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PREFACE

| REAPS is an independent not-for-profit menbership corporation founded in
April 1981 to direct the 10 year-old REAPS Program The | REAPS Programis a
U S. shipbuilding industry/Maritine Adnministration cooperative effort whose
goal is the inprovement of shipbuilding productivity through the application
of conputer aids and production technol ogy.

The Tenth Annual | REAPS Technical Synposium held August 23-25, 1983 in
Boston, Massachusetts, represents one elenent of the |REAPS Program which is

designed to provide industry with the opportunity to review new devel opnents
in shipyard technol ogy.

The Synposium highlighted all aspects of the National Shipbuilding
Research Program (NSRP) in that presentations were made by all the pane
chairmen of the SNAME Ship Production Committee

The 1983 | REAPS Techni cal Synposium Proceedi ngs contain the papers
presented at the meeting. The agenda in Appendix A indicates topics and

speakers; Appendix B is a list of synposium attendees.

Many thanks to all those who have contributed to the success of this
year's Synposium

Pomele, M.olbeedsa)

Panela M Slechta
General Chairman
1983 | REAPS Technical Synposium

Il T RESEARCH | NSTI TUTE
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A Floor Space Sinulator for Shipyard Steel

S. M Knapp
Senior Planning Associate
SPAR Associ ates, Inc.
Annapolis, M

As a Senior Planning Associate with SPAR Associ ates since 1979, M. Knapp
continues to serve client shipyards with their individual advances in the use
of automated pl anning, scheduling, and cost control requirements. Wth
nunerous years of experience in the fields of conputer science and shipyard
pl anni ng and scheduling, M. Knapp‘'s expertise includes master planning
network devel opment, and cost/schedule controls. He is currently devel oping
the Floor Space Sinulator/Allocator systemin conjunction with a client yard.

The 1983 | REAPS synposiumis M. Knapp's fifth year as a speaker, continuing
to present concepts relating to the devel opnent and use of planning and
scheduling systens and nethods.

ABSTRACT

A software package intended to aid planners in the evaluation, planning, and
scheduling of steel unit placement within the confines of the yard is
descri bed. The Floor Space Sinulator/Allocator system or FSS/A wll allow
the planner to structure the steel requirements fromthe unit level to six
| evel s of subassenblies and conmponents, and will sinmulate the tine oriented
pl acenent of those units within a defined spacial area. Suitable provisions
will be available for the planner to study pre-outfit requirenents and
alternative construction approaches, all within the realmof a real-tine
simul ati on.

This paper will present a discussion of the space scheduling problem an
overview of the FSS/A system an assessment of simulation versus the actua

yard, an evaluation of the benefits to be derived by the yard, and a genera

description of the planner's use of the systemto solve the space ordering of
steel units.
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A Floor Space Sinulator for Shipyard Stee

Just as steel forms the structure of the vessel, steel relat-
ed activities form the backbone of the planning efforts need-
ed by production and the yard. The accurate planning and
scheduling of steel workorders, from material procurenent
through final paint, is essential and becones the focal point
of managenent inspection. Such workorders, to those who can
interpret their neaning, contribute strongly to the assess-

ment of cost and schedule control criteria.

But the required planning and scheduling of steel often con-
founds the yard, reduced to playing with "paper-doll" cutouts

of individual units, neticulously placing them onto scaled

representations of the intended shop, platen, or panel line
areas where they will, probably, be placed. Wil e detailed
pl anners have mastered this art rather well, due nostly to

years of practice, the process continues to be slow and ted-
ious . Wrking at the level of the floor, the planner is
prone to forget the nore intricate relationships of the steel
in terms of the overall objective - the ship's construction

pl an.

Master planning and scheduling, now being augnented by nore
sophi sticated conputer tools such as PERT-PAC, deal with the
ship at the primary production work |evel. Here, steel is

represented at the erectable unit level (nost |ikely), ad-
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steel, their objective being the optimal placenent of part
contours within the confines of a plate's dinensions. A good
space allocation system however,, nust have the follow ng

properties:

0 It should address m ninum schedul e requirements and
constraints.

0 It should replicate, as best as possible, the
thi nking of 'the steel planner during steel space
eval uati ons.

0 It should sinulate steel novement by crane or truck
SO as to pin-point transportation problens.

0 It should allow the planner to experinment wth
alternative steel placenent.

0 It should contain suitable elenents to sinulate the
construction process, including cutting to parts,
merging to assenblies or subassenblies, panel line

flow, and unit rotation.
In addition, such a conputer system should enable the planner
to visualize the space easily to recognize conjestion and to
relate the resultant space schedules to the master plan and

schedul e.

Such is the design of the Spar Associates Floor Space

Sinmul ator/Al |l ocator system or FSS/ A

The Floor Space Sinulator/Alocator system is a conputer
sof tware package designed to assist planning personnel in the
anal ysis and assignment of floor space resources. The system
can track and simulate the placement of an unlimted nunber
of activities into a maxi mum of 500 spaces, all of which are
simul ated sinultaneously. The system conmmunicates with the

user in a transaction oriented format, giving the planner
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extensive control over the data structures and affording

clear, precise error detection and reporting.

The systemis an on-line, interactive conputer program de-
signed to assist planning personnel in the analysis, plan-
ning, and scheduling of discrete tinme-oriented events to any
physical space area. The tine events are referred to as
"activities," each of which has a finite, three-dinensiona
volume, represented in terms of |inear coordinate dinensions.

These are referred to as the X, Y, and Z coordi nat es.

Not all activities need consunme space. Sone nmay be defined
with duration only so as to consunme tine. Such arrangenents
are nost suitable to parallel work, such as the pre-outfit
landing of a punp to a steel unit. Here, the steel consunes
both time and space, while the punp "work" is parallel to
that steel. The nature of the FSS/ A simulation insures that
the punp remains with the steel, should the latter be forced

to move in tinme (schedule) do to any constraint.

A space is considered to be any rectangular, physical area,
into which the activities will be |oaded by the sinmulator

It is represented by its X-dinmension "length", Y-dinension
"depth", and Z-dinmension "height." Each space may be sub-
di vided into subspaces, each of which naintains its own X Y,
and Z sizes. Only required subspaces need be defined to the
FSS/ A Any remaining area in the total space not designated
as a subspace is considered as a "general subspace" for allo-

cation purposes.
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SIMULATION

The system sinulates the entry, construction processes, stor-
age, and departure of all designated activities. The notions
and timng requirenments are established by the user. The
system wuses an internal Cock and Cal endar to advance act-
ivities based on their assigned construction durations, tgak-
ing into consideration such requirenents as subassenbly to
assenbly relationships, 'schedul e demands inposed by external
sources, and the intended actual placenent of the activity

wi thin the space.

By proper definition of the space, relative to the real-world
space being represented, the system reproduces the actual

construction steps based on user-initialized sequences and

process priorities.

Simul ati on determ nes:

0 The order of activity placenent

0 The earliest date/time that the activity can be
pl aced

0 Where the activity will be placed,

consi dering novenent constraints _
considering alternative placement |ocations
consi dering user-inposed restrictions

0 How | ong the activity will reside in the space

0 How to renove the activity after it is "conpleted"
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ALLOCATION

The process of allocation surrounds the simulation aspects of
the system by a continual analysis of activity start sequenc-
es, dependencies on other activities, space |oading consider-
ations, and the eventual setting of real-world start and com
plete dates. Allocation further enconpasses the interaction
of the FSS/A with other, external systems so as to allow the
schedul ed activities to influence other construction require-

ments outside of the space.

For exanple, scheduled activities from the FSS/A will be
automatically directed to dependent activities in the

PERT- PAC networ ki ng system

An activity represents some physical entity which is required
to occupy a finite area for sone determned period of tine.
I't has three dinensions: length, width (or depth) and height.
An activity can also be given a weight if lifting capacities

must be considered by the user.

Each activity required of the systemis contained in a single
data record on the FSS/ A data base. To differentiate it from
other activities, it is assigned a unique nunber, within the
range of 1 to 99999.99 and is further assigned to an overal

project, the project nunber ranging from1l to 99999. Ther e-
fore, the sinplest definition of an activity consists of a

proj ect nunber and an activity nunber.
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The FSS/ A system however, is designed to accommpdate nore
conplex arrangements of activities. This allows the system
to sinmulate the deconposition of activities to represent raw
stock cutting for conponent creation, or the gathering of
activities together to form higher-ordered activities (sub-

assenblies or assenblies).

To facilitate such relationships, the FSS/ A uses an "activity
structure” which permts the user to define nore conplex ar-
rangenents of activites. Thus, the sinple activity nunber
mentioned in previous paragraphs is augnmented with a "subact-
Ivity nunber" which provides for the assignnent of an act-
ivity hierarchy structure, and a "work itenf nunber to allow
for a virtually unlimted range of detail conponents to sup-

port any activity/subactivity.
Both the subactivity and the work item nunbers are limted to

a range of 0 to 999999. The follow ng pictorial denonstrates

t he activity structure W th its | evel s
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AAAAAA SSSSSS H erar chy

Level 0 127 0 127/0
|
o o +
Level 1 127 1 ! !
127 12771 127/2 127/3
127 3 :
e +
Level 2 127 11 ! !
127 12 127/ 11 12|7/ 12
R - R +
Level 3 127 121 ! ! !
127 122' 127/121 127/122 127/123
127 123

Understanding this structure is very inportant when assessing
the hierarchy inpact of the MERGE and SPLIT capabiities of
the  system Al so, I n-space unit transfers use a
“father/son/brother" arrangement of activities/subactivities

for subsequent unit designations.

For each activity in the system the user may define the fol -

lowing attributes.

Length W dt h Hei ght Wi ght

Center(*) Package(*) Description 1st Duration
2nd Duration Lead time Sl ack Cal endar nunber
Shift hours Days-per-week Priorities Sequence

Fl ow 2) Pl anned start/finish dates Buf fer(2)

Stack code(3) Actual start/finish dates Bl ock/ zone

Cost group Cost account Uni t (*) Alert code
Actual tinme Rot ati on
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(*) =For interface to other SPAR systens.
(2) = FSS/'A phase 2 devel opment
(3) = FSS/ A phase 3 devel opnent

The work item nunber provides a third dimension to the dev-
el opnent of data for any given level. That is, each activity
within the system can carry another 999,999 detailed, sched-
ul abl e conponents. At that |evel, however, there is no

structuring. For exanpl e,

Level 0 1451. 1
Level 1 14511/ 1
Level 2 1451, 1/ 11 1451, 1/ 11/ |
1 1451.1/ 11/ 2
1 1451.1/11/3
| .
}l 1451. 1/ 11/ 999999
Level 3 1451. 1/ 111

The work itemis nost useful for the incorporation of preout-
fit work to the space allocation of the primary unit. The
work item is not directly scheduled by the system but re-
ceives their schedules after the parent activity is schedul -
ed. The durations of work items under a single parent are
sumred and conpared to the parents (schedul ed) duration

That ratio is then used to "spread" the work itens under the

parent's schedul e.
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Space/ Subspace/ Mask _ Def i ni ti ons

A "space" is defined as a three dinensional area (the height
can be unlimted for "open sky" areas) into which the act-
ivities wll be |oaded. Each space is nunbered between 1 and
500 and is defined by its "Upper Left Hand Corner" X-axis and
Y-axis coordinate (always 1,1). Each dimension is given a
| ength of non-descript units, which the user may interpret as

any length neasurenent, such as FEET, METERS, |NCHES, etc.

A subspace, if defined, nust be wholly contained within the
space. The subspace nunber is between 0 and 99 and is defin-
ed wth the sane parameters as the space. Length neasurenent

units for any space within its parent space nust be the sane.

Representative Pictorial of a Space

1
/ I
+/_ N
{ [
|
! ' (ULHO)
! ------------------
Z-axi s ! /
(height) ! _
| | Y-axis (depth)
L/
3/ X-axis (length)
e, e e e —————
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SUBSPACES

Subspaces are defined for the purposes of 1) allowi ng the
assignnent of activities to specific coordinates within the
space, or 2) excluding certain activities from these coord-
I nat es. The inclusion/exclusion is acconplished via the
space sequence nunber assigned to the activity. This nunber,
whi ch may range between 1 and 999 points the FSS/A to the
same-nunbered record in the space-sequence file, where the
simulator finds the list of spaces and subspaces where this

activity may and may not be placed.

The subspace (as well as the space) is defined to the system
using a sinple definition command and the only basic dif-
ference between a space and one of its subspaces is that the
subspace nust be wholly contained within the space, consider-
ing its length, width, and height. Subspaces may be given

differing lifting capacities.

As with the space, the subspace is viewed fromits Upper Left

Hand Corner, with the user |ooking "down from above."



NESTING

Subspaces may be nested, such as:

SPACE T ----------------------------------- +
' !
| Subl T ------------------------------ +
| \
! | Sub2 A-e-eeeea- + l‘
| | | |
.‘ ‘ e L + |
! ! |
LR o i iiiiolo. +

Subspaces may overlap, such as:

SPACE *-—--7-"7T T ToTT oo T T e +

+
|
|
|
|
|
|
S
:
|
|
|
|
|
R
:
|
|
+

Nesting and overlap are functions of the subspace's Upper
Left Hand Corner (or ULHC) and their dinmensions. Nesting
does not consider the subspace number, as was done with the

activity structure.
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A mask is basically a subspace which is restricted from all
actlvities. It is presented to the FSS/A via the DEFINE com-
mand, and like subspaces, is given helght, length, and width

dimensions. There 1s no lifting weight capacity for a mask.

As wlth subspaces, masks may be nested and may overlap.
Masks are numbered from 1 to 999. Note, however, that a mask

is a permanent blockage for the entire simulation run.

Example of a mask

SPACE +-—=—————————=—— e +
I XXXXXXXXXXXXXX !
I XXXXXXXXXXXKXX !

+
|
|
|
|
|
|
|
1
|
I
|
|
1
1

+

Simulation Techniques and Queues

The PFSS/A utilizes discrete time elements to determine
"where" it is for the placement of activities. From the cur-
rent value of the date/timer, the system conducts the varied
simulation aspects, contlinually monitoring each activity to
determine the next-earliest date that something will occur.
This is call the Next Event Date. Inclusive dates, those
being between the current date/timer and the NED, are skipped
since no simulated actlons are required within those date

ranges.
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On occasion, the NED will be conputed to a date earlier than
the current date/tiner. This may occur during merging
operations, as the NED is used to track the |atest conpletion
date of merging activities. If all activities are conpleted,
but the target cannot begin for sone other reason, the NED
gets an apparent "bad" date. However, the systemwll not
suffer due to this situation, it nmerely uses an additi onal
iteration to recover the NED to the proper date by inspecting

the queues for the next event date for the iteration.

After any single iteration, the NED becones the current
date/timer, the NED field is cleared, and the next iteration

of the FSS/ A sinulation proceeds.

QUEUES

The "queues" of the systemare used to control the operations
of the sinulation in terms of the readiness of the activit-
| es. Activities are "assigned" to queues nerely by the set-
ting of one of the many data fields on the activity's data
base record. This field is then changed as the activity

nmoves from queue to queue.

STAGING Queue: This is queue nunber "O' and represents the
original input data fromthe user. It is used as the gross
area and the activities are stored on project, activity, sub-
activity, subsubactivity number order. The RESET command can
return activities fromany queue to the Stagi ng Queue based

on the DATE field of that command.
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DEMAND Queue: Based on the date/tiner and the denmand
"wi ndow. " activities are noved from the staging queue to the
demand queue. The demand queue contains those activites
which are "demanding" the space. Activities nove to the
Demand queue fromone or nore of the following criteria:
1 Their planned start date is within the w ndow
usual ly the date/tinmer plus 80 working hours.
2. A source activity has cleared the activity to the
Demand Queue, it being the target of a split,
merge, or transfer operation.

3. The user entered the STEP node and commanded a LOAD
of the activity, thus placing it onto the Demand

Queue.
RELEASE Queue: When space is available to accommodate the
activity, it is nmoved fromDemand to Rel ease. The Rel ease
queue represents all activities currently |loaded to one of
the spaces in the simulation. Wen nmoved to Rel ease, the
activity is assigned its loading coordinates and space num
ber. Activities will remain on the Rel ease queue until they
have consuned their duration, or until cleared to the Buffer
queue by sinmulation criteria, such as nerge conplete operat-

I ons.

BUFFER Queue: This represents those activities which have
been renoved from the space after the normal course of their
duration or as directed by the user in STEP node with the
UNLOAD conmmand, Schedules of activities on the Buffer Queue

are those derived by the total sinulation process.
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HOLD Queue: This is an auxiliary queue where activities can
be placed by the user to "get themout of the way" of the
normal sinulation process. Thus, proposed or non-critical
activities, normally on the standard processing queues of the
system can be tenporarily placed "on hold" wuntil needed.
The RESET conmmand with the HOLD option can be used to return

these activities to the Staging queue.

USE Queue: This queue holds activities which represent the
best case analysis of the user in terns of when the matching
activity on the standard queues are to start and finish. | 't
Is a "matching" queue which is conpared to the Buffer queue
during the VALIDATE function to determne if the simnulated
dates are in alignnent with the overall planned dates as der-
ived by the user or external system Here, dates are checked
and sl ack consunption conpared to determ ne how well the
FSS/ A system perfornmed agai nst other, user definable, crit-

eria.

Simulation versus the Real Yard

A principle problemw th the use of conputerized planning
tools is the potential of dealing solely within the real m of
the software, renoved fromthe production operations of the
yard. It is vitally inportant that any planning tool be dev-
ised to react to the real-world of the yard. To facilitate

this requirement, the FSS/A (as with all SPAR planning sys-
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tens) can receive real-yard statusing of the individual stee

activities, which can be used to influence the sinmnulation.

For exanple, should a shop foreman decide to place an act-
ivity at shop coordinates deviating from those derived by the
sinul ation, the planner can advise the system of that fact

The system now instructed to use this information, could
generate a conpletely different space |oading profile, sub-
jecting the space to, 'possibly, a conjestion in utilization

and its resultant activity schedul es.

As with placenment coordinates, the FSS/ A can al so receive
actual (physically assessed) progress, consumed duration,
actual start and conplete dates, and so on. At the planners
di scretion, these figures may or may not be used to

re-eval uate the space |oading, depending upon need.

Benefits

There is little need to attenpt a conplete cost justification
for a system such as the FSS/A. Wth a conplete interaction

bet ween nmaster plan and the shop detailed |oading plan, the

yard stands to gain imreasurably. Subj ective benefits in-
cl ude:
0 | mproved human communi cations between steel shop
pl anners and any master (central) planning organiz-
ation.
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0 Down-range visibility of shop inpact generated by
potential vessels under bid by estimating and con-
tracts.

0 Potential steel unit re-orientation, to place a
unit, can lead to inproved production engineering.

0 | mproved shop flowthrough due to nore efficient
utilization of avail able space.

0 Inmproved visibility into space inpact caused by
pre-outfitting.

0 H gh- speed re-scheduling of the shop.
The use of the system has been devi sed based on the design-
er's knowl edge of the varied client shipyards. As with all
SPAR pl anni ng systens, command structures are sinple, and
wherever necessary, sonewhat redundant. This permts data
base nodifications to be made from nunerous points, reducing
the overall nunmber of commands that the planner nust enter to
fully define the data. Furthernore, understanding that plan-
ners are not data-entry clerks, sone data can be globally
defined to the systemand the systementers that data auto-
matically to the defined activities, elinmnating the need for
extensive typing. Finally, error detection if made at tinme
of the command entry, reported to the user in a clear, pre-
cise manner so that erroneous data entries do not cone back

to haunt the planner during the simulation process.

The messages, whether notices, warnings, or errors, are pre-
sented to the user from an external data base file. Thus,
any spoken | anguage can be used for those nessages. At pre-
sent, the FSS/ A messages file is available in either English

or French.
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This paper was prepared with the intentions of describing, in
sufficient technical detail, the design of the FSS/ A system
As of July 1983, the systemis well into its devel opnent
phase 1, with an anticipated availability to the shipbuilding
industry by early Cctober 1983. The concepts incorporated
into the system reflect the adaptation of the |atest
state-of-the-art conputer techniques and the FSS/ A has been

devel oped for speed and accuracy.
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ABSTRACT

This paper describes the evolution of, and experience with, a nediumsize
dat a- processi ng system over a two-year period in a Wst Coast shipyard. The
introduction provides a brief sketch of previous data-processing experience at
the yard. Maj or requirements sumarizes the five major areas of conputer
applicability: Engi neeri ng, Dat abase Managenent, G aphics, Planning and
Procur enent . A third section, mlestones, describes the early goals, present
achi evenents and future tasks of the data-processing system System
description discusses the system hardware (conputers, termnals, etc.) and
software (programs). System selection, site preparation, training and
interation of software are disucssed in the OQther Considerations section. The
paper closes with a Summary and Concl usi ons.
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Imntrodiactil omn

Todd Pacific Shipyards Corporation has been increasingly
i nvol ved. in Conputer-Ai ded- Engi neering since 1963. In the
1970's Todd Shi pyards becane one of several U S. Shipbuilders to
use the Autokon system for hull fairing and generation of NC
Plate cutting information.

Until fairly recently? nunerical control (NC was the only
non- busi ness use of conmputer technology in nost Anerican
Shi pbui | ders. In past tinmes conputer hardware has been very
expensive and not very cost effective for use in day to day
design and Production support. The reduced cost of acquiring
conputers has been perhaps the |largest economc factor in
placing this technology in the shipyard environnent. Wth the
appearance of t he newer, low cost, hi gh perfornmance
m ni conput er, cost effective ways of using conputers have
surfaced in many areas. Devel opnent has accelerated rapidly in
the Past three years. The reasons for this rapid devel opnent
are many. In addition to the Ilowered cost of conputing
resources enphasis has been placed upon nor e efficient
Pre-outfitting techniques which require nore accurate planning,

schedul i ng nmat eri al managenent , and nor e sophi sti cat ed

managenent information feedback and analysis.
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Design and Production departnents need to be nore closely
integrated in order to neet the conpressed schedul es that result
from a commtnment to ext ensi ve Pre-outfitting.
Conput er-Ai ded-Design is seen as a tool to aid in t hat
i ntegration.

Conput er - Ai ded- Engineering refers to nore than sinply
el ectronic drafting. If used intelligently, conputer technology
can enhance many Phases of the ship design and construction
Process. Techni ques such as Database Managenent, CAD/ CAM
interactive scheduling and automated analysis can be used
concurrently to substantial ly i ncrease shi pbui | di ng

Productivity.

FUNCTI ONAL REQUI REMENTS

The system selection was determined by the functiona

requirenents of the follow ng major categories:

0 Computer-Aided-Engineering (CAE)

This was a Primary requirenent. Sever al areas generally
considered to be CAE were identified as needed. 3- D nodel i ng,
automated drafting, structural analysis, hul | form devel opnent,
stability and mass properties analysis are sone of t he

capabilities that were to be devel oped and integrated.
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In conceptual and prelimnary ship design the driving
considerations are rapid and accurate devel opnent of technical
i nformation. A system architecture that was anenable to
integration of existing software was desired. One of the
expected byproducts of CAE was reduced paperworKk. Configuration
Control can be nore effectively nmaintained in a digital database
than a conventional paper one. Closer working relationships

with the production environnent needed to be naintained.

o Planning and Scheduling

Planning and Scheduling accurately for such an inmmense
project as ship construction has always been a difficult task.
Recent enphasis on maxi mum pre-outfitting has demanded even nore
from the planning departnent. The existing conpany Dbusiness
conput er had been used si nce t he 1960's to run
critical -path-nmethod analysis on key events in the construction
schedul e, but that batch process proved difficult to update for
smal | changes. An interactive system was needed which could be
changed quickly and would show resulting inpacts on the entire
proj ect . "What if ?" type analyses could be used to anticipate
and counter events which mght adversely inpact the construction
schedul e, In addition, schedules tend to be tighter when
pre-outfitting is enphasized and material availability is more

critical with so nuch nore of a ship's construction going on in
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Parall el as conpared to ol der ship construction nethods. Al of
these situations Point out the need for a responsive and

accurate scheduling system

o Management Information Systems

The ever increasing anmount of information that nmust be

Processed in a nodern shipyard is staggering. Tracking and

reporting on Production Progress, Material  Status, Change
Control . Configuration Controls and Wight Control are al

applications that <can greatly Dbenefit from sophisticated
dat abase nmanagenent t echni ques. Managenent information is

gathered by and from virtually all departnents in the shipyard
and there is a need for a comon thread to tie all this
different data together. In the past this was acconplished by
each different department in its own separate way and w thout
much regard for the fact that sonme work was being duplicated by
anot her departnent- This was in some ways a necessary evil
There sinply was no Practical way of bringing it all together
other than being famliar wth the various reports issued by
each group. Certain reports are specified by the custoner, the
Navy in our case, but that is but a small part of the tota
Pi cture.

Interactive Database Managenent is one way to achieve that

common thread for control of the volunme of information that a
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maj or construction project generates. To have a truly
integrated conputer system neans to integrate nore than just the
Engi neering graphics and N C Manufacturing. The new Todd system
was to have a carefully chosen Database Managenent System which
must be powerfull yet not so conplicated as to nmake it necessary
for specialized programmers to develop, change and update new
appl i cati ons.

Three areas that require particular care in integration,

Material Management and Procurement3  Production Progress
Tracki ng, and Engineering Configuration and Change Control, were

the first to receive attenti on.

0 Administrative Support

Under this heading fall a large nunber of snmall things that
together can have a trenendous inpact on Productivity in the
adm ni strative area. Qoviously Word Processing is included
whenever we speak of Admnistration. Wrd Processing capability
was considered in tw ways. There were those that argued that
Wrd Processing support should be separate and not confused by
being tied to the central conputer system O hers argued that
Wrd Processing had a lot nore power if it was an integral Part
of the conpany's conputing resources. Bot h argunments have

nmerits.
O her aspects of Admnistration require handling of
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i nformati on that is not sinple text. Tracking in-house
dr aw ngs, technical docunentation. l'i brary books:.  Personnel
i nformati on, correspondence and other material is difficult to

nmoni tor by using the usual check out sheets and file cabinets.
Dat abase Managenment can be inplemented here as well as in
Managenent Informati on Systens. These resources nust be

accessible by all departnments to be of naxi mum benefit.

Milestones

o Where We Started

The first phase of Todd's new conputer capability began to
take shape in 1981. A matrix of requirenents had been devel oped
and software to satisfy t hose requi rements had been
i nvesti gat ed. The conputer that proved to be the comon
denomi nator in the requirements equation was a Prime-750. Thi s
type of conputer iscommonly called a Super-Mniconputer or a
M di conputer since its capabilities are higher than previously
avai l able mniconputers and the Price is far less than that of
conparable mainfrane-type conputers. Along with the various
hardware elenments of the system ordered, sever al sof t war e
Packages were installed. Much "of the currently available
Aut okon system was installed along with Prelikon, the system for

prelimnary engineering of a ship design, which was jointly
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development by Shipping Research Services and Det Norske Veritas.
AD- 2000 Conputer Aided Design and Conputer Aided Manufacturing
(CADFCAM  software was installed also Vision, a sophisticated

system for scheduling and planning analysis was installed for

use by the Planning departnent and Managenent | nf ormati on
Systens departnent, A powerful dat abase nmanager, | NFO was
installed along wth (and conpati bl e wi t h) Vision.  Sever al

applications which bad previously been run on outside conputer
resources were converted for in-house operation on the Prine.

Various other pieces of hardware were installed to
conpl ement the graphics capabilities of the engineering and
pl anni ng software tools. A large flatbed plotter was installed
that could be used for engineering draw ngs, planning diagrans
and charts and production tenplates that the Mld Loft may
required Sever al hi gh-resol ution graphics termnals uwere
installed for use with Autokon and AD 2000.

A facilitv was constructed to house the new equipnment in a
| ocation adjacent to the new engineering department. This new
facility was dubbed the "Technical Data Center” (TDC) to
di stinguish it from the existing Data Processing Departnent

whi ch handled all of the business conputing and the material

control system at that tine. The Technical Data Center was
constructed as three roons. One room housed the flatbed
pl otter, One housed the conputer and its peripheral equipnent
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and the third room was built as a graphics workroom The
graphics workroom was designed with twelve workstations which
could be used for various Purposes. It was here that the
initial graphics termnals were located. This would make the
startup and initial training Period nore rapid. OQperators coul d
hel p each other nore easily if they were |located close together.
Eventually. as nore operators were trained. wor kstations could
be located in other |ocations closer to the workforce.

Since the hardware was to arrive and training was to begin
before the conpletion of the new facility. it was decided to
install the conputer tenporarily in the existing conputer room
that the Data Processing Departnment maintained. A smal |l nunber
of termnals were connected to the Prime for system devel opnent
and training. In this way, by the tine the Technical Data
Center was conpleted, there would already be a core group of

operators up to speed on the systenis use. This Proved to be a

very worthwhile decision.

o Where We Are

People grew accustonmed to the new tools they were handed
very quickly. There were sone that still thought conputers were
only good for printing paychecks and playing Pac-Man but they
were a decreasing mnority. One reason for the rapid acceptance

was that the first applications tackled with the conputer were
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relatively lowrisk areas. Wel | proven, "canned" prograns were
used and in-house devel oped systenms were encouraged only after
the system had gone through a shakedown peri od. These initial
applications served as a showcase of sone of the capabilities
that the new system possessed. As nore termnals becane
avai |l able, nore users began accessing the conputer and system
usage grew. Many applications that were not thought of at the
time of initial system selection began to surface.

It is inportant to nention that the policy under which the
t echni cal conputing facilities were operated was very different
than that of the Data Processing (DP) Departnent. In the DP
facilities. system usage is limted to a small group of
individuals and all new applications are strictly regulated by
the departnent and devel oped by the DP departnent progranmers.
This was necessary because of the security of data on the
system the specialized know edge that was required in order to
properly devel op, install and run prograns, and because DP
system was primarily "batch" oriented. The DP system did not
lend itself to either many interactive users or users that were
not specially trained in its operation.

The Techni cal Data Center was run as an "open shop"
computing facility. O course there were limtations on who
woul d use the system but once trained, people in the various

departments were free to explore and develop tools to aid them
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in their jobs." The TDC staff was interested nore in supplying
t echni cal support and gui dance than strict control and
regul ati on. This caused some problens, but by and large this
was a successful arrangenent. The nost significant devel opnent

here was that systens were devel oped by the people who manually

performed the work at that tine. This was instrunental in

producing a very rapid automation of nany previously tedious and

troubl esonme procedures. If special progranmers from the systens
staff had been required to develop all application Prograns,
progress would have been at a nuch slower pace. There were

sinmply not enough programmers to neet the demand for support.
St andar ds for dat abase applications were established and
encouraged by the nanagenent. By adhering to these standards,
integration of these user created prograns becane nuch easier.
In late 1981 our interactive graphics program AD 2000, was
upgraded to Anvil-4000. This was an enhanced and expanded
version of its predecessor. Sever al capabilities were added
with Anvil -4000 including [IGES (Initial G aphics Exchange
Speci ficati on) translation capability. Thi s al | ows for
transferring 3-D graphics nodels between dissinmlar CAD systens.
At present there are two Prinme conputers at Todd- LA The
second unit was added to support a tool-issue control system
which was patterned after a system installed at Todd-Seattle

Div. The two conputers arenetworked together to provide the
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ability to comunicate between functions on each unit.
Conmuni cations has been a Priority in the on going efforts to
integrate all conmputer usage. Comruni cati ons hardware and
software has been installed on both the pair of Prinmes and the
conpany Honeywel| conmputer used in the DP departnent. Links to
other offices have been used now for the past two Years nostly
to transfer text from one office to the next through various
word Processors equipped wth comunications packages. Thi s
capability has Proven very val uable. Sever al | arge docunents
have been developed jointly between people at Todd-Los Angeles
and people on the east coast. This Paper was prepared using the
same capability due to the fact that the co-authors were three
thousand mles apart. These conmunication links can relieve the
nor mal dependency on mail service and accelerate turnaround
considerably. VWen, in conjunction wth the design process,

gr aphi cal information and text is transferred this becones a

powerful capability.

o Where We are Going
Future Plans include expansion of conmputing power through

optim zation and distribution of the Processing load to

satellite conputers which may be Jlocated in work centers in

Engi neeri ng, Pl anni ng, Producti on Shops, or other departnents.

By networking the various conputers together it wll be possible
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to distribute processing power where it is needed and still have
control through a central hub conputer.

In the areas of CAD and CAE enphasis is being placed upon
devel oping a conprehensi ve databank of standards and training in
nmet hods of 3-D design techniques. Design in two dinmensions will
cease to be as standard nethods of interactive 3-D graphics
design gain Popularity. Already 3-D graphics are being used for
devel oping nodels of ship hull block units to support the
Pre-outfitting process. Previously this was done only for the
structural conponents of these units, however:. now we have the
ability to include distributed systens in a cost effective
manner . Anot her technique that wll benefit the design and
construction Process is interference control. In situations
that may have required the use of expensive nock-ups to resolve
interference Problens, conputer nodels in 3-D could be devel oped
and utilized much nore quickly and with | ess expense.

This 3-D nodeling capability is being used now 'to devel op
re-useabl e docking cradles for a variety of ship tunes. This is
in conjunction with the construction of a new ship-lift and |and
| evel transfer facility at Todd-LA.

In the area of Production automation, Robotics is a near and
long term area of enphasis. In the long term the renote
programming of robotic work centers (as is done now with NC

machi nes) is expected. Robotics is an area of nuch research and
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devel opnent at Todd, although at present all progranmm ng nust be
done at the work center wusing the robot itself. This is
consi dered non-Productive time for the robot and if progranm ng
were possible renotely, Productivity would increase dramatically
especially in the Production of piece parts.

For all departnments integration is a continuing goal. The
pr esent pl an is to integrate those procedures that are

inter-related in the ship design and production Process now.
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System Description

0 Hardware

o (2) Prime 750 with 4Mo core menory-each and
four 300Mo disk drives each

(2) Color high resolution raster termnals are

o

used with Anvil-4000 software.

o Tektronics nonochronme high resolution termnals
are used with Anvil-4000 as well as Autokon and
ot her prograns.

o Gerber 16 ft. by 6 ft. flatbed Plotting table
is used for all line Plotting purposes.

Sunmmagraphics 42 in. by 60 in. digitizer is

(@)

used in conjunction with several prograns
i ncluding Anvil-4000 and Autokon.

o A multitude of alphanunmeric term nals of
different types are used throughout the
shipyard for non-graphic conmputer applications

o Several Printronix printer/plotters are used
and are distributed around the shipyard in

central | ocations.
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0 Software

0 Autokon - The version of Autokon currently used
is the core system of batch Prograns which is
sonetimes referred to as Autokon-79.

o Anvil-4000 - This is the graphics workhorse at
-Todd. Anvil is used in the Engineering
Departnent, the Mdld Loft, and graphics are
produced for Production Planning and Managenent
Informati on Services. Al though a general
purpose interactive graphics system in nature.
and not specifically devel oped for the
shi pbuil ding industry, Anvil has Proven a
powerful tool for use in the shipyard.

0 Info - The Database Managenent System in
general use at Todd-LA Info allows
heirarchial as well as relational Database
structures and has a Powerful nacro |anguage.
This high level macro | anguage 1is what allows
programmng to be done by "non-Progranmers",
i.e., the people in the functional groups who
are not formally trained in conputer

pr ogr amm ng.
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O Vision - A sophisticated interactive scheduling
system which handl es |arge networks, Produces
all the necessary graphics on the system
Printer/Plotters or on the GCerber flatbed
plotter, and used INFO as its report witer.
Vision is used extensively in New Construction
as well as Repair Scheduling.

0 Huldef - This program was devel oped by the Navy
and is used for hull fairing. Hul def is
capable of fairing hull lines and then
transferring those lines to an Autokon
dat abase. W also transfer Huldef hull offsets
to Anvil-4000 for use in constructing hul
geonetry.

0 SHCP - Ship Hull Characteristics Program also
devel oped by the Navy, is used to calculate the
hydrostatics for a given hull form

0 Offsets - A program used for digitizing hul

of fsets for use by SHCP
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0o RIM - Relational Information Manager.
Devel oped through the NASA |PAD (Interactive
Programs for Aerospace Vehicle Devel opnent)
program Rmis a powerful Relational Database
Managenent Program which nmay be used as a
standard nmethod of transferring information to

and from the Navy in digital form

Other Considerations

0 System Selection

The best advice to give in terms of hardware and software
selection is to research your Particular functional requirenents
t horoughly and then select the software first. There are
sonmetinmes overriding criteria that constrain you to certain
hardware for standardization or other reasons. Assum ng that
there are not, by selecting software that best suits your needs
and then the hardware that it‘° runs on, the headache of
conversion of Prograns from one conputer to another wll be
avoi ded. This Problem is also avoided by buying "turnkey"
syst ens, i.e., buyi ng hardware and software bundled together.
There are sonetines Problens in conmunicating to other systens
from a turnkey package but in sone specific applications this

Problem is | essening as vendor s are realizing t hat
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inter-computer communications IS a necessity.

Wien selecting conputer and software separately it is
important to think big and anticipate growmh as nmuch as
econom cal ly feasible. Unless growth is strictly controlled
expansi on beyond original Plans is nornal. Gowth is not
necessarily bad as long as new conputer applications are
econom cally justified. System hardware sizing is usually
difficult to nail down when faced with a hardware vendor who
wi shes to sell excessive hardware and a software vendor who wants
his programto run as fast as Possible. So much of the hardware
sel ection process depends on the type of work and the Projected
system | oad that your facility will inpose on the system That
system load is different at every installation. Try to contact
anot her conpany that is doing sinmlar work on simlar equipnent

and find out how their systemis sized.

O Site Preparation

If medium or large scale conputers are being installed it
pays to pay careful attention to the location of the facility.
Proximty to the people that will be wusing the facility is
i mportant. Accept ance depends to a certain extent on conputer
facilities being accessible. Consideration should be given to
the selected site's Proximty to industrial activity, especially

radiated energy such as mlitary radar and large intermttent
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electric loads such ad arc welding. In severe situations
shielding my be required to Protect the conputer facilities
from such radi ated energy. The conmputer room at Todd-LA has
been designed and built as a Faraday cage. It is shielded by a
grounded aluminum foil inner wall that was specified due to high
level 5 of radiation emtted by close mlitary and conmmercial
radar which were neasured Prior to construction. Thought shoul d
also be given to how termnal data lines, if any, will be run
from the conputer room to the user worksites. In industrial

areas electrical power may not be of sufficiently high quality

to directly operate conputer equipnent. Usually the hardware
vendor wll gladly help in site selection and will reconmend
speci al power conditioning equipnment if needed. Take ful

advantage of this type of assistance from the conputer supplier
as it may prove very worthwhile in preventing disaster at a
| ater date.

In sizing roonb to house conputer equipnent, allow space for

potential growt h. It may be very expensive to expand later if
not allowed for originally. Ventilation -and electric power
capacity should also be sized |liberally. Conput er  equi pnent

consunes | arge anobunts of power and punps out considerable heat.

0O Training

Training is inportant on all levels of system usage. There
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are speci al training classes for systens admnistrators,
operators, development Progranmmers, users of various prograns,
data entry operators, and others depending on the size and
diversity of conmputer system installed. The decision nust be
made as to which phases of training will be handled in-house and
which wll be handled by the harware manufacturer, the software
vendor, or Perhaps an outside consulting firm The first people
nost certainly will be trained by soneone outside the conpany,

be it the vendors or consultants. After the first users are
trained, in many cases it is wse to set up an in-house training
Program to conduct classes which are nore specifically suited to
the type of business that your conpany is involved in. This is
very much dependent upon the people within your conpany that are
trained first. At Todd-LA the first people that were trained to
use the system becane the trainers for subsequent apprentice
conput er users. At this tine all user training is conducted

i n-house. Course materials, manuals, exanples of Program use,
and in sone cases on-line instructions have been developed by
Personnel of various departnents who are major users of the
facilities. One mstake that some conpanies nmake is to train
nore personnel than it s Possible to accomadate with the
existing facilities. Wy train forty CAD operators if .wonly

have four workstations? This will only lead to discouragenent

when the surplus of operator5 cannot obtain any hands-on tine
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with the equipnent. Those who do not get a chance to Practice
will probably forget what they have l|earned in the expensive

training class they were but through.

Conclusion

This paper has Presented a brief survey of the applications
that have been found for a nediumsized data Processing system
oriented towards technical Processing along wth sone of the
| essons learned 1in tw years of use in a shipyard environnent.
The results thus far have been outstanding. Tinme has been
significantly reduced for functions such as record Kkeeping,
docunent handl i ng, devel opi ng accurate schedul es, many
engi neering calculations, and so on. The resulting benefits of
time savings can be utilized in many ways which mght not have
been initially obvious. Personnel 1 who had previously spent
nmost of their tine keeping records and Producing reports on
progress are now able to apply their full efforts to Productive
work with the aid of conputer support to handle reporting and
analysis of data. In sonme areas we are able to work to |evels of
accuracy not Possible with nmanual mnethods. Sone things such as

3-D nodeling of ship systens were not feasible before, due to
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time and conplexity. The conputer is an integral part of the
way we do business today. There is still much room for
i nprovenent and as tinme passes it is fully expected that major

advances will continue to be nmde.
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M. Gan holds a MS.C. in electrical engineering fromthe University of
Pur due. He has been involved in Conputer Gaphics since 1973. In 1975 he
joined SRS and in 1977 he joined SI (The Central Institute of Industrial
Research). He is now the research manager of CAD/CAM at S| and the main

project |eader for the new AUTOKON devel opment program underway since 1977.

ABSTRACT

AUTOKON has for years been the nost w dely used CAD/ CAM shi pbuil di ng sof tware
in the world. Behind AUTOKON stands a cooperation between the Central I|nsti-
tute of Industrial Research (SI, fornerly CIR), The Aker Yard, Goup (AG and
Shi ppi ng Research Servi ces. The introduction of new Interactive AUTOKON
modul es has established AUTOKON as a tool for the designer as well as a tool
to be used for production preparation. It is no longer only a shipbuilding
system Interactive AUTOKON has been designed to efficiently handle the com
plex plate and profile structures found in offshore products. The paper des-
cribes the Interactive AUTOKON System which presently replaces a ngjor portion
of the batch AUTOKON nodul es. Mai n enphasis is placed on the phil osophy
behind the system devel opment and exanples of use.
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1. THE INTERACTIVE AUTOKON DEVELOPMENT

It was decided in 1976 that a conpletely new systemwas to be
devel oped. The reasons were nmany. The decreasing hardware cost and
interactive Conputer Gaphics nmade new and better solutions possible.
An other reason had to do with the yard thensel ves.

1.1. THE SHIP YARD"S SITUATION

Wth the oil crises i 1973 came an entirely new situation for nost
shipyards. The demand for large oil tankers, which for nmany had been
the main activity, was drastically reduced.

Yards used to producing series of alnost identical ships (sister
ships) now had to design and build ships of all different types (if
they were |ucky enough to get contracts at all). Not only did they
have to build mainly prototype ships but the lead time, the tinme
fromcontract to finished product, had to be drastically reduced due
to fierce conpetition. In order to reduce |ead time design decision
had to be taken at earlier stages than before with the subsequent
possibility for large design changes at |ater stages.

I ncreasing offshore construction activity provided yards with nore
work but also introduced new types of products with different and

nore stringent requirements to quality and to the amount and type of
documentation needed. Al welds of any structural inportance had
f.inst. to be given un|que identifications together with informtion
such as who did the welding, what welding certifiates did he/she
have, the result of weld controls (such as x-rays) etc. This
information had to be available not only for the yard itself but
also for the contractor and the classification societies. Typica
for offshore structures was also the |arge anount of changes or
revisions made throughout the design process.

Several yards now also build a range of industrial ﬁroducts based on
plates and stiffeners as a supplement to their ship and offshore
activity. Thus ship yards had to design and produce a nore
diversiTied product spectrum Their ability to handl'e design changes
becane a critical issue.

1.2.  REALISATION OF THE NEW CAD/CAM SYSTEM

The devel opnent project to replace AUTOKON is called "Interactive
Steel -design" (1S). The CAD/CAM systemit will result in, is
referred to as | NTERACTI VE AUTCKON.
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121. Requirements

A CAD/ CAM system does not function independent of other activities
in the conmpany. On the contrary, it requires information from and
provides information to, fmany activities. Exanples include

planning, material ordering, etc.

The concept of the CAD/CAM system as an information system (and
not a technical calculation program is inportant. Wthin
Adm nistrative Data Processing the notion of Information systens
is an old one. The builders of CAD CAM systens spend much
attention on getting data into the systens. wever, very few
systems provide the user with flexible tools for extracting the
information he needs in the formhe needs it.

I't is our opinion that any |arge CAD/ CAM system nust be realized
as several subsystems that can communicate. Furthernore a major
requi rement that the devel oped subsystens could be utilized wth
the existing AUTOKON nodules thus allowi ng a gradual replacenent
of AUTOKON. Qther requirements were:

* Al subsystenms should use the same user interface %e.g. the
operation of each subsystem should | ook simlar to the user).

Each subsystem shoul d be available as stand al one independent
of the others (assumng some system provided the type of
input informatio it needed).

The subsystems should work on subsets of the same product
description or product nodel.

Each subsystem should utilize the sane EDP tools for

admnistring the product description. This is desirable for
the devel opment and nai ntai nance.

1.2.2. Overview of the Interactive AUTOKON system

Figure 1shows the major functions in the Interactive AUTOKON
system The functions are perforned by one or nore
subsyst ens.

a)  3-D SURFACE DEFINITION _ _ _
Arthough the usual hullfaring is performed in BOF
Interactive Autokon provides a nodule AUTCFAIR for
interactive surface definition as well. This subsustem
has the ability to define surfaces based on 2-D curves
faired by the KURGLA Algorithm as well as 3-D space
curves based on a definition by two projections. The
surfaces may be used in subsequent nodul es where
Intersection curves with arbitrary planes may be made.
AUTOFAIR let you define a prelimnary hull that is
accurate enough to start the definition of the
innerstructure (using the nodul e AUTCDEF) while the
final fairing takes place thus reducing lead tine
significantly.
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DEFINITION OF PLANAR PARTS AND PROFILES

TS 1S perforned by the tunctions 1n the subsystens
AUTODEF, PARTGEN and "AUTOPART. The subsystens may be run
as stand al one systens. A user of all three will however
most |ikely get them "packaged" as one system (often
referred to as AUT by the project "devel opnent

team.

Wiat this "package" offer is one tool be used from
design throughout production preparation. It allows the
definition of planar surfaces and curves of different
types. Parts and profiles may be defined for design
and/or production purposes in a very flexible manner
Cutouts caused by profiles are generated automatically.
In the sane way the thickness countours on a part caused
bK plate thickness on adjacent parts are %enerated by
the system Furthernore the sequence of definition is
arbitrary. The profiles generating cutouts in a part or
the adjacent parts with thickness may be defined before
or after the definition of the part they influence.

Profiles are separate entities in the product nodel. In
the same way as for parts (refer PARTGEN) profiles are
stored with a topological description, thus allow ng
certain changes to take place automatically.

Endcuts in both ends as well as clearances are stored as
wel . Weight and center of graviety may be cal cul ated
and reports produced by the report generator

Figures 2 - 9 show exanples of information generated by these
subsyst ens.

Figures 2 - 6 are froma supply wessel designed and produced
by Ullstein Hatle, Norway.

Figures 7 - 8 show part of the Gullfaks A frame structure
soon to be produced at Stord Yard, Norway.
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SYSTEM OVERVIEW
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Fig. 1. System oveviews
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AUTODRAW is a general purpose drafting system It is used to

AUTOREP

produce drawi ngs of the result from the product
nodel . It can extract any view and detail |evel of
the product. It contains functions for:

* drawi ng |ayout

* drawing conpletion (text, dimentioning)
* geometry definition

* draw ng production

* hidden lines renoval

Figure 9 shows an assenbly and wel ding sequence
study performed by AUTODRAW The individual parts
are coded with Autopart.

Is aa report generator providing function for the
user to:

* extract data from the database

* manipul ate the extracted data (ex. adding,
sorting, etc.)

* present the results

The output of the reportgenerator may be input to
AUTCDRAW where it can be nerged with graphics to
produce reports like the one shown in fig. 10.

Figure ushows an exanmpel of a piping support
drawing. This and simlar draw ngs are produced
"automatically" by a pipe support macro system
devel oped by users at Stord Yard, Norway. The macro
sb%tem Is built on top of the commands available in
AUTCDRAW and  AUTOREP.
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1.2.3. System architecture for the individual subsystem

A subsystem architecture has been developed. It consists of 3
different software |evels.

1. The Command processor with the user workstation software.
This module is described in some nore detail in another
section of this article.

2. Action routines that actually performthe application
task. dThere Is in general one action routine for each
conmand.

3. Service routines or nodul es used by the action routines
and user workstation functions to perform specific tasks.

The Command processor acts as the control center for the
subsystem and can be conpared to an operating system
controlling the different tass. The link between the Command
processor and the action routines is via a branching
subroutine while the link to the service routines are via
subroutine calls.

Wiat is nost inportant is not the structure itself but the
standar di sed hi gh | evel aﬁproach it provides for devel oping
new action routines (and thus applications).

Let us assume we want to extend the systemwith new commands.
The following work nust be done:

1. Action routines nust be witten to performthe desired
functions. Several years of service nodul e devel opment
have reduced this work. (For exanple all user
comuni cation has been standardised.)

2. The branchi nﬁ routines must be updated to include
branching to the new action routines.

3. A new command description file that includes the
description of the new command nust be made. This involves
only data read by the system

No existing action routine is changed. If at a later stage
errors occur in connection with the new commands, they my be
excluded from the system by omtting them from the command
description file. No reloading of the systemis necessary.
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1.2.4. The product model

The key to any successful CAD/ CAM systemis the internal
description of the product or what is conmonly referred to as
the product nodel. The product model contains not only the
physical description of the product, but also data and
procedures relevant for the design and production of the
final product and for information exchange with other
activities outside the CAD CAM systemitself.

Even though the different subsystems may access only a
certain part of the product information, it Is inportant to a
view the total requirenents.

The product nodel has to be inplemented in a "data base" and
adm ni stered by some data managenment or structuring tool

For a product as conEIex as a ship and an of fshore structure,
one of the main problems is to describe the product nodel.
This is not a problen1concernin? i npl enentation but rather a
quegtion of establishing the relevant |ogical description of
product

A sinplified view of the IS product nodel is shown in fig.
12.  This gives a view of different entities and the
rel ationships between them This has to be performed before
any physical inplenentation in a database. Methodol ogies are
available both to help describing a product nodel and in the
verification of correctness and later inplenmentation.

The ke% to a change-oriented systemis how the product is
described in the conputer. The product nodel has to have
chan?e-oriented features designed into it fromthe start. A
popul ar solution for obtaining this changability is to
sepaarate the topology of the product fromthe geonetry.

| will try to illustrate these sonewhat difficult words wth
sone exanples. In fig. 13 we have started off by defining the
shape of a ship hull. The longitudinal frame or stiffener (2)
i s described not in absolute coordinate byt relative to the
hull (1. In the sane manner the braket (3) is described
relative to the lingitudinal stiffener. If the shape of the
hull is changed, the description of the stiffener and the
bracket should still be valid. This ability is obtained
through the way we describe each individual part.

Fig. 14 shows the relevant curves and their intersections
which are used to describe the bracket and fig. 15 the
i mpl ementation structure for the bracket itself. The bracket
i s described by the curves that delimte it. The actua
description referres to the curves via the intersection
points of the curves,

Wien the hull is changed all intersection curves with other
surfaces have to be conputed. Thus a new geonmetry for curve 1
IS produced. If curve 2 is described relative to curve 1 its
new geonetry can be determned. Depending on design options
it is now possible to

561



* leave the bracket description unchanged. The bracket will
BO}N have a slightly different (larger/snaller) size than
efore.

* keep the shape of the bracket by noving curve 4 to a new
posi tion.

Two nore practical exanples based on hardcopies from a
Tektronix screen are shown in fig. 16 and 17.

The sequence in fig. 16 shows two parts that are |ocated next
to each other (a). For sone reason the seam that devides them
is moved 10 mm The user defines the new positions of the
seam (b) and asks to have the parts redrawn (c). (This is a
rather common change.)

Fig. 17 shows another common change. The type of a stiffener
Is change. a) and b) show the conplete structure and the part
before the change. c) shows the part redrawn after a
stiffener has been given a new type.

To admnister the product nodel the system TORNADO i s used.

TORNADO is a data base system devel oped at SI for use in
CAD/ CAM syst ens.
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SIMPLIFIED PRODUCT MODEL (SYSDOC NOTATION)

PRODUCT
SURFACE
( . PLANE SCULPT.
ASSEMBLY SURFACE SURFACE
CONTAINS f
CONTAINS  |IS-DEFINED-BY
, LIES IN
CURVES
PLANAR .| | sPACE
PARTS PROFILES CURVES CURVES
DELIMETED-BY- INTERSECTS-TO-GIVE
CURVES-THROUGH
L {
POINTS

Fig. 2The IS product nodel
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Fig. 13.Ship structure

Int 1 int3
/ ///JA Curve 3

Curve 1 Curve &4
Int 2

Curve 2

Curve 1 = intersectioncurve hull surface / profile surface
Curve 2 = pardld to curve 1

Fig. 14 Curves and intersection
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Fig. 15. Inplementationsstructure of bracket
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Fig. 16. Automatic regeneration of a part geometry after a change in
one of the boundary Curves
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1.2.5. The User Interface

The communi cation between the user and his CAD CAM system has
been given a lot of attention in the present years, and
obviously here lies a key to a user-friendly and efficient
system

The communi cation between the user and the systemrelies on
several factors:

* Can he relate to objects and tasks that are neaningful to
him as a designer?

* Canhrl)e refer to themw th names or terms he is famliar
W th?

* Has he access to the information he needs such as
standards, partregisters, etc.?

* How does the actual communication take place? What type of
hardware and software tools does he have to support this
communi cati on?

The first 3 aspects obvious|y has to do with how the system
itself is designed, and is independant of what graphic
equi pnent that is used. The |ast aspect is however to a
certain extent equi pment dependant.

Wthin the IS project we have devel oped software tools for
supporting those functions we feel the user needs to have
avai | abl e, independant ~ of applications, independant of
graphic equiprent. W have attenpted to design our work
station software w thout a particular set of hardware in
mnd, but with such an internal structure that when new
hardware is to be adopted, only specific work station
sof tware modul es have to be nodified.

The 1S user work station software can be divided into four
different parts, see fig. 18.

1. A "stand alone" initation sub-systemwth commands for:

- defining screen layouts
- defining conmands and command nenues
- defining user dialogues

defining error messages

In addition utility commands are included for initiatinP

data bases, designing data base contents etc. (Sone or al
of these commands may be included as part of another
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subsystem if desired).

2. A command prosessor which is included as the control
center in each application or subsystem The conmand
processor includes functions for

- syntax analysis

- device and viewpoint control

- menue handl ing _ o

- help functions (working on the command definition)
- Ing|ng conmands

- etc.

3.A set of applications independant system commands for
utilizing the conmand processor functions:

- HELP
- POS! TI ON- MENUE- ON- TABLET
- CHOCSE- MENUE/ PEN' CROSSHAI R/ - -

4. A set of subroutines used in the individual commands for
performng functions such as:

- requesting and fetching user input
- displaying messages (including error nessages)

2.CONCLUSION

Interactive techni ques have been used in shipdesign and
production preparation for some years. What |nteractive Autokon
offers is the merging of interactive Conputer Gaphics techniques
with the introduction of a product model that that contalns
enough structural information and data to bridge the gap between
design and production.
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ABSTRACT

An interactive, bi-directional interface program has been devel oped to inte-
grate data exchange between the two Navy Conputer Supported Design (CSD)
prograns HULSTRX and SSDP. HULSTRX devel ops a structural design geonetry
library and structural scantling file which can be used by other analysis pro-
grams in subsequent stages of a ship design. SSDP is a structural synthesis
desi gn program whi ch can devel op structural scantlings from given require-
ments or analyze given scantlings to determne whether they conform to current
U S. Navy design practices.

The Structural Interface Program Which is run on a Tektronix CRT, provides
automati c exchange of conplex geonetric infornation between the prograns by
pronpting the user with questions, statements, and displays of different por-
tions of the ships geonetry.

The work this paper discusses was sponsored by NAVSEA, Code 05R1, sponsored by

NAVSEA 501C and directed by NAVSEA Code 55Y1 on Contract N00024- 80- C- 4456,
task 5A624.
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THE NAVY*“S COMPUTER SUPPORTED DESIGN SYSTEM

The Navy's Conputer Supported Design (CSD) systemis a set of |inked
i ndi vi dual conputer prograns which assist the cognizant engineers in

devel oping a ship design. To ensure that designers involved in one facet of

the design process coordinate their efforts with other design efforts, a
common data base is used. This data base is the repository of all information
regarding the ship being designed and is accessed by the separate design
prograns. A breakdown of the CSD system show ng the various subsystens and

the central data base is shown in figures 1-3.

Figure 1. - Navy CSD System

Naval Sea Systens Command (NAVSEA) ship design engineers use the Conputer
Supported Design (CSD) System to perform early stage design (feasibility
studies, prelimnary, and contract design) of Naval ships. The conputer-based
system wi |l eventually produce all the follow ng design products:

Conpartnent boundary transfer
Initial 3-D model for shipbuilders

Di agrammatic draw ngs of systens
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Equi pnent and conpartnent lists

General arrangenent and scantling draw ngs

Equi pnent arrangenent draw ngs

Report generation from data base

Integrated equipnent |ists and draw ngs

Full 3-D digital model for shipbuilders

Full integration of ship specifications and initial data base for

shi pbui | ders and service life

benefits derived from devel oping the system include: i ncreased
engi neering productivity; addition of new engineering analysis capabilities;
i nproved design precision and optimzation; reduced design cost and tineg;
better management visibility of design progress; enhanced ability of quality
engi neers.

The CSD Project objective is to develop an integrated set of
conmput er - based ship design tools for use by NAVSEA engi neers and their
supporting contractors in performng Naval ship design through contract
design. The greatest potential for inproving Naval ships occurs in the design

stages supported by CSD because all major design decisions are made during
t hese stages.

The hull subsystem of CSD, to which HULSTRX, SSDP, and SIP belong, is one
of several major subsystems. [Its central database is the Design Geonetry
Library (Table 1). The programs which devel op the design include HULGEN,
HULDEF, SHCP, GENARR, HULSTRX, SSDP, and SDWE (figure 4). Their functions are
explained in Table II.

The portions of the hull data base used to define the hull structure are

the Structural Design Geonmetry Library (DGA.3) and the Ship's Scantling File

(SSF).  The mmjor structural programs are the Structural Synthesis Design
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Table 1. - Parts of the Design Geometry Library

STAT General Characteristics
DGL1 DGL: lines dwg
D G L 2 DGL: arrangements dwgs

DGL3 DGL: structure dwgs

SSF Ships Scantling File

SGL Ships Geometry Library [DGL1 + DGL2 + DGL3]
SHC Ship Hull Characteristics

g
-—lmot R TaAL

ffreosmuee

Figure 4. - Hull Subsystem of CSD
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Table 1l1. - Functions of Hull CSD Programs

kB &ﬁﬂ body lmmthﬁ m l:tul desired Ni" form,

user supplies basic ship paramaters: lJeagth, bemm, draft,
smatic ceefficient, aeximm section eufﬂcu-t. umumnn
of bunyancy smd Tongitudinal center of fiotation, The
sutput frem MILGEN 13 8 set of sffsets ia digits] form,

RDEF Fairs and refines the effsets dod by MLGEN and ymds
precise drowings of the ship's 1imes and curves of form,

ST frvanges the Internsl subdivisions of the hull by the develop-
accesses, and swnﬂtnncbn-e
Yor damaged stability, deck a volume, for each furction

© god functioml rel ltiu\ship. A\f {ntersections of major
Soundaries are calculated, and Included on the mewly defined

swrfaces,
sor Calculates scantlings lnd plate sizes ef shell, deck, dulkhead,
and {aner bottom and tests cwlhnce with the

mzh criterfa as deﬂmd by Devid Tulor Naval Research and
Savelopment Center msmcz If any scant in?isftmdzobc
Oﬂcimt. 1t ‘ls modified via the program wntil scanti{ngs meet
the criteria of structursl CYe

GRITRX .nmﬂnuulmﬂmmp'sml v&;

{mnﬂmﬁipsuﬂm These
ﬁrdntﬂ design n the mext Tevel of desipn,

Program (SSDP), the Hull Structural Lines Program (HULSTRX TRACES) and the
Hull Structural Scantlings Program (HULSTRX SCANTLINGS). HULSTRX TRACES
creates the structural traces of DGL3; HULSTRX SCANTLINGS creates SSF. SSDP
creates a preliminary structural design for a ship within given constraints.
Figure 5 provides a schematic of the structural portion of the CSD hull

subsystem.
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Figure 5. - Structural Portion of the CSD Hull Subsystem
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OVERVIEW STRUCTURAL INTERFACE PROGRAM

PURPOSE

The purpose of SIP is to automate data transfer between HULSTRX & SSDP.
The Structural Interface Program transports structural scantling information
back and forth between the SSDP and the DGL3 and SSF. The purpose of this
interface is to bypass manual manipulation of ship design data to decrease
turnaround time and to increase accuracy. From the output of one program, the
interface program creates an input file for the other including geometry,
structural shapes, forces, and allowable stresses.

The HULSTRX program uses a digital definition of the hull to locate the
structural members on the surfaces of a ship (figure 6). This information is
stored in a Design Geometry Library (DGL) and a Structural Scantling File
(SSF).  The DGL is a digital representation of the ships hull, decks,
bulkheads, and their associated stiffener traces (figure 7). The structural
scantling file associates the stiffener traces with scantling information

" contained in a digital catalog of standard structural shapes (Table I11).

The SSDP produces a structural design in accordance with Naval ship
strength requirements based on least weight (Ffigure 8). Also, if given a hull
with scantlings, SSDP can validate that ship structure against Naval ship
strength requirements.

Until now engineers had to develop the inputs to these two programs by
hand. For HULSTRX, locations of stiffeners were initially estimated, and then
modified and remodified until they matched the final design. For SSDP, a
separate model of the ships geometry had to be created and stiffener locations

had to be calculated individually. Accuracy had to be constantly checked and
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Figure 6. - Surfaces Defined on DGL1

Figure 7. - Structural Traces Defined on the Shell Surface
every time the design changed the entire cycle started again. With the
development of SIP, geometric and structural data is automatically converted
back and forth between the two programs, by-passing possible mistakes and

speeding-up thé%design cycle.

OPERATION
The output from SIP is an input file for the following program. The two
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Table. 11l _ portion of Digital Structural Shapes Catalog

EO. CAT.
NO. NO. DESCRI PTOR CODE asTs TWS TFS
D6 D6 CTOE XIITS
3096 5. 860 7 5 Koo® Lo s T CT  6.160 0.305 0.530 6.8
57 121 10 X 8 X 33.0 1I-T cT 6.160 0.290 0.435 9.7
30 7.960 7.380 S55.300 .
S8 138 14 X 6 3/4 X_ 30.0 I-T CT  6.220  0.270  0.385 13.8
40 6,730 9,610 127,300
59 106 8 X 7 X 22,5 T cT 6.560 0345 0.565 8.0
70 7+040 64,200 37.800
60 144 16 X S5 1/2 X 31,0 I~-T cT 6.680 0.275 0.440 15.8
BO  5.530 10.610 181,900
61 96 72 X 8 X 24,0 T cT 6.920 0.340 0.595 8.9
00 8.030 J.530 24,900
62 139 14 X &6 374 X 34.0 I-T cT 64,920 0.285 0.455 13.9
B0 6.750 ?.860 142,300 - - .
63 130 12 X 6 1/2 X 35.0 I-T €T 7.010  0.300  0.520 12.5
D0 6.560 9,030 111,400
64 122 10 X 8 X 39.0 I-T cT 7.190 0,315 0.530 ?.9
20 7.9%90 7.620 £4.700
65 108 8 X 71/8X 25.0 T T 7.300 9.380 0.830 8.1
L ——

Figure 8. - SSDP Least Weight Cross Section Design
original programs are not modified in any way. This prevents obsolescence of
previous designs.

The interface currently runs on a Tektronix CRT. The screen is divided

into two portions. The left quarter of the screen is used for prompts.

Prompts range from instructions explaining the operation of the interface, to

579



requests for file names, to requests for design parameters. The rightmost
three-quarters of the screen is reserved for graphic information. This
includes drawings of surfaces, drawings of sections, labeled points, and
screen selects.

In assembling the required data for the next program, the designer can
choose to use data from previous runs from either the same or different ships,
default geometric information, or internal default values. The values

selected are checked against maximum and minimum allowable values.
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USING STRUCTURAL INTERFACE PROGRAM FROM HULSTRX TO SSDP

SSDP analyzes from one to ten cross-sections of a ship. To do this the
designer must develop a model of the geometry at different sections along the
ship. For each cross section of the ship, the program builds a geometric
model by examining each surface of the ship (decks, bulkheads, and shell) for

ffs existence at that particular section and then by recording the information
(location and shapes) contained in a transverse cut of the surface.
SIP steps through each surface of the HULSTRX DGL. Each time a surface is
found which should be represented on the particular cross-section, that
surface is drawn on the screen including control lines, stiffener traces, and
the proposed transverse cut (figure 9). At this point the user may add
information concerning ineffective areas and transverse supports. The program
prompts the user for openings which form 4:1 shadows of ineffective material

and for points which are supported by columns or other structure.

S-as l

3
-
-

- '

Figure-g. - Surface with Proposed Transverse Cut & Shadow
After all the surfaces have been examined, the cuts are assembled into one
cross-section drawing which is displayed on the screen (figure 10). This

display contains an exact geometric definition of the ship at this
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cross-section. All the defined points and the drawing are marked and labeled

for future use.

Figure 10. - Interface Representation of Cross-Section Model

The model used by SSDP is much simpler than this detailed definition so
the engineer now selects pertinent pieces of-the display with which to build
his model. The user enters (startpoint, endpoint) labels of segments he
wishes to include. He does this at the prompt of the program to define the
. shell, innerbottom, deck, bulkhead, CVK, and plate longitudinal segments.
Once this is done.SIP automatically assembles and formats the geometric
information into an SSDP model. This geometry table is used to
develop the SSDP input file and is saved for future use when the program runs
in the reverse direction.

Once a geometry model is developed, the program goes on to assemble the
rest of the SSbP Input file. This information includes loads, allowable
stresses, design factors, etc; all the information needed to perform a normal

structural design and longitudinal strength analysis. Here the engineer may

choose information from a previous SSDP .file or from default values stored in
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the program, he may enter new values as he wishes, or he may duplicate

previous lines of values. As each line of information is generated the user

is given the opportunity to modify listed values. Before each line is stored,
the program checks all the values against maximum and minimum values stored in
the program and counts the total number of fields entered to ensure no obvious
mistake has been made.

After assembling the geometry, loads, and allowable stresses the output is

a complete SSDP input file ready to run (Table 1V).

Table 1V. - SSDP Input File Created By Interface

110.0 10.6095 11.3062 4.0 7,07.0 21.0 15.0 500.0 1.1 0 0 O

11610112000810100200.10.0 740 7.0 80.0

1000. 0 100.0 0.0625 0.5 1 0

1150.0 1150.0 8000.0 -10000, O -8000.0 10000, iJ | GOOO+O 10000. 0
0. 000 CeOOO 0.000 0,998 1.460 3.550 4596 7+996 46596 8. 245
6,154 9.515 10.610 11.306 1.870 0.000 1.870 3,250 10.860 o,000
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USING STRUCTURAL INTERFACE PROGRAM FROM SSDP TO HULSTRX

The output from SSDP is a list of structural shapes and spacings defined
on the different segments of the model, for each section of the ship. SIP,
when used to go from SSDP to HULSTRX uses the SSDP output Ffile and the
geometry table previously created by the interface program to generate a
HULSTRX input file. Scantling information must be matched from section to
séction and the lines lofted to form a complete structural drawing for all
surfaces. To go from a discrete set of transverse structural definitions to
longitudinally continuous members requires user intervention.

Each surface, starting with the shell and proceeding through decks and
bulkheads, is displayed on the CRT along with all cross-section cuts examined
by SSDP (figure 11). The stiffeners defined by SSDP are marked and labeled on
the cuts in the proper locations. The engineer selects sets of points hy
their labels and enters them via the keyboard. These points are splined on
the surface to create a definition of the structural trace. The points are
saved to create a HULSTRX input file line, and they are also used to
*superimpose a line on the display. As the process continues, the surface

becomes filled with structural traces (figure 12).

Ladaalo 1 o
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Figure 11. - Surface with SSDP Cuts
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After selecting points for a line, the user must name the line. At this
point he can include additional data such as intersection lines, startpoints,

endpoints, start tangents, and end tangents.

- : — ‘;/
E : : = ———1——

Figure 12. - Surface with Splined Lines
After finishing one surface the program goes on to display the rest of the
surfaces. After the user defines lines for all these surfaces the program
assembles a HULSTRX input file (Table V). This can be displayed immediately

via HULSTRX, or it can be edited to match more closely the engineer”s

requirements.

Table V. - HULSTRX Input File Created By Interface

g‘mac: SNOGOS DATE £728/83

“ LK IB STHPOO 1B U!EO X 98:0 X 110.0
4% STI001 8TI002 STIO0I $TI004 $TI00S

38514 N 4 8P 1.0 T 1D CHS00O IB CHINEO X 35.0 X $3.0
&% ST3011 873012 $T3013 $TI014 $TIOLS

1514 N 4 9P -1.0 IB CHINEO IB CDKXOO X S.0 X 35.0
&9 873021 $T3022°8$T3023 $T3I024 STI02S STI026 STI027
1514 N 3 IB CLOOOO IB STMPOO X SS.0 X 110.0
69 STI004 STIO07 STIOOR STIO0P 873010

1514 N 1 8P 1.13 IP CLOOOO IB CHINEO X 27.66 X 5S.0
&% 870017

1514:N 1 8P 2,24 IB TLOGOO IP CHINEO X 30.15 X 95.0
4% 810018

1514 N 1 8P 3.37 I5 CLOSOO IB CHINEO X 32.08 X $3.0
&9 870019

33 ID ST2001 0.0 S:0 0.0 9.9 I CLOCOO I CIKNOD
43 ID 872002 8.0 3.0 $.0 8.0

;
:
§

13 ID ST2003 12,0 3.0 32.0 8.0 I CLOOOO X CIKNOO
83 ID $72004 19.0 3.0 19.0 8.0 I CLOOOO I CDKMOO
13 ID 872005 26.0 3.0 24.0 8.0 I £LOOOC I CBKMOO
43 ID 372006 33.0 3.0 33.0 8.0 I CL00O0 I CDKNOO
43 ID 872007 40.0 3.0 40.0 8.0 I CLOGOO I CIKNOO
83 ID ST2008 46.0 3.0 46.0 8,0 I CLOOOO I CIKNOO
83 ID 372007 32,0 3.0 32.0 8.0 I CLOOCOO I CIKNOO
13 ID ST2010 S8.0 3.0 38.0 8,0 I CLOOOO I CIKNOO
43 IB 872011 44.0 3.0 64.0 8.0 I CLOOOO I CHKNOO
43 1D ST2012 71.0 3.0 21.0 8.0 I CLOCOO I CIKNOO
13 ID 872013 78,0 3.0 78.0 0.0 I CLOGOO I CIKNOO
23 ID 872014 83.0 3.0 835.0 8.0 .I-CLOOOO I CIKMNOO
13 ID 872015 92.0 3.0 92.0 8.0 I CLOCOO I CIKNOO
13 ID 872016 98.0 3.¢ 98.0 8.0 I CLOOCS® T CIKNOO
85 I8 872017 104.0 3.0 104.0 8.0 I CLOSOO I CIKNGO
g 3P ST2018 110.0 3.0 110.0 8.0 I CLOMOO I TIKNOO
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APPLICATION TO THE SHIP DESIGN PROCESS

The Structural Interface Program provides a direct link between the Navy"s
primary structural design program and the Navy"s structural data base. The
direct link reduces the structural designers workload, increases accuracy of
the designers work, and provides the designer with a graphical representation
of his work while he works. Since SSDP is the center of the Navy"s structural
design process, the Interface program is a important link in the Navy"s CSD
system.

This direct link has important implications for the ship design as a
whole. The quality of a ship design depends both on the number of variations
examined and iterations performed, and on the amount of communication between
design disciplines. The more variations studied and the more iterations
performed, the more optimized the design. Bypassing manual data transfer
between programs decreases the cycle time, thereby allowing more analyses to
be performed.

. The amount of communication between design disciplines is even more
important, as it determines the quality of data available about other ship
systems. Any analysis for a specific discipline requires information from
other disciplines and systems. When this information is automatically
available to a computer program from a predefined location in a data base,
bureaucratic delays are bypassed and the design is drawn closer together.

In terms of the hull subsystem this means that changes in the hull form
can be immediately incorporated by the arrangements group and by the
structures group. Likewise, changes in the ship structure can be incorporated
by the weight group so that an up-to-date structural weight is always

available. Finally, changes in structural shapes or sizes that affect
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propulsion or distributive system locations can be recognized.

The Structural Interface Program is another helpful tool in the Navy's CSD
system, drawing the Navy one step closer to its goal of having a completely

integrated Computer Development System.
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KEEPING UNIT OUTPUT LOW WHILE INCREASING PRODUCTIVITY

W. Z. Hayman Il
President and General Manager
Missouri Valley Shipyard
Leavenworth, KS

Mr. Hayman joined the shipbuilding industry following release from the U.S.
Coast Guard in 1969 as the Commercial Program Planner a Ingalls Shipbuild-
ing. Following cessation of commercial construction, he was assigned to
manage Litton"s ASBCA Claim on the SSN 680 contracts. He returned to
commercial construction at St. Louis Ship as Production Planner and later as
Fabrication Manager. In 1980, Mr. Hayman was recruited as General Manager of
Missouri Valley Shipyard.

Mr. Hayman has been published in the Maritime Reporter and the Waterways
Journal .

ABSTRACT

Missouri Valley Shipyard has survived through the years despite the limited,

eight month repair/navigation season on the Missouri and an obsolete, World
War Il era new construction facility.

Ownership initiated modernization had to contend with the Winter river
closing, limited new vessel winter storage space and equally limited working
capital . Other constraints included an eight foot grade separation and an
ongoing new construction program.

Of the three schemes developed, use of a modular-extrusion method was selected

as it allowed concentration of effort, enclosed hull erection, minimum
interference with current production and intermixing of product lines.
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v ET NS T AR

M ssouri Valley Shipyard on the Mssouri River
in Leavenworth, Kansas, has been in operation since 1939
and was closed at the end of this July because of lack of
busi ness.  The shipyard had survived through the years de-
spite the limted 8-nmonth navigation season on the M ssouri
and an obsolete World War |1 era new construction facility.
Both shipyard ownership and management were aware of the
obsol ete conditions, the mobst obvious being that all opera-
tions were outside, exposed to Kansas weat her

Wth the 8-nonth navigation season on the M ssouri
River new construction was essential to year-round operation
of the shipyard. In response to the continuing demand for
hopper barges, when | started work at the yard in 1980 the
previ ous managenent had enbarked on a serial construction
program including the rake barge shown in this picture
O her jobs undertaken were overhaul of Coast Guard, Corps
of Engineers and other vessels as we had the facilities
to haul them out of the water and could do the work during
winter lay-up. The first year's results of the outside,
year-round barge construction conbined with winter lay-up
of the Coast Guard cutter and in season repair jobs, was
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di sasterous. W experienced a $400,000 bottom line |oss
at the end of 1980.

Any noderization project, though, had to keep
in mnd the fact that we could not |aunch and deliver barges
for up to four nonths out of the year. Limted wintertine
parking space for barges that were built and could not be
| aunched existed, but still this remained an overall con-
straint on the total volume output that we wanted to gen-
erate. Combined with this was the limted working capita
as we worked toward being a stable financial entity. Thys,
the title refers to keeping unit output and the related
cash flow volune at a level that we could handle both physi-
cally in terms of the facility and parking space avail able,
as well as not overstraining our financial resources. At
the same time we had to do sonething about productivity
as some of these barges, at least the initial early ones,
were running 9,000 nman-hours and higher. '\ stopped keeping
records after 9,000 hours, though. As many of you know,
in conparison, some facilities are capable of building a
barge in 2,800 man-hours, or |ess.

In 1981, during the second year of the serial
barge production effort, we were able to bring the man-hours
down to 4,500 per barge. This was despite a change from
box barges that were intially started to an obsol ete rake
design barge that required the heavy rake to be built and
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hung in port and starboard halves. Another interference
that year was the onset of the noderization project which
did require the removal of two cranes that serviced the
subassenbly areas. Operating results for 1981 brought in
approxi mately a $100,000 profit or a half mllion dollar
turn-around in one-year's tinme. Thus, return on investnent
for the building project became Based on the 4,500 hours
and 12 work days per barge, rather than the 9,000 man-hour
figure.

A 1975 plat of the shipyard showed 18 acres of
| and sandwi ched between the Mssouri River and the M ssouri
Pacific mainline railroad tracks. The yard was bounded
on the south side by Five Mle Creek, which was a major
drainage ditch for the Gty of Leavenworth, and on the north
by a property boundary. The lower third of the shipyard,
the wider part between the tracks and the river, was sep-
arated fromthe upper part by Four Mle Creek, which is
a relatively mnor drainage ditch. In 1980 the production
effort was limted to the lower portion of the shipyard
between Four and Five Mle Oeeks. The existing construc-
tion jig was inmmediately to the west of the |aunchways sep-
arated only by the gantry track

The-gantry crane serviced the press brake area
to the north of the construction jig transporting bent plates

past the construction jig to the subassenbly areas on the
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south side. Not only did it hang all sections on the barge
during erection of the hull, but it also serviced the sub-
assenbly areas which included side section, transom and
bottom plate wel ding areas.

The crane itself was purchased after World War 11
froma Kaiser shipyard on the West Coast. The people that
cane in to assist with the reerection did not know the origi-
nal source of the crane, which was an old crane at the start
of World War 1. | still don't know the source of the crane.
There was no technical information on the crane and any
repl acenment parts had to be fabricated on the spot. The
result was that we could count on one breakdown a week that
resulted in anywhere from4 hours to, in one case, a 2-week
| oss of production

On the south side of the yard adjacent to Five
Mle Creek was a fenced off area that was used for wnter
storage for the Coast CGuard vessels. Not only did the w n-
ter-storage require a substantial anount of prine space,
the transfer tracks leading to the storage and the gantry
tracks used to relaunch the vessels occupied approximtely
one-third of the |ower shipyard.

The initial plan for nodernization |ooked to the
upper yard north of I-mle creek which was essentially va-
cant and had been used as a shale pile froma discontinued

coal mne in the vicinity. At that tinme access to the water-
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front was al most inpossible, and there was very little leve
| and throughout the upper yard area. Any facility built

in the upper yard would have to contend with both the approxi-
mately 8-foot grade separation between the upper and | ower
yard and the existence of the drainage creek. The initia
concept was to do fabrication work and subassenbly work

In the upper yard and pass it to the gantry in the |ower

yard. This seemed to call for an excessive amount of mater-
ial handling, and | opted for the Coast Cuard storage area
and the part of the property that was tied up by the trans-
fer tracks.

Two schemes were devel oped for building an encl osed-
facility in the lower yard. The first one was a north-south
barge building that would allow construction of a barge
in a nore conventional manner, building an entire side sec-
tion the length of the barge and hanging it in place. |
felt that this type of facility was inflexible once the
supporting equipnment was in place for barge construction
and consequently, we were going to be stuck with building
barges from here on out.

The second approach devel oped was an east - west

building that would have to build. 200-foot barges in sec-
tions, push them out the door, and somehow, join them all
together.. Athough the initial thought was that this may

not be the nost efficient way to build barges, certainly
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it was the nmost flexible in that we could build an 80-foot
plus tow boat or larger tow boat in two sections within
the facility and mmc the same systemthat we were using
on barge construction.

The geonetry of the situation allowed for park-
ing a conplete barge between the building and the |aunchway
approach area so that we could have a conpleted barge out-
side the building door, another one in the position to nove
over onto the [aunchways, and a third one on the |aunchways
itself. During wintertime when we couldn't |aunch, we could
back the barges up to the west and store up to three barges
In that position. This gave us roomfor a total of five
barges in the storage positions plus any that we chose to
hang off on the launchways itself. In dollar terms, this
was $1.5 mllion worth of new equipment sitting around wait-
ing for a paycheck to come in.

Satisfied that we had a viable approach, we concur-
rently took core sanplings that indicated that bedrock was
there, although it was sone 60 feet down. W started a
search for an engineering firm and for two used bridge
cranes that a building could be sized to. The search for
the bridge cranes led to Detroit, where two rather derelict
cranes were found; but along side them was a di sassenbl ed
mll-type building. On investigation it turned out to be
a 1954 addition to the Anerican Car & Foundry Building in
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downtown Detroit. Shortly afterwards, Black ¢ Veatch in
Kansas Cay was selected as the consulting engineering firm
and followng an on-sight inspection of the disassenbled
buil ding, concurred that this was indeed a very economc
way to proceed with the construction

Putting all of these elenents together resulted
ina plot plan that was submtted to the Corps of Engineers
for approval and inquiry as to whether any specific building
permts would be required. W received a response about
a week and a half later that only a wetland's survey woul d
be required, and that survey was conpleted in less than
one week's time followi ng the response. Wrking from the
conceptual drawi ng, Black & Veatch then generated the floor
plan that you see in front of you, as well as back-up de-
tails of foundations and structural steel, including the
nmodi fications required to t,he disassenmbled building. Gouted
piles were placed in the fall of 1980 and then construction
had to be suspended because of the sky-high interest rates
and our inability to sell industrial revenue bonds. By
the following spring, interimfinancing was arranged, and
we proceeded with the installation of the foundation inclu-
ding the retaining walls. Wile the foundation work was
in process; the steel was being shipped fromDetroit to
Leavenworth where it was then sandbl asted, painted and |ater

erected, all by shipyard crews. The acconpanying photographs
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show the building in its current state when construction
was suspended in md-1982.

wint he decision to use the disassenbled build-
ing, two cranes were ordered from SECO Crane Conpany in
Terrell, Texas. Each crane had two 12-1/2 ton hooks on
it, with both cranes designed to operate in concert to make
a conbined 50-ton lift. The catwal ks and dummy cab were
added by shipyard crews and both cranes were hung in early
1982 with the shipyard s gantry crane.

The crane pennant control has a switch for sinul-
t aneous operation of both trolleys and hooks or selected
use of either trolley. During material handling operations,
the operator could take the pennant up into the dumy cab
and operate the crane fromthere.

Black & Veatch's industrial services division
t hought the whole project was interesting enough that they
prepared the followi ng publicity release in early 1982.

At the sane tine, the design for a nmodul ar barge
was being perfected, one that could be both built on the
existing barge jig and then when the time was ready swtched
to in building construction. Thus, use of the facility
had preceded to the extent shown on this slide where the

modul e woul d be constructed on the' building jig, noved to

the east, and joined to the preceding nmodul e, and then pushed
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out the door to the side transfer position and over to the
| aunchwaps.

Devel opment of a lay-down plan within the building
showed that we had room for building all sides, both tran-
sons, and bottom assenblies concurrent with the nodul ar
erection and welding positions. Thus, sone flexibility
exi sted for man power assignment within the building by
assigning people on and off of the side section and transom
construction. Review of the operations and the time expected
at each step in the sequence indicated that we could pro-
bably produce a nodule every two working days. Wth tota
manni ng about the same, we expected to be able to build
a barge every six days, effectively cutting our 4,500-man
hours per barge in half.,

In general, we thought that the erection and fit-
ting of the shorter nodule side sections would go much nore
rapidly than the corresponding work on a full length barge.
One-anticipated saving was the decrease in cumulative ms-
alignnment between wing franes and floor frames in the shorter
modul e sections. In erecting a full-length barge side to
an innerbottom this gap can accumulate to one or two inches

at one end of the barge and can require considerable rework
to correct. By designing the barge so that the butts in
the steel plating coincided with the joining butts, no addi-
tional footage was added.
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Previous experience of joining nmodules at Ingals
Shi pyard% Pascagoul a indicated that modular joining was
as sinple in practice as in theory, and we hoped it would
continue to be so. In this case, two innerbottom plates
were left out at the end of the center section, allow ng
compl ete open access to the outer shell for making these
butts. Cut-outs at 4 points in the hopper allow for access
between the wing walls and the center of the barge as wel
as sinplifying installation of the last two innerbottom
pl ates.

This is a photograph of one of the nodul ar barges,
the STL 231B shortly before launching, and this is a photo-
graph of another follow ng launch, afloat in the M ssouri
River. As the building project was haulted for financia
reasons, none of these 15 barges that were eventually built
were built as true modulars but rather were built on the
original construction jig of the shipyard.

Subsequent construction at the shipyard include
the harbor boat "Pin Oak" that could have been built in
its entirety within the hull assembly building with the
exception of the pilothouse.

A recent request for bids for construction of
11 Coast Cuard buoy barges was particularly attractive to
us, as this construction would have been ideal for the hull

assenbly building. Unfortunately, 35 other shipyards had
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simlar ideas and bid the same contract. | like to think
that 26 bid higher than Mssouri Valley Shipyard, but unfor-
tunately, there were 8 that bid lower. Bids ranged from
the lucky low bidder at slightly over $4 mllion to our
ninth place $6.5 mllion, with a high bid of over $14 ml-
l'i on.

Not only does this shipyard have a new encl osed
facility at the 70% conpletion point, but also has an excel-
| ent work force in a low cost of living area, with the re-
sult that we were able to keep the wage rate to a very com
petitive level. The labor turn-over rate is extrenely |ow
for a shipyard, in fact, we have had two World War I vet-
erans retire within the past year.

| want to leave you with the inpression that there
Is an excellent little shipyard in Kansas, and when things
turn around, somebody should take an interest in reopening
it
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ABSTRACT

As the marine industry laments on the noncompetitiveness of our offshore
shipbuilding capability, an efficient inland marine building community remains
competitive in the international market. This paper theorizes that since it
is impossible to upgrade work rules and difficult to upgrade equipment, per-
haps offshore shipbuilding should turn inland and start anew. Launching
facilities, water depths and crane facilities will all be reasons for diffi-
culty in building inland. This paper will show one concept for building a
30,000 DWT coastal tanker inland.
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INTRODUCTION
As the United States marine industry laments on the noncompetitiveness of

its offshore shipbuilding capability, an overlooked potential exists which
could reverse the trend. The coastal yards face high production costs and
find it difficult to improve their position through modernization. Not only
must large sums of capital be raised, but work rules may diminish the benefits
of adopting modern equipment and techniaues. On the other hand, highly
competitive and aggressive inland marine building facilities have established
themselves in the U.S. market without subsidized or naval work. These inland
yards, though held back at times by shallow water, modest crane capacities and
other construction considerations, today offer a skilled workforce and
efficient approaches toward lower cost marine construction.

This paper will explore the idea of constructing oceangoing vessels at
inland yards and will provide some comparisons between the inland yards and
their coastwise competitors. The authors conclude that perhaps certain

offshore shipbuilding should turn inland and start anew.

SHIPBUILDING BY [INLAND YARDS
Inland yards are those yards which are located along the rivers of the

United States. In general, inland yards are known for their construction and
repair of barges, tugs, workboats and crewboats. A listing of the major
inland yards is presented in Table 1 (Reference 1). These yards are divided
into two categories. Category A consists of yards which handle vessels over
400 feet in length, and Category B is made up of yards handling vessels
between 150 and 400 feet in length. Although only three Category A yards are
shown, the authors contend that a significant number of the smaller yards
would readily expand to Category A capabilities if they were given the
potential of contracts for shipbuilding. Plost of the yards now construct and
repair self-propelled vessels, although some of the yards concentrate only on

barges (Reference 1).

Past Construction Hinderances

In the past, Tive factors have prevented inland yards from building

offshore tonnage:
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TABLE 1

LISTING OF INLAND SHIPYARDS

Category A (Vessels Over 400 Feet in Length)

Dravo Corporation, Pittsburgh, Pennsylvania
Jeffboat, Inc., Jeffersonville, Indiana

St. Louis Ship, St. Louis, Missouri

Category B (Vessels 150-400 Feet in Length)

Delta Concrete Company, Bellaire, Ohio

Dravo Steelship Corporation, Pine Bluff, Arizona

Greenville Shipbuilding Corporation, Greenville, Mississippi
HBC Barge, Inc., Brownsville, Pennsylvania

Inland Marine Constructors, Inc., Evansville, Indiana
Marathon LeTourneau Company, Vicksburg, Mississippi

Marathon Shipbuilding Company, Vicksburg, Mississippi
Marine Welding & Repair Works, Greenville, Mississippi
Maxon Marine Industries, Inc., Tell City, Indiana

M/G Transport Services, Inc., Gallipolls, Ohio

Mississippi Marine Towboat Corporation, Greenville, Mississippi
Missouri Dry Dock & Repair Company, Cape Girardeau, Missouri
Nashville Bridge Company, Nashville, Tennessee

Portsmouth Docking Company, Inc., Portsmouth, Ohio
Caruthersville Shipyard, Caruthersville, Missouri

Twin City Shipyard, Inc., St. Paul, Minnesota

United States Steel Corporation, Ambridge, Pennsylvania
walker Boat Yard, Inc ., Paducah, Kentucky
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0 Lack of water depth for launching large vessels

0 Lack of air draft required for large vessels

0 Lack of equipment for working with heavy steel to be formed into

highly shaped hulls

0 Lack of experience in outfitting sea going ships

0 Lack of experience in steam propulsion plants.

Are these TfTactors still reason enough to preclude inland yards from
constructing offshore ships? We will examine each in turn to find the answer
for today"s market.

The lack of water depth is the first factor to consider. It becomes
apparent, as time goes on, that it is nearly an economic impossibility to
dredge and maintain deep channels and berths at all major U.S. ports. The
amount of cargo, even in the best of times, will simply not support such an
undertaking. The obvious solution is to design and build wide, shallow draft
ships that have sufficient deadweight capacity to be competitive in world
trade. MARAD has funded studies on this very subject (References 2-4) dealing
with bulk carriers and ocean-going collier designs. It is apparent that a
ship constructed to a shallow draft criteria will have a shallow draft not
only while in operation, but even more so when launched. For example, the
float-out drafts are on the order of 9-11 feet for some very large crude
carriers, which have very deep drafts in loaded operation. Drafts on the
order of 9 feet are quite easily accommodated by almost all the waterways
which serve inland shipyards listed on Table 1.

Air draft for the height of the launched ship above the water has been
considered a problem for inland yards. One major coastal shipyard however,
Avondale Shipyards of New Orleans, has for years built offshore vessels and
has successfully contended with a fixed bridge. By leaving off masts and/or
stack extensions or by designing ships with these heights in mind, this
impediment can be minimized.

The next factor to consider is the problem of working with heavy steel to
be formed into highly shaped hulls. This problem arises because of a general
lack of heavy bending equipment in the inland yards. However, hulls need to
be highly shaped only below the waterline for good performance, and even then
just the bow and stern contain compound curvature. The recent European
development of a special bulbous bow in which there is little compound
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curvature allows such bows to be fabricated by inland yards (Figure 1).
Likewise, sterns have changed by replacing the traditional cruiser stern by
the flat transorp stern, using knuckles and a flat plate topside above the
water (Figure 2).

Of course, these bow and stern innovations do not eliminate the need for
formed steel in ship construction, even if the need for compound curvature has
been greatly reduced. Some designs could use higher strength steels to
provide thinner hull plating. The use of flame forming in conjunction with
pin-jigs makes forming plate economical. Additionally, in U.S. coastal trades
for certain types of cargoes a segregated ballast system is required. To
satisfy such a requirement one 