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PREFACE

The REAPS program ains at increasing U S. shipyard pro-
ductivity through automation technology. Todo s however, re-
quires the cooperation of all U 'S. yards, for wthout know ng
their needs, problens and priorities, a concerted effort |acks
force and direction.

The 1975 REAPS Techni cal Synposium the second annual
meeting of U S. shipbuilders and shipbuilding support agencies,
sought to stinulate this spirit of cooperation among U S
yards. It “gave cognizance to the advancenents jn hardware/
sof tware technol ogy and how these advancenents are rel evant
to the shipbuilding industry.

The Proceedings of the 1975 REAPS Techni cal Synposium con-

tain all the reports presented at the meeting. The Agenda,
in Appendix A lists topics and speakers; while Appendix B is

a conpendi um of the Synposium attendees.
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ACCOWPLI SHVENTS AND EXPECTATI ONS
FOR THE REAPS PROGRAM

John C. WIIlians
1T Research Institute

Chicago, Illinois

M. WIlianms is responsible for the direction and nanage-
ment of projects which involve operations research, conputer
ai ded manufacturing devel opnent, nunerical control applica-
tions engineering, industrial and systems engineering, nanu-
facturing planning and technol ogi cal forecasting. These
projects span a w de geographical and technol ogi cal range



REAPS is an acronym which stands for Research and En-
gineering for Automation and Productivity in Shipbuilding.
For the benefit of those of you who were not at |ast year)s
technical nmeeting, | would like to recap the history of REAPS
and how it cane into being. REAPS is a group participation
program, it is sponsored by MarAd and its sponsorship wll
gradually shift over the years to the participating shipyards.

The primary objective of the REAPS programis to im
prove or; enhance shipyard productivity. This wll take the
form of both software and hardware research and devel opment
projects’. As | mentioned, it is currently MarAd-sponsored
and will:, ultimtely becone shipyard-sponsored. The heavi est
degree ‘of financial sponsorship cones from MarAd during the
earliest formative years of the REAPS program and in the later
years that financial support will cone primarily fromthe
shipyards with mnor financial support from MarAd.

Several years ago, it was recognized that there was a
deci ded productivity |lag between the U S. and ot her ship-
buil ders of the world. For instance, on container ships,
the U S. required 120 man-hours per delivered ton conpared
to west Germany who required 90 man-hours per delivered ton,
For ore carriers the U S. requtred 75 man-hours per delivered
ton whereas Japan required 59 man-hours per delivered ton.
This productivity |lag was recogni zed by MarAd and by a nunber
of shipbuilders who net to attenpt to define what the problens
were and, if Possible, to correct the deficiency and inprove

our own productivity.




They identified one significant area of produetivity
potential. That potential was conputer-aided design and com
puter-ai ded manufacturing. As a result of that identification
and further study by those shipyards, the AUTOKON conputer sys-
tem for ship design and construction was identified as the nost
wi dely used conputer-ai ded design and conputer-ai ded nmanu-
facturing systemin the world. Consequently, the Mritime
Adm ni stration acquired AUTOKON-71 for sublicensing to U S
yards.

AUTOKON- 71 is a conputer software system whose primary
purpose is the design and construction of ships-with ..enphasis
on the construction portion.

The shipyards recogni zed that there is’nmore to inple-
menting an AUTOKON- 71-type system than just hanging the tape
on a conputer. There are problens with system naintenance.

Wien the system fails given a particular problen soneone

needs to be in a position to address that failure and correct
the problem There is a need for updating the systemto
docunent these failures and to devel op and docunent i nprove-
ments and enhancenents to the system requested by the parti-
cipating yards. There is also a need for soneone to assist.

the new user to get up and running with a conputer package

such as AUTOKON-71. And there is a need for realistic, usable
docurmentation that is regularly updated so that the system and
its docunentation are always in concurrence with each other

As a result of these identified needs, a contract was
let with IITRI to provide this kind of system support. The
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contract was primarily for naintenance and devel opment support
of AUTOKON-71. However, there was a definite indication that
there was a total system needed not just software support, not
just software devel opnents. There was a need to inprove
productivity through related hardware devel opments, and it is
the conbination of these two things that provides the greatest
opportunity for productivity enhancenent. Software devel op-
ment and support ‘and hardware devel opnent and support conbined
together will create the greatest productivity enhancement.

As a result .of this recognition, REApS was born. REAPS
is a whol e new concept in cooperation. It's a concept that
suggests a nunber of conpeting shipyards can sit down around
the sane table and in the same discussion identify common
problens and then address those problens with comon sol utions.
REAPS is the nethod that the shipyards have chosen to address
t hose problens and to put the entire approach, both software
devel opnent and hardware devel opnent, all under one unbrella.
To make this a truly viable programit was obvious that Long
Range Pl anning had to be included under the same unbrella.

To identify the high-cost~ areas and subsequent target oppor-
tunities for new research and devel opnent activities, long
range planning is a nust. And, of course, soneone is needed
to oversee and manage this total program

The software support and devel opment portion of this
effort is quite significant. [Instead of each user enploying
about three people for this task, they each pay Il TR |ess

t han one man-year’s cost to performthe function concurrently
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and Volume 5 for SHELL, TEMPLATE and NEST.

Qur REAPS library is becomng very extensive. Mst of
you here are receiving our Shipbuilding Technol ogy Update
Bul letin regularly published since REAPS first began. If
anyone is not getting it, REAPS nmember or non-REAPS nenber,
pl ease let us know and we’' || see that your name is added to
the mailing list.

Qur training activities have been rather extensive in
the past year. W have an overview of REAPS, a management
orientation, that requires one day for exposure of top nanage-
ment to what REAPS is all about. W’'ve presented that about
six times in the past year. W have a two-week ALKON user’s
course. That course includes the course books, and we’ ve
given it twice. W have a one-week PRELIKON user’s cour se,
also with a course book. It’s been given one time. And there
Is a one-week PRELI KON workshop which we give at the user’s
yard; we’ve done that one tinme.

W have ready at this time a one-week
advanced ALKON course. W have not given that yet; we have
just conpleted the documentation for that course. Next year
we will conplete the docunentation” and course books and wll
be ready to give LANSKI, SHELL nad TEMPLATE courses. That
training we anticipate will require two to three days.

As | nmentioned earlier, productivity is a result of both
a software and hardware effort. So far, |’ve talked only
about the software effort under REAPS. Let me talk just a

few nmonents about the hardware efforts
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There is, of course, the frane bender which nost of you
have heard sonething about; you will receive a mgjor update
on that later in this technical neeting fromits devel oper

Anot her task we undertook just recently was to conduct
an early review of the feasibility of retrofitting a flame
burner to NC,. It is our opinion that a retrofit package can
be devel oped at grossly |less cost that those which are currently
on the marketplace. | don't nean to sound critical of the mar-
ketplace; it is very limted. A recent survey indicates that
there are only between 60 to 80 total NC flame burning nachines
in the entire US. That's not a very large market for an in-
dustrial activity to nmake research and devel opnent investnents
to bring down costs. Perhaps, if that market were |arger
there mght be an incentive. The way it is now, there is
no incentive. Consequently, we feel it is a primary respon-
sibility of the REAPS programto do that research and devel op-
ment which is not normally expected fromthe sector that dis-
tributes industrial equipnment and industrial technol ogy.

As a result, we've done a durvey recently that included
several shipyards across the U S prinmarily identifying po-
tential flame burners for retrofit. W feel that there is a
definite need for a retrofit capability for ol der NC nachines
and for optical tracing conventional machines, and a standard
retrofit control system can be developed. The iron of the
machine (drive systen) and the nachine interface are going
to be customthings; that cannot be avoi ded because each

fllame burner is a different machine. \hether the drive system



w Il have to be replaced is a decision which wll have to be
made on each individual machine. However, we do feel that
there is significant commonality up to the point of nmachine
interface. Currently, we believe that a system of this

kind should cost the user about $35,000 including the software.
The software and specifications for the hardware required to
make the retrofit would go into the public donmain, available
for anyone to use at no cost.

Anot her area we’ve identified that needs significant
effort is the ternminals to access a CAD/ CAM system from the
shipyard user’'s point of view  Surprisingly, there are a great
number of people beginning to recognize this in various facets
of the nunerical control world. NC netal cutting users are
just beginning to recognize the need for a termnal tailored
to satisfy their needs in accessing the supporting progranm ng
system W' ve seen the same thing froma nunber of other in-
dustries that are involved in precision cutting, turning and
mlling, who feel that they have a specific need for a special-
ized termnal. What has brought this about is that nost
commercial graphic termnals available today take a general -

I zed approach to attenpt to satisfy everyone’s needs in one
package. The resultant termnals contain a significant degree
of overkill, nuch of it totally unnecessary to the user, par-
ticularly the user who is up and running wth a shipbuilding
conputer system

Consequently, we've taken a | ook at the possibility of

devel oping a shipyard ternminal system  Some of the current
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systems in use today include Calconp plotters, card readers,
line printers, teletypes with varying speeds (10, 15 and 30 cps).
W' ve concluded that there is a definite potential for devel op-
ing a hybrid shipbuilding conputer termnal. After talking

to a nunber of REAPS and non- REAPS shipyards, it is our con-
cluded opinion that a hybrid system conposed of off-the-shelf
conponents assenbled into a single systemis potentially
possible. This can all be done at a m ninmum cost conpared to
today’ s current market level for graphic termnals.

Anot her area we’'ve been involved in is the area of nesting.
W’ ve been conducting internal research and devel opnent ad-
dressing the potential of doing a nest routine on a cathode ray
tube here at IITRI.

So far, |’'ve discussed what REAPS has done. \Were does
REAPS go from here? What are we going to be doing fromthis
point on? The NC retrofit flame burners are a potenti al
project we will definitely follow W wll make every effort
to get that project funded and get the final specs and software
to the user. We will definitely continue the termnal efforts.
That is currently in our plans and within our resources. The
specifications for such a termnal would include the follow ng:
a 16-bit minicomputer, a 300 cpm card reader, a 300 lpm
printer, a 19-inch CRT, a paper tape reader/punch, sone type
of mass storage device, an nc drafting machine with intelli-
gent controller, a five-foot by eight-foot NC drafting table,

and all of the necessary software to interface the various



devices. We're looking at a current narket price of about
$150, 000 for this terminal. That's roughly $100,000 Iess
than any commercially available graphics termnal on the

mar ket today.

VW will also continue to do some of the nest work that

we' ve done on the CRT, as tine permts.

This is the sumtotal of what we have done to date and
rather a quick glinpse of what we plan to do in the future.
But 1'd like to stress one very inportant thing. Qur prinary
objective is to address problens in shipbuilding, problens

that when resolved will enhance productivity. Ve can do that

only with your assistance, both the REAPS yard and the non-
REAPS yard. Please let us know your problenms. W cannot
begin to address or resolve those problens until we know

what they are.
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THE UPDATED REAPS AUTOKON SYSTEM

Patricia D. Taska
1T Research Institute

Chicago, Illinois

Ms. Taska is currently involved in the technical support
and mai ntenance of the AUTOKON-71 System  Her mmjor tasks
I nclude processing Analysis Requests, releasing new system
versions, and coordinating program nodifications.

Sone past involvenents in data processing include: the
design of a reduction programto handle skin burn data; current
enhancenent of three-dimensional plotting for deformed neshes;

I nprovenment of crane boom anal ysis test data and a post-pro-
cessing program
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1. BACKGROUND
1. What is the AUTOKON Systeni?

Before surveying the current version of the updated REAPS
AUTOKON System it mght be useful to take a look at the genera

structure of the Systemand its prograns.

Slide 1.

The AUTOKON Systemis a collection of 11 major conputer pro-
grans for ship design and construction. Each 'major program or
modul e, runs independently to perform a specified function. commu-
ni cation between nodules is acconplished through the use of a
common dat abase which serves as both a supplier and storehouse
of information. Input to a nodule may originate from the user or
the database; output from a nodule may be stored in the database
or may be punched on cards or papertape for eventual draw ng on
N C equi prent. The nodul es which nake up the System are

MSC - programfor initialization of the System database and
imted utilities

FAIR - programto fair offsets. A table of offsets and a
set of curves used as reference contours are produced
for later reference by other AUTOKON prograns.

DRAW - programto read curves stored by FAIR and produce
ESSI output for eventual drawing of the curves.

TRABO - programto transfer the bodyplan fromthe FAIR tem
porary database to the System database.

LANSKI - programto fit |ongitudinal curves on the hull sur-
face and store the Tables of Details into the data-
base.

SHELL - programto produce N C burning tapes for the cutting
of shell plates.

TEMPLATE - programto produce shell plate tenplates and frane
t enpl at es.

ALKON - Parts programming nmodule. ALKON is an interpretive
anguage which lends itself to application in problem
solving situations. |Its features include capabilities
for a vocabul ary, stored prograns, plane geonetry
definition, curve fairing, text generation, N C output
production, and many others.

12



NEST - programto store nesting formats for parts to be cut
from steel plates.

PRODA - Brogran1for the generation of planning and production
at a.

PRELI KON - module for prelimnary |ines design.
DUP - utility program for database mani pul ation.

Through the interaction of these prograns with each other, a ship
Is taken fromthe initial design stages through the final production
st age.

2. The Standard U.S. Base Version

The AUTOKON System was originally devel oped in Norway and was
acquired in 1973 by the Maritinme Admnistration (MARAD) for avail a-
bility to U.S. Shipyards. |In Novenber of that year the Standard
u.S. Base V-ersion of the AUTOKON System was delivered to || TRI
and installed on a UNI VAC 1108 EXEC 8 conputer. At that time, the
System consisted of the 11 aforenentioned nodules at their then
current state of inprovenent.

Slide 2

In addition to the programs, the System contained a vocabul ary
and set of standard norns for the ALKON parts progranm ng nodul e
(norns are sets of stored ALKON code, nuch |ike subroutines); a
battery of acceptance tests for alnost all of the nodul es; and
users, systems, and installation documentation. Versions of the
AUTOKON System exist for several conputers, the UNIVAC, IBM CDC
and Honeywel| versions to name a few, however, all naintenance
activity on the U.S. version is currently being done on the UN VAC
1100 Series Version at IITRI. Plans for expanding the naintenance
support to include three versions of the System - the UN VAC, |BM
and Honeywel | versions - are underway and expected to be realized
in the near future

3. How Moddifications Oiginate

Since the initial inplenentation of the AUTOKON System an
unendi ng stream of updates to either enhance or correct the capa-
bilities has been generated. Two nmjor sources contribute these

updates: the REAPS Analysis Request (AR) Activity and the SRS
Mai nt enance Central Activity.

Slide 3

AR s are, as the nane suggests, requests to the REAPS Technica
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Staff from a user paxticipant to analyze a particular situation
regarding the AUTOKON S?/st em The requests may address any topic,
but in gneneral have fallen into two categories; €ither System
failure reports or suggestions for inmprovements, A standard form
has been prepared by the REAPS Staff for submtting requests,

Slide 4

It provides space for identifying the submtter the problem
and the installation on which the systemis nounted, As soon as
the AR is received at IITRI, the REAPS l|ibrarian assigns a nunber
toit, logs it in, and acknow edges receipt of the ARto the sub-
mtter. It is then forwarded to the Analysis Coordinator for
assignment to a nenber of the Technical Staff famliar with the
module in question. Effort is made to anal yze the request as
soon as possible and respond within a reasonable tinme period, de-
pending on the urgency of the request. In general, system failures
are resolved nore quickly than system enhancenents. Wen an AR
finally is resolved, the resolution is sent to the submtter to-
gether with all necessary program updates or docunentation changes.
Al'l other REARS partici Eants are notified of the problemif the
nature of the AR is such that its immediate attention is necessary.

Slide 5, 6 and 7

To date, a total of 87 AR s have been received by the Staff.
O those, 44 were requests for enhancenments and 43 were system
ilures. Forty-two, of the 87 have been resolved - 28 System

fa
failures and 14 enhancenents.

SRS Maintenance Central updates are nmerged with updates re-
sulting fromthe AR resolution activity to forma set of nodifi-
cations to the Base Version of AUTOKON. Periodically, the updates

Slide 8

will be released to the REAPS Participants, thus generating a new
Standard Version of the System  Such a release was nade about a
nonth ago, My 15th, of a new version of the AUTOKON System
Standard Version “A’.

11. Standard U.S. Version “A
1. Distribution
Slide 9
Version “A” was distributed to the yards via two nagnetic tapes
acconpani ed by distribution docunmentation of approximtely 130 pages

to assist the REAPS liechnical representatives in interpreting and
i mpl ementing the new System
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Covered in the distribution docunent were:
0 a description of the differences between the Base Version

and Version “A” visible to the user in application and
per f or mance,

o an expl anation of the individual updates to each Subroutine
and the reasons for the change,

Slide IO

o procedures for inplenentation of the New Version ™A%
i ncl udi ng suggested JCL (Job Control Language)

e changes to user’s and system docunentation resulting from
t he update, and

O a description of the new acceptance tests generated to
test the AR-generated updates-.

In all, five modules and three service progranms were upgraded by
t he update.

Slide 11

Standard Version !|'A” is the nost current version of the AUTOKON

System avail able to the REAPS CI)arti ci pants, offering considerably
I ncreased user capabilities and a nmarked inprovenment in perfor-
nmance.

1.2 Features of Standard Version “A

O the five nodules and three service prograrrs affected by
the update, the npbst extensive changes were nade to

Slide 12

0 AUTOBASE - optimzation of database routines led to inprove-
ments of apBroxi mately 20% in required CPU tine and 50%
[/0 tinme. rotection has been given to the database at
abnormal run term nation.

O ALKON - optimzation of parts programmng routines |ed
to 50% i nprovenments in ALKON runs over both required
CPU and 1/0 tine. Additional user capabilities were
introduced. Three volunes of user documentation were
witten. Several serious program bugs were elim nated.

O FAIR - input may be entered in a free format node for the

fairing process. Informative error messages have been
added. M nor program bugs have been corrected.
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O DUP - new commands are available for the database utility
program A new vol une of docunentation has been witten

e MSC - anew capability is available in the database
initialization routines. A volunme of user docunentation

has been witten.

Mbdul es ALKON and AUTOBASE (p’arts programming and database
routines) showed the nost striking inprovements in performnce.
Re-running the standard acceptance tests for ALKON on Version “A’
resulted in the aforenentioned observed savings of 50%in CPU
time and 50%in 1/0 tinme.

Slide 13

The acceptance tests are healthy exercises of the ALKON code, so
the claimcan be nade that, in general, saV|n?s of up to 507,across
the board can be expected, To observe the effects of database

optimi zation alone, the acceptance tests for nodules NEST (parts
nesting) and SHELL (shell plate devel opment) were re-run

Slide 14

Savings of 7% - 27%were observed in CPU tinme and 50 - 80%in 1/0
time required. Both of these nodules are actively used by the
dat abase and reflect the program inprovenents.

Exam ning the Updated AUTOKON System at cl ose range, the
new user capabilities that are avialable enmerge

1.2.1 Updat ed AUTOBASE
Slide 15

A serious problem existed on the Base Version of AUTOKON
that being the inability to close and access the System dat abase
shoul d one of the programs accessing it termnate in error due to
max time exceeded, system crash, etc. Version “A’ database routines
have been nodified to update the database only at successful run
conpletion.  Should an error occur which causes the run to abort,
t he database w |l assunme the status it had before the aborting
run began.

As has already been nentioned, considerable performance im
provenents have been observed of = 20% CPU time and 50 - 80%in
1/0 time. Changes to the logic for allocation of nenory buffers
is the chief contributor. The run tines for standard acceptance
tests follow
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BASE VERSI ON STANDARD VERSI ON “A”

Mbdul e Dat a CPU(sec) " L/O(sec) “ CPU(s'ec) I/Q(sec)
"Version 1 " Version 1

NEST NESTDATA/ USA 0:12.3 1:11.7 0:09.0 ?L 66 %
SHELL SHEL LDATA/ USA 0:42,9 2:06. 4 0:39. 8 :00.

1.2.2 Updated ALKON

The nost radically changed nmodule in Version “A~" is the
Barts progranm ng nmodul e, ALKON. User and system changes have
een nade to increase the features offered to the parts progranmer
whi | e decreasi n? t he programm ng costs involved in generating and
storing parts of a ship in the database.

New features available to the user are:
Slide 16

O Inproved logic for the contour intersection conmand | NT
I NT (+U+V+
Define point of intersection at approximte point (u,v)
falling wwthin the confines of a square w ndow enconpassi ng
the area (utW v+w). If the wi ndow parameter, w, is
omtted, an infifiite window is assuned. Because fewer
contour elements need be tested for possible intersection,
the total processing time wll decrease.

9 14 new functions are available to the user and are resol ved
by in-line FORTRAN code:

LI STVOC - List the ALKON vocabul ary
TANH(arg) - Get hyperbolic tangent of arg

EXP(arg) - Evaluate the exponential of arg
LN (arg? - EBEvaluate the natural logarithm of arg
LOG arg) - Evaluate the comon |ogarithm of arg

TRUNC(arg) - Truncate the fractional part of arg

MOD(+argl +arg2 ) - Find the remainder of the division of
argl by arg2

MAX(+argl +arg2 ) - Find the maxi num of argl and arg2

M N(+argl +arg2) - Find the mninum of argl and arg2

SIG\(+argl +arg2 ) - Transfer the sign of arg2 to argl

DI M +ar gl +ar g2) - Fi-gd the positive difference between argl
and arg2

FEET(arg) - Return the whole foot portion of arg (arg given

in mllineters).

17



I NCHES (arg) - Return the whole inch portion O arg

(arg in mllineters) less the whole foot
portion,

FRACT(arg) - Return the remmining fractional inch portion
of arg in mllineters less the whole foot
and whol e inches portions.

An exanple of the output from command LI STVOC fol | ows:
Slide 17

0 Two new norns were added to the standard norm set and
three norns were corrected:

Slide 18

MAXI (argl+. ..) - Find the maxi num of the given arguments.
Find the mninum of the given argunents.
HOLE102 - When manhole is requested and length = width of
hole, permt normto default to a circle.
ROUT3 - Correct erroneous list element from L4 to A4
BKT22 - Mdify normto work with left geonetry.

The old TRUNC normis deleted, since truncation can now be accom
plished by in-line FORTRAN code.

0 Option letter Z has been incorporated for control of the
stack trace.

%Zval - Control stack trace and dunp
if val< O - Trace off

= 1. - Trace on. For each stack
operation, the values of the operation type,
status, argunments, pointer, and stack entry
at pointer wll be printed.
>1, - Dunp stack. he entire stack,
list pointer and creation nunber are
printed.

O NEWor EQU statenents are permtted outside of a DO | oop

O Two features which are included as optional updates in
Version “A” permt default values of center touch on and
startpoint at the local origin.

0 Twenty-six error nmessages were changed and four new messages
were incorporated into Version “A’.

1 8



e Three vol unes of docunentation for the ALKON

Slide 19

Modul e have been released, Volunme 1, the ALKON Handbook, is a
reference guide. Al elenents of the ALKON | anguage are defined

Slide 20

and references are given to one of the other volumes for additional
detailed information. The procedures for accessing the System

dat abase are explained in depth. At the end of the Handbook, the

ALKON error nessages are given with supplenentary explanatory infornation

Volume 2 is the ALKON Programmers QGuide which describes the Ian%uage
and its capabilities supported by many illustrative exanples. he

third volune in the set, NORMS Descriptions, contains a conplete
set of descriptive infornmation for the standard norns library.
Toget her, the three volunes conpose a tool for |earning, applying,
and referencing the parts progranm ng construction |anguage.

Slide 21

For quick and easy reference to the ALKON error messages and
rel ated debugging information, an ALKON Reference Card has Dbeen
published as an aid to the experienced ALKON user who requires a
m ni num of handy reference material. The card is printed on 8
sides and can be folded to fit conveniently in a pocket.

e Several changes which are not directly visible to the user
have caused the performance inprovenments of 50% in CPU
and 50% in 1/0 times required to process an average ALKON
run. These statistics were determned by re-running the
ALKON acceptance test runs under Version “A’ and conparing
the CPU and 1/0 tines to the same runs done under the Base
Version. These considerable inprovenents will enable the
user to fully exploit the resources of ALKON with a
tremendous reduction in overhead. The actual acceptance
test run tinmes follow



BASE VERSI ON STANDARD VERSION "A"

Ver”s'ion" 9.1

Mbdul e Dat a Cpu(’s"ed)0 (s"e"c) CPU(sec) -
ALKON ALKONDATA1/ USA  0:56.1 3:04.6 0:31.2 1:35.6
ALKONDATA2 /USA  0:56,4 2:51.3 0:34.1 1:45.3
ALKONDATA3 /USA  0:21,1. . 1:28.6 0:11,2 0:31.0
Slide 22
The changes which contributed to the perfornmance inprovements
are in general: the renmoval of the Translation pass, PASSO the re-

coding of low |level nultiply-executed routines from FORTRAN to
assenbl er | anguage; the optimzation of norm and record storage
in the database; the optimzation of stack access routines; and
as already nmentioned, the inproved database accessing routines.

Many bugs were removed fromthe system As a result of two
corrections, a mssing end-of-file mark will produce a warning
message but allow execution to continue, and serious error nmessages
wi || abort a manuscript rather than permtting it to go on in an
error node.

Finally, twelve brief acceptance tests were witten to exercise'™
the new ALKON user functions

1.2.3 FAI R Updates

A free-format input ﬁrocesspr has been incorporated into the
FAIR nodule to elimnate the difficulties encountered in correctly
encoding input data. In addition, several useful enhancements have
been added to sinplify the task and help verify the data. The

maj or features of the processor are:
Slide 23
eto allow input to be encoded in an unrestricted format;

eto permt specification of the delimter separating input
data itens;

Oto permt comments anyhere in the input stream and on
i ndi vi dual cards;
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o to permt all nunbers to be specified in either real or
integral format, and literals to contain any nunber of
characters;

O to elimnate specification of the U S. vocabul ary;

@ to provide a units specifier to indicate decimal feet or
ft, /in. /16th over any range of the input;
0 to novide a scanning capability for pre-execution veri-

t
fication of the data; and

e to give concise error nessages designating syntax and
content errors on data cards.

No card types or input data are altered by the incorporation
of this processor, (except for the omssion of U S vocabulary
cards) so that the original FAIR Input _Data Forns can still be
used as a guide in preparing a deck. The free-format processor
relieves the user of the bother of fornmatting and permts himto
arrange his data in a direct and uncl uttered-nanner.

When fully utilizing this feature, data entry becones |ess
time-consumng and wll actually reduce the number of runs | ost
due to inproper data formats and mssing or incorrectly-specified
data. The savings realized in omtting bad runs should offset the
10% overhead for using the free format processing.

Slide 24

~Two sanple input streans are presented using the FFP. In
the first exanple, data is encoded in a conpact format with a comm
separating each data item Note the omssion of the U S. vocabulary.

Slide 25

The data in exanple 2 is spread over eight colums and right-
justified. A drum card would produce simlar |ooking data. The
| ank character delimts data fields. Comments are scattered
freely throughout the data. Both decinmal feet and mllineter units

are specified over various ranges by the 'UNIT'' comand.
Slide 26
Scanning input data before execution will show up many keypunch

and coding errors as evidenced by this sanmple output from the scanner
program

21



1.2.4 DUP Updates
Slide 27

Three new commands were added to the DUP, database utility,
nodul e for dunping records and catal ogs from the database. A
fourth command allows the user to specify whether non-active
records are to be kept or deleted from the database.

A new users manual for the program has been witten which
documents all wutilities available for database manipul ation.

1.2.5 M SC Updat es

_ M nor changes to this nodule for database initialization
involve the incorporation of the save/delete non-active records
opti on.

~ A users docunentation manual describing all the procedures
for initializing a new database has been witten

Slide 28 and 29

For the purposes of view ng the ESSI output produced by
runs performed at II TR, a graphics package utilizing CALCOW
calls for output to a TEKTRONI X graphics display termnal or to a
CALCOWP drum plotter has been devel oped. Sanplé plotted output
Is fromthe faired-curves drawing nodul e DRAW and the parts nesting
modul e NEST.

| n sunmary, the Updated REAPS AUTCOKON S¥sten1has emer ged
fromthe efforts of users and nmintenance staffs as a considerably
i nproved tool for the shipbuilding industry both in apBI|cat|pn
and performance. Through its continued use by the REAPS partici -
pants, nore enhancenents will be added in the future tailored to
the needs of those involved in the automated processes.




ALKON
TRABO

PRODA
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STANDARD U, S, BASE VERSION

« PROGRAMS

MODUIE
AUTOBASE
GENPUR
FAIR
DRAW
TRABO
MISCELLANEQUS
DINIT
DFREC
DFDEC
DFDTT
DFPPT
CHNAME
RS
DFCHAR
DFOPT
GEJOL
TRJOL
RECUT
DUP
SHELL
TEMPLATE
LANSK1
PRODA
ALKON
NEST
ALKNES

0 ALKON VOCABULARY
« ALKON NORMS

« ACCEPTANCE TESTS
« DOCUMENTATION

SLIDE 2
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HOW MODIFICATIONS ORIGINATE

REAPS AnaLvsis Request ACTIVITY

SRS MaINTENANCE CENTRAL ACTIVITY

SLIDE 3
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JL” n RESEARCH AND ENGINEER NG FOR AUTOMATION AND PRODUCTIVITY IN SHIPBUILDING ( REAPS )

ANALYSIS REQUEST

FROM:

AR #

(TO BE ASSIGNED BY 1ITR!)

AUTOKON MODULE VERS 10N

COMPUTER

OPERATING SYSTEM

PROBLEM:

USE ADDITIONAL SHEETS IF NECESSARY

ENCLOSURES:

L] LISTING

[ source DECK

[JTEST MATERIAL [J OTHER

DATE

NOTES :

O [f the area of

easi ly

problem
uncerta
the ent

p rog ram

2) In Alkon,

relating

| SIGNED:

the program causing the problem is

dentifiable, it would be appreciated if only the

area was subm itted. However, if thesre is

nty as to the relevant portion Of the program,

re program or a suitable simulat

on of the entire

should be submitted.

if nonstandard norms are used to generate data

to the problem area, it is important to include

these or a simulation of these as part of the documentation.

VT1229REV 6/75 IITRI

SEND TO:

REA,PS LIBRARIAN
IIT RESEARCH

INSTITUTE

10 WEST 35 STREET

CHICAGO,

ILLINOIS 60616

SLipE 4
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A R PROCESSING

REC’D

L4

ASSIGN #

!

LOG IN

!

ACKNOWLEDGE

.

RESOLVE

|

FORWARD
RESOL’N

SLIDE 5
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100

t REC’D <
(Y[
607"
10 | //742

RESOL’D

20

AUG OCT DEC FEB APR JUNE

A R acTiviTy
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%

40

2 &
20 17
28

A

FAIL ENHANCE

A R PROCESSING

UNRESGLVED

RESOLVED

NN EXTENSIVE

SLIDE 7
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REAPS MAINT

SRS MAINT

N

UPDATES

J

S

BASE VERSION

W

NEW STANDARD VERSION

SLIDE 8
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o SYS TAPES

s
<

DISTR' N
DOCMT'N

« BASE - vs “A™ VERS ION

« EXPLAIN UPDATES

o IMPL'N PROC

® DOCMNT'N CHGS

« ACC TESTS

SLIDE 9
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Tabul ation of Individual Updates

A REFERENCE OF ALL UPDATES APPLIED TO AUTOKON SYSTEM MODULES TO CREATE
STANDARD VERSION A

MODULE SUBRTN CHANGES ANO REAS'ONS
T 0 e T W T e T -

ALKON  ------ AR 74-033
INCCRPORATE LISTVOC COMMAND AND FIX IMPROPER NUMBER OF

LINES PER PAGE AS REGUESTED 1N AR 75=006,
*
LSTVOC LST~(C11500) t02100-02200~ (02300)*015100
ALKON ==ees= AR T74=016
F1X ERROR In PRINTIMG VERY LARGE NUMBERS AS ZERG INSTEA
0 QF 4ITH ASTFRISKS
*

NUMFT NUM» 02501

ALKON  -=---- AR 74-024
INCORPORATE OPTION Z TO CONTROL STACK TRACE OR STACK DU
rpP
*

OPT.2 OPT+03700+00200904201904801=04805

ALKON =~wwwe SRSRREAPS

OPTIMIZE I/Q AND STACK ROUTINES, ALLOW NEW OR EQU AFTER
PO=L OGP (AR 74~001),
*

ouUTl OUT01400~01500+01501+03301=03303¢903900
(04CG0) 1044019045009 (084600)+05100s(05200
205700 (05800)90630CGs(00AG0)s06900~0700
09(07100)90760040R200908201=0G8204¢0858700=
083004 (08900)+09400~09500+9(09600)+10100,
110002(¢11100)s11600+121019126004126011913
TO00»147004147014156000156800915801+18500
19500=199N0+19901=19905+21100921700~2220
0¢22201~22205+22900+22901+¢23300~239001(2
4000«244G0)

ALKGIl =mmmee REAPSLSKS
MODIFICATICON TGO MODULE VERSIGH nUMBERSy REMOVAL 4UF PASS
0
%
PART2 PAR+016C0+01601901900+0410049(04200~04300
J204600

ELIDE 10
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VERSION “A”

MODUl E

(*) AUTOBASE
(*) GENPUR
* FAIR
DRAW
* TRABO
* MISCELLANEOUS

DINIT
DFREC
DFDEC
DFDTT
DFPPT
CHNAME
RSI
DFCHAR
DFOPT
GEJOL
TRJOL
RECUT

* DUP
SHELL
TEMPLATE
LANSKI
PRODA

* ALKON
NEST

(*) ALKNES

* UpcrADED AUTOKON MODULES

llgll

O1 WO B~ O1 W

HEHE ORP PPN PP R R P ERPENNRE RN

[N

HH

H

[y

(*) UpcraDED AUTOKON™  service ROUTINES

SLIDE 11
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VERSION “A” IMPROVEMENTS

« AUTOBASE

« ALKON

e FAIR

e DUP

e MISC

PERFORMANCE  IMPROVEMENTS  20%/50%
PROTECTION

PERFORMANCE  IMPROVEMENTS  50%/50%
NEW USER CAPABILITIES
OPTIMIZATION

USER DOCUMENTATION

ELIMINATION OF BUGS

FREE FORMAT INPUT
NEW ERROR MESSAGES
ELIMINATION OF BUGS

NEW USER CAPABILITIES
USER DOCUMENTATION

NEW USER CAPABILITIES
USER DOCUMENTATION

SLIDE 12
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RUN TIME

4-00
3:30
3:00
2:30
2:00 \
| N | [N
1:30 QQ Et
§ N
1:00 N §
N
:30 >\ 5 §
% N
0 % AR)
LN DATA T A ljor DATA 2 ALKON DATA 3
CPU
BASE VERSION
1/0
7] (Pl
y VERSION A
Y /0
CPU_IMPROVEMENT 1/0 IMPROVEMENT
ALKON 43X 51 %

IMPROVED ALKON PERFORMANCE

SLIDE 13
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7
N

B N
5 N ;
iR
11117 g
NEST DATA SHELL DATA
CPU
BASE VERSION
1/0
CPU
VERSION “A”
1/0
CPU_IMPROVEMENT 1/0 1MPRQVEMENT
NEST 27% 81%
SHELL 1% 53%

IMPROVED DATABASE PERFORMANCE
SLIDE 14
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AUTOBASE

SYSTEM

« PROTECT DATABASE IF RUN ERR

« PERFORMANCE  IMPROVEMENTS
CPU: 7-27% 1/0: 50-80%

SLIDE 15
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AL KON

USER

® NEW CONTOUR INTERSECTION COMMAND

INT UV (u,v) = COORDINATES OF POINT
w = WINDGW HALFWIDTH

SLIDE 21 '

« 14 NEW USER FUNCTIONS

LISTVOC
TANH
EXP
LN
LOG
TRUNC
MOD
MAX
MIN
SIGN
DIM
FEET
INCHES
FRACT



LISTVOC ourpur

A LKON

A

ABS

AGUF

ACC
ACCOM
ACON
ACOS
ALIST
ALPHA
ANGLE
APAR
ARCL

ARG

ASIN

AT

AT ACCoM
ATAN
ATANTO
ATCASING
ATDECK
ATFLOOR
ATFOCSTLE
ALGIRDER
ATHFRAME
ATLBULK
ATLFRAME
ATPLSURF
ATPLTF
AIPOOP
ATSHELL
ATSSTRUC
ATSTRINGER
ATTFRAME
ATTTOP
AUXLIST
AUXT

AX

AXIS
AXLIST

BBUF
BETA

BKY

BLI ST

C

CASI NG
CASI NGHB. 1
CBUF

|7

VOCABULARY

0RD

SLI DE 17
39

GROUP

8
6
10
12
3

—
N

[EEN [EEN
N— N oo

[E=N

)
o\nwoonowwoooaowoon\)owwwwwwwwwwwwwwwwmmwomm

[EN

VARIANT

0
10
0
10
61
2
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ALKON
USER ( CONT’ D)
®  NEW NORMS
VAXI (ARGL+ ,, . )
MIND (ARGL+, ,, )
®  CORRECTED NORMS
HOLE102
BKT22
ROUT3

e  STACK TRACE OR DUMP CONTROL
% £ VAL

e NEW AND EQU PERMITTED AFTER DO-LOOP
o  DEFAULTS (OPTIONAL)

ON(CT)

$pT *

e 26 CHANGED ERROR MESSAGES

e 4 NEW ERROR MESSAGES

SLIDE 18
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ALKON
USER ( CONT’ D)
. DOCUMENTATION

VOLUME 1 ALKON HANDBOOK
- DEFINE ALKON LANGUAGE
- EXPLAIN DATABASE PROCEDURES
- EXPLAIN ERROR MESSAGES

VOLUME 2 ALKON PROGRAMMERS GUIDE
- DESCRIBE LANGUAGE APPLICATION
- GIVE NUMEROUS EXAMPLES

VOLUME 3 NORMS DESCRIPTIONS
- DESCRIBE STANDARD NORMS LIBRARY

ALKON REFERENCE CARD
- QUICK REFERENCE
- USER ERROR MESSAGES
- DEBUG INFORMATION

SLIDE 19
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AUTOKON Users” Manual Chapter 1: DI CTI ONARY

vol. 1 - ALKON HANDBOCK Sect. P PREFI X WORD P-12

Date: 1/75

Prefix Wrd . Word in word ,grQup Owth variant 1 which can
be used as a prefix to define two-part vocabu-
lary words.

2-111 -D. 2; see also Wrd Goup 2.

Primary Side “ See MAI NSI DE;

PRI NT CON Maj or word which causes a crude. plot of the

( PRI NTCON) contour matrix in XxBUE to be drawn on the
printer.

PRINT CON [ +xBUF] [ (+-nmatrix)]

defaults: xBUF? = SBUF,” nmatrix = CONMO

2-111-C2, 2-V-B3

Print Contents of See ROUT 408.
a List

SLIDE 20
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42 -



Resea"Ch and
E Q\neer\ ng for
ytomat io
Pro d\,\c’f.‘l‘“"y B
Ghi pbu“d‘“g

6/15

43 SLIDE 21



ALKON

SYSTEM

e TRANSLATION PASS REMOVAL

e FORTRAN ———— ASSEMBLER CODING

e OPTIMIZATION OF NORM, RECORD STORAGE

o OPTIMIZATION OF STACK ACCESS

e |MPROVED AUTOBASE ROUTINES

e REMOVAL OF SYSTEM BUGS

SLIDE 22
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T
—0

USER

FREE FORMAT

COMMENTS

UNITS SPECIFIER

SCANNER

FIX BUGS

SLIDE 23
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FAIR Data Encoded Under FFP

EXECy
FAIRING=CQURSE FOR SHIPHULLS YN 1 AFTBODY
BOUNDARY CURVE 3.MM IN FRONT OF MIDFRAME COMPARED TO 1108 ACC, TEST

FOR FAIR=1+THE VOCABULARY CARDS SHOULD BE CHANGED

TEST OF USA~VERSIONs INPUT IN DECe FEETt AND FEET

INCHES AND 16THS Gminw /3 RGA,K
OPTIONS91,10491e0la1let0,410,
TFRS
«B9154D2,001
151559D2,.789
559569011 .483
56¢57¢D7.546
57958270609
S827091507019FIN
wl.sP
0+199D3,281
19¢20402,297
20021440303 FIN
TFRF
55956144
560572
58970¢44FIN
wl FR
DeledyFIN
BRED'D63,894
HEIG*DO6EB, 898
RISFeD0,328
SAKE FrodH &%
BILGsDS,906
YneH4ai,
AFTE
BHDR
STMw
6,011.9D0,912,
5.910.!00.!51.
2.’11.’00"51‘
Oet13,¢0,1¢51,
16-!”8|’OnV3107FIN
STEM
w7 etDU2,815¢12,5
wbe?1040,305
“5,1381103
mlet371114
nw3,9370202¢11,
1,1033,963151,
8.’028.365’11’
QQ'DZZ’QL‘Q
101251014
114122310401 249F 1IN
TANG
193’00’51.JFIN
TANK
21.'003;353'51.5
25:41504u591e5
3211060108
39,0150507

SLIDE 24
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FAIR Data Encoded Under FFP

EXEC

FAIRING-COUKSE FOR SHIPHULL5 YN 1 AFTBODY

BOUNDARY CURVE 3S.MM IN FRONT OF MIDFRAME COMPARED TU 1108 ACC, TEST
FOR FAIR=1sTHE VOCABULAKY CARDS SHOULD BE CAANGED
TEST OF USA-VERSION? INPUT IN DEC, FEET AND FEET.

INCHES ANV 1671S 9m3=73 Reh, K
$
OPTIONS 1, 9, 1, 1, 1, 0. 0.
UNITS DECIMAL FEET
$ CURVE SPACINGS
TFRS
-8 15 2,001
15 55 2,789
55 56 11,483
56 57 7,546
UNITS FRACTIONAL FEE
57 56 70609
58 70 150/01 FI'N
KLSP
UNIT D
19 3,281
19 20 2,291
UNIT F
20 21 40303 FIN
TFRF
55 56 4
& al e
58 70 4 FIN
WLFR
0 1 4 FIN
d MAIN DIMENSIONS
UNITS DEC. FT.
BRED 65,894
HEIG 68,898
RLSF G.,328
GARB 5,084
BILG 5,906
YN 541,
AFTB
$ BOUNDARY DESC.
BNDR
STMw
6, 11, 0, 12,
5. 10. 0, 31,
2. i1, 0, 31,
0. 13, 0, 51,
16, - 8. 0, 31, FI N
STEM
.7, 42.815 12.5
-6 . 40.305
UNIT F
.5, 381103 SLI DE 25
-4, 371114
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FAIL R out put in SCAN node

*** Sc AN FAIR INPUT ***
OPTIONS 1. O 1.. 1. 1.

OPTIONS 1, 0. 1. 1, 1.
*** WRONG NO. FIELDS FOUND. MIN= 8 MAX= 8 FOUND= 6

T FRS

-8 15 D-2.001

15 55 D2,789

55 56 D11.4-~3

56 57 D7.546

57 58 70609

58 70 150701 FIN
WLSP

o 19 03.281

19 2002,297

20 21 40303 FN

TFRF
55 56 4
56 57 2
58 70 4 FIN
WLFR
0 1 4FIN

HEIG D68, 898
RISF DO. 328
GAHB D3. 084

BILG 05,906
h 43 Shhe
AFTB
BNDR
BRED D63. 894
BRED D63.894
*** DATA OUT OF ORDER OR FIN MISSIiNG TYPE EXPECTED=BOUNOARY
STMW
6. , DQ. 12.
5. 10, DO. 31,
2 11, Do, 31,
0. 13, OI 51-
***[LLEGAL CHARACTER IN COLUMN 1 OF FIELD **?20.
16, - 8. ?20. 31.
STEM
STEM

*** FIN MISSING
7% DU2,815 12,5

-7, D42.815 12,5
xx% UNKNOWN CARD TYPE FOUND *¥%% SLIDE 26
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DUP

« SAVE/DELETE NON-ACTIVE RECORDS

« 3 USER DUMP COMMANDS

« VOLUME 4 DUP USER DOCUMENTATION

M1SC

« SAVE/DELETE NON-ACTIVE RECORDS

« VOLUME 4 MISC USER DOCUMENTATION

SLI DE 27
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REAPS LONG RANGE PLANNI NG
VWHAT DO YARDS WANT; WHAT IS BEI NG DONE

Hunter H. Shu
[T Research Institute

Chicago, Illinois

Since 1972, Dr. Shu has been responsible for |ong range
planning with two groups of industrial sponsors to identify
manuf acturing devel opnents. H's past experience includes:

enpl oying elastomeric conponents for protection and iso.
lation from nechanical vibrations and shock, devising |abora-
tory procedures for the determnation of viscoelastic proper-
ties of elastomers, and studying the problem of heat dissipa-
tion of energy absorbers.

Bet ween 1969 and 1971, Dr. Shu was invited to teach at
National Taiwan University in the Republic of China. Courses
taught were nunerical analysis, conputer |anguages and pro-
gramm ng, and anal og conputation. He also served as an Ad-
junct Professor in the Institute of urban planning, Chung
Shin University, Taiwan, lecturing on planning nethods and
quantitative techniques which introduced probabilistic sinu-
| ation and operations research topics.
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TO IDENTIFY OPPORTUNITIES

AND

TO FORMULATE PLANS

OF

RESEARCH AND DEVELOPMENT

FOR

THE REAPS COMMUNITY

TYPES OQOF PROJECTS

e HARDWARE TO IMPROVE BASIC OPERATIONS
o SOFTWARE TO CONTROL AND/OR DIRECT HARDWARE
OTECHNICAL INFORMATION GENERATION AND TRANSFER

0 SHIPYARD MANAGEMENT AND PRODUCTION CONTROL
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PROJECT LIFE CYCLE

CONCE PT PROLIFERATION OF IDEAS

1
WORKING MODEL

v
PRODUCTION SYSTEM STANDARDIZATION

WHAT DO THE YARDS WANT?

o TO FORMULATE AND TO PLAN ORDERLY
DEVELOPMENTS

o TO MAXIMIZE USEFUL RESULTS

o TO ASSURE COMPATIBLE OUTPUTS
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SHIPYARD MODELING

o IDENTIFY FUNCTIONS IN THE SHIPYARD AND MATERIALS,
INFORMATION AND RESOURCES REQUIRED TO CARRY OUT
THESE FUNCTIONS ,

o INTERRELATE THESE FUNCTIONS IN A MEANINGFUL MANNER
FOR ANALYSIS ,

o CURRENT MODEL CONTAINS 11 MAJOR FUNCTIONS AND
53 SUB-FUNCTIONS IN A HIERARCHICAL STRUCTURE,

FUNCTIONS IN A SHIPYARD

A, 1 MASTER SCHEDULING & CONTROL

A,1,1  ESTABLISH KEY EVENTS SCHEDULE
A,1,2  ESTABLISH ERECTION SEQUENCE
A,1,3  ESTABLISH ERECTION SCHEDULE

A, 2 SYSTEMS ENGINEERING

A,2,1  ENGINEERING SCHEDULING & CONTROL

A,2,2  SUPPLEMENT Q, At MANUAL

A,2,3 . STRUCTURAL ENGINEERING

A,2,4  PROPULSION ENGINEERING

A,2,5 ELECTRICAL AND ELECTRONICS ENGINEERING
A,2 , 6 ENVIRONMENTAL SYSTEMS ENGINEERING

A,2 ,7 SYSTEMS INTEGRATION
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A,3

A,4

A,5
A,b6
A7
A,8

A,9

DETAILED DESIGN

A,3.1
A,3,2
A,3,3
A,3,4
A,3.5

PROCESS
A,4,1
A.4,2
A,4,3
A,4,4
A,4,5
A,4,6

DETAILED DESIGN SCHEDULING & CONTROL
STRUCTURAL AND FOUNDATION DESIGN
ELECTRIC AND ELECTRONIC DESIGN

HVAC AND MISCELLANEOUS DESIGN

DESIGN COORDINATION AND VERIFICATION

PLANNING AND LOFTING

PROCESS PLANNING SCHEDULING & CONTROL
PRODUCE STRUCTURAL WORK PACKAGES
PRODUCE NON-STRUCTURAL WORK PACKAGES
ESTABLISH SHOPFITTING PROCESS
ESTABLISH ERECTION PLAN

ESTABLISH OUTFITTING PROCESS

SHIP PRODUCTION SCHEDULING & CONTROL

PURCHASING/RECEIVING

NON-STRUCTURAL FABRICATION

STRUCTURAL FABRICATION & SHOPFITTING

ERECTION AND LAUNCHING

A,10 OUTFITTING

A1l

SEA TRIALS
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CRITICAL COMPONENTS

(BY FUNCTION)

0 SCHEDULING & CONTROL AT ALL TIMES

0 ENGINEERING COORDINATION

e DETAILED DESIGN VERIFICATION

o PRODUCTION OF WORK PACKAGES

CRITICAL COMPONENTS

(BY LABOR)

WELDING
SHIPFITTING
ENGINEERING

PIPEFITTING
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DESIRED SYSTEM CAPABILITIES

( SHORT RANGE )

o IDENTIFICATION OF AUTOKON
DEFICIENCIES

0 COMPARING WITH OTHER SHIPBUILDING
SOFTWARE SYSTEMS

0 DEFINING ENHANCEMENT PROJECTS
(14 DEFINED)

DESIRED SYSTEM CAPABILITIES

(MEDIUM & LONG RANGE)

0 SNAME 0-34-1 RECOMMENDATIONS ON
TECHNICAL AND RESEARCH PROGRAMS

0 VARIOUS TECHNICAL FORECASTS AND
STUDIES

o THE REAPS COMMUNITY
° U ,S NAVY AND OTHER SOURCES
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LIST OF POTENTIAL PROJECTS

0 SHIP DESIGN, CONSTRUCTION AND OPERATIONS TASKS
DOCUMENTATION

o EFFECTS OF PART TOLERANCE, WELDING DISTORTIONS,
FLIMSINESS OF CROSS SECTIONS; NON-RIGID
FOUNDATIONS, ERROR IN POSITIONING,” AND
MEASUREMENT TECHNIQUES ON DIMENSIONAL CONTROL

0 COMPUTER-AIDED SHIPYARD PLANNING, PRODUCTION
AND MATERIAL CONTROL SYSTEM

0 AUTOMATED PIPE FABRICATION

o0 ALL POSITION HIGH - DEPOSITE WELDING

0 AUTOMATED STEEL YARD

O TRANSPORT AND HANDLING SYSTEMS FOR SUB-MODULES
0 ADAPTIVE NC PLATE WARPING MACHING

O COMPUTER-AIDED PROCESS PLANNING FOR STEEL
FABRICATION AND SHOPFITTING

0 AUTOMATED DRAFTING FOR ENGINEERING AND DETAILED
DESIGN
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TARGET SYSTEM OBJECTIVES

OBJECTIVE 1: MINIMIZE SHIPFITTING COST:
o  MINIMIZE ENGINEERING CHANGES
> BETTER FABRICATION & ASSEMBLY INFORMATION
0 MORE ACCURATE PART PRODUCTION
0 BETTER MATERIAL HANDLING METHODS

OBJECTIVE 2: MINIMIZE PIPEFITTING COST:
0  STANDARDIZATION IN PIPING DESIGN
° BETTER FABRICATION & ASSEMBLY INFORMATION
0 AUTOMATION IN PIPE FABRICATION
° MORE PREFITTING PRIOR TO ERRECTION

OBJECTIVE 3: MAXIMIZE CONTROL OVER PRODUCTION:
¢ MORE FLEXIBLE PLANNING FOR PROCESSES
o MORE REALISTIC SCHEDULING
o BETTER SYCRONIZATION OF RESOURCES
0 BETTER CONTROL OVER MATERIALS

WHAT 1S BEING DONE ?

¢ MODEL SHIPYARD FUNCTIONS

e IDENTIFY CRITICAL SYSTEM COMPONENTS
e VOCALIZE DESIRED SYSTEM CAPABILITIES
@ ESTABLISH LONG RANGE TARGETS

¢ FORMULATE DEVELOPMENT PLANS
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APPLI CATI ON OF M NI COVPUTERS
N THE SHI PBUI LDI NG | NDUSTRY

Thomas Nystrom

Shi pping Research Services A/'S
Gsl o, Norway

M. Nystromis a Senior Consultant in the Adm nistrative
System area of Shi pping Research Servi ces.
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SUMVARY

Mni- and mcro conputers will be playing an increasingly
inmportant role in the shipbuilding industry, partly as a
substitute for - and partly in addition to the presently
used |arger conputers.

Thi s paper discusses sonme reasons for this devel opnent,

iIllustrated by current applications and devel opnents in
Nor way .
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1. | NTRODUCTI ON

When the nini-conputer “boonf started some years ago
it was heralded as the small conpanies’ entree to the
conputer age. ,And so, indeed, it has been. Today

m ni - conmput ers can be found in many conpani es which
earlier regarded a conputer as an unattainable |uxury.

This paper intends to discuss sonme areas and applications
in a shipyard where the mnis can be favorablY. intro-
duced. Current applications and devel opnents in Norway
will be used as exanples

This paper will also discuss future devel opnent of
mcro-conputers’’ -"-" dedicated to shipyard applications

The use of mni-conmputers in direct control and
automati on of production processes, etc., will not be
treated in this context, even though it isof

great inportance to an industry where shortage of
skilled labor is becomng a main problem

2. ENVI RONMENT

Mbst of the hardware and software devel opnent in
Norway concerning the shipbuilding industry, is done

in close cooperation 3BORg:: ..

A mni-conputer is often defined as EDp- equi prent
small in volune and lowin price ($ 10,000 -

20, 000), connected to different types of peripheral
equi pment; several conpilers are avail abl e using

a sinple operating system The same hardware

equi pnent can be used for several purposes.

Low pri ce EDP-hardware, based on a new hardware
technol ogy. Dedicated for one purpose. The
processing costs are very low. |Increasing the
hardware capacity is easy.

R . 65
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Central Institute for Industrial Research
Norwegi an Ship Research Institute

Det Norske Veritas

Aker G oup

and the Norwegi an hardware conpani es.

These institutes and conpanies are joint owners of
A\'S Fjerndata, which owns and runs a Univac 1110 and
and | BM 370\ 158. In addition to this centralized
conputing power, a nunber of smaller installations
have popped up during the |ast years and connected
to these renote conputers.

VWHY USE M NI OR M CRO?

Bef ore answering this question in general, let us
exam ne a typical devel opment of EDP conpetence in a
shipyard. Let us regard this devel opnent to be split
up into five different phases (there are no doubt nore
phases to cone after these):

Phase 1: The yard has no internal EDP-conpetence at all
Tasks requiring conmputing power is carried out
by neans of consultants, using service bureau
facilities. As an exanple, the author’s
conpany (SRS) each year carries out a nunber
of service jobs |like hydrostatic cal cul ations
lines fairing, shell expansion etc. for several.
yar ds.

Phase 2: The yard gets an in-house termnal, and builds
up user experience. The bulk of the EDP-
processing is often admnistrative routines
i ke patrolling, but technical calculations
are also carried out.
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Phase 3: This Phase is characterized by a rather
| arge use of EDP, with a corresponding
extension of the EDP-staff. If big enough,
the yard may have acquired “its own |arge
conmputer, or may have access to several com
puters by means of a nulti-nmachine term nal
The attention will be focused on application
systenms rather than hardware. Systens
devel oped or acquired will be rather ~
sophi sti cat ed.

Phase 4. Flexibility, reliability and overall econony
start to play a nore vital role. Information
systems are introduced, including nore stra-
tegic and long range systenms. On-line
applications are taken into use. The user
is in focus, and sone years ahead.

Phase 5 Integrated hardware and software systens are
devel oped by highly professional EDP conpani es.
Each “box” is designed and dedi cated for one
speci al purpose (master scheduling, job shop
scheduling, material admnistration etc.)
The mcro system can be used stand-al one or
in connection with a renpte conputer, accessing
the conmon data bases.

Assuming a yard is in phase four of the rather schematic
devel opnent line that is sketched above, why should it
choose to introduce mni-conputers, and for which

appl i cations?

The primary consideration is cost. Gosch' s |aw
(“twice the computer cost gives four tines the
conputing capacity”) no-longer applies. The high
overhead costs connected with a time-shared |arge com
puter will often favor ‘ mni-conputers, and so will
the recent years’ change in the cost ratio of software\
hardware. This applies especially for the new range of

]
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applications that ha's been introduced lately. Generally
speaking, mnis may be the best choice in conbinations

of on-line operation, when one application can fill the
capacity of one mni in longer periods of timer and in
some applications with much in/out and little processing.

| nproved accessibility is another major point when
choosing the mni. This is especially inportant, of
course, in connection with on-line systems. One sinply
cannot expect the first line user to wait through a

ti me-shared conputer’s usual turn.-around time to find
out, for instance, whether an itemis in stock or not,
while an inpatient person is waiting for the answer

on the other end of a tel ephone line or at the other
side of the counter.

Use of mini-conputers will often go together with de-
centralization of responsibility. An in-house mni-
conmputer will be nore manageable than a far away | arger
conmput er shared by many other users, and may boost the
mananger’s feeling of having control with his own data.
And, indeed, this may often be a fact nore than just a
feeling.

In applications where imediate control of input is of

i nportance, a mni-conputer either alone or in connection
with a large conputer may be of benefit. The reason for
this is, of course, that the mini - even if too small to
handl e the actual processing - can do all required control
of logic and syntax and imedi ately reject erroneous
input. This is also a matter of cost. Let us consider
that a typical registration costs kr. 0.50 - kr. 0.75
(10-15 US cents). If such a registration contains

an error, the cost may well be kr. 50,- - kr. 75,-

(10 to 15 US dollars), and sonetines considerably nore.
Wth a volune of say 100,000 registrations a nonth, you
can go a long way towards input control and still save
noney on it.
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Anot her inportant point with the on-line input control
(which by the way does not necessarily require a
mni-conputer) is that it is possible to nove the data
registration closer to t,he first line user. In addition
to controlling, the mni can be programmed to guide the
user through the registration process. Training and
instruction can be reduced to a mninmum and even

i nfrequent users can do rather conplex registrations.

By having,for instance, a ware-house attendant or a shop
foreman feeding data directly into the conputer, the
need for key-punching and editing of input is reduced,
and, hopefully, nmany sources of errors are elim nated.

A frequently heard prophesy is that key-punching depart -
ments will be non-existent within a few years.

Having briefly | ooked into the nmain reasons why it may
be of benefit to choose a mni-conputer, |et us next
examine in nore detail the projects within the

Nor wegi an shi pbui | di ng i ndustry where this type of

equi pnent is in use.

4, PHASE 3 AND 4
ON- LI NE/ BATCH AND THE USER I N FOCUS

How can we identify the user? wat functionally is
he doing in the shipyard environment? Does he need
any automated routines, on-line access, data base
etc. ? How frequent is the information flow between
this function and the other functions in the ship-
yard information systen? And how nuch information

is processed?
The answers to these questions will give:

Operation of the software (on-1ine and/or batch)

Har dwar e configurations (renote, mni, mcro)
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The detailed analysis of these problenms wll

Data storage (common data base,

Processi ng,

centralized or

Access tinme requirenents

System connections (data base
etc.)

“mai | -box”,

frame-work for

syst em

devel opnent

Fi g.

1

| ocal

de-central i zed

manual

data base etc. )

routi nesl

be the
of a shipyard information
s a very sinplified version of this

informati on system concerning the function scheduling

and materi a

adm ni strati on,

and the current appli-

cations:

System Qper ation Dat a _ .
Function_ Nane Mode Base Configuration_ _
Mast er M ni / Renot e
Schedul i ng BEPLA On-line/Batch |Centralized | Conmputer
Job Shop
Schedul i ng PLASI S Bat ch Centralized | Renote Conputer
Schedul i ng
Dock Erectio]
and Qut -
fittig OPTI VA Bat ch Centralized | Remote Conputer
Materi a
Adni ni - Local and M ni / Renot e
stration MAPLI S On-line/Batch |Centralized | Conputer
Steel Admini- | AGSIS On-1line/Batch |Local and M ni / Renot e
stration AUTOSTEE! Centralized | Computer
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N _ CURRENT RESOURCE LOADS
MASTER | STANDARD NETHORKS
DELIVERY DTE _—p  SCHEDULING STANDARD  S-CURVES
CONTRACT
SPECIFICATIONS BEPLA
D E FOR
DATE FOR: START PRODUCTION
- KEEL LAYING PRODUCTION
- LAUNCHING FACILITIES
- DELIVERY RESOURCES
g LOAD ON RESOURCES
SCHEDULING Dl JoB
gﬁiﬁﬁfﬁ;m DOCK ERECTION DATES SCHEDULING
STANDARD <:>
ﬁETNORKS} OPTIMA PLASIS WORK_PACKAGE:
MATERIAL - DRAWINGS
DRAWING DATES COMPONENT - Prece L'S;S
DATES - MaTERIAL SPEC,
STANDARD - PRODUCTION DATES
CONTRACT ==X pesioN MATERIAL PURCHASING
SPECIFICATIONS COMPONENT ivsesinal
WORK SPEC, MAPLIb 1111110111
DRAWINGS SUPPLIERS “INVENTORY
| INFORMATION | ADMINISTRATION
ANVENTORY ACTOUNT
- -
Fig. 1 : Shipyard Information System
Functions: - Scheduling
[ ] - Material Admnistration
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5. EXAMPLES OF CURRENT APPL| CATI ONS

5.1 MAPLIS - a material managenent tool
Mat erial managenent is a conplex yet all-inportant
task in a shipyard. The cost of naterial often
exceeds 60% of the total cost of a ship. |If some

materials are not avail able when they should be, the
whol e production can be delayed. M sunderstandi ngs
concerning specifications or timng can be critical.

To help solvel” - the problens of material managenent,
the information system MAPLIS is now being devel oped
at the Aker Goup’s Stord Yard.. The aimis “to serve

all departments working with information concerning
materials, and to give the users in these departnents
easy access to information at the time they need it to
do their job”. This nmeans that the system nust serve
an array of functions |ike design and engi neering,

pl anni ng, purchasing, stores adm nistration,

accounting, etc.

Concerning the basic design, three solutions were
consi der ed:

a. Running the systemin batch on a renote |arge
conputer (at Fjernd.ata in Gslo).

b. Operating partly in batch, partly on-line on a
renote large conputer.

C. A conbi nation of local on-line and renote batch
system

A conplete batch operation would have given the nost
strai ght-forward solution. Both devel opnent and
operation costs woul d have been relatively [ow, and
there would be no need to invest in additional equip-
ment. The price of one transaction was calculated to be
| ower than for the forner manual operation.

%% SHIPPIiNQ REBEARCH SERVICESA@ 72



@

|

(This factor is not, however, regarded as a nain
criterion for the systemis validity!).

From the user’s point of view, a batch system woul d

mean serious drawbacks. The system does not neet the
demand for easy access to stored information, and wll
not provide imedi ate answers to the nmany questions that
W |l be asked every day. Further, one would | oose the
on-line systenms possibilities of imrediate control of
input data. A batch system would al so nean nore
potential error sources in the input and output process.

Alternatives b. and c. would be equally good fromthe
user’s point of view, provided that the |arge computer’s
response time was good enough, and that the information
nost frequently asked fcr could be stored on the |ocal
computer. Alternative b., however, would nean |ess
investment in equipment (only local registration equiP
ment woul d be needed) , and. devel opment costs would
probably not be considerably higher than for a pure

bat ch system

To test further the relative nerits of alternatives

b. and c., Stord Yard undertook a rather extensive test.

An on-line registration and inquiry sub-system for

stock materials was devel oped and run for sonme nonths

over telephone line to the UNIVAC 1110 in GCslo. This

exercise proved . the response tine

to be too long, and the cost per transaction

was approxi mately seven (7) times the cost of the

simlar manual operation. (Reference (2))

As a result of this test, alternative c. was chosen.
On-line registration and inquiring is done on a |ocal
m ni - conput er . The nost frequently used data are
stored locally, and once or twice a day transactions
are transferred to the renote conputer for updating of
the data files there
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The conplete database will be on the large conputer.
Large report, statistics, etc. is done in batch-node
on the large conputer. The sanme applies to answers on
inquiries where the pertinent data is not stored

| ocal ly. The equi pnent used in connection with MAPLIS
is shown in figure 2.

"ON- LINE terminals for
data collecting and quering:

CONSOLE
= J PAPERTAPE
.\ TERMINAL
) P, o

COMPUTER LOCAL
DATA BASE

SM 4
42k, 16 bits)

TELETYPE / 1
- i

E
' LINE
COMMUNICATION 1 PRINTER
CONSOLE [®—*]  COMPUTER e

SM 4 - »| PAPERTAPE

(16 k, 16 bits )

READER I

MODEM

TELEPHONE
LINE
m MAIN DATA BASE:
REMOTE COMPUTER ' ORDERS
I SUPPLIERS
MATERIAL DEMAND
UNIVAC 1110 STOCK MATERIALS
[IBM 370/158) JOB INFORMATION
! MATERIAL
CONSUMPTION
\_/

Fig. 2. Hardware equipnent
M APLI S
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The MAPLI S system consists of a nunmber of stand-
al one nodul es. Each nodul e corresponds roughly to
one function in the material management.

AUTOSTEEL - a |local steel information system

The AUTOSTEEL system |fig. 3, |- currently under devel op-
ment at the Aker G oup s Bergen yard (Bergens Mek.
Verksteder) - intends to handle all information about
steel materials that is needed in the yard. This

means that the system nust serve tasks I|ike:

Stockyard marshaling

- Requirement specification from the draw ng
of fices

- Steel ordering

- Control and registration of received steel
shi pment s

- Registration of steel consunption

Production planning

The AUTOSTEEL systemw || be linked to other systens,
partly manually (e.g. to the unit production planning
system PLASIS) , partly by having direct access to
anot her systenmis data base (the Aker Goup’s steel
information system AGSIS)
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ON-LINE terminais for

data collecting and quering:

DISPLAY \\\

.
.
.
-
.

CONSOLE
A

Y

PAPERTAPE

N

TERMINAL
COMPUTER

AUTOSTEEL
SM 4

{48%, 16 bits)

CCMMUNICATION
CCMPUTER

SM &
(16 %, 16 bits )

?
$

LOCAL
DATA BASE

LINE

READER

£

LiNE

REMOTE COMPUTER

UNIVAC 111Q
{ IBM 370/158)

Fig. 3: Hardware equipment

AGSIS/AUTOSTEEL
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PRINTER

PAPERTAPE

>

MAIN DATA BASE:

ORDERED STEEL
STEEL MILL SPEC.
RECEIVED STEEL
STEEL CONSUMP,
MARK NUMBERS
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The system is designed as an on-line, real-tine

system but can also be operated in batch-node. It

will be run on a dedicated 32 k m ni-conputer

(Kongsberg SM4) with a disc drive. Qher peripherals
are not finally decided. A nunber of termnals (tele-
types or visual display units) will, however, be |ocated
inthe yard, initially in the drawing office, in the

pl anning office, and close to the steel stockyard.

The AUTOSTEEL is a |ocal operation with nmuch in/out

and little processing. Except for sone input data

exchanged in batch with the AGSIS system all regis-
tration and inquiries are done locally in the yard;.

For this particular application, the mni-conputer was
found to be the best choice, both economcally and to

satisfy the user’s demand of guided on-line registration
and inmediate response on inquiries.

5.3 An on-line accounting and | edger system

The Aker Goup's yards are conbining shipbuilding
Wi th other activities like ship repairing, building of
engi nes and equi pnent, and. general metal working
producti on. This is the case with the downtown Gslo
yard (Nyl ands Verksted) where they have found it desir-
able to get better control over both suppliers’ and
custoners’ |edgers. A systemthat is devel oped for
this purpose results in a considerable
reduction of unsettled customers’ accounts, and re-
duces both the costs and errors of today’s sem -nmanual
routine.

The foll ow ng denands are placed on the new system

It rmust be possible to input data, ask questions
and get answers on different types of equi pnent.
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- The format of an input transaction nust be
I ndi cated automatically on the screen/printer
and the operator nust be guided in the registration
if necessary

- Both syntax and |ogic of the input nust be con-
trolled while the registration takes place

- Input errors must imediately be pointed out and
necessary corrective neasures indicated.

It must be possible to retrieve data by inquiring
on several different criteria.

- The system nust be flexible and allow new trans-
action types, new files, and new inquiry routines
to be introduced.

- It nmust be possible to extend the hardware’s
capacity.

To neet these demands it has been decided that the
system shal|l operate on a mni-conputer for inquiries
and for registration and updating of certain data, while
the main processing of data will take place on a |arge
central conputer (18m370/158)

Conput er ai ded desi gn

Conput er aided design (CAD) is an interesting area

for application of mni-conputers. A current exanple
is the NEST nodul e of the AUTOKON system A new

devel opment will allow the draftsman to take out
relevant information fromthe systenis data base, and
do the nesting of parts in an interactive node by neans
of a mni-conputer and a data screen (“Storage tube”).
When a satisfactory result is achieved the fina
information is transferred back to the main systenis
data base.
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Anot her possible project in the AUTOKON field is a
programre to search out and update norms (a normis

a coded standardi zed geonetrical description, for
instance of a cut-out or of a sub-assenbly) . It is
bel i eved that such a programme will help the designer
to easily find the normhe is searching, and to contro
it visually on the spot.

A new CAD application which will be using mni-
conputers and data screens in the Aker Goup is
AUTCFI T, a maj or devel opment project for a system

for design and production of pipes and related com
ponents. Possi bl e m ni-conputer applications in this
connection could be interactive conpletion of piping
sketches, as well as changes and nodifications to
such sketches. The main benefit is that the designer
can get the visual picture of the existing arrangenent
and constraints, and can imedi ately see the result

of his work. Once he has reached a satisfactory
result, this result is stored nunerically in the data
base and is available for other users, for further
changes, and finally for producti on.

M scel | aneous applications.

In addition to the applications of mni-conputers

in local or local/renpote data processing, mni-
conputers are used as renote job entry termnals (RJE)
in several of the Aker Goup’s conpanies. Mni-
conputers are also working as directors in NNC
appl i cations.

Several of the mni-conputers are |inked together

in. so-called data nets or conputer networks. An
exanpl e of such a network can be found in the Bergen
yard, fig. 4, where 4 Kongshberg SM4'S are installed:
two in the EDP departnent, one in the engine factory
(about 20 kil oneters away), and one at the draw ng
center.
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Fig. 4: Hardware equipment

Bergen yard, Norway
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PHASE 5: THE DEDI CATED M CRO COVPUTER

The Norwegi an institutions, Norwegian shi powners,
and the hardware conpany Data |Industri have recently
started working on a new project:

The dedi cated mcro conmputer for shipowners and

shi pyar ds.

The main reasons for starting this project were the
facts that the software and hardware integration by
using mcro wll:

G ve the users access to software packages,
especially witten for these types of industry,
wi thout a very high investnent in hardware, in-
stallation, training, etc

G ve the renpte or mni-conputer user a
possibility to increase his processing capacity
(add another CPU, 2K bytes ROMetc.) |less

expensively than for normal hardware extensions.

Wien integrating the hardware and software, the
operating systemw ||l be very sinple, the
reliability high and the error frequency |ow

The costs concerning software devel opment will increase
by using mcro, because the error frequency nust be as
| ow as possible. If fatal errors occur in the soft-
ware, the user has to return the whole mcro unit.

What can the dedicated mcro be used for in the ship-
buil ding industry? |In fact, for the same functions
as indicated on fig. 1, The hardware sol utions
depends on the information flow and whether there is
a need for access to a centralized data base or not.
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Al'l these conputers are linked to each other, and
each =“- onc “may be : connected to either

the UNIVAC or the IBM conputer at Fjerndata in
Gslo, as well as to two other conputer centers.

An interesting development in this context is the
so-called Flexible User Terminal. This termna
will be a mni-conmputer acting as a “switbh-board"
bet ween ot her conputers and between conputers and
peri pheral equipnent.

A general (if not un-biased) presentation of features,
advant ages and applications of conmputer networks is
given in reference (3). The reader is also referred
to the philosophy of “conmunicating data processing”
in a shipyard as presented by professor Reenskaug at

| ast year’s | CCAS Conference in Tokyo (Ref. 5).
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6. PHASE 5: THE DEDI CATED M CRO COVPUTER

The Norwegi an institutions, Norwegian shi powners,
and the hardware conpany Data |ndustri have recently
started working on a new project:

The dedi cated micro conputer for shipowners and

shi pyar ds.

The main reasons for starting this project were the
facts that the software and hardware integration by
using mcro wll:

G ve the users access to software packages,
especially witten for these types of industry,
wi thout a very high investnent in hardware, in-
stallation, training, etc.

Gve the renote or mni-conputer user a
possibility to increase his processing capacity
(add another CPU, 2K bytes ROMetc.) |ess
expensively than for nornal hardware extensions.

Wien integrating the hardware and software, the
operating systemwll be very sinple, the
reliability high and the error frequency | ow.

The costs concerning software devel opnent will increase
by using mcro, because the error frequency nust be as
| ow as possible. If fatal errors occur in the soft-
ware, the user has to return the whole micro unit.

Wiat can the dedicated mcro be used for in the ship-
buil ding industry? |In fact, for the same functions
as indicated on fig. 1. The hardware sol utions
depends on the information flow and whether there is
a need for access to a centralized data base or not.
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Future Mcro Applications:

Data Base

Function eration Md

Mast er M cro stand-al one

Schedul i ng or network

Job Shop M cr o/ Renot e

Schedul I ng conmput er

Dock Erection M cr o/ Renot e

and Qutfitting

Mat eri al M cro/ Renot e

Admi ni stration

Pre-estimtion/ M cro/ Renot e

post cal cul ation

Fol lowup Mcro network/Renote
Fig. 5

Some micro/ renote conputer

are gi

ven on| fig. 6:

Local

Local and centralized

Local and centralized

Local and centralized

Centralized

Local and centralized

iindi cates one nicro conputer structure ‘“

har dwar e confi gurations

The micro as a direct extension to the processing
capacity of the renote conputer. The nicro
sof t war e

contains the user

The micro as partly stand-alone with a | ocal
data base. Access to the renote conmputer is via

a slow speed line.

St and- al one (“the master schedul i ng machine”,
etc.) with data base and peripheral equipnent.

As a network of micros and renote conputer.

Je

ROM = Read-Only-Memory. RAM
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M CRO COVPUTER
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STORAGE
FLOPPY
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HARDWARE COST : $ 14,000

Fig. 5
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‘MICRO REMOTE 1, MICRO WITHOUT

COMPUTER HIGH SPEED COMPUTER PASS-STORAGE
LINE
<\j
MICRO .| REMOTE 2. MICRO WITH
COMPUTER SLOW SPEED cOMPUTER MASS-STORAGE
LI NE
/
MICRO
COMPUTER 3, STAND-ALONE
f
ICRO le—» MICRO +—» REMOTE &4, NETWORK
COMPUTER |~ | COMPUTER COMPUTER
l /
|
i (
1
e JAmicro |77 L
COMPUTER L. 4
A
BASIC CONFIGURATIONS
Fig. 6
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1. CONCLUSI ONS

As the application of mini- and mcro-conputers

for administrative purposes increases, there seens

to be two different devel opment directions in the

use of such machines. One is that |ocal applications
are done on dedi cated conputers, which to a certain
extent can utilize the in/out equipnent of a common
comruni cation conputer. The conmmuni cation conputers
and the peripheral equi pnment shoul d be standardized,
while the hardware required to each | ocal application
can be tailor-nade as long as it can be interfaced
with the communication conputers and the peripherals.
Anot her possibility is to use nore sophisticated

| ocal conputers that can take care of both communi -
cation and |ocal processing
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SOFTWARE ENG NEEERING FOR A
DI A TI ZER' M Nl COWPUTER  BASED
Pl PI NG DATA SYSTEM

Patri ck W Rourke

Newport News Shipbuilding and Dry Dock Company
Newport News, Virginia

M. Rourke is in the Engineering Technical Department
at Newport News Shipbuilding; he is the architect of NewPort
News’ CAPDAMS system a conputer-aided piping design and manu-
facturing system
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1. | NTRODUCTI ON

The prelinmnary system design phase reported here consisted
of an in depth study of the hardware and software requirenents for
piping digitizing, and for pipe manufacturing docunents generation~
followed by evaluations of hardware and software vendors. A
speci fication describing the requirenents for piping digitizing,

was prepared and nailed to 17 vendors.

A prelimnary evaluation indicates that the
avai | abl e packaged interactive graphics systens are probably not
suited for this project because of their high cost and |ack of
strong data base software. This is discussed in Section 2.

A systens design was done to evaluate the cost of in-house
devel opnment of software.

The first task of the system design was to define a feasible
set of capabilities for the digitizer-mni-conputer system
Sel ected capabilities are listed in outline formin Section 3.

A nunber of sinmulations of different input |anguages were
performed using a nockup digitizer and design station. The con-
clusions from this work are that operator productivity is dependent
on the nunber of steps which the conmputer can perform automatically,
rather than on the specific input |anguage. | f the operator worked
w t hout stopping for breaks, the operator throughput rate wth
automati c conponent selection using decision rules and a catal og.
file was 3 parts per mnute per station. This is equivalent to
one |large tanker detailed every 5 nonths, with only one design

station. This is, of course, not a realistic pace for a single
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detailer to sustain all day Iong. It does indicate the high
productivity potential of the system however.

A key feature of the in-house design proposed here is software
portability. This can be achieved through the use of a very
clearly defined “software environment” inside of which all front-
end programs are witten in ANSI standard FORTRAN.  This “software
environment”, described in Section 5, could be established on a
nunber of different makes of conputers.

A study of response tinmes, disk accesses, and conputati onal
requi rements, described in Appendix A shows that inplenentation of
the front-end software on a mini-conputer is the nobst econonica
appr oach. Al though the disk and core storage requirenents of
the software are nodest in terns of l|arge conputers, a
concentrated anount of accessing and processing is perforned on
this data. Real -time response to four active digitizer stations
would tie up 25% of the time of a main conputer. he resul ting
conputer tine charges could in one year exceed the purchase price of
the front-end mni-conputer proposed. The proposed hardware
configuration is outlined in Section 4. (Cost estimates are

listed in Appendix F.
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The overall benefits of a conputer based piping design system
are reduced manufacturing costs through:
(1) early detection and elimnation of design errors,
(2) generation of specific manufacturing instructions for each
manuf acturing operation, and
(3) reduction of scrap material through nmore careful. calculation
of pipe |engths.
A pro-forma exanination of the costs and benefits of the proposed

system is presented in Appendix C

2. PRELI M NARY VENDOR EVALUATI ON

Prelimnary evaluation of vendors indicates two options:
(1) Start with one of the existing systens for interactive
graphi cs design, and add data base nanagenent capabilities and
appl i cations prograns.
Advant ages:
(a) Hardware perfornms sonme visible task as soon as it arrives.
(b) Digitizer input and graphic display software is furnished.
(c) System has proven ability to function in a heavily
I nteractive environnent.
Di sadvant ages:
(a) Available systems do not use standard nanufacturer’s
operating systenms, limting program devel opnent facilities

and nmulti-tasking architecture.

92



(b) Add-on data nmanagenment capabilities are limted and
difficult to change and grow with. Adding additiona
data el enents and chains to the data base at a later date
is difficult.

(c) Applications programring is generally expensive to inplenent.

(d) The systens are relatively expensive, both for prototype
and for following systems for other shipyards.

(e) No software potability to different hardware.

(2) start with a standard m ni-conputer configuration with a
mul ti-tasking real tine operating system FORTRAN conpiler
capabl e of generating re-entrant code, and a CODASYL type data
base managenent package.

Advant ages:

(a) provides software standardization and portability.

(b) Provides conprehensive treatnment of data base, including
segnentation into small files, efficient buffering of
mass storage, backup, and future growth capability.

(c) Makes available | ower hardware cost to user shipyards.

Di sadvant ages:

(a) Lack of graphics software.

(b) Response with generalized data base may be slower than
W th specialized graphics data files.

Qur experience has indicated that nost graphics software is
actually 75 percent data base nanipul ation. Adding data base
software to existing graphics systens appears to be nore expensive
t han addi ng graphics software to a standard data base nmanagenent

system
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3. CAPABI LI TITES OQUTLI NE FOR | NPUT STATI ON

The phase one proposal descri bes the general

operating objectives sought in the input station system
In order to achieve these objectives the follow ng capabilities nust
be devel oped.

3.1 |Input Subsystem

3.1.1 View Definition

A view is a specific area of the ship which maps t0 a rectangul ar
region on the input drawing, the CRT, or the plotter. The location
and orientation of views shall be definable by three methods:
(a) The position in space of plan., section, or elevation
views nay be given by l|ocating several structural reference
points within the space.
(b) Views nay be defined |ooking down a pipe leg, or
| ooking normal to a pair of pipe legs. This capability is
particularly useful for conposing pipe detail plots.
(c) Views may be defined as cross-sections through an existing view.
3.1.2 Point Location

One or nore coordinates of points in a ship may be defined

by the follow ng methods:

94



(a) touching the digitizer (or CRT cursor) to a point within
one of the defined draw ng views,
(b) typing in the absolute coordinates at the keyboard.
(c) typing in dinensions relative to ship's structure,
such as “10 inches aft of frame 120".
(d) typing in dinmensions relative to other piping points
previously input.
3.1.3 Pipe Run Definition

A string of points, |ocated as defined above, may be .
declared to be a pipe run. Asa mimnmum a diameter nust be
specified for the pipe run, and an attribute nust be dec| ared
for each point. Allowable attributes are END, BEND, or BRANCH for
pi pes, and CENTER, END, or DATUM for fittings and valves. Some
indication of the type of fitting is required. Attributes are
al so all owed where the type of fitting will be determned |ater.
An exanple is TURN, which may become a bend, or a 90° or 45° el bow
3.1.4 Fitting and Valve Definition

Fitting geometry may be entered in a |ocal coordinate
system convenient for the fitting. Two steps are required:
(a) Define the basic fitting prototype. A prototype defines
a basic shape, such as a Tee or 90° elbow. A |anguage
wi |l be provided for defining new prototypes, but the initial
set of approximately 100 prototypes provided with the system

wi |l cover nmost fittings and val ves.
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(b) Input the dinensions of the specific fitting, referring
to the appropriate prototype. This step should be rapid. A
90° el bow, for exanple, only requires the entry of 5 dinmensions.

3.2 Processing Subsystem

3.2.1 Fitting Selection

Using a file of conponent selection rules, replace designer
i nput statenents such as TURN, BRANCH, OR MECHANI CAL JO NT with
reference to specific conponents.
3.2.2 Conponent orientation

When specific fittings or valves have been input by the
designer, or automatically selected as descri bed above,
determne the orientation in space from the conponent |ocal geonetry
and the geonetry of the connected piping.
3.2.3 Error Detection - Pipes

Compare the geonetry of bent piping wth the geonetry of
t he avail abl e pi pe bending machines, to verify that the pipe can
be bent.
3.2.4 Error Detection - Joints

Check the dianmeter, end type, and alignnent of all parts
nmeeting at joints.

3.3 Qutput Subsystem

3.3.1 G aphi cal

Any view defined by the view definition process described

in Section 3.1 may be output to the plotter. This includes the
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capability to generate operator conposed pipe detail and pipe
assenbly drawings, and centerline check prints. Fittings will be
drawn according to their prototype envelope definition. Figure
1 shows an exanple of an output plot.
3.3.2 Al phanuneric

A list of the components entered by the designer and/or
sel ected by the conputer may be printed on a printer, or may

be output at a specified location on draw ngs produced by the

plotter.

4, HARDWARE ENVI RONVENT

The projected hardware environment is shown in|Figure 2.

Included is a mni-conputer with several million bytes of nass
storage, renovable serial nedia for off-line storage of data, an
interface for comunication with a main host conputer, and one or
more design stations. Each design station consists of an input
digitizer, a keyboard, an output graphical display device, and

an out put display device for al phanuneric nmessages.

5. SOFTWARE ENVI RONMVENT

The proposed environnment in which the piping applications

programs woul d operate is shown in Figure 3. The proposed

envi ronment consists of a master program (nulti-tasking real-

time operating system) which controls and schedul es the
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execution of the application prograns tasks, and coordi nates

all input and output. Under control of the operating system
would be a utility routine to accept input from digitizers,
keyboards, and CRT joysticks. This routine would translate
digitizer bit strings into x, y coordinates, attach a source
device identification, and place it in a queue. CQutput from the
applications tasks to the graphic displays would be via a standard
plot routine accepting x, y coordinate pairs and a “pen up” or
“pen down” code. CQutput of strings of characters to the

di spl ays woul d be through another routine.

The nost inportant piece of non-applications software
formng the software environnent would be the data base
managenment program  This package nust include callable routines
for storing, retrieving, and nodifying records in the data base.
The | anguage of the applications prograns will be ANSI standard
FORTRAN |V.  For reasons of portability, it is desirable that the

data base nanagenent program conformto the formrecomended by the

CODASYL comm ttee.
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File Type

AUTOKON hul |

data files

Machi nery
npzzles
files

Nast er pipe
& fittings
cat al og

system pi pe
& fittings
cat al og

Conponent

sel ection
schedul e

files

Pi pe geonetry

files

Kbytes/file

100

200

110

61

12

140

TABLE 1

DATA BASE SIZE AND POSSI BLE SEQVENTATI ON

Fi | es/ship
design

30

30

900*

Total files Total Kbytes. Expected Files
5 ship designs 5 ship designs on-line
150 15000 8
10 2000 3
10 1100 5
150 9150 3
50 600 3
4500 630000 8

30
files
on-1ine

*300 pi pe geomfiles (draw ngs)/ship class, but an average of 3 versions of each file

Kbyt es
on-1line

800

600

550

183

1120

3.3 Megabytes
on-line




FIGURE 1. POSSIBLE HARDWARE CONFIGURATION
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TABLE 4
PRQJIECTED PEAK LOAD

System Data Base Control Vect or
Conf i guration Accesses Qps Qps
2 digitizers 70/ sec. 500/ sec. 500/ sec.
4 digitizers 120/ sec. 900/ sec. 900/ sec.
4 digitizers + 220/ sec. 1100/ sec. 1500/ sec.

future tasks



FIGURE 8

ALLOWABLE DISK ACCESS TIME VS. PAGE FAULT RATIO
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FI GURE 9

ESTI MATED PAGE FAULT RATI O VS.
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APPENDI X C
Pro Forma Cost Anal ysis

Cost savings fromthe use of the system proposed here are
in three areas:
(1) direct labor savings in design and manufacture,
(2) material savings resulting froma nore accurate
estimte of pipe |engths,
(3) secondary |abor and material savings froma nore error
free design.

Over and above these factors, one
of the nmpbst inportant real reasons for going to conputerized
piping design is that the sinplified and very specific manufacturing
instructions generated reduce the skill level required in the pipe
shop. This is not intended to replace skilled pipe fitters. It
Is instead a survival technique in the face of chronic shortages

of skilled pipe fitters.

Tables C-1 fthrough C-3 present a pro forma cost analysis

for the use of the system described in this report. |apor rates,
average manhours and error rates wth and wi thout the m ni-conputer,
must be determined by each yard to their own satisfaction for their
particular method of operation. As a starting point for discussion
some round nunbers are listed in the tables. These do not

represent Newport News Shipbuilding costs, but they are at

| east within the right” order of magnitude. Unit costs are stated

in terns of pipe detail assenblies. A |arge tanker has, approxinately
9000 detail sub-assemblies, while nost other |arge conmercial ships

have in the vicinity of 3000 details.
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Variable Costs (per pipe detail sub-assenbly)

Desi gn Manual Co'r&lpgggr ] Difference
Lift geonetry, conpose Views,
sel ect specific conponents $64 $48 -16
Pr Sggaﬁers]thgp manuf act uri ng L6 ] -
Material takeoff 1 0 -1
$- 25
Design Error Rate 5% 2% - 3%
Manuf act uri ng
Mat eri al 100 95 - 5
Shop | abor 100 90 -10
Ship | abor 100 100 0
Rewor k/ Ri pout Materi al 5 2
Rewor k/ Ri pout Ship | abor 5 2 -3
Rewor k/ Ri pout Ship | abor 5 2
$-24

Table CG1

108




Fi xed Cost

I n-house study of costs/benefits $ 10, 000
Digitizer and mni-conputer hardware 100, 000
M ni - conmput er data base ngt software 10, 000
Pi pi ng applications software free

Convert data file and pipe bending, 10, 000

joint map progranms to main conputer

Interface data file to owm materi al

I nventory system 10, 000
Train personnel 10, 000
$150, 000

Table C2

Return on | nvest ment

Manuf acturing only

$150, 000
§ 24 = 6, 250 detail sub-assenblies
Detail only
150, 000
75 = 6, 000 detail sub-assetilies
Typi cal yard:
bui | ds/year one tanker @ 9000 sub-assys.
one bul k

carrier @ 3000 sub-assys
12000 nfgr. sub/assys/year

design one bulk carrier every two years @ 3000 sub/assys
1500 designed sub/assys/year

variable cost savings = 12000 x 24 + 1500 x 25 = $325,500/yr.

return on investnent

150,000
325,500 x 12 months = 5.5 months

Table c-3
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APPENDI X F
Target Costs : Mni-Conputer Digitizer System

Desi gn Stations

Digitizer, 40 x 60 inch 6000
G aphi ¢ display device 9888
Al phanuneric disglay devi ce 5000
Drafting board, hardware <oy

$16, 000/ stati on

M ni - Conput er

Supporting 1-2 Design Stations:

M ni-conmputer with 64 k wards main
memory, S negabytes di sk storage

one 9 track tape drive, conmmunication
mul tiplexer, 8 RS232 conmuni -

cations ports. floating point
processorp, 1200 baud nodem $60, 000

Additional Hardware to Support 3-4 Design Stations

Additional 16 k words nenory,
8 additional RS232 conmmuni -
cations ports, additional 5

nmegabyt e di sk 15, 000
Opti ons
Local off-line storage using 9 000
cartridge tapes or diskettes ’
Conbi nation printer and 22 inch
plotter 12,000
or
: : 7, 000
Li ne-printer '
Plotter, 36 inch width 18, 000
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FASTDRAW
| NTERACTI VE GRAPH C SYSTEM

Gerald W Fol k

and

Qdell A. Pritchett

McDonnel | Dougl as Autonation Conpany

St. Louis, Mssouri

M. Folk is Senior Section Manager in the programm ng
sciences departnent of MDonnell Douglas Automation Conpany.

He has over 23 years experience in structural engineering
and scientific conmputing. He is responsible for the devel op-

ment and support of graphic systens and pre-postprocessors
at  MCAUTO.

M. Pritchett has been actively involved in the devel op-
ment of interactive conputer aided design systems, having de-
vel oped the first application program for MDonnell using
conput er graphics on the 1BM 2250 during the Project Mercury
Space Program He has been inplenmenting applications such as
APT and ot her numerical control disciplines in conputer aided
manuf acturing during his 18 years with the conpany.
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FASTDRAW

A LOW COST INTERACTIVE GRAPHICS SYSTEM
THAT ALLOWS USERS TO:

« BUILD COMPLEX MODELS USING SCALED SKETCHES
OR CONVENIENT DATA GENE RATION FEATURES

« REVIEW AND UPDATE MODELS CREATED FROM
ANALYSIS INPUT DATA

« REVIEW ANALYSIS OUTPUT

MCAUTO. GP75 51932

FASTDRAW FEATURES

« APPLICATION INDEPENDENT

« TERMINAL INDEPENDENT

« REVIEW AND UPDATE IN 2 OR 3 DIMENSIONS

« OVER A DOZEN GEOMETRY CONSTRUCTION COMMANDS
« USER CAN CREATE HIS OWN ELEMENT LIBRARY

« POWERFUL DATA GENERATION COMMANDS

« FLEXIBLE LABELING FEATURES

« LARGE NUMBERS OF POINTS AND ELEMENTS
GP75.5193 3

MCDONNELL DOUGLAS AUTONMATION COMPANY



FEATURE
APPLICATION INDEPENDENT

+« GRAPHICS COMMANDS DISPLAY AND UPDATE
MODEL FILES

« EXECUTIVE COMMANDS TRANSLATE DATA TO AND
FROM ANALYSIS FORMAT

FASTDRAW | FASTDRAW | APPLICATION

EXECUTIVE DATA
MODEL FILE I *BUILD ===STRUDL
CREATION, | *STORE =—= NASTRAN
DISPLAY, AND I <~ ANALYSIS OUTPUT
UPDATING <— TRIFLEX
I =—= USER APPLICATIONS
GP75.5193-4

tastoray

*Dui ld sampiim from sampll
?rO\DEL FILE EXISTS. CHANGE NAME (Y/N)

LANGUAGE

cstrudl

ERRORS TO TERMINAL OR ICESLOG
dterminal .
BEGIN SCAN

END SCAN
§UHBER OF ERRORS DETECTED:
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© esuge sampiim
sgtore sampils
BECIN STORE.....
195 JOINTS PROCESSED
22 RS PROCESSED
.euo § cean
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THETA Z= 1@ THETA Y= 29 THETA X= ‘@
(MCAUTO

gigBNODE. SCALE=.158932E-01 XY PLANE,ZREF IS .009

Ll oY
POINTS
RE

El S
M EBERS
TER THETA 2, THETA ¥, THETAR X
2,20,38

F49

F45 \

THETA 2= ©. THETA Y= @. THETR X= @.
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FEATURES:
TERMINAL INDEPENDENT

« ALL FEATURES AVAILABLE WITH OR WITHOUT A
TABLET

« CURRENT SUPPORTED DEVICES

TEKTRONIX 4014 T14/TxX

4010 TEK/TXX

4012 TEK/TXX

4013 TEK/TXX
COMPUTEK 300 C30
400 C40
CONOGRAPHIC 10 c10
12 c12

Z;[;:,‘ [




FASTDRAW FEATURES
USER-DEFINED ELEMENTS

MODEL FILES OF ARBITRARY COMPLEXITY CAN BE
DEFINED AS ELEMENT FILES

UP TO 40 DIFFERENT ELEMENT FILES CAN BE USED
IN ONE MODEL FILE

A VARIETY OF DEFINITION OPTIONS PROVIDE
DIFFERENT LEVELS OF CONTROL

APPLICATION ORIENTED DATA CAN BE ATTACHED
TO ELEMENTS FOR USE BY THE STORE COMMAND

LIBRARIES OF ELEMENTS CAN BE BUILT TO

REDUCE MODEL CREATION TIME AND INCREASE
FLEXIBILITY

GP755193 .23

121

MCDONNELL DOUGLAS AUTOMATION COMPANY



3‘?EEFMDDE
-EIEISPLQ'T' CURRENT MODEL DEFINITION PARAMETERS (‘M
HOW MANY DEFINITION POINTS ¢ 1,3.4, OR ALL O

DIGITIZE = REFERENCE POINTS
CHOOSE POINT FOR LASEL

CENTRQID
ESTER NUMBER OF ATTRIBUTES
ELEMENT DEFINITION COMPLETE

L

[HETA 2= 90. THETR Y= ©. THETA K= 98.

(®cauTo) B

DEFINE ELEMENT
3 POINT OPTION

e SCALING IS DONE IN PLANE OF DEFINITION POINTS ONLY

—m GP75 519328
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CHANGE ELEMENT

® ASSIGNS APPLICATION ELEMENTS AND SUB-STRUCTURES TO

ELEMENT MENU BOXES
EC:IE?ANEC'%\E_ 1 2 3 4 5 6 7 8 9 10
I! ; ‘! \\\ \\ !|l‘ \‘ |l \\ ii‘l‘\\{\
o A 1
T T 1
o L T 1IN
WA
T
\
\
l
l

BPI55133 31

THE ELEMENT COMMANDS
>DEFINE
DEFINE CURRENT MODEL FILE AS AN ELEMENT;
DETECT ‘DEFINITION” POINTS
>ELEMENT
“*ATTACH’ AN ELEMENT FILE DEFINITION TO THE
CURRENT MODEL FILE
>ELEMENT n
DIGITIZE AN ELEMENT WHOSE DEFINITION IS
KNOWN WITH DETECTED POINTS
>CONVERT

CONVERT A USER DEFINED ELEMENT TO
COMPONENT APPLICATION ELEMENTS

GP75.5193-24
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FEATURE
POWERFUL DATA
GENERATION COMMANDS

« USER CAN DETECT OR SPECIFY LABELS OF ELEMENTS
TO GENERATE

TRANSLATE 2D
ROTATE 2D
DUPLICATE 3D
TRAVERSE 2D/3D
REJECT
555555555555

:;‘-—EI MODE .

[HET@ 2= 90. THETA Y= 90. THETR X= 959. -

(ecATTS)
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L.

THETA 2= 98. THETA Y= 90. THETA X= 90.

(=cauro) -
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THETA 2= 90. THETA Y= 90. THETA X=

2-0 MODE
DOF ELE: 1-399)
D SO0 LOHT_TO DUPLICATE O
THWT GEMERATE NEW PO

FHETH Z= 14%. THETA Y= 40. THETA X=
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TRANSVERSE HULL WEB FRAME

_ UPPER DECK ¢ -SHIP

------.l---:x-x ™TT

7

1 1

‘ | '

i1/
AREA OF INTEREST
FOR ANALYSIS:

T T T T

MAIN DECK

TT T T T TT T T

SECOND DECK

sl.s&ll.l.l\ls$s =TT

THIRD DECK

T T LT TTT L S =TT

INNER
BOTTOM

00foo o || o

Ll t L I r r Lt &
BL
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DESIGN NO. 1

4 IN. x 1 IN. FB N&F
/—UPPER DECK (0.81 IN x 162 IN.)

31IIN. {
)
i L ™ —0.63 IN. WEB

27 IN.x 1.25 IN. FC. PL.

SIDE SHELL
- (0.81 IN. x 70 IN.)

8 IN.x 1IN. FC. PL.

\0.5 IN. WEB

_ GP75-5288-4

FINITE ELEMENT MESH FOR DESIGN NO. 1 SHOWING
AXIAL, BENDING AND SHEAR STRESSES
I

Y
‘r EXTERNAL LOAP-FFA AXIAL SHEAR BENDING
' }
'
f
T ) i
g '
] 5 E
5
BI=A 86 BAR MEMBERS
160 RECTANGULAR PLATE ELEMENTS
146 TRIANGULAR PLATE ELEMENTS
- X
==~ 5 ISHEAR

§‘<C[] BENDING

GPI5 52888
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DESIGN NO. 2

41N. x 1IN. FB N&F
/ /—UPPER DECK (0.81 IN. x 162 IN.)
f ; 0.63 IN. WEB

31 IN/

27 IN. x 1.25 IN. FC. PL.

24 IN.

0.5 IN. THK.— 24 IN, \4 IN. x 1IN. FB. NS.

SIDE SHELL
(0.81 IN. x 70 IN.) 27 IN.

~—8 IN.x 1IN. FC. PL,

\—0.5 IN. WEB

GP75-5288 6

FINITE ELEMENT MESH FOR DESIGN NO. 2

v
A
|
[
C D !
E
B A 94 BAR MEMBERS
170 RECTANGULAR PLATE ELEMENTS
230 TRIANGULAR PLATE ELEMENTS
> X

GP75 52889
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DESIGN NO. 3

1IN.

18 IN.{ 45°3 ;
4 IN. x 1 IN. FB N&F

UPPER DECK (0.81 IN. x 162 IN.)
/_ ~| F—13IN.
C. —_— -

0.5 IN. THK. 2 (/_
s [I I 31IN. -\ 459
N-0.63 IN. WEB

-24 IN.

Ra L27 IN. x 1.25 IN. FC.PL.

— f“ l— PL. TAPERED
13 IN. TO 4 IN. N&F

SIDE SHELL—/ (ATTACH ENDS)
(0.81 IN. x 70 IN.) 8IN.x 1 IN. FC. PL.

0.5 1. weB
450

4 lN.j- l-—18 IN.

1iIN. 1 IN. PL.

GP?5 52888

FINITE ELEMENT MESH FOR DESIGN NO. 3

103 BAR MEMBERS

B 170 RECTANGULAR PLATE ELEMENTS

226 TRIANGULAR PLATE ELEMENTS

GP755288 2
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DESIGN NO. 4

13 IN. x 0.5 IN. BRKT. NS,
UPPER DECK {0.81 IN. x 162 IN.)

6 IN. x 0.5 IN. FB. NS.
_\ : /—0.63 IN. WEB
)

124 IN. ‘i =31 IN.

3IN. LAP- N

20 3

IN. 1.25IN. THK. 27 IN.x 1.25
30IN.R
TAPER FC. PL.

x 0.38 IN. BRKT. NS.—] 27| FROM27 IN.TO 8 IN.
N 8iN.x 11N, FC. PL.
&

~—0.5 IN. WEB
SIDE SHELL
(0.81 IN. x 70 IN.)

FINITE ELEMENT MESH FOR DESIGN NO. 4

D
E
90 BAR MEMBERS
B A 156 RECTANGULAR PLATE ELEMENTS
227 TRIANGULAR PLATE ELEMENTS
» X
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FEATURE
GEOMETRY CONSTRUCTION

POINTS: KEYIN RECTANGULAR
OR CYLINDRICAL COORDINATES
DIGITIZE
INTERSECT SHAPES
SUBDIVIDE SHAPES
PARALLEL TO AN AXIS

LINES: PARALLEL TO AN AXIS
OR A LINE
THROUGH 'N’ POINTS
ARCS: THRU 3 POINTS

TAN TO 3 LINES
RADIUS, TAN TO 2 LINES

CIRCLES: RADIUS AND CENTER
CENTER AND CIRCUMFERENCE
3 PTSON CIRCUMFERENCE

TEXT: ATTACHED TO A POINT

THETA Y= ©. THETA ¥= 90,

THETA Z= 1€2.
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FASTDRAW EXECUTIVE

» BUILD refile FROM file
o USE refile

e APPEND FROM tablet

e DISPLAY

e STORE file

e SCRATCH file

e END

e ISTATUS

e LIBRARY

eP7s 5103 12

MODE SCHEMATIC

*DISPLAY

*BUILD FASTDRAW *APPEND FROM

FROM TAB EXECUTIVE TABLET

A

IA?(?QL VIEWING

SYSTEM ANGLES
¥ END END Y

> -
2D MODE « 3D MODE

1 ENTER 2D MODE IF APPLICATION IS 2

DIMENSIONAL arrs 8103 18
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Syl sasp2e fros tad
LANGUAGE

:str

TERMINAL CODE
:CAS0

TABLET CODE
:C408.

aég MODE. SCALE=.300000E-B1 XY PLANE,ZREF IS

DENTIFY TABLET COORDINATES
YPE HORIZONTAL THEN VERTICAL AKXIS (XY,YZ2, OR ZX

E{NTER SCALE FACTOR

E;STER >§.éY.z COORDINARTES OF SKETCH ORIGIN
DIGITIZE LOKER
FOLL

.800

THEN UPPER POINT ON X AXIS
Ol WITH A POINT ON THE POSITIVE Y RXIS
VERT.

THETA 2= -@. THETA Y= ©. THETA X= .

crnsnatie
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STRUDL/NASTRAN
ACTIVE MENU

P il serass | mromensy wovE waavERst | oumitare ot TAANSLATE | ROTATE neer
ORI user  fcsomomanes | STEE oELErE acerss scouent | womizowrau | veemoar | oicimze naxe
ot | wovenrs | wemearz | oeuments | oeewsare | euewsars wnzow x FuULLSIZE n X

MCAUTO GP?75-61936
r>MODE REQRIENT 0 FLAKRE » &®mo
DISPLAY |l asnorave Axs ORAW funtsize st rax not REDRAW SECUERT wINSow
OEEIAE
UPDATE | convear EREMENT CELETE uovt
TCMMARD
ASSICAMERT e
CIGIZE € ” % xenn nomzontaL | veamicat

Ut ’ w t

ARt » 7% 3
CRTLE » 2 » r\ //

—
Texx [ /
/

———

haprwid CEMERT uERT

fvriad Lwents | octewentr | tuweats | oewenre | ooewonts | ooemenns | onewensy | ooewents | eewsnrs | ocrewenrie

PRINT LASEL COBROINATES
CHANGE || seruaezis | meacrions
GENERATE TMARSLATE ROTATE BUPLICATE TRAVERSE RESECT
FOR COMPUTER 430 (CM) N

STRUDLMASTRAN

MCAUTO, GPIR.5103.112
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DISPLAY COMMANDS

>REORIENT >ANNOTATE >PAGE

>2D >AXIS >PAN

>PLANE >COORDINATES >PLOT

>3D >DRAW >REDRAW

>END >FULLSIZE >SEGMENT
>HELP >WINDOW
>LABEL

GP755193.63

DIRECT ACCESS COMPUTING HOST SYSTEM

GRAPHICS
TERMINAL ] PORTABLE
TERMINAL

\@ HARD COPY DEVICE
PLOTTER

TELETYPEWRITER ./I/'
XDS

ON-LINE
1BM 2741 _g’) — 0 SIGMA 9 OISR
TERMINAL L—J FILES
ON-LINE INTERACTIVE PROCESSING HIG;H SPEED LFNKS ___________
OFF-LINE BATCH PROCESSING » )
MODEL MODEL CYBER
E,'fés 195 168 74
o E 5‘%
i 1130 PLOTTER
CARD LOCAL
READERPRINTER PRINTER
TERMINAL .
TAPE LIBRARY Cj' i }A
OFF-LINE MAIL
OFF-LINE PLOTTER
PE
™ SR
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HOST PERFORMS A VARIETY OF
SERVICES, INCLUDING:

« TRANSMISSION OF FILES OVER THE NETWORK LINKS

« GENERATION OF JCL (JOB CONTROL LANGUAGE) FOR
JOBS TO BE PROCESSED BY NETWORK COMPUTERS

« SYNTAX CHECKING OF APPLICATION PROGRAM
INPUT DATA BEFORE TRANSMISSION

« DIRECTION OF OUTPUT TO A DAC DISK STORAGE
FILE OR A REMOTE BATCH TERMINAL

e STATUS OF PREVIOUSLY TRANSM TTED JoBS

GP75-5193-47

SAMPLE TERMINAL SESSION

#HOST
+LANGUAGE STRUDL
CHECKS SYNTAX OF
+SCAN STRUDLDATA STRUDL DATA FILE
+DESTINATION STL TRANSMIT DATA FILE
FOR ANALYSIS ON
+TRANSMIT STRUDLDATA IBM 370/195 IN
ST. LOUIS
+ END
C@ GP75 5193 52
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HOST UTILITIES

PRINT - FILE STORED ON DAC COMPUTER CAN BE
LISTED AT A NETWORK COMPUTER LINE
PRINTER OR AT ONE OF ITS BATCH TERMINALS.

PUNCH - CARD IMAGES OF FILES STORED ON A DAC
COMPUTER CAN BE PUNCHED AT A NETWORK
COMPUTER OR AT ONE OF ITS BATCH TERMINALS.

MOVE - MOVES FILE BETWEEN A DAC COMPUTER
AND A NETWORK COMPUTER

(mcauTo) GP75.5193.61
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CONSI DERATI ONS FOR USI NG AUTOKON
AT A 13XMOTE SITE

Bernard J. Breen

and

John M Wall ent

General Dynam cs Corporation

Qui ncy, Massachusetts

M. Breen is a Managenment Systens Specialist with General
Dynami cs Corporation’s Eastern Data Systens Center in G oton,

Connecti cut. He is responsible for conputer-aided design and
manuf acturi ng software supporting General Dynam cs’ shipbuil d-

ing divisions.

M. Wallent is Manager of Automated Processes with re-
sponsibility for NNC production related operations at Ceneral
Dynam cs’ Quonsett facilities.
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DATA PROCESSING SUPPORT

REMOTE SITE
REMOTE DATA
USER DATA
FUNCTIONS PROCESSING «VV"’ CENTER
EQUIPMENT

IROCHESTER l |
[

[HEADQUARTERS | GROTON I
23 COMPUTER 285
TERMINALS FACILITY TERMINALS

\

o, s

%2, A0 21
Ky, 170 M <e
0”038 7.“““ 2

g 3ions® Uiy, 1119

1

TERMINAL TERMINALS
[ARDMO RE_”
| 1 1
TERMINAL
TERMINAL . ‘
SANFORD TERMINAL

CHARLOTTESVILLE]
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MANAGEMENT VIEW OF TURN-AROUND:

22222222222 7222777
a

TASK TASK
DEFINITION COMPLETION

USER VIEW OF TURN-AROUND:

11111111111

Lz 00000 )
N AN O A O

JOB JOB JOB JOB JOB JoB
SUBMISSION PICK-UP  SUBMISSION PICK-UP SUBMISSION PICK-UP

“TRUE”VIEW OF TURN-AROUND:

USER DATA  |ioB
INPUT  [PRE- SET
ANALYSIS [PARATION |up

- EXEcU{ouTPuTlouTPUT|J0B  usER
TION [QUEUE |DISTRI-|PICK-UP{OUTPUT

BUTION ANALYSIS

b—START—

~——COMPLETE




TURN-AROUND FACTORS WHICH CAN BE AFFECTED

BY ESTABLISHING A REMOTE SITE

DATA PREPARATI ON
« JOB SUBM SSI ON

SCHEDULI NG

« QUTPUT DI STRI BUTI ON
« JOB PI CK-UP

REMOTE SITE HARDWARE DETERMINANTS

* APPLICATION SOFTWARE TO BE EXECUTED
e USER WORK LOAD

¢ DISTANCE OF REMOTE SITE FROM DATA CENTER



ASSUMED DETERMINANTS

e PRIMARY APPLICATIONS ARE THE EXECUTION OF THE AUTOKON
SYSTEM PARTS GENERATION AND NESTING PROGRAMS

THE USER WORKLOAD IS THE PROCESSING OF AN AVERAGE OF 100
INDIVIDUAL USERS PROGRAMS IN AN 8-HOUR WORK DAY

THE REMOTE SITE IS OUTSIDE THE “NEIGHBORHOOD” OF THE DATA
CENTER

RESULTING DATA PROCESSING FACTORS

. A LARGE SCALED COMPUTER HARDWARE SYSTEM MUST BE
UTILIZED

« 100 PROGRAMS WILL GENERATE:
2500 PUNCHED CARDS INPUT
1000 PAGES PRINTED OUTPUT

1500 FEET PAPER TAPE OUTPUT



PERSONNEL REQUIREMENTS

o KEYPUNCHING - 2

o« TERMINAL OPERATIONS -1

o GRAPHICS OPERATIONS -1
4

TERMINAL HARDWARE REQUIREMENTS

MINI COMPUTER (12K 10 16K MEMORY)

CARD READER (MEDIUM SPEED)

LINE PRINTER (LOW SPEED)

PAPER TAPE PUNCH (MEDIUM SPEED)

MASS STORAGE (1 - 4 MILLION BYTE CAPACITY)

o« OPERATORS CONSOLE



OTHER HARDWARE REQUIREMENTS

® AUTOMATED DRAFTING MACHINE

® DIGITIZER (?)

® DATA SETS - 2

® DATA CENTER COMMUNICATIONS INTERFACE
® TELEPHONE LINE

« ENVIRONMENT

TERMINAL SOFTWARE CONSIDERATIONS

o« EMULATION

UTILITIES

PARTS GENERATION PREVIEW PROCESSOR

QUICK LOOK

INTERACTIVE GRAPHICS



DATA CENTER MAIN FRAME COMPUTER

PAPER AUTOMATED

TAPE —» DRAFTING

READER MACHINE
OPERATORS
CONSOLE

MODEM
CARD g#ﬁEAGE
READER
t DEVICE
MINI
COMPUTER
PAPER
PRINTER TAPE
— PUNCH
OPERATORS
CONSOLE
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USER CONSIDERATIONS

KEY EVENTS

% DETERMINE THE PROPER SITE-HARDWARE AND PERSONNEL

% ORDER FLAME CUTTER (S)

% ORDER DRAFTING EQUIPMENT

% ORDER DATA TERMINAL AND PERIFERALS

¥ ESTABLISH DATA PROCESSING AND WORK CONTROL PROCEDURES

% HIRE OR SELECT PERSONNEL FOR N/C CODING, EQUIPMENT OPERATION,
AND MANAGEMENT OF NEW PROCEDURES

% TRAIN PERSONNEL

% SET UP PRODUCTION WORK FLOW, PLANNING, AND WORK PACKAGING TO
INTERFACE WITH MANUFACTURING.

147



SITE SELECTION

* DETERMINE THE PEAK WORKLOAD REQUIREMENT
~S1ZE THE HARDWARE SPACE REQUIREMENT

« DATA TERMINAL

o DRAFTING MACHINE

* SIZE THE PERSONNEL WORKSPACE REQUIREMENT

SOFTWARE SUPPORT

SHOP PLANNING

HULL FAIRING

CODING

VALIDATION

NESTING

SUPERVISION AND CLERICAL

* CONSIDER THE ENVIRONMENT
* CONSIDER THE WEIGHT OF EQUIPMENT

* KEEP THE VARIOUS FUNCTIONS TOGETHER
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HARDWARE SELECTION

* DATA TERMINAL - BY E.D.S.C.

* FLAME CUTTER

QUANTITY OF PIECES TO BE PROCESSED

SIZE OF MAXIMUM WIDTH

CUTTING MODES: MIRROR-LOOK ALIKE-3 AXIS

NUMBER OF CUTTING HEADS - MASTER HEADS
* DRAFTING EQUIPMENT

e QUANTITY OF PIECES TO BE PROCESSED

e SIZE OF MAXIMUM DRAWING

e VERIFICATION PACKAGE

ESTABLISH PROCEDURES AND
PRODUCTION WORK FLOW

* DATA PROCESSING

e ESTABLISH WORK FLOW HANDLING AND LOG KEEPING

* SHOP PLANNING

e MAKE PREDETERMINATION OF MANUFACTURI NG CONTROLLED
ITEMS

EXTRA STOCK ALLOWANCES

BEVEL REQUIREMENTS

e LI ST PARTS AND OPERATIONS To BE prerrorMED FOR
SPECIAL FORMING ETC.

* WORK CONTROLS

e ESTABLISH RECORD KEEPING PROCEDURES TO TRACK WORK
IN PROCESS, ASSIGN TAPE NUMBERING, VALIDATE PARTS AND
NESTS AND TO MONITOR SCHEDULES



0SGT

SELECTION AND TRAINING

+ SELECTION

® GENERAL CODING GROUP — PERSONNEL FAMILIAR
WITH SHIP PLANS AND/OR N/C PRACT CES

— LOFTSMEN (AIRCRAFT OR SHIP)
= STRUCTURAL SHIP DRAFTSMEN/DESIGNERS
—N/C USERS FROM OTHER COMPUTER APPLICATIONS
* TRAINING
® HULL FAIRING - 2 WEEKS
® PART CODING — 2 WEEKS

® NESTING — 1/2 DAY



A STATE OF THE ART REVIEWCOF N C

John C. WIlians
[T Research Institute

Chicago, Illinois

M. WIlianms is responsible for the direction and manage-
ment of projects which involve operations research, conputer
ai ded manufacturing devel opnent, nunerical control applications
engi neering, industrial and systems engineering, manufacturing
pl anni ng and technol ogi cal forecasting, These projects span
a W de geographi cal and technol ogi cal range.

151



During the ten year span from 1960-1970 we have seen
some startling developnents in nmetal cutting technol ogy.

We have seen the one-nman/one-nachine conventional technol ogy

of 1960give way to numerical control machines. In this sys-
tem man is in both sides of an information |oop |inking the

conputer with the machine tool. Mn enters raw data into the
conputer and receives a punched tape which he enters into the
machi ne tool and receives machined parts.

This process, in turn, ha's given way to the direct com
puter control of machine tools. In this system mn is in
only one side of the information loop. He submits raw data
to the computer which processes it and supplies it directly
as control data to the nmachine tool.

Finally, in 1970 we stood on the brink of a totally
conput er aided manufacturing system In this concept, all
interaction within the loop is between the conputer and the
machine tool. Man will provide his data through another sys-
temin the hierarchy of conputers. Technologically, this
track of devel opments is well beyond the laboratory feasi-
bility stage. However, if we |ook at sonme statistics, we
will see a synptom of sonething drastically wong. The total
nunber of conventional machines still in operation today is
approxi mately 3,000,000 tools. The total number of NC machines
In operation today is 30,000. The total nunber of Direct
Conputer Control machine tools in operation today is |ess
t han 30. (This data was extracted fromthe |Ith Anerican
Machi ni st Inventory of Metalworking Equipnent.) Conput er
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ai ded manufacturing is such an undefined area no positive count
ispossi bl e. The significant point is the accelerating rate
of technol ogi cal devel opnents vs. our ability to inplenent
and use them Evidence of this is displayed by our machinists
who have barely accepted the fact that we took the. overhead
belt drive off and put the power plant in the head stock.
(Wy do you need all those notors when only one notor woul d
do it before?)

Yet in this ten year period, we saw NC nake smal | but
hi ghly successful penetrations into many industries. The
[ist includes textiles, nmetal formng, assenbly, woodworking
glass cutting, pattern making, etc. I"'msure there are many
others. The penetration, though well scattered, was not deep--
not even in the nmetal cutting industry where the big thrust
really occurred. After 50 years of relative stagnancy in neta
cutting technology, this kind of overnight growth was too
much

As recently as 1971, statistics released by the Department
of Commerce showed the sales value of NC machines in the third
and fourth quarters represented only 24% of the total dollars
spent on nmachine tools in the same period. Considering the
cost ratio of NC to conventional equipnment, it’s rather easy
to extrapolate that in nunbers of machines, conventional is.
outselling NC 100/1. This is certainly not the nuch heral ded
second industrial revolution we were all predicting a few

years ago.
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This is even nore startling when you consider the figures
on productivity released by the Departnment of Commerce in early
1973. They show a productivity gain froman index of 67 in
1960 to 114 in 1969 (this is based on an index of 100 in 1967).
During that same period manufacturing enploynent edged up only
13%. That's almost a 100% gain in productivity with only a 13%
rise in enployment. That's quite a tribute to technol ogy.

[t’s pure conjecture on ny part, but | feel it’'s quite a
tribute to NC technology. Those years, 1960 through 1969,
were the peak years of new NC starts. In fact, the vector
of the acquisition curve for NC machines al nost matches the
vector of the productivity increase curve. It's interesting
to speculate on just what the productivity gain mght have
been, had we been nore successful in inplementing NC. So
much for what mght have been. Let’'s |ook at sone nore
specifics of what really is.

In the United States in 1968 snall job shops enpl oying
|l ess than 100 people conprised 83% of the netal working in-
dus try. At that tine, those shops owned, controlled and
operated 22% of the total donestic NC inventory, while the
other 17% the large businesses, had 78% of the NC inventory.
More recently in 1973 the small shops have grown in nunber and
conprise 87% of the metal working industry. Concurrently, their
NC inventory has grown to 31% of the total. So the small
shops are beginning to buy NC. The nunber of small shops

Is up 4% and their NC inventory is up 9%in 5 years. (ne
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of the fundanmental reasons for this is the reduced capital
investment. The cost of control systens is |lower than it

was five years ago and al so sone used NC machi nes are begin-
ning to appear for sale. Hgh capital investnent was the
greatest deterrent to NCin the small shop. The second |argest
deterrent, closely linked with the first, was a lack of appre-
ciation for NC practices. The potential of mni-conputers

and the promse of |ower cost integrated circuitry indicates
the overall cost of control systens should be com ng down even
farther. Consequently, it appears that the trend to nore

and nore growh of NCinto the nation’s small shops because
of lower costs will continue. There have been nmany barriers
and the renoval of these barriers has been slow.

Typi cal of the bulk of the NC machines currently in
operation is the old hard-wired paper tape reading NC machi ne.
They are state of the art in use. There is also the state
of the art which is not yet in significant use but is com
pletely devel oped, typified by the new GE control for NC, the
550 TX control unit. It has program storage capability and
can store up to the equivalent of 100 feet of paper tape. It
has a tape punch, tool changer, tool offsets, gives total
machine status read out in terns of actual position |ocations
of the average feed rate of 800 inches per mnute, but that is
state of the art in devel opnent not state of the art in use.
In fact, to give you an idea of how slow we are to change in
NC, we have a progranmng capability that has a conputationa

accuracy of .00005 of an inch; we have electronic control
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units that can control signals equally precise; we have a
machine tool that is designed and built to have an absol ute
position accuracy of .0003 of an inch. In the mdst of all

of this accurate capability we set up the tools on the machine
by hand wth a pair of mcrometers. W have yet to learn to
use the capabilities that are built into the systemto do the
full job.

Anot her problemarea is typified in the shipbuilding
i ndustry by the nmultiple capabilities of conmputer part pro-
gramm ng, i.e. SPADES, AUTCKON, STERBEAR and so on. In the
world of NC there are a great nunber of systens for part pro-
grammng, in fact at last count there were some 49 different
NC part progranm ng | anguages and this creates problens
such as the difficulty of evaluating which one to use, the
| oss of R & D resources, etc.

Wth all of these problenms we have realized significant
productivity gromh as a result of the application of nunerical
control, as mentioned earlier, productivity growth that has al-
nost doubl ed during the peak years of NC acquisitions (1960-
1969), and at the sane tinme our manpower growth went up only
13%. That's quite a tribute to NC technol ogy.

But enough about the past, what's in the future in
nunerical control? Wiere will we go fromhere? Wll, one
thing that's certainly in the future, is the proliferation
problem | don't believe that it will be a proliferation of
| anguages, so nuch as it will be a proliferation of systens.

|"mreferring to NC systens, DNC systems, CNC systens, CAM
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systens, and so on even though we can't even agree on the
definition of some of those terms. You know, CAMis a unique
termthat | define this way. | conpare it to a system such
as FORTRAN. FORTRAN doesn’'t solve any problens; it doesn't
do anything; it is only a |anguage that a conputer programmer
can use to set up and solve problens on a conmputer. The APT-
part program ng |anguage is nuch the same. It does not wite
part prograns for you; it doesn't describe parts for you; it
Is sinmply a |anguage that can be used by a part programrer to
describe a part. AUTOKON and SPADES, are the same thing
they don’t solve problens either. They are only |anguages.
It is ny contention that CAMis also the sane. |t does not
and will not solve any problenms for you or do anything for
you. Rather it is a language nuch |like mathematics, a |an-
guage that permts the user to resolve his own problems in his
own envi ronnent.

There has been sone progress towards CAM  (One particu-
lar effort | can recall was a CAM project on which we at
Il TRl worked. Fundamentally, it was a DNC systemthat had a
PDP-11 controlling a Sunstrand Omim|l|l. W devel oped and
added to that the software and hardware necessary to nonitor
the work that was being done on that nachine, the software
necessary to schedule that work, the software necessary to
do the machine |oading and the software necessary to collect
job histories on every job run. W also established within
that system a communications |ink between the PDP-11 and a

| arge CDC conputer |ocated roughly 1000 mles away. The | ast
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devel opment and far fromthe | east was the expanded system
capability. This permtted the PDP-11 to control not only the
Sunstrand Omm ||l but four other NC machines as well--all of
this concurrent on the one PDP-11. So sone progress towards

a CAM system is being made.

Qther activities that are on-going right now use robots
in the industrial environment. Robots are useful where jobs
are either dangerous or distasteful to the worker such as in
hot forging press work, in heat treating and in painting.

Anot her area that is beginning to find its ow level is
the use of stacker cranes. A stacker crane is nothing nore
than an extrenely tall lift truck that can autonatically ac-
cess a stacked array of pigeon hole bins each containing cata-
| oged material. The conputer knows what bin holds what ma-
terial, sends the stacker crane to that bin, renmoves it, and
brings it down to a delivery system Delivery systens can
take the formof a cart that follows cables buried in the
floor. Material can be | oaded onto these carts and then
directed by-the conputer to any particular station in the shop
that is serviced by those cables. Thus far, | know of severa
installations that are using systenms of this kind: the stacker
cranes are being used by GE appliance factories. QM plants
are also using themto supply parts to their accessory nmanu-
facturing plants. The buried cable carts are being used in
a nunmber of arny depots to fill requests and orders for material.

One of the npbst unique applications |'ve seen was in a

hospital in Fairfax, Virginia, where buried cable cars are used
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to deliver linens and neals to various patients in various
roons. This gives the hospital staff positive and absol ute
control over the particular dietary restrictions of a given
patient in a given room

Anot her nore recent devel opnent is one by Ekstrom Carlson
who is now manufacturing a nunerical control woood router
The routing machine, which is quite unique, has a feed rate of
400 inches a mnute, has a 4 ft x 10 ft. table, a control
resolution of about .001 of an inch and sells for $50,000. The
| argest single productivity problemin using the machine is
getting the chips away fromit fast enough.

A quick ook at what’s going on overseas, Japan for ex-
anple. Japan has a plant which has a series of DNC machi nes.
These machines are producing parts that are actually being
used. [t’s not a laboratory set up; it uses robots to service
those machines--to bring in the raw material, to |load the
material on the machine and to renove the finished part from
the machine. This is all under the control of one conputer
and all in one plant. This kind of international conpetition
Is what nakes our life difficult; it nakes productivity en-
hancenent in Anerican shops nuch nore inportant. It nakes the
continued growth of the NC concept into areas other than
metal cutting vital to our industrial survival

This is the world of NC, the state of the art in use and
the state of the art in developnent. \Wien American industry
| earns to inplenment technol ogical devel opnment at the same rate
that our foreign counterparts do, then perhaps our productivity

rates can be as good as theirs.
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1. 1 NTRCODUCTI ON

The use of the conputer as a tool in the design and
construction phases of shipbuilding is a reality which
will intensify and continue to spread throughout the
world marine industries. It is inconceivable that any
but a handful of decision makers in the U 'S. shipbuilding
and shipping industries still believe that conputer
applications in the industries are a fad which will
eventual |y disappear. As pronoters of the U S. Merchant
Marine, and in view of the goal of the Merchant Marine
Act of 1970 -- to restore the United States to the rank
of a first class maritine power--the Maritime Admnistra-
tion is decidedly interested in the exploitation of

aut onati on and EDP hardware and software which have the

potential to inprove designs and increase shipyard pro-

ductivity.

Further, the mssion of the Ofice of Ship Construction
at MarAd includes such activities as:

1? Studies in naval architecture, marine engineering,
el ectrical engineering, and engineering econonics.
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2% Devel opment of prelimnary designs establishing
the basic characteristics of proposed ships.

3) Review and aeproval of ship designs submtted for
Gover nment  subsi dy.

4) Recommendi ng and, upon request, conducting R&D
projects in ship design and construction.

5) Devel opnent or approval of contract plans and
specifications for the construction, reconstruction,
conversion, reconversion, reconditioning and better-
ment of ships.

6) Providing naval architectural and engineering
services in connection with the construction of
speci al purpose ships for other governnent agencies.

7) Maintaining current records of facilities, capa-
cities, work load, and enploynent in comercial ship-
yards.

8) Devel opnent of requirements for nobilization ship
construction prograns.

In view of the Agency’s goals and the m ssion of the
Ofice of Ship Construction, the Maritinme Admnistration
purchased AUTOKON '71 from Shipping Research Services
A'S, Gslo,Norway, in 1973. AUTOKON s co-system

PRELI KON, was part of the package purchased; and the
total package was |licensed as a proprietary systemto
interested U S. shipyards. Realizing that the greater
segment of potential users of PRELIKON were not neces-
sarily potential AUTOKON users, MrAd immediately
negotiated with SRS to free PRELIKON from proprietary
status. The results of those negotiations will be

di scussed in the body of this paper.
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It is our main intention here to describe how PRELI KON
will be used as a tool in the performance of the activities

|isted above.

2. What 1S PRELI KON
The PRELI KON System is a system of prelimnary |ines

design prograns integrated around a conmon data base.

The system is conmposed of a nunber of nodules -- some

of which were devel oped by the Bergen Shipyard of the
Nor wegi an Aker G oup, and others by Det Norske Veritas.
Al'l of the nodul es were intended for general application
and were used independently by the devel opers for severa
years on a non-sequential basis. Further, the system
has been used with the AUTOKON System by nunerous shi p-
yards and design agents throughout Europe and by a few

yards in Anerica.

The version of PRELI KON included in the AUTOKON ' 71
purchase was the Gslo version -- the Univac-1108 version
The OCslo version required a large central menory. and a
heavy overlay structure (segmentation). In spite of the
heavy overlay structure, a Univac installation required

approxi mately 52k words (208-234k bytes on the |BM 360/
370) .

In an effort to make the systemreadily and economcally

available to any interested U.S. installation (including
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Mar Ad, who uses the Control Data Corporation (CDC)-6600
computer via the CYBERNET Service for engineering appli-
cations), MrAd contracted Shipping Research Services.
Inc. (SRS), Alexandria, Virginia to:

1? Redesi gn and inprove the overall, nodular design
of the system

2) Convert and install a CDC-6600 version of PRELIKON.

3) Inmprove and further devel op existing nodul es of
PRELIKON.

4) Provide user and maintenance docunentation and
training.

5) Incorporate the inprovenents in the original STOCK
versions (Univac and IBM as referred to in the AUTOKON

contract%, creating new STOCK (or STANDARD) versions
of PRELI KON.

This effort has been essentially conpleted and the resulting
version of the systemdesignated as PRELIKON D, is available
to the public from the REAPS Program Library.

Further, MarAd proposes to develop a |ink between

PRELI KON and certain MarAd programs and integrated sys-
tens, such as: the Hull Scientific Package (Bonjeans/
Hydrostatics, Longitudinal Strength, Capacities and
Damaged Stability, and Floodable Length), the PONERI NG
(EHP/ SHP) program using Tayl or standard series, etc.
The conpletion of these tasks will result in a new

Mar Ad version which will be referred to as PRELI KON D1.

2.1 THE MODULES OF PRELI KON (Figure 1)
The CDC version of PREI KON consists of 23 different

modul es which may be divided into three [ogical groups
as follows:
. The input nodules: Define the Hull Form
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. The working nodul es: Perform the cal cul ations
and prepare the out put

The service nodules: Performmainly data utility
functions

The Input Mdul es consist of:
BV101 : The main HULL DEFI NI TION nodul e
BV 102: The LI NK AUTOKON- PRELI KON Modul e
BV 105: The HULL VARI ATI ON Mbdul e
The Working Mdul es consist of:
BV106: The HULL DRAW NG Mbdul e
BV11QO The HYDROSTATIC Mbdul e
BV125: The LOAD DI STRI BUTI ON AND BALANCI NG Modul e
BV130: The RESI STANCE Mbdul e
NV208/ 209 : The BONJEAN Mbdul e
NV210/ Nv212: The TRANSVERSE STABI LI TY Modul e
NV215: The FLOODABLE LENGTH Modul e
NV220: The LAUNCH NG Mbdul e
NV241/242: The TRIM TABLE Modul e
NV251/252: The CAPACI TY, ULLAGE & SOUNDI NG Mbdul e
NV253: The COVPARTMENT DATA Modul e
NV260: The LONG TUDI NAL STRENGTH Modul e
The Service Mdul es consist of:
DBINIT: The Data Base Initialization Mdule

NV202 . The Tape Storage & Retrieval Mdul e
NV270 :  The Hull Data Transformation Mdul e
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PREL: The Control Card Managenent Modul e

A general description of each of the nodul es (except
DBINIT and PREL)is given in APPENDI X A of a paper
"PRELIKON CAPABI LI TI ES", presented at the REAPS Technica
Meeting, June 26, 1974 by M. Svein Hansen of SRS. *

2.2 THE | NPUT MODULES

In order to insure the accuracy of results and the

availability of necessary input data for the working
modules, it is inmportant that the hull formis carefully
and properly defined. To sinplify the "bookkeeping”

in preparing input data, the data required to define a
conplete hull formis divided into |ogical groups, called
MAIN TYPES. This concept is used to identify parts of
the hull for storage and retrieval to and fromthe data
base for both the basis ship and the varied ship when
hul | variation is required. \Wen changes or anendments
are made, only the affected MAIN TYPES are resubmtted
to the Hull Definition program

[nput to the Hull definition program (BV101l) is prepared
on 11 input fornms and their relationship to the MAIN

TYPES are as foll ows:

FORM MAI N TYPE COMVENT

PI MT'1 Modul e card & main dinensions
P2 Coordi nate system & reference point
P Station 7 frame table

Proceedi ngs of the REAP Technical Meeting; June 25-26, 1974,
pp. 245-270.
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P4 MT2 Sheer curves

P5 MT'3 Canber curves

P6 Mr4 Definition of decks

P7 MT5 Definition of sections
P8 M6 Definition of boundary
P9 MI7 Definition of Appendages
Pl O M8 Definition of Deck house
P11 End of nodul e card.

2.3 WORKING MODULES & OUTPUT

The wor ki ng nmodul es of PRELI KON perform the engineering
cal culations and prepare the output. Each nodule per-
forns the calculation or generates the output indicated

by its descriptive nane.

2.4 PREL _AND DBI NI T

The two service nodul es which are not described in
Appendi x A are PREL and DBINIT. The former, PREL, is

a utility program which frees the user from manipul a-
ting conputer systemcontrol cards in the selection of
modul es fromthe input file and nonitoring the job stream
And DBINIT, as the descriptive nanmes inplies, initializes

and cl oses the data base.
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3. Using PRELIKON in Prelimnary Desiqgn

Starting with the main dinmensions, ower’s requirermmts and a
general arrangenent |ayout, the designer nmay proceed by:
a. Manually developing a lines plan and a subsequent |ifting

of all adequate data to the HULL DEFIN TION program or

b. Using the LIBRARY of hull forms and selecting the parent

ship believed to be nost suitable for the particular design.

(See Figure 2)
In the followng, we will assume that the Library concept is used.

The first approach to the new design will be to transfer the basic
formto PRELIKON (SR500), to perform HULL VARI ATION (BV105) and to
draw the prelimnary lines plan (BV106).

In addition, sonme of the other nodules nmay be used to obtain key

results such as Hydrostatics, Stability, Capacity, etc.

The first approach may not neet all requirenents and changes may have

to be introduced.

Aut omatic changes such as alterations in LCB, CB or numin dinensions

may be done by PRELIKON via the nodul e BV105.
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Manual changes such as anmendnments in the bow and stern sections nay be

perfornmed by utilizing the UPDATE node of the BV101 nodul e.

In case manual changes are extensive such as changes in the deck
line, etc., the varied ship definition may be punched on cards.
Manual |y, alterations nmay be inposed, new decks, deck-houses and
appendages may be added and the re-designed ship nay be restored in

the data base and nade available for further calcul ations.

The change-loop in|Figure 2|my be repeated until a satisfactory

result i s obtained.

Even if sone savings in conputer cost may be obtained by the

| mproved design, the main advantages will be the reduced manhours to
i mpose nodifications, which in turn allow the designer to evaluate

several alternatives for a new design

4,  PRELI KON D1

The integration of MarAd prograns with PRELIKON Data Base, w ||
result in the PRELIKON Dl version. The purpose of this task is
to increase the total scope of PRELIKON by attaching val uable
modul es from the MarAd Hull Scientific Package to the PRELI KON
System A prestudy was perforned to eval uate what nodul es shoul d

be included. At present, the follow ng nodul es are consi dered:
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1) Link program between MarAd Hul | Description and PRELI KON
This programwi Il add a valuable library of hull forms to the PRELI KON
System
2) The powering (EHP/ SHP) program using Taylor standard
series and Gertler data (Program code 034).
3) The MT seakeeping program to predict seakeeping
performance in ship design. (Program code 100).
4) The damage stability program (Program code 079).
5) An available drawing program for the drawing of hydrostatics

curves.

4.1 Interactive Operation

A pilot interactive version of PRELIKON currently exists. The
purpose of this task is to study the feasibility of further
devel oping this version - enhancing it wth graphic input/output

and real -time conversational operation.

4.2 Further Devel opnent

Once the tasks of this project are finished, further devel opnent
of the systemw || depend heavily upon feedback from use of the
system by the American shipbuilders and design agents. Should the
i ndustry prefer hull scientific programs other than the MarAd or

SRS prograns, it is possible to either substitute or attach the
selected programs to the system However, major changes nust be

agreed upon by a majority of industry users.
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Towards the end of 1969 the National Research and Devel op-
ment Council, a governnent body in Britain, was approached by
three major engineering conpanies acting as an ad-hoc comittee:

British Nuclear Design and Construction Limted, Hunphrey’s
and d asgow (petrochenmical contractors) and James Kil patrick
& Son Ltd. (design engineers). Each of the firns had devel oped
conputer prograns to handle different aspects of the work
involved in designing, installing and comm ssioning electrica
cabling projects. Together they saw the need for a conplete
and unified system which would be of national value but which
woul d be too |arge an undertaking to be economcally justified
by any one firmindividually. After discussion and negotiation
t he NRDC conm ssioned the Electrical Research Association (ERA)
to devel op and exploit a set of |inked conputer prograns to
handl e the total task.

The systemis known as CAPICS, an acronym for ' Conputer
Ai ded Processing of Industrial Cabling Systens’. The devel op-
ment was entirely funded by the NRDC and was conpl eted towards
the end of 1971 at a cost, up to that date, of £120K.  Since
that time ERA has been selling copies of CAPICS and has created
a conmputer service bureau based on the package. CAPICS has
been used, for exanple, for the cable design of three power
stations, several chemcal plants and oil refinery extensions
CAPICS is also being used at present in the cable design and
installation phases of six off-shore oil production platforns
in the North Sea. Relevant to this synposiumis the fact that
Cammel | Laird Shipbuilders are using CAPICS for all their ships

now and in the future
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Al t hough CAPICS was not originally conceived for use in
ships, | will try to denonstrate its application to the pro-
bl em of cable system design in ships. In order to do this,
| will draw very heavily on information supplied to ne by the
Cammel | Laird Shipbuilders, obtained through personal inter-
views with the people using the system and through ny own in-
vol venent.

At this juncture | should like to go into a little detail
in order to famliarize you with some of the features that
CAPICS offers. Figure 1 is a pictorial representation of the
CAPI CS system

The designer has to provide the follow ng data:

1 Basic Project Data

2 Route Segnent Data

3. Cable Details

4 Equi pnent Dat a

5. Current Rating Data

The Basic Project Data required is details of the contract
name and nunber, anbient tenperatures likely to be nmet in dif-
ferent areas, tables of fuse ratings to be used as well as re-
quests for different interrogation facilities.

The Route Segnment Data is required to allow the conputer
to hold a representation of the available permtted cable ways
that the designer has established on the |ayout draw ngs for
the vessel. The designer defines his permtted cable routes
SEGMVENT by SEGVENT describing the environnment through which

the cables are to pass. At the end of a segnment is a NODE
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uniquely identified by a 4 character code eg. , SAO4. The al phas
may represent an area or equi pnment on board such as MAIN DECK
(MD) , ENGNE ROOM (ER) , SHAFT ALTERNATOR (SA). In Figure 2,
the heavy black lines represent cable segments, and the dark
circles at the ends and connecting points are nodes.

Information for each cable is entered, such as the start
poi nt and destination, cable type and the type of equipnent
that the cable is feeding. The cable nunbering nethod can be
chosen to represent ships supply systens e.g., generation, pri-

mary distribution, DC systens, and nust reflect the cable

function (chosen froma table)

Equi pnent nunbers can be chosen to represent the vessel
section, conpartment, sub-conpartnent and can also be used to
identify the department responsible for ordering the equipnent.

The design module of CAPICS will then performthe foll ow
ing functions:

Create the routing matrix.

Find the shortest route available for each cable, tak-
ing into account any restrictions inposed by the de-
signer e.g., port side cable run only.

Exam ne the routing matrix and scan each cable route
consi dering the environnent of each segnent.

Calculate a rating factor for the cable taking into
account the thermal effect of neighboring cables in
accordance with published ERA standards or other

st andar ds.
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The rating factor thus calculated is used in conjunction wth
the electric data within each cable record to calculate the
smal | est cross-sectional area necessary to fulfill the follow ng
criteria:

1. Current carrying capacity
Voltage drop within limts (at start and normal | oad)
Short-circuit capacity

Fuse si ze

o e W

Bursting limt

There is also a facility which will allow various types and com
bi nations of types to be conpared with each other in order to
find the smallest cross sectional area given a choice.

CAPI CS cal cul ates the space required to accommodate the
cables within each route segnent and indicates whether or not
overflow has occurred. (See Figure 3.)

CAPICS attenpts to mnimze cross-overs along every route
and produces a report of cables per segment with the cables
arranged in the correct order for |aying. (See Figure 4.) At
this point the designer may enter any changes that may occur
either to the routing nmatrix or cable data, perhaps due to
|ate arrival of data or design changes. The systemw || auto-

matically take due regard of any changes which could affect

the routes and/or sizes [of previously entered cables. For

example, if it is necessary to renmove a particular segnent from

the routing matrix, then the systemw | automatically put any

cables which are already in that segment bakk into the systlem
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and automatically reroute them Likewise, if a change is
made which could affect the size of a cable, then the system
wll automatically take care of that situation not only re-
sizing the cable in question but automatically rechecking the
size of all neighboring cables and recomendi ng any size
changes. The final action to be taken is then up to the dis-
cretion of the designer.

Besi des the route segnment details schedule and the in-
stallation cable schedule, CAPICS Design Mdule also gene-
rates a design cable schedule, acconmodation schedule, term -
nation schedul e, equipment schedule, and a cabl es-per-segnent report.

Consi derations will now be given to the reasons for
Cammel |l Laird’ s examning the use of conputer systens. Camrell
Laird’s initial task was to find a system for cable scheduling
of merchant vessels which would allow the cable length and
route to be predetermned with a greater degree of accuracy
than was currently being achieved.

Anot her requirement was to be able to cut individual
cable lengths in the stores and then group them together in
a logical manner so that they could be arranged on the cable
ways in the correct order. Thus the short termrequirenment
was to create a cable processing systemwhich controlled the
usage of cable from the drawi ng board stage to installation.

The long termrequirements were to have a cabl e processing
system capabl e of being integrated into the conpany’s activities
and conpatible with the conpany’ s aimof reducing vessel build-

ing tinmes. To paraphase, Cammell Laird s basic requirenents
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of a cable processing system were as follows bearing in mnd
that the selection and sizing of cables and subsequent instal-
lation is one cost which is directly controlled by the ship-
bui | der):
The nethod of cable sizing should be |ogical and de-
fined.
The route that a cable is to follow should be pre-
determ ned and adhered to.
The individual lengths of cable should be cut at the
stores and grouped for ease of installation wthout
measuring at the vessel.
The initial reactions of Cammell Laird to CAPICS were:
1) The following features which they required were pre-
sent:
a) logical cable selection and sizing
b) shortest route capability
¢) installation information was contained in CAPICS
2) The CAPICS progranms were not designed specifically for
ships and m ght need nodifications before they could
be applied.
3) There were some prograns that would not be used, at
| east in the short term
4)  The nunber and variety of conputer input sheets ap -
peared to worry and confuse uninitiated drawing office
staff.
5 Cammell Laird s snmall conputer could not handle the

progr ans.
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6) The fixed format of the input data could be tolerated

but m ght be restrictive.

Cammel | Laird decided to apply the CAPICS Design and
Materials Take-Of nmodules to a 20,000 DWM products tanker, the
“Esso Severn”. This vessel was simlar to two other vessels,
the “Esso Mersey” and the “Esso Clyde”. This simlarity
enabl ed Canmel | Laird to use the drawings of the earlier
vessel s and allowed the section in the Drawing Ofice dealing
with the CAPICS evaluation to devote their whole attention to
operating the CAPICS system It is probably worth noting here
that nmost of the staff in the drawing office were men of na-
turity having had no previous exposure to conputer-based
systens.

Cammel |l Laird realized at the outset that they would |ike
to modify/simplify some of the output but decided to use the
existing programs with sonme nodifications in order to appre-
ciate in detail, their full scope and extent.

The tinescale of the exercise was:

Feb. 1973 CL learn of CAPICS

April 1973 Contract placed.

June 1973 ERA Training Course

Dec. 1973 Majority of input conplete and output received.

March 1974 Vessel | aunched.

Cct. 1974 Vessel schedul ed for hand-over

At the same tinme as the technical evaluation, a financia
exercise was initiated to evaluate the possible benefits. The

conponents of cost considered for evaluation were:
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Drawi ng office tine to prepare input data
ERA charges for conputer tinme and engi neering as-
si stance
Drawi ng office time for checking output results
Program nodi fications to suit Cammell Laird.
The total nunber of manhours used for the first two
tasks was 1913. This time, of course, includes “learning
time”. It is not easy to assess the reduction as experience
I's gained, but Cammel| Laird's own estimate is that the fig-
ure could be reduced to 1000 hours for the sane nunber of
cabl es, which was in fact 1730.
Due to Cammel| Laird s limted conputer capacity, they
bought time on the ERA conputer and dispatched data sheets
to ERA for processing. This also gave CL reassurance know ng
that ERA would be exam ning the input and output. The standard
of the drawing office work was quite high; their input error
rate was very, very low especially when considering that this
was their first attenpt.
The cost of the services provided by ERA at 1972 prices
was £3500. Program nodifications were inplenented at a cost of

£2K, and these nodifications are available to all CAPICS users.

Thus , the bal ance sheet of costs was:

&
Drawing O fice 1900 HOURS at £1.25/H = 2500
ERA changes 3500
M scel | aneous "~ 500
6500
Program nodul es (which will be spread over 2000
several ships.)
£ 8500
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As a result of this evaluation and the quality of the control
it produces, CL is using CAPICS on all their current and
future vessels. These are:

4 32,000 DM Product Tankers

5 55,000 DWI' Product Tankers

2 55,000 DWI' Product Tankers (but with different

el ectrical systens)
The cost of using CAPICS on each vessel will be around £2000
per vessel. The cost of cable installed per vessel is approx-
imately £40-50K and the estimated savings on materials per
vessel at present are estimted at 10%

Cammel | Laird has put forward the follow ng as advan-

tages to be gained by using CAPICS

1. The format of the input data sheets places a disci-
pline on the draftsman, and the overall program for
mai ntai ning the progress of the data sheets enables
the drawi ng office manager to exercise better contro
of the office.

2. The cable sizing aspect of CAPICS has caused CL to
reassess some of its established ideas on cable
sizing and ratings.

3. The nmaterial take-off and cable requisition docunents
have caused CL to evaluate the production of a range
of preferred cable sizes--leading to standard cabl es.

4. For simlar ships the sane conpleted data files can
be used, drastically reducing the anount of input

data for successive vessels.
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5. The cutting of cables in the stores (and the other
systens devel oped to support this) has saved cabl e,
reduced installation tine and provided a basic too
for maintaining installation progress.

One of the nmain problems for CL was the turnaround
time since they used a bureau |ocated at a distance. There
are two major devel opments taking place at the nmonment which
w || enable turnaround to be reduced greatly and also to
realize one of the requirenents nentioned earlier--fully
integrating CAPICS into the conmpany’s activities.

Cammel | Laird is currently setting up and using the
Honeywel | Dat abase Managenent System established on the Honey-
wel |l Mark 11l Timesharing Service (HTS). After using the
system for some weeks, it became apparent that nost of the
data necessary for entry to CAPICS is contained within the
dat abase.  The obvious nove now is for Cammell Laird to al-
| ow ERA access to its files which will be interrogated in
such a way as to make the cable data acceptable to CAPICS.
This wll involve conparatively mnor software changes.

CL cable data will then be processed on the conputer at
ERA and the results put up on the Mark 111 Tinesharing
Service where CL will access the various output and either
update their DVS directly or allow their designer to nake
desi gn changes.

Initially, the data checking will still be done within
CAPICS, but it is only a matter of tine for CL to obtain an

intelligent termnal or prograns witten for the HIS to do
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nost of the data checking. This will serve the dual purpose
of speeding-up turnaround tine and giving the designer a greater
sense of involvenment and control

The DVMS control |anguage is very sinple but powerful
allowng conplete flexibility when interrogating the results
and creating hand copies of final results--thus freeing CL,
or indeed any user, from the necessity for using formats which
m ght or mght not suit the organization.

The structure of the Cammel| Laird database enbraces the
follow ng activities:

1. Cable Control: cable requisitions, order, receipt,

and invoice.

2. Cable Stock: An inventory of existing cable stock

which will also receive an output from the cable con-
trol file when cable is received.

3. Transit Schedule: Defines the cable lengths to be

cut and the sequence of dispatch to the vessel.

4. Cables Alocated: As cable is cut, the cable stock

I's correspondingly reduced and the cable required
for each vessel is recorded.

5. Connection File: List of termnal connections, up-
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foll ows:
1.

The exercise has led to the inposition of a disciplined
approach to cable system design and installation.

There were savings on materials and it is not too
optimstic to assume an increasing saving in manpower
as experience increases.

This has helped the nove toward integrating the

design function with all the other activities within

a conpany, thus increasing control.

The exercise resulted in a better understanding be-
tween CL and ERA of shipbuilders’ problens, leading to

definite future devel opnments.

FUTURE CAPI CS DEVELOPMENT FOR SHI PBUI LDI NG

1.

Figure 6

Fault |evel calculations (using expertise already
wel | established within the CAD engineering unit).
System di scrim nation.

Economi c conparisons of different systenms to be

eval uat ed.

Cal culation of the voltage drop at all subdistribu-
tion boards in the system

Cal cul ation of the volume of the cable way required
and the weight of cable per meter to determne the
cabl e way dinensions and supports.

The material take-off nodule can be further devel oped
to define cable hanger requirements together with
support attachnents.

illustrates CAPICS operation on a world-w de scale.
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EUTURE GENERAL CAP| CS DEVELOPVENT

At present the system processes data |'Om layout draw ngs
and equi pment data which nust be manual |y Prepared on input
forns and punched on cards. This data preparation and sub-
sequent nodification for cable and route segnent input and
the preparation of cable routing drawings are the main nanual
operations involved. The systemw | benefit nmost if on-line
design nethods are introduced in this operational area.

The equipment for on-line data preparation and nodi-

fication should satisfy the follow ng requirenents:

a) Be conpatible with the existing system

b) Be operable by capable but not necessarily highly
qualified staff.

¢) Provide visual and automatic verification.

d Allow subsequent data nodification

e) Have capability for output plotting.

The operational nethods considered at present require the

foll ow ng equi pment available on the narket:

a) Dgitizing drafting table with nmenu tables and co-
ordinate sensing device and full keyboard for alpha-
numeric input.

b) M ni conmput er.

¢) Gaphics controller and storage tube display.

d) Magnetic storage nedia.

The work carried out on this equi pment will basically consist
of placing the plot plan onto the digitizing table and begin-

ning to plot the available cable routes, segnent by segnent.




For each route segment the additional information, such as
el evation, alpha-nunmeric coded input for method of installa-
tion, nunber of nodules, restrictions etc., wll be provided
t hrough the keyboard or menu tables. Each set of segnent data
input wll be displayed onto the display panel for visua
verification and anendment through the sane nmedia if errors
are found. The visually verified segnment data will be pro-
cessed through the mniconputer, edited for logic errors,
and using the graphics controller, displayed on the storage
tube with an indication of any errors detected by the computer.
After correction, the verified segnent data will be stored.
The processing of cable data will follow the sane procedure,
The segnent and cable data will then be processed in
the normal way through the CAPICS design nodule to obtain
t he necessary design out put
The quicker data preparation and on-line verification
| eading to better accuracy should increase the efficiency of
the operation, and at the sane tine reduce the involvenent at
the detailed job level of more highly qualified technical staff.
Furthermore, since the route segments will be described using
t hree-di mensi onal coordinates, graphic output of the cable
routes can conveniently be obtained using standard data plot-
ters. This would renove, in some instances, the need for
manual |y prepared cable routing drawing thus further reducing

the tinme factor and inproving the overall efficiency.
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In conclusion, | should like to acknow edge the very con-

siderable help given to us by Cammel| Laird Shipbuilders in

allowng us to give sone insight into their nethod of operation

and for allowing us tine to tell you something about CAPICS and

what we feel future trends should be in cabling system design
Thank you.
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UNI FI ED HULL DEFI NI TION SYSTEM

M chael Aughey
Naval Ship Engineering Center
Hyattsville, Maryland

M. Aughey is a naval architect in the Special Projects
Section of the Naval Ship Engineering Center. s 15 years
of conputer experience with naval architecture were gl eaned
through marine engineering at Newport News Shipbuil ding and
Dry Dock and conputer aided ship design at NAVSEC
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UNIFIED HULL DEFINITION SYSTEM

Backgr ound
The Navy,s CASDOS system as originally conceived was supposed to

interface with a conputerized fairing system devel oped by another agency.

The fairing systemdidn't pan out, and Arthur D. Little, Inc., the CASDOS
contractor, was asked to "review and evaluate previous work done on the lines
fairing problemto determne the nost appropriate approach for solution"

as a prelimnary step to developing a lines fairing system

The result of this effort was a 100-page report entitled "Approaches
to Conmputerized Lines Fairing" dated February 1971. This report details
the mathematical techniques used in snoothing points, lines and surfaces,
and nmore inportantly, details the known problenms, deficiencies and |ofts-

man's objections to these methods

Rather than performng independent research for this discussion of the
Unified Hull Definition System | have taken the liberty of abstracting
and quoting freely fromthe ADL report, and wish to credit its authors for
critiques of various lines fairing systems just in case the shortcom ngs

of these systens are not as grievous in 1975 as in 1971.

Among the reconmendations of the ADL report is the follow ng:
Quote; Because none of the existing fairing systems work sufficiently
wel | and because so many people in the ship building industry
have their own viewpoints regarding the
best approach to lines fairing, we believe that

any new approach would have a great dea
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of difficulty gaining general acceptance. W feel what is
real |y needed is just a sinple procedure of producing a
mat hematical hull definition from offset data.

W feel that under these circunstances, the best policy
is to devel op a system based on the "quick-l1ook" conmponent

of CASD3S.  END E

199



General Nature of a Ship's Hull Surface

Consi der the surfaces of the port half-shell in Fig- 1 bounded by the
various control lines. The ship's surface in the region bounded by the
centerline and the half-siding line will be a flat plate. Sinmlarly, the
surface in the region bounded by the half-siding line and the bottom tangent
line will be flat, or straight, in the transverse plane. The surface in the
region bounded by the bottom tangent and the knuckle line exhibits the prop-
erties which are nost inportant to this discussion. Any line on this surface
will be smooth and continuous in first and second derivatives, and will have
only one or two widely separated inflection points. A simlar statement can

be made about the region between the knuckle line and the main deck.

By looking at frame |ines, we see that when two regions are joined at
a knuckle line the surface has a first derivative discontinuity. Simlarly,
when we consider regions connected at tangent lines, we discover first

derivative continuity but second derivative discontinuity.

Tine nature of a ship's surface, and of lines within the surface, suggest
the use of a mathematical. spline curve which is an approximtion to the drafts-
man's batten. Problens associated with large slopes in the use of mathematica
splines have been overcome by the method of paranetric curve fitting suggested
by Ahlberg, N lson, and Walsh (1967), “The Theory of Splines and Their Appli-
cations." Such parametric splines are used to define all lines in the CASDCS
and Unified Hull Definition Systenms. The CASDCS Hul | Definition System used
parametric splines to define the edges of a series of Coons patches, which
were arranged in stacks between transverse planes. Unfortunately,

the Coons patches as inplemented did not maintain even first derivative
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continuity across their boundaries, thus a hull surface so defined

contained cusps or ridges at patch boundaries.

Due to this deficiency, the recommendation for a lines fairing
system based on the "quick-1ook" component of CASDOS was rejected and

the new Hul | Definition System was begun.

Obj ectives of the New System

The Unified Hull Definition Systemis intended to produce many of
the elements of the ship design and construction process which require
a mathematical and/or graphical description of the hull. Anong these are:
a. the traditional three-view lines plan of faired stations
(or franmes), waterplanes, buttock planes and diagonal planes
b. a table of offsets including first and second differences
¢c. NCinstructions for the automatic milling of hull nodels
d. deck and bul khead outlines for arrangenents
e. input for hull characteristics (volumes, areas, centers, etc. )
f.input for theoretical analyses such as Speed/Power and Seakeeping
g. shell expansion drawings, plate seamand butt locations, and
traces of shell stringers
h. curved plate devel opnent, roll tenplates for curved plates

and N'C instructions for cutting plates.

The systemis further intended to provide a single mathenatica
description of the ship starting in the early stage of prelimnary
design in order to avoid the inconsistencies which occur in present day

manual practice. For exanple, the hull nodel tested for speed/power and
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maneuvering will match the lines as faired, sinilarly, the deck and
bul khead outlines for arrangements and the hull characteristics wll be

cons is tent with the faired |ines

Moreover, the systemis designed to provide the user with tota
control over the hull shape. The loftsman or Naval Architect specifies
the shape and modifies it repeatedly after reviewing plots end tables
of offsets until the shape satisfies his own notion of “fair". Because
of the interaction required between |oftsmn and conputer, this system
is called "Hull Definition" rather than "Lines Fairing" although the
mat hematical batten utilized to define lines provides a considerable

measure of fairing

Sel ection of Line Type

Existing hull definition systems (CASDOS, AUTOKON, etc.) were known

to suffer froma lack of longitudinal definition. Discrete frames or
stations are defined, but interpolation techniques are required to
determne the shape of the hull between frames. Experience has shown

that no interpolation schene is entirely suitable.

It was therefore decided to define the hull with a set of [ongi-
tudinal lines, and to generate any required transverse line by connecting
the sequence of points at the transverse planes intersection of the
longitudinal lines. The tool used for connecting the points is the

paranetric spline or mathematical batten
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To gain an appreciation of the longitudinal line surface definition,

consi der the hard-chine, straight frame segnent supply vessel of

figure 2. It is clear that the precise definition of any frane or

station can be found by intersecting the centerline, chine line and

deck at edge with the required transverse plane, then connecting the
points with straight lines. The coordinates of any point on the station
can then be found by intersecting the straight line segnents with the
desired waterplane, buttock plane, diagonal plane or skew plane. Thus
the vessel is entirely defined by the three longitudinal lines and the

transom

A sinple extension of this concept is illustrated in figure 3.

This destroyer-type hull formis sufficiently defined by the contro
lines (centerline, half-siding, knuckle, deck at edge and transonm) and
by the series of lines extending from the centerline-knuckle line inter-

section to the transom

Note that this series of lines is formed by the parametric spline
connection of corresponding girth fraction points on a selected set
of faired stations. Since each line is smooth and continuous in first
and second derivatives, we can hope that the surface defined by an infinite
number of such lines will also be snooth and continuous. The realities
of conputation require that we limt this infinite number somewhat
Sufficient iso-girth fraction lines nust be defined to describe the

desired hull shape, but the fewer the better
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Experience to date with this system has been more than encouraging.
Ships featuring bul bous bows, bottom and side tangents, tunnel sterns,
etc. have been sinply defined and judged "fair". NAVSEC has prepared the
contract lines drawings for the two nost recent designs utilizing the
system and more will follow shortly. A direct link has been provided
between the hull definition-lines fairing portion of the system and the
hul | characteristics program such that the volunes, centers and coefficients

can be immediately examned by the Naval Architect.

The system can also presently provide the table of offsets in
feet-inches-sixteenths or decimal (metric), prepare frame, bul khead
and deck outlines for arrangements and provide the inputs for seakeping

anal ysi s.

Short range plarmng includes an interface with a conmputerized
arrangenents program  Hopefully, as confidence is gained with use, the
Unified Hull Definition Systemwll provide the NC tapes for automatically
mlling hull nodels end cutting steel for the fabrication of the full

sized vessel.
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sinulation for design and devel opment, vehicle dynam cs, auto-
mat ed inspection, ordinance design, automatic and speci al
machi nes devel opment and fabrication, manufacturing processing

and cost anal ysis.
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| NTRODUCTI ON

Industrial robots are generally considered to be a “new
area of automation although robots have been avail able since the
early 1960’s. Most conpanies are not even aware of the existence
of real world robots capable of working in industry, let alone
know what they can do or how to apply them For this reason
nost papers witten for meetings of this type start out with a
“This is a Robot” section, followed by a “Robot can do this”
and a “Robots have been used here” section. Oten this is fol-
lowed with “Robots will save you this nuch”. But | am not going
to do the standard robot bit for this neeting, because | do not
believe that the normal robot has a role to play in your industry.
Your products are too big and your production runs are too short
to be cost effective. Robots are best suited to short and nedi um
production runs that are too slow and too short to justify hard
automation and sinple enough not to require people. Heavy (in
human terms), dull and hazardous work, such as |oading and un-
| oadi ng punch presses, die casting and injection noulding ma-
chines, spot welding autonobile bodies, transferring, palletizing
and paint spraying are suitable tasks for today' s robots. To-
morrow s robots, equipped with vision and tactile feedback and
more powerful control conputers will be assenbling washing na-
chines, small engines and the like, but not ships. There may be
applications in the fittings area or possibly the welding of
subassenbl i es using conventional robots but ships will require
somet hi ng speci al .

To the best of my know edge, no shipbuilder is using a robot
and no devel opnent work in this country is being directed toward
shi pbuil ding robots. In fact, very little robot work is going
on in the United States even though the Japanese governnent is
spending mllions of dollars in this area; sonme of it | amsure
directed at the shipping industry.
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What | am going to present here is a brief review of two
robot prograns that are being conducted at |1 T Research Institute
and relate this methodol ogy to sonme ideas on how robots coul d be
used for shipbuilding if developnmental effort were directed to
that end.

I ndustrial Robot Analysis, Milticlient Industrial Program

(Texas Instruments, Boeing, Northrop, Universal G| Products, etc.)
The 11T Research Institute’s Robot Technology Center initiated a
multiclient industrial assistance programin February of 1974 to
perform technoeconomc feasibility studies for clients contem
plating the use of industrial robots for the first tine. In per-
formng these analyses, we send our roboticists into the

clients’ plants for a period of two weeks to assess the require-
ments of the conpanies’ individual production processes relative to
the capabilities of current and near future industrial robots.
Where a potentially feasible robot application is found a detail ed
t echnoeconom ¢ study is perforned using techni ques we have derived.
During these studies, engineering personnel fromthe client com
panies are instructed in the feasibility nethodol ogy. Wen the
conpany is wlling to provide the necessary cost data an econom ¢
risk analysis is also performed using the IITRI ESA (Econom c
Systens Anal ysis) conputer program

The techniques utilized in this program both technical and
cost, have direct application to both the state of the art assess-
ment and the cost/performance trade off analysis of virtually
any potential robot application, particularly those requiring
t he devel opment of new systens.

TNT Pilot Plant and Sanpling System U.S. Departnent of the Arny,
Picatinny Arsenal, Contracts DAAA21- 73- C 0743 and DAAA21- 74-C-0419.
The design, fabrication, and installation of processing systens

Is also a mpjor activity at IITRI. One exanple is the |ow tenper-
ature TNT pilot plant that we are ~currently devel oping for

Pi catinny Arsenal
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The TNT pilot plant is one of many experinental pilot oper-
ations that will be installed in research building 1031 at
Picatinny Arsenal. Al of these pilot operations are judged
extrenely hazardous and nust be renotely controlled by both
humans and conmputers from a reinforced concrete |aboratory build-
ing several hundred feet away. Since people will not be allowed
in building 1031 during process operations, drawi ng off sanples
from points along the process |ines becomes a problem To sol ve
this problem we have designed and are building seven renotely
control | abl e special purpose explosion-proof robot teleoperators
(Figure 1)|to draw off 30 m. sanples of the explosive conpounds
orkinmg with special explosion-proof sanpling valves and re-
frigerated containers that we also designed and build, the robot
tel eoperators draw off sanples fromup to 30 points in the
bui | ding and place the container on an overhead conveyor system
(Figure 2)[ for transport to the laboratory for analysis. The
entire process is nonitored by television caneras nounted on each
of the seven robots. Al systens have been designed to operate
In an expl osive atnosphere containing vapors of sulfuric, nitric,
and acetic acids and acetic anhydride.

At the present tinme the systemis being inplemented as a
human operated teleoperator. This was done because it was not
cost effective at this point in time to automate sone of the
| oad/ unl oad functions in building 1031. However the systemis
designed for conputer control and when the operating cycle becones
hi gh enough to justify the cost, the arms will be retrofitted to
convert themto true robots.

Once again the technol ogy developed in this programis di-
rectly applicable to the tradeoff, design and inplenentation of any
t el eoperator or robot system

ROBOTS FOR SHI PBUI LDI NG

Based on the technol ogy we have devel oped, our know edge of
what the rest of the world is doing in robots and tel eoperators,
and a brief interface with the engineers at Bethlehem Sparrows

212



Figure 1 [l TR ROBOT TELECPERATORS FOR HANDLI NG EXPLOSI VES

Figure 2 SAMPLI NG SYSTEM SUPERI MPOSED ON TNT PI LOT PLANT DRAW NG
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Point, it seens technically feasible to automate four areas of

shi pbuilding using robot-like systens. In order of increasing
conplexity, these areas are painting, sandblasting, grinding,

and wel ding. These four tasks arrange thenselves into two

groups of simlar technology, painting and sandblasting are
reasonably straightforward given today’'s technol ogy while grinding
and wel ding are pushing the state of the art.

Pai nting and Sandbl asting

Figures 3 and 4 show artists concepts for a robot paint
spraying system that is technically feasible, requiring only
t he devel opnent of special purpose hardware. As shown in these
figures, both large inside areas such as holds and fuel bunkers
and outside surfaces could be painted by the-same basic system
Devel opnent of the nechanical arms presents no particular prob-
| em even though they are unusually large. The control system
however presents some interesting tradeoffs. The system could be
man- operated, in which case the machine becomes a very large
sophi sticated special purpose cherry picker. The system coul d
al so use an open | oop conputer control system In this case the
contours of the surface to be painted, the hull, etc. would have
to be programmed into the conputer. The conputer would then di-
rect the armto paint the surface even if the surface was not
there, or worse yet, it could run the arminto the ship damagi ng
the arm  The nost practical and the nost sophisticated control
systemwoul d utilize a closed | oop conputer control system capable
of sensing the presence of the ship. In this case the spray head
on the arm (Figure 5) would contain proximty sensors to neasure
the distance between the spray head and the surface. This in-
formation would be transmtted to the control conputer that would
mai ntain the proper clearance between the spray head and the
surface. Only the general configuration of the surface (end points,
corners, openings , etc.) would be programmed and the conputer
woul d be told what pattern to paint. Then the conputer woul d
direct the armto paint the required pattern in the x-y plane
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Figure 3 EXTERNAL SHI P PAI NTI NG SYSTEM

Figure 4 | NTERNAL SHI P PAINTI NG SYSTEM
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while the proximty sensors provided the necessary feedback to
control the z-plane notions.

Sandbl asting woul d be acconplished in the sane manner using
a somewhat stronger arm In fact, both jobs could be accomo-
dated with the same arm using quick change heads.

Ginding and Wl di ng

Ginding and wel ding applications use the same basic hard-
ware concepts for the army the control system however is sig-
nificantly nmore conplex. Feedback and position control are
necessarily nore precise by at |east an order of magnitude and
probably two. Feedback in two dinensions will also be required.
Z-plane control to position the rod tip/grinder head relative
to the work surface would be simlar to that used for spraying
and blasting but nmore precise. X- or y-plane control would be
in the formof a line tracker to provide precise positioning of
the rod tip relative to the joint. The conmputer would position
the rod tip in the general area while the line tracker system
woul d provide the “fine tuning” required. Ginding operations
woul d require simlar control but wth |ess precision.
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ABSTRACT

A ship franme bendi ng machi ne which can operate under self-
adaptive computer control is described. The entire systemis being
devel oped at Case Western Reserve University by a team of specialists
i n machi ne design, structural nechanics, and conputer control.

Advant ages of this autonmated col d-formng system conpared wth
conventional cold-formng and hot-sl abbi ng bendi ng processes incl ude:
(1) conplete elimnation of the need for lofting or tenplates of

any kind; (2) direct conpatibility with data generated by the
AUTOKON conput er program package for ship design; (3) reduced
construction costs and tine; (4) replacement of a costly |abor-
intensive activity with a nore efficient capital-intensive process;
(5) reduction of assenbly costs due to nore precise franmes because
out - of - pl ane deformation, buckling, and twisting can be virtually

el i m nat ed; (6) inproved international posture for American ship-
yards. The prinary enphasis of this paper is on the conputer contro

al gorithm used to acconplish the bending.
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MOVI E

Presentation of the paper is preceded by a 10 m nute,
16 mm sound, color filmtitled “Automation in the Shipyard: First
the Frane." (The film was produced for NSF/ RANN by |nage Associ ates,
Washington.) This novie shows the Case Western Reserve Frame Bender
in operation, illustrates conventional hot-slabbing techniques, and

di scusses the research goals of the project.

| NTRODUCTI ON AND BACKGROUND

Because U.S. shipbuilding wage rates are the highest, donestic
materials (e.g., steel) the nost expensive, and |abor productivity
the lowest in the world, a US. shipyard |abor force of 14% of the
world's shipbuilding industry produced only 6% of the world's ships
in 1970. One obvious way to correct this situation is to attenpt to
make the shi pbuil ding process |ess |abor intensive and nore capital
intensive. To solve this problema team of specialists in nmachine
design, structural mechanics, and conputer control in the School of
Engi neering at Case Western Reserve University is developing a self-

adaptive, conputer-controlled, cold-formng machine for the fab-

rication of ship franes [see Figure 1) Expected benefits of automated

ship frame bending include|(see Figure 2):

1. conmplete elimnation of the need for lofting or
tenpl ates of any kind;

2. direct conpatibility with data generated by the
AUTOKON conput er program package for ship design

3. reduced construction costs and tine;

4. replacenent of a costly labor-intensive activity
wth a nore efficient capital-intensive process;
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5. reduction of assenbly costs due to nore precise
franes because out-of-plane defornmation, buckling,
and twisting can be virtually elimnated;

6. i mproved international posture for American ship-
yards.

CAPABI LI TY OF THE MODEL BENDER

The present nodel of the bender is designed primarily to handle
pl anar transverse ship frames rather than |ongitudinal franes which

are required to have a prescribed twist to follow the shape of the

hull . | Figure 3 |illustrates the wide variety of shapes required for

transverse franmes near the stern and near the bow of the ship. The
present nodel, which is about 1/6 the size of a full scale bender,

can bend such shapes with a mninum arc radius of two feet. Frane
nmenber cross sections which can be accommobdated in the bender include

flat bars, equal or unequal |eg angles, tees, and channels (see

Figure 4).| Although dies could be built to handle bulb angles and

bulb flats also, American yards to not use these sections because
Anerican mlls no longer roll them It is interesting to note that
bul bs are used al nost exclusively in European yards and that there is

i ntense cooperation between their rolling mlls and their shipyards.

CONVENTI ONAL BENDI NG PROCESSES

In order to better appreciate the advantages of the Case
Western Reserve Frane Bender, it is helpful to conpare it with con-
ventional bending processes. Ship franes are currently bent by two
met hods. The oldest and probably nost wdely used technique is hot
slabbing. For this nethod the frame material is heated in a furnace
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until it is plastic and then it is bent against a tenplate by a

portable hydraulic jack (as illustrated in the novie) with worknmen

hammering out |ocal discrepancies. The disadvantages of this nethod

i nclude the foll ow ng.

1.
2.
3.

It is slow
It requires a furnace facility.

It requires the layout and fabrication of a
tenpl at e.

[t requires a team of four men to performthe
bendi ng.

A hot-bent beamis changed to an anneal ed state
wth a consequent |low yield stress.

A second nethod is called 3-point cold form bending (see

Figure 5).

Here the desired frame profile is achieved by a succession

of bends produced by applying a force between two fixed points sup-

porting the beam The di sadvantages of this nethod include the

fol | ow ng.
1.
2.

It is a slow process.

It requires a massive, brute-force machine
whi ch costs nore than $100, 000.

It requires the layout and fabrication of a
full scale tenplate

It is very "arty" and therefore nust be done
by experienced operators.
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of these two planes is not controllable. Buckling results from
insufficient stabilizers (if any) on the web during bending.

Twi sting nmoment is produced because shear forces, and hence shear

stresses, are very high in 3-point bending.

In sunmary, the conventional processes are crude, tinmne-
consunming, and produce an unsatisfactory product whose error in
shape results in severe and costly manufacturing problens throughout

the hull construction.

OVERVI EW OF THE CASE WESTERN RESERVE SYSTEM

In contrast to conventional bending techniques, the Case

Western Reserve system uses a physical configuration (illustrated in

Figure 6) permtting application of a pure bending nonent in an

appropriate plane (which varies with the cross-sectional geonetry).
Bending is produced only in one principal direction, so there is no
out - of - pl ane bending. Buckling, even for beans with high aspect

ratios (e.g., 24 to 1 for a flat bar 3 inches deep and 1/8 inch thick),
has been m nimzed by devel opi ng special stabilizers. Tw st has been
elimnated by applying a pure nonent to the work section using a

4-poi nt bending technique.

The nodel bender was designed and built in 1/6 scale with all
of the necessary full scale requirenments of interchangeable (jes,

automatic clanping, automatic feeding, and with suitable transducers

to permt the machine to be operated under autononous conputer con-

trol as well as by manual control |[(see Figure 7). The heart of the

conputer control in the feedback | oop shown in|Figure 8 ils a
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NOVA- 2/ 10 mi ni conputer with 32,000 words of 16 bits/word core
nmenory, a nultiplexed 12-bit analog-to-digital converter to sense
the transduced signals which tell what the bender is doing, and

several channels of voltage outputs to control the hydraulic valves.

COVPUTER CONTROL ALGORI THM

The sinplified flow diagram in Figure 9 integrates two

rel ated subsystens which together control the automated bendi ng of
a beam After an operator inserts the beam into the bender and
| oads into the conputer the data describing the shape to be bent, the
NOVA ni ni conput er sequentially processes one work section of the
beam after another. For each work section the aim position for
bending is calculated to mnimze cunulative error, the beamis
bent to this aimposition, the springback is neasured, and the work
section can then be rebent iteratively based on the computer's
updated estimate of how rmuch springback to expect. For non-
symetrical sections, hard-wired circuitry mnimzes out-of-plane
bendi ng by adjusting a servo valve to maintain the proper ratio of

i n-pl ane nonent to out-of-plane nonent. In other words, the
circuitry maintains the correct separation angle between the plane

of desired deformation and the plane in which the net nonent is

appl i ed.

Figures 10al through 10d illustrate sone of the mechanica

steps controlled by the conmputer during the bending of a single
wor k secti on. Figure 10a shows a sinplified top view of the bending

machine with a beam inserted. A few work sections have already been
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bent near the initial end of the beam The beam has just been fed
forward and the noving head of the machine has been adjusted to
position the next unbent work section between the fixed and noving
heads. The dot near the end of the beam denotes the reference point
at which an X-Y carriage clanp is attached to the beam Displace-
ment transducers nounted on the carriage permt the conputer to read
the (x, y) coordinate position of the carriage clanP. The conputer
now cal cul ates the aim point at which the reference point should
ideally be located after this work section has been bent properly.

When the conputer has estimated how nuch springback to expect, the

work section is over-bent (see Figure 10b) enough so that after the

bending nonent is released and the work section springs back (see

Figure 10c), the reference point on the beam should be at the

Y-coordinate of the aimpoint. |If the reference point does not

cone within an allowable error band on Y, the springback estimate

Is revised on the basis of how much springback was just observed.
The same work section is then bent again based on the new springback
estimate unless the beam was already bent too far. Finally, the
beamis fed until the reference point on the beam stops within the

tolerable error band centered around the X-coordinate of the aim

point (see Figure 10d).| Feeding is acconplished by pulling the

beam wi th the noving head while keeping the fixed head cl anps open.

In order to performall of the necessary calculations while
bending a beam the conputer maintains in its nenory three distinct

mat henati cal nodels of the beam These are called the ESSI nodel,

the ideal nodel, and the actual nodel. The ESSI nopdel [see Figure 11)

is produced by AUTOKON and is input to the NOVA-2/10 to specify the
2 39



EXAMPLE OF AN ESSI MODEL AND ITS IDEAL WORK SECTION MODEL

a INITIAL STRAIGHT

Work SecTion 3
25”

25”

#1 WORK SecTioN 4 .

Work SECTION 5

Work SECTION b \
ESSI # 3

Work SECTION 7 (4,6")

TasLe OF ESSI ELEMENTS (100 UNITS/INCH)

1322 -2205 -1178 -2205 -
382 -1328 2500 O +
425  -678
172 -246 2542 1594 +

Figure 11.
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desired shape of the beamin ternms of straight segnents and
circular arcs. Oher mathematical specifications for a beam
(e.g., a piecewise linear nodel or a table of offsets froma

chord) can easily be converted into straight ESSI elenents.

Before any bending takes place, the NOVA-2/10 determ nes
the ideal nodel by dividing the ESSI nodel into work sections
according to a set of rules. The nost inportant rules are |isted
bel ow.

1. The length of each work section nust be between

the mnimumand maximumlimts specified by the
operator.

2. Work points (i.e., junctions between adjacent

work sections) are preferred to coincide with
junctions of consecutive ESSI elenents to
avoid including an inflection point within a
work section whenever possible.

3. Long ESSI elements are divided into the
smal | est possi bl e nunber of nearly equal work
sections to speed up the bending process by
keepi ng the nunber of bends small.

4, hbnoverIaBplng work sections are generally used,;

however ecause extrapol ation of-the ESSI
model is not permtted, the previous three
rules may force the last work section to over-

aP with the second |ast one. Figure 11
ustrates an exanple of this condition.

At each work point in the ideal nodel a vector which is tangent to
the ESSI nodel is calculated. These tangent vectors are used for
al i gnnment of the beam at the fixed head when aimpoints are

cal cul at ed.

The third nodel, called the actual nodel, is devel oped by
the NOVA-2/10 while the beam is physically being bent. This

mat hemati cal nodel is based on the curvatures that were actually
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bent and on the work section |engths that were actually fed. The
conputer control program can use the actual nodel to print a table
sunmari zi ng the detected bending discrepancies. The primary use
for the actual nodel, however, IS to |ocate a new reference point
if the X-Y carriage clanmp is noved to a different point on the
beam between times of bending. This provision for noving and re-
clanmping the carriage as often as once for each work section is
included in the control algorithmto allow the carriage to be nuch

smaller than the total length of the beam being bent.

A summary of the conputer control algorithmis outlined in

Figures 12a and 12b.

FUTURE WORK

As the devel opment of the 1/6 scale nodel bender nears
conpl etion at Case Western Reserve University, plans are being made
for the comercial devel opment and construction of three full size

aut omat ed frane bendi ng machi nes, each of a different capacity.

(See Figure 13.)| Such devel opnent will be based upon engi neering

and econonic data to be gathered on shipyard use. Consideration
is also being given to the potential application of simlar

techni ques with another machine to formship hull plates. Finally,
the Case Western Reserve conputer-controlled frame bendi ng machi ne
could be applied to national needs besides shipbuilding, such as
the formng of stiffening elenments for nuclear power reactor

conponents.
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CONTROL ALGORITHM

. OPERATOR INSERTS BEAM INTO FRAME BENDER

OPERATOR CLAMPS TRANSDUCER AT END OF BEAM

. INPUT THE DESIRED BEAM SHAPE

A. ESSI MODEL OF CIRCULAR ARCS AND STRAIGHT LINE SEGMENTS
(CAN BE PIECEWISE LINEAR)
B. Frov AUTOKON PAPER TAPE, TELETYPEWRITER, OR DISK FILE

C. ASCI1 OR EI A CHARACTER CODES

. INPUT THE BEND PARAMETERS

A. WORK LENGTH MINIMUM AND MAXIMUM

B. I NTIAL unBenT LENGTH AT END OF BEAM

C. CrLavPING MODE

D. ToLERANCEs FOR FEED DISTANCES AND BEND ANGLES

. CALIBRATE TRANSDUCERS WITH A/D CONVERTERS

. SET UP IDEAL MATHEMATICAL MODEL OF BEAM

A- WORK POINTS ARE PREFERRED AT JUNCTIONS OF ESSI ELEMENTS
B- THE LAST WORK SECTION MAY OVERLAP THE SECOND LAST ONE

C. THE TANGENT VECTOR AT EACH WORK POINT 1S DETERMINED
FROM THE ESSI1 MODEL

D- A TABLE-SUMMARIZING IDEAL MODEL OF BEAM CAN BE PRINTED

Figure 12a.
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CONTROL ALGORITHM (conTinueb)

/. EACH WORK SECTION IS PROCESSED AS FOLLOWS:

A. FEED BEAM AND ADJUST MOVING HEAD TO POSITION NEW WORK
SECTION BETWEEN THE FIXED AND MOVING HEADS

B- UPDATE MODEL OF ACTUAL BEAM TO REFLECT FEEDING

C. |F NECESSARY, MOVE TRANSDUCER TO NEW POINT ON BEAM,
FIND NEW REFERENCE POINT ON MODEL OF ACTUAL BEAM,
AND FIND CORRESPONDING POINT ON IDEAL MODEL

D. CALCULATE (X, Y) AIM COORDINATES FOR TRANSDUCER
REFERENCE POINT FROM IDEAL MODEL

E. BEND TO Y COORDINATE OF AIM POINT, RELEASE, AND
MEASURE SPRINGBACK

F. UNTIL BEND ANGLE TOLERANCE IS SATISFIED (BUT NEVER MORE
THAN 2 ITERATIONS), RECALCULATE REQUIRED “OVERBEND”
BASED ON SPRINGBACK JUST OBSERVED, BEND TO NEW Y
COORDINATE, RELEASE, AND MEASURE SPRINGBACK

G. UPDATE MODEL OF ACTUAL BEAM TO REFLECT BENDING OF THIS
WORK SECTION

H- FEED TO X COORDINATE OF ORIGINAL AIM POINT

8. WHEN ENTIRE BEAM IS FINISHED, OPTIONALLY PRINT A TABLE
SUMMARIZING THE MODEL OF THE ACTUAL BEAM

9. OPTIONALLY PRINT A TABLE COMPARING THE IDEAL MODEL WITH
THE MODEL OF THE ACTUAL BEAM

Figure 12b.
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USE OF THE SPADES SYSTEM
DURI NG THE
ENG NEERI NG DESI GN AND DETAI L PHASES

Lonnie W Lowery

Cali and Associ ates

Metairie, Loulsiana

M. Lowery is responsible for devel opnment and inple-
mentation of marine engineering and nunerical control systens,
utilizing interactive graphics as a tool for conmmunication
between the system and the users.
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| nt roduction

In order to apply optimcation techniques to the earlier stages of ship design, one
nust be able to recognize a logical pattern in the design process and define it in a
mat hemat i cal sense so that design algorithns can be devel oped. Structural design
by conputers in the shipbuilding industry is still a relatively young discipline but
has quickly gained much popul arity. Contract desi gn concepts are al so beginning
to enjoy growing acceptance. On the other hand, numerical control and manufac -
turing aids in shipbuilding have been widely accepted and extensively refined. Am
eri can shipbuilding has for several years applied conputerized techniques to the
areas of numerical control, part generation and manufacturing aids but has direc-

ted little effort recently toward the engineering functions.

As the ‘SPADES  System becane nore sophisticated, in order to better help the
lofting effort, the increased features made it useful to a considerable degree for
engineering purposes. It is the intent to further develop the Systemto provide the

engi neer and draftsman with the nost efficient tool

The purpose pf this paper is to outline a procedure by which the Systemcan be used
as it is today during the engineering design and detailing effort and how future
nodul es may inprove on these applications. Such a use will not only benefit engin-
eering, but will also reduce considerably the work that would otherw se have to be

done downstream by the mold |oft.
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procedure will cover the use of the 'SPADES  System assumng for the sake of
clarity, that the engineering functions can be categorized in the follow ng phases:

« Hull Form Definition

.Scantlings Definition

.Detail Working Draw ngs
Draw ngs Revi sions

Hul | Form Definition

It is assuned that at the beginning of this phase, the naval architect has already es-
tablished a set of lines representing his first approximtion of the hull form required
to meed the performance requirenents of the ship, and that he is ready to start the
iterative process between hull form and calculation to refine this first approximation.
This process can be done through the use of the 'FAIRING, 'HULLCAL' and 'HULLOAD
Modul es of the * SPADES' System using the follow ng procedure:

1. Load through 'FAIRING the initial lines, No actual fairing will be done.

2. Check that the lines, as |oaded, are fair enough for calculation purposes.
If not, change data and/or make a fairing run, as needed.

3. Conpute the Curves of Formthrough the ‘HULLCAL' Mbdule. If the hy-
drostatic properties appear to be satisfactory, proceed with the next step.
If not, nodify the lines as desired and repeat Step 2 above.

4, Conpute Cross Curves of Stability and Floodable Length Curves, using

"HULLCAL".  Change lines and repeat from Step 2 above if the results
are not acceptable.

5. Read through "HULLOAD all Main Bul kheads and Decks. Conpute prelim
inary tank capacities and damage stability, if required. Mike changes if
needed and repeat any necessary steps.

6. Review and conplete definition of Hull Control Lines and proceed with
final fairing.

7. Cenerate all construction frames and |oad on themall main ‘Bul kheads'

and ‘Decks’. Final Mld Loft Offsets for Control Lines, Buttocks, Water-

lines and Deck/Bul khead Traces can now be printed.

Extract through ‘DRAWNG the final Lines Plan and a Body Plan on frames.

Rerun through "HULLCAL' all calculations including Bonjean Curves, and

generate the final corresponding draw ngs.

© ©

There are, of course, other factors which affect the finalization of the hull form
The introduction by the naval architect of these factors in the design iteration wll

ot reduce the validity of the procedure described above.
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Scantlings Definition

This is the phase during which the designer establishes the scantlings of the

hul | structure.

The 'SPADES  Systemdoes not offer any specific assistance in the determ -
nation of the scantling except for its capability of executing Longitudinal strength
calculations in still water, hogging and sagging. The systemw |, however,
give val uabl e assistance in the generation of the scantling and general arrange -
ment drawi ngs and create in the process the bulk of the data needed in the

data base during the follow ng phases of the shipbuilding process.

The procedure described herein is for a longitudinally franed vessel. The
suggested sequence would require some changes in the case of a transversely
framed ship. This sequence is also, to a certain extent, arbitrary; and

changes will be required to suit each design and the specific practices of each

engi neering organization.

1. Load through "HULLOAD all shell traces in the md-ship area,
defining specific locations or relative spacing such as stiffeners
spacing or plate wdth.

2. Extract through 'DRAWNG ‘prelinminary Shell Expansion Draw ng.

3. Mdify arid extend toward the ends all traces. Load changes on
the Data Base.

4. Generate a body plan view of the traces. Mdify and conplete the
definition of the traces in the transverse view. Load changes on
the Data Base.

5. Re-draw fromthe Data Base the Shell Expansion and Body Pl an of
all traces. If further changes are needed, repeat as nuch of the

process as necessary.




D

Fini sh Shell Expansion Draw n?_ by hand (lettering & general notes).
7. In parallel with the above, define stiffener traces and seams on Decks

and Longi tudi nal Bul kheads through ‘HULLOAD . As for Shell Traces,
start the definition in the md-ship area and by review ng prelimnary
drawi ngs extracted fromthe Data Base, nodify and extend the traces

towards the ends.
8. Using ‘PARTGENI ', create and store in the Data Base the image of

each entire Deck or Bul khead.
9, Using ‘PARTSEP' , extract to the proper scale any portion of each

I mge needed for each scantling or general arran?errent draw ng.
10. Using ‘HULLOAD first and 'PARTGEN , create all necessary scant-

ling drawings for transverse bul kheads.

At the nost appropriate time during the above processs ~HULLCAL® should
be used to run the Longitudinal Strength Calculations for the various opera-

ting conditions.
Detai |l Working Draw ngs

Wthin the context of this paper, these draw ngs can be divided into two groups:
A Detail structural drawi ngs to be used for hull construction
B. Record and information draw ngs, such as 'C & A" draw ngs,
arrangenment drawi ngs and conposite draw ngs.

Because of the different purpose and in order to accrue the maxinum benefit

from the use of ' SPADES , the two groups will be treated separately.

It will be assumed for both that standard cut-outs or notches for through stif-
feners have been defined and |oaded on the data base. Stiffeners' size and

characteristics will also have been | oaded onto the data base.

Goup A

The format of these drawings has traditionally been the one nost suitable
for submttal to and structural evaluation by the regulatory bodies. The

format nmost suitable for construction would be that corresponding to the

work units (sub-assenblies, assenblies, nodules, etc. ).
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This conflicting requirenent has been solved in some shipyards by creating
another set of draw ngs or sketches geared to work units. This solution, be-
sides increasing the drafting manhours, has al so the problem of naintaining

two duplicate sets of drawings. The procedure suggested herein should satisfy

both requirements with one set of draw ngs.

The majority of drawmings in this group deals with surfaces such as hul k
heads, flats, floors, girders, etc. Al these draw ngs nust be generated as
if the structure, regardless of the size, were a single part to be processed in

the N'C cutting machine, so that through the use of ‘PARTSEP', smaller

parts can be easily extracted.

Those drawings relating to non-flat surfaces, such as a deck with sheer and

canber, will be generated following the same procedure but they will not be

utilized ultimately to extract the actual parts to be cut.

The foll ow ng sequence of steps covers the case of generating the draw ng(s)

necessary to obtain a flat deck with or without sheer. The sane procedure

woul d be applicable with slight variations to any other ship's structure.

1. Generate through 'PARTGEN a "part" conprising the entire deck.
2. Using 'PARTSEP', divide the deck into the various portions as-

sociated with each work unit. During this step, generate as many
illustrative details as needed. Plot each portion and details in

separate sheets.

3. Finish by hand (welding details, lettering and general notes), and
issue as a multiple sheets drawng for submttal to regulatory
bodi es and owner.

VWhen this process is repeated for other draw ngs, the various sheets from
each draw ng can be used to put together a nultiple -sheets drawing with all

the information necessary for building a work unit.
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The nold |oft can, through ' PARTSEP', further divide each portion of each

structure into the actual pieces needed for nesting.

Goup B:

These drawings will not be utilized by the nold [oft to obtain parts. They

can, therefore, be generated taking into account only the engineering needs.

The suggested procedure is as follows:

1. Cenerate through ‘PARTGEN and store in the data base "master"
drawings of large areas in the ship. Cenerally, each one of these

drawings will cover an entire deck and w | i nclude all
boundaries, stiffeners layout and cross-section, and all access
openi ngs.

2. Using ‘PARTSEP' . any portion of any drawing at any desired scale
can be extracted for use by the various engineering groups for dif -
ferent applications. In the process of extracting the desired por-
tion, additional details pertaining to the intended purpose of the
drawi ng can be added.

Drawi ng Revi si ons

It is inplied by the use of this procedure that Engineering assumes full re-

sponsibility for the loading and maintenance of the 'SPADES data base.

The initial task of generating a drawing (scantling or detail) is done in an

iterative node, i. e. , the coding is changed and a new drawing plotted in
the drafting machine until the desired result is obtained. At that point,

the drawing is finished by hand, by adding any necessary detail and |etter-

ing.
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Fromthis point on, it will generally be nore economical to handle the re -

vision activity by conventional methods. !t 1S, however, of the utmost im

portance that the data base be changed accordingly whenever a revision is

made, and issue of the revised drawing will inply that the data base has

been revised.

Interactive Gaphics Mdule

An Interactive Gaphics Mdule for the ‘SPADES  Systemis currently under de-
vel opnent. This nodule is designed to inprove the throughput of the entire ' SPADES

System Since the graphics nodule is virtually hardware independent, it can easily

be adapted to nost graphic hardware presently in production

Al though the ' SPADES' Gaphic Mdule is being designed primarily to support

production-oriented software, |et us |ook at benefits derived on the

engineering level for the aforenentioned itens:

L. Hull Form Definition
Wile the 'CRT" output may not be satisfactory in checking cross curves,
fl oodabl e Iength or Bonjean curves, the checking and on-line updating of

data woul d expedite the entire iterative process.

2. Scantling Definition.
The graphic display capabilities would provide instant visual checks for

scantling and general arrangenent draw ngs.

3, Detail Working Draw ngs.
The process of generating the draw ngs of entire decks through an inter-

active Partgen Mdule with graphic display capabilities will allow the user
of the Systemto produce drawings in a fraction of the tine required by
"batch' processing. As an error is encountered, the user will have the
ability to immediately correct by returning to a deletion |evel as provided
by the System and then to continue as desired. This capability reduces
the nunber of runs required to produce a correct draw ng, mnimzes
keypunch errors, and increases overall efficiency.
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WHERE | S COVWPUTERI ZATI ON OF SHI PBUI LDI NG TODAY;
WHERE |S I T GO NG

W Barkley Fritz
Sun Shi pbuil ding and Dry Dock Conpany

Chester, Pennsylvania

M. Fritz is Manager of the Engineering Conputing Center
at Sun Shipbuilding and Dry Dock Conpany. He joined Sun in
January 1975, following a successful career with Wstinghouse,
H s background covers a w de spectrum of conputer related
activities including conputer progranmng, direction of com
puter resources, and data managenent systens.
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Having recently joined this industry, | am hardly qualified to discuss this topic
froma total industry perspective. However, | do have a good understanding of Sun Shij
situation and hopefully can briefly present a clear indication of where Sun Ship is
today and where we are going, at |east conputer-wse

Qur shipbuilding program at Sun is highly dependent on the effective use of
conputers.  Steerbear (as reported by M. Schorsch at last year's REAPS meeting), is
the “big picture” in the very inportant lines fairing and hull construction area
Steerbear is continuing to prove itself an effective tool and today represents over
35% of the conputing load being processed by Sun Ship. \We are continuing to use the
PL/1 version with excellentresults.

Qur approach to the use of Steerbear, as in all of our other applications, involves

use of computer ternminals, a communications interface and a variety of network conputer

services, as illustrated inf Figure 1. | In all, about 12 conputer networks are in active

use, providing a means whereby we access literally hundreds of conputer prograns.

The variety of application areas in our industry has been docunented in the fina
report in the MarAd/ Avondal e “Research on Conputer Applications to Shipbuilding”,
Volume 1 dated May 1975. | have chosen to summarize Sun Ship usage in a sonewhat

different manner, classifying that usage by the technology or the engineering

discipline involved. This approach is listed infFigure 2

At Sun, the Engineering Conputing Center is organized so as to provide rapid
turnaround on short runs and to schedule production runs so as to meet user requirenent
Qur responsibility, as a conmputer service organization, is to help clients exploit
avai | abl e conputer technology and to provide assistance to all organizations within

Sun Ship who require service.
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The total cost of the conputer |oad being processed involves an expenditure
of over $30,000 per month. In excess of 100 individual requests for service are
processed daily. Although this load would seemto justify a noderate-size in-house
conputer, the flexibility provided by our usage of outside conputer service bureaus
allows us to select the most effective programs providing the best price/performance
without having to support the overhead of the relatively high fixed costs associated
with an in-house facility. This approach allows us to use (and pay for) only what
we need, and not fall into the “trap” of using the in-house conputer just because
it is there.

In addition to computer network usage - including the very significant roles of
RJE, time sharing and interactive graphics - Sun Ship is also making use of mniconputers
as part of its plasma arc burning tools, and for on-line control of its new drydock
(which incidentally is capable of handling ships sized up to 400,000 dwt). Mcro-
processors are also a part of onboard engine room and bridge systens.

For the future, | believe conputerization wll be sinmultaneously going in two
distinct directions. First, the application support progranms will continue to become
more sophisticated, will grow larger and nore conplex, and will continue to represent,
more realistically, the technology of the more conplex ships of the future. The re-
quirements of the classification and regulatory agencies, plus the real needs ofthe
ship owners require continually more careful, nore economical, and nore efficient ship
design and construction. Shipbuilding is rapidly becomng a high technology industry.

Progress in conputerization, however, requires use of the conputers at both extrenmes
of the state of the conputer art. The largest, fastest, nost reliable conputer networks
will be required, but at the same tinme, the direction is toward the effective use of

the smallest nicrocomputers. Mniconputers have for sonme time been the vehicles for
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gai ning access to the larger conputer networks. The new nicroprocessor devices

are now being used as the basis of intelligent terminals, comunication controllers,

as well as for on-board navigation, speed and fuel monitoring and control devices

and in the yard, as parts-generation controllers. Al of this new conputer technol ogy
will help to support the grow ng sophistication in our industry.

Sun Ship is attenpting to maintain a strong technological position in order to
continue to supply to its customers a variety of well-designed, fine-lined, high-
speed cargo ships of its own design. In the tanker and LNG area, Sun Ship is attenptin
to provide significant technological advances which are fully supported by adequate
conputerized studies.

Vi have recently conpleted a new ship construction facility at our Pennsylvania
| ocation on the Delaware River. Wth our recently expanded staff, and effective conmput
support capability, we believe we are in an excellent position to provide sone of the
best designed and finest built ships available in the world today. CQur effective use
of conputers helps to support that capability at all levels and, in the years ahead,
we expect to continue to advance in that technology.

Thank you
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Computer Program Application Areas

NAVAL ARCHITECTURE
SHIP HULL CHARACTERISTICS
SPEED/POWER
WEIGHTS AND MOMENTS
PROPELLER DESIGN
LINES FAIRING (STEERBEAR)
SEAKEEPING ANALYSI$ (SCORES)
MARINE ENGINEERING
HEAT BALANCE
SHAFTING DESIGN
PIPE STRESS AND FLOW
INTERFERENCE CONTROL

ELECTRICAL DESIGN AND ANALYSIS

STRUCTURAL ENGINEERING
STRUCTURAL ANALYSIS (FINITE ELEMENT ANALYSIS)
N/C PARTS GENERATION AND LOFTING (STEERBEAR)
PRODUCTION PLANNING AND INDUSTRIAL ENGINEERING
STEEL FABRICATION AND ERECTION SCHEDULING
MANPOWER LOADING AND SCHEDULING
WELDING PIECEWORK RATES
MARKETING
DESIGN OPTIMIZATION
ECONOMIC ANALYSIS
INDUSTRY ECOMETRIC MODELING
COMMODITY MOVEMENT ANALYSIS

VESSEL DATA
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SHI PS ARRANGEMENTS PROGRAM

Janes R Vander Schaff

CADCOM I nc.
Annapol is, Maryl and

M. Vander Schaff is currently a nenmber of the technical
staff at CADCOM where he is engaged prinmarily in the conputer-
ai ded ship design services area. Before comng to CADCOM
he was with the concept design and fornulation group at the
Naval Ship Engineering Center in Hyattsville, Maryland.

Wil e at NAVSEC, M. Vander Schaff worked on the ship struc-
tures commttee’s SL-7 containership project.
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| NTRODUCTI ON

The task of arrangenent design, |ike other aspects of ship

design, is an iterative process. Each iteration either pro-
duces a better design or defines a non-feasible design within
the limtations of cost and tinme constraints and desired ship
performance. Because of the success achieved in applying
computers to anal ytical aspects of ship design and because

of the desire to inprove the arrangenent process, it was a

nat ural devel opment that they be applied to arrangenent de-
sign too. However, this process has not achieved the
same anount of success, prinmarily because arrangenent design
has relied nore heavily on hunan judgnent and experience than
on analytic nethods. The devel opnent of conputer prograns

for arrangenents has al so proceeded in tinew se steps, sone
with nore success than others. While no program produced to
date has proven conpletely adequate for all the requirenents
of arranging, the prograns which have been produced have

been useful in defining the steps required for future devel op-
ments, as well as achieving nodest success in their particular
t asks.

It is not the intent of this paper to provide a review
of all the arrangenent prograns which have been generated;
rather it is the intent of this paper to describe a particular
arrangenent program COGAP, and to detail the inplenentation
(by CADCOM Inc. ) of a portion of COGAP on a nini conputer

based graphics system
Additionally, it is intended to discuss software and
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1.

har dware advances which will aid particular aspects of ar-

ranging, in order to advance ship design and construction

1.  COGAP
[1:1. Oigin
The COGAP conputer program was witten by the Lockheed-

Ceorgia Conpany for the Naval Ship Engineering Center, Wsh-
ington, D.C. It was delivered in Cctober, 1972. Sjnce that
tinme other organizations both within the Navy and outside,
have added to the program The follow ng description does
not address these additions (perhaps they could be the sub-

ject of later presentations) but rather describes the origina
1)

-

COGAP progra

I1-2.  Definition
COGAP provides for the synthesis and display of prelim

inary ship design on a conmputer graphics termnal. COGAP
breaks the ship arranging task into four major divisions. The
first two divisions are input functions: gship geonetry def-
inition and tenplate (ship conmponent) construction. The
third division is basically an inquiry function: gg|ective
retrieval of components by specifying characteristics (statisti-
cal data). The fourth division serves as a manipulation func-
tion: processing and recursive definition of arrangenents.
Figure 1 illustrates the COGAP program structure.

The four major functions of COGAP descri bed above were
i npl emented on the Control Data Corporation (CDC) 6000 and
1700 series conputers and 274 graphics console. | addition
to the COGAP software, the I.T.1.S.2 (Interactive Terminal

Lockheed- Georgi a Company, “COGAP Qperators’/Users' Manual ",
29 Cctober 1972. 263
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2.

Interface System version 2 software, and the DAM (Data

Access Mechanisn) software were used in the inplemantation.(1 2)

11-3. Qperation
The graphics terminal (in addition to the standard al -

phanuneric keyboard) has a |ight pen which is used for sys-
tern commands. In addition to the graphics console, COGAP
requires sone form of mass data-storage (disk or drum for
access to descriptive ship data. Hard copy output may be pro-
duced on a plotter or the printer. A card reader and card
punch facilitate the transfer of information between COGAP
and ot her conputer prograns.

To acconplish the task outlined above, COGAP nuintains
sufficient information on nass storage devices to describe
ships and their conponents. This information is terned the
data base. A logical subset of the data base, pertinent to
only one particular ship, is defined to be a file. Having
established his file environnent by specified procedures, the
user may request that the data in the file be displayed on
the graphics console, plotted on a hard-copy device, O
witten on a printing device. Examnation and nodification
of the file data takes place at the termnal, and file up-
dates reflecting the user actions, while performed automati -
cally, take place only at the operator’s request.

In addition to the file currently being accessed, the

user has at his disposal another |ogical subset of the data

Lockheed- Geor gi a Conpany, COGAP Systens Manual ", 12
November 1972. 265



Interface ,System version 2)software, and the DAM (Data
Access Mechanisn) software were used in the inplenmentation
References 1 and 2 conpletely describe the COGAP system
I1-3. Operation

The graphics termnal (in addition to the standard al-

phanuneric keyboard) has a light pen which is used for sys-

tern commands. In addition to the graphics consol e, COGAP
requires sone form of mass data storage (disk or drum for
access to descriptive ship data. Hard copy output may be pro-
duced on a plotter or the printer. A card reader and card
punch facilitate the transfer of information between COGAP
and ot her conputer prograns.

To acconplish the task outlined above, COGAP mai ntains
sufficient information on nmass storage devices to describe
ships and their conmponents. This information is terned the
data base. A logical subset of the data base, pertinent to
only one particular ship, is defined to be a file. Having
established his file environnent by specified procedures, the
user may request that the data in the file be displayed on
the graphics console, plotted on a hard-copy device, or
written on a printing device. Exam nation and nmodification
of the file data takes place at the termnal, and file up-
dates reflecting the user actions, while perfornmed automati -
cally, take place only at the operators request.

In addition to the file currently being accessed, the

user has at his disposal another |ogical subset of the data
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base terned the library. COGAP maintains only one library

for all users. In this library are stored all data pertinent
to ship conponents. Conponents are physical objects (ship
equi pnent) which are used on many different ships. Conponents
are represented by two types of descriptive data, statistical
and geonmetric. The statistical data are called the character-
istics of that conponent; the geonetric data are referred to
as the tenplate

[1-4. Ship Geonetry Definition

In the COGAP program the term ship geonetry means numner-

ical data or displayed inmages which represent the ship hull
(envel ope), decks (platforns), and main transverse bul kheads.
Specification of decks and main transverse bul kheads is
done independently of the hull definition, and COGAP nakes
the necessary conputations to generate the intersections of
the surfaces so defined and to construct the curves required
to produce an image of the ship geonetry on the graphics ter-
mnal. Relevant ship geonetry may be constructed and dis-

played in plan, elevation, and section view sinmultaneously.

Figure 2 i|l lustrates the geometry program structure.

The three classes of ship geometry definition (hull
deck, and main transverse bul kheads) are input directly to a
COGAP file from punched cards via an auxiliary batch program
The user has the opportunity to examne the content of the
hul |, deck, and transverse bul khead descriptions in a partic-
ular file as well as nonitor the calculation of the inter-

sections of these surfaces. Additionally, the location of
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decks and main transverse bul kheads may be nodified by the
user.

[l-5. Sel ective Retrieval

A conponent (e.g., turbine, gun, radar) may have a descrip-
tion which consists of several characteristics. Each charac-
teristic is given in terns of a characteristic nane and a
value in certain units. The characteristic names and unit
nanes are defined to COGAP by neans of a batch program As
part of the units definition, COGAP provides for the conver-
sion between alternate units (such as horsepower into watts
or tons into pounds) so that the specification of characteris-
tic values may be made in convenient units. Wen all of the
desired units and characteristics have been defined to COGAP,

the user may assign a set of characteristic values to a given

component by means of an auxiliary batch program| Figure 3

Illustrates the selective retrieval program structure.

In the selective retrieval division of COGAP, the operator
has the ability to selectively retrieve the nanes of all com
ponents which have characteristic values within specified
limts. For exanple, if the operator w shes to know the nanes,
of all conponents which (1) are turbines and (2) weigh between
5 and 7 tons and (3) deliver 10,000 shaft horsepower, he may
specify these criteria and will receive a list on the screen
of the nanes of only those library conponents whose charac-
teristics satisfy all three criteria sinultaneously.

The operator also has the capability of examning lists
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of all characteristic names and unit names which have previ-
ously been defined, a list of the names of all library com
ponents whose characteristics are known to COGAP, and a |i st
of all characteristics assigned to a given conmponent (this is
called the description of that conponent).

I1-6. Tenplate Construction

In COGAP, a tenplate is a collection of solid geonetric

forns which, when taken together, approximtes the volune and
shape of a conponent. The solid geonetric forns allowed by
COGAP are a parallelepiped, a right circular cylinder, a
right circular cone (or frustrumthereof) , a sphere, and a
wedge. These forns are termed primtives. A tenplate oc-

cupies the space required by the union of all primtives of

which it is conposed. | Figure 4jillustrates the tenplate

program structure. This portion of the program has been im
pl emented by CADCOM Inc., and will be described in detai
on the follow ng pages.

l1-7. Arrangenment Processing

Assumi ng that the user has provided for the necessary
ship geonetry and has the necessary tenplates available in

the library, he may proceed to the arrangement tasks of

COGAP illustrated in [Figure 5. The arrangenent process is a

recursive one, consisting of the follow ng three operations:

(1) the selection of an existing arrangenent,

(2) the introduction of subdividers and/or conponent

tenplates into the selected arrangenent, and
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(3) the designation of a subset of the boundaries of
the sel ected arrangenent and the subdividers in-
troduced in.operation (2) as the boundaries. of a
new arrangenent.

In the COGAP arrangenent process, the two-part recursive
definition of arrangenents is handled in the follow ng manner:
the first instance of arrangenent definition is perforned
automatically by the geometry division of COGAP. This division
defines each deck (main deck and all platfornms) to be an
arrangenment whose nanme is the sane as the deck nane. Thus t he
user may specify one of these names to begin an arrangenent
process. For every instance of arrangenment definition after
the first definition, operation (3) denoted above is the
process by which sub-arrangenents of a given arrangenent are
created. Wthin operation (3), a nane is assigned to the new
arrangenent, and that name may be subsequently used to begin
an arrangenment process on a nore detailed hierarchically |ower)
level . Since decks are the beginning of the arrangenent hier-
archy, they are sonetines referred to as zero-level. arrangenents’,’
and sub-arrangenents are called first-level, second-|evel, etc.
arrangenents as appropriate.

When an arranging process is initiated , the” named arrange-
ment will be displayed by COGAP. This display will consist of
(1) the boundaries of the arrangenent, (2) the subdividers
currently defined in the arrangenent, and (3) the conponent

tenplates as currently positioned in the arrangenment. For
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decks, the boundaries are considered to be the hull and appli-
cabl e transverse bul kheads. Therefore, the initial display

of a deck in the arrangement division wll consist of the
deck-at-edge (hull/deck intersection) curve together with any
internal transverse bul kheads; i.e., bul kheads that pass through
the referenced deck. (Arrangenments initially contain no

subdi viders and no conponents,)

Once an arrangenment has been specified and is in display,
subdi viders may be added to it. Subdividers are either posts
or partitions. posts are straight up-and-down |ine segnents
between a given platform and the platform above. They appear
as points in a plan view. Posts may be used to specify the
| ocation and/or extent of any type of partition. A post is
defined either by inputting coordinate information directly
to the graphics termnal or by specifying a pair of non-paral-
lel lines the location of whose intersection is to be the |o-
cation of the post. In either case, however, once the post
has been defined, it is considered to be a fixed location
i.e.,. a location which is independent of any other subdivider
or boundary in the arrangement.

The second type of subdivider is the partition. Parti-
tions are straight up-and-down planes bounded between a given
platform and the platform above. They appear as line segnents
in the plan view. There are three different kinds of parti-
tions: transverse (perpendicular to the ship centerline),

| ongi tudinal (parallel to the ship centerline), and genera
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(arbitrary orientation) . Atransverse partition is defined
by specifying a longitudinal |ocation and a port and a star-
board extent. The longitudinal |ocation nay be specified
either by inputting coordinate information to the graphics
termnal or by indicating a post or another transverse parti-
tion which has the desired longitudinal location. [If a post
Is indicated, the resulting partition is said to reference
that post. The port and starboard extents of a transverse
partition may be longitudinal partitions, general partitions,
posts, deck-at-edge curves, or any conbination thereof. A
transverse partition references its port and starboard extents.
Li kew se, a longitudinal partition is defined by specifying a
transverse coordinate to the termnal or by indicating a post
or another longitudinal partition which has the desired trans-
verse location. |If a post is indicated, the resulting parti-
tion referenced that post. The forward and aft extents of a
|l ongi tudinal partition may be transverse partitions, genera
partitions, posts, deck-at-edge curves, or any conbination
thereof. A longitudinal partition references its foward and
aft extents. A general partition is specified by picking,

and thereby referencing, two posts which serve as its end

poi nts.

A subdivider (partition or post) may be nodified at any
tinme by respecifying one or snore of the parameters originally
used to define it. Such explicit updates wll generate im
plicit updates to all partitions which reference that sub-

divider. In addition, all partitions referencing such auto-
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matically updated partitions will themselves be automatically
updat ed.

In addition to subdividing a given arrangenent, the user
may insert and position conponents in a newmy defined arrange-
ment, or he may add? re-position, or delete conponents from a
previously stored arrangenent. The tasks are very simlar to
those in tenplate creation, except that primtive manipul ation
has been replaced by tenplate manipulation. Once the arrange-
ment has the desired design, the user may choose to store the
configuration for later recall. At any tine, the capabilities
for plotting, measuring, and changing the displayed view are
accessible to the user in the same. nmanner as in the tenplate-
creation tasks.

As an aid to visualizing inter-relationships anong
various arrangenents and other COGAP geonetric and annotative
constructs, COGAP supports a varied set of procedures for
di spl ayi ng background information. Background information is
defined to be any displayable construct other than the infor-
mation displayed as part of the naned arrangenment. Exanples
of background information include other arrangements, tenplate
cl earance requirenents, curves representing transverse bul k-
heads, decks, and the bottom profile, and annotation. Anno-
tation is made up of text strings which can be used to |abel
arrangenents conponents and/or sub-arrangenents wthin arrange-
ments, etc.

Normal 'y, arrangenent processing takes place in one of

the three standard-engineering views (plan, elevation, or
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section) . In the background display task, however, a genera
trimetric projection capability is used. In any projection

other than the three standard views, however, the subdividers

and the annotation (being two-dinensional in nature) will not

be displayed. In addition to the capability to display back-

ground information, COGAP may also be directed to plot back-

ground.

|1-8. Display Philosophy

11-8.1. Vi ew Cube
The central concept of the COGAP display philosophy is

that of the viewcube. The viewcube may be visualized as a
wire (cubic) frame of arbitrary size which nay be placed with
Its center at any point in space and with its edges oriented
in any triple of mutually orthogonal directions. The con-
cepts of “size,” “point,” and “direction” in this description
inply, of course, that some coordinate system has been im
posed on the space in which the view cube exists. \Wen the
di splay includes (or may include) surfaces of the ship (e.g.,
the hull, bul kheads, decks, etc.) such a coordinate systemis
seen to exist a priori, since these display elenents were
originally defined to COGAP in terns of such a system The
situation is somewhat different, however, when the task is
the creation of a tenplate, which may be placed in any part
of a ship or even in several different ships. |In this case,
the viewcube, when first invoked for a particular tenplate,

I nposes on the tenplate creation space a COGAP-defi ned axis

system The origin of this axis systemis said to be the
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template origin.

In either case, the user may conpletely control the po-
sition, size, and orientation of the viewcube wth respect
to the space in which he is working. That is done by specify-
ing the point, edge, axis, and spin of the viewcube.

The point (center) of the view cube may be specified
either by entering an ordered triple of numbers (the X, Y,
and Z coordinates of the point) fromthe al pha-nunmeric key-
board, or (if the location to becone the new point is cur-
rently within the view cube) by noving a special display ele-

ment called the tracking synbol to the desired point on the

display. The edge paranmeter is a nunber which specifies the
| ength of every edge of the viewcube. Since the sane physi-
cal area on the display device is occupied by a face of the
view cube no nmatter what value is specified as the edge param
eter, it follows that the smaller the value of edge, the larger
di splay objects will appear; the process of increasing the
size of a display element by this mechanismis known as
zoon ng

Once the position and size of the view cube have been es-
tablished by the above paraneters, a view axis nmay be specified.
To allow this specification, COGAP selects three of the six
faces of the cube and designates themas follows: if a
right-hand (orthogonal) axis systemis oriented in the view
cube so that its origin is at the point of the cube, the face

intersected by the positive Z axis is the top of the cube,
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that intersected by the positive Y axis is the front of the
cube, and that intersected by the negative X axis is the right
side of the cube.

Once this nonenclature has been established, the view
axis may be defined. There exists only one ray which is normal
to the top of the viewcube and emanates fromits point; this
ray is called the view axis. [If the viewcube is tenporarily
translated so that the point lies at the origin of the coordi-
nate axes, it is evident that the view axis can be described
by specifying: (1) the angle between the projection of the
view axis into the Z = O plane and the positive X axis (this
angle is called the skew of the view axis) , and (2) the angle
between the view axis itself and the positive Z axis (this
angle is called the tilt of the viewaxis) . To specify the
view axis, the operator types in on the al phanuneric keyboard
an ordered pair of numbers representing the nunber of degrees
of skew and the nunber of degrees of tilt desired.

At this point the orientation of the viewcube is still
not conpletely specified;, any rotation of the view cube which
| eaves the view axis invariant (i.e., any rotation about the
view axis) can be perforned independently of the above param
eters (recall that these paraneters consist of: point, an
elenent of the view axis and hence invariant by definition
edge, a scalar and hence invariant under any rotation; and
view axis, invariant by definition) . This remaining degree

of freedomis called the spin of the viewcube. Fromthe
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definition of viewaxis, it is clear that the nost easily

visualized effect of spinis the rotation of the top of the
vi ew cube about its own center

COGAP supplies default parameters for all viewcube
specifications. The axis and spin specifications supplied by
default (skew = tilt = spin = 0) produce a view cube whose
top is parallel to the Z = O plane, with X increasing toward
the left side, Y increasing toward the front, and Z increasing
toward the top of the cube. It should be noted that skew,

tilt, and spin provide trinetric projections in each of the

faces of the viewcube.

11-8.2. Screen Segnentation

The precedi ng discussion has described the relation be-
tween the view cube and the space being examned. Next, the
relation between the view cube and the display appearing on the
conput er graphic console will be discussed.

In COGAP, the actual display may be conposed of the top
front, and right side views of the viewcube presented sinmul-

taneously, or it may consist of only one of the above faces

presented alone. In either case, the lines drawn are ortho-
graphic projections, onto these faces of the viewcube, of

| i nes whose three-dinensional end points are known. In ship
di splays, the lines conprising the display are intersections
bet ween boundi ng surfaces (such as decks, bul kheads, hull
partitions) or the edges of the prinmitive shapes (box, cylin-

der, cone, sphere, wedge). To show these faces on a single
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graphics termnal screen, the display area is divided into
four equal quadrants. In the case that three views are dis-
pl ayed sinultaneously, the viewcube is “unfolded” so that
the top view occupies the upper left quadrant, the front view
occupies the |ower left quadrant, and the right side view
occupies the lower right quadrant. (I'n the term nol ogy of
engi neering graphics, this is third angle projection.) In the
case that only one view is shown, the entire display area

is used for that chosen view.

The upper right quadrant of the display screen is used
for the display of three types of information: [jght-pen
pi cks, keyboard entries, and system nessages. Light-pen
pi cks may be thought of as a list of possible inperative
statements that the termnal user may make to COGAP, direct-
ing it to take some specific action. Keyboard entries may
be thought of as inperative statenments nade by COGAP to obtain
al phanuneric or numeric data it requires to conply with a
user request. Systens nessages may be thought of as declara-
tive or inperative statements nade by COGAP to the user, pro-
viding himw th information concerning the status of his de-
sign efforts or directing himto take specific actions.

When COGAP requires that the operator select a point in
space for some display purpose, it usually provides himwth
the option of either entering the coordinates of that point
as keyboard input, or selecting it as a point within the view

cube. To exercise the second option, the user invokes a display
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el enent known as the tracking synmbol. The tracking symbol may
be thought of as a single physical object within the view cube
which may be noved about by neans of the light pen. As with

any other object within the viewcube, three views of the
tracki ng synbol are available: the view fromthe top of the

vi ew-cube, the view fromthe front of the viewcube, and the
view fromthe right side of the viewcube. However, it should be
remenbered that the tracking synbol is logically a single entity
and that what is really meant is “one of the three views of the
tracking symbol.”

[1-9 . Data Structure

The data base naintained by COGAP is subdivided into a
| arge nunber of individually accessible subsets called data
blocks . A data block contains all the infornation relevant
to a particular item under consideration, such as the data
required to draw a geonetric conponent tenplate, or a list of
all conponents in a conpartnent. The block is accessed by
means of a ten character nane, (usually) assigned by the user.

Each data block has a certain size; this size determnes
the amount of information which the block can contain. The
effect of this on the COGAP user is that there are limts on
the nunber of itens which can be associated with any other
item (e.g., the nunber of conponents which can be placed in a

conpart ment)
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III. MINIMENTS

[11-1. | nt roduction

A portion of the COGAP program nanely the tenplate con-

struction program has been inplemented on a mniconputer
based graphics system This inplenentation was perfornmed by
CADCOM Inc., in late 1973 and early 1974. The purpose of
this inplementation is to provide an inexpensive, intelligent
termnal system for interactively building, formatting, and
transmtting to the COGAP data base conplete tenplate defini-
tions which would be conpatible with the existing COGAP data
formats. “M NI MENTs" (M N conmputer arrangeMENTS) is the nane

given to this software. The mininents systemis illustrated

in|Figure 6.

The design of the system software was predicated on keep-
ing the display philosophy and data formats identical to COGAP,

Wth respect to display philosophy, the concepts of the
viewcube, the tenplate origin, the tenplate rotations, the
process of zoomng, the display faces, the trimetric projec-
tions, the screen segmentation, and the nenu panels, were kept
essentially identical. A nmethod for inputting primtive def-
initions by digitizing space coordinates froma draw ng, |ed
to nodifications which resulted in nuch nore efficient tem
plate definition. In the original COGAP inplenentation,
primtive dinensional data is entered on the graphics consol e
keyboard, or, space coordinates are punched on cards and

then read into the data base. |If data is entered on the key-
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board, it is necessary to nove and/or rotate the primtive
propr orientation. No w, using the mniconputer-digitizer
system the user need only digitize space points which repre-
sent key locations or dinensions of the primtive being created.
The primtive then is displayed on the screen in the proper
orientation immediately.

The tenplate data structure is file oriented. A conplete
description of a tenplate is generated on a file in the tern-
plate construction process. This tenplate data bl ock can be
translated into card image format and transmtted at any tine
to a renote conputer for insertion in the tenplate library
via a COGAP auxiliary batch program

|11-2. Hardware
The hardware for mninents consists of the follow ng

maj or conponents:
A mniconputer with 16,384 16-bit words of sem conductor

menory (Prime 200) for processing and transmtting the generated
tenplates to and from nmass storage, the graphics display and
the CDC 6700, via standard communi cation |inks.

~

Z A Cathode Ray Tube (CRT) interactive display with key

board. The keyboard is used for commands to the m ni conputer
and the renmote conputer. The tenplate construction process,
the nenu of commands and the output fromthe renote conputer
can be rapidly displayed on the CRT.

A 36" X 48" Summagraphics digitizer for digitizing

the space coordinates of the input primtives directly from
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drawi ngs or sketches.
A Data Set for transmtting the stored tenplates to

the renote conputer.
» A dual spindle, 3.0 mllion word nmoving head disk

storage unit for storing the data which describes the tenplates

and the application programs which process and display the data.

The renote conputer (CDC 6700) stores the tenplate de-

scriptive data for processing by the other COGAP routines.
I11-3. QOperation

A three view engineering drawing is used to input the
graphic tenplate descriptions. This drawi ng nmust first be
calibrated with respect to the digitizing surface. The cal-
I bration process provides the information required for digit-

izing and displaying the primtives in the tenplate c,st,,.-

tion process. | Figure 7 Jllustrates the process of calibration

Pronmpting nessages appear on the graphics console in the

order indicated in[Figure 8. | After a required action has been

taken the next nessage w || appear

The |l ocation of the region center is determned by the

user according to the layout of the drawing. |ts purpose is

to divide the drawing into four regions, three of which are
the front, top and side views of the tenplate to be built. It

IS necessary to use only two views of the tenplate, since |o-
cation of the point in three dimensions can be determned fromthe

| ocation of the point in a mninmmof tw orthogonal two-dinensiona
Vi ews.

Next, the nunber of regions to be calibrated is specified.

If all views of the tenplate (which will be used) have the
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same scale and origin with respect to the regi on boundary,
then it is necessary Only to calibrate one region. A maxi mum

of three regions can be independently calibrated.

Step 3 [Figure 8)|requires the user to pick a nunber cor-

responding to the full scale units (feet, inches, or eighths)
which will be the units later provided by the user.

The next steps consist of digitizing the origin and two
addi tional points for each region which is to be calibrated.
These three points provide both scaling and orientation for
the tenplate construction process. The origin is the tenplate
origin. It is always necessary to digitize the origin in al
three regions. If only two views are to be used in building
the tenplate the origin in the third region is effectively a
dummy point. O course, if three views are to be used the
third origin definition is utilized. The nessage REPEAT
STEPS 6 THRU 9 FOR THS REGON.  HOR _ VERT. _  will
appear for each additional region to be calibrated. FError

messages are given for certain types of input errors and the

user is pronpted for the corrective action to be taken to

continue calibration.

Figure 9 JIllustrates the choices available to the user

follow ng calibration.
[11-3.1 Add ~

The five different primtive types shown in Figure 10 are

avail able to the user by typing the correspondi ng nunber. \Aen

a primtive type is chosen the user is informed of the prim-

tive type and is pronpted for pen input. Al input consists
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of three dimensional space points Which represent the vertices
(or centers ) of the primtive.

The paragraphs bel ow specify the order in which the 3D
points are input. For pen input the X, Y, and Z values for
each point are obtained by digitizing the point in any two
separate views. The values for the digitized points or radi
are then displayed on the screen. The various primtive def-
initions are described bel ow
SPHERE(1) The first point is the sphere center, the second
point is any point on the sphere surface.

CYLI NDER(2) The first point is tie center of one end of the

cylinder; the second point is any point on the cylinder sur-
face which is a radius away fromthe first end point. The
third and fourth points represent the center and radius of
the other end of the cylinder. Note that for a cone, the
radius. of one end is user specified to be zero.

BOX(3) The order of the four points is shown in Figure Il

2 4

FI GURE 11
Order of Box I nput

WEDGE(4) The order of the four points is shown in|Figure 12:
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FIGURE 12. °

Order of Wedge | nput

Wien the required points have been input, the prinmitive

input is then displayed with a nuneral as its center

for identification (as shown for a box inf Figure 10)

Since 3D space points are used instead of primtive dim
ensions, the primtives appear on the screen in the sane
orientation as they are digitized. This feature elimnates
the requirement for noving or rotating primtives. This
feature also allows the generation of non-right and/or non-
rectangul ar boxes and wedges.

In every option discussed above, once the primtive is
drawn, the user has the option of adding another primtive.

|f the nunber zero (0) is typed, control returns to the

TEMPLATE CONSTRUCTI ON Panel . (Figure 9)
Error messages are given for two types of errors.
**SAME recion** 1S given when the two digitized points which

represent one physical point are digitized in the sane re-

gion . (They nmust be in different regions to generate an x,
Y, Z coordinate triple.) **TOLERANCE** is given when .y,

two digitized points (again representing one physical point)
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do not have their duplicate coordinate within a specified
tolerance. This duplicate coordinate occurs because the di-
gitizing of two 2D points (to produce one 3D point) generates
one redundant coordi nate.

|I1-3.2. Delete

By selecting the *DELETE option (Figure 9)|, the user

may delete any primitive in the current tenplate. The prini-
tive to be renoved is designated by an assigned identification
nunber which was generated during the *ADD procedure.

[11-3.3. Cl ear ances

Clearance primtives nmay be used to define volumes not
part of the tenplate being constructed. They are added in
the same nmanner as in the *ADD option.

[11-3.4. Changing the View or Oigin

At any time during the tenplate construction process,
the user nmay nodify the orientation or size of the viewcube

controlling the display. This is done by selecting the *VIEW

option| (Figure 9).

The position of the viewcube center is always indicated
by the letter C displayed in all views at its actual |ocation.
Li kewi se, the origin is indicated by the letter O Wen this
panel is initialized, the user is informed that the viewcube
has center and edge as specified. The default values of X
Y, and Z are edge divided by two. The values are specified
in user units. In addition, the user is informed of the face

currently being displayed (this can be TOP, FRONT, SIDE or ALL)
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The user is also informed of the values of SKEW TILT, and

SPIN in degrees.
The user may change any of these paraneters by typing

in the number associated with the paraneter. These parane-

ters are described below and are listed in|[Figure 13
CENTER(1) The two options TRACK(1) or TYPE(2) will be dis-
played. Selecting TRACK(1) requires that a point be digitized.

Sel ecting TYPE(2) requires keyboard input. The effect of
changi ng the viewcube center is to nove the tenplate on the
screen by the anount of change in each view.

EDGE(2) ENTER EDGE~ will be displayed. The new value, in
user units may be entered. The effect of a new value smaller
than the old value is to “blow up” or “zoomin” on the tem

pl ate.

FACE( 3) Three choices, representing the changes which coul d
currently take place, are nade available. The user selects
one of these.

skew(4), TILT(5), SPIN(6) Picking any of these choices allows

the user to specify the new value in degrees. Al rotations
of the tenplate are perfornmed about the tenplate origin.
ORIGN(7) This choice allows the user to redefine the origin
of the coordinate axis systemwthin the tenplate creation
space. The location of the origin severely affects the be-
havior of the tenplate when it is used in the arrangenent
division of COGAP. For this reason, the tenplate origin

shoul d be chosen wth care, and should not be changed after
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Figure 13

Vi ew Paraneters
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the tenplate is in use in several arrangenents unless the
user is willing to review these arrangenents and correct any
problens that the origin redefinition has created. |If this
choice is made,the user has the sanme options described in
CENTER(1) above. Changing the origin does not nove the tem
plate in the three views, but does nove the synbol (0) which
represents the origin's position

111-3.5. Additional Capabilities

Frequently it is desired to know the di nensions between
any two points in the display. This service is provided by
t he *NMEASURE pi ck

It is possible to restart (or backup) the tenplate def-
inition process at any tine by choosing the *RESTART(8) pick.

After a tenplate is conpletely defined it may be stored
on local mass storage for later nodification or transm ssion
to a host conputer. The storing procedure is envoked by the
*STOre option.

Fi gures 101[Eg:énd 15 ifl lustrate the process of adding

primtives until the conplete tenplate is built. |Figures 16

and 17 illustrate the conpleted tenplate in three views

(top and front) and one view (side) respectively.
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3.

1v. ENHANCEMENTS AND APPLI CATI ONS

In the preceding discussion, the focus has been on an
exi sting m niconputer graphics system for the definition
mani pul ati on and vi sual i zation of three-dinensional tenplates.
It is recognized that this systemis not conplete, and that
addi ti onal concepts need to be added to the systemin order to
aid the arrangenent process. The follow ng paragraphs discuss
concepts which are being considered in one specific area of
the ship arrangement process. The area relates to the detailed
design process. Qher applications are under consideration and
i ncl ude general arrangenents and interfaces to piping and el ec-
trical design.

[V-1. Thr ee- Di nensi onal G aphi ¢ Model s

The use of physical npbdels as an aid to Planning, engineer
ing, manufacturing, conmmunications, and training is well es-
tablished in many industries. A recent MARAD/ SNAME publi ca-

t i on? descri bing the national shipbuilding re-
search programestimated that the efficient use of scal e nodels
in shipbuilding could result in hull and machinery I abor and
material savings of six percent per ship.

It is suggested that an equival ent technique could be
largely realized by the intelligent use of interactive com
puter graphics. Recent hardware advances should be considered
In such an applicaiton

Until quite recently, graphics termnals were restricted

to the use of a display consisting of a light inmage on a dark

MARAD/ SNAVE Publication, *“The National Shipbuildin
Progrant, 1973. p 0 Research
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background. Hardware is now available, at a reasonable cost,
to display color as well as shades of gray. The addition of
color would certainly aid the visualization process.

Additional ly, advances permt three-dinensional trans-
formations to be performed by hardware. These transformations
may consist of translations, rotation, scaling and perspective
projection. O course, it is possible to performthese trans-
formations in software, but in general this process increases
system response time. The tradeoff to be made depends on the
particular application.

H dden lines nmay be renoved to aid the visualization
process. This technique may al so be enpl oyed selectively to

ease the burden on the system
The concept of a realistic graphic nodel prom ses high

utility for the evaluation of certain conpartnments or nodul es
of a ship where it is nost difficult to visualize and plan
the effective use of space and to consider accessibility and
functionality. The software and techniques currently enployed
by the M N MNTS system could easily provide the framework on
whi ch to devel op such a system

The devel opment of the system should include the ability
to arrange tenplates within a conpartment, to manipulate them
to view the conpartment or nodule fromany point in space and
to interactively nodify them for an enhanced conpart nent
arrangenent. Additionally, it should include the ability to

plot internediate and final results for further analysis and
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finally to interface the geonetrical descriptions to a physi-

cal nodel

det er m ned.

bui | ding process once the final configuration is

It should not be necessary to construct a physi-

cal nodel in many

out put wll

physi cal

suffice.

nodel

training purposes.

applications, as the graphic nodel or

However ,

it is recognized that such a

could be very useful for construction and
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| NTRODUCTI ON
AUTCFIT is the name of a devel opment project which was

started in 1973. It is related to the problens of outfit-
ting, and in particular, the design and production of pipe
systems. Other systems, like electrical and ventilation
have been investigated to a certain degree, but so far, no
further devel opment has been done.

AUTOFI T concentrates on the parts of the outfitting pro-
cess which will benefit from conputer assistance. This neans
functions which are nmanhour consum ng and which are critical
as to calendar tinme. Lower priority has been put on acti-
vities which may have significant influence on the tota
econony and quality of the product, but which involve optim -
zation by people who know this field by experience. |n short
our aimis to leave nore of the routine work to the conputer
to give the qualified people nmore tine to concentrate on find-
ing better and nore optinmal solutions to their problens.

A second goal of today’'s devel opnent is to establish a
base for a conputer assisted information system In the first
phase of the project the information will consist mainly of
technical data about the product to be produced. (nce this
information foundation is established, one is free to add re-
| ated adm nistrative data and progranms for foll owup of the
design process itself, for coordination with the steel design

Planning of production, ordering of materials and a nunber of

ot her functions.
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MAIN FUNCTI ONS
Figure 1 |gives a rough sketch of AUTOFIT in relation to

its surroundings and its main output. AUTOFIT will be inple-
mented as a set of freestanding subsystens, which will. each
cover a limted nunber of functions. Today's plans provide
for six subsystens:

1. Systens design, which will result in information cor-

responding to pipe diagranms. To a certain degree,
this subsystemw || be based on the yards’ norms and
design rules and standards for pipes, valves, etc.

2. Systens analysis, which will perform heat and mass

bal ance cal cul ations and other relevant analysis on
the system proposed established by 1. An iteration
between 1 and 2 will be the normal working procedure.

3. Systens arrangenent. The function of this subsystem

wll be primarily to establish a nunerical nodel (data
base) of the arrangement. This includes definition

of conponents, pipes, valves, etc., both with respect
toits local paraneters (physical dinmensions, connec-
tions, space requirenents, etc.) and its acutal posi-
tion in the final product. Since the arrangenents
usually wll be very dependent on the steel structure,
a nodel of the steel will be included. |n cases where
AUTOKON has been used for steel structure design, this
part of the nodel may be established on the basis of
an AUTOKON data base.  Functions for finding the

optimum path for pipes, interference checking or other
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automated | ayout functions have so far been given
second priority, but this may change. To be able to
give the user full control of the correctness of the
nuneri cal nodel, advanced checking facilities will be
included (primarily graphical). Mst of the creative
work in this part of the process wll be put on the
user, but he will have access to standards, production
practice, pipe diagraminfornmation and steel struc-
ture as reference data from the system

Arrangenent calculations will cover prograns for check-

ing the arrangenment as to resistance and stress in the
pi pes. In some cases there wll be an iteration be-
ween 3 and 4.

Production preparation covers the preparation of neces-

sary data for prefabrication and assenbly. This is
primarily an output function, which results in iso-
metric draw ngs of pipes, shopdraw ngs (pipe sketches),
piece lists, assenmbly lists, data for cutting and
bendi ng of pipes, etc. It also gives certain possi-
bilities for breaking down pipes into production ele-
ments.

Material take-off. On the basis of the information

in the data base, this subsystem w || calculate the
material requirements (pipes, fittings, bends, flanges,
gaskets, etc.). This subsystem may be used on dif-
ferent stages in the design process, and the result-

ing material specification will be as correct and
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detailed as possible fromthe state of the data
base.
These six subsystens and the data base which will result

fromthe use of these programs formthe base of AUTOFIT.

TECHNI CAL  SOLUTI ON

The system wi || be structured as a set of self-contained
subsystens, which may be used separately or together. The
mai N conmuni cati on between subsystens will go through a data
base, which will be adm nistered by SIBAS

A fairly big part of AUTOFIT will be designed and inple-
mented as on-line systems. Typical batch operations, |ike
definition of a set of standards, will be run in batch node.
In subsystens where parts of the information is graphical, the
communi cation with the systemwll go through a graphical
termnal. The first version of the systemw || be based on a
TEKTRONI X 4014 storage tube connected to a UN VAC 1110.
Whet her to inplenent AUTOFIT wholly or partly on m ni-conputers

wi |l be considered after pilot operations.

BRI EF DESCRI PTI ON OF SUBSYSTEMS FI VE AND THREE

The subsystens are nunbered according to the sequence in
which they are used. From a systens devel opnent point of view,
it would have been natural to develop and inplenent the sub-
systens in the sane order. However, considerations within the
Aker Group have resulted in a devel opment sequence which starts
with production and ends with tools for system design. A

t horough system and data base design already carried out al-
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lows this sequence to obtain practical results soon, wthout
risking violation of the overall concept. The follow ng sub-
system descriptions are given in the order in which they are

pl anned to be inpl ement ed.

Subsystem Five - Conputer assisted system for preparation of

pi pe production.

This subsystemw || be ready for pilot operation in the

Aker Goup by Cctober, 1975. It will consist of five main

functions (see Figure 2) The fourth and fifth functions are

permanent, while the first, second and third will be covered
by other parts of AUTOFIT when the conplete systemis opera-
tional. (Then the information registered by the first, second

and third functions may be referenced directly,)

Wth reference tp Figure 2,| the five main functions are

as foll ows:

1.  Registration of standards.
I nformati on about standardized elenments |ike pipes,
val ves, fittings, etc. may be registered and stored
in the data base. For each elenent, this information
I ncludes such itens as nominal dianmeter, physical di-
mensions, type of material, etc.

2. Definition of reference plans.
since nost pipelines in steel structures are specified
relative to the steel, this program enables definition
of a sinple nodel of a steel structure. Only plane

structures may be defined.
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Definition of pipe lines.

This will be a sinplified version of the future tool
for definition of piping arrangenents (subsystem
three) . Pipelines may be defined by giving coordi-
nates relative to reference planes, pipe dinensions,
type and position of valves and fittings, etc.
Production of isonetric draw ngs.

I sometric drawi ngs of pipes may be produced on the
basis of the pipe definition stored in the data base.
The user defines which pipes are to go into each
drawi ng conplete with control dimensions, pipe identi-
fications etc. In addition, a list of pipes and fit-
tings per pipe assenbly nmay be produced.

Production of shop draw ngs.

\When pipes are prefabricated, and there is a need for
a detailed description of each piece of pipe, shop
drawi ngs may be produced. The draw ngs are produced
rather automatically, and contain information about
the pipe geometry, parts list, bending information

etc.

Subsystem Three - Conputer assisted system for preparation of

pi ping arrangenents.

This subsystemis not yet specified in detail, but Figure

3 represents the scope of the subsystem

nodel

[t wll be primarily a system for building up a nunerica

(data base) of piping arrangements. It is estimated

that the prine decisions as to arrangenent, |ayout and details
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are made before the information is built into the nunerical
model . This neans that nost of the arrangement will have to
be made either as a physical nodel or sone kind of arrangenent
drawings. The systemwi |l serve as a copying and detailing
system In addition, it wll serve as a fast draftsman and
base for information about the arrangenent.

The subsystemwill consist of six main functions. The
first two functions will be tenporary, while the others wll
be pernanent.

1. Registration of standards.

The sane function as in subsystemfive.
2. Registration of piping diagrans.
A prelimnary program for registration of information
about the topology and the main characteristics of
systens.  Wien subsystem one is used, this informa-
tion will be available directly through the database.

3. Definition of surroundings.

This function is the definition of a reference stee
structure based on an AUTOKON data base and i nforma-
tion about ventilation ducts, cable paths, etc.

4. Definition of conponents.

This will be a general tool for definition of three-
di mensi onal objects, but it will be used first for
defining conponents (position of inlets/outlets, geom
etrical shapes, etc.)

5. Definition of arrangenents.

This function includes positioning of conponents and
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definition of pipe geonetry and details. During
definition reference may be nade to predefined steel
structures, conponents, pipes already defined and the
set of standards to be used.
6. Report generation.
out put consists of two types of information:
Permanent and predefined reports (lists and draw
ings for documentation purposes)
Answers to questions about the arrangenent (control
drawi ngs, control measurements, status in relation
to piping diagram feedback about pipe penetra-
tions through steel structure etc.).
This part wll be inplemented as a number of prograns.
Subsystem three will be inplenented in two stages. A
prelimnary version in which certain sinplifications are as-
sumed is planned to be in pilot operation for the end of 1976

and a final version, one year later.

Subsystem Six - Material take off program

The purpose of this subsystemis to aid the designer in
the material take-off process. Wth this subsystem he may
proceed systematically through the data base and register the
amount of materials needed.

The use of the systemis very dependent on the status of
the data base. Normally, one expects all information to be
in the data base, but prelimnary pipe requirenents may be

established in a dialog between the user and the program



This neans that the user gives estinates on pipe |engths.
A direct communication will be established to the MAPLIS
material admnistration system

This subsystemwill be inplemented in 1976.
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The annual neeting of the AUTOKON Users C ub took place
i n Brenen, Germany, on May 27-29, hosted by the Bremer-Wul kan
Yard.  About 70 participants, representing 14 European and
tWO  Canadian Yards were present, plus personnel from Ship-
pi ng Research Services. The program consisted of |ectures,

di scussions in assenbly and in separate groups, and a visit
to the Brener-Vul kan Yard.

Reports from different yards using AUTOKON 71/74 reveal ed
that they are very satisfied with the prograns in the AUTOKON
system nainly because

« The prograns are now very stable.

« The database progranms, AUTOBASE, have been partly
remitten to provide better security of the database.

e The ALKON program has been optimzed so it is now 40
to 60 percent cheaper to run.

The only serious conplaint was thatone yard had trouble
with the shell expansion program The reasons wll be investi-
gated by the maintanence group.

Reports were given by the yards Verolne and IHC in the
Net herl ands, Chantier d' Atlantic in France and the Aker group
in Norway. Some of these yards are very ambitious in their
use of AUTOKON and have spent a |ot of nmoney and resources
I n devel opi ng norns.

SRS presented the BOF system which provides a facility
for designing conplex surfaces. It was originally intended
for the autonotive and aerospace jndustries, but can be

adapted to any formof surface. In order to integrate this
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system with AUTOKON, a |ink program has been devel oped. The
BOF systemis in use in sone British car and airplane fac-
tories. It has also been used on the pontoons for a sem -
subnersible drilling rig for the Aker group in Norway, and
atw n-screwed containership for the yard Verolne in the
Net herl ands. These two projects have provided very good re-
sults in less time than other systems. Both Verolne and the
Aker group will continue to use the BOF systemin the future.
Further devel opments for AUTOKON were discussed in connec-
tion with a lecture on an interactive nesting program which
I's under devel opment at the Central Institute of Industria
Research in Norway. This programw !l run on a m ni conputer
connected to a Tektronix 4014 graphic display unit and wll
be in operation by early autum of this year. The parts to
be nested nust be generated, as now, with AUTOKON and trans-
ferred to the database on the m niconputer before the nesting

can be started.
During his opening remarks, M. Sorensen from SRS stated

that the batch versions of AUTOKON for the European users would
be, nmore or less, frozen as they are now. The main activities
here will be on devel oping nornms. The future devel opments of
prograns is expected to cone as interactive prograns, possibly
on mniconputers with graphic displays. It is not expected that
all the work will be done on mniconputers; it will probably

be shared with batch or interactive prograns on big conputers.
This creates the need for flexible nethods and prograns for

transformation of data between databases on large scale and
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m ni conput ers.
Because many orders for big tankers have been cancell ed,

several yards have had to find enployment in other fields.

For exanple, the Aker group in Norway has devel oped sem -sub-
nersible drilling rigs, called Aker-H3 and -H5. Many of these
have been ordered and are to be used in the North Sea. A

| ecture was presented on how to use AUTOKON on these struc-
tures. The Aker group has devel oped norm packages to cover
the layout, classification and production phases for these
rigs. Most of the norns are rather general and can be used

on other structures as well. For rigs with pontoons of a
complex form the normal fairing and shell expansion processes
have been used. For rigs with a sinple form of pontoon, only
the ALKON and NEST programs have been used. The total wire
nmodel was then built entirely by ALKON norns. Shell expansion
was al so perfornmed by this program A rather general data
structure was inplenented in the norns in order to split the
structure into assenblies and subassenblies. In the near
future one will also be able to calculate weights and center
of gravity of any assenbly.

Anot her group discussion dealt with nethods for docunent-
ing nornms and dividing theminto groups. To cover as nuch of
the design and production preparation phases in the yard as
possi bl e, the anount of norms can be very high. If the use of
AUTOKON especially ALKON, is to be integrated in the nornal
procedures in the drawing offices, the norns have to be well

document ed. It is obviously inportant to have a synoptic
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docunentation to tell which nornms are to be used in different
stages in the process. Some of the participants were inter-
ested in exchange of norms between yards. They had the feeling
that several yards devel oped norns for the same functions.
Some additional topics presented by SRS during the con-
ference were:

BEPLA - a long range capacity planning system using networKks,
S-curves and profiles. The systemis used by the

Aker group.

AUTOFIT - a conputer-assisted preparation system for Pipe
producti on.

SIBAS - a general database managenent system It provides
nmost of the capabilities specified by the CODASYL
programm ng |anguage conmittee. SIBAS is coded in

ANSI FORTRAN, is available for several conputers,
and may be used in connection with |anguages support-
I ng FORTRAN subroutine calls, such as PL/1, ALGOL
etc. It is used in the BEPLA and AUTCFI T systens.

The yard |ITALCANTIERI from Italy presented their system
for automation of design and production of piping |ines.

The | ast day was devoted to a visit to the Brener-
Vul kan Yard and an inspection of its use of EDP. They have
a Sienmens conputer and use nunerous teletype-like termnals.
AUTOKON is one part of their system which also consists of
prograns devel oped at the yard. After the tour of the yard,

the conference for 1975 was concl uded.

*Al'so presented at 1975 REAPS Technical Synposium  See report
n this docunment.
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The fol | owing appendi xes contain those papers presented
at this meeting which appear to be of nost interest to U.S.
{shi pbuil ders.
Appendi x A: BEPLA - A Long Range Capacity Planning systenm
M. Yngve Strom SRS A/S, OS10, Norway

B: PRELI KON - AUTOKON, AS An Undi vi ded Working Process
M. Franjo Spincic, 3.MAJ, Rijeka, Yugoslavia

C. Conput er-Control l ed Nunerical Control For Flane-
cutting

M. G H Doornink, Smt Yard, |IHC Holl and,
Net her | ands

D: Automation of Design and Production of Piping
Systens
Messrs, (uido Baccara, Al do Toso, and paele

Naschio, Italcantieri S.p.A, ltaly

E: An Interactive Conputer G aphics Approach to
the Problem of Nesting of Plane Parts on
a Raw Steel Format
Messrs. J. QG an, SRS, Norway; B, Hassel kni ppe,
C IR and F. Lillehagen, CIRR Norway

F. The Application of AUTOKON to Drilling Rigs
M. J. F. Mack, Aker G oup, Norway
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Appendi x_A

BEPLA - A LONG RANGE CAPACITY
PLANNI NG SYSTEM

Paper presented at

AUTOKON USERS CLUB MEETI NG

Brenen, May 1975

Yngve Str@m
SH PPI NG RESEARCH SERVICES A/'S, Gslo
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BEPLA - A LONG RANGE CAPACI TY PLANNI NG SYSTEM

BACKGROUND

The design and construction of large seagoing vessels is extrenely
conplicated task which requires exact planning at all. stages in the
process.

The use of EDP has come to play a vital part in many areas of
production at a shipyard; we see it in software systems such as
AUTOKON, PLASI'S, PRELIKON, MAPLIS, OPTIMA etc

During recent years, the production range at a shipyard has becone
more diversified, especially with the growi ng amount of various off-
shore structures for the oil industry. This diversification has |ed
to a less uniform production flow, with increased amount of data re-
quired in the planning process. Wthin the AKER GROUP in Norway, a
need was felt for a long range capacity planning system which coul d
handl e the increasingly conplex task of planning the long range con-
struction schedule at a shipyard.

The answer to these requirements is BEPLA

BEPLA BRI EF' S

PURPOSE, REQUI REM NTS:

A long range capacity planning system should be a tool primarily de-

signed to aid the planning office in obtaining the maxi num benefit from

the human resources working there, without putting the planners under
undue stress.

The planners nmust be the masters of the system and be able to use it
at will to obtain the optimal results for the benefit of the’ produc-
tion process. The system nust, in short, be faster than manual plan-

ning methods, and produce better plans. -

PRINCIPLES:

BEPLA is designed to tackle the production planning on a high Ievel



i.e., a course planing as opposed to systens |ike OPTI MA
BEPLA is based on interactive netlwork technique, with only nodest

automation. This gives the planner, the user of
the system overall control with a wide variety of nodes of

operation and a good selection of “paths through the network systent.

When the planning office has the information which gives's picture
of the production process of a structure, and the
manhours involved in the process, one can calculate the calendar time

for the various stages in the construction process, provided the re-
source limts are known.

Vice versa, if the terms are fixed, one can calculate the necessary
resource capacities. BEPLA is an aid in these calculations

Planning with BEPIA uses a combination of S-curves and net-
work technique. The network represents the inter-relationship be-
tween activities, (work-operations), whereas the S-curves describe
the resource utilization over the duration of each activity.

BEPLA is also a data base oriented system and the general data base
system SIBAS is an integral part of the whole BEPLA system. \hat
we call bhasic , or standard,data will be stored permanently in the
data base.

This type of data will be standard network relationships, standard
S-curves and profiles, basic data relating to the organization and
resource structure of the shipyard, holidays etc

By storing this type of data once and for all,but with the option of
modi fication, the amount of input to the system required-for each
run is greatly reduced.

Two principal planning nmethods are provided for in BEPLA

1. Key activities can be scheduled individuality, and"secondary”
activities scheduled depending on the key activities.

2. The whol e network can be schedul ed as a whole, starting either
fromthe beginning or fromthe end activity.
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The scheduling may be done on several l|evels of detail, with respect
to the organization and resource structures in the yard.

Depending on the overall time horizon, scheduling may be on a course
or less detailed |evel or it my be on arelatively detailed |evel.

Qutput from BEPLA. will be in the formof time schedul es, rescurce
| oad reports in various forms, and graphic output such as Gantt
diagrans and histograrms.

USE QE_NETWORKS
Activity-oriented networks are used in BEPLA

Dependence between activities may be specified in three ways:

1. Start - to - start dependence
! . i
L=
- - - - - D> B
2. Finish - to - start dependence
A
bl o % . B_' |
3, Percentage — overlap - dependence
- A
L B
- = 7
i
I x oxlo
%4 4
' A

The networks are divided into sub-networks, or part-networks.
An activity in one sub- or part-network may be linked to an activity

The start date for any activity may be given directly, or it my be
cal cul ated dependently on the other activities,
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If the start date is. given directly, that activity is “locked” in tine.

However, one has the possibility of “moving” activities along the tine
scale, if this is desirable from an overall planning point of view

Further, activities can be “stretched” or “conpressed” if sorequired,
to snooth  out the resource |oad curves or for other purposes.

Several *“standard” networks, representing different planning alternatives
for a particular construction project, may be held permanently in the
SIBAS data base, thus providing for flexible planning.

In case of a network being redundant, several levels of priority may be
associated with any particular activity, thus voiding the redundant
dependenci es.

S—~-CURVES AND PROFILES

Resource | oad and consunmption are represented in BEPLA by the S-curves
or related profiles.

An S-curve expresses accunul ated resource consunption during a tine span,
whereas a profile represents the resource |oad at a given tine.

Both time and resource may be expressed as absolute or relative units.

In the data base are stored the standard curves and profiles, expressed in
relative units.

There may exist several curves and profiles for each resource type for any
activity, representing different planning alternatives

One distinguishes between ACTIVE and PASSIVE resour ces.

The duration of an activity is determned by the availability of active
resources, whereas the consunption of passive resources is determ ned
by the cal culated duration

To keep a check on the resource consunption for any activity, and to nmake
sure that the work is progressing satisfactorily, “horizontal” and
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“vertical” tests may be perfornmed. These tests will show the actual
resource consunption in relation to the anticipated consunption, and in
relation to the work status.

Gven the relative curves and profiles, planning alternatives, terns,
dates and holidays; the duration of each activity is calculated, as
wel | as the absolute curves and profiles.

PROGRAMSTRUCTURE

BEPLA is a nodul ar system governed by a “PROGRAM ADM NI STRATCR' nodul e.
“BULKHEADS" bet ween nodul es are provided for security.

Subroutines conmon to two or nore nodul es, are designed as auxiliary
routines, which cannot conmunicate directly with the nodul es, but
must communi cate via the Program Adm nistrator.

Core requirenents for BEPLA will be approximtely 45 K words, includ-
ing SIBASwith 20 - 25 K words.

BEPLA is coded in FORTRAN., with some COBOL and ASSEMBLER subrouti nes.

DATA STRUCTURE

As already nentioned, BEPLA is a data base oriented system using SIBAS
as its D B system

There will be several files in BEPLA, with a “clean’  data structure, each
file containing a relatively nodest anount of data. The reasons for
this. approach is that a |less conplicated data structure is an advantage
both for system mai ntenance, and for the user of the system

The datastructure is shown on the next page.
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COMWAND LANGUAGE
| NTERACTIVE FACILITIES

BEPLA is both a batch and an on-line system A special conmand | angu-
age for use in both nodes of operation has been devel oped.

There is one command instruction for each of the operations involved in

the planning process.

The user has full control over the conputer during the entire planning
process, and he guides the BEPLA systemfromstep to step during cal-

cul ati ons. However, this does not |ead.to a cunbersome process as far as .
operator involvement is concerned, since the operator, or planner, is com
pletely in command, as to how far he wants the planning process to devel op

bet ween each new command
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Appendi X B
PRELIKON - AUTOKON AS ULDIVIDED
VORKING PRCCESS

Paper presented at
AUTOKON USERS CLUB MELTI NG

BREMEN , MAY 1975

FRANJO SPINCI C
E.D.P. - Techni cal
G oup Leader
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First we wish to show the use of PRELI KON connected wth

execution of thoSe nobdul es of AUTOKON whi ch

follow it inmmediately, and explain our
opi nion about this, pointing out those points which would he worth
conpleting or changing so as to inprove the AUTOKOV PRELI KON capa-

bilities.
AUTOKON, and particularly AUTOKON 71 and 74 with PRELI KON

is, n 0o doubt, powerful- software in the hands of skillfu
users, gives outstanding results in designing and construc-
tively working out the hull

However there are yards |ike ours, possessing several building
berths of various sizes. At any tine we have in our yard three dif-

ferent new constructions, and for this reason the acceptance
of new types of ships is nore frequent.

The diagram presented at AUC 1974 by Aker G oup, shows that with
a more even work |oad and reduction in design man-hours is

achieved within the same period of tine.

| have taken the liberty to generalize this diagram adding
to it the projecting phase /see|fig 1/.| W consider it to be useful
to focus our efforts on i mpl ementing corrections in the

system whi ch woul d have essential influence on shortening the dia-

gram on the abscissa as well.

As the prograns have their physiognony, defined interdependence
and communication with data bases, it is not possible and neither is
it necessary to suggest general alterations to the system Therefore,
we shall try to analyze, in connection with work process, those points
at which, to our opinion, i nprovenments woul d bring about greater
advantage. we shall tell something about what we are doing in Shipyard
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"Z.liaj" to achieve the same purpose: to shorten the period from
the buyer's inquiryto the ready documentation. iAs a first thing,
we are working out the system of programs INDES /Initial Design
of Ships/. The aim of these programs is to help the designer when choo-
sing main dimensions,.the form of ships, making the calculation of
hydrostatic values, speed calculation, capacity calculation, weight,
position. of ship's center of gravity and trim. The initial calcula-
tion is based on the regression gnalysis of reference data on ship's
dimensions and forms. The sjstem is conceived in such a way that with a
rather small amount of inpuf gsta the designer gets a sufficient basis
for a possible further analysis through the PRELIKON programs,
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Wiy have we decided upon the generation of |NDES ?
It is known that PRELIKON is a common product of Aker G oup’'s
and Det Norske Veritas' efforts. Since it consists of,no:dules each
of which does detail ed work independently, it is not quite appro-
priate for the prelimnary desin. W are aware of the fact that

designers do not like to let the conputer. choose dimensi.ons
and rid shipls” form-: W are of opinion that at

this phase too, conputers could be entrusted with greater

wor k. Analysis of ship s weight, speed and the freeboard cal culation

are not covered or maybe insufficiently covered by PNELI KON. These
operations wthout hydrostatic calculation are inconplete and for

this reason we have added the hydrostatic calculation to I NDES, but

with fewer details and |ess input data. INDES will communicate with

its data base which consists of General Data Set and project Data

File. After the designer has evaluated the results obtained in this

way, we canstart defining the prelikon Data Base, so that the gene-
ration of a great part of-punched cards for null definition will be

left up to | NDES

The next- indispensable work by which the designer must bear out

the accuracy of project.and which is required by the rules as well
- is stability and floating calculations of ship in danaged condition.

Det Norske Veritas possesses a very good program \Wich covers
this rarnge. This is Nv 216 Introduction of this program in PRLIKON
woul d have a significant influence on the conpetitive
power of PRELIKON .

After the designer has borne out his conception, he hands it over to
the steel drawings office. . . The question is now whether the FILIP
and FAIR2 prograns. are the nobst suitable neans for realizing this”
l'ink?

Today there exist numerous nathematical and sem -nat hematica
met hods for form generation, lines fairing /such as FORAN, ANA, M LOFT
and others / W should think about .- short eni ng necessary time for

fairing. Fairing of a ship with FAIR2 takes about two man-nonths

work. Throwing away such a lasting work is a pity, while change of
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several parameters in the FORAN form generation, can bE done w thout
hesitation, because after we have comunicated the Paraneters to

the system the formis intrinsically faired. i.e consider that inprov
i ng FAl R2 woul d al so manifest on the diagram

and addition to this,he said nethodsnteresting not onl to
potential users but also to the existing users of

W have directed our efforts so that the results of our |INDES progran

packace are the faired franes.

The LANSKI and SHELL2 prograns have been used with success on
several ships. Only with the SHELL2 program we “came across Ssome
anomal ities but not to the extent as the users.from Hol | and did.

W estimate that on the average, not nore than 1-2 % plates were
wongly devel oped. This,Obviously, does not cover plates on the bul -
bous bow area, which were devel oped nanual ly.

Some plates close to the keel were hand devel oped after we had
found out by checking that they were wongly devel oped. Several tines
we had sone difficulties with auxiliary functions. W solved this

byfﬂﬂnua!|ylﬁ inserting the correct” stream of auxiljary
function in the punched paper tape. W are pleased with the new
i nprovenment of SHELL program however in this . work, i.e., in
using the LANSKI and SHELL progra.ns we do not see further possibility
of a nore significant shortening of the whole process period. W could
only say that there is a real need for the replacenment of BSCIRK rou-
tine with another one such as KURG.A routine

ALKON and NEST nmaybe do not belong to the context of this paper
but as those are the works which are the nost tineconsum ng, please
allownme to tell just a few words concerning our manner of work in
connection with shortening the processing period.

We have sel ected four possible nmethods for preparing
punched paper tapes at the production preparation phase:

1. manual coding

2. usage of ALKON on part coding level

3. usage of ALKON on level of AUTOLON 71
1

L. usage of ALKON on level of LUTOEON 9L
Aeday o3 - - - W ah ~ Wk AN A WELNLT {§Te
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As we have the licence of AUTOKON 71 we use the first three
ways.

Way al | t hree?
After some observations we canme to the conclusion that in using
a renote conputer for the work on newbuildings built in
smal l er series, the use of ALKON woul d represent a
expensi ve solution. Therefore we decided to use ALKON only for parts
of ships Where it is conparatively advantageous. This decision, of
course, is not firm The inprovement of the program and particu-

larly the installation of a new conmputer will have an influence
on the extent and | evel of usage of ALKON.

Interactive Nesting is a separate. topic;
it is not necessary to talk about its utility, and

t he-indi spensabl e need for shortening the tinme for as-
senbl ing nested formats.

As for the PRCDA program we do not use it sufficently and

systematical ly. we wish to use it, not only for its basic
aim but also as source of reference data for the analysis of weight
and center of gravity position, in new projects. To achieve

this we would need several things, such as:

- Mre various databases for several types of ships
- Possibility that PRODA works with record class 7

- Possibility of calculating the center of gravity position for
elenents to be processed at classification phase.

w th PRCDA output we have reverted to the data preparation for
projecting. we went through AUTOKON PRELI KON system which we consider

a living system i.e., @ systemwhich is liable to change.

Besi des, AUTGKON nmeans an investnent to us we wish to utilize
wel | .
In this passage through AUTOKON PRELI KON, we were thinking about how
to make our path, from buyer’s inquiyy to the ready docunentation
shorter. |If these opinions can help to direct the efforts in one direc-
tion so as to reduce not only man-hours but period of tine too, then
the aim has been achieved.
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Appendix C

Computer Controlled Numerical Control for Flame cutting

I Il C Holland’s Experience

G.H. Doom ink

At the Smit yard of IlIC Holland use is made of CNC for
flamecutting since april 1974. The set-up of the system
and the experience of one year will be discussed.

AUTOKON USERSTCLUB MEETING

1975
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1. HARDWARE DESCRIPTION

At the Smit yard a CNC installation is in use to control
simultanbously two flamecutters (Messer Grieshe.im Omnimat S)

and one plotter (Texas instruments 5640).

The installation is manufacture Kongsberg Vaapenfabrikk,
mark CNC 500/FC. The system comporients are:

1 minicomputer SM4 16K words 16 bits/word
3 machine interfaces

3 papertape readers 300 chars/see

1 teletype ASR 390

With the installation, up to three flamecutters and one plotter

can be control led,. and it can also be supplied with magnetic tape

readers and a papertape punch.

Further characteristics are
programming increment 0.1 mm
programming tolerance =+ 0.64 mm
servo increment 0.01 mm
maximum parameter 167 m

2. SOFTWARE DESCRIPTION

For its control purpose the SM4 mini is loaded with the NC
System program. This program is present on papertape and is
loaded via one of the tapereaders.

The System program consists of an operating system (MPOS)

and a process program (Proc) for every tool to control.

The operating system drives and controls the input and out-
put devices and the process programs. The actual operation
of a process program depends on the users’ requirements.
The input and output devices are the papertape readers

(or mag. tape readers), the teletype and the interfaces

(and papertape punch); The teletype is mainly used for the
communication with the operating system and the proces pro-
grams (Messages and instructions to and from MPOS and Proc’s).
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3. FACILITIES

Due to the flexibility of the mniconputer conpared with the
fixed wired controllers, a number of facilities are avail able

whi ch otherwise are hard to obtain.
The nost inportant ones are:

-i nput codes
a nunber of papertape codes can be used |ike ASC |, EIA

ESSI, EBCDI C.

- scaling
the FC prograns can be scaled at any rate,: even with dif-
ferent scaling factors for the X- and Y- direction.

- listing
the papertape can be listed

- changes
whi | e executing an FC program information blocks can be

deleted, changed or inserted.
- couplings
i nput devices, process prograns or output devices can be

i nt er changed.

- errors
found errors in FC programs are stated, and can be corrected.
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At the moment it is considered to extend the process prograns
in two directions:

- man- machi ne conmuni cati on

a better man-machine communication is wanted, in particular the

process status.
(i.e. listing of auxiliary functions)

-managenent infornmation
for cost accounting it can be useful to know the actua

cutting, punchmarking and rapidtraverse times per job and
totalize per day.

4. SYSTEM CHOICE

When CHC and NC Systems must be compared, a number of'subjects

should be taken into accounte

flexibility

functions to perform

per f or mance

di agnostic and correction possibilities
man- machi ne communi cati on

managentnt i nformation

price
down-tinme risk
conplexity

For Smt yard the nost inportant factors considered were:

price

per f or mance

error detection and correction
down-time, risk
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5. EXPERIENCE

The Installation and testing of the CNC system was rather
carefully planned to. disturb production as 'ittle as possible.
It took five weeks which was one more than planned. This was
partly due to waiting for equipment and modification to one
of the flamecutters.

Since the installation, some hardware troubles occurred~

they could be
solved either by KV or by IHC service people without serious
production stagnation.

The number of breakdowns allocated to software has been larger.
A part of them <could be explained by operator errors, while
another Part is still unsolved. Further more, a. number of im-
provements have been built into the software or discovered to

be necessary at installation time.

In the software some gaps are felt to exsist in connection with
the man-machine communication and the management information,
Actions are being taken to fill the gaps.

It should he mentioned that the existing yard Organization has
to be made aware of flexibility and facilities of the system
and that changes in the organization can be necessary to exploit
them.

It can be stated that the CNC system is working to our satis-
faction although from time to time errors or imperfections in
the software are detected. moreover, the possibilities of cnc
are not fully used, partly due to incomplete software and partly
due to organization problems.
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Caide BASSARY ’ Alds 1533
Head of tachalcal wnplication i‘anager ef wark prepuration
L3P and Urganizatien Uptse Techinical Dpt,

ITALCANTIERY Supahe

Appendi x_D.
AUTGATICH OF DESIGH AN

PRODUCTION OF PIPING SYSTEMS

Abstract

This report deals Wi th

Pacla CASTHIE

fips chea oroject 12-:2r
Jsveloyneat int, (1.0)

in piping design and Production by rratcantier{, with pavticu-
lar reference to the automatic |jne in the pi pe shops, to the
techniques of preoutfitting and to the EDP systems covering this

ar ea.
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1) 1 NTRODUCTI ON

The aims of the technical evolution of the various'fields
cf industry, particularly in shipbuilding, are substantial.ly
the followng
a) Designing: carrying out a design that corresponds, be-
sides of course to the technical specifications’ being
its presupposition, to criteria of econony and tinely
devel opnent and to exigencies. of cost saving, in the
production stage.
b) Production: use of new organization techniques and of
highly autorated plants allow ng cutting down of tine .
and working costs along with an increasfndly'higher Saf e
guard agai nst working accidents
Along with this, the use of the computer becomes nore and
more inportant; by its means it is possible to rationalize and
accel erate designing and to prepare the. operational docuntnts

and supports at the base of production
One of the fields within which we have recently w tnessed
an interesting approach to the above ains is that

of piping. Let's then consider the present designing criteria
and production nethods at Italcantieri

2) GENERAL PROCEDURE

The general designing and production procedure for pi-
ping is" summrized in|Fig. 1. |It is to be noted that the StageS
characterizing such procedures are as follows:
a) definition of the functional diagrans;
b) definition of the, piping runs;
c)..issue of the operational docunents and of the bills
of materials;
d) manufacturing of the piping elenents
‘g) installation of the piping elements
It. nust be bornein mnd that the piping functional dia-
grams correspond directly to the individual ship's plants
and services. the production’ procedure of the piping instead
calls for differcnt exigencies, that is
a) the working documents for the pipe-shop nust allow
the best obtainable working load for the machinery
avai | abl e, which organize in highly automated
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lines as far’ apossible;
b) the working docunments for the mounting nust allow a parallel
progress of-building and assenmbling of hul
el ements.

3) DESI GNING CRITERIA

During.the designing stag, the latter point mentioned above is
taken into particular consideration. Infact, the coordination plan
is defined by conveying together the piping systeminto prefexcntia
runs (conduits), as shown on[ e 2; |thus three inportant ains are
reached:

a) by splitting conduits it is possible to design autononous

groups consistin g of fitting-out elements, piping aaplants
(units and nodules) that can be assenbled in adequate work-

shops and nounted on the blocks or on board;
h) the exact detection of thebcalization ensuing facilitates
the coordination of the scheduling of hull and fitting-out
zones (se¢ Fig. 3);
c)the rationalization of the runs thus obtained brings about
the possibility of an automatic definition of the runs by
neans, of the conputer.

It is thus possible lastly to supply the pipe-shop with working
lots pertaining to the fitting-out zones and planned according to the
progress of the hull production and to the nounting nethods, which
can be

- fitting up of single pipe” elenents on hull blocks
- pre-assenbling in units and nodul es
- fitting up of single pipe elenents on board

ORGANI ZATI ON. OF THE PI PE- SHOP

It is, however, necessary that for the production of the lots
thus defined, the working docunentation and the bill of nmaterials
should refer to working "folloms", into which the yard workshops are
organised in relation to the various bending ways, the main types
of which being:

a) NC bendi ng
b) traditional cold bending

c) conposition bending (sectors and prefab bends)
d) hot bending (of lesser and |esser extent)
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Further, the working docunentation ought to contain the in-
structions referring to the store the raw material has to be drawn
fromand to the destination (palletting) of the finished elenents
with reference to.both the treatnents follow ng working (X-raying,
zinc-plating, painting, re-annealing, etc) and the final destina-
tion into the various assenbling groups (units, blocks, on board).

The structure of the pipe workshops at the Monfal cone, Geno-
va-Sestri and Castellammare di Stabia shipyards of |TALCANTIERL is
at present being renewed. Although each of the above yards speciali-

zes for its.own production, the criteria by which such renewal is

carried out are still the same, Therefore are going to describe

the main features of the nonfal cone yard pipe-shop, giving particu-

lar attention to the automatic pipeworking line of this yard, where
mass production is expected to begin next autum.

The workshops manufacture pipes with regard to lots. to be op-
mafoOr a week's production. Each lot,consisting of pipes for va-
rious zones of one or more ships, is conveyed to the workshops ac-

cording to pre-arranged program and subdivided into working

flows, whereby each flow is singled out according to the working type

it has to go through.|Figure 4|shows the sketch of said flows

with the indication of the extent in percentage

This Figure also specifies the type of pipes that, according
to size, material and working, affect the working flows both in the
traditional areas of the workshops and in the automatic line

The workshops yearly noninal production capacity by one daily
work shift is such as to cover the pipe requirenent for 4,250,000
DA WT

5) AUTOVATED LI NE

As can he seen.irn Figure 4,| the enploynment of the automatic

line finds its imediate and main reason in the high percentage (46%

of piping interested in it. Commobn steel tubes are concerned, having

the characteristics shown in|Figure 5.
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The automatic line consists of (se¢ Figure 6)

a - An automatic .store nade out of 4 racks in 2 independent sets, hav-
ing a capacity of about 7,000 5,500 nmlong pipes in the diame-
ter range from 33.7 to 273 nm Loading the "store is done by
a overhead traveling bridge crane laying the needed anount of pipes
on the store floor, onto feeding skids. From these skids the
pipes are transferred to the assessed stock rack by neans of con-
trolled sequence conveyors-elevators . This operation is console
controlled by input of the following data
- stockage chute numnber;
-.number of repetition of the same operation, if any
Drawing of pipes from the stores occurs through conveyors-zleva-
torscontrolled by a centralized co\ﬁsblle with input of the follow~
ing data:
-, pi pe drawi ng chute nunber;
nunber of ‘pipes to be' drawn
destination skid (2 for the automatic cutting station and 1 for

ot her destinations).

b- An autonatic cutting station consisting of:
an automatic knife cutter capable of vertical and caulk cutting.
The machine is console controlled by input of the follow ng da-
ta:
-feeding skid
- pipe thickness and di anmeter
- type of cutting and length of piece to be cut with capacity of
soingUP tO three cuts for an automatic cutting sequence;
destination of the individual piece cut (work, remainder, scrap)
- an energency disc cutter with preceding pipe scribing and marKking
station. Pipe carriage fromthe store draw ng skids,feeding into)
the machine, cutting and discharge of the pipe for the next desti-
nations are carried cut by manual control from consol e
Al'l pipes being concerned with both the automatic line flow and the

traditional working flows pass through the cutting station. This is
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done on an only cutting diagram for each diameter and thickness

in order to reduce scrap to a mninum

- A marking station of the cut pieces, in which an operator conveyes
the pipes to the automatic and the emergency flanging through
a console, or to a flangeless NC bending, or else to the tra-
ditional working areas. Under 420 mvlong pipes are not carried

by automatic Iine.

- An automatic flange fitting/tack welding machine for flat flanges
(NP 6, NP 16 or ASA 1S0) for not under 1,000mm |ong pipes.

It is fully automatic sequence console controlled, by input of

the foll owi ng data:

- drawing buffer (the machine has 2 drawing buffers)

- flange type and rotation of a flange towards the other

- destination (to the automatic and emergency flange wel ding ma-
chines).

The machine is fitted with a built-in flange store which can con-

tain two types of flanges in a certain quantity for the whole

range of diameters. There is also an energency flange fitting/tack
wel ding machine for not under 420 nm long pipes wth manual

control on console. Tack welding is manual. The feeding of the

flanged pipe to the automatic wel ding nmachine is perforned by

the same means which draws the pipes from the automatic welding

machi ne. Feeding of the enmergency welding machine occurs by means

of, overhead guiderail

- An automatic MAG (Metal Active Gas) flange wel ding machine for not
under 1,200 nm long pipes, console controlled, by input of the
foll owi ng data:

- wel ding paraneters;

- pipe dianmeter;

- nunber of welding travels (passes)

There is also an energency MAG flange wel di ng machi ne where the single
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sequence work operations are console controlled.

f - A manual finishing station where all welded pipes come to. Pipe

feeding to the finishing station and the follow ng destination .

is console controll ed.

g - A NC pipebending machine for pipes of 33.7 to 114.3 nm external
diameter. The feeding of the pipe to the machine from the skids
being downway of the automatic line is performed manually.

The automatic line is of Japanese supply, with the exception of the

pi pebendi ng machine, which is of German nanuf acture. The same l'ine,

apart fromthe automatic flange welding machine and the emergency ma-

chines, is pre-arranged for NC integral punched-card operation.

6) PACKAGES WORKSHOP

As stated above, a part of the pipes so manufactured is direc-
tly nounted on the blocks or even on board. A renrkable percentage,
therefore, is conveyed ‘to a package workshop where units
and/o fitting-out nodules, that is, preassenbled groups containing -el

ements of piping, of fitting-out (gratings, ladders, ventilations and
so on) and of plants or nachinery are nounted,

This nounting method has been taken into use with a view to cut-
ting down fitting-out times, increasing at the sane tinme the nunber . of
hours enployed in shops by the best possible working conditions in re-
gard of both equipnent available and working anbient. The result is
a greater Productivity per hour and a cutting down of the lay-tine of
the ship in the yard.

On a 254,000 dwt Mtanker recently built at Mnfal cone, over 50%

of the piping elements vere mounted by such a technique.

7)EDP SYSTEM WTH N THE PIPING FIELD

The organi zation and technical evolution described up to this point

Is bsed on an EDP systemthat has been in activity at Italcan-

tieri since 1970;| Fig.7 nepresents the latest version as it cane into
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operation

at end. 1974.

The whol e system consists of four fundanental stages

a)
b

(@)

)
)
d)

storing of general technical data
processing of the assenbling groups
processing of workshops bookl ets

material handling,

7.1 Storing of general technical data

for,

In a prelimnary stage the |oading of three files is provided

which contain:

a) the utilization criteria and the technical description of
the standardi zed materiels in the piping-field (pipes and
fittings such as flanges, gaskets, couplings, etc.)

h) the particular ship's specification relating to the piping
field (enployment of materials, treatments, working, etc.)

¢) the workshops organization and the equipmentt existing in
the various yards with regard to the various types .of wor-

ki ng.

7.2 Processing of the Assenblying G oups

Once” the piping runs have been defined,, the data relating to

the various assenbling groups are carried onto input data sheet”s

(Fig. 8)whereby the working conditions and the general geometric

characteristics of each piping elenent are indicated.

On ground of such data and after a syntactical and |ogical check

wor khop's Organi zation files, the nmethods of piping el enent
manufacturing and the operational parameters for the ben-

ding itself. Particularly interesting in this field are the
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routines devel oped for the NC pipe bending nachi ne, mak-

ing provision for a check on any possible interference

of the pipe with the machine and the ground during the

working cycle and the managing of the material spring back
at the end of the bending

¢) producing a nounting bookl et consisting of synbolic sketches
produced by the lines printer |[(Fig. 9)| of the pipes

conposing the group and of a list of the mounting fjttings

(gaskets, bolts,. valves, etc.);

d) storing the information gained up to this point into a da-
t a- base.

7.3 Processing of the workshops Bookl ets

Wor ki ng "lots" for the pipe workshops are defined on the ba-

sis of the quantity of the pipes in the.processed zones and of
their nounting method. The conputer provides for supplying, on
ground of the information contained in the data-base and for each
i ndi vidual working flow concerned
a) the docunentation for the withdrawal of the naterials needed
for the manufacturing (pipes, flanges, couplings, etc.)
h) the “cutting planes", that is, the instructions to obtain
fromthe raw pipes having a fixed length the parts necessa-
ry to the work with the |owest possible scrap
¢) the operational supports, if any, (tables or punched tape)
for the NC machi nes;

d) the sketches for the traditional working and the finishing

pl atform produced by plotter Calconp|(Fig. 10)

e) the sunmarizing documentation for the coordination of the
work progress and the handling of the lot and the flow con-

tents.

7.4 Material Handling

At the same tine a procedure for the handling of the materials

needed for the working is being developed. It consists of two stages
355
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a) storing of the material requirements in the stage of the
drafting O the functional diagrams and their automatic
timng according to the ship building program

b) check of the requirenents during the storing of the as-
sbl ying groups and signaling if necessary, any
changes that may have occurred

The above procedure will be integrated later on with the

material handling sub-system being developed at Italcantieri

. 8) CONCLUSION

The above procedure represents a remarkable organizational deVel-
Oprent, if-conpared with the systems used until a few Years ago \Wen
the piping was nmanufactured with conventional systeps grouped
“according to the board plants and services, an the basis of
a docunentation manual ly prepared.

This devel opment allows new possibilities of subsequent
realizations to be foreseen- that is:

-usage of the conputer in the earlier stages of the design procedure,
both with the automatic handling of the functional diagranms and with
the conputer aided definition of the general arrangement plan. The
first presupposes a standardization of the diagrans, the second the
availability of interactive graphical devices and an interface with

a suited hull data-base;

through further refinements of the design it would be possible to in-
crease the percentage of usage of the automated line in the pipe-shop
and of the units pre-assenblying technique;

on the basis of the Experience gained with the automated line, an on-

line real time control systemfor the line itself could be realized
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Frank Lillehagen, CIIR (editor)

ABSTRACT

The paper presents a new approach to the problem of nesting pl ane
parts.  The system devel oped is tailored for nesting production
parts prepared by AUTOKON 71/74, however, the general design is be-
lieved to be independent of any particular part-coding system or
application.

Geonetrically, the problem of nesting is a two-dinensional one, and
it is basically simlar to any jig-saw puzzle or two-dinensional
cutting-stock,~problcm if one-disregards all the application con-
siderations that constrain the solution.

The prograns devel oped do not attenpt any autonmmtic .Optimization
The philosophy in designing the system has been that the user is capable
of optimzation  whatever his objective is, if only the com

puter is able to supply the appropriate information. Defining and
applying the constraints required to do automatic nesting not only
becomes difficult, it becomes.inpossible as constraints on the parts

| ayout change dynamically.

The system was developed and is, so far: inplemented on the Norwegian
mni-conputers NORD-1 and SM4.. The graphics display unit used is
a Tektronix 4014-1 storage tube interfaced through a nodi -
fied TTY-port

The basic building blocks for the application prograns were a set of
subroutines to drive the Tektronix-display, Tektronix 4010/4014 Driver,

and the AUTOBASE dat abase system for m ni conputers.
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The systemis designed to ease conversion to other conputers and
graphics displays and to interface to other part generation systens
with or without databases

HI STCRY

Engi neers in various industries have devel oped conmputer assisted or
conmput er automated solutions to related two-dinensional allocation
problens ( 5) (6)and (7), but.to my know edge no such sol ution
has been successfully applied to the nesting of steel parts for
flamecutting (4 ).

Mat henati ci ans have al so shown interest in a general solution to the

geonetry of the problem One mathenmatician's conprehension of the
problemis included to demonstrate the difference in viewpoints

"The. optinum two-dinensional allocation problem consists

in taking some two-dinensional resource, such as a piece

of cloth, a sheet of metal, or a parcel of land, and cutting
it up into a nunber of two-dinensional forms, such as
clothing patterns, sheet nmetal parts, or parking spaces, in
such a way that some objective, such as mninum waste of
material or maxi mumtotal nunber of pieces, is achieved.

This paper describes the results of an investigation into
nmet hods of handling this type of problem when linear, |ogica
and geonetric constraints, in addition to the usual area and
non-overl apping constraints, are inposed on the allocations
The investigation is concerned with two-dinensional shapes
that can be irregular and either sinply- or multiply -
connected" (3).

Recently runors of nunerous new devel opments under way have reached
the project group.
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STATEMENT OF PROBLEM

Gven a piece of cardboard with fixed dinensions and several snal

pi eces of irregular shape, the problemis to place the small pieces

in such a manner on the cardboard that a copy of each may be cut out
using as little material as possible. The leftover pieces of cardboard
should be as few and as large as possible.

During the part preparation in a shipyard problem of the same nature
arises. Frequently several detailed parts are cut froma single raw
steel format. The steel cost of a ship is so high that high utilization
of the plates is inperative.

During .part.production some extra conplication will enter the picture.
Local heating during the cutting process may easily cause the parts

to bend away fromthe original position. In certain cases this may
lead to serious inacurracy; so to reduce this effect it is necessary

to plan the sequences of cutting. At critical points narrow bridges
my be ,left crossing the groove. These bridges will..then tie the parts
together’ and prevent’ aby’ appreciable bending away from the origina
position. The work connected with placing the parts on the format and
specifying the sequences of cutting and positions of possible bridges,
is the shipbuilder’s DEFINITION OF NESTI NG

The considerations for the cutting tool are what make the shipbuilders
nesting so difficult. The operation of the torches and considerations
for obtaining, as large leftover pieces as possible are the most im
portant constraints on the layout of the parts.

The end result of the nesting operation is a geonetry description and pro-
duction information for conpleted formats. Numerical Control (NC) code of
this and other information is edited and sent either off-line or on -line
to the NC equi pnent.
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3 SPECI FI CATI ONS

An AUTOKON study (2) of selected shipyards reveal ed that the major
enphasis in a new system should be placed on features to enable
fast changes to an already nested format. The main weakness of

exi sting solutions is that the layout of the parts and the speci-
fication of the cutting sequence are conputed sinultaneously in

a batch system This means that once an error has been introduced
it cannot be instantaneously corrected and any further work on the
sane nested format will be erroneous. Corrections require that
the nesting . start from scratch.

ManuAl preparation of the input to the program that conputes the
geometry of the nested format is another major weakness

Thirdly and lastly the user has no easy way of verifying the correct-
ness of the parts: The activity of preparing tenplates is both costly
and time consumng and should not be necessary for the nesting operation.
If tenplates are used to simulate the layout their scale greatly in-
hibits the chances of detecting errors.

Input to the system

a) Data describing a parts geonetry and production infornmation
must be built up in a database on mass storage.

b) The system nust accept both manual |y coded parts as well
as parts prepared by a conmputer program Parts on NC
tape are accepted.

c) The user nust have freedomto choose either predefined
formats or to specify the format at any time during the
| ayout of parts.

d) The user shall have conplete command over all system actions
The command | anguage shal|l be adaptable to the user’s needs
and abilities.
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Mani pul ation of data

a)

d)

h)

The system nust be able to handle an unlinited nunber of
parts on one format.

The user must be able to display or reference single parts
as well as nultiple parts in one operation. The user
must be able to page through the parts library.

The user shall not be responsible for screen adninistration
of data apart from the operations needed to do the parts
| ayout.

The user nust be able to select contour Parts from one
part description, according to certain system or user
defined criteria, both for the purpose of displaying in-
formation and for referencing.

The parts shall be identified and nanipul ated either by
name Or by nmeans of a device pointing at the part inage
on the screen.

Any action performed on data being displayed nust be
signal ed back to the user.

The user nust have flexibility to performall the basic
transformations: translation, rotation, scaling and nmirror-
imaging, as well as actions combining these basic trans-

formations.
Zoomng in on details in a display nust be possible
This allows the user to inspect details in either a pre-set

or specified scale.

The user nust have functions to nodify part production
information, such as bevel cutting, commn cutting, text
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1)

K)

material handling no; thickness, steel quality etc;
Functions to nodify geonetry are__pari..qf another nodul e

to be devel oped for part processing,

The user nust have functions to check the geonetry of single
parts or formats and nested formats. Overlap checks between
single parts and nei ghbor parts are also inportant to ensure

a correct layout.

Parts should be displayed with lines drawn differently to
di stingui sh between standard cutting, bevel cutting, common
cutting, rapid traverses, punch marking and edge marking

The cutting sequence shall be specified by the user. The
user must have freedomto start a new sequence and end a
sequence wherever is convenient. \Wen starting a torch, the
torch shall be at a given mninmmdistance fromthe contour

to be cut.

The user nust be able to make changes to, to store away
and to relate groups of nested parts or nested formats.
This is inportant where certain constellations of parts,

patterns, repeat.

The user nust be free to delete information fromboth a
certain displayed picture and fromthe systemdata areas.

The user nust have the option when to redraw (cl ean up)
any displayed picture.

The user nust be able to save and restart, a job or to save

one job and restart another. Jobs may al so be dropped

entirely.
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Qutput from the system

The system nust give quick and easily understood responses
to all user actions. Production information that may
influence the user’s next action nust at all tines be

A geonetric description of nested parts and rel evant system
data must be stored in the database whenever the user so

A standard edited NC tape is the end product or the NC
information may be fed directly to an NC machine The user
may also store the NC information in the database

The SIAG standard, of programming and docunentation is

The programs nust be designed to allow for different ways
of organizing and |oading the programs and to nmeet require-

The systemshall be easily expandabl e or reduceable in

The system may be self-standing or a satellite-installation
interfaced to a nother system e.g. AUTOKON

a)
conveyed to the user
b)
desires.
c)
General system design criteria
a)
strictly adhered to.
b)
ments of limted core space.
¢)
nunber of user functions
d)
e

The system design shoul d make every practical effort to
ease the change of graphics display and database adm ni-
stration system
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SYSTEM DESI GN

System specifications and programmng considerations lead to the
concl usion that the system conprises three distinguishable jobs or
phases of operation:

data preparation and verification (DPREP)
- part layout (LAYUT)
cutting sequence (CUSEQ

Purpose of DPREP

The purpose of DPREP is to verify the parts in the database on the

m ni conputer and to prepare the parts for input to the LAYUT phase
Verification is achieved by displaying the part contours and associ ated
production information (text) with the possibiliTy of generating hard
copies. Data preparation involves reformatting and reorganizing data
to neet hardware requirements and optimize data retrieval (No. of
accesses and access times to the database), and data enhancenent to
mnimze core requirements and processing tines,

Purpose of LAYUT

The purpose of LAYUT is toplace parts together on a format or in a

t wo- di nensi onal area, taking care of the geonmetry of what is going to
be a nested format. Correcting and verifying conpleted formats or
nested parts is also done in this phase of the system The geonetry
of the nested parts will later be the input to the CUSEQ phase

Pur pose of CUSEQ

The purpose of CUSEQ is to specify cutting sequences in order to
CPTIM ZE the use of the flamecutters (torches). The NC information
prodced is generated on papertape or fed directly to the flanmecutters.
A copy is stored in the database.
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4.1

PROGRAM AND DATA FLOW

Before the nesting system may be started a database nost be built

on the mniconmputer. This database is initiated by the DINNT program
(m nicomputer version) and will receive parts (records) from the
AUTOKON mai n database either on-line or off-line. Of-line data
transfer may be done by the AUTOKON standard programs RECUT and DFREC
while on-line transfer is performed by two new prograns, called PARTO
and PARTI.

The system is devel oped »work on m niconputer databases that are
private to one user and that contain parts fromone and the sane section

of the ship (exceptions are all owed):

(An database storage standard for standard miniconputer is is designed
and there are no big changes in data organization between the version
on the big conputer and the version on the niniconmputer.)

The part records sent to the miniconmputer should contain sonme information,
which is not usually in a part record on the main database. PARTO
extracts and transfers correct part records for the mniconputer data-
base. These data asked for by PARTO may not normally be in a part

record or at all directly available:

Cutouts along the outer contour and hol es shoul d be marked
such that the snooth silhouette contour may be readily
retrieved.

- Kerf width conpensation and shrinkage nust be all owed for
before the part is used in the DPREP phase.

- Circunmscribing rectangl es nust be stored in the main database
They may; of course, be calculated in the DPREP phase, but
this is not inplemented in this version of the system

Once a database of parts is established the DPREP phase may be started.

DPREP, upon user request, reads all the pertinent information for a part
to be nested from the part records on the mniconputer database.
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Each system phase has a phase initiation program which is responsible
for first-time initiation or reinitiation. This involves establishing
the conmmunication links to 3 or records on the database. The system

uses the AUTOBASE database programs both for the managenent of appli-
cation data and for graphics and system data

Before a part namy be referenced in the LAYUT phase it nust be passed as
qualified for nesting in the DPREP phase. This involves transferring
the contour description to a systemrecord. A special table is main-
tained to control all the parts that have qualified for nesting

This systemrecord and the associated table is our naster reference
data whenever a new copy of the part is needed or when the
nested format record is built as an end result of the nesting operation
There is one nore level in the data representation before a part becones
a picture for display. That level is the extracted desired contour parts
of the master with transformations and graphics processing applied

W call this level the paint file representation, since this is exact
copies, of the data going to the display driver

Once the user has verified and prepared the desired parts, the |ayout
of the parts may commence. The user nust then change from DPREP to

LAYUT phase and file doingso the system does a | ot of background

work on the database - garbage collection, back-up, closing old and

opening new comnunication links. Any change of phase has these same
effects on the database.

The conpl ete sequential geonetry description of .nested format is not
built before the user requests NC information for the format. Unti
then all actions to do layout of the parts and specification of the
cutting sequence result in parameters being, stored in special system
records. In this way the parameters are maintained throughout and
changes are easily achieved.

The-overal | system program and data flow such that they allow for
several ways of operating the system and ensure the user a safe

and effective way through the system There is full database security
when changi ng between any two phases of the system The program flow
is basically controled in tw |evels:
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4.2

1. The phase is checked for each action.

2. When speci fying commands, the user has conplete control
to return to the conmand processor.

The systemprogramflow is, therefore in two levels once the system
is up and running. The upper level is the comand processor and
the lower level is any branch of program responding tots command
(an action).

COVMMAND PROCESSI NG
The general format of a command is:

<CPErator> <CPErand> paraneter/argunentlist; )

()= CR, carriage return)

In general the operator tells what type of action will be perforned,
while the operand tells what type of data is involved. The paraneter
may suppl ement both the operator, in which case it will modify the
type of action taken, and the open and, in which case it will delinit
or set values to the data invol ved.

The argument list, which may be either in a sequential list formor

inan inplicit do-loop form defines values of the operand. Any conmand
action detecting missing paraneters or argument from the user will echo
requests for specific input to the user. Od paraneter values are

echoed as well. This delayed dialog. communication is very val uable
when default values or arguments with standard values are forgotten

and the user may want to change val ues.

The commands may either be specified froma TTY, the display keyboard
or froma nenu on a picking device (e.g. tablet). The cross-hair is

used extensively.

The user may edit his input. This, as well as other special command .
operations, is done by special characters as for nobst text editors.
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4.3

COVWWAND SUMVARY

Qperator .

1 BEVe

2 BRI dge
3 CHAnge

4 CHEck

5 CLEan up
6 DEFi ne

7 Dl Mensi on

8 DI Splay

9 DROp
10 DUMp
11 ENTer

12 FRAme

13 FOL1OW

Oper and

RI Gh't
LEFt

CHAnge
REMbve
SPEci fy

DEFaul t val .
Sl De param
AUTobase id.

TOTal
AGAI nst

FRAmed f or mat

CONture type
TEXt
PROductions I nfo

Coor di nat es
Dl St ance

PARt s

TExt
Production Info
TABI es

PARt s

FORwar ds
BACkwar ds
RRVer se

Hori zont al .
VERt i cal
NORmal

LEFt
Rl Gnt
STArt
E N D

FORwar ds
BACkwar ds

PO nt
SEQuence
TOTal
MDDeset ti ng
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@er at or

14 FORmat

15 CENerate
16 HELp
17 MRror

18 MOVe

19 NEW
20 PARt (s)
21 PLAce

22 REMbve

23 REShow

24 ROTate
25 SAVe

26 SELect
27 SET

28 SHOw

29 STArt

30 TRAce

(30 operators and 47 operands)

Qper and

SPEci fy
Predef i ned
Conpl etion
CHAnge
RECal |
STOre

KI LI

TAPe

Horizontal |y
Vertically

HORi zontal |y
Vertically

SEQuence
SPEci fy

Sl De
PA nt
| NNer

PART(s)

SINgl e picture
DETai |

NESt ed format
FRAmed f or mat

ABSol ut e
DEG ees

TEMpor ary
SYStem

CONt ourtype

MDe di spl ay
SCAl e

SINgl e picture
DETai 1

NESt ed f or mat
FRAmed f or mat

DPRep

LAYOUt
CUSeq
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4.4 USER FUNCTI ONS/ COVMAND  ACTI ONS
A brief explanation is given for each command as presented in-the

preceding section.

1. BEVel. To set/change bevel cutting on a contour Bevel narked
on contour both on database and display.,

2. BRIdge. To specify, change or remove bridges on a format. Action
both in bridge table and on displ ay.

3. CHAnge. To change inportant system paraneters. Conmon variables
are changed.

4. CHEck: To check parts against each other for overlap. Check
one against neighbors O all against all. Message printed,

5. CLEan up. To clean up a messy picture. Renoves from display and

system any unwanted parts.

6.DEFine. “To define text-directly to the display or paraneters to
system data areas.

7. DiMension. To take control rmeasurenents from displayed information.

8. DISplay. Todisplay parts, prestored text, production information
and tables over all parts nested parts and nested formats.

9. DROp. To drop parts fromthe. nesting system The part records
remain

10. DUMp. To dunp system paraneters and areas.

11. ENTer. To enter contours in different ways. Used when specifying
bridges on the fornat.

12. FRAme. To slide the format across the screen.
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13. FOLI OW

14. FORmat.

15. CENerate.

16. HELp.

17. MRror.

18. MOve.

19. NEW.

20. PAR: s.

21. PLAce.

22. REMve.

23. REShow.

24. ROTate.

25. SAvVe.

26, SElLect.

To trace out the cutting sequence of the whole format
or any part of a sequence from a user specified point.

To specify a format partly or conpletely at any tine
during layout of parts. Formats nay be storedand recalled

from system records.

To generate geometry and NC information for a nested
format. Builds nested format record.

To give the user assistance in operating the system

To take the mrror-image of a part. New copy of the
master for display.

To translate the part. New copy of the master for display.

Tostart a cutting sequence. Gving point of entry on
the format.

To prepare parts for nesting to build master, and to display
masters in the menu-area.

To transform parts. Conbination of basic transformations.

To erase parts from a nested format.

To bring back an erased picture of single pictures, details,
nested formats or framed formats.

To rotate a part. New copy of the master is displayed.

To save the systemtenporarily or permanently. Back-up
is taken of system data area. Database is closed for a
per manent save.

To select what contour parts of part masters should be
di spl ayed.
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27. SET . To set display node and user specified scale factors.

28. SHOw, To display single pictures, details, nested fornmats
or franmed formats of previously built pictures.

29. STArt. To start a new phase of the system Any sequence of
phase changes is allowed. Reinitiates a lot of system
data areas.

30. TRAce. To set trace of certain system parangeters.

HARDWARE

The systemwill be inplemented on hardware shown inp Fig. 1] where

the absolute necessities are:

M ni conputer -(core space dependent upon program organization
allowed by basicC software).

Disc menory - preferably portable packs. 1,2 M bytes.

Tektronix 4014 - 1 Display Termnal - hardcopy possibility
provi ded.

Papertape reader/punch.
Tel et ype.

The Tektronix 4014.Display Ternminal is a storage tube graphics display
with a cross-hair cursor pointing device and an ASCI| keyboard.

As a selfstanding systemthese conponents are a mnimum configuration.
The system will then probably occupy the conputer completely. COperation
on time-shared machines may result in very bad response tines.

If the parts are generated on a nother systema direct connection
bet ween the nother system big conputer and the miniconputer is desirable
(Fig. 1). The interfacing may either be as a Rermote Job Entry term nal

or on a hired line.
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6.1

6.2

6.3

SYSTEM COPERATI ON

The system operation will, of course, vary frominstallation to
installation depending on many circunstances. To discuss all these
aspects is beyond the scope of this paper. However, since we will
be working on niniconputers we cannot avoid the core space problem
This is usually no problemw th nodern mniconputers, but with ol der
conputers it is still a barrier.

PROGRAM ORGANI ZATI ON

Being confined to design portable FORTRAN prograns, this is what we
have done to ease the core space problem All precautions have been
taken to allow the programs to be |oaded either as one or three main
programs or to operate the programs as alibrary of action routines.
The latter node of operation is probably what is nost in demand and
naturally it is the nost difficult to achieve.

To enabl e these three nmbdes we have put particular enphasis on dat abase
security and on command processing and program control.

DATABASE ADM NI STRATI ON

The niniconputer database is very much an output" database. This means
losing it is no tragedy. The worst that nay happen is that saved jobs
with inconplete or conpleted nested fornats may be lost. To

transfer dat abases or single parts between the nother database and
the mniconputer database is a very inportant job. There are so far

no provisions for automatic reporting between the two systems. To help
admini strater the mniconmputer database the user may at the monent get
these tabl es:

a) Table of parts ready for nesting.
b) Table of parts already nested.
c) Table of conpleted formts.

EXAMPLES OF MAN MACHI NE DI ALOGUE

Display of single parts

For verification purposes the user may display one or nore parts on
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the screen sinultaneously, text and production information may be

di spl ayed, control measurenments may be taken, text may be added and
hardcopies may be generated [(Fig. 2). |This is done in the DPREP phase
or in LAYUT before a nested format is specified or referenced.

Pl acing parts on the format

After having specified that nesting is started (defining format or

nesting area) the screen will be divided in three vieworts|(Fig. 3).

The upper viewport will be used to show as much of the format as possible
(user defined scale). To enable this a sliding w ndow is inplenented

that produces what we call a framed format. The framed format contains
the region of the format where the user intends to place the next part(s).

This is illustrated in Fig. 4.

Single parts, up to four at the same tine, are brought into the middle
viewport, where they are displayed in the same scale as the franed fornmat
in the upper viewport. The lower viewport is used for texts, messages
and ot her al phanuneric information.

Placing a part is done by the user specifying a transformtion command
The part itself and certain geonetric reference points on it are identi-
fied as well as certain reference points on the format. Myving a part

onto the format is done by either the PLAce or the MWVe command |(Fig. 5),

Taking details in a picture

Details in any picture may be enlarged for further inspection. The user
specifies his area of interest by pointing to an approxi mate Center
The user may also give the desired scale or the default value will be
used. The detail picture uses all of the screen area. The sane det ai
may easily be displayed in different scales.

Sperifying cutting sequence

VWen the user is satisfied with the layout of a group of parts or a conplete
format, cutting sequence may be specified. This is done using the cross-
hair anti some sinple command. Earlier specified sequences may be traced,
changed or dropped. Replacing parts in a group of parts where cutting
sequence is already specified is pernmissible. Changes only cause |oca
compl i cati ons.
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7. SYSTEM STATUS

A test version of the systemis being debugged at CIIR A pilot version
is expected to be ready in early June. The pilot version will be

user acceptable in a sinulated production environnent, before we call

it a production version. Stord Yard of The Aker Goup expects to

have the systeminstalled for production just after the sunmer vacation.

SRS and Kongsberg Vapenfabrikk, who supply hardware to the project and
the pilot version, will specify sales versions of the systemin co-
operation with the project group. The system should be available on

the market in October this year. However, certain sales versions my
require long delivery times, if radical changes to the production
version being inplenented at Stord Yard are desired.

8. FUTURE DEVELCPMENT

Interactive nesting is the first application in a series of five
that will be designed for mniconputers and interactive conputer
graphics. Al these projects are part of a devel opment program
call ed Graphical Generation of Production Information.

The project group has also started |ooking at other ship design
activities that may be inproved by introducing new technology. pgasic

research is also going on in the follow ng areas:

3-dinensi onal (3D) systems for CAD and CAM
Newways of 3Ddata input to CAD systens.

New ways of representing objects and new tools
for handling objects in the conmputer.

Sone of these projects are joint Norwegian efforts partly government
funded.

The presentation will concentrate on the use of the system

Thank you.
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THE APPLI CATI ON OF AUTOKON
TO DRILLING RI GS

by J.F. Mack

This paper presents the work which is currently
going on in the Aker Group to apply the Autokon
system to types of steel structures other than
ship in particular drilling rigs.

The paper also discusses the notivation and
philosophy in general for using a database oriented
numerical system for such structures.

AG 29th April, 1975
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The background may be found in the application of AUTOKON
to ships in previous years.

Initially, the systemwas very nmuch preoccupied with hul
surface description, while the internal plane geonetry
steel structure was to a large extent left to the |ess
systemati c and sophisticated” approach of nmanual or
sem - manual codi ng of parts.

The introduction of the problem oriented |anguage ALKON,
together with a nuch inproved database nmanagenent system
(AUTOBASE) was in many ways a turning point. These nobdul es
in AUTOKON provided the necessary tool for a systematic
description of scantlings.

ALKON was initially devel oped as a | anguage for plane
geonetry description, but it also had nany of the sane
capabilities as FORTRAN (in’ which it was in fact coded)

Later ALKON was ext ended considerably to becone an
efficient tool for dealing with general data in matrix

form  Perhaps the nost inportant property of ALKON
however, is the possibilitiy of applying pre-coded sequences
(subroutines called NORMVS).

Much of this paper deals directly or indirectly with work
done in the field of norns.

This is natural since, even for ships, quite a large part
of the effort within the Aker Group has gone into the
devel opnent of such.

For drilling rigs and other general structures, ALKON norns
are, as we shall see, likely to play an even nore dom nant
part.

DRI LLI NG RI GS

Mobile drilling units can be divided into two principa
types: units which stand on the seabed while drilling,
and units which drill froma floating position. Fi 1
shows by neans of typical exanples a slightly nore %étailed
grouping of units. |In sequence of prevalence at present,
these are

1.  jackups

2. drillships

3.  “sem subnersibleS

4. subnersi bl es
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Jackups are characterized by their |egs which can be
proj ected downwards until they stand on the seabed,
supporting the main platform section which is jacked
up clear of the surface of the sea during drilling
oper ations. This section is watertight and is
sufficiently buoyant and stable when floating to
carry the whole structure during transit from one
well to the next.

2. Drillships are usually ship hulls of nore or Iess
conventional design, fitted with drilling equipnent,
exceptionally powerful anchoring equipnent both
forward and aft, and a vertical drilling well, a
so-cal |l ed nmoon pool through the center of the ship
‘bel ow the derrick. Drilling barges are simlar to
drillships, however without propulsion nachinery.

3. Sem subnersibles are floating drilling units. It is
a characteristic of these units that they can be
subnerged by nmeans of water ballast during drilling

in such a way that the nmain buoyant elenments are
subnerged in calnmer water beneath the surface of the
sea. This reduces the novenents O the Units in a
seaway and al so reduces strain on noorings. They are
equi pped with large, vertical colums which thanks to
their waterline nmonment of inertia, contribute to the
positive stability of the structure. Thus, stability
requirements are decisive in the choice of dianeters
of these so-called stability columms; bottles or

cai ssons.
4, Subnersibles are platforns which stand on the seabed
during drilling. They generally conprise a |ower

pontoon section with sufficient buoyancy to float the
platform during noving operations. The pontoon
section is brought down to the seabed and lifted to
the surface by nmeans of water ballast. The platform
deck section is rigidly affixed to the top of
supporting columms or trusses.

The Aker Goup has mainly been involved in the production
of sem subnersibles of which the H3 is a popular represen-
tative [fiﬁ. 25 The structure of an H3-like rig can be

di vided into the follow ng logical units:

1. Pontoons
2. Colums and trusses
3. Deck. structures

In principle there is very little difference between
a drilling rig and a ship, particularly as regards sem -
subner si bl es.

They are both buoyant structures, inplying sonme sort of
hul [ surrounding and supported by a steel structure which

is often very conplex.

In addition to this, the pontoons of rigs |like the H3 have
been purposely built in a shiplike manner to allow traditional
shi pbuil ding techniques and facilities to) be used.

Fig. 3 shows the structure of an H3 pontoon.
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If anything, the drilling rig tends to be sinpler than a
ship.  Factors like propulsion and speed are often of minor
i nportance, and the shape may consequently be a sinple
geonetrical form

Fig. 4shows howthe AUTOKON prograns are situated around
a common database. A large nunber of these prograns

originated-to take care of the conplex shape of the ship
hull. Thus, in cases of sinple geonetrical forns, the

ALKON modul e is sufficient to take care of the hul
descri ption. (If the shape is a conplex one, the whole

library of programs would be available of course.)

There is one other factor which nmust have some influence
when deciding where the effort should be (concentrated
when devel oping an efficient tool for drilling rigs.

This is the inportance of weight and C. G cal cul ations.

Even for snips there should be sone incentive for reducing
the very tidious work of weight estinates.

For sem -subnersibles very accurate weight cal culations
are essential because of stability and payl oad considerations
(experience data is also very scarce).

Quite a lot of effort is therefore, being concentrated in
maki ng a systemwhich will give a near conplete picture of
a general steel. structure in a database, and then extract
various design and production data fromthis database.

3. PHI LOSOPHY

3.1 A Dat abase for scantlings.

Bui | ding up a database containing a cpnBIete description of
scgntl|ngs is of course a trenmendous job if done by manua
codi ng.

By i ntroduci ng an extensive set of ALKON NORMS the tine .
needed to build up such a database has, however, been
drastically reduced.

These norns work in such a way that the necessary input is
greatly reduced and sinplified, but at the sane tine they
i npose few restrictions as regards the actual design.

This feature is about to open a new di mension to nunerica
shipbuilding in that the database now appears as the major

source of hull information, and should also in the future
rovi de a very inmportant information |link between various
epartnents working on different, but nutually dependent

t asks.

As we shall see, the scantlings database may in nany respects
be far superior to nore traditional relays of infornmation

i ke drawi ngs, and as such it would appear to be a rather
power ful design tool
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inorder to nmake it a successful tool, it is, however,
necessary to fit it into the general datastream The
dat abase shoul d be built up gradually throughout de3|gn
using a natural working sequence. Ideally the work o
building it up should be done by the designers involved
in the actual design work.

3.2 Utilization of the Database.

To gain the full benefit from using a database as the main
informati on device, it should be used to perform as nany
tasks as possible. In other words, it would be foolish not
to use the database throughout the design process to the
full est possible extent if you are going to do the work

of building it up anyway.

The database can, if properly maintained, answer sone

questions which traditional nmethods could not. This involves
operations which in nature consist of adding nore data than
is possible if done manualy (exact weights etc.) Thi s of

course also points out the possibility of doing previously
cunbersone routine work in only a fraction of the tine
(material lists, material ordering)

One can imagine that this sort of information, available
at relatively short notice, would be a great advantage
in design, particularly in structures where weights are

very critical

3.3 Generality of the tool.

An inportant point regarding the norms which are to be used

for building a database is the question of generality.

It seems obvious that even if one could nake entlrelr

general norns throughout, the expenses involved woul d be
prohibitive both from a devel opment and from a runni ng- cost

BOInt of view On the other hand, a set of norms which coul d
le ys%g for one type of structure only, would be of very
imted use.

The solution is a conprom se.

There are in fact nornms dealing with the steel structure
at different levels, the “higher |evel norns” being, in
general ,rnore specialized.

These tend to depend nore on constraints inmposed by the
actual geonetry of the structure. Exanples-of such norns
are those used for making design and production parts
based on the basic lines and contours in a structure (these
lines and contours, being stored in the database).

The “lower |evel norms” are on the other hand entirely
general, and inpose wrestrictions on the geonetry.
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This norm configuration gives certain advantages in that
“hi gher level norms” will use “lower |evel norns” as

subrouti nes.

In this way new specialized norns catering to special
geonetrical solutions may be built up quickly if need

arises.

Still, the aimis to give the designer a tool that, wth
hardly any limtations and without any alterations to

the tool itself, will build up a database for a structure

of any reasonabl e |ayout.

One way to attain this goal is by first building up a rough
picture of the structure, and then nodifying it until you
get the wanted result.

This is, in many cases, a cheaper and nore flexible solution.
t han building conplex norms, giving a variety of, though
still fixed, solutions.

3.4 St andardi zati on.

In this context one should not forget, however, that fixed
solutions may be an advantage rather than a drawback as
regards sone details in a structure

| am t hi nking of standarization of brackets, stiffening
etc., which can make production nore efficient (limtation
of no. of standard details)

Such standardi zation can easily be built into the system
If you want to change the standard, you sinply change the

norm

Standard Details:

The consequence of this philosophy is the introduction of
a “Book of Standard Details”.

This book contains a nunber of details such as cutouts,
stiffener layout and brackets.

Each of these details represents sone geonetrical solution,
but the paraneters such as angles and dinensions are usually

vari abl es.

The mutual dependence of the parameters are governed either
by algorithms or sinply by input, according to choice.

This reduces the necessary input considerably when building
up a dat abase.
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4.2

1

THE CURRENT PRQJECT FOR DRI LLING R GS

Backgr ound.

The work of making a normtool for building up a database
has been going on in the Aker Goup for some years.

For shipstructures, it is possible to build up a database
in the early design stage, and then nodify, update and
replenish it with new data as, this becones avail able.

Al't hough the database until now has not represented a
conplete picture of the structure, and the output has been
l[imted to NC tape for drawing and steel cutting purposes,
experiences with and results obtained fromthis work have
been val uabl e.

The effort. this year has been to close the gap, making the
tool for adding the remaining scantlings description and wit-
ing a nunmber of nornms for extracting val uabl e production
data .

Objectives.

The ains ofthe project are as follows:

Adapt the existing norns for shipstructures to
nore general steel structures and to drilling
rigs, in particular.

Make a basic tool for description of sinple hull
surfaces --norms  which may substitute the LANSKI
nodul e for input of |ongitudinals.

Describe a datastructure which reflects the actua
subdi vision of the structure into a general

hi erarchical system and by which all sorts of
production data nay be extracted for any |ogica
construction unit. Wite the necessary norns

for building up this datastructure and then keeping
it up to date.

Wite norns which will give the follow ng types
of output:

Drawi ngs of relevant sections in the structure
Basis for classification and production

drawi ngs (including stiffening)

Nuneri cal expansion of difficult geometries
(various types of cones, truss connections etc.)
Material lists for material ordering and for
producti on

Accu{ate cal cul ati ons of weights and centers of
gravity.

NC tape for nunerical flanme cutters.
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4.3 The Datastructure in -Production Phase

4 3.1 Demands on the datastructure

Cener al
The same data should be represented only once.
Data belonging to the same construction unit should
be stored logically together.

. Data nust be available for many different purposes
(mani pul ation of data).

Simple to update.
. It must be possible to check data visually.

. A general AUTOKON datastructure nust be a franework
which may be used by all yards whatever construction

and production methods they use.
Speci al :
The datastructure nust reflect the subdivision of

the structure into assenblies, subassenblies etc.
down to single parts.

The datastructure nust fit into the datastream
from preceding design stages.

It must constitute a natural basis for the output

function, i.e. production drawings, material |ists,
wei ghts and centers of gravity.

4.3.2 Description of datastructure

The chosen datastructure reflects a general production
practise today, the hierarchical order of construction units.

Single plates are welded together to form small assenblies.
These together with ether single plates will, in turn, form

larger assemblies etc.  The nunber of such levels varies
according to assenbly, ship\rig and vyard.
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Each level is in principle the same. \Wether you are _
dealing with assenblies, subassenblies or sub-sub-assenblies,

these may be subdivided into single parts and/or snaller
assenbl i es.

The datastructure is shown in principle inj|fig. 5 4nd 6.

Comments on|fig. 5.

On top of the hierarchy is a catalo cont ai ni ng
a list of all the assenblies (block-assenblies)
represented on the database. The address of

this catal og is 4+0+0+0+0+0.

The exanple deals wth assenbly 1610 in particul ar
(max. 4 digits for main assenblies).

One line in the catal og, therefore points to

anot her address which contains information about
this assenbly.

Cat al ogs on |evel 1:
Addr ess: 4+1+N000+0+0+0X)

This catalog contains information on assenbly N
(1610 in fig.). As can be seen, subassenblies

| & are anong the contents together with a produc-
tion part with serial nunber 73.

The catalogs, therefore) contains a pointer to the
data record where this production part is stored
in the database, and also a pointer to records which
contain information on each of the two sub-
assenbl i es.

Catalogs  on |evel 2:
Address:  4+2+Nr +O+O+0

This catalog contains information on sub-assenbly
n (2) in assenmbly N(1610).

Except that this catalog deals with the contents

of a sub-assenbly and not of an assenbly, level 1 and
2 are in principle the sane.

Cat al ogs on the lower levels are in principle
built up the sane way.

The equality of all the levels of subdivision is of course,
significant when it cones to the prograns using the data-
structure, both because of the possibility of using |oops,
and because of the generality obtained.

X) RECORD Cl, ASS 4has been changed to fit this pattern and
is now equal to R C 5 as regards format
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Comments on|fig. 6.

The exanple shows the conpl ete catal og for one sub-assenbly
(level 2).

A Conposition Matrix (COVWM contains the pointers
to each unit in the sub-assenbly.
In case it is a part, it also contains information
on the major surface in which the part is situated.
&}-34 being a code for transverse franme no. 34).

te that a part is not necessarily stored as
bel onging to the particular assenbly you are dealing
with. It may, for exanple, be stored either as sone
standard part with a unique serial nunber, or it
may be stored as belonging to sone different
assenbly.

A PLane Curve Position Mtrix (PLCPOSM tells you
the exact position of the coordinate systemin
which the part has been coded.

A Production DAta Matrix (PRODM contains various
production data |ike weight, center of gravity etc.
and also a reference to the raw format from which
the plate is to be cut.

Fig. 6 [indicates that there nmay be nore than one
set of matrices in each record

This is due to the fact that it may be convenient to use
a set of design parts, as well as actual production parts
in the production phase.

These are large panel-like units which are later divided
into the final parts.

The point is, however, that these parts may be contained
within the sane datastructure, but independently of the
production parts.

4.3.3 Possibilities.

For any of the units described in the datastructure, from
t he S|n%Ie part up to the conplete structure, it is possible
to do the follow ng operations:

Cal cul ate wei ght

Cal cul ate center of gravity

Cal culate total length of stiffener of sone

di mension and quality

Make tabl es of stiffener-length for given

di mensions and quality

ghke t?e basis for working sketches for stiffening
etails.
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5.2.

1

Production draw ngs nax be made by, specifying design or
production parts, or the entire main surface"within an

assenmbl y.

Autonmatic treatment of stiffeners is possible: cutting,
tapering ends and making scall ops.

THE STATE OF ART

| wiltry to give a picutre of the staPe of devel opnent by
referring to how the database is actually built up for a rea
case.

All through | will refer to fig.7

Time of initiation.

General | y speaking, the database should be used all through
the design process.

Perhaps | have to contradi ct myself, however, Dby saying that
given the present tool and a basically new structural
concept, a suitable time would be after the final decision
on the main structure and scantlings.

The reason for this choice of tine is that while mgjor
changes in the structural concept would involve rebuilding
the entire database, the relatively small changes which
occur later (even if numerous) can be dealt with relatively
easi er.

For ships, of course, one may usually start nuch earlier
because ships are rarely entirely new concepts in design,
but rather variations of old ones. In such cases, the

l ayout norms will very quickly give you a new solution of
sufficient accuracy.

Steps in the process.

These steps will describe the process for rigs which are
simlar to the Aker rigs in concept, that is, two or nore
pont oons, supporting some columm arrangenent which in turn
supports a deck structure.

Ceneration of lines plan (Box 1 of| fig. 5).

The first step is to build a |lines plan for pontoons and for
other parts of the structure where this is required.

If these have a conplex shape, the AUTOKON nodul es for curved
surface definitions may be used. If the geonetry is relatively
sinple, it is not a big job using ALKON. The follow ng

i ndi cates the necessary ampunt of input by the latter

approach.
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1. Generate and store projections of rolling lines in
contour natrices (CONM

2. Generate and store curve catal og ( COVPM .
This catalog contains information on the exact
Bosition of each frame and at which address it is
eing stored in the database.

I nput therefore nainly consists of definition of
origin for global coordinate system and framespacing.

3. Based on 1 and 2 the frames can be generated and
stored by a norm Ofset tables are stored at the
sanme tine.

4. CGenerate and store sections of the conical parts
of the colums. Input is the geonetrical character-

tics of each cone such as height radii at top and
bottom and breadth and length of base.

5. |f the deck is to be included, the main contours of
this are also generated and stored at. this point.

Qutput at this stage is a drawing of the lines plan, and the
expansion of difficult geometries.

52.2 Longi tudinals and stiffening details (Box 2)

This box conprises the main input activities in the classifi-
cation phase. The resultant database will contain nost of
the information necessary for classification purposes as
regards scantlings.

1. Build v MDEM's) for the shell. One table contains
i nformati on regardi ng di nensions of all web franes.

If ALKON is used througout, it nmay also be useful
to add a MDEM for the longitudinals. Onthis basis,
a shell expansion drawing may be drawn.

2. Build DETail TABle Matrix (DETTABM for |ongitudinals
at shell. This table contains all necessary informa-
tion regardi ng di mensions and orientation of the
| ongi tudinals, and al so the necessary information
for later generation of the associated cutouts---
%enerated either directly by norms or from LANSKI

at a.

3. Build MDEMs for bul kheads. The information for
M DEM at |ongitudinal bulkhead (s) is later used to
nmake DETTABMs for the bul khead(s) at each transverse
webframe. Information on cutouts is added when using
this norm package.
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4. The inner contour for each webfrane is generated and
stored. A nunber of different norns is available
for this purpose.

5. The local stiffening at the webs is added to the
database. The nornms for doing this nmake use of
avai l abl e data on longitudinals to give an initia
solution. A set of updating nornms iIs provided
to nodify this first result

The output at this stage is a shell expansion drawi ng and

basis for classification drawi ngs including stiffening details.
It is also possible to get prelimnary material |ists containing
stiffening lengths, areas of “local stiffening-brackets” etc.

5.2.3 Cutouts (BOX 3).

This is the first. activity in the production phase (Cassifi-
cation does not require cutouts)

There is very little input involved as the necessary infornma-
tion has already been stored in the tables 01 |ongitudinal
franes.

The special geometry of the CUTOUTS is represented in the
book of standard details and the actual contour is nade by
nor ns.

(GEN ACON using CUTO internally.)

The augnented contours are drawn out for checking purposes.

52.4 Design Parts (Box 4).

The basis for these parts is the subdivision of the structure
into block assenblies.

They represent |arge panels including stiffening (and seans) ,
and their main function is to be the basis for the actua
production parts.

Norns and repetitions may be used extensively when naking
these parts, the input being sone key paraneters and previously
stored contours (franme contours, various inner contours etc.)

As previously nmentioned, these parts are stored according. to
the datastructure in production phase.

out put :

At this stage it is possible to extract sone basis for produc-
tion drawi ngs, and also extensive material lists as regards

the contents of MDEMs. These are lists containing information
for material ordering, and lists particularly suited for
production (see 5.2.5).
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Weight estimates for |arger units |ike assenblies are
posSible if average thicknesses are acceptable.

5.2.5 Production Parts (Box 5).

These parts are obtained in tw ways, depending on the type
of part. The main parts, situated in what is called

“maj or surfaces” are obtained by dividing the design parts
This Is done by special norms and in the same run one may
al so subdivide. the MDEM for that particular design part.

The result is, in other words, the final contour for the
production part and also a MDEI M containing the stiffening
whi ch belongs to it.

smaller parts, defined by “Standard Details}" in a MDEM
(i.e. situated in a “mnor surface”) are obtained directly.

Since all the parameters necessary to generate the bracket
have been previously stored in the MDEM and as parts of
contours, or are inplicitly given by the Standard Detail,
the necessary input at this stage is very noderate. To get
the bracket situated on a transverse webfrane towards a

| ongi tudinal, for exanple, the input is the nunber of the
transverse frane and the nunber of the | ongitudinal

out put :
Basis for production draw ngs.
Nornms draw single or a nunber of parts.
Speci al conbinations of parts are possible through
the datastructure (like all parts 1n an assenbly
bel onging to the sane mmjor surface).

0 Accurate weight and center of gravity calculations
are possible for units ranging fromsingle parts
to assenblies.

0 Material lists for material specification
This activity may, if necessary, be executed after
design parts have been generated, but is likely to
be nore accurate if somewhat del ayed
The lists contain information on dinensions, steel
quality, weight and sone production paraneters for
the single pieces and total weight, lengths etc.
for the unit considered

0 Material information for production. Lists containing

paraneters for production |ike key coordinates,

angl e of mounting, weight etc. for single pieces. in
an assenbly

Direct output of “burning and marking sketches”
shoul d al so be possible.
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5.2.6 NEST (BOX 6).

The actual nesting of the plates is at present a manual
operati on. The production parts are to be taken from

t he database, drawn in a suitable scale, and then nested
on the plate format,

Key points for, contour start point, burning bridges and
information on the |ocal coordinate system of the part
concerned, and burning sequence are input to the NEST 4
program together with necessary identification.

The nested format as generated by NEST nay, if desired,
be stored in the database.

6. FUTURE | MPROVEMENTS

The devel opment of AUTOKON is going on continuously, the
wor k being concentrated both in the field of program
refinements and in fields which depend on innovations in
har dware and equi pnent.

An exanple of fields which depend on the introduction of
new equi pnent is Mni-Conputer Gaphics (dealt with by
anot her paper)

| withere nmention briefly some general objectives as
regards the devel opnent of ‘AIkON in the near future.

‘ Make an entirely integrated tool for building, up-
dating and nmaintaining a database throughout the design
process. The attention nust be focused on obtaining
a better dataflow between design and production

st ages.

Modi fy and make new partnorns, norns which will vyield

a nore flexible solution than is generally the case

t oday. Some of these will rely on exact paraneters

as input. G her norns will use general design

criteria like the interaction between |ocal
stiffening and brackets.

The resulting parts will in turn be subject to splitting

into the final design parts. This point nust be seen
in connection with the above.

As should he clear fromthis paper, the extraction of
various production data will receive a lot of attention
in the future
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USE OF CAPICS FOR CABLE LAYING AND SIZING
IN TANKERS
F, M. Priborsky, Electrical Research
Association, L[td.

A UNIFIED HULL DEFINITION SYSTEM
M. Aughey, Naval Ship Engineering Center

iO0:15 INFORMAL DISCUSSION PERIOD

10:45 GENERAL SESSION FRENCH ROOM

ROBOTS IN SHIPBUILDING
0. W. Hanify, I IT Research Institute
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BENDING MACHINE
D. Braun, Case Western Reserve
University
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1.30 PANEL DISCUSSION FRENCH ROOM

G. P. Putnam, 1 IT Research Institute,
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WHERE IS COMPUTERIZATION OF SHIP-
BUILDING TODAY, WHERE IS IT GOING?
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T. Corin, Naval ship Research and
Development Center
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Dock Company

G. KInkald, Maryland Shipbuilding
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L. W. Lowery, Call and Associates
P. Soerensen, Shiping Research
Services A/S

3: 30 INFORMAL DISCUSSION PERIOD
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COMPUTER BASED SHIPS ARRANGEMENT PROGRAM
J. R. VanderSchaff, CADCOM, Inc.

AUTOFIT - A CONCEPT FOR OUTFITTING SHIPS
0. Eng, shipping Research Services A/S
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