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1.0 | NTRODUCTI ON
During the past 20 years, major advances in engineering analysis
and conput ati onal t echnol ogy have occurred. The engineer has
del egated the task of conputation and analysis to the conputer at
every stage of the design process and becone involved only wth the
decision-making process or wth the investigation of the optinum nodel
for each particular case.
In general terns, the design process of a system today is
conposed of the followng steps:
(1) Initialization Stage. At this point, previous nodels
are consi der ed, and quick crude calculations are
performed to obtain a baseline nodel which wll be used
as the starting point in the design process.
Conparison studies of several different nodels are
performed to satisfy the general design criteria to
lead to the best nodel for wuse at the prelimnary
stage. This particular part of the initialization
stage is called synthesis, and is the procedure for
converting a set of requirements into a physical
description of the nodel which satisfies the necessary
requirements.
(2) Preliminary Stage. At this stage, the basic nodel is
examned through nore vigorous analytical  techniques.
The assunptions of the initialization stage are
confirmed at a nore detailed level in all calculations.
Mre specific analytical and/or graphical proof that
the proposed nodel's characteristics wll satisfy the

nor e | mport ant functi onal and envi ronnment al



(3)

requirements is sought through applied calculation
procedures, Wth a higher degree of accuracy.

A this stage, modification of the current nodel
may OcCcur, but only in such a wy that the overall
design of the nmodel renains approxinately the sane.

Fi nal Stage. This is a visual, anal yti cal and
descriptive presentation of the nodel to be built and
operated, wth credible proof that the proposed nmodel
will satisfy functional and environmental requirements
in an optimal nanner. During this stage there is no

modi fication of the current nodel.



2.0. SHP DESSGN AND THE COWPUTER

The design process of a ship is necessarily one of iteration.
Design  criteria are established, and then changes in various
conponents of the ship are analyzed to determine how they affect the
total system performance. The design criteria are then nodified and
reanal yzed until an optimum design has evolved. This design process.
on the surface. seens relatively straightforward until the enornous
conplexity of present day ships is considered. If the designer tries
to consider all variables in their nost conplex interrelationships.
extending the design cycle beyond reasonable limts is risked O the
other hand. nmaking sinmplifying assunptions in the analysis quite

possibly conpromses the design.

2.1.  Conputer-Aided Design and Engineering (CAD/CAE)

The conputer is a tool Which has revolutionized engineering
design. In conputer-aided design, the engineer is able to interact
with the conputer by naking qualitative judgments based on externally
di splayed quantitative information. Here the governing philosophy is
not only to keep the judgnents in the designers’ hands, but to make it
easier to get the information they need to nake those |udgments.

If designers can fornalize parts of the design process so they
can be entered into the comput er. wher e equi valent  data
representations can be nanipulated rapidly and precisely. then they
are free to concentrate on parts of the design activity which cannot
be formally treated by mathenatical anal ogy.

The design process is a mxture of inagination, knowhow  design
rules learned from formal education and experience. calculations. and
repetitive nmodifications. Mch of the design process consists of

establishing procedures which solve part of the design problem using
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information available from the designer's know edge, handbooks.  and
nodel and full scale test data. Mich of this information can be
stored and specified in conputer prograns.

The emergence and evol ution of Conputer-Aided Desi gn and
Engi neering as an engineering technology is well docunented in the
literature and evi denced by the explosive growh of this industry-
The CAD system narket, $2 billion in 1983, is projected to exceed
$9 billion by 1987. CAD sales have been increasing about 30 percent a
year and are expected to increase to 40 percent over the next five
years, so that by the end of the decade about one out of five
engineers, designers ,and draftsmen wll be wusing CADCAE systens.

Conputer-Aided Design (CAD), which is the process of geonetric
model i ng, includes the conception and synthesis of a system such as a
ship, using the conputer coupled wth an interactive graphics
capability to display and view the design. Three-dinmensional wre
frane nodels are the typical display format. The designer describes
the shape of a structure with a geonetric nodel constructed
graphically on the CRT screen of the CAD system The conputer then
converts this pictorial representation into a mathematical rmodel which
is stored in the conputer data base for later use. The nodel may be
used for other CAD functions, or it may be recalled and refined by the
engineer at any point in the design process.

Comput er - Ai ded Engi neering (CAE) i s the engineering analysis of
the design concept or geometric nodel- created using CAD. Wth sinple
keyboard commands, the user may have the conputer calculate, for
exanple, the ship's weight, volume, surface area, nonent of inertia,
or center or gravity. Other analyses mght include stresses and

defl ecti ons, surface pressures and velocities, and system time or



frequency domain  dynamcs.
The tool that ties these conputer-aided functions together is

Interactive Conput er G aphi cs. The  CRT  display gives the
engi neer/ desi gner speed and accuracy by mthematical comput er
description, and visualization from many viewpoints. It increases

productivity by  tying t oget her anal ysi s and design in a
fast-responding closed |oop design process. The engineer/designer
converses wth the conputer via the keyboard, a light pen and a
tutorial menu, in either an alphanuneric or pictorial mode. It is the
man/machine link via interactive conputer graphics that is inportant
for the successful utilization of CADCAE capabilities.

CADCAE is especially useful for vehicle synthesis, such as ships
or aircraft. As early as 1972, CADCAE wth conputer graphics was
being utilized for ship design [1] at the Naval Ship Engi neering
Center and the  Naval Ship Research and Devel opment Center.
Conputer-aided ship hull surface definition couples the power of the
conputer with sophisticated mathemtical t echni ques. Rogers [2]
descri bes a Conputer-Aided Ship Design (CAsSp) and Conputer-Ai ded
Manuf act uri ng (CAM program inplemented on a PDP 11/45 nini-conputer
which is wused for the design and manufacture of ship towing tank
model s. The General Aviation Synthesis Program (GASP), devel oped at
NASA Anes [3], is witten in FORTRAN and is inplenmented on an |BM
370/168 minfrane conputer using TEKTRONX 4010 termnals. The use of
a mni-conputer based aircraft Configuration Developnent System (CDS),
which is an interactive graphics aircraft design, analysis and |oft
program is described in [4]. CDS is witten in FORTRAN and is
i mpl ement ed on a  Sperry-Univac V-76  mni-conputer t hrough
TEKTRON X 4044 termnal s.



2.2. Automated Optinmum Design

A logical outgromth of conputer-aided design is automated optinum
design, Calkins [5]. Here, @S mich of the design process as possible
is noved into the conputer to reduce the nan-machine interface to a
m ni mum In other words, if the design concept, design Ilimtations,
and optimzation goals are clearly established and can be stated in
quantitative form it is then possible to include the design process
in the form of a nathematical progranming problem. It thus becones
possible to program the innermpst cycle of the design process
conpletely for solution by the conputer. Thus the quantifiable part
of design. the -evaluation and optimzing functions, which have been
the domain of the design engineer. can now be done by the conputer.

The design process nmay be synthesized on the basis of a series of
steps, as diagramed in Figue 2.1 These steps relate judgments to
be nmde. some of which are quantifiable. and others of which are
qual itative. Design begins when a need is identified for a system to
do sonething. The criteria to be used to evaluate proposed designs
are then established. Then a design concept is generated. A this
stage the designer draws heavily on ingenuity. creativity and past
experience. Once a design concept has been originated. it is
idealized by developing a nodel simulation to be Uused in predicting
its behavior.

The predicted behavior can now be conpared wth the criteria in
order to evaluate the design, that is to find the optimum design- If
the first nodel does not satisfy the acceptance criteria, a new design
concept nust be sought. Finally, if none of the concepts yield a
suitable design, the designer nust then consider nodifying the

acceptance criteria.
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Programmng the design process requires:

|- a list of behavior constraints. which may be regarded as

limts to be inposed on the design

2. a valid analytical method. which requires simly the

definition of the nathenatical equations and techniques to be
used

3. an objective function. which is some defined figure of merit

used to choose anong alternate designs.

This process of idealizing the system for analysis requires the
judgment and experience of the engineer in making decisions, and thus
represents that portion of the design process for which the conputer
cannot be programmed. The conputer is used only for |ogical
deci sion-making, leaving judgnment to the designer.

The design process begins by describing the system by a set of
quantities:

1. preassigned parameters--geonetrical quantities fixed at the

out set

2. design variables--geometrical quantities to be varied

3. design variable space--an n-di mensional Cartesian space in

which there is a coordinate axis for each design variable.

A hypot hetical two-dinensional design space is shown in
Figure 2.2 The behavior constraint shown nmay be diagrammatically
described as a surface in the design space that represents all designs
on the verge of being rejected.

Another feature is a side constraint. A design on this surface
verges on rejection for some external cause not explicitly related to
the behavior restrictions. Sde constraints are wusually limts on the

range and independence of the design variables. Al of these
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constraint surfaces collected together give us a conposite constraint
surface which separates the acceptance region of the design space from
t he unacceptable. A design that lies on such a surface is a bound
point. and one that does not is a free point.

Therefore, any design nay be identified as:

1. free and acceptable

2. bound and acceptable

3. free and unacceptable

4. bound and unacceptable.
The designer thus starts at an initial design point and analyzes.
eval uates, and nodifies successive designs until the optinum design
point is reached. The purpose is to choose a path which nmeets the

objective function wthout violating any of the inposed constraints.

2.3, Ship Synthesis Mdels

Wth an existing ship synthesis code- an extensive study of the
proposed ship design may be perforned. The conparison of the
different outputs of these studies enables the engineer to decide
whi ch characteristics of the ship design satisfy the needed
requirenents.

In ship design, after specification of the mssion requirements,
the designer generates an initial design as a starting point. Then an
inter-loop spiral procedure begins, wth mnor or najor nodifications
and re-evaluation of the ship characteristics through different
nodules until a converged design is approached. or termnation occurs
if the intended requirenents have not been net. This process, called
design  synthesis, modifies the current nodel through different nodul es
of analysis. Qitical ship data for the current nodel. such as hull

l'ines, superstructure  characteristics. foil system geonetry and
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characteristics, fuel and range data, etc., are nodified during this
process-

Ship synthesis nodels 16, 7,and 8] started appearing in the late
1960's with the U. S Navy's destroyer nodel DDO7 and the GCenter for
Naval Analysis Conceptual Design of Ships Mdel (CODESH P). The
design spiral approach forns the basis of the Hydrofoil Analysis and
Desi gn (HANDE) conput er program King and Devine [9]. HANDE conbi nes
the power of CADCAE wth the logic of the design spiral. Three types
of  conputati onal progranms exist wthin HANDE: | NI TI ALl ZATI ON,
SYNTHESI S and ANALYSI S. The I NI TIALI ZATION nodul e consists of a
single program which wutilizes sinple enpirical nethods to provide an
initial starting point for a new design under development wth HANDE
Ten SYNTHESIS-type conputational  programs exist W thin HANDE. Each
program is concerned wth a single technological area of a hydrofoil
ship design. In contrast to the |INTIALIZATION program each
SYNTHESI S program  utilizes ri gorous anal ytical techniques in
conputation of ship data. The third type of conputational program is
called ANALYSIS, of which there are five. The principal difference
between SYNTHESIS prograns and the Analysis programs is that SYNTHESIS
prograns nmodify the current model, while ANALYSIS progranms only
provide additional information about it.

A simlar conputer program for planing hulls has been devel oped
by the David W Taylor MNaval Ship Research and Developnent Center by
Hubble 110,111. The planing hull feasiblity nodel PHFMOPT conprises
nine t echnol ogi cal areas, including Hull Geonetry,  Structures,
Resi stance, Thrust, Propulsion, Oher Systems, Loads, Optim zation,
and Final Hull. A second program PHPRLM predicts the resistance,

thrust requirements and vertical accelerations of a planing hull over
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an operational mtrix of speeds and wave heights. A total of seven
technol ogical areas conprises PHPRLM, including Thrust Requi rement s,
Propel | er Characteristics, Power  Requirements, Engine  Torque- RPM
Limts, Muxinum Speed, Habitability Limts, and Propeller  Selection.

ASSET (Advanced Surface Ship FEvaluation Tool), 1982, developed by
the Boeing GConpany [12], is the nost integrated, versatile and easily
used synthesis nodel.

The ultimate result of wusing a synthesis nodel is the ability to
produce a far nore detailed and accurate design earlier in the design
sequence, thereby saving time and noney and providing nore reliable
guidance in the design selection process.

The conputer software, even though very powerful, provides only
an analysis of a proposed design, wth the engineer making the actual
decisions. In this aspect lies the disadvantage of this approach.
When the designer wshes to conduct a parametric study to evaluate a
variety of designs, i.e., looking for an optimm configuration,
hundreds of designs nust be generated. This requires additional
personnel for the tasks of running the prograns and making hand plots
to determne the influence of the different paraneters on the nodel's
particulars. A this point, the necessity of a nore efficient neans

of configuration tracking evaluation becomes apparent.

2.4 Ship Synthesis and Optim zation

The min objective of this study is to provide the designer wth
a tool which can accelerate the conceptual design stage and still
produce high quality designs. This will be acconplished using
automated optimzation techniques. Instead of wusing a synthesis nodel
to generate hundreds of designs and then nmanually selecting one Which

appears to be the “"best," or optinum the conputer wll be used to
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make deci si ons based on the linmtations O constraints, and design

requirements coded in mthematical terms. Wile the task of making
decisions is left to the conputer, the designer is involved wth the
j udgment and checkingof these deci sions, based on experience.

Wiile the automated design process has been described and
anal yzed in several references, little work has been reported dealing
with the basic question of how this automation is acconplished nost
effectively. Several automated synthesis nodels have been devel oped
since the 1960's. In "Least Cost Ship Characteristics" by Mirphy,
Sabat and Tayl or [131, the coefficients affecting the size and cost of
a ship were varied over a range of finite step sizes. Based on that
model, Mandel and Leopold [14] introduced a randomsearch technique
wth the objective being the mnimzation of a function which conbined
cost, required payload weight and required payload volume. In 1975,
the Canadian Concept Exploration Mdel (CEM (151 utilized a new
approach to ship design wth an evaluation of a number of ships in the
form of a matrix exploration. The unacceptable designs were then
elimnated through different inposed criteria. Recently, a new
autonmated nodel, REEDJOCPES, Jenkins ([16], Wwhich interfaces a ship
synthesis nodel REED, with COPES (Control Program for  Engineering
Synthesis) by Vanderplaats [17] was described. This is a versatile
model with freedom in choosing design variables, objective functions
or required constraints.

The objective of the present study is to interface the ship
synthesis nodel program ASSET [12] wth the automated optimzation
program COPES [17], and in addition to add graphics capability in
order to enhance the information output and perception. In other

words, the advantages of an optimzation study, i.e. the possibility
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of finding an optimal solution quickly, Wl

be conbined wth

advantages of a ship synthesis paranetric study. Sonme  of

resul ting advantages of the new systemare:
(a) further reduction of the conputational

to do a paranmetric study

time necessary

(b) gr aphi cal visualization of the design space and

perception of the optimmum design, as well as

information in the neighborhood of the

opti mum

(c) ability to conduct studies on designs which are

optimzed wth respect to different

the same design standards are naintained.
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3.0. ADVANCED SURFACE SHP EVALUATICN TOOL  (ASSET)

The Advanced Surface Ship Eval uation Tool (ASSET) [12] is an
interactive conputer program for the conceptual design and evaluation
of surface conbatants, including frigates, destroyers, and cruisers.
The program provides an integrated ship design perspective as well as
a capability to study and analyze individual ship  functional
conponents. The program includes a data managenent function which
enables utilization of a repository of prior ship designs or their

functional conponents.

3.1 ASSET Program Structure

Three types of conputational programs exist wthin ASSET:
| NI TI ALI ZATI ON, SYNTHESI S and ANALYSI S. The Dbreakdown of prograns
wthin each type is shown in Figure 3.1

The INTIALIZATION section of ASSET consists of a single program
It utilizes sinple paranetric nethods to calculate a variety of ship
data. As its name inplies, a primry function of the |N TIALIZATI ON
program is to provide an initial starting point for a new design under
devel opnent  within  ASSET. A secondary use of the [INTIALIZATION
program is in performance of high-level paranetric trade studies.

Seven Synthesis-type conputational progranms exist wthin ASSET.
These  incl ude:

1. hull geometry fornulation

2.. structural sizing

3. resistance evaluation

4, propeller sizing and location

5. machinery sizing

[=>)

wei ght estimation.

Each program is concerned wth a single technological area of the
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ship design, In contrast to the |INTIALIZATION program  each
Synt hesis program utilizes ri gorous anal yti cal techniques in
conputation of ship data

The third type of conputational programis called ANALYSIS, of
which there are six, including:

1. performnce

2. hydrostatics

3. seakeeping
4, space

5. manning

6. cost.

Depending on the nodule, either paranetric or rigorous analytical
techniques are enployed. The principal difference between SYNTHESIS
prograns and ANALYSIS prograns is that SYNTHESIS prograns nodify the
current  nodel. ANALYSIS prograns do not nodify the current nodel, but
provi de additional information about it. Al so, unlike ANALYSIS
programs, SYNTHESIS prograns can be enployed in an iterative loop to
generate a ship design.

Because of the conplexity of ASSET, only three of the
conput at i onal nmodules which exist wthin the program have been
selected to be used in the present study. These i nclude:
| NI TI ALI ZATI ON, COST and SPACE. The nonenclature for each nodule s
contained in Appendix A

3.2, INITIALI ZATION Mbdul e

The INTIALIZATION nodule has two primary functions. lts first
function is to provide a capability to synthesize and analyze ship
designs on a gross |evel. Its second function is to provide a

starting point for a ship design that is to be further developed or
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refined by the synthesis conputational section. To perform its prinary
functions, the INTIAL zaTl ON nodul e has been designed to mrror the
structure of both the SYNTHESIS and ANALYSIS conputational — sections.
Many of the sane engineering technologies present in the SYNTHESS or
ANALYSIS sections are consequently also present in the |NTIALIZATI ON
modul e. But whereas the SYNTHESIS and ANALYSI S sections use
relatively rigorous conputational techniques and procedures to derive
design data, the INTIALIZATION nodule utilizes sinple paranetric and
enpirical techniques to calculate its design data.

Wthin the [INTIALIZATION nodule are included Mni-Synthesis and
Mni-Analysis  sections. The Mni-Synthesis section identifies and
sizes ship conponents for the purpose of defining the overall ship.
The Mni-Analysis section provides the designer wth additional data
regarding the ship as defined. The Mni-Synthesis section of the
INTIALIZATION  nodule operates in the same iterative sequence as does
the ASSET synthesis section.

The Mni-Synthesis process, as shown in Figure 3.2,involves six
sub- nodul es: hul | geonetry, hull structure, resi stance, propel | er,
machinery and weight. The sub-nodules are automatically executed via
the interactive loop shown in Figure 3.2. The iterations are
term nated when two passes through the iterative loop  produce
essentially the same design, or when an iteration limt has been
reached. A listing of the each function of each Mni-Synthesis
submodule is given in Table 3.1

Following the Mni-Synthesis process, the Mni-Analysis section
of I NITIALI ZATION i s executed, Figure 3.2. iy two Mni-Analysis
subnmodul es  exi st: hydrostatics and seakeeping. These subnodul es

provide additional information about the design derived from the
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SUBMODULE

Hull  Geometry

Hull Structure

Resistance

Propeller

Machinery

Waeaght

Table 3.1.

Function

of

FUNCTION

Egablish principd dimensons of hull, incuding length, beam, draft, depth, hullform
coefficients wetted surface area, and internd  volume.

Determine smeared thickness of primary and secondary hull sructure, and
edablish hull and deckhouse materid properties.

Cdculate ship resstance a desgn and range Speeds.

Perform propeller sizing and calculate propeller efficiencies at design and range
Speeds.

Peform gzing of man and secondary propulson mechinery and of dectric plant.

Cdculate ship weghts.

Mni-Synthesis Subroutines of Initialization Mdule



1¢

Table 3.1.

SUBMODULE FUNCTION

Hydrostatics Calculate intact and damaged GM and freeboard requirements.

Seakeepin Estimate ship roll period.
ping p p

Continued. Function of Mini-Analysis Subroutines of Initialization Module



Mni-Synthesis process. The function of each Mni-Analysis subnodule
is listed in Table 3. 1.
The list of input and output parameters to the | N TIALI ZATI ON

module 1s contained in Table 3.2

3.3, Q08T Module

The ASSET COST Anal ysis Mdul e cal cul ates ship acquisition and
life cycle. The intent of the nodule is to provide data which can be
used to evaluate the relative costs of conpeting systens of ships.

The ASSET COST Analysis Mdule consists of two  principal
sections. The first section pertains to ship acquisition costs. cost
estimating relationships (CERs) are used to calculate lead and follow
ship construction costs, profit, cost of change orders, NAVSEA support
Cost s, post-delivery charges, outfitting costs, and costs of
hul | / mechani cal / el ectri cal pl us growt h. Construction costs are
calculated as the sum of costs for each mpjor Ship Wrk Breakdown
Structure (SWBS) group. Principal data used by the CERs are weights
categorized according to the SMS and a series of user-specified cost
factors that nmay be wused to account for differing costs of differing
technol ogies. The cost of ship payload may either be input by the
user or estimated by the nodule.

The second principal section of the ASSET COST Anal ysis Mdul e
addresses life-cycle costs. Life cycle costs are considered in three
maj or  categories: research and  devel opment, I nvest ment, and
operations and support. The life-cycle cost estimating algorithms
utilize a wde variety of data to calculate costs in each of the three
categories. The nost inportant datum used by this section is an
adjusted first ship cost, which is determned in the previous section.

QOther data include nunber of ships required, annual operating hours,

22



Table 3.2

ARRAY UNITS
OEFAULT PARAMETER NAME SIZE ENGL I SH METRIC
SHIP REQ
MISSION
DESIGN MCDE [ND
RANGE MI MI
DESIGN SPEED REQ utT ut
. RANGE SPEED REQ uT KT
' MISSION DURATION DAYS DAYS
PAYLQAD
° C+S | TEM WT ARRAY (5X1) LTON MTON
' ARM I TEM WT ARRAY (5x1) LTON MTON
AMND | TEM WT ARRAY (4x1) LTON MTON
USABLE AV FUEL WT LTON MTON
‘ CARGD WT ARRAY (SX1) LTON MTON
' NO CREW ARRAY (3X1)
HULL
MULL GEOMETRY
HULL SIZE IND
LBP FT M
LBP/B RATIO RATIO
° LBP/D RATIO RATIO
' T/D RATIO RATIO
PRISMATIC COEF RATIO RATIO
MAX SECTION COEF RATIO RATIO
HULL MATERIALS
HULL MTRL N P E IND
HULL MTRL DENSITY LBW/FT3 KG/M3
HULL MAX PRIM STRESS KS! MPA
HULL MARGINAL STRESS KSt WA
HULL LOADS
HULL LOADS IND
HOGGING BM FT-LTON M-MTON
SAGGING 8w FT-LTON M-MTON
DKHS GEQMETRY
OKHS VOLUME FRAC FRACTION  FRACTION
DKHS MATERIALS
DKHS MTRL TYPE IND
DKHS MTRL DENSITY LBM/FT3 KG/M3
PROPULS ION
W I N ENGINE
MAIN ENG N P E IND - -
MAIN ENG SIZE IND - -
MAIN NO ENG
MAIN CONT HP AVAIL HP W
W I N ENG SFC LBM/HP-HR  KG/XKW-HR
MAIN PWR MARGIN FAC
SEC ENGINE
SEC ENG NPE IND - -
SEC ENG SIZE IND -
SEC NQ ENG
SEC QONT HP AVAIL HP W

Parameters Used as Input to Initialization Mdule
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Table 3.2.

ARRAY UNITS

DEFALT PARMETER NAME SIZE ENGLISH  METRIC
SEC ENG SFC LEWHPHR  KG/1W—HR
. SEC PAR MARGIN FAC

ELECTRIC PLANT
ELECTRIC SYS KW IND
SSPU ENG TYPE IND
ELECTRIC SYS KW W KW
TRANSMISS ION
TRANS EFF IND
TRANS TYPE IND
DESIGN TRANS EFF
RANGE TRANS EFF
PROPELLER
PROP TYPE |IND
PROP SI1ZE IND
NO PROP SHAFTS
. THRUST DED COEF
¢ WAKE FRAC
. REL ROTATE EFF
PROP DIA FT M
RES | STANCE
FRICTION LINE [ND
. ORAG MARGIN FAC
WORM CURVE ARRAY (31x1)
' CORRELAT ION ALLOW
WE IGHTS
SHIP @G INPUT IND
FULL LOAD WT LTON MTCN
FULL LOAD CC ARRAY (2X1)  RATIO RATIO
. WT MARGIN FACTOR
. WT ADJ ARRAY (7X1) LTON MTON
USABLE FUEL WT LTON MTON

Cont i nued. Paraneters Used as Input to Initialization
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Menu Number Item Title

Summary

Hull Geometry

Hull Structure

Resistance

Propeller

Machinery

Weight

Hydrogtatics and Seakeeping

00 N O W & W N -~

Table 3.2. Continued. Initialization Mdule Printed Qutput Menus
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fuel costs, fuel consunption rates, crew nunber and profile, rates of
ship construction and learning, and the beginning and ending years of
each of the three major life-cycle categories.

Additional QOST Analysis Mdule features include use of  NAVSEA
all owances and format for presentation of acquisition costs, use of
standard discounting (present worth) analysis to reflect variations in
the time expenditures of alternative concepts, and use of an extensive
set of default values for input data to help the user to quickly
initiate cost studies. The nodule wutilizes fiscal year 1981 base year
dollars for its algorithnms, but a variable inflation rate capability
is provided to permt cost estimates to be expressed in any year
dollars from FY 1977 through FY 1991 The rate is a constant
7 percent from 1984 on. The module is also sensitive to costs
associated wth the underway replenishment (UNREP) that will be used
to support the ship fleet. The calculation sequence enployed by the
QBT Analysis Mdule is a seven-step process.

The current nmodel is the sole source of input data for the COST
Analysis Mdule. A listing of all current nodel data used as input by
the nodule is given in Table 3.3.

Three printed output itens can be produced by the QBT Analysis
Module.  The nmenu of printed output items for the QOOST Analysis Mdule
is shown in Table 3.3, which gives the menu nunber corresponding to

each printed output item

3.4, SPACE Modul e
The ASSET SPACE Anal ysis Moddul e presents the designer with an
estimate of what internal volume and deck area the current ship nodel

requires. The space required estimation output is not used in any
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ARRAY UNITS
OEFALT PARMMETER NAME SIZE ENGL | SH METRIC
SHIP REQ
MISSION
RANGE M1 Mi
RANGE SPEED REQ KT KT
PAYLQAD
. C+S ITEM WT ARRAY (5X1) LTON MTON
. ARM | TEM WT ARRAY (5X1) LTON MTON
* AND | TBM WT ARRAY (4X1) LTON MTON
. USABLE AV FUEL WT LTON MTON
. CARGD WT ARRAY (8X1) LTON MYON
NO CREW ARRAY (3x1)
’ AIRCRAFT VOL REQ FT3 M3
PROPULSION
MAIN ENGINE
MAIN NO ENG
MAIN CONT HP AVAIL P w
SEC ENGINE
SEC ENG TYPE- IND -
SEC NO ENG
SEC CONT HP AVAIL HP KW
WE IGHTS
FULL LQAD wT LTON MTON
SHIP WT ARRAY (8X1)  LTON MTCN
USABLE FUEL WT LTON MTON
COST FACTORS
ECONOMIC FACTORS
. YEAR $
. INFLATION RATE ARRAY (15X1) PERCENT PERCENT
° PRODUCTION RATE Y1IPS/YR  SHiPS/YR
* LEARNING RATE
. FUEL QOST $/USGAL S / L
PAYLQAD COST FACTORS
. PAYLQAD T+E COST M ™M
* LEAD PAYLQAD QOST M ™
¢ FOLLOW PAYLOAD CQOST M M
* ANNUAL TANG ORD QOST M M
. PAYLOAD FUEL RATE LTON/HR MTON/HR
SHIP COST FACTORS
10C DATE YR YR
' ReD PROGRAM LENGTH YRS YRS
. NO OF SHIPS ACQUIRED
. PROFIT FRAC
U SERVICE LIFE YRS YRS
. ANNUAL OPERATING HRS MR HR
' TECH ADv Q08T M sM
' ADDL FACILITY COST M M
. DEFERRED MVMHRS REQ HR /WK HR /WK
¢ UNREP UNIT CAPACITY LTON/YR MTON/YR
¢ UNREP UNIT COST Y] M
. UNREP O+S COST M ]
N KN FACTOR ARPAY (9x1)
' SHIP FUEL RATE LTON/HR MTON/HR
Table 3.3. Paraneters Used as Input to Cost Mdule
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other nodules and is only intended to guide the designer in the
preparation of general arrangenent.

The space required wthin any ship can be broken down into two
types, namely, internal deck area and volune. The internal deck area
required is estinated where equipnent or space &r¢ normally located
within that part of the ship where a standard deck height exists.
Most of the space within a ship is utilized in this manner. The
volume required is estimated where the nature of the space does not
permt the deck area method to be enployed. Examples are the main
machinery spaces, the helicopter hanger, and fuel tanks. The total
space required can be found by miltiplying the internal deck area
required by the average internal deck height and adding that to the
vol ume required.

The proposed US  MNavy Ship Space Classification System (ssCs
1969) has been used as the basis for classifying shipboard spaces.

Under this system shipboard space is divided into three primry

categories, i ndi cated by the first digit of the group nunber. Each
succeeding digit represents a further subdivision of the superior
subdi vi si on. A unit of space is classified by the assignment of a
conplete four-digit group number. Because it is inpossible to

restrict the ASSET synthesis to the four-digitlevel, the |owest
possible level is estimted wth sumaries provided at the three- and
two-digit levels where appropriate.

The current nodel is the sole source of input data for the SPACE
Analysis Mdule. A listing of all current nodel data used as input by
the nodule is given in Table 3.4, The SPACE nodule input includes:
M ssion Duration, Payl oad, Actual Ship Vol une, Engine Nunmber and
Rating, Wights, and Subsystem Data.
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ARRAY UNITS
DEFAULT PARAMETER NAME SIZE ENGLISH METRIC
SHIP REQ
MISSION
MISSION DURATION DAYS DAYS
PAYLORD
C+S ITEM WT ARRAY (5X1) LTON MTON
AWD | TBM WT ARRAY (&X1)  LTON MTON
USABLE AV FUEL WT LTON MTON
ND CREW ARRAY (3x1)
ARM SPACE ARRAY {4x1 FT2 M2
AIRCRAFT VOL REQ FT3 M3
HULL
HULL GEOMETRY
LBP FT M
LBP/B RATIO RATIO
HULL VOLUME FT13 M3
DKHS GECMETRY
DKHS VOLUME FT3 M3
PROPULS ION
MAIN ENGINE
MAIN ND Effi
MAIN CONT HP AVAIL HP w
SEC ENGINE
SEC ENG TYPE IND -
ELECTRIC PLANT
SSPU ENG TYPE IND
ELECTRIC SYS KW KW KW
WE IGHTS
FULL LOAD WT LTCN MTON
SHIP WT ARRAY (8X1) LTON MTON
USABLE FUEL WT LTON MTON

Table 3.4.
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Four printed output items can be produced by the Space Analysis
Modul e. The menu of printed output items for the Space Analysis

Mdule is shown in Table 3.4.
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4.0 OPTIM ZATI ON TECHNIQUES

During the | ast 20 vears, mgjor advances in engineering analysis
and conputer technology have been realized. This has lead to an
emphasis on automated design and optimzation in all fields of science
and  engi neering. Automated design may be realized by a nunber of
design nethods, or nuneri cal optim zation t echni ques. These
techniques are very flexible and can solve a large percentage of

practi cal design  probl ens.

4.1,  Optimzation Method Definitions

The definition of termnology utilized in optim zation nethods
i ncl udes:
Design Variables: Those paranmeters which the optim zation

technique is allowed to change in order to inprove the design. In

ship design these might i ncl ude | ength, heam prismtic
coefficient, etc. Two types of design variables, my be
consi dered, independent and dependent. If two or nore variables

are always reauired to have the sane value or be in a constant
ratio- one is the independent variable, while the remaining ones
are dependent variables.

Constraints: The design restrictions which nust be satisfied in
order to produce an acceptable design are collectively called
constraints and nay include any paraneter which must not exceed
specified bounds for the design to be acceptable. There are two
kinds of constraints:

S i d e -. Aconstraint that restricts the range of a
design variable for reasons ot her than  the direct
consideration of performance, i.e., mnimm draft.
Behavioral Constraint: A constraint t hat restricts the
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quantities which characterize the state of the nodel.

QObjective Punction: The paraneter which is to be minimzed or
maxi m zed during optim zation. It nust be a function of the
design variables to be neaningful.

Feasible Degign: A design which satisfies the specified inposed
constraints is called a feasible or acceptable design.
Infeasjble Design: A design in which constraints are violated

is called an infeasible or unacceptable design.

4.2. COPES/CONMIN opti m zation Program

The nost general problem of design optimzation can be stated as:
From all designs that satisfy certain constraints, select one which
optimzes (maximzes or mnimzes) a specified set of desi gn
vari abl es. Nuneri cal optimzation procedures are used to solve the
n-dimensional, non-|inear, constrained or unconstrained optimzation
probl ems. Two of the nost powerful methods are the "Method of
Feasi bl e pirections® for the constrained problem and the "Conjugate
Directions Method" for the unconstrained problem These two methods
are the primry ones used in the OPESYCONMN optimzer [17].  COPES,
which is a FCORTRAN Control Program for Engineering Analysis, uses the
optimzation program OONMN CONstrained function MINimization.

The COPES/CONM N program is a general purpose, non- i near
optinizer capable of handling large, constrained problens. It solves
the general non-linear optimzation problem stated as follows:

Qetimze (mnimze or naximze) F(X)

Subject to Gi(X) <0, 1 =1,m
X <X X (4.1)
i i $X ’
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where: F(X is the objective function (function to be mnimzed or
maxi m zed) .

The vector X contains the n design variables. G, (X) defines the
constraints which are inposed by the designer on the optimzation
process where m is the total nunber of constraints. x; and x} are
| ower and upper limts, respectively, of the design variables. The
terms F(X) and G, (X) may be explicit or inplicit functions of the
design variables X, but must be continuous. If the constraint
inequality condition is violated for any constraints, that is
G; (Xx) > 0, that constraint is said to be violated This situation nay
arise many times during the optimzation Process, and the information
will be used to guide the design to one which satisfies all of the
constraints. |f equality occurs in Egn. 1, G, (x) =0, t he constraint

is said to be active, and if the inequality is net, G(x). < 0, the

i
constraint is inactive  For practical reasons, on a digital conputer
a constraint is active if its value is wthin a specified tolerance.
The n-di mensi onal space consists of the n design variables X Any
design in this space which satisfies Egn. 1 is defined as a feasible
design. The failure to satisfy Egn. 1 leads to an infeasible design,
but is still wuseful in the process of reaching a feasible design. The
feasible design which is at a mnimumor maxinumis said to be an
opt i mal desi gn.

It should be noted at this point that nmaximzation of a function
is the same as mnimzation of the negative of that function. Thus
any design problem can be cast in the above form The optim zation
program begins with an initial input X vector which nmay or nay not
define a feasible design. It should be enphasized that the starting

point can be an infeasible design. The program has the ability to end
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up at a feasible design, which is the most powerful feature of this

method.

4.3. Automated Optimization Algorithm

In the case of a ship synthesis, the initial vector {X} defines
the designer's initial estimate of the ship data (displacement,
performance, etc.).

The optimization vprocess than proceeds iteratively by following

the relationship

2L o x4 a8 (4.2)

where n is the number of iterations, S is a vector which indicates the
direction of search in the non-dimensional design space and "a" is a
scalar which defines the distance of travel in direction S.

The optimization process then proceeds in two steps:

(1) A direction S is determined which will reduce the

objective function without violating constraints.

(2) The scalar “a” is determined so that either the

objective function is minimized in the direction s, or
a new constraint boundary is encountered.

Once these two steps are completed, the current situation is
stated as follows: either the objective function has improved towards
and has reached an optimum or at least a local minimum of the
objective function, or no further Iimprovement can be made in this
direction and it is necessary to determine a new S vector, which will
improve the design without violating the constraints. This continues
on until the optimal design has been achieved at the point where no
direction exists which will reduce the objective function further

without violating the constraints. The method of feasible directions

34



is described in detail in Vanderplatts [18].

4.4. Design Optimzation Exanple

The followi ng sinple exanple of a two-variable design problem
illustrates the algorithm of the nethod.

The life cycle cost per ship of a naval combatant is to mnimzed
as a function of the following tw design variables: length between
perpendicular  (LBP) and prismatic coefficient (cp), subject to two
constraints. Constraint Cl requires that the calculated full |oad
di spl acement is within a ten percent tolerance! of the estimted
di spl acenent based on an enpirical formula. Constraint @ requires
that the mnimum intact &m is equal to or greater than the estination
by a simlar enpirical formila.

The graphical representation of such a problem can be seen in
Figure 4.1, where the lines of displacenent represent constant value
contours. Assume that point A is chosen as the initial design which
satisfies our reauirements. Then the program proceeds through the
following steps:

a) FEach of the X variables (design variables) is perturbed

to determne its effect on the Ilife cycle cost per ship
(objective function). The gradient of the life cycle
cost per ship function is calculated by the finite
difference method. Because at this point no constraints
are active or violated, the greatest inprovenent in the
objective function (mnimzation) is obtained by noving
in the negative gradient or steepest descent direction,
so that S = -V(SYSCPs)

b) After the S determnation, the scalar ®a®" in FEgn. 2 nust

be determned so that either the objective function is
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c)

mnimzed in this direction or some constraint boundary
is encountered. A one-dinensional search is done in the
direction S to determne the appropriate value for ®"a*
so that an inproved design can be achieved at point B.
Because the constraint O is encountered, no further
inprovenent can be achieved in this direction, wthout
violating the d constraint.

A new direction is then found which will reduce the
objective function wthout wviolating the d constraint.
Such a direction can be found by solving a |inear
programi ng subproblem with a single quadratic
constraint For nore details on the solution of such a
problem  see Vanderplatts [18]. If no such direction
exists, then the current point is considered a global or
at least a local optimum In this exanple such a
direction exists and the design proceeds from point B to

C where the constraint Q is encountered.

d) The subproaram is then solved again, resulting in a

e)

further reduction of the objective function and an
active constraint at point D

Finally, from point D, the one-dinensional search yields
a solution at point E, which is the vertex of the
constraints and as may be easily seen, the mnimum |life
cycle per ship design point. A this point, the problem
perturbs the design variables to obtain the gradient of
the objective function and both active constraints or
the linear subproblem is solved once nore. The solution

this time is zero, which means that an optimum has been
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achieved. Point E is clearly the optimum, since no
direction exists at this point which will reduce the
objective function any further without violating one or
both of the constraints.

It should be pointed out that in conceptual ship design, it
is possible that the initial starting point in the design space
may be in the infeasible region. The program will. proceed toward
the feasible reqion- with a minimal increase in the objective
function. The above described method is directly extendable to
the n-dimensional problem. Additional constraints may also be

added without increasing the complexity of the design process.

4.5. COPES/CONMIN Organization
The purpose of the COPES program is to provide automated

design and tradeoff capability. The user must provide a FORTRAN
analysis program, in this case, ASSET, for the analysis of the
particular problem being considered. This analysis program is
written according to a simple set of guidelines so that it can be
easily coupled to the COPES program for automated design
synthesis. The main task of COPES/CONMIN is to read and organize
data which identify the objective function, design variables and
constraints, to couple the analysis code to the optimization
routine and finally to perform optimization. There are some
simple requirements for using this capability:

a) The analysis routine must be written in a standard language
for easy transfer from one computer to another, with
subroutine ANALIZ as the main routine.

b) The analysis routine must be segmented into input, execution

and output, with the code written in subroutine form, so that
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it may be called for execution with different values of the
design variables.

c) All parameters, which may be design variables, the objective
function or constraints, must be stored in a. single labeled
common block called GLOBCM, for easy access by the
optimization  program.

The analysis code is called for input only once, but may be called for

execution many times during the design optimization process. The

analysis code is called twice for output, first to print the results
of the analysis of the initial design, and again to print the results
for the optimized design. The analysis code may be called for output
more than twice at the user 's option to print intermediate design
information. In order to execute the COPES program, it is necessary
to provide formatted or unformatted data, followed by data for the

ANALIZ subroutine which is coupled to COPES.
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5.0 COWUTER GRAPH CS

Wile the nost inportant advantage of the optimzation program is
the ability to find optinmal solutions quickly and thus inexpensively,
there can be certain disadvantages to wusing it. Lack of perception of
the optimal design and lack of information in the neighborhood of the
optimum point nmake designers hesitant to use these techniques. The
COPES/ CONM N optimzation program previously described can solve the
probl em of |ack of information around the optinmum point. This is
because the design can begin as an infeasible design and proceed to a
feasible optimum one. The COPES program maintains a record of all the
designs tried, which the designer may then examne and use for further
information and design  decisions.

The COPES program al so identifies those constraints and design
variables that are active or violated: therefore the designer wll
have information on what is nost critical to the design. But while
the above features are of assistance to the designer, the output wll
still be sinply a nunber which is left to the designer to accept.
Moreover, the conplexity of the design optimzation problemis
indicated by the fact that sonme design input variables are varied to
reach an optinum of the objective function. The objective function
itself may vary because of its dependence on other paranmeters which

also change for different input data through the iteration process..

5.1. Optimzation G aphics
The visualization of the optimzation process is compl ex.
Therefore, graphical perception of the design optimum is necessary to

neke the engineer feel nore confident,.as it provides himwth an

additional check of the solution.

Whil e the automated optim zation routine,  COPES handl es the
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nunerical aspects of the problem a graphic visualization of the
process i S desirable. An interactive conputer graphics capability
clearly would be beneficial to this process. The best presentation of
an objective function as a function of some design variables is
through the use of 2- and 3-D conputer graphics. The use of
3-dinmensional mesh perspectives allows direct viewng of the objective
function as a function of tw variables. The contour quickly |ocates
the naxinum design point in addition to locating nearby naxinuns which
m ght also be of interest to the designer. These graphics give a
conplete picture of the design space for any two design variables at a
time. If the design variables nunber nore than two, the wvariation of
the objective function can be represented by a greater nunber of
diagrams, on which the engineer nust nake sone kind of judgment.

To make the wvisualization of the optimum design even clearer, or
to vary the objective function wth each one of the design variables
separately in 3-D space, projection of the 3-D diagram onto the two
vertical planes, 2-D portrayal, is desirable. This 1is especially
inportant, because in ship design the condition of flat-laxity is
noted and an explicit presentation of the design space may be needed.
Thus a conplete graphical output consists of the general 3-D plot of

the design space conplenented by the tw 2-D projections.

5.2. Gaphics Programs

From the available graphics prograns at the Acadeni c Conputer
Center at the University of Wshington, the followng two were
selected for the needs of this study:

1) PICTURE = for three-dinensional displays

2) SIMPLOT = for sinple or conplex 2-D diagrans.
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5.2.1. PICTURE

PICTURE is a FORTRAN subroutine that produces perspective
di splays of  three-dimensional surfaces on a drum plotter, the Gould
electrostatic plotter, Tektronix graphics termnals, or other plotting
devi ces. It can renove hidden lines, draw both the upper and |ower
sides of a surface, and draw a perspective box surrounding the
surface. The subroutine was developed by Mlvin Prueitt at the Los
Alamos Scientific Laboratory, [19].

The user nust provide a data file through some sinple FORTRAN
argunents. Based on this data file, PI CTURE creates a
three-di mensional array, wth specific values for each Xx,¥,2 point.
How the wuser wants the array depicted, such as selecting view point,
scale factor, enclosing box frame dinmensions, etc., Is wvariable
through specification of the corresponding parameters. Mre about
PICTREs features and uses may be found in the PICTURE user's guide
in Appendix B.

5.2.2. SIMPLOT
SIMPLOT is the University of Washi ngt on SIMple PLOTting
system[20]. SI MPLOT can be used to display pictures and di agrans
mde up of points, lines, wres, bars, etc., that represent a Series
of nunbers or variables given to S ML
SIMPLOT runs through a set of 18 sinple commands. These commands
are of three types:
a) descriptive commands, Wwhich describe the nunbers to be
displayed (input data) and the the output device
b) plotting commands, which tell S MLOT which of the nunbers in
the input data to display and how to display them
c) optional commands, which tell SIMPLOT what extra things, if

any, are to be included 1in the display (labels, Iegends,
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statistics), and how the display is to differ from the
standard picture layout, if at all..
Al the above commands mst be contained in a comand file, Wwhich is
read by SIMPLOT upon execution. Mre details about SIMPLOT's use and
features may be found in the SIMPLOT Wsers Manual in Appendix C

5.3. Design Exanple

As a a non-autonated exanple of the optimzation/graphics design
procedure, the analysis program HYCAT was selected, Calkins [21].
HYCAT is a conputer program which was witten to conpute the foilborne
performance of a hybrid Hydrofoil CATamaran, HYCAT. The program is
based on a |ift and drag performance analysis algorithm The inputs
to the program are hull beam, foil aspect ratios and material, gallons
of fuel, nunber of passengers and nunber of engines. The program then
produces a geonetry statenent, a weight statement and a performance
statement, in addition to 2-D plots of range versus speed for each
value of aspect ratio and hull beam The conputer nodel assumes that
the foils have incidence control and are adjusted so that the hull
trim is zero degrees over the foilborne speed range. The problem then
IS to determne the nmaximum foilborne range as a function of the speed
and hydrofoil aspect ratio while behavioral constraints on the speed

and the thickness to chord ratio are inposed. The problem stated

mat hematically is:

max R = f£(ARF, ARA, ©U) for BM = constant
wher e:

R = range (N.M)

ARF = aspect ratio forward

ARA = aspect ratio aft
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U = speed (kn)

BM = hull beam (ft)
Geonmetric constraints:

20.0 £ u £ 50.0

1.0 ¢ ARF < 10.0

1.0 < ARA < 10.0

Behavi or constraints:
U

U < U or < 1.0
max Umax
U

U 0.9 U or < 0.9

£ cavf Ucavf
u £ 0.9 U,ua©F j g $ 0.9 (5.1)

- ¢ cava
0.04 < TCF < 0.2
0.04 < TCA < 0.2

where:

Upax = Mxinum speed inposed by the naxinum horsepover
Uoays and Uy = cCavitation speed forward and aft

TCF and TCA = thickness/chord ratio forward and aft.
The program HYCAT was run for cases covering the operating speed range
for foil aspect ratios froml to 15, Pantazopoul os [22]. From the
output data, a sensitivity study of the design variables was made.
Figure 5.1 shows a typical plot of range versus speed for aspect
ratios of 8 forward and aft, in addition to the speed constraints..
Figure 5.2 shows the wvariation of horsepower as a function of speed.
For the maximum installed SHP of 3200, the corresponding naximum speed
was determined as indicated in Figure 5.2 Figure 5.3 shows the
variation of required thickness/chord ratio as a function of aspect
ratio with the inposed constraints also show. Cavitation speed is
shown in Figure 5.4, as a function of aspect ratio, and as a function

of speed corresponding to maxinmum range in Figure 5.5  Individual
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Variation of SHP versus speed (aspect ratios:1.0,5.0,10.0)
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studies of each constraint in consideration of the above sensitivity
studies finally led to the defined |limted design space shown in
Figure 5.6. The maximum range for each aspect ratio was al so found
after the constraints were inposed, Figure 57, and the desired
maximim range was found. Also shown in Figure 57 is the variation of
maxi num range versus aspect ratio wthout the inposed constraints to
examne their effect on the objective function.- The above nanual
method consumed a great deal of time, especially in the analysis
process, to determne the optinmum (maximn) range.

For this problem a 3-D conputer graphics routine which generates
a perspective view of the three-dinensional design space was used to
visualize the location of the optimum PICTURE was selected as the
most versatile tool to fulfill these needs. The data file created by
HYCAT nmode was used as input for the 3-D PICTURE  program
Three-dinensional  perspective plots are shown in Fgue 538 wth

OX axis = aspect ratio

OY axis = speed

0z axis = foilborne range.
The design constraints are also shown on the plot to define the
feasible design space where optimzation may proceed. The location of

the nmaxinum range is easily visualized.
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6.0. ASSET/ COPES ENSEMBLE

In this section, the coupling process of the INITIALIZATION, COST
and SPACE nodules of the ASSET program wth the necessary control
subroutines and the OOPESYCONMN optimzer is presented. In this
effort, the goal was to introduce the fewest possible nodifications to
the three nodules, so that their structure and organization would not

be changed drastically from their format in the ASSET program

6.1. Design Variable Selection

e of the nost inportant decisions in the devel opment of the
ASSET/CONMIN nodel is the selection of design variables.. The ship
designer nust chose the critical variables for the design process from
a wde spectrum of paraneters.

A review of the current literature shows that each synthesis
nmodel selects the design variables based on different criteria. There
are, however, some generally acceptable parameters used in all the
model s. Bot h the  optimzation nmethods of Mrphy, Sabat and
Tayl or [13]1 and of Mndel and Leopold [14] wuse displacenent (A),
prismtic coefficient (C,)y speed- | ength ratio, beam dr af t
ratio (B/T), and length-depth ratio (L/D) as the design variables.
Lews [14] later added the mdship section coefficient (C) to the
above five variables. The Canadian CEM [15] used the l[oad waterline
length (LW), | engt h-di spl acement ratio (L/A), prismatic
coefficient (Cp), bl ock coefficient (c,), beamdraft ratio (B/T and
length-depth ratio (L/D) as design variables. Watson [15] proposed
replacing the block coefficient, beamdraft ratio and |ength-depth
ratio wth | ength-beam ratio (L/B), Dbeamdepth ratio (BD and
draft-depth ratio (T/D. Recently Jenkins [16], with the REED/ COPES

model chose as desi gn vari abl es the length bet ween
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perpendiculars (LBP), length-beam ratio (L/B), beamdraft ratio (B/T),
prismatic coefficient (Q) and mdship coefficient (cx).

As is obvious from the above, there are sone generally acceptable
parameters used as design variables. Length is one of the mgjor
dimensions involved in ship design, and it is apparent that the
displacenent and cost of a ship wll be dependent on the length. This
relationship is seen in Figure 6.1. which shows the correlation
between length and displacement of all conventional types of naval
conbatants of the U S Navy. The  follow ng st at enment by
Saunders [23] supports the selection of length as a design variable:

:j%vetlhgpegrotuﬁroafgh up%eerv\%tggrsformt h(éomcfsihciimgmtlSeng{:%nﬁ| I ggriacng} ?r;

appears as one of the principal dinensions. IT is Telated

directly and indirectly to the beam draft, displacenent

wei ght, “displacement volume, and to nany other factors.

The dinensionless form coefficients are very useful paraneters in
ship size and form estinmation and are conveniently used because of

their non-dinensional character. The prismatic coefficient, C and

o
mdship section coefficient, €., give a good indication of the ship
form and size. Accordingly, the prismatic coefficient, whi ch
indicates the fullness of the wunderwater hull, was selected as the
second design variable.

The mdship section coefficient, C,, was selected as the third
design variable. This coefficient relates the area of the mdship
section to the area equal to the beam and the draft at that section.
It is useful in the estimation of the hull  strength, the initial power
requirements and is also inportant to the ship notions in a seakeeping
study.

Finally, for the level of the present study, the |ength-beam

ratio, L/B, was selected as the fourth design variable. Thi s
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di mensi onl ess coefficient is  fundamental to power i ng and
maneuverability  calculations.  Consideration of the [list of available
input variables for the INTIALIZATION nodule excluded selection of
additional design variables, such as other ship form coefficients and
dinmensions. It should be enphasized, however, that the designer may
designate any of the other variables used in this nodel as design

vari abl es.

6.2. (bjective Function Selection

An equally inportant decision is the selection of the objective
function. An  extensive review of literature pertaining to conceptual
ship design and optimzation nodels showed that there is no unique
approach to the problem Indeed, there are two factors which seem to
doninate the field: cost and size. Cost is expressed as acquisition
or profit, and size as displacement or volume. Thus, Nowacki [24]
worked with a single economic figure of nerit, required freight
rate (RFR), for the objective function of comercial vessels. Mandel
and Leopold [14] wused a three-term weighted optimzation criterion as
an objective function. In this criterion, the first term represents
the cost, while the other two take into account the owner's
requirements of payload weight and payload vol une. Leopold and
Reuter[25] | ater established a nultiple-term optimzation criterion
and  proposed that the terms cost, effectiveness, flexibility,
availability, habitability, wvulnerability, and survivability mght be
used as an objective function. O the other hand, Eanes [15], in his
CEM recomended "that a sensible objective for concept exploration is
to find the mnimum size of ship required to achieve a given payload,
speed, and range." He nodeled this requirenent wth the separate or

simul taneous maxim zation of: operational weight ratio, operational
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volune ratio, and transport  effectiveness. Jenkins [16], guided by
Manning and Saunders [23], used the displacement as an objective
function. The M nimzation of the displacement required to support
the specified payload itens was used as an indicator of relative size
and cost.

As may be realized from all of the above, it seens necessary to
examne both factors, cost and size, in order to he conplete in the
specification of an optinmm The main characteristic of mlitary
vessels is the satisfaction of the "mlitary requirements.’' In
contrast to commercial vessels, the mnilitary vessel's mission is to
deliver a mlitary payload at a specified time and place and to
provide services when and where needed, rather than to be profitable.
This justifies the choice of the mninum displacenent as an objective
function.

It is also inportant that in wusing mnimum displacement as a
measure of nerit for the mlitary vessel, the highest ratio of
mlitary payload to displacement is obtained. MNaval conbatants of the
frigate type are considered to be space-domnated. As discussed
previously, a successful naval conbatant is characterized by
satisfaction of the "mlitary requirenents." Since the mlitary
payload is a factor related to those requirenents, it wmay be defined
in ternms of as the operational weight and operational volune.
"(perational  volune" corresponds to “operational weight," which is
defined as the difference between the displacenent and the total
weight of the primary and secondary hull structure, superstructure,
machinery, auxiliary systenms and outfit, and fuel. " Qperat i onal
volume" is defined as the difference between the nmnachinery, personnel,

outfit and fuel volunme and the total vol une. Thus the ratio of the
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operational volune to total volune would be an indication of the
successful distribution of the internal volume. The nmaximzation of
this ratio could provide a valid neasure of the relative efficiency of
the ship volume. This objective function is conmbined with the
mnimzation of the displacement for a better representation of the
size of the ship and of the mlitary mssion required percentage of
the internal vol une.

In addition, the overall life cycle cost of the ship may be the
nost valuable conponent for conparison of the different ship concepts
and configurations. Mnimzation of the overall [life cycle cost of
the ship may result in a far nore neaningful search for the optinum
design than consideration of only the displacenent and vol une.

A conbination of three individual objective functions has
therefore been selected. Mnimzation of the full load displacenent
is the first objective function, achieved by the use of the
| NI TI ALI ZATION  nodul e. Maxi mzation of the operational/total  volune
ratio is the second objective function, achieved by the use of the
SPACE nodul e. M nim zation of the overall Iife cycle cost is the
final  objective function, achieved by the use of the OXT nodule. The
sel ection of these three objective functions correlates wth the
selection of the three nodules, | N TIALI ZATI ON, COST and SPACE from
the ASSET nodel.

6.3. Design Constraints

The inposition of the design constraints limts the acceptable
design outputs of the COPES/CONM N optim zer to one design which

satisfies the inposed constraints in an optinum fashion.
In order to couple the three ASSET nodules wth OPESCONMN it

was necessary to nake several nodifications to the nodules. Al of
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the following constraints have been introduced mainly in the
| NI TI ALI ZTI ON nmodule, as it is responsible for providing a
satisfactory initial ship nodel. The constraints may also be inposed
indirectly on the other two nodules, OOST and SPACE through the
INTIALIZATION nodule, but were not for this study.

A series of constraints related to the displacenent, residuary
resi stance coefficients, stability requirenents, avai l able and
required horsepower, usable fuel weight, and propeller calculations
was added to the program code. The INTIALIZATION nodule gives a
series of warning nessages when extrapolation in the calculation
beyond defined limts occurs, unsatisfied mnimum requirenents  exist,
or non-convergence of the displacenment and the full |oad wei ght
occurs. The proposed constraints, wthout [imting the nodule's
ability to give these warning nessages during the design process,
succeed in establishing an optinum design which satisfies all of the
i posed constraints. In other words, the final product of the
INTIALIZATION nodule is a design wthout warning nessages related to
the above constraints, and therefore an acceptable one.

The convergence loop in subroutine INTLZ of the |N TIALIZATION
module was not changed for the wetted surface area, smeared thickness
of the primary hull structure, design and range drag, design and range
speed delivered horsepower, range and wusable fuel weight, or full |oad
weight. This does not limt the optimzer, and in addition gives a
series of warning nmessages when convergence does not occur. Leaving
this iterative loop wunchanged prevents the need for additional
constraints which would have replaced the convergence | oops.

The introduced constraints and the corresponding subroutines are:

RATIOL = (0.85/RATIO) - 1.0 < O
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RATIO2 = (RATIO/1.15) - 1.0 < O, (6.1)

The displacement on design waterline is constrained to be wthin
15 percent of the full load weight based on the existing tolerance in
the ASSET program Shoul d the designer desire to change the
tolerance, it is acconplished by changing the limts of the argunents
in the input data for the COPES/CONMIN optim zer.

In the subroutine |IHYSTA the added argunents:

GMRREQ, = (GMMIN/GM) - 1.0 < O and
FBRREQ = (FBDMIN/FBDACT) - 1.0 < O (6.2)
limt mnimum intact GVM and mninmum intact freeboard for | nt act

stability requirenents. The above statenents nmean respectively that:
a) The calculated actual intact GV nust be greater than the
mnimum permssable intact owm.
b) The calculated actual freeboard nust be greater than the
mnimum permssible freeboard.
The requirement that the main engine rated continuous horsepover
be greater than the required horsepower was introduced in the

subroutine IMACHY wth the argunent:
PHPRAT = (PHPREQ/PHPAVL) - 1.0 < O. (6.3)

Simlarly, in the same subroutine a statement was added which
restricts the secondary engine available continuous horsepower to

being less than that required through the argunent:
SHPRAT = (SHPREQ/SHPAVL) - 1.0 < O. (6.4)

The areatest nunber of constraints was added in subroutine CIRYLR due

to the limtations of the Taylor Standard Series power estinmation.
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The added argurents:

BTl = (2.25/BT) - 1.0 £ O
BT2 = (BT/3 75 - 1.0 < O (6.5)

require the beam to draft ratio to be greater than 2.25 and less than

3.75 in order to use the residual resistance coefficients in the
Taylor  Standard Series wthout extrapolation.

Constraints on the [limts of the prismatic coefficient introduced

by the argunents:

CPl = (0.52/cP) - 1.0 <O
cP2 = (Cp/068) -1.0 < O (6.6)

require that the oprismatic coefficient must be greater than 0.52 and
less than 0.68 to avoid extrapolation.
Simlarly, the volunmetric coefficient ~should be greater than

0.001 and less than 0.002, which is satisfied by the added argunents:

cvl
Cv?2

(0,001/cv) =10 < 0 and
(cv/o 002) - 10 < 0. (6.7)

Finally, the speed to lenath ratio nust be positive and less than

two, which was introduced by the followng argunments:

SL1 = SL(-1.0) < 0 and
SL? = (sL/20) = 1.0 < O. (6.8)

Requirenments on the calculations of the open water propeller
characteristics were introduced in the subroutine |PLIBR The

necessary argunments for this were:

(0.68/PCHDIA) - 1.0 < O and
62
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PCHDIA2 = (PCHDIA/3.4) - 1.0 < O, (6.9)

which require that the pitch/dianeter ratio nust be greater than 0.68
and less than 3.4,

The remaining constraints appear in the subroutine [INTLZ  and
require that the usable fuel weight nust be positive. The usable fuel
weiaht is determned by subtraction of the weight of |lightship and the
wei ght of all full loads (except fuel) from the fixed full |oad
wei ght.  Logically, the fuel weight nust be positive. Thi s was

achieved Dby addition of the argunent:

WTFUELl = WFUEL(-1.0) < 0, (6.10)

As nentioned previously the above constraints have been added to the
| NI TI ALI ZATI ON module- but could have been inposed indirectly on the
other two nodules. Should any further constraints be desired, the
designer need only identify them input sinple FCRTRAN argunents in
the program code, specify their wupper and lower limts, and add the

necessary data to the input data of the COPESCONMN optimzer.

6.4. G.OBCM Statenent

The COPES/CONMIN proaramrequires the COWON GLOBCM statement,
which is a labeled common bDblock that contains all of the objective
functions, the design variables. the constraints and all necessary
paraneters for the optimzation process. The /GLOBCM/ Statement nust
appear in each subroutine in which the variable or paraneter is used.
The optimzer COPESOCOWMN wuses this block as a catalog to identify
the location of the objective function, the design variables, the
constraints, and all of the input data variables, as well as the

output  result  paraneters.

63



It must be enphasized here that the /GLOBCM/ |abeled common block
contains all the above nentioned items for all three nodules,
INTIALIZATIQN OBT and SPACE  This is because of the ASSET/ COPES
model  organi zati on. Table 6.1 shows the contents of the /GLOBCM/
| abel ed common bl ock, while Appendix F is a conplete list of the

elenents wth the corresponding global location for each.

6.5. Model Organization

Additional nodifications to the three ASSET nodul es were
required, primarily related to the FORTRAN language rules, but also
related to the structure of the ASSET/COPES nodel. The addition of
the /GcLoBcM/ | abel ed comon block, necessary for coupling purposes,
entailed the removal of the /CMPL/ | abel ed common block in all three
modul es. The /cMPL/ bl ock represented the nodel paraneter |ist (MPL)
of each nodule of the ASSET program  Now all of the necessary input
data are read from an input file instead of being transferred from the
data bank through the current nodel process. To serve this purpose,

READ statenents have been added to the code of the program  Another

list of added arguments was used to initialize all the control
parameters  (i.e. menu nunber for printed output, etc.), which were
included in the /CIOCON/ |abeled comon block; see ASSET manual s.

Addi tional nodifications include:

a) changes of the paraneter names where conflicts occurred

b) addition of statements to specify different parameters

c) renoval of  unnecessary arguments.
A brief but conplete guide for all the nodifications is shown in
Table 6.2 for the [INTIALIZATION nodule, Table 6.3 for the QO8T
modul e, and Table 6.4 for the SPACE nodul e.

As stated previously, it is necessary for the operation of
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COWDN  GLOBCM /

$ BMOMHG ,BMOMSG, CA, CGFULL(2), CGI, CREW(3),DDELHP,DHRHO,DHVOLF,

$ DHVOL,DMISSN,DMODEI,DMTRLI,DRAGD,DRAGFC,DRAGR,EFFYRR,EFFYTD,

$ EFFYTR, FLINEI ,HCP,HCX,HLBPB,HLBPD,HLBP ,HMARGS , HMAXPS , HMTRLI,

$ HSIZEI,HTD,HULRHO,HULVOL,PDIAM, PHPAVL , PHPREQ, PLOADI , PMARGN,

$ PNOENG, PROPNO, PROPSI,PROPTI,PSFC,PSIZEI,PTYPEI,RANGE,RDELHP,

$ SHPAVL,SHPREQ, SMARGN, SMOIM, SNOENG,SSFC,SSIZEI,SSPUI,STYPEI,

$ SYSKWI,SYSKW,TDCOEF,TEFFYI,TTYPEI,VDESGN, VRANGE ,WAKEFR,WORM(31),
$ WTADJ(7) ,WTAGAS,WTAMMO (4) ,WTARM(5) ,WTCRGO (5),WTCS (5) ,WTFUEL,

$ WTFULL ,WTMRGN,WTSHIP(8),SURF,THICK],AX,B, CWP,DISP,T,XKB,HBT,

$ cv,sL,CP,BT,RATIO, FBRREQ,GMRREQ, PHPRAT, SHPRAT,RATIOL,RATIOZ2,

$ BT1,BT2,CP1,CP2,CV1,CV2,SL1,SL2,WTFUEL],PCHDIAL, PCHDIA2, ADFACC,
$ AIRVOL,ANOPHR,ANORDC, FUELC, FUELRP, FUELRS, PFFRAC, PLDFSC, PLDLSC,

$ PLDTEC,RATEPD,RDLGTH,SERVLF,SHIPNO, TCHADC, YRDLLR, CLTOT, CLALL,

$ CADJ, CFALL, CFOLLW, CFOUTF, CFTOT, PFOLLW, CLEAD , CLOUTF, PLEAD, CEGY,

$ c1sp,CISS,CMTC,COASOC, COPS, CPPE, CPSE, CPTE, CSDD, CSPE, CSSE, CSTE,

$ DCLFPS,DCLIFE,SYSCPS,SYSCST,ARMSPC(4),ACTVOL,SSCS1(18),VSSCS1(18),

$ sscs2(31),vsscs2(31),58CS3(35),VSSCS3(35), TOTARE, TOTVOL,OPTOTVL,

$ FKN(9),RATEIF(15),U0ASC,UUCAPY,UUNITC,DFMMHR,DTIOC, RATELN

Table 6.1. Common Block Q@.BOM of the ASSET/OQCPES Model
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SUBROUT INE
[ HULGM

THYSTA

IMACHY

Table 6. 2.

INITIALIZATION MDULE

MOD! FI CATI ON

1) Addition of the /GLoBCM/ |abeled comon bl ock

2)

1)
2)

INTIALI ZATION ~ Modul e

Addition of the following arguments, for constraint purposes:

HBT=HLBPD/ (HTD*HLBPB), RAT101=(0.85/RAT10)-1.0, and
RATIO2=(RATIO/1.15)-1.0

Change of the dummy variables of the SUBRCUTINE argunent,

because they are contained in the /GLOBCM/ common bl ock

Addition of the /CLOBCM/ | abel ed common bl ock

Addition of the following arguments, for constraint purposes:

QRREQGE(GWM N GV)-1.0, and  FBRREQ=(FBDM N FBDACT)-1.0

Change of the dummy variables of the SUBROUTINE statenent,

because they are contained in the /GLOBCM/ common bl ock

Addition of the /GLOBCM/ |abeled common bl ock

Addition of the follow ng argunents, for constraint purposes:

PHPRAT=(PHPREQ/PHPAVL)~-1.0, and SHPRAT=(SHPREQ/SHPAVL)-1.0

Change of the dumy variables of the SUBROUTINE statenent,

because they are contained in the /GLOBCM/ comon bl ock

Modi fi cati ons.



I NI TIALI ZATION  MODULE
SUBROUTINE MODIFICATION
ANALIZ (initially INITLZ) 1) Renoval of the /CSYNTH/ and /CMPL/ |abeled common bl ocks
2) Addition of the following Iabeled comon bl ocks:

/GLOBCM/ for the coupling with the COPES/CONMIN optim zer
/CINFR/ with informations of the COST nodul e

JCINFI/ with informations of the SPACE nodul e

JCUNTT/ with specifications of the unitsystem

/GLOBCN/ with variables from the COST nodul e

/GLOBCL/ with variables from the SPACE nodul e

ﬂ 3) Addition of TF, RETURN, and CONTINUE statements to segment

the subroutine ANALIZ in input, execution, and output

4) Addition of DATA statenents for the variables of the /CINFO/
| abel ed common block

5) Addition of READ statements to read control variables for
output, unit-system selected nodule, nodule data for the
I NITIALI ZATIQN, OOST, and SPACE nodul es

6) Addition of WRITE statements to wite the nodule data of all
three nodules, for checking of the nodule input data

7) Addition of IF, and CONTI NUE statements to control mnodul e
Input data and nodul e execution

Table 6.2.  Continued. Conpl ete Guide of the Mdifications of the Initialization Mdule of the

ASSET/ CCPES Model
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Table 6. 2.

ANALI1Z (continued)

Cont i nued.

INITIALIZATION MODULE

8)
9)
10)

11)

12)

13)

14)

15)

MODIFICATION
Addition of the argument WTFUELI=WIFUEL*(-1.0), for constraint
pur poses
Addition of CALL statements for the COST and SPACE nodul es
Initialization of control variables of the /CIOCON/ conmon bl ock
Initialization of all the uninitialized variables of the /GLOBCM/
| abel ed common bl ock
Reformation of the dummy variables in the CALL statement of the
subroutines IHULGM, IHYSTA, IMACHY, and IPROP, because they are
contained in the /GLOBCM/ |abeled common bl ock
Change of variable nanes, because of confliction with the nanes of
the variables of the COPES/CONMIN program (i.e.ITMAX to IITMAX etc.)
Transfer of the QUTPUT CGENERATICON part from the CCST subroutine, as
output is controlled by the ANALIZ subroutine. The control variable
TONCON has been substituted by the nane TICONON to avoid confliction
Transfer of the QUTPUT CGENERATION part from the SPACE subroutine, as
output is controlled by the ANALIZ subroutine. The control variable
TONCON has been substituted by the nanme IOONON to avoid confliction

Conpl ete Quide of the Mddifications of the Initialization Mdule of the
Model

ASSET/ CCPES



INTTTALTZATION MODULE

SUBROUTINE,
INTMPL

IPLIBR
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LPROP

IRESIS

1)
2)
1

2)
3)

4)

1)
2)

1)

MODIFICATION

Removal of the /CMPL/ labeled common block

Addition of the /GLOBCM/ labeled common block

Addition of the following statements, for constraint purposes:
PCHD1A1=(0.68/PCHDIA)-1.0 and PCHDIA2=(PCHDIA/3.40)-1.0
Addition of the /GLOBCM/ labeled common block

Change of the dummy variables in the SUBROUTINE statement,
because they are contained in the /GLOBCM/ common block
Reformation of the dummy variables in the CALL statement of
the subroutines LIBGVN, and OWSLOP; (variables are contained
in the /GLOBCM/ labeled common block)

Addition of the /GLOBCM/ labeled common block

Change of the dummy variables in the SUBROUTINE statement,
because they are contained in the /GLOBCM/ common block
Reformation of the dummy variables in the CALL statement of
the subroutine IPLIBR; (they are contained in the /GLOBCM/
labeled common block)

Change of the dummy variables in the CALL statement of the

subroutine CRTYLR; (they are contained in the /GLOBCM/ block)

Table 6. 2. Cont i nued. Compl ete Quide of the Modifications of the Initialization Mdule of the

ASSET/ COPES  Model



0L

SUBRQUTI NE

SH P2

LI1BGVN

OWSLOP

Table 6.2. Cont i nued.

I NITIALI ZATI ON MODULE

1)
2)

1)
2)

3)

1)
2)

MODI FI CATI ON
Addition of the /GLOBCM/ |abeled common bl ock
Addition of argunents to correspond the variable values
included in the /GLOBCM/ block to the dummy variable values
used in this subroutine (i.e. Al=AX, etc.)
Addition of the /GLOBCM/ |abeled common bl ock
Change of the dummy variables in the SUBROUTINE statenent,
because they are contained in the /GLOBCM/ common bl ock
Change of the variable names A B, C AA BB, CC, AAA BBB
and CCC to A6, Be6, C6, A7, B7, C7, a8, B8, and (B8 respecti-
vely, because of confliction with variable nanes of the
COPES/CONMIN program
Addition of the /GLOBCM/ |abeled common bl ock
Change of the dummy variables in the SUBROUTINE statenent,
because they are contained in the /GLOBCM/ comon bl ock

Compl ete Quide of the Mdifications of the Initialization Mdule of the
ASSET/ COPES Model



SUBRQUTI NE
CRTYLR
~J
'_l
Table 6.2.

INITTALIZATION MODULE

Conmpl ete Quide of
ASSET/ COPES

Cont i nued.

1)
2)

Model

MCDI FI CATI ON_
Addition of the /GLOBcM/ |abeled common bl ock
Change of the dummy variables in the SUBROUTINE statenent
because they are contained in the /cLoBcM/ conmon bl ock
Renoval of the DIMENSION WORM(31) argument, because it is
contained in the /GLOBCM/ |abeled common bl ock
Addition of the following statements, for constraint
pur poses:
BT1=(2.25/BT)-1.0, BT2=(BT/3.75)-1.0
CP1=(0.52/CP)-1.0, CP2=(CP/0.68)-1.0
CVi=(0.001/cv)-1.0, CV2=(CV/0.002)-1.0
SL1=SL*(-1.0), and SL2=(SL/2.0)-1.0

the Mdifications of the Initialization Mdule of the



ZL

SUBROUTINE

cosT

Table 6. 3.

COST  Modul e

COST MODULE

MODIFICATION

1) Removal of the /cMPL/ |abeled common bl ock

2) Renoval of the DIMENSION CMNAME(3), Z(18,6) statenent,
(arrays are contained in the /GLOBCM/ common bl ock

3) Renoval of the QUTPUT CGENERATION part, because it has been
transferred in the subroutine ANALIZ

4) Addition of the /GLOBCM/ |abeled conmon bl ock

5) Addition of the /GLOBCN/ |abeled common block, (contains
variables included in COST nodule other subroutines)

6) Addition of DATA statement to specify the PTITLEl, PVERSN1,
and PDATEl paraneters

7) Initialization of the control paranmeters of the /CICOON/
| abel ed conmon bl ock

8) Change of the /CINFO/ and /CIOCON/ nanes to /CINFR/ and
/CICOON/ respectively, and the nane of the TONCON paraneter
to ICONON; because of confliction with the corresponding
names of the paraneters of the subroutine ANALIZ

9) Reformation of the dummy variables in the CALL statenent of
the subroutines CTLEAD, CTFLLW CTLIFE, CLFSUM because the
variables are contained in the /GLOBCM/ common bl ock

Modi fi cati ons.



L

SUBRQUTI NE
CSTERR

CSTMPL
CSTMBC

CTLEAD, CTFLLW Q.FSWM

CTLI FE

COST_MODULE

MCDI FI CATI O
1) Change of the /CIOCON/ name to /CICOON/, as explained in

subroutine COST

1) Removal of the /CMPL/ labeled common block

2) Addition of the /GLOBCM/ labeled common block

) Change of the /CIOCON/ name to /CICOON/, as in subroutine COST

1) Addition of the /GLOBCM/ labeled common block

2) Change of the dummy variables in the SUBROUTINE statement,
because they are contained in the /GLOBCM/common block

1) Addition of the /GLOBCM/ labeled common block

2) Change of the dummy variables in the SUBROUTINE statement,
because they are contained in the /GLOBCM/ common block

3) Removal of the DIMENSION CREW(3) statement, because array is
contained in the /GLOBCM/ labeled common block

Table 6.3. Continued. Conpl ete Quide of the Modifications of the COST Mbdul e of the ASSET/ COPES Mdel
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SPACE. MDUE
SUBROUTINE MODIFICATION
SPACE 1) Removal of the /CMPL/ l|abeled common bl ock

2) Kenoval of the DIMENSION SSCS1(i8),...etc. statement, (arrays
are contained in the /GLOBCM/ common bl ock

3) Removal of the QUTPUT CGENERATION part, because it has been
transferred in the subroutine ANALIZ

4) Addition of the /GLOBCM/ |abeled common bl ock

5) Addition of the /GLOBCL/ |abeled common block, which contains
variables included in SPACE nodule other subroutines

6) Addition of DATA statement to specify the PTITLE2, PVERSN2,
and PDATE2 paraneters

7) Addition of the argument: OPTOTVL=(VSSCSI(1)/TOTVOL)*1 .0

8) Initialization of the control paraneters of the /CIOOCN/ block

9) Change of the names of the /CINFO/ and /CIOCON/ common bl ocks
to /CINFI/ and /CIOOCN/ respectively, and the paraneter IONCON
to ICONON, because of confliction with the corresponding names
of the subroutine ANALIZ

10) Reformation of the dummy variables in the CALL statenent of
the subroutines SPCS1, SPCS2, and SPCS3, (variables are
contained in the /GLOBCM/ |abeled common block

Table 6.4, SPACE Mdule Mdifications.



SL

SUBROUTINE
SPCERR

SPCMPL

SPCMSG

SPCS1, SPCS2

SPCS3

Table 6.4 Continued.

SPACE MODULE

MODIFICATION

1) Change of the /CIOCON/ common block name to /CIOOCN/, as

1)
2)
1)

1)
2)

explained in subroutine SPACE

Removal of the /CMPL/ labeled common block

Addition of the /GLOBCM/ labeled common block

Change of the /CIOCON/ common block name to /CIOOCN/, as
explained in subroutine SPACE

Addition of the /GLOBCM/ labeled common block

Change of the dummy variable list in the SUBROUTINE statement

because the variables are contained in the /GLOBCM/ block

3) Removal of the DIMENSION ARMSPC(4), . .etc., and the

1)
2)

DIMENSION CREW(3) statements of the SPCSI and SPCS2 subrouti-
nes respectively; ( arrays are contained in the /GLOBCM/
labeled common block

Addition of the /GLOBCM/ labeled common block

Change of the dummy variable list in the SUBROUTINE statement
because the variables are contained in the [GLOBCM/ labeled

common block

Complete Guide of the Modifications of the SPACE Mdule of the ASSET/COPES Model



COPES/CONMIN to have

ANALIZ, and has the calling parameter 1caLc, For ICALC =1, the

- for

the operation of COPES/CONMIN are read in. For ICALC = 2, all

the analysis calculations are perforned by the optimzer, and

| CALC

module should be named subroutine ANALIZ, and that the other

= 3 the final results are printed out.

the analysis portion, i.e., the three ASSET

modules- Of the program in subroutine form This subroutine is called

data
of

for

Based on these guidelines, it was decided that the INTIALIZATION

- modules, OOBT and SPACE, would be called as sinple subroutines by

two

the

ANALIZ subroutine, at the wuser's desire. Provision also was made to

segment the subroutine ANALIZ into input, execution and output,
accordance with the paraneter [CALC The INTIALIZATION nodule is

mai n

executed nodul e. | f the user wants to execute only

| NI TIALI ZATION  nodule, he nmay input data for only this. If the

want s
the QOOST or SPACE modules in addition to the [INTIALIZATION nodul e.

The

in
t he
the

user

to execute the OBT or the SPACE nodules, he nust input data for

This was necessary for two reasons:

a) The QBT and SPACE nodules need input data in addition
to the results of the INTIALIZATION nodule, as these
two nodules are in the analysis portion of the ASSET
program

b) The leading particulars of a ship are not a direct input
in either the OBT and SPACE nodules, and so cannot be
defined as design variables for these two nodules.

calling and execution sequence for the ASSET/OPES nodel is

schematically in Figure 6.2

6. 6.

| nput
The program begins by reading the followng data:

76
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PROGRAM COPES

CALL ANALIZ ucate

END
SUBROUTINE ANALIZ ucnes  [wopate™™

CALL COST

CALL SPACE

END C
SUBROUTINEC 0 S T ook
=ND SPACE
SUBROUTINE SPACE (Moo
END

Fig. 6.2 Schematical Presentation of the Calling, and Execution
Sequence of the ASSET/CCPES Mdel

17



a) data necessary for control of the  COPES/CONMIN
optim zer, (i.e., control of printed output, objective’
function, design variables, constraints, specifications,
etc.)

b) variable nane to control nodule execution

c) data to specify wunit-system and numbers of nenus to be
printed in the output, for each nodule

d) data necessary for each nodule execution,

Al four sets of data nust be input to a data file (i.e., DATAS for
this study. The COPES/CONMIN optimzer accepts data for two options:
a) sinple analysis and b) nunerical Optimzation. Mre details on
this are in Ref. [17].

It is restated here that input data for the execution of the
NI TIALI ZATTON  rodule are always required, no matter which objective
function is to be optimzed Table 6.5 shows a conplete set of input
data for the execution of the INTIALIZATION nodule. An extensive
reference  on the input data, formats, other specifications and
exanples is i ncluded in the ASSET/ COPES/ GRAPICS User's Cuide

(optimzation node), Appendix E.

6.7. output

The ASSET/ COPES nodel produces only printed output. The user
controls the amount of printed output by specifying the necessary
control variables. It should be enphasized here that results related
not only to the optinum design may be printed, but also results
related to the different stages of design before the optinmum is
achi eved (i.e. nei ghborhood of the optimum etc.). This is easily
done by specifying the control variable for COPES/CONMIN output in the

data related to the optimzer (data set A.

8
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Input Data for Execution of the Initialization Mdule of the

ASSET/ CCPES

Table 6.5.
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The amount of printed output for each module is controlled by
specifying the variable IONCON (data set C); see also
ASSET/ COPES/ GRAPHI CS User’'s Guide in Appendix E. Upon execution of
the |INITIALI ZATION  module, only printed output related to this module
may be obtained. Upon execution of the COST or SPACE module, pr in ted
output related to the | NI TIALIZATI ON and each one of the above two
modules may be obtained.

A complete set of all the outputs for each module is shown in
Table 6.6, and an examole of the menu numbers 1 and 2 after the
execution of the | NI TI ALI ZATI ON module (minimization of full load

displacement), Fig. 6.3.
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[ NITIALI ZATI ON MCDULE

Menu Description
#1 Summar y
#2 Hul | Geonetry
#3 Hul | Structure
#a4 Resi st ance
#5 Propel | er
#6 Machi nery
67 Wei ght
#8 Hydrostati cs and Seakeepi ng

Qptimization Information

00ST MCDULE
1 Summary
#2 Unit Acquisition Costs
#3 Life-Cycle Costs

Optim zation Information

SPACE MODULE
#1 Summary
#2 SSCS1 Space Requirerents
#3 SSCS2  Space  Requirenents
#4 SSCS3 Space Requi renents

Optimzation Information

Table 6.6. INTIALIZATION, COST and SPACE Mdule Qutput.
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7.0.  ASSET/ GRAPHI CS ENSEMBLE
7.1.  Mdel Organization
In  this section, the necessary modi fications to the
| NI TI ALI ZATI ON, COST and SPACE nodules in order to formthe
ASSET/ GRAPHI CS subprogram  program will be  presented. The
ASSET/ GRAPHI CS ~ subprogram is responsible for all the graphical output
which nmay be produced by the new synthesis system
The ASSET/GRAPHCS effort was concerned wth the development of a
program which could produce 2-D and 3-D plots of the objective
function as a function of the design variables for each one of the
three nmodul es. As has been discussed in the previous section, the
selected objective functions and the design variables for each module
wer e:
1. full load displacenent
2. life cycle cost per ship
3. ratio of operational volume to total volune
Design variables
1. length between perpendiculars
2. LBP to beam ratio
3. prismatic coefficient
4. mdship section coefficient.
The main objective of this nodel is the visualization of the design
space using the the same design variables, objective functions and
constraints as are used in the optimzation nodel. Thus, the optinmum
can be perceived and located nore clearly and specifically.
It was also the objective of this study to develop a graphics

model which could be easily nodified by the addition of nore design
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variables or the selection of new objective functions. In this case,
the user wll Dbe required to change or add sonme argunents and to'read
the additional paraneters.

The required program units for the ASSET/GRAPHCS nodel were the
| NI TI ALl ZATI ON, QBT and SPACE nodules, plus the PICTURE and SIMPLOT
graphics routines. In addition to these, a min program of sinple
FORTRAN arguments was witten which transfers the control to the
required rmodule. Also, a series of subroutines wes added to create
t he graphical output. Each one of these subroutines is responsible
for generating a 3-D perspective and two 2-D projections for each set
of one objective function and two design variables.

The main program was named PICTUR and the subroutines PICTO01,
PICT02....PICT18. Each of the subroutines then calls one of the
modul es for execution and creation of the  graphical out put .
Subroutines PprcTol, through PICT06 call the |N TIALIZATION nodule.
The output represents the design space when the objective function is
the full load displacenent.

Subroutines PICTO7 to PiCcT1i2 call the |IN TIALIZATION and COST
modul es. The output represents the design space when the objective
function is the life cycle cost per ship. The calling of the
I NI TI ALI ZATI ON nodul e before the GOBT nodule was necessary for the
followng tw reasons: (a) the OBT nodule belongs to the analysis
part of the ASSET program and thus needs input data from the results
of the INTIALIZATION nmodule (i.e., total weight), and (b) the four
design variables are not input directly to the GCBT nodule.

This calling process sequence was preferable to the process of
first executing the |INTIALIZATION nodule, then inputting the results

to the OBT module, and finally creating a graphical output after the
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design variables had been input again.

Subroutines PICT13 through PICT18 call the [INTIALIZATION  and
SPACE nodul es. The outputs represent the design space when the
objective function is the ratio of operational volune to total volune.
The reasons for calling the INTIALIZATION before the SPACE nodule are
the same as those nentioned above for the COST nodul e. A program

control  organization is shown in Figure 7.1

7.2.  ASSET Modifications

Additional nodifications of the three nodules were required in
order to execute each one of the nodules. These nodifications were
due prinmarily to the FORTRAN language rules, Dbut others of primry
inportance are related to the structure of the ASSET/GRAPHICS nodel.

7.2.1. | NI TI ALI ZATION  Modul e

ne inportant change which was necessary for the graphics nodel
was the addition of the labeled common block /GLOBCM/. In this comon
block are listed all the paraneters, objective functions and design
variables of all three nodules. This was required for the graphics
creation by each module and the control transfer fromto the main
program This common block was added to each subroutine in which the
paraneter was used. The contents of the /GLOBCM/ |[abeled common bl ock
are shown in Table 7.1 The addition of the /GLOBCM/ common bl ock
entailed the removal of the existing /CMPL/ |abeled common bl ock,
which represented the nodel parameter list (MPL), in all three
nmodul es. Al necessary input data, contained in the G.LOBCM conmon
bl ock, are now read from an input file instead of being transferred
from the data bank through the current nodel process.

Another addition to the |IN TIALIZATION nmodule was a |ist of
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INITIALIZATION
MODULE

/

/

MAIN PROGRAM

PI CTUR

SPACE
MOIJULE

/

‘\-\~\\\‘

PICTOL PICTO2 PI CTO7 | PICTO8 PICTI3 PICT14
PI CTO3 PICTO4 PICT09 PICT10 PICTIS PICTI6
PICTO5 PICTO6 PICTI1 P1CT12 PICT17 PICT18
Fig. 7.1. Program Control Organization of the ASSET/GRAPHCS Model.




ooWON @BV /
$ BMOMHG,BMOMSG, CA, CGFULL (2), CGI, CREW(3) ,DDELHP,DHRHO,DHVOLF,
$ DHVOL ,DMISSN,DMODEI ,DMTRLI ,DRAGD ,DRAGFC,DRAGR,EFFYRR,EFFYTD,
$ EFFYTR, FLINEI,HCP,HCX,HLBPB,HLBPD ,HLEP,HMARGS , HMAXPS ,HMTRLI,
$ HSIZEI,HTD,HULRHO,HULVOL,PDIAM, PHPAVL, PHPREQ, PLOADI , PMARGN,
$ PNOENG,PROPNO,PROPSI,PROPTI,PSFC,PSIZEI,PTYPEI,RANGE,RDELHP,
$ SHPAVL ,SHPREQ, SMARGN,SMOIM, SNOENG,SSFC,SSIZEI,SSPUI,STYPEI,
$ SYSKWI,SYSKW,TDCOEF,TEFFYI,TTYPEI,VDESGN, VRANGE ,WAKEFR,WORM(31),
$ WTADJ(7),WTAGAS ,WTAMMO (4) ,WTARM(5) ,WTCRGO (5),WTCS (5),WTFUEL,
$ WTFULL,WIMRGN,WTSHIP(8),SURF,THICK],AX,B,CWP,DISP,T,XKB,ADFACC,
$ AIRVOL,ANOPHR,ANORDC,DFMMHR, FKN(9), FUELC, FUELRP, FUELRS , PFFRAC,
$ PLDFSC,PLDLSC,PLDTEC,RATEIF(15),RATELN,RATEPD ,RDLGTH,SERVLF,
$ SHIPNO,TCHADC,UOASC,UUCAPY,UUNITC, YRDLLR, CLTOT, CLALL ,DCLFPS,
$ DCLIFE,CADJ,CFALL, CFOLLW, CFOUTF,SYSCPS, CFTOT, PFOLLW, CLOUTF,
$ CPPE, CPSE, CLEAD,SYSCST,PLEAD, CEGY, CISP, CISS , CMTC, COASOC, COPS,

$ CPTE, CSDD,ARMSPC(4),ACTVOL,SSCS1(18),VSSCS1(18),55¢52(31),
$ vsscs2(31),85Cs3(35),VSSCS3(35),TOTARE, TOTVOL ,0PTOTVL, CSPE,

$ CSSE, CSTE

Table 7.1. Common Block Q@.CBOM of the ASSET/GRAPHCS Model
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argunents in order to initialize the paraneters which were included in
the ,/crocon/ |abeled common block. These paraneters are responsible
for the baud rate of the terminal, graphical outputs, maxinmm
iteration nunber, etc. (For nore information see ASSET nanual s.)
Additional nodifications in the program include:

a) changes in the paraneter nanes where conflicts occurred

b) addition of DATA statements to specify different paraneters

c¢) removal of unnecessary argunents and common bl ocks (i.e.
/CSYNTE/ |abeled comon bl ock)

d) addition of the READ and WRITE statenents to first read the
input data and then wite them as they had been input during
the output stage for checking purposes.

Table 7.2 includes in brief all the changes in the [INTIALIZATION

mdule in each of its subroutines.

7.2.2. QBT Mdule
The changes nmade in the COST nodule are of the same type as in
the INTIALIZATION nodule. For a description of them see Table 7.3.

7.2.3. SPACE Modul e

The changes nade in the SPACE nodule are analogous to those nade
in the other tw nodules. Table 7.4 is a brief but conplete list of
these nodifications. There is only one argument which is inportant
for the graphics creation. This is the statenent which specifies the
ratio of the operational volume to the total wvolune, i.e., the
objective function of the SPACE nodule. The following statement was
added to the SPACE subroutine of the SPACE nodul e:

OPTOVL (VSSCS1(1)/TOTVOL) *1.0 (7.1)
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SUBRQUTI NE

INITLZ

| NTHPL

SH P2

Table 7.2. I NTIALI ZATI ON

INITIALIZATION MCODULE

MDD FI CATI ON
Removal of the JCSYNTH/ |abeled common bl ock
Renoval of the /CMPL/ |abeled common bl ock
Addition of the /GLOBCM/ |abeled common bl ock
Addition of READ and WRTE statenments to read and wite the
mdule Input data, and to specify control parameter IONCON
Addition of DATA statement to specify the PTITLE, PVERSN and
PDATE paraneters
Initialization of all the control paraneters Included in the
/CIOCON/ |abeled common bl ock
Renoval of the /CMPL/ |abeled common bl ock
Addition of the /GLOBCM/ |abeled common block
Addition of the /GLOBCM/ |abeled common bl ock
Addition of arguments necessary to correspond the values of
the variables included in the /GLOBCM/ common block to the
values of the dummy variables used in this subroutine
(i.e. Al=AX,etc.)

Modifications for the ASSET/ GRAPH CS Model .



SUBRQUTI NE aosT
oosT

1)
2)
3)
4)
5)
6)
7)

CSTERR
CSTMPL 1)
1)
2)
CSTMSG 1)
CTFLLW 1)
2)
CTLEAD 1)
2)
CTLI FE 1)
2)
CLFSUM 1)
2)

Table 7.3.

MODULE

MODI FI CATI ON
of the /CMPL/ |abeled common bl ock
Addition of the /GLOBCM/ |abeled common bl ock
Addition of DATA statement to specify the PTITLE, PVERSN,
and PDATE paraneters
Addition of READ
modul e i nput

Renoval

and WRITE statements to read and wite
ICONON
Change of the /CINFO/ and /CIOCON/ names to /CINFR/ and

/CICOON/
of

data, and to specify control paraneter
confliction with the names
[ NI TI ALI ZATI ON  nodul e

vari abl es

because of
the
the control

respectively,
the same common bl ocks of
Initialization of all included in the
/CICOON/ |abeled common bl ock

Reformation of the dummy variables in the CALL statenment of
the subroutines CTLEAD, CTFLLW CITLIFE, and CLFSUIM (dummy
in the /GLoBCM/ common bl ock
Change of the /CIOCON/ conmon block nane to /CICOON/

the /CMPL/ |abeled common bl ock

the /GLOBCM/ |abeled common bl ock

variables are contained

Renoval of
Addi tion of

Change of the /CIOCON/ common block nane to /CICOON/
Addition of

Change of

the /GLOBCM/ |abeled common bl ock
the SUBROUTINE argument,

(dummy variables are contained in the /GLOBCM/ common bl ock

the dummy variables of

Addition of the /GLOBCM/
the SUBRQUTI NE
the /GLOBCM/
the SUBROUTI NE
the /GLOBCM/
the SUBROUTI NE

Change of
Addition of
Change of
Addi tion of
Change of

90

| abel ed conmon bl ock
in CTFLLW subroutine
| abel ed common bl ock
in CTFLLW subroutine
| abel ed common bl ock
in CTFLLW subroutine

statenent, as

statenent, as

statenent, as

COST Modul e Modi fications for the ASSET/ GRAPH CS Model .



SUBRQUTI NE
SPACE

SPCERR

SPCMPL

SPCOVBC
SPCS

SPCS2

SPCS3]

Tahle 7.4.

SPACE__ MDUE

MDD Fl CATI ON
Renoval of the /CMPL/ |abeled comon bl ock
Addition of the /GLOBCM/ |abeled common bl ock
Addition of DATA statement to specify the PTITLE, PVERSN,
and PDATE paraneters
Addition of REAL) and WRITE statement to read and wite
modul e input data, and output control paranmeter [|NOCON
Addition of the argument: OPTOTVL=(VSSCS(l)/TOTvVAL)*I.O
Change of the /CINFO/ and /CIOCON/ names to /CINFI/ and
/CTOOCN/ respectively, because of confliction with the
nanes of the sanme comon blocks in the |NTIALIZATION, and
COST  nodul es
Change in the DIMENSION statement because the variables are
contained in the /GLOBCM/ |abeled common bl ock
Reformation of the dummy variables in the CALL statement of
the subroutines SPCSI, SPCS2, SPCS3; (dummy variables are
contained in the fGLOBCM/ |abeled common bl ock)
Initialization of all the control parameters included in
the /CIOOCN/ |abeled conmon bl ock
Change of the /CIOCON/ nane to /CIOOCN/ common bl ock nane

Removal of the /cMpPL/ |abeled common bl ock

Addition of the /GLOBCM/ |abeled common bl ock

Change of the /CIOCON/ nane to /CIOOCN/ common bl ock narme
Addition of the /GLOBCM/ |abeled conmon bl ock

Renoval of DIMENSION statement, (variables are contained in
the /GLOBCM/ |abeled common bl ock)

Change of the dummy variables in the SUBRCUTINE argument,
(variables are contained in the /GLOBCM/ common bl ock)
Addition of the /GLOBCM/ |abeled conmmon bl ock

Renoval of DI MENSI ON statement, as in SPCS| subrouti ne
Change of the SUBRCUTINE statenment, as in SPCSI subroutine
Addition of the /GLOBCM/ |abeled common bl ock

Removal of DIMENSION statement, as in SPCS subroutine
Change of the SUBROUTINE statement, as in SPCS subroutine

SPACE Mdule for the ASSET/GRAPHICS Model .
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7.3 Input

The program begins by reading the followng data:

a) Vvariable name to control nodule execution

b) variable names to control graphical representation of the

design variables

c) values of the design variables to create the graphical grid

d) values of the remaining variables after the selection of

design variables

e) nunbers of nenus to be printed in the output

f) data to specify unit-system

g) data necessary for each nodule execution.

The first four sets of data are read by the PICTUR program and
the subroutines PICT0O1 to PICT18, depending upon the case. The
remining sets of data are read by each nodule separately, also
depending on the user's selection. The first four sets of data nust
be put in a data file (i.e. TAPE8 for the exanple in this study), and
the remaining three sets of data in another data file (i.e. DATAS for
the exanple in this study). This was necessary because the nodel
calls and executes the selected nodule as many times as required to
create the graphical grid wthout changing the values of the nmain
portion of the nodule data (data sets E to @, but the values of the
design variables. Input data for the execution of the [N TIALIZATION
mdule are always required, no mnatter which graphics wll be produced
because of the nodel structure. Table 7.5 shows the necessary nodule
data (data sets E to G) for production of each graphical output. A
sinple exanple of a conplete set of input data is shown in Table 7.6
for ~the execution of the IN TIALI ZATION nodule. The input data,

exanples, formats and other specifications are included in the ser's
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GRAPHICAL AND PRINTED QUIPUT FCR INTIALIZATICN MDUE
Data for [INTIAIZATION Mdul e
1. Input data for unit-system
2. Input data for printed output menu nunbers
3. Input data for nodule specifications
GRAPHCAL AND PRINTED QJTPUT FQR QOST MXDULE
Data for [INTIALIZATICN Mdul e
1. Input data for unit-system
2. Input data for printed output mnenu nunbers
3. Input data for nodule specifications
Data for Q0BT Mdul e
1. Input data for unit-system
2. Input data for printed output nenu nunbers
3. Input data for nodule specifications
CRAPHCAL AND PRINTED QUTPUT FCR SPACE MDULE
Data for INTIALIZATION Mdul e
1. Input data for unit-system
2. Input data for printed output menu nunbers
3. Input data for nodule specifications
Data for SPACE Mdule
1. Input data for wunit-system
2. Input data for printed output menu nunbres

3. Input data for nodule specifications

Table 7.5. Input Data to Produce the Qaphical and Printed Qutput
for each Mdule of the ASSET/GRAPH CS Model.
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Quide (graphics node), Appendix E

Input data for the creation of the 3-D plots by PICTURE execution
are included in the subroutines PICTOl to PICT18 and thus are fixed
for any case. Mre information on this nmay be found in the previous
section or Appendix B Input data (parameter  specifications, scales,
etc.) for the 2-D plots by SIMPLOT execution are included in the
SIMPLOT data file (i.e. SIMPDAT for the exanple in this study) and

my be seen in the previous section or in Appendix C

1.4, out put

The ASSET/GRAPHCS nodel produces two kinds of  output )!,/printed
and graphi cal . Even though graphical output is the min purpose of
the nodel, it was necessary to add a printed output wth the [|eading

particulars and other information for each point (ship) of the design
grid.  The user controls the amount of printed output by specifying
the nunber of the nmenu which he wants to print. This is easily done
by specification of the variable, i.e. IONCON for the |NTIALIZATION
modul e;  see ASSET/OOPES/ (RAPHCS Wser's Qiide in Appendix E,

Uon execution of the INTIALIZATION nodule, only printed and
graphical output related to this module may be obtained. Upon
execution of the COST nodule, printed output related to the
INTIALIZATION and OOST nodules nay be obtained for the same |eading
particulars, but graphical output my be obtained related only to the
COST nodul e. Upon execution of the SPACE nodule, printed output
related to the INTIALIZATION and SPACE nodules nay be obtained for
the same |eading particulars, but graphical output nay be obtained
related to the SPACE nodule.

The user controls all of the types of output. A conplete set of

all the outputs for each nodule is shown in Table 7.7, wth all the
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#3
#4
#5
#6
#7

#8

I NI TIALI ZATI ON MODULE

PRI NTED QUTPUT

GRAPH CAL QUTPUT

PLOT NUMBER

#
#2
#3
#4
#5
#6

Table 7.7.

Printed and G aphi cal
ASSET/ GRAPHICS  Model .
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DESCRI PTI ON
Summary

Hul | Geonetry
Hul | Structure
Resi stance
Propel | er

Machi nery

Vi ght

Hydrostatics and Seakeepi ng

DESCR! PTI ON

WFULL = f(LBP, LBP/ B)
WIFULL = f(LBP, CP)
WIFULL = f(LBP,CX
WFULL = f(CP, LBP/ B)
WIFULL = f(CX, LBP/B)

WIFULL = f(CP, CX)

Qut put for each Mddul e of the



COST _MODULE
PRINTED QUTPUT

MENU DESCRI PTI ON
#H sunmary
#2 Unit Acquisition Costs
83 Life-Cycle costs

GRAPHI CAL  QUTPUT

PLOT NUMBER DESCRI PTI ON
#1 SYSCPS = f{(LBP,LBP/B)
#2 SYSCPS = £(LBP,CP)
#3 SYSCPS = £(LBP,CX)
" SYSCPS = f£{CP,LBP/B)
s SYSCPS = £(CX,LBP/B)
#6 SYSCPS s £(CP,CX)

SPACE MODULE

PRINTED QUTPUT

MENU DESCRI PTI ON

#1 Sunmary

#2 S$sCcsl Space Requirenents
#3 5552 Space Requirenents
#4 §sCS3 Space Requirements

GRAPHICAL QUTPUT

PLOT NUMBER DESCRI PTI ON
¢l VPAYL/TOTVOL = f(LBP,LBP/B)
12 VPAYL/TOTVOL = f(LBP,CP)
#3 VPAYL/TOTVOL = f(LBP,CX)
#4 VPAYL/TOTVOL = f(CP,LBP/B)
#5 VPAYL/TOTVOL = f(CX,LBP/B)
#6 VPAYL/TOTVOL = f(CP,CX)
Table 7.7. Continued. Printed and G aphical Qutput for Each Mdul e

of the ASSET/ GRAPH CS Model
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nenu itens included. An exanple of graphical output and the related
printed output, menu nunbers 1 and 2, from the execution of the

INTIALIZATION nodule nmay be seen in Figures 7.2 and 7.3
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8.0.  ASSET/ COPES/ GRAPHI CS  ENSEMBLE
8.1. Mdel Organization

The final phase of this study was the developnent of the
ASSET/ COPES/ GRAPHI CS ensenble synthesis program The new synthesis
nmodel conprises the following program units:

1. INITIALI ZATION Modul e

QBT Modul e
SPACE  Mdul e
COPES/ICONM N Optim zer
PICTURE Graphics Program
SIMPLOT Qaphics  Program

o ol e W N
»

To reduce the amount of storage required and to nmke efficient
use of field length. the synthesis program was divided into overlays.
The synthesis nodel overlay structure is shown in Figure 8.1 Al of
the graphics possibilities for each nodule are also shown. The nain
overlay (0.0)is loaded first and remains in core at all tines.
Consequently all the utility and control subroutines of both main
subprograns are included in the main overlay.

The first primary overlay (1,0) is related to the optimzation
programs and includes the nodified IN TIALIZATION. COST and SPACE
modules of the ASSET program The second primary overlay (2.0) is
related to the graphics and includes the necessary routines to control
the graphics, and the INTIALIZATION OOST and SPACE nodules necessary
to create the required graphical output. The subroutines for the
creation of the graphics are included in the graphics Iibrary, which
Is attached to the program

The new synthesis nodel is a versatile tool which can:

a) optimze any function which is included in the G.OBCM
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common block for each of the INTALIZATTON QOOBT and
SPACE nodul es

b) control the amount of printed output (for any nodule and
for any menu nunber)

c) provide 2-D and 3-D graphical output for each one of the
| NI TI ALI ZATI ON. COST and SPACE nodul es. including
printed output related to the graphical grid

d) enable the user to control the printed and graphical
output of any nodule for both tasks through an easy

process of inputting values to the control parameters of
the program

The proposed process for using the new synthesis nodel is as
fol l ows. Won decision of a design space. a 3-D graphic protrayal is
generated and then a selection of design variables is of fered. The
optimzation node is then run to determne the optimum which satisfies
t he i nposed constraints. The design space obtained in graphic f or mat
is the general design space without the constraints inposed. It is
the designer's decision as to which constraints the design nust
satisfy in order to limt the design space and to obtain an optinmm
design. A presentation of the above procedure is shown in Figure 8.2.

The design space represents a nunber of ships which are obtained
through a systematic variation of design variables. i.e. length
between perpendiculars and prismatic  coefficient. The design space

may represent:

a) full load displacenent -~ [INTIALIZATICN nodul e

b) total cost per ship for 30 years of service life - COST
nmodul e

c) operational to total volune ratio = SPACE nodule.
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Fig. 8.2 Fl ow Di agram for the Operation of the ASSET/ COPES/ GRAPHI CS Synt hesi s System.
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The optinum ship in the design space is the one which satisfies all
the requirements inposed by the design constraints.

The graphical grid represents the conplete design space for
specific values of input data. Possible conbinations of plotting for

each of the nodules are:

a. Full Load Displacement = £(LBP. LBP/B, CP. CX)
b. Total Cost/Per Ship = f(LBP. LBP/B, (P, (X
c. Operational Volume/Total Volume = f(LBP, LBP/B. (P. CX)

The optimzation node then searches for an optimum (nininum or
maxi mum  in the above design space- Al conbination of the four
design variables. two at a time- can be displayed as 3-D
graphical output acconpanied by 2 x 2-D plots which represent the
projection of the 3-D plot on the two vertical planes.

The overlay structure was preferred for the new synthesis
nodel organization. A schematic illustration of the program
structure is shown in Figue 8.1 The main overlay (0,0)
controls the entire program Upon input of the desired node. the
control is transferred to either of the two tasks the program
runs, optimzation or graphics. The data files and the data
tapes are decoded in the min overlay. The control is then
transferred to the optimzation node which includes the main
program of COPESOCONMN and the subroutine ANALIZ

8.2. Input

The data are divided into two types: data necessary to
control execution node, e.g.. output nmenu nunmber, etc.- and the
nodul e-data necessary to run each nodule. i.e.. ship particulars.
machinery, etc. For each execution node. the data are contained

in tw data files. Data file TAPES was chosen for the control
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data for both nodes. and the data file DATAS for

of both nodes. Another data file i
Section 7, for the data necessary

SIMPLOT  graphical output. A sinple

S required.
to control
order of

the nodule data

as discussed in

and specify

ar gunent s.

I ncluded in data file SI MPDAT, is required.

information, see the SIMPLOT User's

The wuser may easily change the

Quide. Ap

val ues of

and DATAS Dby sinply changing the argunment of

Program statement of the nmain overlay (0,0) .

OPTIM ZATION node. the program requires:
a) data to specify this node (data file: TAPEB)
COPES/ CONM N

b) data to specify paraneters

optimzer. desired nodule execut

of the

pendix C

the 2-D
which is

For nore

data files TAPES
INPUT-QUTPUT at  the

To execute the

ion. output nenu nunber.

unit-system and nodule-data (data file:

To execute the GRAPHCS node. the program requires:

this
shown

dat a.

8.3.

DATAS) .

a) data to specify this node. the desired nodule.

design variables for the graphical out

values (data file: TAPES)

b) data to specify unit-system

the

put and their

output menu number

nmodul e-data for the selected nodule (data

and

file: DATAS)

c) data to control and specify necessary paraneters of
output for the two 2-D plots (data file Sl MPDAT)
Because the [INTIALIZATION nodule is the

module are required by default.

main unit-nodul e,

The data

in Figure 8.3. For a conplete and detailed

see the ASSET/OPEY GRAPICS Wser's

out put

Two types of output may be obtained
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LOT

INITIALIZATION
MODULE

DATA

CONTROL DATA

MODULE DATA

OPTIMIZATION

-

COST
MODULE

DATA

MAIN PROGRAM

HobiEs

DATA

Fig 8.3.

JONTROL DATA|

MODULE DATA

CINTROL  DAT

MODULE DATA

Data Chart Organization of the ASSET/COPES/GRAPHICS Synthesis System




8°1

Fig.

GRAPHICS

__— T

MODULE

INITTALIZAT1ON

DATA

cosT SPACE
MODULE MODULE
DATA DATA

ICONTROL DAT

MODULE DATA

CUNTRUL DA

MODULE DATA

CONTROL DAL

SIMPLOT DATA

8. 3. Cont i nued.

SIMPLOT DATA

MODULE DATA

STMPLOT DATA

Data Chart Organization of the ASSET/ COPES/ GRAPH CS Synt hesis System




nmodel : printed or graphical. Execution of the OPTIMIZATION node
concludes wth a detailed output wth information on the optimzation
process and on the optinum design for each one of the three nodules.
INTIALIZATION Q38T or SPACE  upon user request. Execution of the
GRAPHCS node concludes with both types of output: a 3-D perspective
pl ot and two 2-D plots which represent the design space for a
specified set of one objective function and two design variables. In
addition. orinted output nay be obtained which represents the whole
design space and gives detailed information for every point of the
design space grid. The wuser controls all the outputs and also the
amount of printed infornation needed.-

A sumarized presentation of the new synthesis nodel output for

both execution nodes is given in Tables 81 and 8.2 respectively.
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[ NITIALI ZATI ON MCDULE

Menu
#
#2
#3
#4
#5

#6
#7

#8

Description
Sunmary

Hul' | CGeonetry
Hull  Structure
Resi st ance

Propel | er

Machi nery

Wei ght

Hydrostatics and Seakeepi ng

Optimzation Information

#1

#2
#3

00ST MODULE
Summary
- Unit Acquisition Costs

Life-Cycle Costs

Ootimzation Information

#1

#2
#3

#4

SPACE  MXDULE
Summary

S§SCS1 Space Requirenents

SSCS2 Space Requi renents

SSCS3 Space Requirenents

Optimzation Information

Table 8.1. Printed Qutput of the Qptimzation Mde of the
ASSET/ COPES/ GRAPHI CS Synt hesi s System
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I N TIALL ZATI ON

MODCLE

PRINTED OUTPUT

#3
ite
#5
#6
#7

#8

GRAPHICAL OUTPLT

PLOT  NUMBER

t
§2

3
e

#5

PLOT

PLOT NUMBER

41

2

#3

#6

#5

L1

Table 8.2.

DESCR PTION

Printed and G aphi cal

X LBP
x

DESCR PTI QN
Summary

HIl |  Geometry
HIll Structure
Resistance
Propel | er
Machinery
Weight

Hydrostatics and Seakeeping

DESCR PTI ON

WIFULL s £(L3P,LBP/B)
WTFULL = f(LBP,CP)
WTFULL = £(LBP,CX)
WIFLLL = £(CP,LBP/B)
WIFULL = £(CX,LBP/8)

WIFLLL % £(CP,CX)

$ _DESCRPTION

LBP/B
0Z: WITFULL
ox: LBP
oY: CP
07: WIFLLL
o LB?
0Y: cx
0Z: WIFULL
ox: CP
O LBPIB
02: WIFCLL
[
0Y: LBP/B
0% WI FULL
ox: CP
0Y: cx

0Z: WIFLLL

Qut put of the G aphics Mde of

ASSET/ CCPES/ GRAPHI CS Synt hesi s System
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it

MENU
#1
#2

#3

PLOT NUMBER
#l
#2
#3
#4
#5

#6

PLOT NUMBER

#3

#4

#5

#6

Table 8.2. Cont i nued.

Q5T MDULE

PR NTED QJTPUT

DESCR PTI ON

Summary

Unit Acquisition Costs

Life-Cycle costs

GRAPH CAL QUTPUT

CESCR PTI AN

SYSCPS = £(LBP,LBP/B)

SYSCPS = f(LBP,CP)

SYSCPS = f(LBP,CX)

SYSCPS = £(CP,LBP/B)

SYSCPS = £(CX,LBP/B)

SYSCPS & £(CP,CX)

PLOT DESCRIPTION

X
or.
0z:

(08

oY:

0Z:

X

0Y:

0Z:
ox:
or:
02:
ox:
or:
oz:

OoX:

oY:

0z

AXTS DESCRIPTION

LBP
LBP/B
SYSCPS
LBP

CP
SYSCPS
LBP

CX
SYSCPS
cP

LBP/B

CX

LBP/B

cp

CX

Printed and Graphical Qutput of the Gaphics Mde
of the ASSET/ COPES/ GRAPH CS Synt hesis System
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Table 8.2.

MENU
#
#2
#3

#4

SPACE MIDULE

PR NTED QJTPUT

GRAPHICAL OUTPUT

PLOT NUMBER

#2
#3
4
#5

#6

PLOT NUMBER

[

2

#3

23

#5

#6

Cont i nued.

PLOr DESCRPTTQON

DESCR PTI ON

sumary

§8¢S1 Space Requirenents

SSCS2 Space Requirenents

SSCS3 Space Requirenents

DESCR PTTON

VPAYL/TOTVOL
VPAYL/TOTVOL
VPAYL/TOTVOL
VPAYL/ TOTVQL
VPAYL/ TOTVCL

VPAYL/TOTVOL

= £(LBP,LBP/B)
= f(LBP,CP)
= f(LBP,CX)
+ £(CP,LBP/B)
= f£(CX,LBP/B)
= £(CP,CX)

IS DESRPT AN

f R

(V) §

0Z:

0OX:

0z:

0OX:

0OX:

oY:

(074

LBP

LBP/B

t VPAYL/TOTVOL

LBP

: CP

© VPAYL/TOTVOL

LBP

cxX
VPAYL/TOTVOL
Cp

LBP/B
VPAYL/TOTVOL
cX

LBP/B
VPAYL/TOTVOL
CP

cxX

VPAYL/TOTVOL

Printed and G aphi cal
of the ASSET/ COPES/ GRAPHI CS Synt hesi s System
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9.0. DESIGN STUDI ES

This section wll present the results of studies performed using
the ASSET/ COPES/ GRAPHI CS synthesis system
9.1.  ASSET/ COPES/ GRAPHI CS  Exanpl e
9.1.1. Probl em Statenent

The prinme purpose of a naval ship is the transportation of
weapons and the equipnment to direct them Thus the ultimate goal of
the design process is to develop a ship which represents a reasonable
bal ance between cost and mlitary performance. The starting point of
the design process is the mssion requirenents. In the case of a
naval conbatant, this includes the mlitary payload and mssion to be
acconplished over the lifetime of the ship. Mre explicitly, these
requi rements woul d include definition of payload (weapons and
sensors), maxinum sustained speed, endurance speed and  range,
habitability standards, future growh margins and design life of the
shi p. These requirements are nmutually dependent. For  exanple,
mssion requirements wll generally dictate the type of equipnent, the
required operating crew, and additional naterials to support them A
partial list of payload items for an FFG/ naval frigate ship is given
in Table 9.1, taken from References [26 and 27]..

Aiter the mssion requirements have been specified, the designer
proceeds to the next step of ship design. Here the paraneters which
define the ship's form are selected. This is done through sensitivity
studies which conpare different hull materials, propulsion plants,
geonetric paraneters such as length and coefficients of form electric
pl ant paraneters, nunber of crew nmenbers, habitability standards, etc.
As a result of this step, the designer nust develop relatively

accurate values for the ship specifications to use as input for the
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FF(ASW command and control) Radio communications
SPS-49 Radar w/IFF

SPS-55 Radar w/IFF

SQ5-56  Sonar

FF/FFG Basic EOM suite

ASWC and C-FF-2C,7D Hectronic Tactical Data Systens
Wul can/ Phalanx on OlLv

76mm/62-Caliber G0 Mlara Qun

Mk-92 CIWS/STIR

800 3"/50 rounds

10000 20mm rounds

M-13 Tartar Mssile Launcher w/40 Mssiles
M-32 Triple Torpedo Tubes P/'S w24 Torpedos
Harpoon  FCS

2 SH3 Hlos wth supports

Table 9.1. Frigate Payload Itens.
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synthesis nodel. The  ASSET/OCPES/GRAPHCS synthesis system allows any
starting value that is wthin the specified limts of the design
variables. Thus it is possible to start wth an entirely unacceptable
design and yet end up wth an acceptable one after optimzation.

The wuser of the ASSET/OCPES RAPHCS system needs only to select
the design variables, an objective function and the constraints from
the list of ship specifications, identify them and run the Synthesis
system Table 9.2 is a list of the variables which nust be input for
this examle. The user may select the paraneters used  for

optimzation from the sane table.

9-1.2. Parameter Sel ection

In previous sections, the selection of the necessary paranmeters
to apply optimzation was discussed extensively. The objective
function of this exanple is the mnimzation of the full [oad
di spl acenent  (WIFULL) WFUL is listed in global location 126 in the
ABOVM statenent and identified as the objective function to be
mnimzed in data block E of the GCPES input data..

Four design variables were selected:

1. length between perpendiculars (LBP) = global location 28

in the GCBCM common bl ock

2. length to beamratio (LBP/B) = gl obal |ocation 26

3. prismatic coefficient (CP) = global location 24

4. midsip section coefficient (CX = global Ilocation 25.

After the selection of the design variables, it is necessary to
specify their global location in the GCBOM statement and to specify
any side constraints that may be inposed on them The data block F of
the COPES optimzer is used to specify side constraints and design

variable nunber, and block G specifies global location. In Table 9.3,
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M SSI ON
Design  Speed Required
Range Speed Required
Range
Mssion Duration

PAYLOAD | TEMS

HALL GEOVETRY

LBP
LBP/B
LBP/D
T/D
Prismatic  Coefficient

Maxi mum  Section  Coefficient
HULL MATER AL | TEMS

HULL  LOADS
Hogging Bending Monent
Sagging Bending Morment

DECKHOUSE ~ GEQVETRY

DECKHOUSE MATER AL | TEMB

PROPULSI ON
Nunber of Min Engines

Table 9.2.  ASSET/ COPES/ GRAPHI CS

Min Engine Cont. HP Avail.
Nunmber of Second. Engines
Second. Eng. Cont. HP Avail.
BECTRC PLANT |TENS

TRANSM SSI ON

Design  Transmssion  Eficiency
Range Transmssion Eficiency
PROPELLER

No. Propeller Shafts

Propel ler D aneter
RESI STANCE
Correlation A | onance

Friction Line
VEI GHTS
Full Load Weéight
Usable Fuel \éight
ACCOMDATION | TEMS

DESIGN  MARG NS

ECONOM C ~ FACTCRS

PAYLOAD QCBT  FACTGRS

SHP Q&I _FACTCRS

[nput  Variables.



PARAVETER
LBP
LBP/B
CcP

CcX

Table 9.3. Si de

-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
~-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06
-1.0E+06

-1.0E+06

Table 9.4,

[ IEAS PN

| A

< GMRREQ

LOAER BOUND UPPER BCQUND
300. 00 700. 00
7.00 12.00
0.52 0.68
0.70 0.90

Constraints on Design Variables

(GMMIN/GM) = 1.0 < 0.0

FBRREQ = (FBDMIN/FBDACT) = 1.0 < 0.0

PHPRAT = (PHPREQ/PHPAVL) = 1.0 < 0.0

RATIOl = (0.85/RATIO) = 1.0 £ 0.0
RATI @2 = (RATIO/1.15)=1.0 £ 0.0
BTl = (2.25/BT) = 1.0 < 0.0
BT2 = (BT/3.75) - 1.0 < 0.0
CPl = (0.52/cp) = 1.0 < 0.0

Cp2

(CP/0.68) = 1.0 < 0.0

cvl = (0.001/CV) -« 1.0 £ 0.0

cv2 = (cv/0.002) = 1.0 £ 0.0
SLl = (-1.0) *sL < 0.0

SL2 = (SL/2.0) - 1.0 £ 0.0
WIFUELL = (-1.0) * WIFLEL £ 0.0

PCHDIAlL

(0.68/PCHDIA) - 1.0 £ 0.0

PCHDTA2 (PCHDIA/3.4) = 1.0 £ 0.0

Desi gn Constraints.
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the upper and Ilower bounds of the design variables are illustrated.
The final task is to specify the constraints which wll elimnate
unacceptable designs. Table 9.4 is a list of all the inposed
constraints in this study. The data blocks H and | of the GCPES input
data are related to the specification of these constraints. Data
bl ock H specifies the nunber of constraints, while data block I
identifies the global location of each one of them and specifies the
upper and lower bounds and the scaling factor desired for them For
this example, the upper bound is zero, the lower bound is numerically
mnus infinity and the scaling factor is defaulted to 0.1 Table 9.5
shows the global location in the GCBOM statement of the objective
function, the design.variables and the constraints of this examle.
Table 9.6 lists the COPESOCONMMN data blocks illustrating the input

data described above.

9.1.3. Input and Qut put

Both options of the ASSET/OQOPESY GRAPHCS synthesis  system the
optimzation and the graphics, have been used in this exanple. Thus
the system requires two different types of input. I nput for the
optimzation nmode is shown in Table 9.7, and input data for the
graphics node are presented in Table 9.8.

The printed output consists of the initial design, the final
optimum design, and information on the optimzation.. G aphical output
consists of the full load displacement as a function of the length
between perpendiculars, the length to beam ratio, the prismtic
coefficient and the mdship section coefficient. The results of the
optimzation nmode are presented in tabular form in Table 9.9. The
initial and optimum values for the objective function, design

variables, and constraints are illustrated in this table.
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GLOBAL
126
24
25
26
28
150
151
152
154
155
156
157
158
159
160
161
162
163
164
165
166

Table 9.5.

d obal
Desi gn

FORTRAN DEFINTION LOCATION  NAME
WIFULL Full Load Displacenment, Tons
HCP Prismatic ~ Coefficient

HCX Mdship Section Coefficient
HLBPB Length to Beam Ratio

HLBP Length Between Perpendicul ars,
FBRREQ FBDM N FBDACT =« 1.0

GMRREQ GMMIN/GM - 1.0

PHPRAT PHPREQ PHPAL - 1.0

RATI OL 0.85/RATIO - 1.0

RATI 02 RATIQT.15 = 1.0

BT1 2.25/BT = 1.0

BT2 BT/3.75 - 1.0

CP1 0.52/cp = 1.0

CP2 CP/0.68 « 1.0

cvl 0.001/cv - 1.0

cv2 Cv/0.002 - 1.0

SL1 (-1.0) * sL

SL2 SL/2.0 = 1.0

WTFUEL] (-1.0) * WFUEL

PCHDIAL 0.68/PCHDIA - 1.0

PCHDI A2 PCHDIA/3.4 - 1.0

Feet

Location and Definition of
Variables, and Design
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Table 9.8.

LBP and LBP/B.

as a Function of
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PARAMETER INITIAL  VALUE OPTIMM  VALUE
Obj ective  Function
WIFULL 3425. 9000 3375. 2000

Design Variabl es

LBP 380. 0000 389. 3600
LBP/B 8. 9060 8.7370
cp 0. 5356 0.5200!
CX 0. 7494 0.90002
Constraints

GMRREQ -0. 2501 -0. 0027
FBRREQ -0.7677 -0.8070
PHPRAT -0. 0496 -0.0160
RATIOL 0.17113 -0.0970
RATIO2 -0. 3688 -0.1810
BTl -0. 1464 -0. 2800
BT2 -0.2971 -0. 1660
cPl -0. 0967 -0.0155
CP2 -0. 1534 -0. 2230
cvl -0.5421 -0.5000
cv2 0.0918° 0. 0000
SL1 -1.0260 -0.1010
SL2 -0.4870 -0.4930
WTFUELL -569. 6000 -569. 6000
PCHDIAL -0. 4490 -0. 4440
PCHDI A2 -0. 6366 -0. 6399

1 lower bound of design variahble
2 upper bound of design variable
3 violated constraint

4 active constraint

Table 9.9. Initial and Optinmum Paraneter Val ues

124



It may be noted that the initial design is infeasible, with
constraints RATIOL and CV2 violated. Physically, this means' that
there was not equilibrium between the displacenrent and the weight.
The optimzer increased the displacenent by rmanipulating the design
variables until all of the constraints were satisfied. The constraint
cv2 in the optimum design is indicated as active, which neans that it

lies wthin a specified tolerance value of the constraint zero value

boundary.

The results of the graphics node are illustrated in Fgures 9.1
through 9.6. The full load displacement is graphically presented as a
function of the four design variables. It may be noted that the
length between perpendiculars is the nost critical parameter in the
estimation of the full load displacenent. The prismatic coefficient

and the mdship section coefficient have little effect on the full
load  displacement, as may be seen from the graphics. As has been
stated, the graphics represent the wunconstrained design space, that is
the design constraints are not added to graphics output in this
version. Inposition of the constraints on the design space wll |ead
to the same final optimum design as determned in the optimzation
mode.

Finally, Figure 9.7 shows the objective function versus the
nunber of iterations required to reach the optimum It can be seen
that the optimzer is indeed efficient and arrived at a value near the
optimum in four iterations. The remaining four iterations were done
sinply to "fine tune" the value of the objective function. The
average run time for this exanple was approximately 1.377 CPU seconds

on a CDC 6600 system The entire exanple is contained in Appendix F
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9.2. Miltiple Objective Functions

A nunber of different objective functions are used here for
conparison of the final products. These were:

1. mnimze full load displacenent

2. mnimze length between perpendiculars

3. mnimze resistance at design speed

4. mnimze life cycle cost per ship

5, maximze mlitary mssion volume to total volune.

Length between perpendiculars, which is also a design variable, Wwas
chosen as an objective function in this case because of its
relationship to the displacenent. Mninmum resistance at design speed,
which is an indication of fuel efficiency and mninum life cycle cost
per ship, which are desirable from a mssion standpoint..  Naxim zation
of the mlitary mssion volume to total volume ratio is an indication
of an effective volune usage. All of the designer's requirements,
payload, fuel available weight, etc., remined constant for all
desi gns. The design vari abl es, side constraints and behavi oral
constraints in the optim zation process were the sane as those in
Tables 9.3 and 9.4,

Table 9.10 tabulates the results of this study. It can be seen
that the main ship particulars remain alnmost the sane regardless of
the objective function. This indicates that:

a) The final product is a well defined optinmm ship,

characterized as the global optimum in the design space.

b) The results for mnimum full load displacement, |ength

between  perpendiculars, life cycle cost per ship and
mximum mlitary mnmssion volume to total volume ratio

are essentially the same, indicating the indirect
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Table 9.10.

PARAMETER

VDESGN
VRANGE

DM SSN
WIM LP
LBP

LBP/B

CP

CX

B

:

LBP/D
RANGE
WIFULL
WTFUEL
PHPREQ
VOLTOT
FUEL CONS
GM/GMMIN
SYSCPS
VPAYL/ TOTVOL

Resul ts

W
29

000
000
400
360

0.520

0.

44,

13.

13.
6383.
3375.
569.
40340.
457338.
11.

1

807.

. 229

900
570
690
599
010
200
600
000
000
206
003
200

from the

NPM
. 000

20.

30.
327.
389.
. 136

S
29. 000

20. 000

30. 000
327. 400
389.390
8.740
0.520
0.900
44.550
13.700
13.600
6383. 190
3375.100
569. 600
40326.000
457250. 000
11. 206
1.003

809. 000
0.229

Qptimzation Mde for

29. 000
20.000
30.000
327.400
398. 050
8.649
0.529
0.782
46.020
14.000
13.599
6264. 130
3521. 200
569. 600
37710.000
476001. 000
10. 997

1. 460

811. 900
0.228

Different (bjectives

MINIMUM
SYSCPS

29.000
20. 000
30. 000
327.400
391. 280
8.998
0.520
0.839
43. 490
13.760
13. 600
6412. 350
3407. 900
569. 600
38270. 000
440145.000
11. 258
1.001
808. 660
0.231

Functi ons

MAXI MUM
VPAYL/TOTVOL

29.000
20.000
30.000
327.400
390. 720
8.998
0.520
0.835
43.420
13. 740
13.599
6415.320
3406. 600
569.600
38246.000
437625. 000
11. 263
1.003
806.500
0.231



relation of all the above functions.

c) Life cycle cost per ship for 3oyears of service 1life
differs wvery [little for ships having slightly different
principal dinensions.

A time and cost summary of each nmodule for the optimzation and
graphics node is presented in Table 9.11 and Figure 9.8. Thi's
illustrates another inportant feature of the  ASSET/ COPES/ GRAPHI CS

synthesis  system

9.3. Testability and Reliability

At this point it is inportant to discuss two other properties of
the system testability and reliability. Testability is the ability
of the system to produce a viable version of an existing ship design,

and to conpare the system output to it.

9.3.1. Aternative Studies Conparison

Results for an FFG7 frigate ship were obtained from several
di fferent sour ces and conpar ed with the results of the
ASSET/ COPES/ GRAPHI CS system  for three obj ective functions:
mnimzation of full load displacenent, life cycle cost per ship and
maximzation of mlitary mssion volume to total volume ratio. The
results are conpared with those taken from different references in
Table 9.12. The first three colums present the results of
ASSET/ COPES/ GRAPHI CS system the fourth colum shows results from the
ASSET synthesis nodel provided by the Boeing Conpany [10}, the fifth
colum shows results fromthe REED/ COPES nodel by Jenkins [16], and
the last colum presents data obtained from the FFG7 ship design from
Garzke and Kerr [28].

The results of the ASSET/ COPES/ GRAPHICS system correlate well
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OPTIM ZATION MODE (Results from COPES Only)

CPU Secs Cost in $

[nitialization Modul e

1.377 1. 140
Cost  Modul e

1.600 1. 250
Space Modul e

1. 858 1. 360

GRAPHICS MODE (Graphical Qutput, 3-D PICTURE and 2 x 2-D SIMPLOT)

[nitialization Mobdul e

5. 806 3.220
Cost  Modul e

6.318 3.510
Space Mbdul e

5. 694

Table 9.11. Conputer Time and Related Execution Cost for the
ASSET/ COPES/ GRAPHICS ~ Synthesis  System
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(s)

COST IN DOLLARS

COST IN DOLLARS (9)

Fig.

COST VERSUS EXECUTION TIME

ASSET/COPES/GRAPHICS Synthesis
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PARAMETER

VDESGN

WTMILP
LBP

LBP/B
LBP/D
B/ T

cp

CcX
WTFULL
RANGE
PHPREQ
VALTOT
SYSCPS
VPAYL/ TOTVQL

Table 09.12.

ASSET/ COPES
MN  WTFULL
29. 000

20. 000

327. 400

389. 360
44.570

13. 690

28. 630

8. 736

13. 599
3.255

0. 520

0. 900

3375. 200
6383. 010
40340. 000
457338. 000
807. 200
0.229

Conpari son

of

ASSET/ CCPES
MN  SYSCPS

29. 000
20. 000
327. 400
391. 280
43. 490
13.760
28.770

8. 998

13. 600
3.160
0.520
0.839
3407. 900
6412. 350
38270. 000
440145. 000
808. 660
0.231

Results

ASSET/ OOPES
MAX. VopER.

29. 000
20. 000
327. 400
390. 720
43.420
13. 740

28. 730
8.998
13.599
3.160
0.520
0.835
3406. 600
6415. 320
38246. 000
437625. 000
806. 500
0.231

from Aternative

L
7

.
REF
1 N

29. 000
20. 000
327. 400
408. 000
44.815
14. 350

30. 000

9. 104

13. 600
3.123
0.596

0. 749
3718. 260
5577.540
35068. 000
515447. 000
819. 500
0.225

St udi es.

A6

REF. 26~
28. 560
20. 000
327. 400
394. 390
45. 030
13. 540

8.760
3.330
0. 500
0.770

3511. 000

39990. 000

0. 200

15

REF. 26

30. 830
20. 000
327. 400
418. 000
43. 060
15. 450

9.710

2.790

0.590

0. 750

3575. 000

40004. 000

0. 200

29
REF. 47

29. 000
20. 000
327.000
408. 000
45. 200
14. 350
30. 000
9. 000
13. 600
3.150

0. 620

0. 750
3672. 000

40000. 000
531980. 000

0.199



with the real ship results within a tolerance of plus or minus five
percent. This tolerance would be much less if more design variables
had been chosen and more constraints had been imposed on the design
space. It should also be emphasized that the results of this study
represent results of the conceptual design phase and not the final

design phase.

9.3.2. Optimizer Reliability

An example with the objective function being the minimization of
the full load displacement was chosen to show the reliability of the
system. Three different examples, with the same design variables and
constraints, Tables 9.3 and 9.4, were run. All three start from a
different initial point in the design space. The main purpose was to
check to see if all three determine the same global optimum design
point in the design space. This process is proposed as a general
check of the final optimum design.

Table 9.13 shows the results of this study. The first column
represents the results of the initial starting point in the design
space with LBP equal to 300 feet, while the second column represents
the final optimum results of this design. The following columns
represent  similar results but with different starting points,
LBP = 400, 600 ft, in the design space. As can be seen, there is good
convergence of the first two designs. Excellent repeatability of the
optimum ship and a well defined ship are demonstrated.

The third design, with the initial the LBP equal to 600 feet,
however, led to a different optimum design than the previous two.
This design is a local optimum in the design space. Comparison with
the previous two designs shows that they represent the global optimum,

as the full load displacement is less than that of the third design.
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PARAMETER N '3T (;S\-L ot 135;“,’"
VDESCN 29.000 29.000
VRANGE 20.000 20.000
DMISSN 30.000 30.000
WTMILP 327.400 327.400
LBP 300.000 389.360
LBP/B 9.000 8.737
cp 0.540 0.520
cx 0.900 0.900
T 10.550 13.690
LBP/D 13.599 13.599
RANGE 5490.530 6383.010
WTFULL 2912.500 3375.200
WTFUEL 569.600 569.600
PHPREQ 53244.000 40340.000
VOLTOT 207702.000 457338 .000
SYSCPS 796.700 807.200
VPAYL/TOTVOL 0.254 0.229
Conparison of Results of

Table 9.13.

INITIAL
400’

29.000
20.000
30.000
327.400
400.000
8.700
0.520
0.900
‘14.070
13.600
6378.650
3448.800
569.600
39724.000
497932.000
810.100
0.226

the Qptimzation

OP'F 1 MUM
400 '

29.000
20.000
30.000
327.400
390.890
8.436
0.520
0.887
13.750
13.600
6361.720
3410.400
569.600
41000.000
476820.000
807.900
0.227

Mde to

INI'TTAL
600 *

29. 000
20.000
30.000
327.400
600.000
9.000
0.555
0. 900
21.100
13.600
4632.760
5513.800
569. 600
33886.000
1689547.000
900.300
0.161

Indicate System

orr [MUM
600’

29 .000
20.000
30.000
327.400
446.980
9.292
0.527
0.788
15.720
13.598
6141.590
3823.600
569.600
32672 .000
627772.000
841.700
0.216

Rel i ability

OPTIMUM
389.36'

29.000
20.000
30.000
327.400
390.740
8.439
0.520
0.887
13.740
13.600
6361.530
3409.400
569.600
41000.000
476183.000
808.600
0.227



However, the results of the third design may be perfectly justified.
The optimizer in this case followed a path which led it to a local
optimum for two reasons:

a) The four selected design variables represent a
relatively low number of variables for the conceptual
ship design.

b) The imposed constraints should be increased in number to
narrow more of the design space.

Additional design variables in this case could be the length to depth
ratio, the draft to depth ratio, etc. Rigorous proof that the
optimizer always converges to a global optimum is impossible.. For the
reasonably well-behaved functions that have been used to model the
ship design process and a sufficient number of design variables and
constraints, a global optimum will usually be obtained.

All of the above designs started in the infeasible region and
proceeded to a feasible one. This feature is of great importance to
the designer, as numerous designs that a synthesis model would have
rejected are simply tried and identified as infeasible on the path to
a feasible design. The system maintains a record of all the designs
tried which the designer may examine and wuse for future design
decisions. The system also identifies those constraints and design
variables that are active or violated, thus providing the designer

with information on what is most critical in the design.

9.4. System Trade-Off Studies

One of the useful applications of the ASSET/COPES GRAPHICS system
Is the ability to conduct trade-off studies using the optimizing mode.
The system allows these studies to be conducted with consistency and

confidence as the program makes consistent routine decisions and
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calculations.

In this example, the influence of different propulsion plants on
the ship leading particulars and cost were investigated. Three
objective functions were used:

1. minimize of full load displacement

2. minimize of life cycle cost per ship

3. maximization of the military mission volume to total

volume ratio.
The types of engines used were

a) gas turbine, GT

b) combined gas turbine and steam turbine, COGAS

c) diesel engine, DIESEL.

Results for all three designs are given in Table 9.14. The GT engine
gives, as expected, the minimum ship dimensions to carry the payload,
while the COGAS engine results in a design very comparable to that of
the GT engine. As expected, using a DIESEL engine requires a larger
ship to support the payload. All three optimizations based on
different objective functions gave very comparable results for each
design case. Surprisingly enough, all three designs result in a very
similar life cycle cost per ship. The fact that the the increase of
the ship dimensions in the case of the diesel engine may balance the
more expensive gas turbine engine is the probable explanation for
this.

However, the military payload volume to total volume ratio is
much less in the case of the diesel engine than in the other two
cases. At this point,. the art of design is introduced. The designer
would have to decide if a larger ship with lower operational volume
ratio, or a smaller ship with higher operational volume, for the same

life cycle cost,is desired..
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PARAMETER Gl ENGNE COGAS ENANE DESEL. ENANE

VDEGSN 29.000 29.000 29.000

VRANGE 20. 000 20.000 20.000
DM SSN 30.000 30.000 30. 000

WIMILP 327.400 327.400 327.400
LBP 389. 360 392. 340 424.920
LBP/B 8.736 8.469 8.808

CP 0.520 0.520 0.536
C X 0.900 0.876 0.793

B 44.570 46. 320 48.240
T 13.690 13. 800 14. 950
LBP/D 13.599 13.599 13. 600
RANGE 6383.010 6336. 080 7946. 700
WTFULL 3375. 200 3453. 400 4349.900
WTFUEL 569.600 569. 600 569. 600
PHPREQ 40340. 000 40940. 000 41000. 000
VOLTOT 457338. 000 478312. 000 575791.000
FUEL QONS. 11. 206 11.124 13.951
GM/GMMIN 1.000 1.003 1.009
SYSCPS 807. 200 810. 600 807. 000
VPAYL/ TOTVCOL 0.229 0.227 0.218

Table 9.14A. Mninmzation of the Pull Load Displacement for Different
Propul sion  Plants
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Table 9.14B.

PARAMETER
VDESGN
VRANGE

DM SSN
WTMILP
LBP

LBP/B

cp

C X

B

:

LBP/D
RANGE
WTFULL
WTFUEL
PHPREQ
VOLTOT
FUEL QO\B.
GM/GMMIN
SYSCPS
VPAYL/ TOTVOL

Mnimzation of
Propul sion

Gl ENG NE
29. 000
20. 000
30.000

327.400
391. 280
8.998
0.520
0.839
43. 490
13. 760
13. 600
6412. 350
3407.900
569.600
38270. 000

440145. 000

11. 258
1. 000
808. 660
0.231

Pl ants

COGAS ENANE

29.000
20.000
30.000
327.400
393.720
8.713
0.520
0.809
45.190

13. 850

13. 600
6333. 820
3487.300
569.600
38816. 000
457751. 000
11.120

1. 000
809. 700
0.229

the Life Cycle Cost

144

DESEL ENANE
29.000

20. 000
30.000
327.400
424.180
8. 846
0.546
0.787
47.950

14. 920
13.599
7795.120
4359. 300
569.600
40750. 000
575278. 000
13.685
1.000
805.400
0.217

Ship for

D fferent



PARAMETER Gl ENANE cocasS ENANE DESEL ENANE

VDESGN 29.000 29.000 29.000
VRANGE 20.000 20. 000 20. 000
DM SSN 30.000 30. 000 30.000
WIMILP 327. 400 327. 400 327.400
LBP 390. 720 394, 230 424,270
LBP/B 8.998 8.720 8.843
CP 0.520 0.520 0.544
CX 0.835 0.808 0.784
B 43. 420 45,210 47.980
T 13.740 13.870 14.920
LBP/D 13.599 13.598 13.598
RANGE 6415. 320 6333. 470 7840. 880
WIFULL 3406. 600 3490. 800 4358. 300
WI'FUEL 569. 600 569. 600 569. 600
PHPREQ 38246.000 38748. 000 40736. 000
VOLTOT 437625. 000 459040. 000 573449.000
FUEL QONS. 11. 263 11.119 13.766
GM/GMMIN 1. 007 1. 000 1.009
SYSCPS 806. 500 808. 900 806. 800
VPAYL/ TOTVOL 0.231 0.229 0.217
Table 9.14C.  Mninzation of the Mlitary Mssion Volume to Total Volune

Ratio for Dfferent Propulsion Plants
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10.  CONCLUSI ONS

Aut onat ed design optimzation in conmbination wth  conputer
graphics has been introduced into the conceptual ship design process.
The out put of ASSET/COPES/GRAPHICS synt hesis system provides the naval
architect Wth an efficient design tool with the capability of
reducing the tine required to perform feasibility and conceptual
design studies. The ASSET/CCPES GRAPHCS system provides a rapid way
of exploring all reasonable boundaries of dinensions and hull form in
the initial stage of the design process. |Its characteristics, which
include:

a) flexibility

b) information obtained in the neighborhood of the optinm

c) easy selection of free wvariables and constraints wthout

change of the design nodel and
d) wvisualization of the optinum situation through conputer
graphics,

make it a wuseful, successful, and essential tool in the designer's
hands. It can assist the designer in selecting the nost appropriate
baseline ship for the design process, in estinating dinension and form
changes needed to neet the operational requirenents wth mninum
penalties, and in evaluating the results using the same standards of
conparison anong the alternative designs. Moreover, a greater nunber
of design alternatives can be processed and conpared as a result of
the systems ability to start wth an infeasible design and proceed to
a feasible design. The designer is nade aware of the design variables
and constraints which are critical in each case and is able to alter
those to achieve the goals.

Addi tionally, the traditional point design nethod has been
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combined with a graphical presentation of the constraints, design
variables and objective functions in a specified design space.

The flexibility of the ASSET synthesis model permits the designer
to update and review the data bank items or computational program
algorithms as they  become available, without affecting the
organization of the system. The real value of the system lies in
design situations where the designer faces radically new operational
requirements and is uncertain of the choice of a basis ship to start
with.

The combined system may be considered as a technique whereby a
computer may be used in a flexible manner in a realistic iterative
design process in which human judgment can continue to play a
decision-making role. The latter means that the system must be used
with intelligent caution. Optimization cannot be blindly applied to a
problem and the results cannot be accepted at face value. Automated
optimization analysis can carry out results which are as accurate as

the analysis code on which the design is based.
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11. RECOMMENDATI ONS

The system development is far from being finalized Al of"' the
results oObtained to date by this effort indicate that the new
synthesis system WI| be highly wuseful in conceptual design. A
further devel opnent of this work would be the incorporation of the
proposed technique into all the stages of the design process. Ship
design can gain greatly from optimzation technique6 at every step of
the design sequence. The incorporation of the COPES/CONMIN optim zer
in an iterative fashion wth the entire ASSET synthesis nodel is the
logical extension of this study. Figure 11.1 illustrates the process
by which the designer would be able to use each one of the
conputational prograns coupled wth the optimzer to perform detailed
optimzation at every step of the design process.

In conclusion, the role6 the ASSET/COPES GRAPHCS system can play

have been clarified and illustrated, and the inportance of applying
judgenent in its use has been enphasized. As the need for rapid
design of econom cal systems grows and as further developrent in
conputer technol ogy and graphi c6 capabilities conti nues, the
techniques presented here wll gain nore potentialities in all
di sci plines of engi neeri ng. In the near future, the designer wll be
able to proceed through the entire synthesis, anal ysi s, and
optimzation process from the initialization to the final |evel of

design while sitting in front of a conputer termnal, Figure 11.2,
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