes which
are inherent in shipbuilding programs. Information about equipment which is
ta be installed in the ship is as important as the equipment itself, and the
lack of information can have as much influence on doing guality work an time
within cost as the equipment hardware itself. The information flow process
for major equipment is an iterative process, in which the shipbuilder contacts
the progpective equipment vendors several times.

The first contact will be during the Pre~Bid period, when the ship-
builder is in the process of preparing his bid to desion and build the ship.
Using a Request for Quotation (RFR), he will contact prospective equipment
vendors for pricing data and equipment delivery lead time data, giving them
soch information as be has gleaned from the owler's requirements, proposed
ship specifications and contract design data.

Once the successful shipbuilder has been identified, that shipbuilder
will again contact potential equipment suppliers, with a Request For Proposal
(RFF). The RFP will be based on further study, analysis and calculation Lry
the shipgyard, and will identify the shipyard’s requirements for equipment per—
formance, for data and for documentation.

Then, based upon review and evaluation of the technical description and
other data received from the vendors, including price, the shipyard will nego-
tiate a contract with one vendor and issue a Purchase Order (PO). This docu—
ment contains a description of the technical requirements which the equipment
must satisfy, the information which the vendor must supply about the equip~
ment, and the timeframe in which the data and equipment must be provided.
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Finally, for sone equipment, the shipyard will issue formal authoriza-
tion to the vendor to proceed with nanufacture of the equipnent. The "OK to
Manufature" WII not be issued until the shipyard has received, reviewed and
accepted the vendor's design data and manufacturing schedul e.

Information Required by The Shipyard
Types of Equipnent Data
Perfornmance Data
During the design of a ship’'s systens, the designer
determ nes the need for various types of equipnent and identifies the perfor-
mance characteristics that each equi pnent nust develop in order for the system
to operate in accordance with all of the systemrequirenmennts. These perfor-
mance characteristics are then translated into the Technical Specifications
for each type of equipment, which are issued with the RFQ and PO. However
the equipment that will ultimately be provided is unlikely to neet the mnimum
per f or mance requirenents precisely.

For instance, the systemmy require a punp that wll
provi de 285 gallons per mnute at a pressure of 87 psi, but the punp that is
procured may be designed to provide 300 gpmat 100 psi. |f the equipment that
is ultimately purchased varies significantly fromthat which was assumed for
desi gn devel opment, the system design may have to be nodified, by addition of
throttling valves, different sized relief valves, etc., in response to the ac-
tual punp characteristics. The system design cannot be considered as finished
until the specific performance data of every piece of equipment in the system
are known. In the wxst case, the specific data about one piece of equipnent
could require a change to the technical requirenments for other equipnent that
is already in the procurenent process.

Performance data are needed for conpletion of the system
di agrans, which are the draw ngs define the system performance charac-
teristics. The basic systemdesign, for which diagrans are used, does not
depend heavily upon the actual configuration of the system s equipnment.
However, Digrams nust be finished before certain other draw ngs, which do

depend upon configuration data, can be conpleted.  Consequently, final perfor-
mance data i s needed by the shipyard for ship design process before fina
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confiquratian data is needed. The desagned performance characteristics of
developmental equipment are fixed by the vendor before the final configuration
data are established. Thus it is both desirable and reasonable to identify a
date by which the vendor must provide performance data for his equipment, one
which is earlier than the date by which he must provide the configuration
data.

Canfiguration Data

The drawings which cantrol the ship’s final configuration,
and which are used for installing equipment into the ship, are dependent upon
precise configuration data for all equipment being installed. These data also
Mtbemalyzadbytreshipyambefmi:tmubrimﬂuvmmm
with manufacture of the equipmant. The timeliness of submission of those
data, then, are obviously crucial to the yard’s being able to meet the con—
struction schegule. It is vital to establish the submittal date of the
vendor’'s configuration data contractually, but it is equally vital to ensure
that the date selected will satisfy the requirements of the drasing schedule,
which must meet the requirements of the construction schedule.

Design Evaluation Data

As a minimam, the shipyard must have design drawings and
performance calculations of a vendor’s equipment before it can give a vendor
approval to proceed to manufacture. Most shipyards take this step anly for
major or developmental equipment, to avoid taking on an unhecessary respor—
sibility for the performance of the vendor. In many cases, such as for
switchboards or consales, the oser will require his approval before the ver—
dor may proceed to construction of the equipment. The PO should clearly make
the vendor responsible only to the shipyard, to avoid blurring of lines of
respansibility.

LS Data

Many other types data, such as data related to Integrated
Logistic Support (ILS), are needed from equipment suppliers by shipyards. In
sone cases the data or docunents are only needed for delivery by the shipyard
to the ship owner, but normally the owner will hold the shipyard responsible
in some degree for the accuracy of data provided. It is very inportant to
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the overall success of the shipbuilding program that data be separately
identified, scheduled and managed. However, data such as this, which has no
direct influence on the design of the ship systens (despite heavy influence on
the design of the equipnment in sone cases) will not be further considered in
this study.

Timng of Information Requirenents

hi L .
At the time that a shipyard is preparing its bid for a ship-

buil ding program the information needed from vendors relates
primarily to cost and availability. Unfortunately, too often shipyard's

regeust for information at this point is solely oriented toward hardware cost.
Shipyards frequently conplain later that they did not get enough information
froma vendor, but the primary for a shipyard failing to get data is
because it has failed to ask for the data.

In order to receive the nost accurate cost estimate froma
vendor, the shipyard nust identify all of the requirements that the vendor
nust satisfy. Even when hardware availability is addressed in an RFQ, it is
all too comon for the cost and delivery data for tha rest of the vendor’s ef-
forts to the overlooked or ignored. It should be obvious that the shipyard's
needs for performance, configuration and ILS data, plus the tine delays in-
herent in any review and acceptance of data by the shipyard, will result in
addi tional costs for the vendor. The shipyard s allowance for vendor costs
wi |l be much nore accurate if all of the which the vendor will have to do
is identified clearly in the RFQ

The maj or el enment shipyard s build strategy should
be developed during the bidding processs. Since the availability of equipnent
data, as well as hardware, can have a strong influence on the cost effective-
ness of the overall construction approach the information request from
vendor during the pre-award effort of the shipyard nust not be [imted to
cost data. In order to adequately develop their own work schedules and costs,
the shipyard needs to obtain of the schedules by which the vendor

Page 2-4



will be able to submit drawings. documents and other data requarements. Un—-
less the RFE asks for such data, the shipyard is unlikely to obtain it, andg
their own cost estimates will likely be too low.

The impact of the equipment data cost and availability is
much greater for developmental equipment than for off-the—shelf equipment.
Nevertheless, since the shipyard needs the most accurate possible cost guote
from the vendor, it follows that the yard must identify all the work which is
expected from the vendar and upon which the vendor must quote, for all equip~
ment, even at this first stage of information exchange.

Post fward FFD Process

The RFR contains the Technical Specifications, prepared by
the Design Engineering organization, and additional contractual provisions
developed by the Purchasing Department. The technical specifications estab-
lish the minimsm technical req:imtmtsﬂutmtbemtbyﬂamprmtm
be furnished. In addition, the RFQ should include a conplete description of
each of the data deliverables that the vendor wll have to provide. The dates
by which each type of data are to needed in tfeyardn:stbeestablishedby
the shipyard at this time. The vendors nust be required to specify that they
will neet the time rquirements for data submission or identify the date by
which they w1l provide the data, with clear justification for not being able
to meet the shipyard s desired dates.

Wth respect to hardware schedul es, the shipyard nust
provi de prospective vendors wth as nuch information about specific in-yard
delivery dates possible. Not all items of identical equipnent are needed
in the yard on the sane date, so it is appropriate to identify separate dates
for each item rather than require all items to be delivered on the date when
the first itemis needed. |f the equipment supplier’s production rate cannot
satisfy the rate by which equipment will be installed, then the supplier wll

have to provide the shipyard with proof that the required shipyard delivery
schedul e can be net.
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If the RFQ requires that the vendor furnish a conplete
description of the equipnment offered, including the equipment’s performance
data as will as its configuration data, process of selecting the success-
ful vendor will be greatly sinplified and the design process wll proceed
with fewer reservations and fewer changes, all of which will save manhours and
time.

Purchase Order Award
The Purchase Order (PO is the document to which the

selected vendor nust actually perform Consequently, it nust be as definitive
as possible. Vague statenments of requirenents by the shipyard are appropriate
only where the shipyard can accept any possible interpretation of the require-
nments by the vendor. The shipyard and the vendor nust agree on the delivery
dates of performance data for the equipnment, including noise characteristics
acceptabl e vibration levels, maintenance requi renents proposed spare parts

requirenents, test data, technical manuals etc., and the PO nust reflect
t hose agreements in detail. The required content of the configuation data

nust be defined the, as well as the date by which it nust  be provided

It is conmon practice in sonme shipyards identify a single
date for delivery of all data. However, since the designed performance data
of an equipment is available in nost cases before the final configuration data
is devel opoed by the vendor, and since the perfornmance data is needed by the
shipyard before the configuration data, separate dates should be established
for submtting each type of data should be specified in the PO

Information ired the Vendor

Vendors need to know what the shipyard wents. The requirements
must be stated clearly and definitively. Performance requirements aust be
stated in terms of criteria that can be measured and demonstrated. Maxima,
minima or ranges of satisfactory performance should be identified. All data
that the shipyard wants the vendor to provide must be identified as clearly as
possible. Examples of satisfactory submittals, or standardized data input
sheets should be provided whenever possible.
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Among other things vendors need a clear description of

a) the performance parameters that their equipnent nust
satisfy,

b) the environmental conditions under which their equipnent
must operate successfully,

c) all data and docunments that nust be submtted

d) the required (desired) schedule for data submtttal

e) any physical dinensional limtations which their equipnent
ment nust operate within,

f) any training that nust be provided by vendor,

g) any criteria that will have to satisfied in order to
receive approval to proceed to mnufacture

h) what vendor testing or other requirenents nust be
satisfied for acceptance of the equipment

i) the required (desired) schdule for hardware delivery.

A Conmon conplaint of vendors is that they are not given suffi-
cient information about the confines within which their equipment is expected
to work. Environnental conditions are normally described, but, particularly
when a vendor is made responsible for installation of much or all of a system
the design of the conpartnents in which the equippnent is to be installed nust
be made available to the vendor before his manufacturing process begins.

Drawving Interface Information Requirenents

In addition to equipment information, system designers frequently
must nmake assunption and feedback conerning their system's inter-
faces with other systenms. For exanple, a salt water system may provide cool -
ing water for another system The requirenents of the user system nust be
known before the requirements of the system which provide the service, the
provider  system can be determined . In general, this too is an interative
process. The user systens requirements are first provided by its designer to
the provider systenmis designer as an estimate and then confirmed as its equip-
ment data beconmes firmy known. The user system s estimated needs are used in
the provider systenmi s designs, but the provider system design cannot be con-
sidered complete until the systens' designs are conplete. Thus, the re-
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guired completian date for the user system — and consequently the

submittal dates for user system equiprent data — may be controliled by the need
to give data to the provider system 1n time to meet the provader system's
schedule constraints.
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FROCESS MODEL

General

In order to develop an integrated schedule for a complicated process, it
i nereccarvy 0 1rk=n+-1-F'u all nf # activities which mist take nlars cipmisa
Lo AL L ’ e el Yd ¥ ey ‘-l'-ﬂ - . e Fum WIS T Vo TREmEm T YT HL“E wuq

the process, identify the length of time necessary to carry out esch of the
activities (the activity "duration”}), and then to identify the interrelation—
ships between activities. UWhen the process is complex, it is helpful to first
group some activities into broader classifications, if possible.

In developing & "model” of all of the activities which smust take place
during the shipbuilding process to develop drawings and procure equipment, and
of their interrelationships, it was helpful to first identify certain families

of activities which occur. (Figwre 1 is a simplified version of the model,

which illustrates the several types of activities involved. These types can
be further combined into three basic processes, the Drawing Developmant
process, the Equipment Procurement process and the Construction process. Each
of the tihree processes are defined in Figure 1 by the bold lines which sur—
round them.

The Construction Process
General
Since the Construction process is the most labor intensive effort

div-u- P R =Y s g pf el et r—— _—

ing program, the planning of this process is the most esse—
tial aspect of minimizing shipbuilding cost. All other schedules must be
built to phase in effectively with the ship construction schedule. Becauss of
the driving significance of the Construction process, a quick description is
appropriate as background for more detailed descriptions of the Drawing
Development and the Equipnent Procurement processes.

Eonztruction Stages )
The various types of effort involved in the Construction process

are identified in [Figure 1 fithin a bold line. In modern modular shipbuilding
practice, ships are constructed by units, which are then combined, or erected,



to formthe ship . All planning of how various parts of systems and equip-
ment are to be installed and assenbled is done on a unit by unit basis. Parts
of each system are usually fabricated by rather than by system in tine
to support the assenbly or outfiting of the unit.

Thus, the scheduling of the assenbly and outfitting process for
each unit becomes the controling factor for the scheduling of the draw ng

process and may control the scheduling of Equiprment as well.

ne shipyard had identified the several different stages of the
assenbly and outfitting process as follows:

Stage 20 - Structural Panel Assenbly

Stage 30 - Assenbly Structural Panels into Unit

Stage 40- Machinery Package unit assembly and Qutfitting
Stage 50 - Preblast On-Unit Qutfitting

Stage 60 - postblast On-Unit Qutfitting

Stage 65 - Join Unit into Block and Qutfit Bl ock

Stage 70 - Erect Blockin Hull

Stage 80 - Onboard Qutfitting

These definitions will be wused for this report. Each stage, ex-
cept stage 40, is sequential. Stage 40's construction nornally proceed
in parallel with sone other construction stages because machinery package
units may be installed during any one of the other stages, suchh as stage 50,
60, 65, 70 or 80. To be ready for installation in stage 50, it will have to
be assenbled in parallel with the work in stage 20 and/or 30.

Construction Pl anning
Buring the Bidding Period

Al though not indicated [Figure 1| construction planning
efforts start during the shipyard' s preparation of the bid for the shipbuild-

ing contract. A "Build Strategy” nust be deveoped as part of the effort
estimate the cost of building the ship(s). This entails the initial defini-
tion of howthe ship wll be broken down into units, how many construction
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stages will be used to build each wnit, a schedule for each stage of each unait
and the locations within the shipyard where each stage of each unit will be
assembled.

Post Award Planning Efforts
After award of the shipbuilding contract, the shipyard will
make a more detailed shudy of the plan which was prepared during the bid
process and proceed to more detailed planning of all of the steps which will

have +o be oorformed hurirn anrl ceetbmedion chone of Sveey Lnd e Tlas =
RV — e TOihes QUG S50 COSUELAO ST U SVETY Wit RS

planning is done with input from the design engineering and purchasing depart—
ments so that their planning efforts will mesh with the construction planning.
The other major reason for coordination of these plamning efforts is to

preclude unrealistic assumptions about when drawings and equipment will be
avallable to support the Construction process.

All of the Assembly and Fabrication drawings (defined latser)
prepared by the Design Engineering Department must be developed so that the
work can be accamplished as planned by the Industrial Engineers in the Produc-
tion organization. The Composite Drawings must be developed to correspond with
the construction sequence, in order to be most useful in guiding the develop-
ment of the final Assembly Drawings. Since these drawing products are prereg—
for actual ship canstruction work €0 begin, it is clear that the con—

struction planning efforts described above must start immediately after con-
tract award, and must be finished as quickly as possible.

Detailed Work Planning Documents

A final stage of production planning takes place after the
assenbilly and fabrication drawings are produced. The final work orders to in—
dividual construction trades, which describe specific activities of work to be
accomplished, based on the actual content of the drawings, and which contain
manhour allowances for each trade, can anly be prepared after the drawings are
in hand. Final fabrication planning, including detailed shop routing of in—
dividual pieces described on the drawings, muist be allosed for in the overall

scheduling process. Only these final planning efforts are included in [Figure

1,
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The Drawing Deveilopment Process

Sewveral of the elements shown i ' volve the development of

different types of drawings. Each of these is considered as a different
family of activities and will be discussed separately.

SystemOriented Drawings
Arrangenent and Key Structural Drawings
The first drawings that need to be developed are the space
arrangement drawings, key structural drawings and major machinery foundation
drawings. These drawings establish the overall background for developing and
detfining the structure, detailing the configuration of individual distributed
systems, and for locating equipment. Initial completion of at least some of
these drawings is a prerequisite for beginning the system diagram effort. The
drawings will not be considered finally complete until they reflect any
changes found to be necessary duwring later desion stage developments.

System Diagrags

The development of system diagrams is the next stage in the
Design Development process. These drawings provide a complete description of
the requirements for each system in the ship, including structural systems,
piping systems, ventilation systems, electrical and electronic systems. With
respect to scheduling, this stage in the process is crucial because it con—
trols the procurement of most eguipment and material, in addition to defining
all individual system requirements, and thus controlling the development of

1 the drawings from which the ship is constructed.

Focus and lse

The types of drawings mentioned above are primarily system
oriented, in that they estsblish the arrangement and the requirements which
mist be met by all elements of every system on the ship. One of the prime
uses of these drawings is to describe to the ship’'s owner and to regulatory
bodies how their requirements will be satisfied. In fact, drawings similar to
these normally will have been made available by the owner to the shipyard (in
US shipbuilding practice} as guidance during the bid process and apain as part
of the contract design package. However, the shipouilder must redevelog these
drawings for their own use, doing all the calculations mnecessary to prove the
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systems® adequacy to meet the specifications. Thus, n developing these
documents, the shipyard designer's focus is largely oriented to meeting re-
quirements imposed by organizations gutside the shipyard or demonstrating that
those requirements have been satisfied. However, these drawings also estab-—
lish the baseline for the designers of other types of shipyard drawings, since
all of the drawing products which follow in the overall Drawing Development
process must fully satisfy the features defined in the system drawings.

ite (Transition Desi Drawi
General
After individual systems are defined in system diagrams,

their featuwres normally are combined into composite drawings, which show where
all systems in a ship’'s spaces are locatad, In a number of shipyards today,
this is done by cresating a computer mogel of the 6Rip'S systems. A reeent
years, thig stage of the design process has been labeled by some as the
“Transition" design stage, since it represents a transition from the system—
oriented drawing stages just described to the modular-oriented drawing stages
which follow this stage.

Conposites can be started as son as some arrangament and
key structural drawings are sufficiently complete to define the geography of
the 'area, but no part of a composite can be considered complete until every
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defined. Until the diagram is complete (accurately describes every system re~
uirement and every non—stock system elewmenit), it is impossible for the com
posite drawing to be completed in any area through which that system passes.
Similarly, it cannot be complete until a complete description of every piece
of equipment in that area is availabile.

Modern modular ship construction practices involve breaking
the ship down into units, each of which is planned and built as a separate en—
tity, then joined with other construction units to make up the ship. Thus,
the overall composite drawing can be considered to be the sum of composite
drawings of each unit, It is most useful to schedule the composite drawing
for compietion unit by unit.
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Focus

Composite drawings are a tool used by the shipyard design
organization to desagn in detail the layout of all the systems in the dif~
ferent compartments. They are the principal technigue used to eliminate in—
terferences between the routing of individual systems. The focus of the
designers is no longer directed toward meeting the requirements of cutside
forces, but toward integrating the individual systems into an effective
cohesive wole, capable of being constructed in a logical manner. Composite
drawings tend to become very camplicated because they show every part of every
system in each compartment. Because they are so complicated, and are not weil
suited to the needs of the construction personnel, they are not normally
issued to anyone autside the design organization.

General
Tha next stage in the Drawing Development process is the
development of drawings which can be used efficiently by shipyard construction
personnel. Assembly drawings provide the details of how every part of every
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dividual parts of systems are to be manufactured. For shipyards using modular
construction techniques, these drawings relate to a unit or block (a combina—

ticn of two o more units); since thoso are the basic elements from which the
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ship is assembled. They no longer relate to systems. Only those portions of
a system which exist in a unit will be shown in the unit-oriented drawings.

Focus

These drawings are prepared to provide construction workers
with guidance dwring the construction and assembiy of all the parts which make
up the ship. As such, their focus is entirely upon the production processes
which will be carried out in the building yard. Since the construction labor
force is broken down intc trades. each of which requires experience in those
skills which relate to certain processes or certain products, the Assembly and
Fabrication drawings are normally trade—related, as well. The drawings are
prepared to communicate with the production workers and describe what work -
must be done to make and assemble various parts of systems into the unit, and
ultimately into the ship.
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Systom Type Unit Assembly Drawings

fAssembly drawings, as the name implies. provide data relat—
ing to how parts are to be assembled. Dimensional information and other
details of assembly are provided. A number of assembly drawings are usually
produced for a unit, each showing the assembly data for a different Type of
system, such as structure, piping, ventilation, wireways, etc., since a dif-
ferent construction trade would be involved in the assembly of sach different
system type. Thus, assembly drawings are primarily oriented toward the work
skills which are involved in assembling the type of system involved in one
unit.

Frequently

at several stages of 3 unit’'s construction. Specifically, structural parts
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may be installed in Stages 40, 30, &0 or even later, as well as in Stages 20
and 30. Likewise, piping parts will probably be installed in several cone
struction stages. It is quite conmon to develop separate drawings for each
stage of construction for each system type. Another approach used in some
shipyards is to place information pertaining to separate construction stages
on separate sheets of one drawing. From a scheduling standpoint, however, the
only stage that matters is the first in which a system type will be installed,
because the entire system layout must be completed before the first, even par—
tial

installation
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Fabrication Drawings

Fabrication drawings are the final type of drawings
developed for shipbuilding programs. They describe bow to make any part that
is to manufactured within the shipyard. These are the final products of the
Drawing Development process and provide the necessary data for the start of
the Construction process. Like Assembly Drawings, Fabrication drawings for
modular ship construction programs are prepared by system type by unit, and
not by system.
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The Enuipment Procurement Process
General

The purchasing of equipment for a ship is recognized by all
shipyards as a critical element of delivering a completed ship on time. Thus,
it is common, and normally reguired by the shipbuilding contract, for the
shipyard to develop a list of major equipment, to identify milestone dates for
the puwrthase and delivery of each item an the list and to track tF- status of
completion toward each milestone date. Of the many activities whicn make up
the procurement process for each equipment, the four which control the in—
tegration of schedules are the preparation of the Technical Specifications for
the equipment, the preparation by the eguipment vendor of Performance Data and
Configuwration Data relative to the equipment, and the manufacture of the
equipment. Each of these will be described in detail in the next Chapter.

Material Procurement
In addition to specific pieces and types of equipment, many types
of material, such as steel, piping, electrical wiring, fasteners, welding rod,
etc., must be procured for each ship. Material is of two types, that which is
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Stock material is normally ordered on a demand basis, based on the
past experience concermning usage rates and satisfactory reorder levels.

Special order material normally is bought based upon the material
lists in system diagrams, with some effort made to consolidate reguirements
from several systems whenever possible. FPast experiences with the timeliness
of delivery of each type of material will strongly influence a vard’'s proc—
tices in this regard. Special precautions are necessary to ensure that
materials ordered for a specific program are stored and marked in a manner
that facilitates their location and identification when they are nesded.




No effort has been made in the present study to develop ordering
schedules for material. Where it is considered necessary to precisely manage
the procurecent of some type of special arder material, the material can be
treated as an equapment in each diagram in which it is located, and the re-

cuired dates for procurement will be generated by the program provided.
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SCHEDUL.ING CONSIDERATIING

Schedul ing Requirements

To develop an integrated schedule, havang identified the major processes
which must be taken into account, it is then necessary to identify each of the
significant component activities which must be scheduled, estimate the overall
duration of each of them and define the controlling date(s) of the combined
process. Finally, it is necessary to identify the interrelationships between
each of the activities under consideration.

For the purposes of this study, only certain elemants of the tivee major
processes discugsed in the previous chapter need to be considered in detail.
These are the System Diagram Process, the Composite Drawing Process, the
Equipment Procurement Process and the Unit Construction Process. The Unit
Construction Process is a combination which integrates the developpent of Unit
fssembly and Fabrication Drawings of each system type with the Planning ef-
forts for Assembly and Fabrication and with the actual Fabrication and as—
semhly processes. These must be tied into the schedule for construction of
the stages of each unit.

Definitions

The comnanly used definitions for developing scheduling networks are as
follows:

Activity = A portion of waork which can be separately identified from

other portions of work, by its having a discrete starting date and a discrete
finish date and by having specific requirements for expenditure of resources.
These resowrces normally include personnel of at least one trade skill and
frequently incluwde equipment or material,

Duration - The length of time between the start and finish date of an
activity.
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Activity Interrelationships — In any process there are some activities
which cannot be started before at least one other activity bas finished. In
such cases there is said to be a "finish—to—start” (FS) relationship. In
other cases, one activity may not be able to be finished until another ac—
tivity has been finished, establishing a "finish—to—finish" (FF) relationship.
Finally, there are cases where a "start-to-start" (SS) relationship exists,

Lag Time — In each of these types of interrelationships, there is likely
to be a time lag between them. For example, if drawing A cannot be completed
until drawing B is completed, same time must be allowed for the designer of
drawing A, the dependent drawing, to obtain and review the completed drawing B
and to incorporate any new information into his on drawing. Thus it is al-
ways necessary to identify a "Lag” with every FS5, S5 or FF relationship of two

activities, even if, as for many FS cases, the value is Q.

Activity Breakdown

System Diagrams
The activities which make up the System Diagram process are il-

lustrated in d described below.

Phase One - The initial phase of preparing a diagram involves

reading and becoming familiar with all of the system requirements stated in
the contract specifications, contract drawings and other contract documenta—
tion, such as Amexes describing Logistic Support requirements, Quality Ag-—
surance requirements, etc. It includes cobtaining structural drawings and ar—
rangement drawings, preparing the diagram background, daoing an initial system
routing, identifying all major equipment required for proper operation of the
system and obtaining as much information about the gquantitative requirements
of other systems which must be provided with services from the system being
designed. The material requirements of the various elements of the system are
established in phase one. This phase, then, involves the accomplishment of

all tasks which must be done before system calculations can be started.
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System Design Calculations — The effort to complete a system
diagram involves doing calculations to define the performance requirements for
avery element of the system. These calculations will be considered, in this
study, to be a constituent element of the diagram development process.

For the parposes of this project, it is assumed that calculations
do not start until after Phase awe of the diagram effort is complete, and that
neither Phase two or the Eguipment Technical Specifications will be started
until the calculation effort is complete. In actual practice, it is oot un—
canmon for the calculations, the diagram and the tectnical specifications each
to be done by individual engineers or engineering groups, and, in any case, to
averlap. However, that approach requires each design group to make numerous
initial assumptions, each of which must be verified through continual, itera-
tive, information exchanges with other groups. That approach is not neces-
sarily the most efficient. It could reduce the overall duration of the com—
bined effart, but it would require greater manbour expenditures. Conse—
quently, the process model shown in[Figure 2A] which assumes that each step of
the process will proceed in series, rather than in parallel, and which is con
sidered to describe the most efficient approach for developing the diagram
schedule, has been used for this project.

Phase Two — After the calculations are completed, it is then
necessary to add to the diagram the dimensions of piping, ducting or other
constitusent elements of the system which have been determined by the calcula—
tions. Other performance data, such as required pump capacity curves, may be
atdded. Although this phase requires feedback of actuzl performance data of
vendor equipment before it can be considered truly completed, it is common to
make preliminary issues of the diagram before all such data is available.
These preliminary issues are provided to the designers of other interdepern—
dent systems, to keep them familiar with the data which is available.

Significantly, as indicated in [Figure 2A] the preliminary iseues
also are sent for approval to a number of other places. The ship's ocwners
normally require submittal of all drawings for their review, and a number of
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regulatory bodies. such as the US Coast Guard, the Insuring activity and the
US Public Health Service. must give approval to the content of designated
drawings before construction of the ship can be started without risk.

For the purposes of this study, formal completion of phase two is
contingent upon having received final equipment performance data from the ver—
dor of every equipment in the system and having updated the diagram to reflect
that data. It will be assumed that the time necessary to receive this data
will have been sufficiemt to obtain all necessary drawing approvals, as well.
In practice this is normally so. When it is not so, it is normal for the
shipbuilder to proceed with the remainder of the design effort anyway, assum—
ing that the drawing content will be approved, rather than hold up work until
response is received from the reviewers.

The completion of this phase of the diagram effort is a prerequi-
site to the completion of the Composite drawing of any part of the ship
throughy which the system passes.

Phase Three - This phase is identified separately from phase two
to recognize that there are data which are included in diagrams that may not
be known until after the vendor performance data is available, and which do
not control the completion of the composite drawing. Such data include cer—
tain equipment related data that support ILS requirements, etc. Phase three
must be canpleted before the diagram can be considered ready for final issue
to the customer.

in any formal listing of drawing activities, and has been shown in Figure 2A.
However, this stage of approval will have no significant effect on the ship-
building schedule.

tem Interd ies
The vast majority of systems in a ship interrelate directly with
at least one other system. For sxample, cooling water and electrical powar
must be provided to HVAC systems. Each such interrelaticnship involves a
demand of one system for service of same kind from the other system. The user
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system’'s guantitative requirements for service must be known before the
provader system’s design can be completed. For scheduling purposes, then, the
provider system’'s calculations cannot be campleted until after the calcula—
tions of the user system are finished. Conversely, this means that the
completion date of the user system must satisfy the completion date require-
ments of the provider system.

The actual degree of system interdependencies in a ship design is
so great that attempts to model the process in enough detail to include all
the iterations that actually occur have inevitable failed because they become
too complex. Thus, in this project, iterations have been ignored. Each sys—
tem will be scheduled to complete in time to meet the needs of the most
demanding schedule of its provider systems. This approach has been found to
provide good, usable, realistic schediles.

Equipment Procurement Process
General
‘ [Figure ZB jllustrates the activities, and major milestones of the
Equipment Frocurement process, as well as the interrelationships between the
various activities. This process ccours for sach item of equipment that is

procured. When multiple pieces of the same item of equipment are baought, alil
activities up to the marufacturing activity are common to all items of that
equipment, but it is possible to identify specific schedules for each item of
equiprent from that point on, depending on the required installation date of
the individual item.

The activities identified in Figure ZB are sufficient to cover the
requirements for developmental equipment. Some of the activities shown would
not necessarily be required for off-the-shelf equipment. Provision has been
made in the database for entering the duration of each of these activities for
each equipment of the ship.

Equipment Technical Specifications

Enquipment procurement cannot logically proceed without the re—
quired performance characteristics of the eqguipment having been established.
These requirements are stated in the Eguipment Technical specifications. The
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Tectnical Specifications are included in Requests for Froposal (RFPs) and in
the Purchase Orders (POs). Technical specifications cannot be developed

13 4w o leticn of the diagram raleiilabdrme 1 Tode e memddsnm
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the performance parameters of the equapment. Thus, the technical specifica-—
tions, prepared by the Design Engineering Department of the shipyard, not only

renresent tf

e =l —_—

ini

]-‘

tial step in the equipment procurement process,; but also rep—

recsent the critical link between the Drawing Development process and the
Equipment Frocurement process.

The preparation of equipment tectnical specifications may start
any time after the system calculations have been completed. The duration of
this activity will vary considerably, depending upon the availability of teetr
nical specifications which have been used in the past to cohtain the same or
similar eguipment.

Preparation of the RFP

in addition to the technical specifications, an FFP must contain
many administrative and ather requirements. Much of this type of information
is repeated in every RFP ("boilerplate”) but other parts of an RFP may be
tailored to the specific procurement. Much of this work is accomplished by
the Purchasing Department without Design Engineering input and can be done in
parallel with the development of the technical specificatiens. Thus, the
duwration of the development of those parts of the RFF other than the technical
specification is independent of the tecbnical specification preparation dura-—
tion, but the RFP cannot be finished and issusd until the technical specifica-
tion has been received and incorporated. Although the finish-to—finish lag
between the gpecification completion date and the RFP issue date could be set
to a constant value, =uch as two weeks, the program provided herein allows
this lag to be identified uniguely for every equipment.

Vendor Bid Preparation
Equipment vendors are given a fixed time by which they must submit
their bids in response to the RFP. Saome shipyards use a single duration for
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weeks, may be entered for each equipment included in the database.

tion, in
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Shipyard Evaluation of Vendor Bide

Time qust be allowed in the Equipment Procurement Schedule for
evaluation by the shipyard of the bids received from competing vendors. Bids
ara evaluated from tecbnical, schedule and cost considerations. The conclu—
s1on of this activity is the Purchase Order Award DPate, a major milestone.

Design Data Preparation
Various types of data concerming equipment are needed by the
shipyard, some for its own use and some for transmittal to the ship owers for
use aftter delivery. The two types of equipment data which are of most concern
to the shipyard’s design effort are Performance Data and Configuration Data,

as previously discussed. Az shown in Figure ZB,| the submittzl dates of thece
two types of data should be separately identified. scheduled and monitoced.

Shipvard Design Review.

A period of time must be allowed for evaluating the vendor's
design. At the end of this activity, the shipyard formally authorizes the
vendor to mahufacture the equipment as designed. The owner may require that
the shipyard submit the design data of certain specific major equipment to
them for review and approval before authorizing a vendor to proceed with
manufacture. This has the potential for significant delays, and for major
disruption in a shipbuilding program, so it is importsnt to provide ample time
in the schedule for this activity for such pieces of equipment. Control cor—
soles and switchboards are examples of equipments which have occasionally been
problems in this regard.

Vendor Manufacturing Duration

The time necessary for the vendor to provide a specific piece of
equipment will depend upon his production rate and prior orders. If an item
of equipment is manufactured in large enaugh quantities, the vendor may have
items in stock, so that the “"manufacturing duration” would be 0. At the other
extreme are developmental items of sguipment, for which the supplier has no
ongoing production line and for which the accuracy of the vendor‘s quoted
manufacturing duration may be guestionable. Thus, determining an accurate
value for the duration of this activity must be a matter of high priority in
the scheduling process.
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Care must be taken to enxue that the manufacturer's equapment
delivery rate will match the required construction schedule installation rate,
particularly for multi—ship construction programs. Ideally, the shepyard
should provide the vendor with the in—yard need date for each item of eguip-
ment recuired. The comouter program develeoped during this study - fort
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provides the shipyard with that information.

Vendor Factoey Testing
This activity could be included within the Manufacturing Process,
but has been separately idemtified herein in order to allow a separate
schedule report of vendor factory testing to be developed. Such a schedule is
telpful when the shipyard design personnel and/or customer representatives
must attend the factory tests.

Vendor Shipping Time
This activity is identified separately to underscore the impor—
tance of knowing the planned or required arrival date in the shipyard, as op~
posed to the shipping date from the vendor’s plant.

Shipyard Equipment Preparation Time

A allowance must be made for inspection and pre—installation work
on equipment after arrival at the shipyard. Although “just-in—time”
deliveries of eguipnent represent perfect planning, they are seldonm planned in
US shipbuilding programs because of past non—perfect delivery performance of
equipment vendors. Thus this activity includes any allowance for warehousing
or storage before installation.

Equipment Installation Stages
Many items of equipment are needed in guantities of more than one.
In most cases, some or all of the items will be installed in come nants
ad/or units separate from the others. It is necessary, therefr |, to iden—
tify each unit in which one or more of item of an equipment will be installed,
and then to identify, for each of those units, the construction stage during

which the equipment will be installed. These data will be used to identify
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the earliest required equipment installation date, which may control the Pur—
chase Order fAward date, and also will be used to provide the in—yard need
dates for each item of equipment.

Unit Construction Process
Unit Acssembly and Fabrication Drawings
General

As previously stated, there normally will be several dif-
ferent assembly and fabrication drawings prepared, by system type, for each
construction unit. Each of these must be scheduled so that the parts to be
fabricated will be available in time to be installed during the appropriate
stape of that unit’'s construction myuws all of the component ac—
tivities for the Unit Drawing, Plamning and Construction Processes for one
system type, such as piping systens, and how they interrelate. A more
detailed description of sach of these activities foliows.

Svstem Type Unit Accembhly Drawings
Although it is possible to start a unit assembly drawing

before the composite drawing for that unit has been completed, this has a high
probability of involving more design manhours due t0 having to make changes as
the composite changes. It also introduces the possibility of errors due to not
having picked up some changes. Therefore, for the purposes of schedule
development in this project, the start of the System Type Unit Assembly
process will be made dependent upon campletion af the Unit Composite Drawing
process. On the other hand, completion of the assembly drawings will be made
dependent upon the completion of the fabrication drawing, to ensure that any
needed changes fouwnd guring the development of the fabrication drawings will
be included in the assembly drawing.

System Type Uhit Fabrication Drawings
Sometime after the start of the Unit Assembly drawing, when
enough details of the system have been determined, the part fabrication
drawing(s) may be started. The S5 lag between the start of the Unit Assembly
Drawing and the start of the part fabrication drawing is a variable which is
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toc be entered into the database. The FF lag from the completion of the
fabrication drawing to the completion of the assembly drawing also must be en—
tered.

Final System Type Lhit Assembly Planning
Following the completion of the assembly drawing and a two week
lag time for reproducing and distributing the drawing to the Production Plan—
ners, a period of time must be allowed for preparation of specific work in—
structions.

System Tvpe Part Fabrication Plarning
After receipt of the fabrication drawing by Production and Shop
Planers, the schedule must allow time for planning the final shop work se—
quencing and material ordering. Material ordering bere means drawing material
from shipyard storage or other immediately available storage, not initial
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and start of fabrication planning.

Part Fabrication
The period of actually fabricating the parts will follow the plan—
ning period. Again, a two week FS lag time has been assumed for scheduling

purposes.
Unit Assembly

Although parts from ane system type may be installed during dif-
ferent construction stages, the centrulling stage, from a scheduling
standpoint, is the first'st:age inte which parts of the system type are to be
installed. Since the first stage of assembly aof army unit is the structural
assembly stage, the structural parts fabrication process must complete in time
to support the start date of Stage 20 of the unit.

The parts fabrication process for other system types will have to
complete in time for the parts to be ready to be installed in whatever stage
has the earliest start date for installation of parts from that system type.
In many cases this will be the pre-paint outfitting stage, stage 50, but in
others it will be the machinery unit stage, stage 40. The initial installs-
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tion of still other systems may not be scheduled until after the unit has been

blasted and painted. [Figure 3B|illustrates some of the different possible
variaticons.
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SOEDLLING LOGIC

Gerneral

In developing a scheduling logic it is possible to start from either the
beginning or the end of the mprocess and work toward the other end. In prac—
tice, it usually is necessary to do both in order to establish the early and
late dates for each activity.

For the current study it was most useful to logk at the scheduling
process for a single, independent system, such as a piping system. The system
diagram process, and specifically the completion of the system calculations,
controls the completion of all subsequent events. Consequently, to ensure
that subsequent events occur when they must, it is crucial to know the date by
which the system calculations must complete. There are several paths of
events which follow the completion of the system calculations, any one of
whiich might be the critical path for that system.

It also is necessary to look at the scheduling process from the unit
construction scheauling standpoint, since all drawing development and equip—
ment procurement must support the construction schedule.

System Diagran Development Process

As shown in[Figure 2R] once the system calculations are complete, it is
passible to proceed with Phase Two of the system diagram effort. Thus, the
earliest possible start date for the Phase Two effort is the day after comple—
tion of the system calculations. FPhase Two will require some minimam dure—
tion just to put all of the information relating to the system down on paper,
even if all necessary data about the system’s equipment is already known.
Conaaquently, the earliest possible completion date for the system diagram ef-
fort is determined by adding that duration to the Phase Twoe start date.

The latest allowable completion date for the Phase Two effort is deter—
mined by the requirament to provide data to the composite drawing in time for
it to be completed by its latest allowable finish date. But the only parts of
the composite drawing that have to be considered are those which are impacted
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by the system under consideration. Most systems pass through more than ore
canstruction wnit, and one of those unit composite drawings will have to be

comoleted before any of the others for that system.

=y ==

Therefore, as illustrated ip Figwe JA, in order to identify the latest
date by which the system’'s Phase Two diagram effort must be completed, it is
necessary to a) identify all of the units in which the system will be in-
stalled, b) identify the earliest of the required unit composite drawing
completion dates of those units, and c) back up from that date by the FF lag
bebtween the completion of the Fhase Two effort and the earliest required UCD
canplietion date.

tnit ite Sc le inati

The Unit Composite Drawing cannot complete until after the completion of
the Phase Two diagram effort of every system installed in the unit. A 4o
week FF lag has been assumed betieen the two for this project. The UCD must
be completed in time to support the start of the Assembly Drawing of the con-
trolling system type in the unit under consideration.

System Type Unit Scheduling

Figuwre 3B [shows all of the activities associated with one system type.
The Unit Assembly Drawing (UAD) for the system type has some duration as-
sociated with it. Once the drawing has been finished, and after an assuwned
two week lag, the Assembly Planning activity begins. This must be finished
before the assembly of that system can start, but as shown in the figure, the

fabrication related activities normally will control the gverall process dura—
tion.

A bwo week start—to—start lag between the UAD and the Unit Fabrication
Drawing (UFD) of the system type is assumed, but this could easily be varied
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on Plamning, including mater grdering and
preparation of work instructions and work authorizations, follows completion
of the UFD and precedes the actual fabwrication of parts. All of these ac-
tivities must complete in time for the installation of parts in the first ap—
plicable stage of the construction assembly process. The first stage in which

parts are to be installed in a unit will vary, depending on the system type
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and the umit. Thus, in arder to develop the integrated schedule, it will be
necessary to identify, for each unit and for each system type in that unit,
what canstruction stage will be the first stage for installation of that type
of system.

fs illustrated in| Figure 3T, |the first stage in which structural members
will be assembled is stage 20. The first installation stage for other system
types, such as piping, could be either 30, 40, 30 or 80 and will not neces—
sarily be the same for all units. The overall duration of the activities
enclosed within the dashed line in figure 3B probably will be different for
each system type in a unit. The system type blocks in Figure 3T represant the
dashed line coverage in Figure 3B. |As shown in Figure 3T, one of the several
system type assembly processes (Piping in this example) will have the earliest
required start date, and this date will thus establish the date by which tre
unit’s composite drawing must be finished.

Schedule Calculation Process

The overall calculation process which must be carried out can be ii-
lustrated by using all three parts of figure 3. First, by adding up all the
durations arkl lag times for the activities within the dashed lines of figure
3B, the total duration from composite completion date to the start of the unit
stage assembly process is found. By subtracting this duration from the
scheduled start date for the unit stage assembly process, the required com—

posite finish date for that system type in that unit is determined.

The next step, assramm is to compare that date for each
of the system types in the unit and select the earliest. This establishes the
latest allowable unit composite completion date.

Then, the latest allowable completion date of each system's FPhase Twa
diagram effort is established by the steps illustrated in Figure 3A.

The system’s Phase Two start date is calculated by subtracting the Phase
Twa duration from the Phase Two completion date. This also determises the
date by which the System Calculation effort would have to complete if only the
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diagram development were involved. However, if there 1s eguapment to be
procured for the system, it may be necessary toc schedule the completion (and
start) of the System Calculation effort earlier.

Equipment Controlled Dates

Three other dates for the required start of the System Calculatiom ef-
fort may be calculated, each associated with a separate aspect of the Equip—
ment Procurement process. | Figure 2A|illustrates that the model used for this
project assumes that preparation of equipment technical specifications, which
is a necessary step in starting the Equipment Procurement process, starts
after completion of System Calculations. Althaough it would be more precise to
tie the two activities together with a finish~to—finish lag, since much of the
tochnical specification effort could be done in parallel with the System Cal-
culations, the modeled approach should result in fewest manhour expenditures
and will give a more conservative scheduling approach. |Figure 2A also il-
lustrates that there may be many different types of equipment required for any
single system. The significance of this is that the controlling dates of each
of a system’'s equipments must be found and then the earliest date selected
from among these.

Equipment Performance Data Path

As shown in Figure 2B, [several activities occur between the date

when work begins on the preparation of an equipment’'s technical specifications
and the date when Performance Data (FD) is received from the eguipment vendor.
The time to accomplish these activities can be designated the PD overall dura-
tion. Since equipment performance data must be in hand before Phase Two of
the disgram development effort can be completed, then the duration between the
system calculation finish date and the Phase Two completion date cannot be
less than the PD overall duration plus the time necessary to incorporate any
changes resulting from that data into the diagram. Two weeks will be allowed
for the lag time bebtween receipt of PD and the Phase Two completion date.
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Equipment Configuration Bata Path
The time between the start of eguapment technical specification
preparation and the receipt of vendor configuration data (CD) will be desig—
nated the CD overzll dwation. The completion of the composite drawing for
any wnit in which that equipment appears will depend upon receipt of the
equipment’'s CD, A bwo week lag will be assumed between receipt of CD and
campletion of any unit composite drawing in which that equipment is located.

There may be several identical items of equipment ordered for the
same system, but located in different units., Thus, although the (D overall
duration will be the same for all identical items of equipment, each unit in—
stallation must be considered when determining the scheduling implications.
Furthermore, as indicated in is no reason to assume that the
first unit in which a piece of equipment will be installed is the samge unit in
which other parts of the system will be installed. Consequently, a separate
calculation will have to be carried out to define the System Calc Completion
date which is required based on the system’'s controlling equipment CD path.

Eguipment Harviware Delivery Path

The final path to be considered is the path controlled by the
squipnent macifactrring process. A system may include more than one item of
the same equipment, such as several identical punps, some of which may be in—
stalled in different units. In such cases, the installation stage for each
uit will have to be defined. The installation date for that unit/stage com-
bination can then be determined. The earliest of these dates must then be
selected as the controlling date for hardware installation for that equipment.

The total duwration

1y from the f

e finish of the Sys Calcu
the contrelling installation start date, can then be subtracted from this
date. The result will be the date by which the System Calculations mast be

canpleted, based an hardware installation requirements.
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System Interdependencies
The final consideration in developing the drawing schedules is the in—
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and structural drawings which affect the areas through which their system must
be routed, because these drawings provide background data for the diagrams.
Many diagrams depend upon information from other diagrams because one system
provides another system with some service. Thus, for purposes of identifica-
tion, the ane will be called the "Provider" and the aother the "User".

For example, the Firemain may provide saltwater to an auxiliary
salitwater system. During the system calculations for the firemain, the sys—
tem designer will have to know the quantity and pressure of water which must
be provided to the other system. The schedule for doing calculations for the
user systom will have to be established so that the information required by
the firemain designer will be available in time for the firemain calculations
to complete on time.

Thus, user system schedules must satisfy not only the demards of their
own system arnd equipment installation dates, but also the demands of their
provider systems. Allowances have been made in the scheduling calculations
for cases where a user system is also & provider system to a third system.
However, to preclude unnecessary complications in programming, this program
has been developed so that no user system can als~ be a provider system to its
provader system, even though there may be some caz=s where this could be true.
In that event, this project’s scheduling program will set both calculaticon
completion dates to the same date and allow design managers to handle the
iterative data flow problems.

Potential Critical Paths
General

The overall logic flow of the integrated drawing development and

equipment procurement scheduling processes is illustrated in Figure 4,

i

the several possible controlling or critical paths are illustrated. Thic

Ul
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mxch simplified pichue of the totzl process, since it shows only one -« *oy
iy the first unit into which that system is installed, ane system t e

that unit, only one equipment for the system and only ane unit into -1 that

Fage o6




aquipment 1s installed. An actual system may be installed 1nt many units and
may have many different types of equipment in the system. Several items of
each type of equipment may be needed and these may be installed in several
different units. The complications involved in determining which of the

avctem’'s equinmonts an

S related units control the date by which the gystam’s
vstem’'s equipnents ; ch the

- LR = =L =11 ]

calculations must complete ~ the date which controls all scheduling for the
elements of the system — were discussed in the preceding chapter.

The hNo Fguipment Case Path

The first potential critical path is that which would be involved
if there were no equipment involved. Date F in|Figure 4 lis the date by which
the Unit Assembly process must be completed for the controlling system type in
the unit. In order to meet this date, the Composite drawing for the unit must
be campleted by date C, the Phase Two Diagram must be complated by date B and
the System Calculations must be finished by date AL. This potential critical
path flows through points AL, B, C, Dy, and E, to F. The "A" Date determined
by this path will be idmtified.as the System Diagram A Data,. abbreviated as
SDIA Date. For the NoEguipment case, A and Al would be coincident.

Tre Equipment Performence Data Path
As indicated earlier, if equipment must be ordered for the system,
then the Phase Two Diagram effart cannot be finished until the performance
data (PD) of each equipment in the system is available. Thus it is necessary
to determine the total time from finish of tte system calculations to the
delivery of the PD for each equipment in the system, A2-G in select
the longest of these, and use that value as the system’'s equipment PD dura—

ticn. Then, allowing a 2 week FF lag until Phase Two is complete, GB, the
Phase Two duration based on equipment PD availability, A&7B is determined.

The rest of the calculation for the duration of this potentially
critical path is identical to that done for the no equipment case above.
Thus, this path flows through points &2, G, By, &, Dy, and E, to F. The date A2
determined by this path will be identified as the Equipment’s FD A Date, EPDA.
This date must be determined for- each of the systen’s eguipments. The ear—
liest of these will be the System’s PD A date, SPDA.
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The Equipment Contfiquration Rata Path

Configuration data of an equipment must be in hand before the com—
posite drawing can be campleted in the areas where that equipment is located.
Thus, the completion date of a unit composite drawing (LKD) is also dependent
upan the latest CD delivery date, H, for all of the equipment located in the
unit. Conversely, the latest allowable CD delivery date for any equipment in
the unit will be determined by subtracting the FF lag time from the required
LCD completion date. This lag time will be assumed constant at three weeks
for all equipment and units.

As previously stated, the unit which controls the required
delivery of an eguipment’'s (D may be different from the unit which controls
completion of the system's diagram effort. This is illustrated in Figure 4 by
inclusion of fie date C2, for the completion of the equipment’s controlling
unit’'s composite drawing, and the equivalent dates DZ, E2, and F2.

The critical path which is defined by considerations of the
availability of vendor configuration data, then, flows through points A3, H,
€2, D2, and E2, to F2. The date A3 defined in this manner for each of the
system’'s equipments will be identified as the Equipment CD A date, ECDA. The
ELDA dates of each of the system’s equipments must be compared to find the
earliest, which will be the System’s CD A Date, SCDA date.

The Equipment Hardware Installation Path
The path from A4 to K to L in[Figure 4 is the path controlled by
the availability of the system's equipment. Figure 2B [llustrates all of the
activities whose durations and lags make up the overall duration of that path.

In Figuwre 4] the earliest required installation date for the
hardware is labeled L and corresponds with the Milestone in[Figure 2B |labeled
"INST". The duration of path Ad—i-L, subtracted from the date L, will yield
the required date A4, by which system calculations must be completed in order
to have the equipment installed in time to satisfy the ship’s erection
schedule. The system calculation completion date so determined for each
equipment can be callied the Equipment Hardware A date, or EHWA date.
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A camparison of each of the system's equipments must be made, to
identify the earliest of these. That date will be the System’'s Hardware A
date, ar SHAA date.

Critical System Path Determination
The critical path for the system, if the system were independent
of all other systems, would be the path that requires the earliest A date of
the four paths considered above. This would be the System's Independent A
Date, SINB. However, since most systems are dependent upon other systems for
information in order to complete their calculations, the interdependencies be—
tween systems must also be considered before the true required completion date

can ba determined.

This can only be dne after sach system’s independent A date is
determined. If system 1 must provide information to system 2, then the cal-
culations for systom 1 must be completed before system 275, by the FF lag time
between the two system calculations. Thus, by using that lag to back off from
the independent A date of system 2, a new, dependent A date, SDPA, is estab—
lished for system 1. If system i provides information to more than one other
gystem, then the SOPA date derived from each of those systems must be deter—
mined and compared with the system’s SINA date to find the earliest of all of
these. This will be the controlling date for setting the drawing and equip—
ment procurerment schedules. and will be designated the System A date, SYsA.
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COMPUTER FROGRAM

General

Having developed an information flow logic that was supposed to support
the development of integrated schedules, the next logical step was +o use that
information and develop the integrated schedules. To do so, twe types of cam
puter application programs were considered, a critical path networking program
and a relational data base program. Both types of program are available from
several souwrces. Furthermore, applications of both types suitable for micro-
conputers, or FC's, are available, as well as applications for mini- amd
main—frame computers. Because of the presumed greater accessibility of FC’s,
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applications were examined first. Of the programs investigated, the database
program was found to be simpler to use. Thus, the integrated scheduling

program has been developed on that system. The PC application was found 4o be

fully capable of meeting the system requirements.

Mo attempt has been m to try other available database programs or to
utilize programs for larger computers. The information provided herein serves
only to demonstrate that one workable solution has been found and to provide
the information necessary for successful implementation of that solution. Any
shipyard having existing installed relational database systems or networking
programs should be able to develop their own scheduling programs using the

data provided in this report.

Dats Base
Beneral

The relational database application program that has been used for
this project is RiBASE FOR DOS, a product of MICRORIM. The basic elements of
this program are Tables, Forms, Reports, the specific Application program that
cantrols the cperation of the system and a number of individual programs that
effect calculations necessary for generating controlling schedule dates. Earh
of these elements is explained briefly in the paragraphs which follow. Appen—

dix A provides more detailed explanations of the elements and gives exanpleé.

of each.
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Tables

Each "Table" is in fact a separate database, where data related to
same unigue set of parameters can be stored. A Table consists of rows and
columns of data. MNew data is added and existing data is modified on forms
which are presented on the computer monitor. Other data in tables is calcu—
lated by the programs provided and then stored in a colum of the table. Ap—
pendix A provides a more canplete description of the cantents of each table
used in the program developed during this study.

EForms
The Forms element is an intermal system which is used by the
programmer to set up the appearance of the computer screens used by those who
will enter the data that will be stored in the Tables. Forms have been
developed for entry and for editing of each type of data required for achedul-~
ing. Examples are provided in [Appendix A.

Reports
The Reports element is another intermal RBASE system that a
programmer may use to develop the format for any and all reports which are to
be obtained from the system. Two types of reports have been developed; one
far reviewing the contents of the tables of the database and the other for is—

suing schedules.

fpplication Programs

s

ning specifi P
various functions, such as entering data intc
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database, modifying the dats
which has previausly been entered, reviewing the data, or printing out the
data in various formats. The application program developed for this study
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presents the user with a series of "menus” on the screen, from which the
desired actions may be selected. This feature makes the use of this system

Scheduling Application Program

The specific application program that was developed for this integrated
scheduling effoart facilitates initial entry of all data concermning a ship’s
systems, equipment, and construction schedule. All such data can be modified
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as necessary whenever reguired. The program then will do the calculations
necessary to determine the early and late start and finish dates for each ac-
tivity in the drawing development and equipment procurement processes, thus
establishing the baselineg schedule. |Figure O fdentifies the various Tables
that were created for storing baseline data relating to systems, equipment and
the construction schedule. It also illustrates the interactions betieen the
tables and the various software programs that were created in order to estab—
lish the controlling schedule dates.

After the shipbuilding project is started, the current estimated dates
and the actual dates of accanplishment of any activity of interest must be en—-
tered into the system. Separate tables and separate data entry and editing
screens have been provided to facilitate the updating of these data. Figuwe &
illustrates how the data to create schedule reports is generated by combining
data from the baceline data tables and the tablies which contain current and
actual schedule data.

Thus, all the data necessary for producing printed reports of drawing
and equipment schedules is entered into or developed by the database program.
By making appropriate selections from the options provided o the monitor
screen, any desired Schedule report may be produced. The Schedules may be
generated in whatever sorting sequence is desired by the shipyard’'s organiza-
tions and level of management. Sorts by system type may be most useful for
individual Design Department Groups or Production Trades, while sorts by date
or by unit will be of mwre use to cther managers.

In addition, the program allows the current content of any of the
database’s Tables to be reviewed on the screen or printed out, a convenience
for analyzing what combination of fagtors is controlling any scheduled date.

Computer Capability Recuired

The Relational Database System that has been used to develop the
programs demonstrated herein is R:BASE FOR DOS, available from MICRRIM. The
full R:BASE FUR DOS program 5.25 inch disk version requires PC-DOS 2.0 or
higher, 512K of main memory, a hard disk drive and one 5.25 floppy disk drive,
pius a monitor. The 3.5 inch disk version reguires PC-DOS 3.2 or higher. The
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3.25 inch disk version was used for the subject application and all further
discussion will be directed to that version. The scheduling application
program bas been developed on an AT-clone with 312K of main memory and a 20 MB
hard disk. It has not been prepared for network use, but this option is
available with R:BASE FOR DOS and is considered a logical and desirable next
step.

Approximately 4 megabytes of disc storage are required for installation
of the full R:BASE FOR DS product, although only about 2 megabytes are re-
quired for those elements of the program that are needed for this scheduling
application.

The storage requirements for the scheduling application program and as—
sociated data will vary depending upon the amount of data stered. The re—
guirements for a project which involves 125 different system drawings, 1000
different items of equipment, 150 different units with an average of six sys—-
tem types per unit, and for which each system is installed in an average of
ten units, is slightly over 1 MB. An allowance of a total of 2B should cover

ahy likely growth.

The following paragraphs provide a brief description of how the
Appendix A |includes additional

information and a2 nunber of cnecitic examples. A more detailed decori
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program can be used and what it will provide.
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the details of the program and of its operation will be the subject of a
separate report.

Screens

The use of the program involves use of three types of “screens”,

or images which appear ot the monitor for the operator’s guidarwe. Examples
of each are provided in|Appendix A.

The first type is a “menu” screen, which provides the operator
with a listing of choices of action, any one of which can be selected by en—
tering the appropriate nunber at the keyboard. Selection of an option on a
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screen will srther provide another menu screen with other options, cause an
action such as printing of a report to occur, or provide oe of the other
screen types to appear on the monitor.

The other two screen types are for data entry or for data editing.
The type for data entry permits entry anly, while that for editing allows
entry of new rows of data, deletion of rows of data or changes to individual
fields of data.

Operating Modeg and Operators
There are at least three fairly different modes of cperating the
system, and it probably will be desirable to have different personnel avail-
able for performing these differing functions.

The first mode involves managing the computer application program
itself. This includes making modifications to the program as necessary to
change the various screen formats as necessary to suit varying requiremsnts
of individual shipyards or different shipbuilding programs. Management of
this scheduling program would also include investigating the data content of
various tables if necessary to resolve apparent errors. Schedule program
management would best be accomplished by a single individual, who will have to
become familiar with the use of the RiBASE FOR DOS system and of the specific
application program which has been developed. None of the other operators
will meed any understanding of computer programming.

The second cperating mode invalves entering the initial data and
editing or updating that data. Idezlly, initial data entry would be a ane
time effort, and in the vast majority of cases should be. Once a system or
equipment and its supporting data, such as scheduled duration for the various
activities relating to that system/equipment, are entered, it should not be
necessary to make changes to those data. The values for these data should be
determined by mid—level managers, who might enter the data directly at their
owt keyboards rather than baving to write out the information for entry by
others.
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There are bwo types of reports generated by the gpecific applica—
tion program which was developed for this study. Examples of each are provided

in |Appendi>¢ A.

The fTirst report type displays the contents of individual tables
of the database and thus will be of primary interest to the Scheduling Program

Manager.

The second type of report provides the schedules which are the
primary reasan for this whole effort. Separate reports are generated for the
development schedule for each type of drawing, i.e., diagrams, unit composite
drawings, installation/assembly drawings and fabrication drawings, as well as
for the equipment ordering schedule. As previously noted, each schedule report
can be configuwred in various ways, to present the data in the most useful for—
mat for the users of the reports.
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FINDINGS AND CONCLUSIONS

Thee following findings and conclusions are based on the results of the
work done during the course of this study:

Information Flow
i. Finding:

The critical date in the scheduling process is the date by which a
system’s calculations must be completed. The calculations must be completed
by the earliest date needed tp satisfy one of the following requirements:

a) The date by which phase two of the system diagram process must
be completed, or

b} The date by which the calculations of another system, which
depend on information from the calculations for this system,
must be completed, or

c) The earliest date by which ane of the system’s equipments must
be ordered.

2. Finding:
The date by which an equipment must be ordered will be controlled by the
earliest date by which any of the following must occcuwr:

a} The equipment’s Performance Data must be receirved in support of
the system diagram compietion,

b) The equipment’s Configuration Data must be received in support
of the earliest of its Unit Composite Drawing completions, or
c} The equipment itself must be received in support of its instal—
lation into the first of the units in which it is installed.
3. Finding:
Using the durations of activities and the logic flow developed during
this study and described in this report, most equipment procurements were
found to be controlled by the date by which equipnent Configuration Data was
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Conclusion:

Unless the selection of the reguired Purchase Order fAward Date for an
equipment takes into account the need to receive that equipment’s Performance
and Configuration Data in time to support the Design process, the shipyard
will not be able to achieve the most arderly, efficient, cost effective design
and construction effart.

Computer Program
1. Finding:

The computer program produced during the course of this study effort
suceessfully computes the dates by which drawings must be developed and equip—
ment must be ordered in order to meet the construction schedule. It produces
schedule reports which allow the required dates to be managed effectively.

Conclusion:

Drawing Sections and Procurement Offices have a tool available that can
be used to control all of their activities to ensure that required schechile
dates are met. This tool is available in a form that is readily usable on
mini—computers of the type which can be found already in most organizations.
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General

The effort accomplished under this project has been suecessful in iden—
tifying the information logic flow that is necessary for developing and in—
tegrating the schedules for drawing development and eQuuipment procurement ac-
tivities for modular shipbuilding programs. A conputsr application to iden—
tify the dates necessary for any activities to be started or completed was
written and tested successfully, using elements of an impending building
program as a pilot. With the logic flow of the information interfaces estab—
lished, shipyards can use and expand upan the program presented herein or can
develop their own computer prograns for acconplishing the goals of the
project.

The recults of these efforts bave clearly established the rneed for
shipyards to consider the needs of the design process for performance data and
configuration data from the suppliers of eguipment, and the lead timos re—
quired by the equipment suppliers to do so, when defining the dates by which
equipment purchase orders must be awarded.

fn ancillary resuit has been the highlighting of the need for improved
commnications between shipyards and eguipment suppliers. The shipyards need
to determine and define all of the data that they need as well as the equip-

mant rl:rr'fnrmani-n recgiromeonts, and they need to fu 11\1 dafino the =mvd

nance requirements, and they need fu define the environment
in which the equipment must operate. The vendors must recognize the impoe—
tance of timely submittal of accurate performance and configuration data, and
mist work with the shipyards in defining the information which they, the sup—
pliers, need in order to best respond to the shipyard's needs.
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Futire Work

In arder for the conputer program that has been developed during this
study to be more useful, it should be modified to enable its use on a network
of terminals. This would then permit drawing data for each drawing section to
be entered at their own terminal, at their own convenience, and would aliow
them to obtain output reports an their own printers whenever they wanted one.

Another improvement would be to include the dates for receiving variaus
ILS submittals from vendors, such as Reliability and Availability data,
Failure and Effects Analyses, Technical Manuals, Training Documentation, etc.
If the submittal dates for noise data, shock calculations or other
deliverables were to be different than the dates for other data submittals,
each could be separately tracked by modifying the system to incorporate these
items.

Finally, to ease use of the program, a set of operating instructions is
needed. A detailed description of how to use each of the various types of
screens, when to make various calculations, how to modify the program, etc,
similar to those developed for use of other computer spplication programs, is
needed for this program.

Completion of the three improvements described above would provide
shipyard personnel with a complete, documented scheduling and status keeping
system for engineering and procurement efforts, tied in directly with the
production schedules.

Aattempted use of the program for a follow ship project and for another
project which was unable to utilize modular construction mractices, has iden—
tified the need for other modifications to be mage to the existing program.
These changes would allow the information flow requirements to be applied more
effectively to these other types of shipbuilding programs.
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COPUTER PROGRAM E1LEMENTS

General

Setting up a datapase program normally initially involves determining
wihat data is needed and selecting the most effective way to store that data.
This results in identifying what tables are needed, and what colums are
rneeded for each row of each table. The next step is to create the forms for
entering and editing data, after which the format of any reports from the sys—
tem must be established. Any software programs needed for calculating data
and manipulating data between tables are then generated, and finally, the
specific application program for tying these all together is prepared.

The results of these various steps for the scheduling program developed
during this study are presented in this Appendix, but will be presented in the
order in which the program would be used.

Screens
Menu Screens
Figure A—1|illustrates two of the various menu screens that have
been developed for the application program of the pilot project. When the
operator. looking at the screen shown in|Figure A—1—a, |decides to print a
report of the content of one of the tabled dicus sy b2 enters the mnum—
ber 3 at the key-board. This will cause the menu listed in[figure A-1-b o

appear on the screen. Entering ae of the numbers listed there will cause the
printer to generate one of the reports discussed under Tables, below.

Figure A=2-a |5h:us the complete menu tree that is available from
the menu in| Figure A-i-a. ||Figure A-2-b|displays information that is available

from the RBASE system for use by the Scheduling Program Mansger when develop—
ing the application program.
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Data En and Editi Screens
Initial Data Screens

The System Data Entry Screen, (Figure &3-a,.|is used for en—
tering initial system data into S different tables. After entering data into

this form, it is then necessary to use other data editing screens, such as the

one for the System Unit Combination Data Table shown in Figure 4-3h, |to akd

additional data to other tables.

Surrent Data Screens
Screens such as the one shown for System Diagrams in Figure
| A~4-a bre used to enter data into the tables which contain eurrent and actual
sCchadule dates. This data entry screen is used for the initial entry of cur—
rent schedule data. Only the fields in the Current and Actual date rows can
be filled in by the cperator. The scheduled early and late start and finish
dates are extracted by the computer from the baseline schedule, and placed on
the screen without any input from the operator for guidance in establishing
the initial “current" dates.

The subsequent updating of the schedule data is accomplished
using & data editing screen such as shown in Figure 4. | Again, the top two
lines of data cannot be changed by the operator, but any of the fields for
current dates can be changed arxd data can be added in the fields for actual
dates.

Tables

A number of tables were needed to store information of different types.
|Fig1.|res S E 6 I:f the main report illustrated what tables were created, how
the information from each table is used to provide data to other tables
through various calculation peograms and bow the data from pairs of tables is
combined to create schedule reports. The functions of each of the tables is

e L 1 £ L s il am e - ——

[ S
LK -
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System Data Table
This table includes all information which is relevant to each sys-—
tem, with the exception of current status for system disgrams. The table con—
tains one row per system. Columns of sach row contain one system’s name, sym—
bol, diagram numbers, and the duration of each phase of the development of the
system diagram. All of these data must be entered from the computer keyvboard

- — PR el el

aided by the data entrv screens that are provided.

Each row also includes colums containing the dates by which the
system diagram schedules are controlled. These dates are calculated by
various computer programs provided and are then automatically stored in this
table, where they are then used as sowwe data for the diagram development
schedule. A listing of the data elements that are stored in the colisms of
this table is pruvided in|Figure &5) No attempt to define each of the data
elements will be made in this report. The table is identified within the com—
puter program as SYSDATAT. The contents of this table are accessible through
generation of a report, as shown in[Figure A-6.]

System — Uhit Tahle

The identifying symbol for every construction unit in which a sys~
tem is located is entered into this tabie, along with the system identifying
symbol., Thus, there may be many rows in this table for each system, but only
ane row for each systemnit combination. This table is identified as
SYSNITT and its contents are as shown .u11 Figure A—?.l Each row contains the
system symbol, a unit number, and the thit C-date for that unit; the Unit
C-date being that date by which the unit’'s Composite drawing must be completed
in order for the construction schedule to be met. One of the computer program
subroutines searches this table and, for sach system, compares the Unit
C—dates for all units of the system, selects the earliest of these and stores
it, the System C-date, in the System Data Table’'s row for that system and also
into any rows in the Equipment Data Table that relate to that system’s equip—
ment. These calculations are illustrated in| Figure 5 py the "bubble" labeled
"System CDates”.
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System—Type Unit Assembly Process Table
Data related to the activities in the unit assembly process for

sach system—type are stored in this table, which is identified as SYTPROCT,
where every row represents a unigue cambination of unit and system type. As
previously described, the eariiest construction stage during which sach dif—
ferent system—type will be installed in a unit must be separately determined,
for scheduling the activities of that system-type’'s unit assembly process.

The durations for each of the activities in that process are entered into this
table and edited throuegh its own data entry and edit forms.

The installation date for the construction stage for each system—
type in each unit, the SvystemType Unit F—date, is obtained from the Unit-
Stage Schedule Table and stored in this table. Having the F—date and all of
the activity durations in the same row, allows immediate cailculation of the
System—Type’'s tnit C—date, which then also is stored in the row. The table’s
contents are shown in|Figure A-6.

Linit—Stane Schedule Table
The construction schedule data must be entered into this table,
UNSTSEDT.  (An altermative approach would be to modify the colums of this
table to accept duration data for each stage of construction of each unit, and
the unit erection date, and generate all other start and completion dates for
the construction schedule.) Each row of the table contains the dates for

starting every stage of the unit’'s construction process, or sufficient infor—
mation for those dates to be calculatedy See Figuwe A2. |As currently con—
figured, the program allows the start date of each stape to be identified as a
rnumber of weeks after contract award. The cuwrrent program then allows the as—
sumed or actusl contract award date tn be entered, after which it calculates
and stores the calendar dates for starting each stage. The dates in this
table are the sowrce for the Systemr-Type F—dates stored in the SYTPROC table
and for the Eguipment—init [—dates stored in the Eguipment—-Unit Combination
Table. [See Figure 5.

Since this is the only table where each unit is identified
unigquely, row by row, it is used to store the Unit Cdates. Once the F-dates
have been extracted from this table and stored in the SYTPROCT table (where
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the System—Type C—dates are immeaiately calculated, automatically), another
subroutine 1s used to select the earliest of each unit’s several System—Type
C—dates. That date is then staored in the thit C—date column of this table.

Equipment Data Table

fs the name implies, this table is used to sStore data relating to
each type of equipment for each system. Initially, dwration data for each ac—
tivity of the equipment procurement process must be entered. Three separate
computer programs are u&“ o obtain information from other tables and store
the results in this table. The three possible equipment related adates are
determined and stored in this table as a result of these caloculations. The

Eguipment—Unit-Stage Table
It is not uncommon for several items of the same, identical
equipment to be located in more then one location on a ship.  When those loca—
tions are in different construction units, the assembly schedules for each of
those units must be considered in order to identify the controlling date for
ardering the equipment. This table is provided for entering and storing the
unigue unit—stage installation combinations for each item of equipment.

The scheduled ingtallation date for sach of these equipment-unit-
stage combinations is selected from UNSTSKOT and stored, as the Equipment—tnit
Ldate, in this table. A separate calculation is made in order to select the
Unit C—date from the UNSTSKDT and store it here for each equipment—unit com—
bination. The contents of the colums of this table are displayed in Figure

A-1l.

Subsequently, the earliest of the Equipment—init F—dates and of
the Equipment-tnit C-dates are selected and stored as the Equipment L~date and

the Equipment C-—date, respectively, in the Equipment Data Table,
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System Dependency Table
Each row in this table contains data describing the interdepen—
dencies of system diagrams. Each user system 1s originally listed with each
system which provides services to it. However, because of the possibility of
multiple dependencies, a separate camputation program has been provided to

identify multiple dependencies and revise required schedule dates accordingly.

See Figure A-12 |for SYSDEPT contents.

Schedule Status Tables )

Four additimnal tables have been created for storing data relating
to current estimated schedule dates and actual dates. The four tables cover
diagram schedule data, equipment schedule data, unit composite drawing data
and system—type unit assembly process activities data, respectively. The data
in these tables are used for preparing reports of schedules and/or schedule
status. |Figure A-L3 |is a report of the content of the table containing cur-
rent and actual dates for System Diagram activities, and illustrates the con-
tent of each of these four tables.

The screens used for data entry provide the early and late dates
for start and finish of each of the activities for which current estimated
data and actual data are to be provided.

Scheduile

Figures A-14| to|A—18 illustrate schedules that can be generated
from the report formats established for the pilot project. Figures A-14 and
A-15 both apply to the same Diagram Schedules, but A-14 is sorted alphabeti-
cally by System Name whilg A—15 js sorted by Phase One Start date.

Data Table Content Reports
[Figures A-6]through[ A-12 dre examples of the reports which print
aut the data that is contained in the tables of the database. The primary
purpose of thece reports is to verify the accuracy of the data that is com—
tained in the tables. Examination of these figuwres will show rows that need
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data, redundant rows, etc.. that need to be corrected. Another significant
result from observing the contents of the tables is verification that the ap—
plication program accomplishes what it was intended to accomplish.

A number of separate programs were needed in order to carry out
all of the calculations that are necessary to identify the controliing dates
for scheduling purposes. Each calculation program may be accomplished either
generally, to recalculate every date, or selectively, when relatively minor
changes or additions have been made to initial data. The Application Program
as currently written generally requires the choice of general or- selective
calculation to be made from the keyboard using a menu. This can be changed
easily to have calculations occur automatically whenever data entry has been
finished.

Application Program
This is the program that provides the overzall structure for ac-
complishing all tasks that must be performed to enter data and produce
reparts. It runs automatically snd provides a series of menus, each of which
lists choices for the operator to make in order to accomplish each of the
tasks in the entire scheduling process. The menu screens that control the ap-

plication were discussed previously.

Proaram Code Availability

The Application Program coding is too long and the individual cal-
culation programs are too nunerous to be included in this report, tut are
available upon request from the Program Menager of S5+ or from the author.

Page A7 fppendix A



(1}
(2)
(3)
(4)
(5)
(&6}
(7)
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(Main ] MENU FOR DATA ENTRY, UPDATE, CALCS & TABLE COUNTENT REPO

L-(UPDATE ) UFDATE DATABASE DATA

L_(SYSDIAM ) SYSTEM RELATED DATA TABLES UPDATE MENU
LIEQPINFOM) ERUIPMENT INFORMATION UPDATE MENU

LR =t~ =St L N AR AL LR R V1L B e Wy o T B =R el | )

L—(UNITDWGM) UNIT DRAWING/PLANNING/FABRICATION UPDATE MENU
L_(UNITSTGM) UPDATE UNIT—-STAGE SCHERULING DATA

L-(RECALCSM) RECALCULATION MENU
L_(REPDRTSM) SELECT THE TYPE OF REPORT DESIRED

L_(PRNTTBLM) TO PRINT THE CONTENT OF A TABLE

——(DATAENTM) DATA ENTRY ACTIONS
1
L_(INITCLCM) CALCULATIONS AFTER INITIAL DATA ENTRY

L_(INDCALCN) INDIVIDUAL CALCULATION MENU
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Eigure A-—2-a
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(3) GET REPORTS

(4) ENTER INITIAL DATA

(5) DO CALCULATIONS AFTER ENTERING INITIAL DATA

(&) ENTER PROGRAM NAME, DESIGNATOR, AWARD DATE

(7) QUIT

Menu selection 1 — Process menu: UPDATE

Menu selection 2 - Process menu: RECALCSM

Menu selection 3 -~ Process menu: REPORTSM

Menu selection 4 -~ Process menu: DATAENTM

Menu selection 35 - Run custom/macro/tempiate procedure: DATESETP
Process menu: INITCLCM

Menu selection & ~ Load using form: AWARDAYF

Menu selection 7 - Exit
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Application IPSKMODL ——- Database IF

: Figure &—2-h

o [P
/ . U

ISP
AT T o,
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DIABRAM

SwvMont

N I i e &

(22222 2222233337333 3383¢8284)

T™WOC -
LI )

CWNER'S CONTRACT DWG:
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EQUIPMENT COVERED BY DIAGRAM EQP SYMBOLS SYSTEMS WHICH PROVIDE SERVICE
——NAME S5YMB YMB NAME
|
I
[ESC] Done fF2] Clear field. [Shift—-F2] Clear to end EShift~F10] More
Form: SYSDATAF Table: SYSUNITT Fieid: SYSTSYME Page: 1
Figure A—3—a
Edit Save Add new Delete Reset Previous Next Guit
UNITS INTO WHICH PARTS OF THE SYSTEM ARE TO BE INSTALLED
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SYSTEM SYSTEM UNIT
SYMEOL NAME NUMBER
AF AFFF DISTRIBUTN -
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Add Duplicate Edit again Discard Guit
Enter/Edit Current Scheduled and Actual Dates For Diagrams :
SYS5YMB SHIPYARD DWG NO CUSTOMER DWG NO CONTR DES DWG NO
PHASE GNE CALC PHASE TwWO PHASE THREE
| START FINISH START FINLSH START FINISH START FINISH
FM MOS5D0o78
Early: O7/13/90 10/1&/90 10719/90 0L/s22/91
lLate : Q05/25/90 0&/12/90 Q&6/15%/90 Q7/10/90 11716770 Q2719791 Q2/22/91 05/28/91
Curr =
Act =
Earlys
Late :
Curr =
Act
[ESC] Doane [F2] Clear field {Shift-F2] LClear toc end [Shift-F10] Hore
Form: DIACRACF Table: DIACRALCT Field: CSPHASEL Page: 1 Changed
Eiqure frd-a
“ Edit Save Add new Delete Reset Previous Next Quit
EntersEdit Current Scheduled and Actual Dates For Diagrams :
SYSSYME SHIPYARD DWG NO CUSTOMER DWG NO CONTR DES DWG NO
PHASE ONE CALC PHASE TwWO PHASE THREE
J START FINISH START FINISH START FINISH START FINISH
Fi - - MOSDO7EB
Early: 07/13/90 1Q/146/90 LO/719/90 QLl/22/71
iLatE : 05/25/90 06/12/790 0&/715/90 07710490 L1/146/90 Q2719791 Q2/22/91 05/28B/9%
Curr : 08/15/90 0B/31/90 09/03/90 0F/28/790 10/01/90 11/23/90 L1/246/94 OL71B/791
Act : - - - - - - - -
HS 5&60-&60 260-345&67890F -
Early: 12/03/90 01/04/91 01/07/91 02/08/91
Late : 11/19/90 11/23/90 11/26/90 11/30/90 01/28/91 Q3/01/91 03/04/9) Q4/05/91
Curr =z - - - - - - - -
Act = - - - - - - - -
CESC] Done [F2] Clear field [Shift~-F2] Clear to end (Shift-F10] More

Farm: DIACRACK Table: DIACRACT Field: SYSTSYMB Pages: 1

Figure A-4-b
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PRINTOGUT OF SYSTEM DATA TABLE DIAGRAM DATA CONTENT
Printed on Cl1/1&/8% at

14:52:24

SYSTEM NAME SYMB TYP SHIPYARD"S DIAG NR OWNER"S DWG NUMBER

DURATIONS—WKS : DATES :
PH1 CLC PHZ2 PH3  MNSYSCDA DIAGADAY MNEQADAY MNINDADA MNDEPADA SYSTADAY
AFFF BISTRIBUTN AF P SYDNR XXXXXXD MMOS3D180

2 4 8 8 03/05/791 0Q1/08/91 092/18/90 09/718/90 0O&/26/90 06726790
AUX SW COOLING AS P SYDNR YYYYYYE MMOSSD1&D

q 3 10 13 Q3/15/7%91 01/04/91 Q/07/90 Q707790 Q&/26/90 0O4IZLHITF0
COMPRESSED AIR ChA P - MOSD12

3 4 8 3 02712791 12/18/90 09/25/90 0F/25/9C 12710499 09725790
CHILLED WATER CHW P 4444535023~-12 01234-12-333D

2 3 10 12 O3/15/771 01/04/91 11/02/90 11/02/90 12710/99 11/02/90
DRAIN & BALLAST [5):] P - MO3DOB8A

4 4 10 12 03/15/921 01704791 10712790 10/12/90 0Q&/719/90 0Q&/719/90
FIREMAIN FM P - MO3NO78

3 14 14 12 03/709/91 11/27/90 10/712/90 10/712/90 0O7/710/90 0Q7/10/90
HYDRAULIC STRG HS P 560-60 -

1 L S 3 03/15/91 02/08/91 L1/30/90 11/30/90 12710799 11730790
PRAIRIE MASKER PM P - MOHDO1O

3 3 8 8 01L/22/91 11/27/90 0O7/31/90 0Q7/31/90 04&/12/90 0Q&/12/90
POTABLE WATER PW P - -

2 4 12 13 03/05/91 12/11/90 09725790 09/23/90 09/168/790 09718790
SANITARY FLUSHG SF P - MO3DOoA0

4 5 ) 10 10 03/19791 01708791 OF/711790 097117590 Q&/Z2&6/90 0&/2&6/790
MAIN SW COOL-ING SW P - MOSD

4 S 10 13 01/22/91 11/13/90Q0 OQ7/24/90 O07/23/90 12/10/99 Q7/24/90

Fiouwre A6
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SYSTEM-UNIT COMBINATION TABLE DATA FRINTOUT

AarF
AF
AF
AF
AF
AS
AS
AS
CA
CA
CA
ca
Ca
EA
ca
ca
CA
CW
CW

CW
CW
DB
[3):]
DB
0B
DB
0B
0B
nB
DH
M
FM
&M
FM
/M
FM
™
FM
/M

M
FM
™
HS
P
M
PM
PM

AFFF DIS
AFFF DIS
AFFF DIS
AFFF DIS

TRIBUTN
TRIBUTN
TRIBUTN
TRIBUTN

AFFF DISTRIBUTN

nriw e ~

I T R

AlUX SW COOLING

AUX SW COOLING

AUX SW C
COMPRESS
COMPRESS
COMPRESS
COMPRESS
COMPRESS
COMPRESS
COMPRESS
COMPRESS
COMPRESS
CHILLED
CHILLED

DOLING
ED AIR
ED AIR
ED AIR
ED AIR
ED AIR
€D AIR
ED AIR
ED AIR
ED AIR
WATER

WATER

CHILLED WATER

CHILLED
CHILLED
DRAIN %
DRAIN &
DRAIN &
DRAIN &
DRAIN &
DRAIN &
BRAIN %
DRAIN %
DRAIN &
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN
FIREMAIN

WATER

WATER

BALLAST
BALLAST
BARLLAST
BALLAST
BALLAST
BALLAST
BALLAST
BALLAST
BALLAST

HYDRAUL IC STRG
FRAIRIE MASKER

PRAIRIE

MASKER

PRAIRIE MASKER
PRAIRIE MASKER
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Figure &7

1

1520
14620
2400
2510

4« M

i42L
1422
1423
1130
1230
1411
1421
1322
1423
1433
1510
23510
1421
1422
1423
1510
1610
1110
1210
1220
1320
1321
1422
1423
1510
1510
1421
1422
1423
1433
1510
152¢
1610
14620
2100
2200
2310
2400
2310
1421
1412
1421
1422
1433

03/19/91
03707791
07/30/91
06/18/91
93715791
03/29/91
04/02/91
09/10/71
07/16/91
02/12/91
03715791
C3/29/91
04/02/91
Q03/05/91
048702/91
06718791
03/15/91
03/29/21
04/02/91
04/02/91
04702771
16/715/91
0&/18/91,
046/25/91
04/23/91
03/15/91
03/2%/91
0q/02/91
04/02/91
04/02/91
03715791
03/29/91
03/02/91
03/05/91
04/02/91
03/19/91
04/02/91
05/07/91
11/26/71
11/19/91
06/04rs91

- 07/30/91

04/18/91
03/15/91
QL/22/91
03/15/91
03/27/91
03/05/21
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SYSTEM
Frinted on 01/15/8%9 aon 15:07:38

IYPE UNIT ASSEMBLY PROCESS TABLE DATA

SYS UNIT ST |-——————m DURATIONS — WEEKS———————1 SYSTYPE SYSTYPE
TYP uaAD UAP SS UFD UFP UFF TOT  “F" DATE  "C" DATE
P 1110 SO 8 s 2 7 a & 29 03/08/92 10/1S/91
S 1110 20 a 3 2 4 3 3 22  Q4/03/92 10729791
W 1110 SO 8 3 2 a 3 2 23  05/08/92 11/26/91
P 1120 50 g a 2 7 4 & 29  04/10/92 09/17/91
S 1120 20 6 3 2 q 3 3 22  03/06/92 10/01/9%
P 1130 SO 8 4 2 7 4 6 29 08/03/92 09/10/91
S 1130 20 & 3 2 a4 3 3 22 02/21/92 0O9/17/91
P 1210 SO 8 g 2 7 3 & 29 01/10/92 06/18/91
s 1210 20 6 3 2 4 3 3 22 12713791 0Q7/09/91
P 1220 S0 g 5 2 7 a4 6 29  0L/17/92 06/25/91
S 1220 20 & 3 2 4 3 3 22 12/0&8/91 07/02/91
P 1230 SO 8 4 2 7 4 & 29 0Q2/07/92 07/16/%91
S 1230 20 6 I 2 4 3 3 22  01/03/92 07/30/91
P 1310 40 8 3 2 & I & 28 11/08/91 04/23/91
5 1310 20 & 3 2 4 3 3 22 11/08/91 06/04/91
W 1310 40 8 3 2 & 3 3 24 11/08/91 0S5/21/91
P 1320 40 8 5 2 & a & 28 11/08/91 04/23/91
S 1320 20 & 3 2z 4 3 3 22 L1/08B/91 06/08/91
P 1330 40 a a z & 4 & 28  12/06/9% 0S5/21791
S 1330 20 & 4 2 4 3 5 24 12/06/91 06/18/91
P 1411 SO 14 6 2 10 & 8 36 12/06/91 03/26/91
S 1411 20 12 & 2 B8 g 10 38 11/08/91 02/12/91
W 1411 S50 8 5 2 4 73 3 23 12/06/91 06425791
P 1312 S50 1O 5 2 8 6 8 34  11/22/91 03/26/91
S 1412 20 I3 4 3 L2 & 8 39 10/25/91 01/22/91
W 1512 S0 8 3 2 & 4 4 26  11/22/91 05721791
P 1413 S0 12 6 2 8 &6 10 386  11/22/91 03/12/91
P 1414 S0 |2 6 2 8 6 10 3& 01/03/92 08/23/91
P 1415 SO0 12 6 2 8 & . 10 346 O0l/03/92 04/23/91
P 1421 40 10 4 3 & 3 8 30 11/11/91 04/12/91
S 1421 20 12 4 3 8 3 B 32 10/28/91 03/15/9%
W 1821 SO 8 5 2 3 a 3 23 12/30/91 07/19/91
P 1422 30 12 4 3 7 3 ¢ 32  12/30/91 0S/17/9%
s 1422 20 12 4 2 8 4 10 34  11/25/91 03/29/91
W 1422 50 8 5 2 3 4 3 23  02/03/92 0B/23/91
P 1423 40 12 & 2 8 & 8 38 11/29/91 04/02/91
s 1423 20 12 6 2 8 8 10 3B 0QL/03/92 04/09/91
W 1423 S50 8 s 2 4 3 3 23 01/17/92 O0H/06/91
P 1424 40 9 4 2 & 4 8 30 11/29/91 04&4/30/91
S 1324 20 12 6 2 8 8 10 38 0L/Q3/92 04/09/91
W 1424 a0 10 4 2 S 4 8 29 11/29/91 0S5/07/91
S 1425 20 12 &8 2 8 8 10 38 10/18/91 01/22/91
S 1431 20 12 6 2 a 8 10 38 O0L/10/92 08/14/91
S 1432 20 12 & 2 8 8 10 38 12/20/91 O3/2&/91
P 1433 40 11 4 2 g S 7 33 12/06/91 0&/1&/91
S 1433 20 12 6 2 8 8 10 38 11/29/91 03/05/91
P 1510 40 12 5 2 8 5 & 31 11/08/91 0&4/02/91
S 1510 20 12 s 2 g g & 31 11/08/91 04/02/91
P 1520 40 10 s 2 B 5 & 31  10/25/91 03/19/91
S 1520 20 12 5 2 8 5 & 31 10/25/91 03/19/91
P 1&610 S0 9 4 =z 7 4 6 29 12713791  05/21/91
S 1610 20 12 5 2 8 5 & 31 11/08/9f 08702791
P L&20 SO 9 & 2 7 4 & 29 OL/17/92 O&/25/9%
1

]
']
Q

L]

E
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UNIT-STAGE SECHEDULE TABLE DATA PRINTOUT

Printed on 02/13/789 at 15:12:11

UNIT-STAGE TABLE DATA
Dates Based an an Effectave Contract Award Date of 0&6/02/89

UNIT/
C-DATE ST 20 30 40 S0 &0 &5
1110 Wks ACED: L4348 151 148 133 134 160
Duraton: I 4 5 2 4 &
10/15/7921 Dates 04/03/92 04724792 04/03/92 05/08/92 05/29/92 0&/726/92
1120 Wks ACED: 144 147 144 149 152 154
Durations: z 4 b 2 a4 &
09/17/91 Dates 03/06/92 03/27/92 03/06/92 04/10/92 05/01./92 05/29/92
1130 Wks ACED: 142 146 142 148 151 156
Duration: q 4 & 2 5 &
09/10/91 Dates OZ/21/92 03F720/92 02721792 048703792 0Q&8/24/92 05/29/972
1210 Wks ACED: 132 134 130 134 137 143
Durations: 7 a8 S 1 a8 Q
04671871 Dates 1271379 12727791 11729791 01/10/92 OQLl/17/92 02728792
1220 Wks ACED: 131 135 131 137 139 143
Duration: 4 4 & 2 4 9
Q4/25/91 Dates 12/706/9Y 01/703/92 12/06/9Y Q1717792 OL/31/92 02Z2/28792
1230 Wks ACED: 135 138 135 140 143 148
Duration: 4 q S 2 4 g
07/716/91 Dates QL/03/792 01/248/792 01/03/92 02/07/92 02/28/92 0Q4/03/92
1310 Wks ACED: 127 130 127 133 134 140
Duratiaon: 8 9 3 b3 2 a
04/23/21L Dates 11708791 11/29/91 L1/08/91  12/720/91  1\2/727/91 Q2707792
1320 Wks ACED: 127 131 127 133 L34 L3Q
Buration: 4 4 & 2 q 8
08/23/71L Dates 11/708/91 12706791 11/08/91 12/720/91 OQ1/10/92 02/07/92
1330 Wks ACED:  L3L L35 131 137 160 144
Duration: 4 4 & 2 4 B
05721791 Dates 12/06/21 O1703/392 12/706/71 0QL1/17/92 02/07/92 03/0&68/92
1411 Wks ACED: 127 129 125 131 132 13&
Duration: & & & 1 1 10
02712771 Dates 11708791 11722791 10/25/91 12/0&/91 12/13/791 0QL/10/92
1412 Wks ACED: 125 127 123 129 130 134
Duration: & & b 1 1 9
01/22/91 Pates 10/25/91 11/708/91 10/11/91 11/722/91 11/29/91 12727/91
1413 Wks ACED: 125 127 124 129 130 134
Duration: & & ] 1 1 2
03712791 Dates 10/25/91 11/708/791 10/18/91 11/722/91 11729791 12727/%91
1414 Wks ACED: 33 33 130 135 137 139
Duratian: 3 3 & 1 2 5
04/23/91 Date 12/20/91 12/720/91 11/29/91 01/03/92 O0OL/17/92 017317972
Page 1
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EQUIPMENT

DATA TABLE PRINTOUT

on 01/1353/789 at 1L3:58:25
—————— DURATIONS DATES —=———————
SYSTEM NAME TRVE Vv VE MTO5S5 W
EQUIPMENT NAME EGQSYM PONR S F RV P CV FSHH PDC DAY CD C DAY INSTLDAY .
EQUIP A DATE PEGDL D DD RTPS PDADAY CD A DAY HW A DAY .
AFFF DISTRIBUTN
AFFF HOSERACKS AFHRK — 3453 &6 B2121 23 03/05/91 03/05/91 12/30/91
09718790 10/09/90 09718790 03/21/91
AFFF CONC FUMP AFPMP - 4454 7 9326333 03/05/91 06/18/91 12/06/91
Q9718790 Q9/18/790 12/11/90 1L0O/01/90
AFFF PROPORTNR AFPRP - 2352 4 5125233 03/05/91 06/18/91 12/06/91
10/30s20 10/30/90 QL/29/91 L2/17/90
AFFF CONC TANK AFTNK - 3452 3 4312233 03/05/91 03/29/91 11/29/91
11/02/90 11/06/90 11/02/90 02/18/91
AUX SW COALING .
As/C COMPRESSORS ASACT — 4 5953 4 %2183 33 03/15/91 03/15/91 11711791
0?/07/70 10/03/90 09/07/90 L1/08/90
REFRIG COMPRPMP ASCPM - 4 533 6 218333 03/715/91 03/15/91 L1/11/91 ;-
09/14/90 10/12/90 Q9/14/90 11/15/90 !
MSKRAIR COOLER ASMAC - 2354 4 &2 12243 03/715/91 03/715/91 11/11/91
10705790 10/26/90Q 10/05/90 OL/L17/91
MSKRAIR CLG PMP ASMCP - 4454 & 8B115 23 3 03/715/91 03715791 11/711/91 .
Q9714790 10/05/90 09/14/90 12/20/90
MSKROILCLRCOMPR ASMOC - 4 5353 &6 8B82 13 23 3 03/715/91 03/15/91 11711791
0%9/14/50 1G/05/90 09/14/90 12/27/90"
PRARYAIR COOLER ASPAC - 2354 4 62122 4 3 Q3713791 0I3/715/9L 117321791
10/12/90 11/02/790 1G/12/90 QL/24/91 -
PRARYAIR CLGPMP ASPCP - 4454 & B1L 15233 03/715/91 03/15/91 11/11/91
QR/0Q7 /790 09/28/90 09707/90 12/13/90
AUX SW PUMP ASPMP — 4454 & B115233 03/15/91 03/15/91 11/11/91
0%/14/90 10/05/790 09/14/90 12/20/90
FRAIRODILCLRCMPR ASPOC - 4 354 £ B2 13233 03/15/91 03/715/9% 11/11/91
09/14/90 10/05/9Q 09/14/90 12/27/90
REFR COMPR CLR ASRCL - 2354 & 821682 33 03/15/91 03/15/91 11/11/91
09/28/90 LO/19/90 Q9/28/90 12/20/90 "
REFRIG COMPRPMP ASRCP - 4 4 54 & 8219 3 23 03715791 03/15/9L L1/711/9L
Q9/14/90 10/05/90 09/14/90 11/15/90
STNDBY ASW PUMP ASSTB — 4 4 34 & H 1152 3 3 03/15/91 03/15/9L 11711791
Q?/14/90 10/03/90 Q9/14/90 12/20/90 f
COMPRESSED AIR .
HP AIR COMPRESR CAHPLD - 3432 & 8 )L 25223 02/12/91 03/15/9L 12/30/91 -
0725770 09725790 10/05/90 12/727/90 .
HP AIR FLASK CAHPF — 2332 0 31 5123 02/12/%91 03715791 11711791 -
11/720/90 11720790 1L/23/90 05/23/9% .
HP AIR MANIFOLD CAHPM - 3453 1 31 8223 02/12/791 03/15/91 11/11/91 :
10/23/90 10723790 L1/70Z/790 04704791
CHILLED WATER
COOLING COIL CWCYL - 3442 6 B1202 33 03/15/91 12/15/9% 12/15/99
117Q02/90 11/702/90 07714799 01716799
DRAIN & BALLAST
ACTUATOR DBACT - 3453 4 51122 33 0Q03I/15/91 0I/15/91 O1L/31/92
10719790 11/02/90 10/19/90 05/06/91
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EQUIPHMENT - UNIT - STAGE TABLE DATA PRIKTOUT

Printed on 01/15/89 at 15:02:22

"U'T.I'U"U"D"U'U"UTU"\‘J'U"U"U"U'U"U'U"D"‘D"'U"U"U"U"U"U"U"U"U"‘U'U'U'U'U’U'U'U'U'O'U"U'U"O’U"U’G'C"U'U"U'U’U'U

EQUIPMENT UNIT
SYMBL HAME
AFHRE AFFF HOSERACKS 1421
AFHRK AFFF HOSERACEKS 1422
AFHRE AFFF HOSERACEKS 1433
AFHRE AFFF HOSERACKS 2510
AFPMP AFFF CONC PUKP 2510
AFPRP AFFF PROPORTHR 2510
AFTNE AFFF CONC TANEK 1422
AFTHE AFFF CONC TANRK 1423
AFTHEK AFFF CONC TAKK 2510
ASACC A/C COMPRESSORS 1421
ASACC A/C COHMPRESSORS 1422
ASACC A/C COMPRESSORS 1423
ASCPH REFRIG COMPRPKP 1421
ASMAC HMSERAIR COOLER 1421
ASHMCP HSERAIR CLG PHP 1421
ASMOC MSEKROILCLRCOHPR 1421
ASPAC PRARYAIR COOLER 1421
ASPCP PRARYAIR CLGPHMP 1421
ASPMP AUX SW PUNMP 1421
ASPOC PRAIRODILCLRCHER 1421
ASRCL REFR COHPR CLR 1421
ASRCP REFRIG COHPRFHP 1421
ASSTB STRDBY ASW PUMP 1421
CAHPC HP AIR COMPRESR 1421
CAHPC HP AIR COMFPRESR 1422
CAHPF HP AIR FLASK 1421
CAHPF HP AIR FLASK 1422
CAHPM HP AIR MANIFOLD 1421
CAHPH HP AIR HARIFOLD 1422
CAHPH HP AIR HANIFQOLD 2400
DBACT ACTUATOR 1421
DBACT ACTUATOR 1422
DBACT ACTUATOR 1423
DBAED AUX EDUCTOR 1421
DBAED AUX EDUCTOR 1422
DBAED AUX EDUCTOR 1423
DRMER MAIN EDRUCTOR 1421
FHPMP FIRE PUMP 1421
FHPMP FIRE PUNP 1422
FHPMP FIRE PUMP 1422
FHPHMP FIRE PUNP 1423
FMSTR FIREPHP STRAINR 1421
FHSTR FIREPMP STRAINR 1422
FHSTR FIREPHP STRAINR 1423
HSSTG STEERING GEAR 1610
PMMCL HASKER COCLER 1422
PHMCP MASKER COMNPRSR 1422
PHPCI, PRAIRE COOLER 1422
PMPCP PRAIRIE COMPRSR 1433
PHBRP BROH RECIRC PP 1422
PWDST DISTILLERS 1422
PW¥DST DISTILLERS 1423
Pzge
Ficure A-11

STAGE

INSTALLATIOR

DATE

12/30/91
04/06/92
02/07/92
01/17/82
12/06/91
12/06/91
02/03/92
11/29/81
12/06/91
11/11/81
11/22/91
11/29/91
11/11/91
11/11/91
11/11/91
11/11/91
11/11/81
11/11/81
11711791
11711791
11711791
11711791
11711/81
12/30/91
02/03/92
11711791
11722791
11/11/91
11/22/91
02/07/92
02/24/92
04/06/92
01/31/92
12/30/91
02/03/92
01/17/92
12730791
11/11/91
11/22/91
02/03/92
11/28/91
11/11/81
11/22/91
11/29/91
12/13/81
02/03/92
02/03/92
02/03/92
01/17/82
11/22/91
04/06/82
01/31/92

Appendix A

UNIT
"C" DATE

i e
e ma===

063/15/91
02/29/81
03/05/81
06/718/81
o8/18/91
06/18/91
03/29/91
04/02/81
06/18/91
03/15/91
03/28/91
04/02/91
03/15/81
03/15/81
03/15/91
03/15/81
03/15/91
03/15/91
03/15/91
03/15/91
03/15/91
03/15/981
03/15/91
03/15/91
03/28/91
03/15/81
03/29/91
83/15/81
03/29/91
07/30/91
03/15/91
03/29/81
04/02/91
03/15/91
03/29/91
04/02/91
03/15/91
B83/15/81
03/29/91
03/29/91
04/02/91
03/15/91
03/28/91
04/082/91
04/02/91
03/29/91
03/28/81
03/29/91
03/05/81
03/28/91
03/29/91
04/02/91




SYSTEM DEPENDENCY DATA TABLE PRINTOUT

On OL/15/89 At 10:48:41

SYSTEMS FINISH-F INISH LAGS
N o ) IJSR FHL USR CLC [PPRYV PH2Z USR PH3
UISER FRVDR DRVR PRV 1FHL PRV CLC USR PH2 PTS_TEE
AF SW FM 2 4 2 2
AS Sk Fi 1 4 2 L
nBe SW FM 3 5] 2 2
FM SW - H 2 2 3
PM SW FM 2 -] ? :
Lo Ch = i 1 i ;
SF SW FM 2 4 P :
SF CcA Py 2 3 : 2
SF cA - 2 2 2
Figure A-12

PHASE 2 START
"A" DATES

PRPVDR" S USER"S
Q7724790 Q48724790
a7/24s90 Q4246790
07724790 Q&/19/90
07/24/90  0O7/10/90
Q7724790 Q&6/12/90
QRr25790 oR/18/90
07/24/s90 Qh/ 24790
0?/25/90 QF/04s90
Q25790 02/11/90

Appenciix A



DIAGRAM CURRENT/ACTUAL DATA TABLE CONTENT

Printed on 08/31/89 at 15:14:41%1
SYSTEM NAME
FHASE 1 CALCULATIONS PHASE 2 PHASE 3
START FINISH START FINISH START FINISH START FINISH
AFFF DISTRIBUTN
Curr 0QS5/05/89 05/14/789 05/20/89 0&/14/8F 06/17/8% 1Q/18/89 10/21/89 12707789
Actl 0&/09/89 0&/23/89 0&/23/89 - - — - -
AUX SW COCLING
Curr OB/12/89 09/10/8% 09/13/89 09/14/89 09/30/8B9 12/07/89 Q1/14/90 Q3/22/90
Actl - - - - - - - -
COMPRESSED AIR
Curr Q7/709/%9Q 07/27/90 Q7/30/90 0B/24/90Q 08/27/90 10/19/90 10/22/90 12714790
Actl 0&6/12/90 - - - - - - -
CHILLED WATER
Curr 0%9/23/90 10/05/90 10/08/90 10/256/70 10729790 01/04/%1 01/07/91 Q3/15/91
Actl - - - - - - - -
DRAIN & BALLAST
Curr - - - - - - - -
Actl - - - - - - - -
FIREMAIN
Curr O0B/L15/90 08/31/90 09/03/90 09/28/70 10/01/90 11/23/90 11/24/94 01/718/91
Actl - - - - - - - -
FIREMALN
Curr - - - - - - - -
actl - - - - - - - _
HYDRAULIC STRG
Curr - - - - - - - _
Actl -— - - - - - - -
PRAIRIE MASKER
Curr - - -~ - - - - -
Actl - - - - - - - -
POTABLE WATER
Curr 05/20/89 05/31/87 06/03/89 04/28/89 07/01/89 09/20/8% 09/23/89 12/12/89
Actl - - - - - - - -
SANITARY FLUSHG
Curr = - - - - - - -
Actl - - - - -

MAIN SW COOLING

Curr 0B/20/70 09/707/90 09/710/90 10/12/90 10/15/90 12/21/90 12/24/90 03/01/%1
Actl - - - - - - - -

Page 1

Figure A—13 Appendix A



DIAGRAM SCHEDULE —

1
T
e ————

-

03/04/71

Based on Contract Award Date of 06702789
Printed on 0B8/31/89 at 15:17:02
SYSTEM NAME SHIFYARD DWGNR OWNER'S DWG NR
PHASE ONE CALCULATIONS PHASE TWO PHASE THR
START  FINISH START  FINISH START  FINISH START FINISH

AFFF DISTRIBUTN SYDNR XXXXXXD 555-123455678D
£ 0&/29/90 0B/21/90 OB/28/90 10/16/90
L 05718790 05/29/90 O&/0L790 0&/26/90 12728790 02719791 O2/22/51 O4719/91
C 05/05/87 0S/16/87 05/20/89 06/14/89 06/17/89 10/18/89 10/21/89 12/07/89
A 06/09/89 06/23/87 06/23/89 — - - -

AUX SW COOLING SYDNR YYYYYYE 520-23456769E
£ 06/29/90 09/04790 09/07/90 12/04/90
L  08/27/90 0S/22/90 05/25/90 06/26/90 12/28/90 03/01/91 03/04/91 O&/03/91
C 08/12/89 09/10/89 09/13/89 09/14/89 09/30/89 12/07/8% OL/14790 03/22/%0
A -— p— - — —_— — —

COMPRESSED AIR - - ﬂ
€ 09/28/90 11/20/90 11/23/90 12/25/90
L OB/10/90 OB/28/90 O08/31/90 09/25/90 12/07/90 O1/29/91 02/01/91 03/08/91
C 07/09/90 07/27/90 07/30/90 0B/24/90 08/27/90 10/19/90 10722790 12/14/90
A 06/12/90 - - - - - - -

CHILLED WATER 44445502312 F99—bbaL—123A
£ 11708/90 01/11/91 O1/14/91 GA/05/91
L  10/01/90 10/12/90 10/15/90 11/02/90 12/24/90 03/01/91 03/04/91 O5/27/91
C 09/284/90 10/05/90 10/08/90 10/26/90 10/29/90 OL/08/91 O1/07/91 03/15/91
A — — - — - — — —

DRAIN & BALLAST - —

g 06/22/90 08728790 0B/31/90 11720790
L 04/27/90 05/22/90 05/25/90 0&/19/90 12/24/90 03/01/91 O3/08/91 08/277/91
C _— — - -_— — —_— p— -
n — —_— -_— — — -_— pa— -

FIREMAIN - -

E 07/13/90 10/16/90 10719790 01/08/91
L 05/25/90 06/12/90 Q&/15/90 O7/10/90 11/16/90 02/19/91 02/22/91 05/17/91
C OB/15/90 08/31/90 09703790 09/28/90 10/01/90 11/23/90 11/26/94 01/18/91
n - - - - —-— - - -

|

FIREMAIN - -

g 07713/90 10/16/90 10/19/90 01/08/91
L 05/25/90 06/12/90 0&/15/90 07/10/90 11/16/90 02/19/91 02/22/91 05717791
c — — — — — - - p—
n - — -y - - - — —

HYDRAULIC STRG 560~&0 560-34567890F
E 12/03/90 OL/04/9L 0L1/07/91 O2/08791
L 11719790 11/23/90 11/26/90 11/30/90 01/28/91 03/01/91 04/08/91
r
A

P—
T—
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DIAGRAM

SCHEDULE -

Based on Contract Award Date of 0&/702/89
Printed on Q&/30/8%9 at 15:33:18

SYSTEM NAME SHIPYARD DWGNR OWNER'S DWG NR 1
PHASE ONE CALCULATIONS PHASE TWO PHASE THREE
START FINISH START FINISH START FINISH START FINISH
AUX SW COOLING SYDNR YYYYYYE 520-2345678FE
€ 0&/29/90 Q/04/90 QF/07/90 12704790
L 04/27/90 05/22/90 05/25/90 0&6/2&6/90 12724790 03/701/91 03/04/9%1 O&/03/91
C 08/12/89 09/10/89 0%9/13/89 09/14/89 09/30/8%9 12/07/89 01714790 O3/22/90
[ - - - - - - - -
DRAIN & BALLAST -
E 06/22/90 08/28/90 08/31/90 11/20/90
L 04/27/90 05/22/90 05/25/90 0&/19/90 12/24/90 03/01/91 03/04/91 05727791
' — - - -— —_ - — -
A —_— —_— - — -_— _— -— —_
SANITARY FLUSHG -
€ 0&/2F/90 0F/04/90 09707/90 L1/13/90
L 04/27/90 05/22/90 0S/25/90 06/26/90 12/28/90 03/05/9L O03I/0B/91 05717791
C -_— — -— — — — -_— -
A P p— — -~ — bl — [—
PRAIRIE MASKER -
£ 046/15/90 0B/07/90 08/710/90 10/02/90
L OS/04/90 0S/22/90 O5/25/90 0&6/12/90 11/1&/%0 O1/08/91L 01/11/9%1 03/08/91
(o} - - - —_ - - - -
A — - — — - — — ——
AFFF DISTRIBUTN SYDNR XXXXXXD 555-12345678D
E 06/29/90 08/21/90 08/24/90 1071&770
L 05/1B/90 0S/29/90 0&/01/90 0&/26/90 12/28/90 02/19/91 02/22/91 0a/19/91
C 05/05/89 0S5/16/8B9 05/20/8B9 04/14/89 G&/17/89 107187689 10/21/89 12/07/89
A 04/09789 0&/23/B9 06/23/89 - - - - -
FIREMAIN -
E Q7/13/90 10/16/90 10/19/90 0L/08/91
L 05/25/90 O&/12/90 0Q&/15/90 07/10/90 11/16/90 02/19/91 02/22/91 0Ss17/91
C - — -_— — — -— - -
a - -— — -— - — - —
FIREMAIN -
E 07/13/90 10/1&6/9C 10/19/90 01/08/91
L 05/25/90 0&/12/90 0b/15/90 07/10/90 11/14/90 O2/19/91 02/22/91 0S/17/91
C 0B8/15/90 0B/31/90 09/03/90 09/28/90 10/01/90 11/23/90 11/24/94 OL/18/91
A - - — - _ - - _
MAIN SW CODLING - -
E 07/27/90 10/02/90 10/05/90 OL/0L/71
L 05/25/90 0&/19/90 0&/22/90 07/24/90 11/02/90 01/0B/91 01/11/91 04/12/91
C 0B/20/90 09/07/90 09/10/90 10/12/90 10/15/%0 12/21/90 12/24/90 03/01/91
a _ — —_ — - — — —
Page 1
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UNIT COMPOSITE DRAWING SCHEDULE -
Based on a Contract Award Date of 0&/02/89

Printed aon C&/30/89 at 15:41:5]1

UNIT ORIG SCHED CURRENT EST ACTUAL
FINISH STARTY FINISH START FINISH
‘ E= o —_———ma
1110 10/15/91 - 10/01/%1 - -
1120 09/17/91 - 02/03/91 - -
1130 Q9/10/91 - Qas28/91 ~ -
1210 06/18/91 - 0&6/04/91 - -
1220 Q&4/25/91 - 06/11/9L - -
1230 Q7716791 - Q7/02/91 - -
1310 Q4s23/91 - 04/709/71 - -
1320 0j/23/91 - Q8/09/91 - -
1330 05721/91 - 05/07/9L ~ -
141t 02712791 - 01/29/91 - -
1412 01/22/91 - 0L/15/9% - -
1413 A3/12/91 - 02/28/91 - -
1414 04/23/71 - 04/09/91 - -
1415 04/23/91 - 03/16/71 - -
1421 Q37157791 - 04/712/91 - -
1422 03/23/91 - 03/20/91 - -
1423 Q4/02/%91 - 03/20/91 - -
1424 04/09/91 - 03/27/91 - -
1425 01/22/91 - QL/15/91 - -
1431 Q4/16/791 - Q4/02/71 - -
1432 03/26/91 - 03/712/91 - -
1433 03/05/92 - 02/21/91 - -
1510 04/02/91 - 03/19/791 - -
1520 03/19/79L - 03/035/91 - -
1610 04/02/9L - 03/19/91 - -
1620 05/07/91 - 04/23/91 - -
2100 11/26/91 - 11712791 - -
2210 11/19/91 - 11/05/791 - -
2310 Ce/047/7L - 05721771 - -
2320 Q7/02/91 - 0671879 - -
2330 0&6/18/21 - Q04/04/91 - -
24Q0 07/30/91 - 07/148/91 - -
2510 046718771 - 05/04/21 - -
2520 06/18/91 - Q4704721 - -
Page 1
Figure f—16
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SYSTEM TYPE UNIT ASSEMBLY PROCESS SCHEDULE

Hased an a Conktract Award Date of 0&a/02/89
Printed on 0&/30/89 at 11:146:34

UNIT SYSTYPE ASSEMBLY DRAWING NR, FABRICATION DWE NR.
UAD UrFn UrFfP UFF
START FINISH START FINISH START FINISH START FINISH
L1421 P 1421-PY-40-A 1421-PF—-4Q0——
Early: 04/01/91 0&/07/31 OA/22/91 0S/31/91 O&/17/91 07705/91 07/22/91 09713791
Late : 05/16/91 07/22/21 0&/703/91 07/12/21 07/29/91 08/146/91 09/02/91 10/25/91
Curr : 04/29/%1 07/03/91 03/20/91 0&/28B/91 Q7/15/91 08/02/91 08/19/91 10/11/91
Act : - - - - - - - -
1422 P 1422-P1-30-B 1422-PF-30~C
Early: 04/15/91 07705791 0O5/06/791 0&6/21/91 07708791 07/26/91 0B/12/91 10/11/91
Late : 0&6/20/%1 02/09/71 07/0B/%1 08/23/91 Q09/09/91 O9/27/91 10/714/91 12713791
Curr : 0&/03/91 0B/23/91 0&6/24/91 08/0%9/91 08/26/91 09/13/91 09/30/91 11/13/91
Act = ~ - - - - - - -
1821 S i42i-51-20-8 1321-5F-20~A
Early: 04/01/91 06/21/91 04/22/71 06/14/9L 07/01/91 Q7/719/91 08/05/91 09/27/91
Late : 04/18/91 07/08B/9L QS/0&6/91 Q&/728/9L 07/15/91 0OB/02/91 0B/19/91 10/11/9%
Curr z - - - - - - - -
Act : - - - - - - - -
1422 S 1422-51-20-A 1422-5F-20-8B
Early: 04/.5/91 07/05/91 04/729/91 04/21/91 07/08/%91 OB/02/91 O8/19/91 10/25/91
Late : 05/702/91 0O7/22/91 05/13/91 07/05/91 07/22/%91 08B/146/91 09702791 11,08/791
Curr = - - - - - - - -
Act = - - - - - - - -
1424 P - -
Early: 04/26/91 06/25/91 05/10/91 06/18/91 C7/05/91 OC7/30/91 08B/16/91 10/08/91
Late : 0&8/703/91L 08B/02/21L 06&6/14/%1 Q7/23/71 QB/09/79)1 0/03/91 Q9720791 11712791
Curr : - - - - - - - -
Act HIES - - - - - - -
1412 P - -
Early: 02/08/91 0471646/F1 02/22/91 0A4/1&/791 05/03/91 06/11/91 04/28/91 08B/20/91
Late : 04/29/91 07/0353/91 05/10/92L 07/02/91 07719791 08/27/91 09/135/91 11/05/91
Curr : - - - - - - - -
fAct 3 - - - - - - - -
1423 P - -
Early: 0Q4/71%2/91 Q7/0%9/91 0S5/03/91 0&/725/91 07712791 0B/20/%1 Q09/067/91 10/29/%1
Late : 03/0&6/F1 O7/24/%91 0S5/17/9L 07/09/91 O7/726/71 Q?/703/%1 09/20/91 11/12/91
Curr 2 -~ - - - - - - -
Act @ -~ - - - - - - -
1411 W - -
Early: 03/01/91 04/23/91 03/15/91 04/09/91 C4/2&6/9% 0S/21/91 06/07/%91 Q&rs25/91
Late : O7/29/91 09/20/%1 OB/09/91 09/03/9%1 09/20/91 LO0/15/91 11/01/91 11/19/91%
Curr : - - - - = - - -
Act - - - - - - - -
Appendix A




%

EQUIPMENT SCHEDULES AND STATUS

Based on Cantract Award Date of 0&/02/89

Printed On 0&/30/89 at 15:37:48

SYSTEM
EQUIPMENT NAME sSYMBOL PO NR.
TEEH SPEC PO PD cD
START FINISH ARARD RECEIPT RECEIPT
AFFF DISTRIBUTN
AFFF HOSERACKS AFHRK -
Early Sched 06/2%9/90 Q7717770 o?/25/90 01/29/91 Q2/12/91
Late Sched 07/21/90 10/09/90 12718/90 02/19/91 02712/91
Current Sched 104789 10703789 12/715/89 02/1&/90 03/02/90
Actual - - - - -
AFFF CONC PUMP AFPMP -
Early Sched Q4L/29/90 0Q7/284/90 10709790 02/17/91 03/05/91
Late Sched 09721790 10/1&4/90 01/01/91 Q2/719/91 Q5728791
Current Sched 10/146/8%9 11/10789 01/15/90 03/02/90 03/14/90
Actual - - - - -
AFFF PROPORTNR AFPRP -
Early Sched 04/29/90 07/10/90 Q2/18/90 02/719/91 02/24/91
Late Sched 11702/90 11/13/90 oL1/22/91 02/19/91 03728791
Current Sched - - - - -
Actual - - - - -
AFFF CONG TaNK AFTNK -
Early Sched CL/29/90 0OT7/17/90 0%/18/90 02/15791 03/08/91
Late Sched 11/05/90 11/23/90 01/725/91 02719791 03/08/91
Current Sched Q77122789 0B/09789 10/04/89 11715789 11729/8%9
Actual - - - - -
AUX SW COOLING
A/sC COMPRESSORS ASACC -
Early Sched Qb6/29/790 Q7728490 10/09/90 Q2701791 Q2/22/91
Late Sched 09/10/90 10/05/90 12/721/90 Q3701791 02/,22/91
Current Sched - - - - -
Actual - - - - -
REFRIG COMPRPMP ASCPM -
Early Sched Q4729790 0Q7/28/90 10/02/90 02/01/91 Q2/22/91
Late Sched 09717790 10/12/90 12/21/90 03/701/91 02722791
Current Sched - - - - -
Actual - - - - -
MSKRAIR COOLER ASMAC -
Early Sched 06/29/90 07/10/90 10/02/90 02/08/91 Q2722771
Late Sched 10/0B/90 10/19/90 01711791 03/01/91 Q2722791
Current Sched - - - - -
Actual - - - - -
MSKRAIR CLG PMP ASMCP -~
Early Sched QL/29/90 07724790 10709790 02/08/91 Q2722791
Late Sched Q9717790 10/12/90 12728790 03/01/91 Q2722791
Current Sched - - - - -
Actual - - - - -
Page
Figure A-18
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