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. ABSTRACT
“ “The increased use of Computer—Aided Design tools i1n the
area of Naval ship design has generated a need for ship design
engineers who are thoroughly familiar with the capabilities, !
limitations and operation of these tools. As a major source of
these design engineers, the need for such a Computer-—-Aided
Design (CAD) facility at the Massachusetts Institute of
Technology i1is established. The current Naval ship design
process is discussed and the place of the CAD system is
established within this process.

Current CAD facilities and capabilities of the Naval Sea !
Systems Command and the Massachusetts Institute of Technolocgy |
are investigated and system limitations are discussed. :
Inherent features required of a system which can overcome these A

limitations while providing an educational tool are developed. 5
A prototype CAD system possessing many of these features 1s j
developed with quidance provided for future enhancement of this |
system. i
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1. INTRODUCTION

1.1 Background

Traditionally, the ship design process has begun with an
g idea for what a ship should do or a "mission statement’. Using
designer’s knowledge and experience, tentative designs were
chosen for close evaluation and testing. As the evaluatian
process progressed, the design was “firmed up’ through
progressive stages until a final design was selected.
This systematic narrowing of possibilities was achieved

by conducting time consuming and expensive numerical

calculations and model construction which gquided the desiagrers
1n ~“he proper direction. RBecause of the time and expence

invalved 1in a single concept evaluation, the designers have

been severely restricted in the number of design possibilities

|
which could be evaluated. Many potentially promising designs l
had to be discarded because they involved radical departures b

from traditicnal thinking or because the potential for

acceptable results could not justify the expense of thorough
investigatiaon.

In recent years, however, the ease of access to 3

computers has made the design sequence a more thorough and
efficient process. Computer hardware and application routines
are now readily available which will allow designers to
investigate and analyze a design to a degree previously unheard
of.

At the beqinning of the computer age, most people were




impressed by the tremendous potential for computers to take
over the laborious calculations normally associated with the
design of a ship. Some felt that the computer would be able to
take aover the design process, and starting from a small set of
mission recuirements, would be able to produce a complete ship
design without, or at least with minimal, human intervention.
0f course. this has not come about nor will it in the near
future. The ship design process is too complicated. The
intuition «nd experience of & good designer are qualities that
cannot yet :e programmed i1nto even the most capable computer.

Conuuters do, however, have a place in ship design. The
main advanrrages of using a computer are its speed and
flexibility because thecse capabilities allow us to investigate
a large number of design alternatives and to choose the best
from among them, i.e.. tc optimize. The design art has reached
the stage wiipre radical ang unorthodox concepts can bhe
investigateo thoroughly to determine the feasibility of a given
design witrh -mlatively i1i1ttle cost 1n ti1me and maney. The
United States Navy through its Naval Sea Systems Command
(NAVSEA) as well as many civilian institutions have instituted
programs to standardize and streamline their design efforts.
This will require that future ship designers be thoroughly
familiar with the capabilities, limitations and procedures for
ship design using these new design tools.

The world of ship design is an ever developing and

expanding world. The ships that will be needed in the future
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will be more complex and more sophisticated than could have
even been imagined just a few short years ago. Much of this
complexity arises from the need for these ships to perform a
variety of missions. The ever escalating costs associated with
design, building, operation and maintenance of our ships makes
the need for diversity in their mission capabilities more
imperative than over, In order for these ships to fulfill the
necessary missicn areas, they must be designed to be the best
that they can be. The very best design must be developed to
meet a given set ot mission requirements. No longer is the
best of three or iour alternatives to a given design detail
good enocugh. we snust have the capabiliity to evaluate hundreds
of design options <o that we are contident that the best has
been selected.

The process nf ship design 1s an iterative process.
Given a set of iritial requirements, the designer proceeds
through this iterctive cycle until the "best’™ solution is
found. But what nappens when a requirement 1s changed late 1in
the design evolutizn? In some cases a complete reevaluation
and redesign must be performed, againr looking not just at a few
options but looking at as many options as are needed to insure
the best design. These requirements can of course be met by
doing the design and evaluation by hand. But doing so would
require years of effort by scores of naval architects to
accomplish., Fiscal funding and time required to support the
fleet of the future will not allow this expense in time and

money.
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A well equipped and current computer aided ship design
facility is the only realistic sclution to these problems.

This facility would allow the necessary investigation of
unorthodox solutions which, otherwise, could be investigated
only superficially, if at all. By drawing upon the results of
past designs, the naval architect would be able to quickly
evaluate variations and modifications to these designs but
would not limit him to doing only this, as has been the case 1in
the past. The designer would be able to bramch ocut and to look
at possibilities that, until recently, could only be dreamed
about.

This author helieves that these arguments ma#e the need
for some type of computer aided ship design facality in
industry quite evident. But why is such a capability as this
needed at an academic institution? Briefly, for experience and
appreci1ation of technology for new direction. in oraer for a
new naval architect to perform satisfactorily in industry, he
must be efficient in his work. Rut efficiency can be ach:ieved
only *hrough education and experience. Just as he must have
experience in calculating intact stability and floodable
length, so must he also be experienced in using the computer
aided design tools that he will be expected to interface with
on the job. This type of experience must be gained while still
in the academic environment. For this reason, if for no other,
any academic institution awarding degrees in Naval Architecture

must provide the means by which students can gain experience

e~
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with and an appreciation for the utility of these essential

tools.
Currently the facilities for instructing these future
ship designers at The Massachusetts Institute of Technology

(MIT) are severely limited. The instructional facilities are

composed of a collection of disjointed application routines on
different caomputers which cannot communicate between
themselves. These application routines, while very capable in
their own right, lack the gualities which would make them more
usable in the academic environment. These qualities include
thorough documentation, both substantive derivations and
descriptive user’s gurdes, user friendliness and input/output

compatibility with other routines.

1.2 Thecis Content

This thesis propcses to provide a quideline by which the
computer aided ship design facility at MIT can be made more
usable both as an instructional tool and as a research tool.
These guidelines will include recommendations for hardware
selection, directions for modification and development of
application routines as well as recommendations for methods of
keeping this design capability current and compatible with the
ship design and shipbuilding industry.

Chapter two will briefly discuss the ship design process
in its traditional form. This will cover the different stages
of the ship design process from feasibility studies through

detailed design. Chapter three will discuss the capabilities




of currently existing ship design CAD systems at MIT and in
industry. Chapter four will provide guidelines for the

creation of a usable ship design CAD facility at MIT. Included

are discussions of the major factors concerning the design of
this CAD capability. Chapter five discusses a prototype of a

ship design CAD facility developed by this author which

incorporates many of the guidelines dicscussed i1n chapter four.

o

It is hoped that the concepts aiscussed and the

guidelines presented in this thesis will praovide guidance {for !
further development and implementation ~f a ship design CAD

faci1lity at MIT which will be useful 1n the preparation ot I

future ship designers to meet the cemanas of the future.
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2. THE DESIGN PROCESS

Backqground

The design of a ship 1s an l1terative pracess. By
t 15 meant that the design of a <ship 's not one which
started at one point and worted throoiin ta a final

Initial requirements are specified w~nich generate

early approximations of ship’s characteristicc. These

charact

eristics are evaluated and corrected *c provice more

detailled characterictics. fhese are then ~omcared with

origina
charact
through
approxu
+eedbac
"desian

convern

N
+

phases

I requirements. A more correct set or Woss

Pricstics are thus generated which lear “he deciaorer
a new cycle of the design. Thus, the early

mations are repeatedly corrected and —vpanded due %o
v from previous steps. Ship designer: speak Ot
zpi1ral” when describing this process oy progressive

ence to a final contiguraticn.

Design Phases

The ship design process traditionally encompasses five

of design develaopment. These phases arel

1 — Conceptual design
2 - Feasibility studies
3 - Preliminary design

4 - Contract design

4 - Detail design

t1




During each successive phase, the definition of the ship

is refined as more detail is added. Each of these design
phases are briefly described in the following sections. (1)
Frequently, the functions of the conceptual design phase and
the feasibility design phase overlap, but they are presented

separately here for clarity.

2.2 Conceptual Design Phase

The Conceptual Design phase is the first phase i1n the
design aof a new ship type. The objectives of this phase are as
follows:

1. To create and assess new whole ship concepts.

2. To i1denti1fy and prioritizce technology
research and development shortfalls.

gap<" and
Z. To support the development of a new concept or
technaoloagy.

4, To investigate "proof of cconcept” through feas:-—

111ty demaonstration.

The Conceoptual Design phase 1s primarily concerned with
far—-term programs independent of planned ship acquisition and,
therefore, is often characterized by innovation and high rist.
The products of this phase are normally similar to the
Feasibility Design phase defined in the next section. The
level of detail is limited to the minimum needed to define the
concept or proof of concept, although particular aspects, such
as innovative subsystem or innovative combinations of existing
subsystems, may require more detail. The products may also

include tradeoff study reports and risk assessments for

17




developmental subsystems and components.

2.2.2 Feasibility Studies

The objectives of the Feasibility Study phase of ship
development are as follows:

1. To det+ine a set of feasible alternative whole ship
solutions to a set of operational requirements.

2. To structure the studies to aid a ship acquisition
decision maker to select a preferred balance

between capability, cost, and risk.

e Ton define each alternative sufficiently for prepar-—
atien of a reasonable cost estimate.

4. Ta i1dentify the major technical risk associrated
with each alternative.
vererally, Feasibility studies are conducted to support
selecticn ot a4 ship cancept 10 a cantemplated or planned shaip
accuicsition erfort, They are normally based on a stated,
thougn cometimes broadly stated, ship mission. These <ship
micsions are normallv stated using a document entitled Naval
War+are Mission Areas and Reoguired Operationai Capabilitv, alsc
Lnown as OPMNAY Inst. Z105.2E. This document designates Naval
Warfare Mission Areas which are divided into two categories:
(1) Fundamental mission areas and (2) Supporting mission areas.
These are listed below.
Fundamental Mission Areas
Anti-air warfare
Anti—submarine warfare

Anti—-surface ship warfare
Strike warfare

Amphibious warfare
Mine warfare
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Supporting Mission Areas

Mobility

Caommand and cantrol! and communications
Intelligence

Electronics Warfare

Logistics

Fleet support operations

Construction

Noncombat operations

Each ship type must have varying degrees of capability
for the perfaormance of each of these fundamental and supporting
mission areas. These mission capabilities define the ship

mission.

The studies are usually done in the context of a desired
schedule for design and construction and are conducted within
the context of a recognized ship type. Thus., feasibility
studies are generally more constrained with respect to program ‘
considerations and ship concept than are conceptual designs.

A partial listing of the products of the Feasibility i
Desi1gn phase are listed below.

1. Payload definition (e.g., weapons, troops, etc.).

2. Combat system description.

3. Survivability features description. -
, 4. Description of other mission—-critical subsystems.
S. Principal hull dimensions and form coefficients.

6. Full load and light ship weight estimates at the
one—digit level.

7. Intact stability check.
8. Area/valume summary.

9. Propulsion machinery type, SHP and propeller number.

10. Speed and endurance estimates.




11. Installed electrical generating capacity.
12. Manning estimate.

13. General arrangements sketch.

In addition, major technical risks are i1dentified as
well as any unique aspects that would have major impacts on the

acquisition schedule.

2.2.7 Preliminary Design

Preliminary Design is the next phase of ship design.
Its cbjectives include:

1. To refine the design estimates made during Feasibil-
ity Studies and to reduce or eliminate major techni-
cal and schedule risks.

2. To guantify ship performance to the fullest extent
possible.

Emphasis is placed in the Preliminary Design phase on
firmly =stablishing ship sirze (L, B, D, displacement), external
configuration {(hull and topside), the overall allocation of
arrangement space to varitous functions, and major propulsion,
electrical, ancd mission-es=z=ential mechanical and combat system
elements. This is because these factors have the dominant
influence on ship cost, performance and/or risk.

The principal product of the Preliminary Design phase is
the Top Level Specification (TLS) which is a comprehensive
description of the characteristics and capabilities of the ship
at the end of preliminary design. Numerous drawings, studies,

and analyses are developed in support of the TLS preparation.
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.2.4 Contract Design

The major objectives of the Lontract Design phase are to
establish a firm technical baseline which will:

1. Confirm to the sponsor that this, in all i1ts detail,
1s trhe ship design he wants and can atford.

2. Provide a firm basis for timely and accurate ship-
buillder bids for a deta:l design and construction
contr w«t.

Z. Enabi~ the successtul shipbullder to develop the
detai1l design and construct and test the ship 1n the
most -ost-effective manner while ensuring that all

requirements are met.

4. Provicde criterra for Mavy acceptance of the chip.

Three na-or activities takte place during the Contract
Design phase: 1 epngineering deveicpment of the preliminary
design, (2) trenclation ot the completed design i1nto the
specifications, drawings, and other data which are the
technical porticn of the contractual document, and (3) an
eitensive review -nd transiaticn pnase during which every
effort is mads  » 1nsure that the requirements and
specifications e undercstood by perspective shipbuilders.

The products of the Contract Design phase include:

1. Ship Specifications

2. HVAC Design Criteria Manual

3. Contract Drawings
3. Contract Guidance Drawings
4. Contract Data Requirements List
S. Contract Design Weight Estimate

6. Master Equipment List




7. GFE Procurement Specifications

8. GFI Requirements

9. Preliminary Ship Manning Document
10. Test and Kvaluation Requirements

11. Design History

2.2.5 Detail Desiagn

The Deta:il iiesign phase is the final phase of a ship
design. It includes the preparation by the shipbuilder of the
working documents used to direct ship construction. This
includes working dr wings and detailed specifications which
will be used by the shipbuilder for actual construction of the
ship and must provice the level of exactness and correctness of

detail necessary for successful construction.




3. Current Desiqgn Capabilities

3.1 Background

The design capabilities and facilities of the various
institutions involved in major ship design projects varies
greatly. This is due primarily to the fact that they differ in
the areas of emphasis in their design work. For instance, the

facilities of NAVSEA differ from those at MIT since the ]

emphasis at MIT is on the teaching of design methodcloqgy while '
NAVSEA’s objective is to produce actual platform designs. i
Also, NAVSEA s aobjectives differ from those of a subsystem
contractor since a contractor would place more emphasis on }
detailed subsystem design rather than whole-ship design. For :
example, a contractor involved with designing an equipment ‘
cooling system would be more interested in space arrangements,

obstructions, etc. and would not be concerned with ship Y

. |
resistance or hullform stabilityv. A brief overview of current ﬁ

ship design capabilities at NAVIEA and at MIT fallows.

o e

3.2 NAVSEA Capabilities

Until recently, the emphasis in the computer aided

design area at NAVSEA has been in developing individual

application routines which would provide tools for calculation
and evaluation in the design process. This project generated
many fine software routines which are still in use at NAVSEA |
and elsewhere today. These routines, however, appear to have

been developed in relative isolation. By this, is meant that 1

18
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they seem to have been developed for use totally by themselves
without regard for possible i1ncorporation into larger design
systems. As a result, most of these routines require their own
individualistic inputs and generate their own style of output,
neirther of which 1s compatible with 1nput/output requirements
of other application routines.

These routines involved most major areas of ship design

and evaluation and have been collected and cataloged under the L

Navy’s Computer Aided Ship Design and Construction (CASDAC) !
Project. Examples of the broad realm of subject area covered I

by the CASDAC library of programs are listed below.

Hull form generation

- Hull form derivation from a parent i

- Speed and power calculations

- Surface definition and fairing

— Forces on a ship hull form
— Submarine motion simulation
— Structural analysis

- Arrangements of spaces

- Equipment arrangements

- Manpower models ﬁ
- Reliability simulations

- Weight estimations

— Hydrofoil calculations
— Shafting bearing calculations

— Rudder coefficients

19




Wm p————

— Propeller calculations

— Turbine design

- Condenser design

— Signal interference

— Magnetic field evaluations

— Ductwork calculations

As stated previously, most ot the programs in the CASDAC
library will not communicate with each other. In 1976,

however, a group of NAVSEA designers 1nitiated a project

whereby several existing routines woula be coupled so that they
could caommunicate.[2] This project, callsd the CASDAC Hull
Subsystem Project, had as its objectives “he maximization of
the short-term benefits from the linked-use of the exicting
programs and the demonstration of the advantages of the unified ;
data base approach to data management. The existing routines
used 1n this project were:

1 - The Ship Hull Form Generator - +4ULGEN) !

2 - The Ship Definition Proaram HULDEF) ‘
3 - The Ships Hull Characteristics Program (SHCP) '4

4- The MIT Motions Program (MITHM)

HULGEN is used primarily during feasibility and concept I

design phases to provide rapid, approximate depictions of hull
form from specific hull form parameters. These parameters are
established as input variables and the hull form is stretched
and distorted into shapes to maintain the required parameters

thus producing initial estimates from which experimental and

—~
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informative variations can be tried. The outputs from HULGEN
were translated via a translator routine so that they could be
used as i1nputs to the HULDEF routine. HULDEF took the unfaired
hull form data and manipulated it to make 1t architecturally fair
while maintaining the required hullform par meters. This
faired hullform data from HULDEF was then evaluated by the SHCP
routine to generate hydrostatics characteriztics, trim-lines,
longitudinal strength, etc., and by the MITM routine toc perform
motion analysis. The results of this project were very
encouraging and have helped to generate muc!y enthusiasm for a
fully 1ntegrated computer aided design system.

Currently, NAVSEA is involved in a mna;or project which
has the same goals as the CASDAC Hull Subsystem Project, but on
a much larger scale. This project, entitled The Computer-
Supported Design (CSD) Program, involves the development of a
complete system built arocund existing appiication routines. {1

Once completed, this system will insure comostibility amena all

of the CASDAC routines by providing an e:x«aaii 1ve command v=tem
for controlling the system operation, a common database
management system for controlling data storage, retrieval and

transfer as well as commonality of hardware. In addition, this {

project will include a stand-alone *turn—-key’ computer aided
design system for interactive generation and evaluation of

platform hull forms, subsystem layouts and equipment design. i
This system will eventually be able to access and utilize the !

data base of the larger main CAD system. Currently, a i

Jooe .




prototype ’turn-key’ system, manufactured by Computervision,
Inc., is being evaluated by using it as a parallel development
toocl in the NAVSEA DDG-51 design project. This system, with
its own data base system, allows much faster generation of

system and detail designs and has proven itself to be

invaluable, especially when minor alterations are required

since these alterations can be immediately viewed and their

consequences evaluated more quickly. !
Parallel development of their aown CAD system by private N

contractors using compatible hardware and software 1s currently

underway. This will allow these private companies to !

communicate with the database of the NAVSEA system, thereby

allowing designs produced by the NAVSEA system to be accessible

by detail designers outside NAVSEA. Data storage and transfer

standards have been selected by NAVSEA to insure compatibility

for data transter between contractor and itself. These

standards 1nclude the Initial Graphics Exchange Specitication

(IGES) format for graphical data, ASCII format for text data m

and the Relational Information Management (RIM) database >

system, developed by Roeing Computer Services, for geometrical »

data. Use of these standards will insure a more correct,

accurate and timely transfer of the design data between parties

involved, which should reduce design errors and design expense

in addition to providing a completely detailed database for

the actual construction of the ship by the selected

shipbuilder.
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3.3 MIT Capabilities

The ship design capabilities at MIT are not quite as
extensive as those at NAVSEA, however, they do suffer from many
of the same shortcamings found in the early NAVSEA system. A

large number nt the application routines currently availahle at

MIT are the same as those developed by MNAVSEA due to the

existence of rie Navy Postqgraduate program at MIT and also due

to the large -smount of Navy sponsared research at MIT.

Three maor reasons exist which have prevented these

shortcomings t-om being corrected. First is the lack aof
continuity among personnel. With the exception of civilian
faculty and =zt.+f, personnel i1nvolved «1th the Ocean
Engineering Jecartment s romputer aided design facility rarely
remain at MIT +ror more than two or three years. Since the
integration ar-d coordination needed to establish an integrated
ship design CAL svstem is absent, the system has remained as a
disjoint coilection of application routines which are unable to
communicate wi*9 each other. Also, due *to changes 1n personal
preferences 1n hardware and coerating system which accompanies
rapid personnel turnover, these application routines have
become scattered through various caomputer systems on campus
thus requiring excessive computer system familiarity to allow
easy access by most students. Two independent ship design
systems have been established at MIT. The Design Executive
System (DEX) [41LS1(61L7]1 pravides detailed menu and command

driven control of ship design related application routines as

well as provisions for database management. This system,




though extremely capable, has not been incorporated for use by
MIT ship design courses. The other system, the MIT XIII-A
Computer Aided Design Lab Information Executive Manager System
(8], alsao provides menu and command control of several ship
design related application routines and has been used with
several courses 1n the past. The application routines which
receirve the most use remain i1ndependent and scattered.

The second cause concerns the method in which the CAD
system is ucsed at MIT Several courses require the use of two
or three application routines by the students but the:ir use 1g
not of a continuous form. For i1ncetance, data outputs from one
routine 1= usually completely different from data required for
another since most projects calling for CAD usage are not af a
follow—-on "building block”™ nature. Other courses which involve
the ChAD svstem require students to develop or to modify an
application routine but the emphasis 1n this case has been an
translating the thecory associated with an 1dea to comouter code
and ucually falls short of requiring that resulting routires be
compatible with the existing CAD system. Also, largely due to
instructor preference, these routines frequently are
implemented on different computer systems thereby contributing
to the disarray of the system.

The third cause concerns the type of personnel available
to carry out a restructuring of the CAD system. The work must
be done by students, either as part of a continuing course

project or as thesis work. Due to the large realm of possible




academic areas of concentration available, however, the number
of persons both interested and qualified to accomplish this

task is severely limited.
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4, Guidelines for Design System Devel opment

4.1 Background

The need for some type of consclidated computer aided
ship design system has been established. The next step is to
determine quidelines for development of an acceptable system.

Obviously, the new system cannot totally disregard the

facilities, both hardware and software, which are currently
avatlable. In establishing guidelines for svestem development,
the following points need to be considerea:

1. System usage.

2. System management.

3. System hardware.

4. Data management.

S. System software capabilities.

i
These points will be addressed in the “cllowing ﬂ

sections.

4.2 System Usaqe |

The computer aided design system envisioned must be

designed to be used by graduate students as well as

undergraduates as a tool in the instructional aspect of course 'i

work. Just as performing hand calculations have conventionally

been assigned to stress methodology familiarity and concept
understanding, so will the computer aided design system be used

to enhance the attainment of these goals. This does not mean
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that students should not be required to perform hand
calculations, however. This type of hands-on instruction
certainly has 1ts place 1n the instruction process, however,
when the sheer volume and complexity of calcul:tions invnlved
in ship and ship system design is concerned, he goal ot
concept understanding sometimes is averchadowed by pure tedium
and exasperatiaon. Once the goals of method famiiiarity and
concept understanding have been attained, further repetition of
hand calculations tend only to dull the student’'~= appetite for
more i1n—depth understanding. Convercsely, the r..pxd turn-ar-und
time associrated with CAD system calculations @]l ows and ewven
coaxes the student to try different inputs juzt -~o see what the
results will be. This appreoach to the use of thre CAD svstem
will reduce the risk of students getting stuck with a “black-
bBox”® cystem which accepts 1nputs and generates cu.iputs but
regquires no knowledge of calculation methodaol g..

By requiring hands—-on familiarity with c-o.culation
methodology prior to system usage, the stuaent il netter
understand and appreciate the power of the CAD svstem and will
be better able to evaluate system outputs and to recognize
system weaknesses and shortcomings. The system 1s not intended
to be used solely for course work, however. The technical
nature of most MIT thesis work and much faculty and staff

research invalves investigation of *what if’ questions which is

the mainstay of the CAD system.




4.3 System Management

Current CAD capabilities at MIT, as previously
stated, involve many independent and segregated application
routines. In order for these routines to be useful, and just
as importantly, to be used by the students, a system is
required which will bring these routines taogether in a
cochesive package. Most main—-frame caomputers possess their own
operating system language, such as the Digital Control Language
(DCL) used by Digital Equipment Corporation’s VAX-11,/782
computer, which provides the capabilities for the development
ot an executive control system. Such an executive control
s/atem would provide the management function required ‘or
system control. These management functions would include
control of input/cgutput, control of database access,
application rontine selection and program execution path
control.

In order for any computer system, whether it be a
businees system or a CAD system, to be used by other then
exper:znced computer users, its control system must possess
certain inherent features. The most important of these is the
s0 called *user friendliness’. This over-worked and somewhat
vague term describes the major stumbling block which, until
recently and still in some cases, has restricted the use of
most computer systems to only the experienced computer user.
Because of the generally vague nature of this term, the
features of an executive control system which make it ’user

friendly® will be described.
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The executive control system must be flexible so that
both the novice user and the experienced user can be equally
comtortable while using the system. This would be accomplished
by providing a combination of command driven and menu driven
operation. Upon initial system entry, typing a simple command
will provide an overview of the current system status and a
listing of the currently implemented application routines with
more in—depth descriptions of each routine available for the
asking. For example, to receive more information about the
SHCP routine, the user might type HELP SHCP. In addition, the
novice, unfamiliar with system commands and unsure of the types
af :nputs being requested by the system, could ask for help at
any time by typing “?°. The system would respond by displaving
a list of the options which the user could select at this point
in program execution.

The experienced uvcer would feel restricted with the
tedivm invelved with having to read excessive program and
command decscripticns and would rather just get on with running
the program. This capability could be provided by allowing
system operation via direct commands rather than by selection
of menu options. This would greatly reduce the time required
to run a particular routine and would allow the user to
concentrate on system operation rather than on finding the
desired option from a menu of several options.

Other user friendly features should include error

trapping and error correction schemes. Most data required as

e
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input to a routine is i1nput via separate data files which must
be 1dentified at the initiation of the particular routine.
Additional data, especially that data which i1s to be varied,
should be input interactively during program execution. The
system shaould prompt the user for data using logical
phraseclogy which could be expounded upon by typing >7?’.

Before the program actually accepts this data, however, the
user should be given the opportunity to verify its correctness.
This would reduce the possibility of having to abort a program
because of one incorrectly entered data item. QOne final point
involves the sometimes lengthy system pauses, which can cccur
between the display of system prompts and system responses, due
to lenqgthy calculations or heavy system usage. When such a
pause 15 anticipated, the system should inform the user that
the system 1s still cperating by displaying a PLEASE STAND BY
ee. MESSAQEe. This would veri1fy that the system has not

’bombed” and could be very reassuring to the unsure user.

4.4 Hardware selection

Another important feature required by the CAD system
involves its use specifically at MIT. The MIT system must
provide education and experience so that the student, upon
leaving MIT, will not be required to start totally from the
beginning with respect to learning a new system in industry. A
graduate should appreciate the trade-offs that are relevant in
choosing a system and understand the essential elements that
comprise a CAD system. This would include appreciation for the

.




role of the hardware’s operating system (command lanquage), the
customized executive system (menu selection), the database and
the application programs used. A student should be able to
adapt to and be able to critically evaluate any system in
industry with a minimum of on—the—job training. The
shipbuilding industry in the United States 1s currently
dominated by one institution —— The United States Navy and
especially NAVSEA. As a result, most naval architects will be
influenced by the CAD facilities used by NAVSEA. Also, the
proposed CAD facility must be expected to be used extensively
for long-range research sponsored by industry and especially by
NAVSEA. Therefore, when planning a new CAD system, the system
used by MAVSEAR should be considered as a guide for development
to avoid "reinventing-the-wheel . The system amust not,
however, be so restrictive that it cannot provide the
flexibility required for use in an educational and research
environment. Consequently, the MIT system should not be an
exact duplication of the NAVSEA sy<stem. On the contrary, the
level of design sophistication needed in an i1ndustrial
environment such as NAVSEA would be largely unused in the
academic world. The level of sophistication needed at MIT
falls somewhere between its current level and the level
needed by NAVSEA.

As discussed in Chapter 3, NAVSEA is currently
redesigning its CAD facilities under the CSD Program. The
major design issues at NAVSEA which impact on the design of the

MIT system are (1) hardware selection and (2) data

R




management system selection. These issues are discussed i1n the
following sections.

The hardware selected for inclusion in the MIT CAD
system must be compatible with hardware currently used or expected

to be used 1n the near future by i1ndustry but must also be

flexible in order ta provide the development capabilities
needed in an academic environment. Also, saome of the more
sophisticated eguipment capabilities required in a production

environment need not be included 1n an i1nstructional

environment. J.nerally, the programming ! anguage and operating
system langquage ~=hould be vompatible with those currently used
by industrv. Mara gpecirfically, hardware requirements at

MIT falls 1nto :+our categories:

1. A marn—-frame camputer capable ot executing large
programs as well as having the capability of
contralling the cperation of the CAD facilaity
whii- Lllowing muitiple svstem users.

2. 0On-i.e text/graphics displav terminals for use
with he CAD system for nroagram operation.
t‘.
T Cff-7 . rne. stand-aicone micreo-—computers for program

devel spment and other non-graphicsl related |
functions.

4, A semi—stand—-alone ’turn—key’ graphics oriented
design system for detailed design and research ‘
functi1ons. |

Due to its current availability at MIT and since 1t i

is the main—frame selected by NAVSEA for its CAD system, the
VAX-11/782 computer produced by Digital Equipment Corporation,
should be considered for fulfilling the main-frame capacity.

Many MIT ship design courses use programs written using the




Fortran programming language and which are currently residing
on this computer. Other existing programs using the Fortran
language can be relocated to this computer relativ:ly easily
with minor program moailfications. This campi' .er uses the DCL
operating language which providesr the necessary structure {or
development of an exec .tive control system for CAD system
management. In additicn, the VAX-11/782 computer system
.ossesses facilities and interfaces required for hardcopy
aroduction of text and qgraphics outputs.

Graphics play: « major raole i1n =hip and =hip sy=tem
design. Tabulated dat.: requires much time-consuming anaiys::
for result evaluatione. This evaluation ti1me can he greatly
reduced by having the cata displaved in graphical faorm. Al sa,
interactive graphics capabilities allow the designer to
1mmediately see the re-ults of a desian modi fication without
having to wait for naracr-ov aeneration. ror theece reasons, an
on—line graphics displ..: ~3pabilitv must e 1ncluded as a part
of the CAD svystem. T tne adartion At araphiics capabilities
causes a relatively smail cost i1ncrease, all on-lire display
terminals should have this capability.

Tentative selectiaon of the TEMPLATE graphics system by
NAVSEA and the requirement that all graphical data meet IGES
standards restricts the available selection of graphical
display terminals for the CAD system. NAVSEA currently uses
the Tektronix 4010-Series terminals for its on-line graphical

display. For this reason, the MIT system should use either the




same terminals or terminals which are compatible with them.
The 4010-Series terminals feature a high level of
sophistication in graphical display methonds and also 1s

relatively costly. Neither of these features fits the needs of

the MIT system. Therefore, 4010-Series compatible display

terminals which offer less saophistication, but which are

‘ generally less costly, must be considered. Two graphical
display terminals, the Tektronix 4100-Series and the Visual

500-Series, have heen investigated. Both of these terminals 1

meet the qgraphical display requirements while providing a mix

of color and non—color displays as well as featuring lower

caosts. Thecse as well as other compati:ble text/graphics display
terminals should be investigated for inclus:ion in the MIT CAD
system.

Program development, which would be a major use of the
CAD facility, does not require the full-time dedication of a

graphics-capable display terminal. Non—-graphic display

terminals would easily provide that capability required for most
program development worlk. These terminals, with their linsited
capabilities, however, would not provide the flexibility needed
for the CAD system. Instead, stand-alane micro—-computers,

which would provide flexibility in their capabilities, should
be used. A micro—-computer, with adequate internal memory,

language and external storage capabilities would provide a

means by which application routines could be developed off-—

line. After completion, the program could be transferred, via

modem, to the mainframe for graphical work-up and inclusion

4




into the CAD system.

The micro-computer could also be used for non-—
development functions such as document creation (user’s guides,
reports, etc.) as well as acting as a terminal for operating
the CAD system’s non-graphic routines. As an example, the
Zenith 7-100Q0 series micro—-computers have capabilities of over
one megabyte internal memory and over 10 megabytes external
storage capabilities. A stand-alone system such as this would
provide the capability for the development of very large
application routines without requiring access to the main-frame
at all. This would not only reduce the load seen by the main-—
frame computer but would also reduce the costs inherent with
accessing a time-shared computer system.

The graphical capabilities of the TEMPLATE graphics

system and others of its type, are excellent for the generation

of two-dimensional graphical representations of tabular data. i
The graphical needs of the CAD system, however. exceed these ?
capabilities. Detailed structural, i1nternal arrangements and A
subsystem design creates requirements for a much more graphics—
intensive capability. These requirements include rapid and

epasy generation, storage and retrieval of three-dimensional

representations of system components and the ability to use the
stored data associated with these components for the

|
generation of detailed drawings. Many such systems are )

currently available from Computervision, Applicon and other i
manufacturers. Since systems such as these are currently used
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widely throughout industry, especially for system and subsystem
design, the design student needs to become familiar with their
capabilities. Such a system would also provide an excellent
tool for use 1n the development of future design and

manufacturing techniques.

4.5 Data Management

The major advantage of using computers 1nstead of
performing calculations manually is the computer's ability to
pertorm these calculations very rapidly while handling large
quantities of data. Without a system for manag:nqg this data,
however, operation of the system becomes cumber-ome and
prevents the user from utilizing the computer ' s +ull potential.
As stated previously, the existing application routines are
generally independent entities and use their own 1nefficient
schemes for management of data. This usually 1nvolves readinag
input data from data files or i1nteractively trom ~he terminail.,
storing this data internally as variables, perfcrming
calculations using this data by referencing *hoc variable
names and then sending the calculation results to an output
file. As a result, after program execution, two or more data
files exist with many data items duplicated between the files.
Subsequent development using these results requires accessing
both data files.

A more efficient scheme for data management would allow
each application routine to build upon the already existing

data, thereby alleviating any duplication of data items. This
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collection of data, called the database, would define the ship
as i1t exists at the current point in time. Any further
operation on the database should serve to refine and add adetail
to the existing ship definition. Any previously det+t+ined data

ittems, such as length between perpendiculars or design draft,

however, should not be modified in the database by subsequent
operations since this would effectively change the ship
definition rather than add to it. If a change to ~n existing
data item should become necessary, due to the i1terative nature
of the process, then a new database. completely detached from
the old one, should be created to define the new zhip. The
design process should then continue by refining anu addinn
detail to this new ship. Ry the end of the desian rocess.
this database should contain all data necessary to completelv
define the resulting design. This would provide th= capabilitv
for rapid data retrieval and examination as well as providina
the precompiled data package necessarv for ship construction.
In addition, the smaller, less defined databases «hich were
developed earlier in the design process, would prcvide valuanie
references for future design efforts. If a new veec=el, similar
to one of those described in an existing database, 15 desired,
a copy of the database provides an excellent starting point to
begin designing the new design and can save much redundant
work.

An effective database is one that can be shared by many
routines encountered in the ship design process, each of which

has a different task to perform. Data should be stored in a

7
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form that allows the user to extract the information required
and to use it directly without having to pass i1t through some
faorm of i1nterpretation process. For example, it should contain
sufficient offsets, properly organiced, such that each one of
the programs for hydrostatics, Bonjean curves, structures and
seakeeping can directly access 1t and obtain the input required
without having to go through a "black—-box" interface program.
The minimum requirements for each database entry are:

- Variable name

- Yari1ahle type (integer, real, etc.)

- Assigned value

- Umits

Additionally, comment space should be reserved for eace

of database maintenance. The Design Executive System (DEX),
developed j;ointly at MIT and the University of Michigan,
nrovides an excellent example of the structure of such a

database svstem [7].

4.4 Applicaticn Routine Implementation

4.46.1 Implementation Procedures

Application routines provide the meat of any CAD system.
MIT’s abundant supply of existing routines makes
implementation difficult only in that decisions must be made
concerning which routines should be included. Any routine
which performs useful and accura.e calculations should be made
available to the student and researcher. Storage and

maintenance costs associated with making all such routines

8
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readily available to the user, however, would be prohibitive.
Therefore, the need for establishing different levels of
availability 1s indicated. These levels of availability could

easily be incorporated by allowing the executive control system

to coordinate access to routines at different levels.
A two-level system would be most easily implemented and
would provide the needed ease of access while reducing

associated costs. Routines maintained at level -one would

be stored within the system and would be accessed directly from
the executive system. Foutines maintained at this level should ;
be those used as i1nstructional tools for courses and those

expected to receilve heavy usaqge. The level —two routines should

be stored using an external storage medium such as magnetic
tape or magnetic disks. When needed. these routines would be
loaded i1nto *he system Ly following instructions presented by
the erecutive control svstem. Application routines which fall
1nto thi1s category are those which are expected to receive
l1ight uw=zaae and those other routines which are not part of an
established course curriculum.

The fact that these application routines exist and are

_ available 1s not meant to imply that they are ready to be

implemented as part of a CAD system. In order for the system
to remain consistent and to be usable, certain criteria must be

established for inclusion of new routines into the system.

These criteria are discussed below.

a. Calculation quality First, and foremost, the
calculations and evaluations performed by the routine
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must be accurate.

b. System compatibility Input, output and data storage

schemes must be consistent with those existing within
the system. Also, the routine must be formatted such
that 1t can be interfaced with the executive control
system.

c. Documentation Without proper documentation, an
otherwise excellent routine will not be useful.
Accurate and thorough documentation must be made

avalilable to the user 1f he i1s to be expected to use the

routine. Required documentation must include an on-

screen help document which provides a brief description

of program function, operation, input/output and
calculation/evaluation methodoloqy, a hardcopy user’s
guide providing the same information but in more detail,
and inclusion of a brief description of the routine i1n
the system bank of avairlable options.

Once these criteria have been met, the program can be
implementeoc on the system. This i1nvolves transferring the
executable machine code and on—line help documentation to the
level -one cr level-two storage section. Finally, the program
is activated by modifying the executive cantrol system to
indicate that the new program 1s now available. By i1nsuring
that all candidates for system 1nclusion meet the above

criteria and by following established implementation

procedures, system integrity and usability can be maintained.

4,.56.2 Available Application Rautines

In order for the CAD system to be useful for

instructional and research purposes, it must contain

application routines which are useful in course work as well as

research work. As previously stated, many such application
routines currently exist at MIT. To provide guidance for

application routine selection, a brief description of some of




the major routines are provided below along with

recommendations for system inclusion.

REED Reed ship synthesis model - Synthesizes a ship
from the 1nput constraints, equipment, and
payload. This program provides the ships
characteristics, weights and volumes. The
program 1s good for destroyer/cruiser class
ships. ,
lLLocation: IPS (Information Processing

Service)
Recommended level: one

PBSYN Patrol Boat Synthesis - Synthesis model for
S0 - 150 foot planing or near planing patrol
boats. Model developed at MIT by John
Tuttle and modified by J. Sander and
S. Judson. !
Location: IPS |
Recommended level: one

HULLCIIN Hullcon ship hull lines generation program.
Given a minmimum set of ship characteristics,
assumes inittial boundary condition and
generates sectional area curve, bodv plan,
profile, deck at edge and other curves on
a Tektronix 4014 graphics terminal. Gives
ocutput 1n offsets suitable for i1nput to
HULLDEV. (Not currently operational)
Location: IPS
Recommended level: one

HULLDEZV Hulldev ship deveiopment program identifies the N :
=hi1p characteristics by allacwing the user to .
run displacement and other curves program,
seakeeping, and other programs. R
(Not currently operational) |
Location: JCF (Joint Computer Facility)
Recommended level: one

SHCP Ships Hull Characteristics Program ~ Using
a data file containing ship offsets and
interactive user inputs, will calculate
displacement, curves af form, floodable
length and hydrostatic characteristics.
tocation: JCF
Recommended level: one
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GSHCP Graphics Ships Hull Characteristics Program -
Graphical version of SHCP. Produces graphical
representations of data and body plans.
Location? JCF
Recommended level: one

RALES Rale’s seakeeping program - Calculates
fltale’s seakeeping rank estimator, water
plane and vertical prismatic coefficients
~nd waterplane areas.
t.ocation: JCF
irecommended level: one

RES60 t'alm water resistance estimate according
to Series 60 data by interpoclation.
Location: IPS
Recommended level: one

RESTA Calm water resistance estimate according
Tiylor Series.
L.ocation: IPS
FEcommended level: one

SEEKST Interpolated procedure for the prediction
o+ the seakeeping performance of crulser
stern ships using the seakeeping standard
series data.

Location: IPS
Recammended level: one

CURRENT Five degree of freedom ship motions
proaram. Includes oritt forces, nonlinear
rill and motions in a current,
l.ocation: IPS
Srcommended level!  cne

LeLe Develops aptimum propeller characteristics
using Lerb’s lifting line theory. User
may create new or maodify existing data files
for evaluation.
{Location: JCF
Recommended level: one

PROPEL Propeller program evaluates the optimum
propeller using the B-Series data.
lLocation: I1PS
Recommended level: one

BALANCE Longitudinal weight balancing p: - am.
Location: JCF
Recommended level: one




SHEAR

MIDSHIP

GRILLAGE

SWACEM

CMPOST

PROP

DISP

FLDLTH

Program for calculating shear stresses
in the hull girder given longitudinal
weirght distribution.

Location: JCF

Recommended level: one

Program for calculating optimal member
sizes for required midship section modulus.
Location: JCF

Recommended level: one

Frogram for calculating optimal member
z1zes for qgrillage structure.
Location: JCF

Fecommended level: one

Small waterplane thin hull (SWATH) concept
exploration maodel. Given a range of
principle ship characteristics and a range of
reyvioad, SWACEM looks at all possaible
combinations of ships. It rejects those that
«r not possible. Those that remain are
autput for further processing by CMPOST.
Lcisation: iPs

tecommended levei! two

A graphical pose processor for the SWATH
exploration model (SWACEM). Produces a plot
of a given optimization function by ship
produced by SWACEM.

lLccation: I+s

ecommended level: two

Prpeller desiagn pregram for obtaining

preoneller with maxinum efficiency while -
wnrm1sfying blage strees and praopeller

cavitation constraints.

Location: 1IPS

Recommended level: two

Dicsplacement and other curves. Calculates
the hydrostatic properties and section areas
af the hull.

Location: IPS

Recommended level: two

Floodable length program calculates the lenath
of a compartment and its location relative to
the forward perpendicular, which would sink the
ship to a specific trim line if the compartment
were filled with water.

Location: IPS

Recommended level: two




 SE——

XCRVS

GUNBLAST

EXTREMES

FIFTH

HOGEENIN

HUNDRED

NORMAL 1

NORMALZ2

SEA

SECFOR

Cross curves of stability program calculates
the data necessary to plot the craoss curves
of stability for the hull inclined at
different angles.

Location: IFPS

Recommended level: two

Produces a plot of the topside overpressuriz-
ation from own ships guns.

Location: IPS

Recommended level: two

Finds the extreme values of a Gaussian
random process tor two cases: (1) maximum
among N samples and (2) maximum in T seconds.
Location: IPS

Recommended level: two

Fifth order wave data.
Location: 1PS
Recommended level: two

Provides ocean wave statistics accarding to
Hogben and Lumb.

Location: IFS

Recommended level: two

Finds the hundred year wave as used by the
classification societies.

Location: IFS

Recommended level: two

Determines the prochability of the peaks
of a Gaussian random process exceedinqg
a certain value of A.

Location: IFS

Recommended level: two

Finds the average of the 1/Nth highest
peaks of a Baussian random process.
Location: IPS

Recommended level: two

Simulates a sea generating wave elevation
as a function of time.

Location: IPs

Recommended level: two

Evaluates the slowly changing second order
forces given the sea spectrum and the time
average of the second order forces.
Location: IPS

Recommended level: two




SPEC Produces points for a Bretschneider ocean
wave spectrum.
Location: IPS
Recommended level: two

SPECMOM Finds the first, second, and fourth moments
of a spectrum.
Location: I1PS
Recommended level: two

WE IBUL Finds a Weibull wave distribution.
Location: IPS
Recommended level: two

WINDY Generates points of a Davenport wave
spectrum. .
Location: IPS ;

Recommended level: two




5.0 Demonstration of the Design System

3.1 Backqround

Thus far, this author has limited himself to discussions

of what ’should be’ and what ’*could be’ with respect to the CAD
system. To demonstrate some of the CnhD features previously
discussed, a prototype CAD system, ent:tled Ships Computer
Aided Design System (SCADS) was developed. Incorporating all of
the features discussed is beyond the =zcope of this thesis,
however, those features which demonstrate the major i1deas

presented were 1ncorporated.

S5.2 System Features

SCADS was developed using the facilities of the Joint
Computer Facility (JCF) at MIT Thoze ‘acilities specifically
used by SCADS include a DEC VAX-11/78Q mainframe computer., DEC
VT—-100 text terminals, a Visual-5S50 agraphics/text terminal and r
an IMAGEN laser printer/plotter. In cddition, much of the
documentation was created using an Apple Ile micra-computer

running the CP/M operating system and the WORDSTAR word |

processing system.

The SCADS executive control system (SCADS for short) was

written using Digital Command Language (DCL). This language

provides features which allow SCADS to control the selection

and execution of available application routines as well as .
providing a means for input/output designation and on-line help !

features. A print-out of the SCADS command executive is listed
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in Appendix A.

The principle feature of SCADS is that it maintains
control of all system operations from initial system entry
until final exit. System initiation is accomplished by typing

SCADS
at the terminal. A welcome/status message is displayed
(Appendix B) followed by an option to review system operation
procedures. An affirmative reply will cause the primary on-—
line help document to be displayed {(Appendix €). This
document presents a brief description o+ the SCADS system and
operating procedures as well as a listing of implemented
application routines and a brief description of each.

Next, the user 1s asked to enter eirther a SCADS command
or a help command. The help command is

DESIGN
Typing this at the keyboard will cause the primarvy on—-line help
document to be displavyed. If the user desires more 1nformation
about a specific application routine, th:1s 1s available bv
typing

DESIGN <argument>
where <argument> would be the name of one of the implemented
routines. Typing errors or unrecognized commands entered at
either of these points, will cause a SCADS error message to be
displayed followed by another system prompt.

Typing only the name of one of the implemented routines

will initiate execution of that routine. For this prototype of

- g
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the SCADS system, three routines have been implemented:

— SHCP - hydrostatics calculations

— GSHCP - graphical version of SHCP

- BALES - BRale’s seakeeping
The detailed on—-line documentation for these routines are
listed 1n Appendices D, E and F. As an illustration of
what the user sees during a SCADS session, a listing of a
sample sessian during which the SHCP program is executed is
presented in Appendix G. This listing has been editea to
remove the on-screen documentation which would normally be

displayed.

8.3 Graphical Displays

A feature 1mportant to any CAD system is its ability to

represent system calculation results 1n a graphical manner.
' With this capability available, the user i1s able to view the
results of a design decision without having to sort through
lengthy listings of tabulated data. By providing thas
capability as an on—-line feature, the CAD system mates
immediate evaluation possible, thus greatly reducing the turn-
around time 1n the decision-result cycle.

The SCAD system discussed 1n the previous section has
included one program which possesses these capabilities. The
praogram, Graphics Ships Hull Characteristics Program (GSHCP),
which is a graphical version of SHCP, was developed by NAVSEA.
GSHCP provides interactive graphics displays of hydrostatic

properties and curves af form af the hull form being evaluated.
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A description of the features of the program are
provided here as an example of the features which should be
incorporated as part of the interactive graphics capabilities
of a CAD system.

Primary hullform data is input via a data file of
oftfsets with the remaining hullform definition data entered

interactively from the keyboard. After this definitive data

has been entered, all further system interaction is via the f
terminal’s gqraphical display. Appendix H provides samples of ‘
the various graphical displays presented during execution of
GSHCP. The graphical display system used with this program 1s
the BLOX GRAPHICS BUILDER system, developed by Rubel Software
and provides menu driven interactive capabilities necessary for
on—-line graphical manipulation. The BLOX system meets the IGES
standards requirements and is compatible with the TEMPLATE i
graphical system.

Initially, the user is offered the option of viewing the
input offset data graphically. Three displays are
available: (1) offset body plan, (2) splined body plan and (3) |
isometric view. These are illustrated in Figures H-1 through 1
H-3 respectively. By reviewing these displays, the user is
able to immediately locate any irregularities associated with
the description of the hullform as the system sees it. Since :
GSHCP performs hullform evaluation rather than hullform r
generation, it cannot change this ship definition. Any
irregularities must be corrected by maodification of the data

file of offsets. Obviously, having this capability available
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as part of a hullform generation program would make i1t possible

to locate irregqularities and to correct them interactively

before beginning the evaluation process.

Once correct hullform definition has been established,
the user, by selecting options from the display screen, can
view the hydrostatic properties associated with this hullform.

Samples of the displays available are shown in Figures H-4

through H-12. In addition, the user may modify ship draft and
trim and view the Curves of Form which result from these
changes. These changes are made possible by providing a
representation of a numeric kevpad on the display screen. The j
user controls the keypad by using either the keyboard arrows or |
by using a data tablet to control movement of a screen cursor.
As numbers are selected or deleted, the correct numerical value
is displayed. If this value is acceptable to the user, he
enters the value i1nto the system. which then performs 1ts
calculations using this new data. The user may then view the »
Curves aof Form which represent this new data and can
immediately see the changes caused by this modification.
Additionally, the user may direct the system to generate a i
hardcopy of the current graphical display.

This type of interactive graphical display and

interactive data modification capability makes it possible for
the user to be more efficient in his efforts. The short turn-
around time associated with this capability makes the

evaluation of more options paossible. Also, having a graphical
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display readily available allows the design to make better

informed decisions concerning future design development

alternatives.

5.4 System Shortfalls

As stated previously, SCADS 1s a prototype system and
does not include all of the features needed for the final CAD
system. The most important missing feature is a database
management system. As currently implemented, SCADS does not
have the ability to coordinate the input, output or storage of
data for use between separate application routines. Although
the three i1mplemented routines do possess a degree of
commonality of input, some data required to be entered
interactively (ship name, station spacing, etc.) 1s data which
actually defines the current stage of the design and should he
included as part of the database.

SCADS has been installed on a DEC VAX-11/782 mainframe
computer at MIT. This facility has the capability of proviacina
all of the support functions needed to fully 1mplement the CAD
system. However, this computer is used on a time-shared basis
with many other users and, as a result, system response is
frequently less than desirable. This is especially evident
during periods of heavy system usage such as occurs at the end
of an academic term. Slow response is very distracting when
operating a system such as SCADS which requires an extensive
amount of user interaction.

The programs currently available on SCADS have not been




modified from their original format. Therefore, few internal
help features exist within these routines. Also, once a
routine has been entered, data entry errors may cause

catastrophtic results, requiring reentry into SCADS from the

beginning.

)
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. Conclusions and Recommendations

The need for the existence of a ship design CAD
capability tor use 1n an academic environment has been
established. In order for future ship designers to be able to
function ef+i1ciently in an industrial setting, use of these
capabilities must be made part of their academic curriculum.
Structural guidelines for the creation of this CAD facility
have also been presented and features required to make the
system usabd.. have been discussed. Rlso, a prototype,
11lustrat:ng some of the more important features required for
this facil:+, has been developed and is currently operational
at MIT, The next step is to use this prototype and these
guidelines as a guide for the further development of this
facility.

Fuli .molementation o+ the 1deas discussed here 1s not
an easy task and is not one which can be accomplished in a
short time w+riod. Recause af the time reguired to 1mplement a
system which incorporates all of these features, development
must be a multi-step process.

Short-term goals should i1nvolve making the application
routines available for use under SCADS in their present format.
Centralized storage, user documentation creation and
implementation under SCADS must be accomplished quickly so that

the system will be available, even if in a crude form, as soon

a possible. Alsc, development and implementation of
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application routines which fill the gaps currently existing in
the design process must be started. Specifically, a hullform
generation and definition capability must be established. This
could easily be accomplished by implementing the HULGEN and
HULDEF programs developed by NAVSEA, thus closing the gap in
the design process which exists between gross ship
characteristics specification (REED synthesis model) and
hydrostatics (SHCP) and seakeeping evaluation (BALES). Majyor
hardware ittems currently are available, although limited in
numbers. Since most system development work will eventually be
done by the students as course work or thesis work, additional
hardware, especially terminals and accessories, must bhe made
available quickly,

Long—term goals should involve the modification of
application routines to include error checking schemes, on-—
line help which is specific to each routine, and interactive
graphics capabilities. In addition, a centralized database
system should be 1mplemented so that the logical flow of the
design process can be established. NAVSEA has selected the
Relational Information Management (RIM) system, distributed by
Boeing Computer Services, as its database system. This system
should be investigated for suitability as part of the proposed
CAD system. Also, because the system must respond relatively
quickly in order for it to be useful as a research tool, the
possibility of obtaining a mainframe computer, designated

specifically for the CAD facility, should be investigated.

The ground work for establishing a ship design CAD




facility has been laid. Continued emphasis on and support of

system development will be needed, however, if a truly

functional facility i1s to become reality.
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$ WRITE SYS$OUTPUT
$ WRITE SYSsOuUTPUT
$ NRITE SYSSOUTPUT

WRITE SYS$OUTPUT

$

$ WRITE SYSSOUTPUT
$ WRITE SYSS$OUTPUT
$ WRITE SYS$QUTPUT
$
$

WRITE SYSSQUTPUT
WRITE SYSSQUTPUT
$ WRITE SYSsouTPUT
WRITE SYSSQUTPUT
WRITE SYSSQUTPUT
WRITE SYSSQUTPUT
WRITE SYS$OUTPUT
WRITE SYS$OUTPUT
WRITE SYS$QUTPUT

]

LRy R Y Y T YIRS T T T T R YR X2 A

*I

nI1.T. +

*I

SHIPS COMPUTER ATDED DESIGN SYSTEN +°
'I

VERSION .00 +*

*I

RERNIE W. JUHNSON +
’l

APRIL 1984 4
Yy Y R R R R TR R R AT

L R S

t DISPLAY WELCCME/SYSTEM STATUS MESSAGES

i
t
TYPE SCADNEL.C
1

'

' BIVE USER THE OPTION OF REVIEWING COMMAND PROCEDURE SUMMARY

t

!

COM_PROCEDURE:

!

Wi ITE SYSSOUTRUT *  ®
KRITE SYS$OUTRUT * ¢

NRITE SYSSOUTRUT *
INUIRE COM_INFQ *--:*

1

IF COM_INFD .NES, ®Y* .aNnD. COM_INFO .NES. “N" THEN GGTO COm_PRCCEDURE

[F COM_INFO .35, "N* THEN G0TO COM_NC

tON_YES:

' DISPLAY COMMAND PROCEDURE DOCUMENT

]
TYPE SCADCON. DOC
L}
]

CON_NO:

WRITE SYS$OUTPUT *
WRITE SyssQuteut *
WRITE SYS$OUTPUT *Enter a SCADS comsand or 'DESIGN’ to view options.®

$
$
$
$
$
$
$
$
$
$
p)
)
$
§
]
$
$
$
$
$
)
$ ®HITE SYS$0UTTUT *DO YOU WANT 4 REVIEW CF COMMAND FRCCEDURES? ivin'®
s
$
$
$
$
$
$
$
$
$
$
$
$
$
s
$
)
s
s
s




WRITE SYSSQUTPUT * *
WRITE SYS$QUTPYT * *

COM_GET:

tUIGET COMMAND

INGUIRE CON NANE *--» *

'VYEXTRACT THE FIRST 4 CHARACTERS FOR COMPARISON

CGM NAMED 3= "FSEXTRACT10,4,COM_NAME)®

MAIN CON := ERR

1
i

il

COM_NAME! EGS. "SrCP* THEN MAIN_COM := SHCP.

IF [OM_NAMED EdS. *GSHCY THEX ®AIN_COM = GSHCP

*T COM_NAMEY LE05, “BALE™ THEN MAIN COM := BALES
| s

I I T2 Ry R TRy I SIS L)

e ¥
‘¢ ADD CTHER wPPLICATION FCUTING COMPARISONS IN ¢
13 THIS AREA AS THEY 4LRE DEVELOPED t
" t

TEERE R e R R R R R NPT R LR R AR Rk
1

IF COM MRMED LEES. 'TVITY THEN GOTO £iT
[F 20N reMEL LE05, *DESI" THEN GOTO MENU CHECK

F MAIN CGN .EGS. *ESR" TwEN S0TC EAD CON "
& RAIN o' .

6070 COY_6ET

. ,

NENU_CHECK: ‘

*1ICHECK FOR MODIFIER ON "LESIGN" COMMAND

COM_LEN :="FSLENGTH(COM_NAME)’

SPACE := ’FSLOCATE(" ",ON_NAME)}'

VOYMODIFIERS PRESENT

IF COM_LEN .NES, SPACE THEN G0TQ MENU _ANP

TYPE SCADCOM.DOC

W W G W g W B WP W g W N W W R R T e W R P A W R e W R W R W A WA W R W W e W R R R R R W B R B W




W WGy W W WA AR W g WD AR R A W MR G W R W R B W R WS R W R g W R W W e W R W

50T0 COM_GET
'

MENU_ANP

{1DECIPHER MODIFIER TO *DESIGN® CONNAND

.

© SUB_CON 3= ERR
SUB_MENU 1= *FSEXTRACT (SPACE, 3, CON_NAME)’
IF SUB NENU .EGS. "SHC® THEN SUB_COM := SHCP.DAC
IF SUB_MENU .EQS. "GSH* THEN SUB_COM := BSHCP,DOC
IF SUB_MENU .EQS. "BAL® THEN SUB COM := BALES.DOC
1F SUB_COM .£QS. “ERR® THEN G070 9AD COM
TYPE 'SuB_CON’
§0TO CON_GET

.

i

BAD_CON:
! |
'OERROR TRAP FOR TLLEGAL COMMAND

[}

WRITE SYSsQuTPUT * *
WRITE SyssoutPutr * °
WRITE SYSSQUTPUT “Unrecogmized cossand. Please reenter.”
WRITE SyssGuTPyy * °
WRITE SYSsQUTPUT * *

5070 COM_5E7

1
!
EXIT:

Bt
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¥elcose to the SHIPS COMPUTER AIDED DESIGN SYSTEM

This system, which is currently under developaent, will aid you in
the design and analysis of ship data. Although it will not aake
design decisions for yaou, it will provide sany tools for your use
5o that the asount of time required for calculations and tterations
can be reduced. Hopefully, this will allow for timely design
decisions on your part,

This systea has been designed to be as easy to use and as straight
farward as possible. Help files are available for viewing at
cossand input points as indicated below,
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APPENDIX C

SHIPS CCMPUTER AIDED DESIGN SYSTEM

ON—-L INE HELF DOCUMENT




SHIPS COMPUTER AIDED DESIGN SYSTEN

THIS DESIEN SYSTEM CONTROLS THE OPERATION OF A COLLECTION OF USEFUL PROGRAMS 10

ALD Y0U IN THE SHIP DESIGN FROCESS.

A SYSTEM PROMPT “-->* INDICATES THAT THE SYSTEM IS WAITING FOR YOU 7O ENTER 4

COMMAND OR DATA FOR PROGRAMS WHICH ACCEPT DATA INTERACTIVELY.

70 JIEW THIS DOCUNENT AGAIN, TYPE 'DESIGN® AT THE SYSTEM PROMPT CR FOR A RORE
DETATLED DESCRIPTIGN GF A FARTICULAR PROGRAM INCLUDING INSTRUCTIONS, AT THE

SYSTEM PROMPT 1vPE:

-~ DESIGN ¢ARGUMENT:

WHERE THE CURRENTLY AVAILABLE ARGUMENTS ARE:

SHLP

3SHCP  ### GTHERS ALDED HERE AS IMPLEMENTED eed
SALES

FUROEYARPLEL

= U
L

(9]

(EN BALES

KCULD DISPLAY DETRILED INFOSMATION ABOUT THE 3ALES SEAKEEPING
“ROGRAM,

70 FUN ONE OF THESE FODGRAMS, JUST TYPE ThE NAME GF THE PROGRAM,

-- - SHEP
AUULD FLN THE FROGRAM “SHEP®.
A ERTEF LESCRIPTION GF THE AVAILABLE PROGRAMS FOLLOWS,

3HCP USING A TnTA FILE CONTRINING SHIP OFFSETS AND
INTERACTIVE USER INPUTS, THIS PROGRAN WILL
CALCULATE DIGPLACEMENT, CURVES OF FORM, FLUCDDABLE
LENGTH AND HYDROSTATIC CHARACTERISTICS. QUTPUT
IS IN A TRBULAR FORNAT,

6SHCP PERFORNS THE SAME CALCULATIONS AS 'SHCP’ BUT
PROCUCES BRAPHICAL REPRESENTATIONS OF THE DATA
AS MELL AS 30DY PLAN AND SHIP ISOMETRIC VIEW.
QUE TO THE GRAPHICAL PRESENTATIONS, GRAPHICAL
DISPLAY TERMINALS MUST BE USED TO RUN THIS
PROGRAM, PRESENTLY, THESE INCLUDE THE
VISUAL S50’ AND THE 'VT-100’.

FCR EYAMPLE:




BALES USING A DATA FILE CONTAINING SHIP GFFSETS AND
INTERACTIVE USER INPUT, THIS PROGRAM WILL
CALCULATE BALE'S SEAKEEPING RANK ESTIMATOR,
WATER PLANE AND VERTICAL PRISMATIC
COEFFICIENTS AND WATER PLANE AREAS. OUTPUT
IS IN A TABULAR FORNAT,

ta¢ DESCRIPYIONS OF NEW ROUTINES ADDED AS IMPLEMENTED s#2

(B AP




APPENDIX D

SHIPS HULL CHARACTERISTICS PROGRAM

ON-LINE HELP DOCUMENTATION
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H t
t  SHIPS HULL CHARACTERISTICS FoOGRAM ¢
) ¢

R T T Yy R N Y Ty Y Y YRR T TY2 T
DEVELOPED BY NAVSEA

[HPLENENTED AT M.1.T, &Y

B.W, JOHNSON
AND

U.H. ROWLEY
1583

REECHECEEREE AR ROt IR IR EEREC RO EERE P R REE
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Durirg --eitsinary hull definition, aamv t2ciGus and time consuming
calcuiationy ve reguired.  The Shits Mgli Inaratterizt.cs Frodtaa (THOFD was

t
everclieg ta r=ioze tre nusber Jt cuch caltutatisn
; = +

S
Nin ~
b

4
=07 ..z seveloped by %<viER ang s currently Ce1nd used 1n varigus
ST the Navv': Cesiln LoRAGFLYY. CNE Cutpul of oMlP consieten of

NQILMRTTIL froIotTies, Q%R DOITUE 0F CEifuiating tufves ot fors, ticodadie
i1t

1
lertor 'ng i- o1t ztapi

since eosz of the data wtiliceg sv SHLP 15 in the fors oy “offsets?, &
separite f1i2 -+ this data gust be (reated, Instructisns for creating ‘he

otfcet f1ic iro nrgvided telow, Additiznal data resurres éorosperiéic portiing
of RIF sre <--=red interactively tv the ueer at the terainai wniie the prigra

1S FURNICY, cfCMGYS BTE CTOVICRE o tuife th@ LIBr theoulh @ Sugoesseul
SREEIOr, _:¢T7 Tridns ot the fitferent sortiorg o+ SH{P are orovides teina.
The tércen wniga sefine the gl rormoare zzevaliv oz csilection of

pavtte, cars ot Y oand D ocrommranes, TR
Q

Sasler .o TTALOY A@4SLTEd frCR Ut erTwird lere
[ - S D T r-cacrdinate:! seasyres froas the Ces a
measure 10 fegr i]-coprdinate! measured from the base iinre. In addition, a
fcurth rupner ~cntrol number) 1s required to indicate to the coaputer what
tvpe of zoint this point 15, The cffcetc are entered as decimal values
ceparatec 2v coemas, The control number is entered as an integer. Onlv one
point is entered on each data line. Control nusters and their seamings are
listed telcw.

{ - Crdinary coffset data point

2 ~ Breakpoint or point of sharp hull curvature change

J - Lést data point for a station

4 - Last data point for the entire chip

A typical data line would be
£.75, 10,825, 22,0, 1

This would be translated as

WRiTT BLET be ceréoraen by

T VR

T LTI




6.7 - station nuaper

10.425 - feet ¢rom centerline

22, - feet above the baseline

1 - control ruaber (1 = crdinary data point)

A1l pownts fer each station are entered before acving to the rext station
and the paints for eatn station are entered starting at the keel and working to
the deck edge. Tre -ciicwing rules appiv to station selection,

a. R aipimum of t~rez and @ maximus o+ ferty-one stations can be specified.

b. The total ruader .t ctaticns aust te cddi  each stat:on sust have a non-zerp
sectional area wnen - -tally i1amersed.

c. The sequence of =tatichs subsitted eust te fros the bow aft. The tip ctf the
bow and the stern <:cuid be included tc define overall ship lergtn (LOAL,
Stations forearg o+ cne FF ochould be entered using ~egative staticn nuebers,

d. The ayniaum stat. .- sust have a hair-treadth ot av least .u! feet, =nd an
incresental hersht oo st least L0 teet,

e, Fegqions of rapic ~a1Qe in €13LIOR S:ie Ar Shape renuire mahv ClGSElv SDArEg
ctatione :2,0. ~aié o1 oor cuarter ctatitne shouls te subaltted rear the tow

and or stern,

f. Lomgrtudingl Sreascoints fend of ratzed torecastie. end of crec, etr,) are
represepteg v three .erv closelv spaced stations wnich aust te cog-even-cad 1n
the sequence 7+ < a%  -~s suomtted, Do ~ot contuse 2 ctation’e cosition n the
input cequence with L.t :iailON nuedEr.

o, daly threp stit cme - the cod-even-oof feDuenTe tRRC te SPECITied dor the
parailei mic toss

bbb
(- R PR

The fcllowsng roisz - 0 e oiserve? ‘or foirss in each

in

a. A miniaua of YW SIints and @ Baslgud of twenty nine paints ger statich can
be processed. Since the program perforas a second orcer interpoiation fit of
unegually spaced pointe, these sust te considered as cart of the saxisus when
burlding the input ¢:le. 14 no additional points are desired to be added by
the progras, the :nput file sust have equally cpaced points at each station.
The spacing however does not have to be the same for each station since they
are computed individually.

b. The points at each station must be submitted in ascending order by height.
Hulls with tunnel sterns and convex bottoss cannot be processed directly,
because all points below the highest point of the convex surface are 1gnared.

|
c. Only two horizontal lines are persitted on a station: one from the vertical {
centerline of the ship to the first point; and one from the last point on the
station back to the centeriine. Therefore, first or last points on the
center}line ayst not be specified whenever a horizontal line would connect thea
with an adjacent point. If the slope of a straight line connecting two
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adjacent points 1s less than or equal to 0,002 either the first or the second
point will be tgnored.

d. Regions of rapid change in turvature {e.g. the turn ot the bilge} reguire
aany closely spaced points.

e. Points of abrupt changes in curvature (e.g. edge of the keel, knuckles,etc.)
sust be 1dentified as vertical breakpoints, The maxisus nuster of breakpointe
permssible per station is six,

A typical data file 15 11lustrated belcw.

~0.5, (875, 78.9, !

-).5, .875, 78,75, I last point of station
0.0, .875, 24.0, !

0.0, 5.625, 6.0, 1

0.0, 11,375, 80,0, 1 {
0,0, 13.25, 78,825, 3 last point of statien

L P T R (A R
Ay 1,75, 19, 2 breakpoint :
9, 06.0, 431,11

¢, 20,775, 4.0, 1

LA, 19,375, 68,378, C fast point of statice

—

LR Lh tY F) Y D

{.75
A L7 LT, 2 breakpaint
5.0, 18.9, 3.75. 1

5.0, 46,025, 30.0. 1

5.0, 47,75, 48.0, 1

5.0, 47.6123, §4.¢, 2 brearpsint

S.0, 47,8128, 53.753, 3 Jast point of staticn

te.0, 175, 2.0, 4

10,90, 175, 1.7, 2 breatsoint |

10,0, 1.0, 3.46875, 1

10,0, 24,0, 13.6875, 1

10,0, 44,25, 42,0, |

10,0, 44,75, 45,4875, 2 breakpoint

10.0, 45,373, 52.3125, 3 last point of staticn
11.8, 0.5, 21.425, !

11.8, 18,0, 30,6873, 1

11.8, 33.0, 42,0, 1

11.8, 35.9373, 46.3125, 7 breakpoint

11.8, 37,3625, 52.9762, 3 last point of station
13.417, 0.0, 47.9375, 1

13.417, 9.825., S4.5, 4 last point of ship

e

¢ ————

SHCP is selected by typing “SHCP* at the SCADS prompt *--)°.

The SHCP program contains four sections:
-Hydrostatic properties
-Curves of fore
-Floodable length
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-Curves of statical stability

Upon 1nitial selection of SHCP, the user will be asked to enter:
-Input file name (file with otfsets data)
~Qutput file name
-Ship nase
~Seri1al number {for user’s records only!
~Execution date

The progras then reads in the tile of offsets and perforss a3 second-orcer
interpolation to provide data points far use with the Siapson’s {-4-1
integraticn for volume and area calculations for the hvarostatic properties,
The user is then asked whether these interpoiated points chould be included :n
the cutput file. The user 1< now asked for these aoditicnal data items:

~Length between perpendiculars !(decraal feet)
~Station spacing (deciss! feet)
-Maximys half-teamwmidth (decimal feet:
-Uesign 1nput typel
1--Design dratt and tris
J--Decign dicplacesent ang tria
J--Tesiga crepiacesent ans L5
-Cata satchirg this crpsce fdecizal valuess
~#ater Censity

The cser 1s row asked which of the three rematning portions of SHUP chould
be executes. Upon cosoietion of each selected cecticn, the user 1s aiiowed to
select another section {or the <ame one) or is ailcwan to exit the prooraa,

treee (UAVES OF FGRM  tewee

Tnis section calculates data for requested =ateriines ang trims, [f rone
of the reguested waterlines is within G0l feet cf t-e design wateriine, it 1s
zdded to tre list of waterlines for whicn caiculetions sre cerforsed, The
tollawing properties are calculated,

~-Nieplacenent

-Frisaatic coefficient

-#aterplane coefficient

-Transverce waterplane inertia coefficient
-Longitudinal metacentric radius

-Transverse setacentric radius

-Height of lengitudinal metacenter above baseline
-Height of transverse metacenter above baseline
-Tons per inch immersion

~Change in displacesent per foot of tris aft
-Moaent to tris one inch

Inputs:
-Maximus draft for calculations (decisal feet)
-Draft increment for calculations (decimal feet)
-Nusber of different triss {integer)
-Tries (+ by stern) separated by cossas (decimal feet)
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The user is now allowed to select another section of SHCP to execute or to
exit.

teere FLOODABLE LENGTH teess

Flaodable length determines the iengths of chell-to-sheil cosparteents of
specified perseabilities that, when flooded., will cause the snip to zettle to
the wateriine tangent to the margin line. For these caicuiations, <-e margin
line 15 assused to be 3 inches pelow tne uppersost point on eacn station

described in the offset tavie. The aaded weirght sethod 15 uced to r::culate
f1codable lengths.

Inputs:
-Nusber of permeabilities /integer - 7 maxisua}
-These perseabilities, separated by cosmsas t(decimal}

The user 1n now asked to select another section to execute or to exi-,

ekkre  CURVES COF STATICAL STABILITY e#sss

This portien of SHCP calculates turves of ctatical etanilitv - o
di1tferent reel angies. lp to seven cets of inttial conoitione are “:tarttec.
These tmitial conditions may be 1n the fore of either displacesente :ng LCE's,
gisclacesents and trims or drattc and triss. For each 1nput CoADination, the
ship 15 Galanced at each heel angle to obtain draft and trim which wieig the
reguired voluse and LCG,

Irputs:
-Fcrmat for data entry
1--D1splacements ana LCG's
2--Tiepiaceeents and Triss
3--lrafts and Tries
-Nusber of these data cets for which calculaticns are
desired {integer, 7 saxisus!
-Data ¢or selected format {(decimal values)
-#ax1aus heel angle {decimal degrees)

The user in now asked to select execution of another cection or to ex:t,

Upon exit, the user say choose to run another portion of SCADS or to exit the
systes.
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& GRAPHIC SHIPS HULL CHARACTERISTICS PROGRAN &
t ¢
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BASED ON SHCP
DEVELGPED BY NAVSEA

GRAPHICS FEATURES INCORPORATED BY
U.H. ROWLEY

1983
I I TRy I
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The Graphic Ships Huil Characteristics Program (GSHCP) 1s a
socified version ot the Ships Hull Characteristics Frograe (SHCP)
deveisped bv NGVSEA. Thic version incorporates graphical routines
whicn allow displavirg of the output generated bv SHCF 1n a graphical
‘oragt, The graghics cystem vtilized 1n deveiopsent of 6SHCP consists
of rre ELOX core graphics svetes with BLOY SRAPHICS BUILLER, ceveloped
Sy PUBEL ZCFTWARE of Cambridge, MA,

Two output cevices are currently available for disclaying the
gracr:ct atsoorates with GSHIF,  These are the VT-190 terminal and the
Visual-35" terminal. Upon initial progras entry, the user w:ll te
asked to designate wnich terminal 1c being used.

BSHCP has the capaoility of HARDCOPY cutput. Upon hardcepy
recuest., a hardcopy +1le, BGEFILLDAT, 1s created in tws versions, The
procecure tor plotting tnese fiies 15 as foilows:

{~-Type the coazand
BOEFLT BREFIL (MAGEN

This will create an i1sage file callea INFILE.DAT

2--Rerase the sost recent version {n) of EGBFIL.DAT by typing
the command

RENAME BEBFIL.DAT;n NEWNAME.DAT
By renaming this file, the next lower version nusber
of BGEFIL.DAT is made available for processing and the
original file is saved as NEWNANE.DAT
I--Now plot the 1sage file by typing

PRINT/QUE=INAGEN INFILE.DAT;a

Where {a) 15 the version nuaber of the image file.
This w1l plot the 1mage on the lmagen Laser Plotter.
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Since most of the data uti)ized by SHCP 15 in the fors of
“otfsets®, a separate file of thic data sust be created. Instructions
for creating the offset file are provided below. Additional data
required for initializing 65HCP 15 entered interactively by the user
at the termnal while the prooras 1s running. Atter generation of the
tirst graphical display, further data 1nput and systes control 1s
perfaorsea by using the arrow keys and/or data tablet, depending on the
terminai teing used. Descriptions of the different porticns of SHCP
are proviaed peiow,

The otfcets which define the hull fore are actually a collection
of ppints, each having %,Y and 1 coordinates. The points are entered
by station rusber (X-coordinate) measured from the forward
perpendicular, horizontal seasure 1n feet (Y-coordinate) seasured frca
the centeriine, and vertical seasure in feet (l-coordinate) seasured
from the tase line. In agdition, a fourth nusber (control nuater) is
required to indicate ts the coaputer what type of point this point e,
The cffsets are entered as decisal values separatea bv comeas. The
cantre! nusder it enteres as an integer. Only ore point 1z enteres on
each cata iine, Control nuaters and their aeanings are listed beiow.

- lrdinary offset cata poirt
- Ereczepoint or point of shars huil curvature change
;=t gata point for g stat:on

<

= LA b v

- Last dats poirt for the entire ship

X

tyrical data line wouid te

~c A
Se e l\“..s. ....G. 1

118 WZJiT he (ransiated as

.73 - stasion number

(7,808 - deet srom centerline

PR - ‘cel agove tne taseline

{ - control numter !l = ordinary dats point)

All points for each =tation are entered before moving to the next
station and the points for each station are entered starting at the
keel and working to the deck edge. The following rules apply to
station selection.

d. A ainiaua of three and a saxisum of forty-one stations can be
specified,

b. The total nusber of stations sust be oddi each station must have a
non-zero sectional area when totally ramersed.

c. The sequence of stations subsitted sust be from the bow aft. The
tip of the bow and the stern should be included to define overall ship
length {LOA}, Stations forward of the FP are entered with negative

station nuabers.
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d. The sinimus station aust have a half-breadth of at least .01 feet,
and an incremental height of at least .ul feet.

e. Regions of rapid change in station size or shape reguire many
closely cpaced stations (e.g. half and or quarter stations should be
subsitted near the bow and or stern).

. Longitudinal breakpoints (end of raised forecastle, end of skeq,
etc.) are representea by three very cleosely spaced stations which sust
be odd-even-odd in the sequence of stations submitted. Do not contuse
a station’s positian 1n the 1nput sequence with 1ts station nueber.

9. Only three stations i1n the cdd-even-odd sequence need be specifieg
for the parallel mid body.

The folloming rules sust be ohserved for pointe on each station,

a. A sintaun of two points and a maxisus of twenty nine points per
staticn can be processed. Since the progras performs a tecond oroer
interpolation fit of unequally spaced points, these must be considerec
as part of the saxisus when building the input file. I+ no additional
points sre desireg to be acded bv the progras, the input tile sust
have equaliv cpaces points at each station. The spacing however does
not have to pe the same for each stat:on since they are computed
individuaily.

b. The points at each station sust be submitted in ascending orader oy
height. Hulls with tunnel sterns and convex bottoas cannot de
procesced directlv, because all points below the highest point of the
cenvex surface are 1gnored.

c. Oniv two hori:zontal lines are permitted on a station: one fros the
vertical centerlire of tne ship to the tirst point! and one from the
last point on the ctation back to the centerline. Therefore, firet or
last pointe ¢n the centeriine must not be soecitieg whenever a
hortzontai lire would connect thes with an adjacent point. it the
siope of a straight line connecting two adjacent points 1s less than
or equal to 0,002 exther the first or the second point wmiil be
ignored,

d. Regions of rapid change ip curvature (e.g. the turn of the bilge)
require sany closely spaced potnts.

e. Points of abrupt changes in curvature (e.g. edge of the keel,
knuckles,etc.) sust be identified as vertical breakpoints. The maxisua
nusber of breakpoints persissible per station is six.

A typical data file is illustrated below.

-0.5, .875, 78.0, 1
-0.5, .875, 78.75, 3 last point of station




=]
<
-

.875, 24.0, 1
0.0, 5,625, 36.0, 1
0.0, 11.375, 0.0, |

0.0, 13.25, 76.625, 3 last point of station
2.0, 1,75, 0,0, 1

2,0, 1.75, 1.9, 2 breakpcint

2.0, 6.0, 4.31, 1

2.0, 28.375, 24,0, 1

2.0, 39.875, 48.375, 3 last point of station
5.0, 1,73, 0.6, !

5.0, 175, 1.7, 2 breakpoint

5.0, 18.0, 5,75, !

5.0, 46,625, 30.0, I

5.0, 47.75, 48.0,

5.0, 47.8125, 54.0, 2 breakpoint

5.0, 47,8125, 58.75, 3 last point of station
10.0, 1,75, 0.0, 1

10.0, L.75, 1.7, 2 breakpoint

10.0, 3.0, 3.4875, 1

10.60, 24.0, 15,6875, 1

10.0, 44,25, 42,0, 1

16,0, 44,75, 45,6875, 2 breakpoint

10,0, 459,373, 52,3128, I last point of ctation
11,8, 0.5, 21.625, 1
11,8, 18,0, 30,6875, 1
11.8, 33.0, 82,0, ¢
11.8, 15.9775, 46,3125,
11.8, 37.3623, 52,9742,
13,417, 2.0, 47,9375, 1

13.417, 9.625,, 54.5, 4 last point of ship

¢ breakpoint
I last point of station

ESHCP 15 selected bv tvping "GSHCF” at the SCADS sromot *--:*,

The SSHCP progras currently has twa cectioas cperational!
-Hydrostatic properties
~Lurves of tora

Upon initial selection of GSHCP, the user will be asked to enter:
-Input file name {file with offsets datal
-Output f1le nase
-Ship name
-Serial nuaber (for user’s records only)
-Execution date

teres HYDROSTATIC PROPERTIES esess

The progras now reads in the ¢1le of ofésets and perforas a
second-order interpolation to provide data points for use with the
Simpson’s {-4-1 1ntegration for voluse and area calculations for the
hydrostatic properties. The user is then asked whether these
interpolated points should be included in the output fi1le. The user
1s now asked for these additional data 1teas:




-Length between perpendiculars (dectaal feet)
-Station spacing (decimal feet)
-Maximus half-beamwidth (decimal feet)
-Design input type:
{--Design dratt and tria
2--Design displacement and trie
3--Design dicplacement and LCB
-Data matching this choice (decimal values)
-Nater density

At this point, 5SHCP enters 1ts graphical sode and further systea
. reraction 1s via either the srrow keys or via the data tablet, The
ccer selects the portions of GSHCP he wishec to view or enters gata
mydifications via the key-pad shown on the screen,

The 1aitial graphical screen displayed pfters the user siy
neticns for systea oper2tion.  These optiens are:
1--OFFSET BODY FLAN - Dicpiays bodv pian cansisting of
roints that were 1nput and intergciated By &SHCP.
Thie serely coanects thece toints and dces no +airing.

C~-SPLINED BODY FLoN - uyses g cubic spline to sttempt
fairiry ot tne itout aticet roint,  Gives 3 rousn
approyimaticn ot the tairness of the points.

Note that this rautine will ~ot hancle a major
discontinurty such ac a breakooint,

I--ISOMETSIC YIEW - Dispiave a three dimensional view
of ctfeer gata points as entered ang \nterpoiates,

4--VOLUME FYOPERTIES - Disciavs volueetric properties
af the ~yil, Thece zrepertiec are also
autemaricsiiy writser to the cutset data friie.

S-~CURVES OF F25% - Cvcles t3 & new =Creen that has
a seny for avarlable curves and prospts for
input., The opticns are described below in the
CURVES DF FORM section,

&--EYIT - Stops progras execution and returns the user
to the SCADS proept,

tteet CURVES OF FORM tedes

This section calculates data for requested waterlines and trias,
1f none of the requested waterlines is within .00) feet of the design
water{ine, it is added to the list of waterlines for whith
calculations are performed. The following properties are calculated.

The actuation of CURVES GF FORM will result in a prospt for
*Desired maxiaum draft waterline (in decimal feet}” to be pliced on




the graphs and “Desired trim (decimal feet ¢ by the stern)®, Thece
are input using the arrow keys or data tablet by seiecting vaiues froa
the keypad on the lower right of the screen. Selections are displayed
in the area directly above the keypad and corrections may be sade
using the “delete” indicator on the keypad. The maximum draft
waterline acceptatle is 30.0 feet, however, the maximum cannot exceed ]
the deck edce ¢+ the ship, After the information 1¢ accepted, the
user will te n-caoted when calculations are completed and a curve may
be celected, ke curves available for selection are iisted in the
upper right =::ze of the screen. Upon selection of one of these
curves, 1t wili e disnlayed on the screen cosplete with annctaticns.
As eacn curve .- selected, the iast one will be erased. Curves
availabie ere:

f1eriacesent
- Waterciane area
- LEB{LF
- 7:1:.{1
- Mament to tris one tnch
. v ogicplatesent ter foot ot trim att
*iC ceetficient/waterplane coetfitient

The sv=pr -=ny items avallizble o= <he S3ttom ot twe zoroen are
listed beicw:

- NEW TSIM LINE - Proapts for cew desired tria (Secieal i
‘oot + by the sterr! cng recaiculates curves for
Pt new trie,

- BIW -t (VAET - Propgts :or cew R3X18UR rratt Gnd remM
"riR fOF curves ang recaicuiates cata.

- mARTTTY - Treates cutiut tardtony files for gtain

urrantiv BEINT hlewec. -
- QUTPUT FILE - Writes an outeut file for all curves for
the given trim 1n two foct intervals up to the -
; naximum draft waterline requested.

- RETURN - Returns to the initial screen. J

For sore information concerning program execution and the
calculation methods used by GSHEP, consult the GSHCP users quide.
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BALES SEAKEEPING PROGRAM

DEVELOPED AT
nILT
BY
ROBIN. L. HIDDEMEN
1983

Thic prograa, hased on work done by Nathan Bales, calculates
the relative seakeeping pertormance of a defined ship hullfors.
This perforaance criteria, ¥nown as Bales Seakeeping Ranx
Estimater, R, 1s baced on the following equation,

Ro=8.42 ¢ 45,0 ¢« CWPF + 10,1 ¢ CwPA - 37.8 ¢ (T/L)

+ 1.27 ¢ (C/L) - 23.5 ¢ CVPF - 15.9 « CYPA

uhere:
[WSF = waterplane ceetficrent forward of midsmics

CuPA = waterplane coetficient att of erdsrics
T = draft
L = {ength tetween perpendicuiars
= cstup poine, Cistance att of the torwars
serpergicvlar where the teel rites
CVFF = yertical priceat:c coetficient forward

CyPk = vertical prismatic coefficient att

Bale's Rank Ectimator can have vaiues between ¢ ang !0, with [0 indicating
the test seakzesing ferforeance.

In additian to calculation ot R-factor, the foilomine
values are aleo ralculatedt
- Sectionai arecs for input ctations
- Interpclsted values tor Ot evenly spaced statinns:
- 5tation nukber
- gistance aft of the forward perpendicular
- disign waterline otfset
- sectional area
- Area of the waterplane farward/aft of sidships
- Materplane coefficient formard/att of ardships
- Displaced volume forward/aft of mdships
- Vertical prismatic coefficient forward/aft of aidships
- Cutup point
Additionally, if R is not satisfactory, the programs will give
recoasendations for further improvements on the seakeeping
characteristics of the hull,

INPUTS REQUIRED:
Ship nase (up to 32 characters)

Serial nusber (4 digits, for record keeping only!
Length between perpendiculars (decimal feet)
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] Maximus half-beasmdth (decimal feet)

Design dratt (decimal feet)

Filenase of input data file containing ship offsets
exasple: INFILE,DAT

Filename of file for output data
example: OUTFILE.DAT

The input data file contains the ship’c offsets 1n the torm of
1Y1 coordinates of data points which define the hullfers. The points
eniered by station number ({-coordinate} seasured from tne torward
perpendicular, horizontal seasure in feet (Y-coordinate) measured
fros the centerline, and vertical measure in feet ‘l-roorcinate)
seasured from the baseline. In addition, a fourth nusber control
nusber) 1s required to indicate to the program what tvpe ¢+ point
this 1s. The offsets e entered as decimal values ceparates by
cossas. The control number 15 entered as on integer. Cnly ane
point 1s entered on each data line. Control nusbers and their meanings
are listed below.

- Ordinary of¢set data point

- Breakpoint or point of sharp hull curvature cnange
- Last data point for a station

- Last data point for the entire ship

B IOV B

A tvpical data line would te

6.73,10.625,22.0,1
This would be translated as

€.73 - station nuaber

10,625 - feet from centerline

22,0 - feet above haseline

! - control nusber, ! = ordinary data point

all points for each ctation are entered tefcre mc.imc - %me
next station and the points for each station are enterec startirg
at the keel and working to the deck edge. Points for the keel
and deck edge aust be included. Although stations are not required
to be evenly spaced, an odd rumber of stations is reguired. Each
station must have at least 2 but not wore than 29 data paints.
Stations forward of the Forward Perpendicular may be entered using
negative station nusbers. A typical data file 15 iilustrated below.

-0.5, .875, 78.9, 1

-0.3, .8735, 78,75, 3 last point of station
0.9, .875, 4.0, {

0.9, 3.625,  3b.0,
0.0, 11,375,  &0.0,
0.0, 13.25,  76.425,
2,0, 1.75, 0.0,
2.0, 1,75, 1.9,
2.0, 5.0, 4.31,

last point of station

breakpoint

el Il 2




28,375,  24.0,
39,875,  68.375,
.75, 0.0,
.75, L7,
18.0,  5.75,
6.6, 30.0,
47,75,  48.0,
7.8, 4.0,
47.825, 8.75,

-
[~~~

oo o

<
-

2.
2

3.
5.
3.
3.
5.
9.
S,

(o]

NOTE: The olank spaces are included for readability

1
3
1
2
1
1
i
2
3

last point ot station

breakpoint

breakpoint
last point of ship

onlv ang are not required.

Additionai inforaation concerning input data requiresents say be ¢cung
in the Ships Huli Characteristics Frogras (SHCF) User’s Guide.
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saMPLE SCADS SESSION

NOTE: Document files which would be displayed during an '
actual SCADS session have been edited out of this
listing for brevity and are listed in Appendices
A - F.




$ SCALS

TEEPErE et ettt tt bttt bttt ttittbtiet ettt

+ +
+ nILT. +
+ +
+ SHIPS COMPUTER AIDED DESIEN SYSTEN +
+ +
. VERSION §.00 +
+ ¢
+ BERNIE W. JOHNSON +
+ +
t AFRIL 1984 +

thtrtitetddtrrbtbritrrtbbiibitibbtbtbetes

Weiccse to the SHIFS COMPUTER AiDED DESIGN SYSTEM

treerretr The CCATC welcose/cvstes status message #eEddErd
Cerperees would rorsaily be ceen here Liiidiidy

[0 1ZU SANT & FEVIEW GF COMMAND PROCETUREST (Y/N)

w

#f5 COMFUTER ~IDED IEGIGN S¥STEM

tedeeetst Thp CCATS on-line help documentation #EEERRES
PebEiivid would noraally te ceen here (2321222

;. Ry

tnter 3 SLA[S comeanc or ‘DESIEN' to view coptiors,
==t 0 DITIIN PALES
FALES SERAEEPING PROGRAM

titeeest  The on-line help docusentation for the Bales
eteeersr Seabeeping Program would normally be seen here

--) : DISIGN
Unrecognized cossand. Please reenter.
--» . DESIGN BOLES

Unrecognized comsand. Please reenter.

L2221221)
(32221232




--)  SHCP

ettt ettt bbbttt et bedttt

+ +
+ GHIFS HULL COMPUTER PROGRAM +
¢ +

thtttttettttt bttt btrtrtretetittst

ENTER NAME OF INPUT DATA FILE

--> ! GAILDATA.DAT

von

ENTER NAME OF OUTFUT DATA FILE

m— dih o

-=} & QUTPUT.DAT

INPUT: Ship Name {up to 32 characters)

S.S. SUSAN BAIL

INPUT: Four digit cerial number for run

1001

INPUT: [ate of run (MM-DD-YY)

(5-09-54

INDICATE OFFSETS CESIRED IN QUTPUT

BN SR

0--Or1ginal and interpolated offsets . !
{--Or1ginai cffsets oniy

2--Interpclated offsets cnly
3--No offsets 1n output desired -l

P

! v 3
ENTER: Length between

perpendiculars (decisal feet)
300.0
ENTER: Station spacing idecisal feet)
24,0

ENTER: Maximum beas-halfwidth (decimal feet)

48.0 .

A cdoab a8 o




(9% r
o,

For design input you aust enter either:
{--Design draft and tris
2--Design displacesent and tris
3--Design displacesent and LCH

ENTER: Your choice.
1
ENTER: Design draft (decimal feet)

35,0

ENTER: Design tris (¢ by stern) (decisal feet)

0.0

ENTER: Water density (decisal cu-ft/ton)

5.0

Khat portion of SHCP wouid you like to run?
{--Curves of Fore,
2--Floodable Length,
J--Curves aof Staticsl Stapility.
4--Exit

INPUT: your cheice.

-
-

ENTER: Nuaber of ditferent cermeabilities
tinteger, 7 ®axiausl

1

ENTER: 1 peraeabilities separated
by coemas (decimal)

0,83

Floodable Length Coapleted

What portion of SHCP would you like to run?

{--Curves of Fora.

2--Floodable Length.

3--Curves of Statical Stability.
4--Exit

§ i azant




W ———prw

INPUT: your choice,

==> ¢ EXIT
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Figure H-1. Offset Body Plan
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ISOMETRIC 3-D VIEW
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DISPLACEMENT CURVE
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Figure H-4. Displacement Curve
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WATERPLANE AREA CURVE
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Figure H-9.
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Curve
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Figure H-10. Prismatic Coefficient/Waterplane
Coefficient Curves.




LONGITUDINAL KM/BM CURVES

CURVES AVAIL

S.S. SUSAN GAIL 1001
TRIM = 0.00 DISPLAZEMENT
WPLANE AREA
¥y + + + +——t + -+ + + .
' LC3/LCF
‘T TP1/KB
ST ) MT1
az DELTA DIS
21 CP/Cw
DWT‘
| o1 /BML
20 KOML/BML
(FEST)
i KMT/BMT
22
18
I "
12 (M 1 1 2 3
| BM
a8 4
{ 4 5 8
; 18 27 ¢+ 368 46 54 83 72 at $3 7 8 o]
LONGITUDINAL BM/KM (FT) x1CO
NEW TRIM LINE HARDCCPY RETURN
| ' 0 . ENT
NEW MAX DRAFT CUTPUT FILE
— CELETE

Figure H-11.

Longitudinal KM/KB Curves
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Figure H-12. Transverse KM/BM Curves




