THE USE OF COMPUTERS IN NAVAL
ARCHITECTURE EDUCATION

Raymond A. Yagle

Department of Naval Architecture and Marine Engineering
The University of Michigan

June 1, 1962

This material is distributed by The Ford Foundation Project
on the Use of Computers in Engineering Education at The
University of Michigan. This report appears in the library
edition of the Final Report of the Project and is also issued
as a separate booklet. Similar ‘‘Curriculum Reports’’ for
other engineering disciplines are also available on request.






ABSTRACT

In recent years, the Department of Naval Architecture and Marine Engineering of The
University of Michigan, has been exploring the use of digital and analog computers in its
undergraduate curriculum. Two of the Department's faculty members and one from the Unilversity
of California at Berkeley have particilpated in faculty training programs of the Project on the

Use of Computers in Engineering Education.

This report describes the Department's curriculum, the staff's attitude toward computing
work, and in some detall, one Departmental undergraduate course which involves considerable
computer use by students. A selected set of five computer-oriented example problems which have
been used in this course are also included. These problems may be considered as a supplement
to the 99 example engineering problems, including several of interest to Naval Architects and

Marine Engineers, which have been published previously by the Project.
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USE OF COMPUTERS IN NAVAL ARCHITECTURE EDUCATION

I. INTRODUCTION

This report has been prepared to describe the experience of the Department of Naval
Architecture and Marine Engineering at The University of Michigan in the use of electronic
computers in regular courses within 1ts curriculum. This report is intended to be just one of
a number of similar discussions which will be concerned with each of the various engineering
disciplines, and much of the background and explanatory information that would be common to
all of the reports is descrlibed in references 1, 2, and 3. However, this report may well
achieve circulation independent of the overall report (or at least closer examination by those
concerned wilth engineering education in this particular discipline) and thus should be to some
degree complete in itself, Therefore,an admittedly brief preface follows.

An organized effort to integrate the use of computers into englneering education has been
under way within the College of Engineering since 1958, Prior to this, individual professors had
occasionally solved problems on computers for advanced courses. Some graduate students had taken
a digital computer course in the Mathematics Department, and were able to use fthelr knowledge
in their research. In addifion, analog computers were used in insftrumentation courses taken
by some of the students. The effort was not particularly widespread untll late 1959, however,
when support was given by the Ford Foundation for an experiment in the use of computers in
actual engineering instruction. The Ford Foundation grant provided the opportunity for many
resident faculty members to learn programming procedures and to use computers. The previous
progress reports of The Project on the Use of Computers in Engineering Education cover in detail
how this was done and include much other background information pertinent to equipment, visiting
faculty arrangements, workshops, etc. Let it suffice to state that an enthusiastic and effective
project director assisted by a college-wide committee and several very competent technical
assistantshave managed not only to bring about the utilization of computers to some degree in
perhaps one hundred regular engineering courses, but also have fostered serious consideration
on the part of almost the entire faculty as to how beneficial and how suitable this utilization
has actually been. This report attempts to evaluate these considerations for naval archltecture
and marine engineering while also describing the extent to which computers have been used and will

be used in the immediate future.

II, BRIEF DESCRIPTION OF DEPARTMENTAL CURRICULUM
The undergraduate student electing to study naval architecture and marine englneering at
The University of Michigan does not really become associated with the Department until his second
year of enrollment. His first course in the Department 1s essentially introductory and includes
terminology, fairing a set of lines, tonnage considerations, etc. and is normally taken in his
third semester. During the next semester, a course dealing with stability, flooding, launching, etec.,
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called Form Calculations I, is taken. It was inconnection with this course that serious
consideration as to the need to utilize digital computers first arose. The subject matter
was handled in the traditional manner, and Simpson's rules, displacement and centers sheets,
waterplane sheets, etc., were presented early in the course. The length of the calculations
involved limited the number and scope of the problems assigned, and a second problem course,
Form Calculations II, with only 2 hours credit (as opposed to 3 for the first course) was
required for those students selecting the naval architecture option.

Those students primarily interested in machinery, and hence the marine engineering option,
were not required to take the second course. (A third option, Maritime Engineering Science,
has very recently been added for those students primarily interested in ship research and develop-
ment problems; students selecting this option will probably obtain more computer experience than
those in either of the other options, but it is too early to report on this here.) In this second
course more extensive problems were handled and the course really included little else. Thus,
this course was the ideal choice for immediate revision and the initial use of digital computers
by naval architecture students. The more general 3% hour course dealing with the principles
of stability, flooding, etc., could be left essentially unchanged and the computer methods of
calculation referred to only generally. During the 1960-61 and 1961-62 academic years the calcula-
tion course was taught as a computer course; the details of this experience will be presented
later.

Those students in the naval architecture option proceed to take, in the Department, two
courses 1in ship structures and stress analysis as applied to ships, one course each in marine
auxiliary and marine propulsion machinery, one in resistance, propulsion, and propellers, one in
specifications and contracts, one in ship dynamics (ship motions and maneuverability), and three
courses in design. Thosestudents in the marine engineering option also take the flrst course
in ship structures, the same courses in resistance, propulsion, and propellers, and in auxiliary
machinery, and several courses dealing with the design of marine power plants. In addition,
some elective courses such as small craft design and economics in ship design and operation, as
well as a number of graduate courses, are taught within the Department. These, then, are the
other courses which have utilized or may utilize computers and are thus properly subject to
discussion in this report.

The undergraduate and graduate students in the Department obviously also take many courses
outside the Department. Those in both options normally take seven courses in mechanics from
statics through advanced structural mechanics and one in the theory of vibrations as applied
to ships, mechanical engineering courses in machine design and themodynamics, courses in
English, mathematics, economics, graphicsg, electrical engineering, materials, etc. The extent
to which computershave been utilized in some of these courses also has some bearing on the

subject of this report and will be treated later as required.
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The Use of Computers in Naval Architecture Education

ITI. DEPARTMENTAL STAFF

The courses mentioned previously are taught by a five man permanent staff supplemented by
one or two teaching fellows and an occasional visiting professor. At the present time, three
of the regular faculty members have some familiarity with computers. Of these three, only two
have some facllity in programming for digital computers., The writer was fortunate enough to
have been excused from teachling one regular course during the first semester of the 1960-61
academic year (through the auspices of the Ford Foundation Project) and was able to gain some
limited skill in programming utilizing this released time. A second staff member had a similar
opportunlity during the second semester. The third staff member had some industrial analog
experlience prior to Jjolnlng the faculty. The two Ford Foundation participants are thus in
large measure involved with computers only because of the existence of the Project and very
probably would not have obtained their experience otherwlse. The writer also participated in
the Project's activities during the summer of 1961 and was able to extend his experience con-

siderably at that time.

IV. THE DEPARTMENT'S "COMPUTER COURSE"

As explained previously, the two hour credit course called Form Calculations II has been
and 1s at the present time very often referred to as the "computer course." The material covered
in the course has not been apprecilably altered from what was its standard content for many
years; but the means by which the calculations are carried out have been changed from desk
calculating machines first to an IBM TO4 computer, now to a 709 computer, and soon to a 7090
computer,

The initial phases of this change began in the 1959-60 academic year, but the course
was not entirely orlented to digital computers until the 1960-61 academic year. Thus at the
time this report is written only four semesters of experience are available from which to form
some sort of Jjudgment as to how well the change has worked out and how far reaching the results
may be. In addition, each of these four semesters have not been typical of the succeeding semesters
in that the first two times the students enrolled had to be taught the MAD language and
acquainted with the details of submitting problems to the Computing Center. While some of
the students were concurrently taking the one hour credit programming course, then Mathematics 73,
it seemed essential to teach MAD as fast as possible so that some naval architecture problems
could be handled before the semester was half over. The four evening lectures presented by
the Assistant Director of the Project at the beginning of each semester were ideal in this
respect and aided considerably in giving the students a fast but somewhat brief overall insight
into what programming entailed. The class periods (two hours per week) for perhaps the first

seven weeks were also used to teach the MAD language. The contents of the Primer (reference 4)
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prepared under Project ausplices were covered, and several sets of procedural exercises which
also utilized naval architecture oriented questions where possible were used for home assign-
ments. During the pastlyear,the students taking the course had previously completed the one
credit hour programming course (now Mathematics 373) and for the most part knew the MAD language
well enough so that only a few periods of review were needed before starting in on naval archi-
tecture problems. While there seems to have been a considerable variation in the ability of
students from different sections of the course (some having evidently covered more than others),
this variation was less apparent during the second semester and presumably will, in time, not be
great. In any case, the first lectures in the naval architecture course are primarily concerned
with "THROUGH statements"” and "conditionals," and discussion of the manner in which input and
output can be handled so as to be general enough to deal with a wide range of data organization
and to provide neat and descriptive arrangements of the answers sought.

The next lectures deal with Simpson's first rule and the various ways it could be expressed
in computer language, including use of both internal and external functions. The students are
then assigned the relatively simple tank volume and centroid problem included as an example
later. Thus far, only four formal problems 1n all have been included in any one semester, and
only four in the latest one. Initially, only two were attempted, but this was because of the
time spent in learning the language. The writer feels that during coming semesters the number
may be increased to six, but that this 1s probably about the limit. It may be possible to have
elght standard problems and to allow students to make a choice among some of these for their
last few problems. It should be noted that all of the problems must be based on the prerequisite
course, Form Calculations I, and thus the subject matter covered in these formal problems 1s
limited. Hydrostatic curves, Bonjean curves, tank volumes and centers, flooding problems,
floodable length calculations, launching, curves of statical stability, welghts and centers, and
damaged stability problems are thus about all that might be included. This is deemed sufficient,
however, although the writer has not as yet programmed all of these for class purposes.

The examples given later in this report include some of the problems now used.
A question pertinent to this report is whether naval architecture students should stop

here in their utilization of the digital computer. The following section deals with this matter.

V. ANTTICIPATED EXPANSION OF COMPUTER UTILIZATION

While the Department's "computer course" does assure that we are at least providing our
current students with some familiarity and appreciation for the digital computer as a mathemati-
cal tool, the course is probably taken too early in the student's schedule to allow him a full

realization of how powerful and worthwhile it can really be. Calculations of the type
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The Use of Computers in Naval Architecture Education

done in the course are often just as easily done on desk calculators; it may seem to the student
that his primary benefit 1n using the computer is that the time consumed in doing even very
lengthy problems is considerably reduced once his programming skill is adequate to produce
essentially correct programs (with only minor corrections necessary after his program is initially
written). This is not strictly true, of course, as the preparation of the algorithm used to solve
a problem requires the student's clear understanding of the problem and its conclse statement
in mathematical language. The ability to do this correctly is normally proof that the student

has learned much about the subject of the problem; this further understanding of the subject

18 a benefit far more impoftant than the possible time saved., Thus it is believed that the

basic naval architecture subjects dealt with in the computer course are being learned, and under-
stood, better than in previous years because of the use of the computer.

Would 1t not then be desirable for the same approach to be used for all the appropriate
subjects covered later in the student's curriculum? The answer is not an easy one to arrive at
for several reasons. One reason is that, for the mes t part, the instructors (and hence the courses)
involved are at present not prepared for such action. There are courses which could well be
altered not so much in content as in emphasis, to utilize more numerical methods and hence the
digital computer for problem solutions. But this could only be done satisfactorily by instructors
with programming facility, who at least have an appreciation of the difficulties inherent in
stating a problem in a manner that allows for computer solution.

An even more important reason is that there just does not seem to be sufficient time.
Generally speaking, courses taken in the later undergraduate years contailn more material which
is covered at a much faster pace than that in the more or less introductory courses. This is
possible because the student is more mature and has had the fundamental training in mathematics
and mechanics needed in many of the later courses. One does not tediously work through to the
known solution of every differential equation nor analyze in detail each of all possible force
systems in dealing with, for example, the motion of a ship in waves. The results of parametric
studies can be discussed and understood by the student without duplicating each and every
iteration involved. If an instructor were to introduce into one of these later courses just one
application of the digital computer, discuss it thoroughly in class, and supplement the discussion
with a home problem of sufficient scope to make the student's efforts worthwhile, he would of

necessity have to spend less time on some other aspect of the course subject. This is particularly

true at present when there are occasional changes in the language and operation procedures
stemming from upgrading of the equipment at the Computing Center and increasing sophistication
on the part of those responsible for its operation. Thus, a student or an instructor who has
not been active in using the computer for even one year finds he must first be brought up to
date before he can correctly write his program or submit his program to the Computing Center.
Further, he can seldom write an error-free program on his first try and more often than not

it may take several weeks to obtain the desired results for a complex problem.
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Another reason for not necessarily attempting to utilize the computer in later courses
in the Department is that the student very likely will use the computer in courses he takes
in other departments. This seems to vary from semester to semester in certain courses, but
there seems at present eﬁery likelihood that it will happen at least once per semester, Also,
there is no reason why the student should not on his own inltiative use the computer either for
assigned problems for which it may be applicable, or for problems he originates himself. There
is a danger, however, that he may become so engrossed in uslng the computer that he neglects
or loses interest in the englneering aspectsof the problem or course involved. This has
happened even on the basis of the first mathematics course in programming, and may not be
particularly bad if the student receives the encouragement and has the abllity to shift to
programming and computer-related work as his intended profession. But there 1s the possibility
that his fascination may be temporary and his engineering edcuation interrupted sufficiently to
make his continuing studies difficult and troublesome.

The most satisfactory answer to this whole question seems to the writer to be the adoption
on the part of all instructors of certain aspects of what might be termed "computer-oriented .
thinking" for certain material taught in thelr courses. A course in ship economics, for example,
may include analysis of the costs of bullding a ship in conjunction with such facets of a trade as
consideration of the route to the number of years the market may exist. Such a problem solution
depends upon so many variables that it is far too complex to discuss each detall adequately.
Analysis of the complete structure of a ship, or even the form of the hull, or the design of the
power plant, or many other problems faced by the naval architect and marine engineer involve so
many details that only a few of them can be covered in any one course., But the 1lnstructor can
mention most of these, even if only briefly, and can indicate in detail the part played by
particular problem aspects and thelr analytical evaluation. Not only can he make use of the
results of such computer studies as are now becoming available in the literature in his discussion,
but he can also present much of the material he is covering in greater detail. This allows the
student to see clearly parameter inter-relationships and hence allows the student to extend
and enlarge his original studies by means of digital computers if time is available. This does
not imply that this is not being done now, nor that the results of a computer solution of some
problem may invalidate answers or relationships already known either from experience or from less
cumbersome calculations made prior to the general availability of digital computers. But naval
architects and marine engineers, in common with other design-oriented engineers, mist constantly
see particular problems or details not only with regard to their effects on the finished product
but also the relationships of the resulting effects on the myriad of other problems or details which
they or others are dealing with as well. A systematic approach is thus often a necessity even
though it may in some instances never have been clearly defined or stated as such., Experience
with the computer cannot but help any instructor to present such approaches more logically and more

succinctly, even if the experience is gained in entirely different areas.
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The Use of Computers in Naval Architecture Education

The student should also be able to acquire a similar sense of the need for considering
each problem or detall he deals with in his courses 1in relationship to his education as a
whole. If he has experience with the computer and computer-oriented thinking early in his
scholastic career, he senses from his lectures that this same thinking 1s shaping his instruc-
tors!' presentation of his course material.

This, in the writer's opinion, is the most worthwhile and the most permanent impact that
the use of computers in engineering education can have. Whether the student solves his problem
on the computer or not is for the most part a question of whether he has one available.
Acknowledging that no student should graduate from an engineering school today without having
successfully programmed some problems in some computer language, it 1s not essential that he
continue to keep fully abreast of computer development or necessarily maintain whatever program-
ming skill he may have acquired. All engineering students take one or more engineering drawing
courses early 1n their college careers in which they develop some skill in produclng engineering
drawings. This is a skill that for the most part they need not maintain. They will, however,
retain an appreclation of what an englneering drawing should include and presumably be able to
read difficult and complex drawings despite some changes 1n conventions or other details.
Similarly, a student who has done some programming work has an appreciation of what is 1nvolved
and should therefore be better able to communicate with expert programmers at some later time even
if the language is slightly different. He may well be able to read the essentlal part of any
program that he may encounter and understand what is intended.

Thus the writer feels that the Department of Naval Architecture and Marine Englneering
here at The University of Michlgan has not been negligent in utilizing digital computers in
instruction even though the extent of such use has been limited. The expansion of computer utili-
zation in the Department's courses will not be extensive in the near future. The immediate ex-
tension that would seem deslrable, however, raises several other significant questions. One of
these questions concerns the possibility of using prepared programs, written in the available lan-
guage so that students might understand them clearly, in classroom teaching. The advantage of such
a scheme 1s the saving of student time, particularly if the computer outputs are also given and if
the student does not have to deal with either keypunch or printer. Much of the computer approach
would be gained by the students even if they were not forced to prepare the algorithm themselves.
This device could also keep students interested in and more aware of computers than discussing just
the results of such programs, whether written by the instructor or found in the literature. The
question is whether the idea is sufficilently beneficial that the instructor should make what
might (in those cases when he would have to transcribe a program from another language into the

one avallable to the students, for example) be an appreciable effort to include it as a routine
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part of his course content. Perhaps just one such handout in all courses where 1t could be
done would be enough. Most of the graduate students in the Department take Mathematics 473, a
more advanced computer course, and the handouts for graduate courses could presumably involve
reasonably complex compﬁter programs.

Another way 1in which the use of computers could well be extended concerns the increased
use of the analog computer. This is done in undergraduate courses taken by naval architecture
and marine engineering students outside the Department, and normally only infrequently for
seminars or other special graduate courses within it. With the computer pre-programmed
to solve the problem and the output.displayed on plotters or scopes of sufficlent size for all
to see, 1t would not necessarily matter whether the students fully understood either how the
analyzer or function generator works or the scaling problems involved for them to receive a more
vivid impression of the dynamic solutions to the problem being studied than the instructor's
curves upon the blackboard., This also would mean an extra chore for the instructor each time
he wished to take advantage of it, but the writer's experiences have always been pleasant because
of the readiness of others more experienced to lend assistance. The avallability of competent
technical assistants would therefore seem to the writer to be more important than the avail-
ability of more elaborate equipment in fostering the increased use of analog demonstrations.
And, once again, certain students would always want to make further use of the equipment on
thelr own and could do so to their advantage 1f properly supervised and assisted by a technical

assistant.

VI. CONCLUSION

The preceding description and discussion were meant to give the reader the impression
that computer use in naval architecture education is a fact and that the most difficult problems
involve questions of the most beneficial computer use. Despite the questions raised and the
difficulties suggested, it 1s the writer's conviction that none of these are incapable of resolution.
They are in large measure only those of the present, and are appropriate in this report only
because the more difficult problems of several years ago are already resolved in a manner that
fostered computer utilization in engineering education. It is not sufficient to relegate the
computer to the role of merely another mathematical tool, and in so doing to dismiss both the
stimulus it has given to training in numerical methods and the incentive 1t has provided for

logical and systematic thinking.
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The Use of Computers in Naval Architecture Education
VII. SAMPLE PROBLEMS
The sample problems listed in Table IG are included in this report with several thoughts
in mind. The reason fbr selecting only the five problems presented is that they have all been

used 1n the computer course described earlier.

TABLE IG
List of Sample Problems
Number* Title Author Page

100 Tank Volume and Centroid R. A. Yagle Gl2
101 Calculations for the Curves of Form and

Bonjean Curves R. A. Yagle Gl7
102 Program to Compute and Plot Curves of Form Joseph H. Rodnite G28
103 Calculation of the Drafts Fore and Aft of R. A. Yagle and G45

a Damaged Ship J. R. Paulling,dJr.
104 Floodable Length Calculatlon R. A. Yagle and G53

J. R. Paulling,dJr.

These problems may be considered as a supplement to problems 1 through 99 published in
previous reports of the Project.

The first of these problems is simple and direct and clearly indicative of where one must
start in learning to program for a given discipline. The second problem is not particularly
more difficult 1n concept than the first, but is typilcal of many naval architecture calculations
in both its length and the necessity for an orderly and systematic approach to successfully
complete the task. The third problem is really just a more involved and sophisticated solution
for the second one and is included to show how well one particular student was able to demonstrate
his grasp of the intrlcacles of available plotting subroutines even though at the time he had
not been given any instruction or incentive to do so. The fourth and fifth problems were given
to the students without more than casual suggestions as to how they might be solved. The pro-
grams given are not actually student solubions (nor were those for the first two), but several
of their solutions were every blt as direct and 1n some instances written in a more loglcal sequence.
411 problems are programmed in the MAD language which is described completely in Reference 4.
Other sample problems from other courses (including one analog problem) might also have been
included, but for the most part these were done either by undergraduate students working on
their own, or by graduate students or faculty members for seminar courses. While these problems
may have been more worthwhile from the viewpoint of the experienced naval architect than those

actually included, they now seem to the writer not in keeping with the purpose of this report.
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Example Problem No. 100

TANK VOLUME AND CENTROID

by
R. A. Yagle

Problem Statement as Glven to Students

Write a MAD program to compute the total volume and centroid of a side tank in a ship.
The tank bottom and top are horizontal planes; and three of the sides are vertical planes.
The tank is bullt into the side shell of the ship.

Consider the following Information as given:

W = width of tank, in feet

H = helght of tank, in feet

NV = No. of intervals vertically between offsets

NL = No. of intervals longitudinally between offsets

0FS (I,J) = offset at vertical Sta. I, longitudinal Sta. J.
The gross volume should be corrected for effect of internals by deducting 5%. Print out
corrected volume and centrold coordinates properly labeled.

Data to be used:

L0 1 2 3 4 5 6 7 8

10 ft OE 3.00 4,00 5,00 6,00 T7.00 8.00 9.00 10,00 11.00
20 't —

=

1]
o
)
~
Q
o

5.00 6,00 7.00 8,00 9.00 10.00 11.00 12.00

=
=

J 2:5,00 6.00 T7.00 8.00 9.00 10,00 11.00 12,00 13.00

3:6,00 T7.00 8,00 9.00 10.00 11,00 12.00 13.00 14,00

47,00 8.00 9,00 10.00 11.00 12.00 13.00 14,00 15.00
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Instructor's Solutlon

This problem is an exercise in the proper use of Simpson's First Rule. The solution
involves finding the areas of the nine horizontal planes (I=0 to I=8) and then evaluating the
total volume by integrating these. At the same time the vertical moment of the volume about the
base plane can be found by using the appropriate lever arms for each of the horizontal areas.
The vertical location of the centroid of the total volume is then simply the vertical moment of
the volume divided by the volume. The longitudinal centroid is found by applying the same tech-
nlque to the five vertical planes (J=0 to J=4). The transverse centroid determination involves
finding the moment of each vertical plane about its inboard edge and integrating these to obtain
the transverse moment of volume.

The Simpson's Rule multipliers are separated and listed for convenlience in explaining the

program.

List of Symbols

OFs (I,J) Offsets, in feet

AH(T) Areas of horizontal planes, in square feet

VOL Volume, in cubic feet

VM Vertlcal volume moment, in i‘ee‘cLL

AV(J) Areas of vertical planes, in square feet

AM(J) Functions of area moments of vertical planes
about inboard edges, in cublc feet.

M Longitudinal volume moment, in f‘eet4

™ Transverse volume moment, 1n feetLL

Flow Dlagram

7’ oNE ’TWO
TTE W, H NV AL oFs(o,o),..oFs(ﬁw
2

PM(L)=AL+2 _C)
pim(2)=NL+L

(), MILTLs W3 . #NL) || MULTS=NKWYBANL¥ANL) | | yursaH /(6. x NV
MULT2=H/(s 4N V) N e /6 4NY) 1 (Z)

ALPHA ALPHA
220,14, —=AHr)=0.—~<J:=0,2, > AH(z)=AH(T)+(0FS(z,T) +4 % ——(:)
@{Q.w> ; ) T.ENL OF 3 (Z,T41) 40P (1,0+2)) # MULT

_G.l3...




Tank Volume and Centroild

Flow Diagram, Continued
‘ VoL = Vol + (AR(L)+ 4 ¥ AH(ZAL)+AH (T+2)
(3 izo.| (2257 e ) )._.@
yM=0. 1. NV VM = VM+(ZXAH(E)+ 4% EHY)FAH(T+1)
I +(I+2)4% AH(£42))# MULTA
MA GAMMA
AV%:?:D.
— Gz M 1 £:0,2
@ = Wl AL A (3)=0. AT

| 4\/(1) AV D +0Fs(5,T)t 4. #0FS (11, T)+ OFS (X12,T N*MULT 2

A

/L“N

NS X

1

®

[

AM(3) AN HOES(ET)R 2+ 4. %0F$ (34, T) P2+ oFS(42,T). P2 ¥ VTS

S

= + +4. \T
T
BNl TM = TM+ (AM(S) 144 AMA)+AM(zrfieTL

Fcge M/ /oL REsILT
TcG=TM/VoL  ——Vok,VC4, —@
VoL = VoL#04S j?ﬂﬁ;

®

)
f
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Example Problem No. 100

MAD Program and Data

$SCOMPILE MADs EXECUTEs DUMPs PRINT OBJECT

START

ALPHA

BETA

GAMMA

DELTA

$ DATA
1000
300
800
900
1000
1100

PRINT FORMAT TITLE

VECTOR VALUES TITLE = $ 1H1l» S14433HNAVAL ARCHITECTURE 300 P
1ROBLEM 1 / S12s 3BHTHE VOLUME AND CENTROID OF A WING TANK /S2
259 11HRe Ae YAGLE //// % $

READ FORMAT ONEs Ws Hs NVs NL

VECTOR VALUES ONE = $ 2F8429 214 % §

READ FORMAT TWOs OFS(0s0)«ssOFS{NVINL)}

VECTOR VALUES TWO = $ (9F842) * §

PRINT FORMAT DATAs Ws Hs NVs NLs OF5(0s0)eesOFS(NVNL)

VECTOR VALUES DATA = $ S3s 18HORIGINAL DATA W = F8e2s7Hs H
1 = FB8e298Hs NV = I498Hs NL = 14 //53s 15HTHE OFFSETS ARE
2 539 5F8e2 / (S21s 5F842) * $

INTEGER Is Js» NVs NL

DIMENSION AH(50)s AV{50)s AM{50)

DIMENSION OFS (300y DIM)

VECTOR VALUES DIM = 2y 63 5

DIM(1) = NL + 2

DIM(2) = NL + 1

MULTY = W / (3e%NL)

MULT2 = H / {(3¢%NV)

MULT3 = (W*W) / (3¢%NL*NL)

MULT4 = (H¥*H) / (3+4¥NVENV)

MULTS = H / (6e%NV)

THROUGH ALPHAs FOR I = 09 1y IeGeNV
AH(I) = 0

THROUGH ALPHAs FOR J = 0s 23 JeEoNL

AH(I) = AH(I) + (OFS(IsJ) + Lot OFS{IgJ+1) + OFS(I9J+2)) *#MUL
iT1

VoL = 0

VM = 0

THROUGH BETAs FOR I = 0y 29 IeEeNV

VOL = VOL + {AH(1) + 4e% AH[I+1)} + AH(I+2)) * MULT2

VM = VM + ( I%AH(1) + 4% (I+1)*AH(I4+1) + (I+2)%AH(I42)) * MUL
174

VCG = VM / VOL

THROUGH GAMMA» FOR J = Os 1» JeGeNL

AV(J) = O

AM(J) = 0

THROUGH GAMMAs FOR I = 09 29 IeEsNV

AVIJ) = AV{J) + { OFS({IsJd) + &4o* OFS(I+19J) + OFS(I+24J)) *
1MULT2
AM{J)=AM(J)+(OFS{TsJ)ePe2+4e*¥0OFS{I+19J)ePa2+0FS({I+29J)ePs2)

C 1% MULTS
M =0
™ = 0

THROUGH DELTAs FOR J = 09 29 JeEoNL
LM = LM+ (J®AV(J) + 4e¥(J+1)H¥AVIJ+1) + (J+2)*AV(I+2)) ¥ MULT3
TM=TM + (AM(J) + 4oe¥AM(J+1) + AM(JU+42)) #MULTIL

LCG = LM / VOL
TCG = T™M / VOL
VOL = VOL * 495

PRINT FORMAT RESULTs VOLs VCGs LCGe TCG

VECTOR VALUES RESULT = $ 1HO#S52925HTHE VOLUME OF THE TANK IS
1F10e3y 11H CUBIC FEET // S3s 23HTHE CENTROID 1S LOCATED F8e3
29 34H FEET ABOVE THE BOTTOM OF THE TANK / S26y F8e3s 33H FEET
3 AFT OF THE FORWARD BULKHEAD / S26s F8e3s 38H FEET OUTBOARD
40F THE INBOARD BULKHEAD #*$

TRANSFER TO START

END OF PROGRAM

2000 8 4

400 500 600 700 400 500 600 700
500 600 700 800 900 600 700 800
1000 700 800 900 1000 1100 800 900
1100 1200 900 1000 1100 1200 1300 1000

1200 1300 1400 1100 1200 1300 1400 1500
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Tank Volume and Centroid

Computer Output

ORIGINAL DATA W = 10400 H = 204009 NV = 8y NL = 4

THE OFFSETS ARE 3400 4400 5400 6400 7600
4400 5400 6400 7400 8,00
5400 6400 7400 8400 9,00
6400 7400 8400 9400 10,00
7400 8400 900 10,00 11,00
8400 9400 10.00 11.00 12,00
9400 10400 11400 12,00 13,00
10600 11400 12400 13400 14,400
11,00 12400 13400 1400 15400

THE VOLUME OF THE TANK IS 17104000 CUBIC FEET

THE CENTROID IS LOCATED 114481 FEET ABOVE THE BOTTOM OF THE TANK

54370 FEET AFT OF THE FORWARD BULKHEAD
44870 FEET OUTBOARD OF THE INBOARD BULKHEAD

Discussion of Results and Critique

This problem has been completely satisfactory as a first problem in the Department computer
course, Naval Architecture 300. It 1s not general enough to use for normal tank capaclty curves
(volume or weight as a functlon of depth of fluid) and is very artificlal with respect to its
configuration, but it does require the student to organize his solution in an orderly and logical
manner. No internal or external functions are requlred, but some experience in nesting THROUGH
statements is involved. Also, the students must learn to handle thelr data and arrange their
output formats neatly (a new problem to many of them). The problem is excellent preparation
for the more involved and extensive second problem in the course.

All of the students have managed to turn in sultable solutlons to this problem in the last
two semesters during which 1t was used, some within three weeks. Others have taken as long as

six weeks, but have been well along on the second problem prior to this.
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Example Problem No. 101

CALCULATIONS FOR THE CURVES OF FORM AND BONJEAN CURVES
by
R. A. Yagle

Problem Statement as Given to Students

Write a MAD program for the IBM 709 computer that will calculate points for the Curves
of Form, utilizing Simpson's First Rule.

Allow for a number of quarter and half stations fore and aft and any even number of full
stations along the length of the ship. The program should also allow for changes in the water-
line spacing. Assume that any changes occur at even numbered water lines. Assume information
about the shape of the main hull to be avallable in the form of offsets at each station between
perpendiculars.

Input Data: The following input data should be read into the computer in the order listed.

First card.
SHIP = identification number for shilp

LBP = length between perpendiculars, in feet

BE = molded half beam,in feet

NBL: = number of different station spacings longitudinally

NBV = number of different waterline spacings vertically

0ST = location of midship section, counting sections from fore perpendicular

FORMAT (I10,2F10.2,3110)

Second card. .
L(K) = length from fore perpendicular to the Kth change in station spacing in feet

FORMAT (8F10.2)

Third card.
IN(K) = number of intervals between L(K-1) and L(K)

FORMAT (8I10)

Fourth card.
D(K) = height from the baseline to the Kth change in waterline spacing, in feet

FORMAT (8F10.2)

Fifth card.
VN(K) = number of intervals between D(K-1) and D(K)

FORMAT (8I110)

Rest of cards.

OFS(I,J) = half breadth at each section in feet, listing beginning at first station
forward going from baseline up, then proceeding with next station in the
same manner and so on,

FORMAT (11F7.2)
Use the suggested formats since the test data has been made up in accordance with these

formats.

(317 =



Calculations for the Curves of Form and Bonjean Curves

Qutput:
The following characteristics shall be printed out for each waterline, properly labeled.

Waterplane area

Center of Flotation (in relation to } )
Waterplane coefficlent

Tons/inch

The following characteristics shall be printed out for each second waterline, properly

labeled.
Displacement mld., salt water, long tons
Displacement mld., fresh water, long tons
Vertical center of buoyancy
Longitudinal center of buoyancy (in relation to )
Vertical metacentric helght (above baseline)
Longitudinal metacentric helght (above baseline)
Moment to trim 1"
Change in displacement for 1" trim aft
Block coefficlent
Midship coefficlent
Prismatic coefficient
Station sectional areas for Bonjean curves

Instructor's Solution

The simplified solution presented here is 1in keeping with the ability and programming
skill of the students who have Just completed the previous sample problem. Its length adds
gufficient complexity and justifies the simple approach used.

The program calculates waterplane characteristics first, obtailning the areas of the water-
planes‘and their moments about the most forward station. The respective moments divided by theilr
areas glve the longitudinal position of the centroid, which 1s called the center of flotation.
Calculation of the areas also permits the calculatlon of the tons per inch (added displacement
for an additional inch of sinkage) and the waterplane coefficient (ratio of actual area to that
of a rectangle the length of the ship and having a width equal to the beam of the ship).

Nested in the same THROUGH statement are calculations for the transverse moments of ilnertia of
the waterplanes about longitudinal centerline axes and for the longitudinal moments of inertia
about the most forward station. For all cases, Simpson's Flrst Rule is used.

The program next calculates the volumes by integrating the waterplane areas vertically.

This permits calculation of the fresh water and salt water molded displacements. Then the
vertical moments of the volumes about the base and the longitudinal moments of the volumes about
the midship station (since the centers of flotation as used are relative to midships) are obtained.
These values permit calculation of the location of the center of bouyancy both vertically (VCB) and
longitudinally (LCB). Knowing the transverse inertia of the waterplanes and the volume beneath
them, permits determination of the transverse KM (vertical distance from the base to the trans-
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Example Problem No. 101

verse metacenter) as the VCB has been calculated. Similarly, the longitudinal KM (vertical
distance from the base to the longitudinal metacenter) 1is calculated using the longitudinal moments
of inertla of the waterplanes. Some of these quantities are also used in calculating the moment

to trim one inch by the stern, the change in displacement for one inch of trim by the stern,

the block coefficient, and the prismatic coefficlent. The midship coefficient requires calcula-
tion of the area of the midship station up to the waterline in question.

The sectional areas for the Bonjean curves are also calculated directly from the offsets.
These are printed out for each station and for every other waterline. All of the other results
are also printed out in an orderly (even 1f spaclous) manner.

The handling of statlon spacing changes and waterline spacing changes 1s apparent from the
problem statement given above. This generalization of the program, plus the dimensioning for
all the data read in including that for the offsets, does allow the program to be used for
different types of ships and as much detail as one might wish. More space could be reserved for

elther input data or the varlables being calculated if this were required.

List of Symbols

SHIP, LBP, BE, NBL, 0ST, L(K), See problem statement.

IN(xy, D(K), W(K), oFs{L,J)

NL Number of station intervalg (dimensionless)

NV Number of waterline intervals (dimensionless)

STAL(I) Station ildentifled by distance in feet from station O
(dimensionless)

STA Station identified by number (dimensionless)

STSP Kg Spacings of stations in feet

WLSP(K Spacings of waterlines, in feet

WPA Jg Waterplane areas in square feet

WPM(J Moments of waterplane areas about station 0, in cubic feet

TI Jg Transverse moments of 1nertia of waterplane areas, in feetLL

LI(J Longitudinal moments of inertla of waterplane areas, in feeth

ARM Longitudinal distance from fore perpendicular to
each station, in feet

CF(J) Longitudinal locations of centroids of waterplane areas.
from midship, in feet

TPI(J) Tons per inch for waterplanes, in long tons

Wpe Waterplane coefficient (dimensionless)

WL Waterline identified by number (dimensionless)

VOL Submerged volume, 1n cubic feet

DISP(J) Displacements in salt waten in long tons

DISPFW(J) Displacements in fresh waten iﬁ long tons

WM Vertical volume moment, in feet

LM Longitudinal volume moment, in feetLl

VCB(J Heights of centers of bouyancy above base line, in feet

LCB(J Distances of centers of bouyancy from midships, in feet

KMT(J Heights of transverse metacenters above base line, in feet

KML( J Helghts of longitudinal metacenters above base line;in feet

MT1(J Moments to trim ship one inch, in ft<long tons

DDISP(J) Changes in displacement for one inch trim, in long tons

BCOEFF(J) Block coefficients (dimensionless)

MIDA Area of mldship station in square feet

PCOEFF Jg Prismatic coefficients (dimensionless)

MCOEFF (J Midship coefficlents (dimensionless)

VARM(J) Vertical distances from base line,in feet

AREA Area of partlcular station, in square feet
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Calculations for the Curves of Form and Bonjean Curves

Flow Dlagram

ALHA
Ship,LRP, BE LN LGE) [ 2 /=0 NLNL AN GO @
/NBV, DBV ) K=1,1,
—" il ey Aith-eh| |e)zo. Di)=a K.@.»5L> [TE6 (LG (K-l
. NV=NV+VN (K) pIM(4)=
Q- L [ e L e
KGA8Y (00K -pli-t) oM @)= |1 gps(NL V)| |WLz0, Tz G AE
WWNCK) Nv+d | ! 324 K.GABY
WLH(T):=
Wiz WL+ GAMA N | (LH(T-1) . VELTA
T=J,4 GAMA 4TAL()=0. 5 . l__@
@ YNK) zanl/ HWESPK) 14 g0 | Nk )| STALLNGS)
peLTA > TTLE 3
z=1,4, | STA)= 7AL(Z-1)4575p (K.) o v‘rna)w.ma)co._,'
@—.<L&,$7‘A ,)' 4 59*2?,&‘5’5? - ’ TI(T)=0. L2(7)=0, e
Ms;’, 08 120 4740 ARM=0.

EPST EPS
@‘%: 1,4, STA=57A+ N (K) ,<I,£ ZI: Wra() =£a(1),d?n1(:)=wzz)__ ARM= ARN
K.GAsL 2.8/ [TE(I)-EQB)Li(5)EQL) | PEXFIK)
el | ZETA z Pr(s) = WPA(T,
| CF (5)=LBP/z. -WPM(T) TPsL3) Yazo.
J=0,4%, -
C HIP Tl /WPA (T) WPE-WPAT)/(aP
N=0 J=0 VoL=0 ETA Z7A
YWM=z0. LIM=0 . =1,1, WL=WL+INCK) -< Tz, LeEQ(S
th:o.Mrmso- ‘<§(ANBV’ TE WL toi-e4 7@
| Psp(st2)= VoL /35. WM=EQ(S) VEB(T42)=IMfyoL KM1GRFER(D)
@ DISPEW (5+2)=VoL/36. LYM=EQ(7) LCB(TH2)= LYM/YoL ﬂ#fﬁg_@g% )

?

| DOISP(542) = TPE(T+2)M-CF(T+2)) LBP
BCOEFF (342) =YoL [ LBP%2- % BE*(YARM+2.
* WLSP (KM

MzpA = EQ (41)
FEOEFF(T1)=Yo L/(Mz1pA
#LBP)

McoefF(are)z 2R (12)
YARM = YARM4Z.2WLSP (K )

TITLEZ
ship

O

TLEH
SHIp

_

TTLEL
$ezp

/J

i

LAMEsA

®

${eAD

REés 3
WLH(T)

YEB(T)

Res S
NLH(T )
MTL (D)
ppesp (12

S

®

7

AReA=E4(13)

)
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Example Problem No. 101

Equations for Flow Diagram

(1) WPA(T)= NPA(T) + 2 #(0FS(Z,3)+ 4. %0FS (L +1,T)+0FS (1+2, T ¥STPIK)/ 3.
2 WM(3)= WPM(D) +Z-#(ARM % 0F$(2,T) +4 # (ARM+ STSP (KD) # 0FS(z+4,T) + (ARM +2.
# STSP (K))# 0FS(TH2 ,T)) # STSP (K) /3.
3) TL(3)=T3) 42 %(0FS(5,T).P. 3+ 4% OFS (£14 , T).P.3 +0FS (T12,1) R3¢ 43P (K)fd.
A LT (5= L2(T) +2.% ({ ARM-R 2) ¥ OFS(T,T) 1k *((ARM +STSP (K)).P.)#0FS (e, J)
t{(ARM+2.% STSP(K)). P. 2 )% OF$ (£42,3)) # STSP (K) /3.
§) VoL= oL+ (WPA(T)+4.# WPk (7+4)+WPA (T42))# NLSP(K)/3.
(&) VM= WM +(VARM ¥ WPA(T) +4 (VARM + WLSP (K)) #WPA (T+4)+ (vARM 4 2.4 WLSP (i)
¥ WPA (342)) + WLSP (K)/3.
() L= LYM+(CF(3) #WPA () +4.% CF (T+ L)# WPA (T+1 )+CF (TH2pwWPA (F2)% WLSP(K)/3.
(8) KMT (I42)=TZ(T+2)/VoL +VeB(T+2)
(1) KL (F+2)= (LT (3+2)- WPA (342 )¢ (FBP/z. ~CF(T42 )).R2)/{bL +VcB (T+2)
110) MT1(Tr)= VoL * (KM (342) - VeB(T+2))/ (420.% LBP)
() MEOA=M29A +2.4(0FS(0ST,T) +4+ 0FS(0ST,3+1) + OF $ (0ST, 3+ 2. )% WLSP(K)/3 .
Uz) MCOEFF (J+2) = MZpA [(2-* BE +(VARM+ 2.+ WL 5P (K)))

(43) Aleh=AREA 2.+ (0FS(2)T )+ 4%0FS(T, Tt 1 )10FS (T T+ 2)#NL $P(K)/3.
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Calculations for the Curves of Form and Bonjean Curves

MAD Program and Data

$ COMPILE MADs» EXECUTEs DUMPy PRINT OBJECT
START READ FORMAT ONEs SHIPsLBPsBESNBLINBVSOST
VECTOR VALUES ONE=$110+2F104293110%%
READ FORMAT TWOs L({l)eeosl (NBL)
VECTOR VALUES TWO=$%$(8F1042)%*%
READ FORMAT THREEs LN(1)eeeLN(NBL)
VECTOR VALUES THREE=$(8I10)*$
READ FORMAT TWOs D{(l)essD(NBV)
READ FORMAT THREEs VN(1l)eesVN(NBV)
NL=0
NV=0
L(0}=0e
D(0)=0s
THROUGH ALPHA9 FOR K=1sls KeGeNBL
NL=NL+LN(K)

ALPHA STSP(K)=(L(K)=L(K=1))/LN(K)
THROUGH BETAs FOR K=1sls KeGeNBV
NV=NV+VN (K}

BETA WLSP(K)=(D(K}=D(K=1}}/VN(K)

DIMENSION OFS{1900sDIM) oL (20)sLN{20)4D(20)sVN(20)9sSTSP(20) sWL
1SP{20) sWPA(30)sWPM(30)»TI(30)sLI(30)9CF(30)sTPI(30)sDISP({30))
2DISPFW{30)sVCB(30)sLCB(30) sKMT(30) sKML(30)sMT1(30}sDDISP(30)y
3BCOEFF({30) sMCOEFF(30)9PCOEFF(30) sWLH(30)9»OFSM(30)sSTAL(60)

INTEGER SHIPsNBLINBVSOSTeNLINVILNyVNsIoJsKasMePyWLsSTA

VECTOR VALUES DIM=2462+61

DIM(1)=NV+2
.DIM(2)=NV+1

READ FORMAT FOURs OFS({090)seeOFS{NLsNV)

VECTOR VALUES FOUR=${11F742)%*%

WLH=0

J=1

wL=0

THROUGH GAMMAs FOR K=lsls» KeGeNBV

WL=WL+VN(K)

THROUGH GAMMAjs FOR J=Jsls JeGeWL

GAMMA WLH(J)=WLH({J=1)+WLSP(K)

STAL(0)=0.

I=1

STA=0

THROUGH DELTAs FOR K=1s1ls KeGeNBL

STA=STA+LN(K)

THROUGH DELTAs FOR I=Isls IeGeSTA

DELTA STAL(I)=STAL(I=1}+STSP(K)

PRINT FORMAT TITLEs SHIP)LBPsBEsSNBLsNBVsOST

VECTOR VALUES TITLE=%1H1// S21+54HCALCULATIONS FOR THE CURVES
1 OF FORM AND BONJEAN CURVES // S41s 8HSHIP NOe I5// S42s 1l1H
2Re Ae YAGLE ///777 S3» L6HBASIC DIMENSIONS // S10»s 36HTHE L
3ENGTH BETWEEN PERPENDICULARS IS F10429¢5H FEET /7 S10s 23HTHE M
4OLDED HALF BEAM IS F10e2s 5H FEET/ S109 9HTHERE AREs I5s 42H
SDIFFERENT STATION SPACINGS ALONG THE SHIP / S10» 9HTHERE ARE
6 159 41H DIFFERENT WATERLINE SPACINGS UP THE SHIP / S10s 29HM
TIDSHIP 1S LOCATED AT STATION I5 *%

THROUGH EPSI» FOR J=0sls JeGeNV

WPA(J)=04

WPM({J}=0s

TI(J)=0,

LI(J)=0,

I1=0

ARM=0,

STA=0

THROUGH EPSIs FOR K=1919KeGeNBL

STA=STA+LN(K)

THROUGH EPSIs FOR I=I92s1eEeSTA

WPA(J)=WPA(J)+2e*(OFS(I19J)+4e*¥OFS(I+19sJ)+0OFS{I429J))*STSP(K)/
13,

WPM(J)=WPM(J)+2e% (ARM¥OFS(19pJ)+4¢* (ARM+STSP(K) ) #OFS(I+1eJ)+(
1ARM+24%#STSP(K) ) *OFS({I+29J) ) *STSP(K ) /3

TII)=TI(J)+2e*(OFS(I9J)ePe3+4¢*0OFS(I+1sJ)sPe3+0FS{I+29J)ePe3
1)%#STSP(K) /9

LICJY=LI(J)+2e*((ARMePe2)#¥OFS{IoJ)+4e*( (ARM+STSP(K))ePe2)*0FS
1(I+19J)+( {ARM+24*STSP(K) ) ePa2)#OFS{TI+29J))*STSP(K) /34
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Example Problem No. 101

MAD Program and Data, Continued

EPSI

ZETA

ETA

THETA

IOTA

KAPPA

ARM=ARM+2 ¢ ¥STSP (K)

PRINT FORMAT TITLEls SHIP

VECTOR VALUES TITLEL1=$1H1/ S20s 23HWATERPLANE CALCULATIONS /
15259 BHSHIP NOe I5/// S3s 48HCF 1S IN FEET FORWARD (+) OR AF
2T (=) OP MIDSHIPS /// S3s 9HWATERLINEs S8s 8HWP AREASs Sé»
314HCF (FROM MID«)» S6» 13HTONS PER INCHs ST7s HWP COEFFe //
4 %3

THROUGH ZETAs FOR J=0s1ls JeGeNV

CF(J)=LBP/2¢~WPM{J)/WPA(J)

TPI(J)=WPA(J}) /420,

WPC=WPA(J)/(LBP#*2,4,%BE)

PRINT FORMAT RES1s WLH{J)sWPA(J)sCF(J)sTPI(J)4WPC

VECTOR VALUES RES1=%3S49F7¢29559F12423579F8429589F86295109
1FB8e4 //%$

WL=0

J=0

VOL=0s

VVM=0.4

LVM=0,

VARM=0,

MIDA=0s

THROUGH ETA» FOR K=1sls KeGeNBV

WL=WL+VN({K)

THROUGH ETAs FOR J=Js2s JeEeWL

VOL=VOL+(WPA(J)+4e ¥*WPA{J+1)+WPA(J+2) ) XWLSP(K) /3,
DISP(J+2)=VOL/35,

DISPFW(J+2)=VOL/36

VVM=VVM+ { VARMEWPA(J) +4 ¢ ¥ (VARM+WLSP (K) ) XWPA(J+] )+ (VARM+2 ¢ #*WL SP
LK) ) *WPA(J+2) ) *WLSP(K) /3

LVMzLVM+{ CF{J)¥WPA(J ) +4 o ¥CF{J+1 ) #WPA(J+1 ) +CF (J42 ) ¥WPA(J+2) ) *W
1LSP(K) /3

VCB(J+2)=VVM/VOL

LCB(J+2)=LVM/VOL

KMT(J+2)=TI(J+2) /VOL+VCB(J+2)
KML{J+2)=(LI{J+2)=WPA(J+2)*¥(LBP/2+s=CF(J+2))eP42)/VOL+VCB(J+2)
MT1(J+2)=VOL®(KML (J+2)-VCB(J+2))/(4204*LBP)
DDISP(J+2)=TPI(J+2)*¥(=CF(J+2))/LBP
BCOEFF(J+2)=VOL/(LBP*24*BE*(VARM+2 ¢ *WLSP(K}})

MIDA=MIDA+2¢ % (OFS{OSTsJ)+4e*0FS(OSToJ+1}+0FS{OSTeJ+2) ) ¥WLSP(K
1)1/3

PCOEFF(J+2)=VOL/(MIDA*LBP)
MCOEFF(J+2)=MIDA/(2¢*BE*(VARM+2¢*WLSP(K)})
VARM=VARM+2 ¢ *WLSP (K )

PRINT FORMAT TITLE2s» SHIP

VECTOR VALUES TITLE2=$1H1/ S20920HMOLDED DISPLACEMENTS/ S23»
19HSHIP NOs 15///7/7 S3s27THALL VALUES ARE IN LONG TONS//S299HWA
2TERLINEs S13916HDISPe SALT WATERs S8917HDISPe FRESH WATER//%*$
THROUGH THETAs FOR J=2929 JeGeNV

PRINT FORMAT RES2s WLH(J) sDISP(J)sDISPFW(J)

VECTOR VALUES RES2=%5S49FTe29 S159F124295129F1242//%%

PRINT FORMAT TITLE3» SHIP

VECTOR VALUES TITLE3=$1H1/ S10+45HLONGITUDINAL AND VERTICAL C
1ENTERS OF BUOYANCY / S2598HSHIP NOe 15///// S$S3433HVCB IS IN F
2EET ABOVE THE BASELINE / S3s9HWATERLINE » S16y 3HVCBs S1293HL
3CB //*%%

THROUGH I0OTAs FOR J=2929 JeGeNV

PRINT FORMAT RES3s WLH{J) sVCB(J)sLCB(J)

VECTOR VALUES RES3=3S5S4sF7e29S5149F8429ST7T9F8e2 /%%

PRINT FORMAT TITLE4s SHIP

VECTOR VALUES TITLE4=$1H1/ S10»4THTRANSVERSE AND LONGITUDINAL
1 METACENTRIC HEIGHTS / S27s 8HSHIP NOe 15////53942HALL VALUE
2S ARE IN FEET ABOVE THE BASE LINE ////S3s9HWATERLINE » S16
399HKM TRANSe s S5898HKM LONGe // *#%

THROUGH KAPPAy FOR J=2929 JeGeNV

PRINT FORMAT RES4s WLH{J) s KMT(J)y KML(J}

VECTOR VALUES RES4=3$S4sFT74295169F8e29 S99F8e2 //%$

PRINT FORMAT TITLE5s SHIP

VECTOR VALUES TITLE5=$1H1/ S19927HMOMENT TO TRIM ONE INCH AND
1/ S10s47THCHANGES IN DISPLACEMENT FOR A ONE INCH TRIM AFT /S28
29 8HSHIP NOe I5 //// S3» 33HTHE MOMENTS ARE IN FOOT LONG TONS
3/ S3y 35HTHE CHANGE IN DISPe IS IN LONG TONS //// 539 9HWATER
4LINE » S13y 18HMOMe TO TRIM 1 INe » S8s 15HCHANGE IN DISPe
5//*%$%
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Calculations for the Curves of Form and BonJean Curves

MAD Program and Data, Continued
. THROUGH LAMBDAy» FOR J=2929 JeGeNV T
LAMBDA PRINT FORMAT RES5s WLH(J)» MT1{(J}s ODISP(J)

PRINT FORMAT TITLE6s SHIP

VECTOR VALUES TITLE6a3$1H1/ S$10s 42HBLOCKs PRISMATICs AND MIDS
1HIP COEFFICIENTS /522 BHSHIP NOe 15/////7 $3y 9HWATERLINE
251195HBLOCK 9 S9» 9HPRISMATIC s S8s THMIDSHIP // *$

THROUGH MUs FOR J=2929 JeGeNV

MU PRINT FORMAT RES6s WLH{J)s BCOEFF(J)s PCOEFF(J)y MCOEFF(J)
VECTOR VALUES RES6=354s FT7e2s S129 Fbe4s S99 Fbehs S10s Fbe4/
1/ *$

PRINT FORMAT TITLETs SHIP

VECTOR VALUES TITLE7=$1H1/ S15s 34HSECTIONAL AREAS FOR BONJEA
1IN CURVES / S25» 8HSHIP NOe 15//7/7/ S0s 20HLOCATION OF STAT
2I0NS 9515 THSTATION s S8» 21H DISTANCE FROM STAe 0 //%%
THROUGH NUs FOR I=0sls JeGeNL

NU PRINT FORMAT TITLES8s Ie STALI{I)

VECTOR VALUES TITLEB=$ S38s15s Sl4s F10.2 *$

PRINT FORMAT SHEAD

VECTOR VALUES SHEAD=$3////S3s 15HSECTIONAL AREAS *$

THROUGH XI» FOR I=0919 IeGeNL

PRINT FORMAT TITLE9sI

VECTOR VALUES TITLE9=$S31H- S59THSTATION 14y S10s SHWATERLIN
1E » S129 14HAREA (SQe FTe) // *$

J=0

AREA=O.

WL=0

THROUGH XIs FOR K=z=lsls KeGeNBV

WL=WL+VN(K) .

THROUGH XI» FOR J=Je2s JeEeWL

AREA=AREA+2¢*(OFS{I19J}+4e*OFS{19J+1)+0FS( 19 J+2)) ¥WLSP(K)/3e

X1 PRINT FORMAT REST7» WLH(J+2)s AREA

VECTOR VALUES REST=$ S279 FTe2s Sl4y F9¢3 %%

TRANSFER TO START
_ END OF PROGRAM D R

$ DATA R i
528 536400 35495 3 2 12
8400 528400 560400
2 20 8 T T
18400 42400
p i U

00,00 00400 00400 00400 00400 00400 00,00 00400 00400 00400 00,00

00400 00600 00400 00400 00400 00400 00400 U000 (0+00 00,00 00,00

00400 00,00 00,00 00400 00400 00400 0C400 00400 00400 00499 2,01

00420 1675 2440 2675 2498 3418 3439 3eBGTTTHIB0 5679 Te30

00465 4410 5462 6450 7408 Tat5 7¢80 8455 9450 10485 12461
1490 7el5 9639 10463 11462 12440 12695 13488 14478 15690 17447
5010 11410 13478 15440 16452 17450 18427 19440 20423 21421 22439
10675 17435 19475 21425 22430 23400 23460 24420 25400 25465 26458 )

16485 23435 25441 26455 27422 27470 28415 28468 29420 29480 30442

21455 28400 29485 30462 31el0 31435 31455 31492 32427 32472 33420

24420 30498 32460 33¢42 33479 33,90 34410 34432 34450 34470 34485

25460 22455 34455 35438 35450 35455 35462 35474 35482 35490 3592
254690 33425 35422 35490 35495 35495 35495 35495 35495 35495 35495

24462 32460 34475 35491 35495 35452 35,95 35495 35495 35,95 35,95
21492 30660 33410 34435 35402 35,45 35,72 35495 35495 35,95 35495
16485 29495 30678 32450 23460 34440 34498 35460 35492 35,95 35,95
4410 22405 26423 29¢10 30698 32452 33472 35430 35490 35492 35495

3610 14490 19482 23476 2645 28495 30479 33435 35488 35470 35,95 T

1le75 8485 13405 17410 20670 24435 276422 31418 34495 35406 35470

C 1435 4e76  Te45 1Cs55 13482 17422 20450 26653 31400 33471 35420
1410 2453 3455 4e55 5490 Te77 10420 16480 25440 30610 32490
62 95 1423 1le62 2415 2400 2438 5472 17480 24470 29414
00400 00400 00,00 00600 00600 00400 004,00 00400 6655 14490 20450

00400 00400 00400 00400 00400 00500 00600 00400 8400 16470 22415
00600 00¢00 00400 00400 00400 00400 00600, 00400 5455 13455 19,15
NNeD0 00600 00400 00600 00400 00400 00600 00400 4430 12400 17455
N0s00 00e00 00400 00s00 00400 00400 00600 00600  2¢55 9430 14465
00¢00 00600 C0s00 00400 00400 00400 00600 00400 00604 6455 11475
00s00 00e00 0000 00400 00400 00600 00600 00000 00600 3450 8475
00800 00«00 00eN0  00e00 00600 00800 00600 00800 00600 00600 3475
00400 00400 (0400 00400 00400 00400 00400 00400 00400 00400 00400
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Example Problem No. 101

Computer Output

The complete output 1s not glven in that the sectlonal areas for the Bonjean curve are

all of the same form. Only four of these are included.

CALCULATIONS FOR THE CURVES OF FORM AND BONJEAN CURVES
SHIP NOs 528
Re As YAGLE
BASIC DIMENSIONS

THE LENGTH BETWEEN PERPENDICULARS IS 536400 FEET

THE MOLDED HALF BEAM IS 35495 FEET
THERE ARE 3 DIFFERENT STATION SPACINGS ALONG THE SHIP
THERE ARE 2 DIFFERENT WATERLINE SPACINGS UP THE SHIP

MIDSHIP IS LOCATED AT STATION 12

WATERPLANE CALCULATIONS
SHIP NOe £28

GF Is IN FEET FORWARD (+) OR AFT (=) OF MIDSHIPS
WATERLINE WP AREAS CF (FROM MIDs) TONS PER INCH WP COEFF.
«00 10907487 14473 258497 2873
3,00 17566464 575 41483 4627
6400 19708400 2466 46492 «5191
9400 21244408 =0e96 50458 5596
12,400 22328480 =429 53416 5881
15,00 23245404 =Te&t0 55435 «6123
18,00 24077473 =10e45 57433 06342
24,00 25639412 ~17627 61e05 6754
30400 28025499 =29493 66473 7382
36,00 29728430 - ~36466 70478 «7830
42,00 31149499 ~39468 T4elT #8205

MOLDED DISPLACEMENTS
SHIP NO. 528

ALL VALUES ARE IN LONG TONS

WATERLINE DISPes SALT WATER DISPe FRESH WATER
6400 2882435 2802429
12400 6511430 6330443
18400 10493478 10202428
30400 19331450 18794452
42400 29508403 28688436

LONGITUDINAL AND VERTICAL CENTERS OF BUOYANCY
SHIP NOs 528

VCB 1S IN FEET ABOVE THE BASELINE

WATERLINE veB LCB
6400 3e26 6el2
12400 65049 2616
18400 Se74 ~1e48
30400 16433 =9426
42400 23415 ~18e53

TRANSVERSE AND LONGITUDINAL METACENTRIC HEIGHT
SHIP NOe 528

ALL VALUES ARE IN FEET ABOVE BASE LINE

WATERLINE KM TRANS. KM LONGs
6400 56459 1880484
12400 35480 1078488
18400 30445 789442
30000 3033 63684
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Calculations for the Curves of Form and Bonjean Curves

Computer OQutput, Continued

42400 33474 561e31

MOMENT TO TRIM ONE INCH AND
CHANGES IN DISPLACEMENT FOR A ONE INCH TRIM AFT
SHIP NOe 528

THE MOMENTS ARE IN FOOT LONG TONS
THE CHANGE IN DISPe IS IN LONG TONS

WATERLINE MOMe TO TRIM 1 INs CHANGE IN DISP.
6400 852438 -+23
12400 1099476 43
18400 1288465 lel3
30400 1889428 3¢78
42400 2501413 5456

BLOCKs PRISMATICs AND MIDSHIP COEFFICIENTS
SHIP NOe 528

WATERLINE BLOCK PRISMATIC MIDSHIP
6600 4429 04921 900U
12400 5003 e5278 09470
18400 05375 e5568 09652
30400 ¢5940 «6067 «9791
42400 6477 06576 ¢9851

SECTIONAL AREAS FOR BONJEAN CURVES
SHIP NOs 528

LOCATION OF STATIONS STATION DISTANCE rROM_STAs O
0] «00
1 4400
2 8400
3 34400
4 60400
5 86400
6 112400
7 138400
8 164400
9 190400

10 2164G0
11 242400
12 268400
13 294400
14 320400
15 346400
16 372400
17 398400
18 424400
19 450400
20 476400
21 502600
22 528400
23 532400
24 536400
25 540400
26 544,400
27 548400
2R 552400
29 556400
30 560600
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Example Problem No. 101

SECTIONAL AREAS

STATION 3 WATERLINE AREA (5Qs FTe)
6eul 194205
12e00U 516960
18400 906140
306wl 1834540
42400 3234780
STATION 4 WATERLINE AREA (SQe FTae)
6600 454340
12400 1224740
18400 2124100
30600 4186100
426090 680140
STATION 5 WATERLINE AREA (S5Qe FTe)
640U 194780
12400 2066840
18400 3554180
350U 68861890
42400 10714580
STATION 6 HATERLINE AREA (SQe FTe)
600U 1264560
12490 3104360
18ec0U 5194940
30¢Uq 9844340
42400 14944180

Discussion of Results and Critique

This problem has been found to be satisfactory as the second problem in the computer course.
The detail involved in arranging the output in a neat and systematic way i1s perhaps too great,
but this does give the students an appreciation of how much additional effort such matters entail.
Also, they can probably use this program in thelr design courses taken in the senlor year and,
therefore, 1t warrants extra care. The fact that the program required is relatively stralght-
forward and easy to write, even 1f rather lengthy, has meant that all of the students have
successfully completed it. On the average, they have had to resubmit it to the computer flve

times but the latter times normally lnvolved only minor changes.
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Example Problem No. 102

PROGRAM TO COMPUTE AND PLOT CURVES OF FORM
by

Joseph J. Rodnite

This program 1s included to indicate the degree of programming skill that can be acquilred
by a good student and to illustrate a more sophisticated solution to the preceding problem.

The student elected to plot all of his results by utilizing PLOT subroutinesl, made use of other
avallable subroutines, devised several external functlons, and in general presented a solution
of the type one might expect from an experienced and capable programmer. The student was a
Junlor in the Department of Naval Architecture and Marine Eagineering and had had only the pro-
gramming course, Mathematics 373, prior to his enrollment in Naval Architecture 300.

There seems no necessity to describe his solution in words here since this would requife
descriptions of all of the subroutines and, unfortunately, many pages. The flow diagram and the
MAD program and data are included, however, and should be understandable to those familiar with
MAD and the Michigan Executive System Subroutines (MESS). The computer output includes reprint-
ing of the offsets, all of the calculated values in tabular form (including the station areas),
twenty-five plots of the Bonjean curves, and plots of the vertical and longitudinal centers of
bouyancy, salt and Ifresh water displacements, transverse metacentric height, center of flota-
tion location relative to midships, change in displacement due to one inch parallel sinkage
(tons per inch), moment to trim one inch, and'waterplane areas. Rather than reproduce all of

these, only the Bonjean plots for stations 3 and 14 are included along with the plots for VCB,

salt water displacement, and transverse metacentric height.

Flow Diagram

GEN .

DiM(o)=2 BDIM(0) = Dii1(0) SPACE
TIIFOXH) i 7 AMEDEA) L DIM(1) <NISTA*3 | 8DIMCY = 0IM(1)" L "STAS(). . . STAS(W/STA) ——@
L8P DEPTH, TYPE | |O/MIR):NITAI | |BOIMA)DIMEZ) WLSC1). . . WIS (AIWLS)

OFFSET
K(LO).. . KUIMSTA)

TT
OFFSET
>‘F7AA(I.O). .. STAA(LNSTA) -4@
REA TYTY OFFIET
e 6 Lc,srfu,uemsnsm {;ZwLNsrAAa,o) .. .STAACLASTA)

[?

|| ReEaDS. BOIMOI) *NWLS +3 AdAa
@" k. STan owis nsTa [T YPE 16 K.STAA,MWiS.MSTA | BOIME kwes+i [\ TS o

1 B. Carnahan and L. Evans



Flow Diagram, Contilnued
CHECK ZERO. ZERO.
LKk(ro)...H sTaac0.0)... H| VM, ACWLS,LAM(D), S¥D(O).. . SRDINWLS), FWD(O). .. FWDINWLS) __@
K(LNSTA) STAACNSTAMMS)| || VCB(O). . VCBINWLS)LCB(O). .. LCBINWLS).BMTCO) ... BMTNWLS)
BMLCO). ..BML(NWLS), CB(O).. .CBINWLS),CP(O)... CPINWLS)
2£RoO. ALPHA N\ | acwis) *acwi(t-1) wes®| /. Jros
WLAR(D). .. WLAR(NWLS), TL(O).. TI(NWLS), =11 ARM :LBP/2 Vo2
LMO). . LMINWLS),LT(O). . .LIINWLS), VM IDNWLS, PNSTA -2

WLARCI)=EG 1, LM(I):EOQE
Tl “EC 2, LUT) =EQ T |
LM(I)<EGT, LMCD=ECE
LI(T)-EO4 . LICD)EQ®
ARM < £EQS,

WL AR

| 700 L1¢E,

] LARC,
CEO LMD (WL AR etz

¢

@

ARM 0.

BETA

STAACY, [+2) *(K(L.J) +4. 2 k(L1 J)+
K2, J)pWLS(T+*R)/1.5 +STAAGLT)

8£TA
J*0, 1, ARM=0.
JONST
GAMNA voL(re2)=vortr)e£a 0| | LLIIC8L0, é‘ir‘f}fi;'f%?e
102 SWO(I+2) eVl (1+2)/ F5. |—| B4 700 5! BMLCTE)-E019
IPNWLS-2 FWO(I2) » VOL(L42)/ 36. s eam, et ESR
vMrEQ IS " eP(I+2)rEQ2!
ARM=Eale CMS(I+2):EQ22
: w
v CHb 5y T WLARCD, CFUI), CWR(D),
INFO(Y). .. CWE(l)* EQRS TPI(D). SWOI),FWD(I),
INFO G9) TPI(():EQ026 vC8(I).LCa(T), BMTUD),
| BMLCD, MTIC),CHGO(T),
CB(D, CMSCN,CPLI)

sonJEA
I. STAA(1,0)...
STAACT, NWLS)

PLOTR.
IMAGE  TEMP(NWLS),0.DEPTH,O.

-®

TEMPCI)* STAA(LT)

EAD (NWIS), <DEP7'H/§-F—

BoNGT!
-l\‘l_/—‘_(

T

@

PLOTS.

$ 83, TEMPACWLS, NWLS

PALOT4.
37 LABEL
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Program to Compute and Plot Curves of Form

Flow Diagram, Continued

5

/5

®

6

®

pPLOT2. PLOT 3. | PLOT 4.
@— IMAGE, .75, DEPTH, 0., ODEPTH, O. $¥% ¢, veB, ACWLS. AAWLS 37 LABEL vCBLEBL Lesrs
TEMP =, ABS. MAXOFS3.
4.C8.0, NIWLS) | PLOTR. || PLOTS. (| P4OT4. LeBLBL sworr PLOTR. ———O
@— PLOT 3. PLOTA, DLPLBL Fworr P:.orz.J!— PLOTS. |HI PLoTA. OISL Bk
@ BMTT! || ProT. | ALoTS. || PA.O‘I'4-.I]—- SMTLOL CFT[ | TEMP *.ABS. MAXOF3I{CF 0,0, NWLS)
@ PLOTR. || PLOT 3. ||| POT4. |- CFLBL rerr/ PLOTR. ||~ PLOT 8. [l PLOT4. TPIL8L HMTIT] @
PLOTR. || Pr.oTS. ||~ PLOT=. MTILEBL WLARTY WLARCID) 0. | PLOTR. [l PLOTS.
PLOTA. WLALBL |

RREAD.
ABCOD

A(IV) *A(LJ) 4801V} %0.083TF33

STLR
FREa0Z. J=0,1 ACLI) *A(1.9) +B(L1)/96
C oD .
3TLY STLY
Nrryadl T =) 30,1, ACLA)? ACLY) +BL1) /192
i I>c vyD
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Example Problem No. 102

Flow Diagram, Continued

.

E=lacP)l

LouaTions:

L WLARCL) =WLART) +(K(T. ) +R. %K ([, J+1) +K (. J+EPe STAS(S*2)/ 15
2TIHD=TIDHK, ([ J).RPI+4.%K([J+).PI+,(] J+2).PT)*STASU +2)/ 3.
SLMA) = LMT) +K TS » STAS <2 ) % ARM /L.5)

ALICDLIT) +~ABSK (L)) »ARM.P2 + STAS(I+E)/L.5)

SARM =ARM -STAS(S +2)

B.LIMCT) = LM(T) +K (L, J+1) %4. & STASC/+2) % ARM /.S

TLICD = LICT) +ABS.(F% (L, J+1) *ARM.RP2*STAS(/*2)/1.5)

B8.ARM =ARM - STAS(/+2)

. LM <LMT) + K (], J+2) ¥ STASC/+2) /LS

10.L0C7)L7(7)+. ABS.CKT,J +2) « ARM.PR%STAS(/ )7 5)

1. VM =VM+WLAR(I) »WLS([+2) *ARM/ 3.

R.ARM =4RM + WLS(T+2)

1B VM= UM +WLARCT+ 1) «WLS(L*2) * 4. » ARM/J.

4. ARM =ARM + WLS(I+2)

/5. SAME A4S EQUATION IZ

16.VCB(T+2) = VM /VOL (] +2)

17 LOB(T42) LI« sLrM(T+D+LMCT2) MWLSCT7R)/ )/ VOL((*2)
18 BMTCI¢C)CT1(2)22./3.)/ VOL(/*2) +VCB(/+2)

19, BML(I+2) = LI(T @) NVOLCL+S)+VCB(/+2)

20 CB(T+2) - VOL([*2) /(L BP*ARM x2. + MAXOFL.CK./E 0. NS574)
21 CP(T+2) = VOL(T2)/LBP*MAXOF2(STAA O . [42.NSTA)
22.CMS(I+2) = STAA(MDSP, [+2)/AARM w k(42 MDSP)*2.)

23 MT1(l) = SWOD*(BML(T) -VCBUN/ (/2. «LBP)

24.CHGO(T) = - LIMCDA(420. vLBP)

25. CWPR(T) = WLAR) AL BP »2. » MAXOF1.CK. [.O.AJSTA))

26. TRPI(Y) *WLARC(L) /420.
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Program to Compute and Plot Curves of Form

MAD Program and Data

$ COMPILE MADs PRINT OBJECTs EXECUTEs DUMPs 1/0 DUMP

START

OF sCK

TI7TT

TUTU

GO

AAAA

PSY

PROGRAM TO COMPUTE AND PLOT CURVES OF FORM

PROGRAMMED BY JOSEPH J RODNITE

ol vl sl e B v

INTEGER NSTASNWLSsIsJs INFO»TEMPI sMDSP » TYPE

DIMENSION K(2C00sDIM)sDIM(3) sWLAR(50)sTI(50)9STAS(50)sLI(50)
1LM(50)sVOL(50)9SWD(50) sFWD(50) sWLS(50)sVCB(50)sCWP(50})sLCBI(50
2)9BMT{50) 9BML(50)»CBI(50)sCP(50)sCMS(50) sMT1(50)9CHGD(50)sCF (5
30)9TPI(50)9sSTAA(20009BDIM) s INFO(24)9BDIM(2)

DIMENSION IMAGE(867)sTEMP(50)sACWLS(50)

READ FORMAT GENsINFO(1)eeeINFO(24) sMDSPsNSTAINWLSsLBPsDEPTH)
1TYPE

DIM{0)=2

DIM(1)=NSTA+3

DIM(2)=NSTA+1

BDIM(0)=DIM(0Q)

BDIM(1)=DIM(1)

BDIM(2)=DIM(2)

READ FORMAT SPACEsSTAS(1)eeeSTAS(NSTA}

READ FORMAT SPACEsWLS(1)eesWLSINWLS)

THROUGH OFSCKs FOR I=0s19IeGeNWLS

READ FORMAT OFFSETsK(I1s0)eeeK(IsNSTA)

WHENEVER TYPE ¢Ee 19 TRANSFER TO GO

THROUGH TTTTs FOR I=0s1sleGaNWLS

READ FORMAT OFFSETs STAA(I»0)eeeSTAA(ISNSTA)

EXECUTE RREADs (KsSTAAINWLSSNSTA)

THROUGH TUTUs FOR I=091s1+GeNWLS

READ FORMAT OFFSETs STAA(I90)seeSTAA(TIINSTA)

WHENEVER TYPE eEe 8sEXECUTE RREAD2¢(KsSTAAINWLSHNSTA)

WHENEVER TYPE eEs 16sEXECUTE RREAD3¢ (KsSTAASNWLSINSTA)

BDIM({1)=NWLS+3

BDIM(2)=NWLS+1

THROUGH AAAAs FOR I=091sleGeNWLS

PRINT FORMAT CHECKsIsK(I90)aeaK(IyNSTA)

EXECUTE ZERO&(STAA(O20)eea e STAAINSTASNWLS))

EXECUTE ZERO&(VMsACWLS(O) sLM(O}»SXD(U)eeaSXDINWLS) sFWD(O)oeoF
IWD(NWLS) sVCB(0)eee VCBINWLS} 9LCB(O)0esLCBINWLS) 9BMT(0) 40 eBMTIN
2WLS) 9BML(0) e e e BMLINWLS) sCB(0)eeeCBINWLS) sCP(Q) 44 CPINWLS)}

EXECUTE ZERO&{WLAR(O)e o e WLAR(NWLS) 9TI(0)eoa TI(NWLS)ILM(O)eoue
1ILMINWLS) sLI(O)eeelLI{NWLS) sVM)

R
R MAIN PROGRAM
R

THROUGH ALPHAs FOR I=1919IeGeNWLS

ACWLS(I)=ACWLS{I-1)+WLS(I)

ARM=LBP/24

THROUGH PSYs FOR J=092sJeGeNSTA=2

WLAR{I)=WLAR(T )+ (K(IToJ)+4e*K(ToJ+1)1+K(19J+2))%¥STAS(J+2)/145

R
R TRANSVERSE INERTIA
R

TICI)=TI(I)+(K(IoJ)ePe3+4e*¥K(IsJ+]1)ePe3+K(IsJ+2)ePe3)*#STAS(J+
12)73,

LONGITUDINAL INERTIA AND CENTER OF FLOTATION

sl vl )

LMIT)=LM{I)+K(I9J)*STAS(J+2)¥ARM/ 15
LICI)=LI(I}+eABSe(K(IsJ)* ARMeP42%#STAS(J+2)/105)
ARM=ARM=STAS(J+2)
LMUI)=LM(I)+K(I9J+1)%4e%#STAS(J+2)*ARM/ 145
LICI)=LI(I)+aABSe{4e*K(IsJ+1)*ARM¢P42%¥STAS(J+2)/1e5)
ARM=ARM=STAS({J+2)
LMOI)=LM(I)+K(I 9J+2) *STAS(J+2) *ARM/145
LICI)=LI(I)+eABSe(K(IsJ+2)*ARMeP42*¥STAS(J+2)/145)
CONTINUE

R
R CENTER OF FLOTATION
R

CF{I)=LM(I)/WLAR(I)
LICI)=LICI)=WLAR(T)*CF(I)*CF(I)
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Example Problem No. 102

MAD Program and Data, Continued

ALPHA CONTINUE
THROUGH BETAs FOR J=0»19JeGeNSTA
ARM=0,
THROUGH BETAs FOR I=0s29[eGeNWLS=2
R
R STATION AREA FOR BONJEAN CURVES
R
STAA(I142)=(K{ToJ)+4e*¥K{T+1oJ)+K(I+29J) ) ¥WLS(I+2)/1e5+STAALJ
1s1)
BETA CONTINUE
R
R DISPLACEMENT AND VOLUME
R
ARM=0+

THROUGH GAMMAs FOR I=092s1eGeNWLS-2
VOL(I+2)=VOL(I}+(WLAR(I)+4e*WLAR(I+1)+WLAR(I+2))*¥WLS(I+2)/3
SWD(I+2)=VOL(I+2)/35.

FWD(I+2)=VOL(I+2)/364

R
R VERTICAL CENTER OF BUOYANCY
R

VM=VM+WLAR( T ) *WLS{I+2)*ARM/3
ARM=ARM+WLS(1+2)

VM=VM+WLAR{J+1) ¥WLS(1+2)*44¥ARM/3 4
ARM=ARM+WLS(I+2)

VM=VM+WLAR(I+2) *#WLS(I+2)%ARM/3,
VCB(I+2)=VM/VOL(I+2)

LONGITUDINAL CENTER OF BUOYANCY

00

LCBII+2) = ((LM(I)4+4e*LM(T+1)+LM(I+2))¥WLS(I4+2)/34)}/VOL(I+2)

TRANSVERSE METACENTRIC HEIGHT

00D

BMT(I+2)=(TI(142)%2e/34)/VOL(I+2)+VCB(I+2)
g LONGITUDINAL METACENTRIC HEIGHT
RBML(I+2)=LI(I+2)/VOL(I+2)+VCB(I+2)
2 BLOCK COEFFICIENT
RCB(I+2)=VOL(I+2)/(LBP*ARM*2!*MAXOF1.(KoI+210,NSTA))

PRISMATIC COEFFICIENT

Pl b vl

CP(I+42)=VOL(1+42)/(LBP*MAXOF24(STAA9OsI+29NSTA))
R

R MIDSHIP COEFFICIENT

R

CMS(1+42)=STAA(MDSP»I+2)/(ARMEK (1+29MDSP)%*24)
GAMMA CONTINUE

PRINT FORMAT OUTPUTs INFO{1l)eesINFO(24)

THROUGH DELTAs FOR I=1s191eGeNWLS

E MOMENT TO CHANGE TRIM 1 INCH
RMT1(1)=SWD(I)*(BML(I)-VCB(I))/(12.*LBP)

s CHANGE IN DISPLACEMENT DUE TO 1 INCH TRIM AFT
RCHGD(I)=-LM(I)/(#ZO.*LBP)

g WATERPLANE COEFFICIENT
RCWP(I’=WLAR(l)/(LBP*ZO*MAXOFla(K’I’OQNSTA)’

g TONS PER INCH IMMERSION

TPTI(I)=WLAR(I)/420.
PRINT FORMAT INsToWLAR(I)sCF(I)sCWP(I)sTPI(I)ySWD(I)sFWD(IL)>
1VCB(I)sLCB{I)oBMT(I)9oBMLIT)sMT1(I)sCHGD(I)9CB(1)sCMS(I)sCP(I)
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Program to Compute and Plot Curves of Form

MAD Program and Data, Continued

DELTA CONTINUE
PRINT FORMAT NOTE
PRINT FORMAT SKIP
THROUGH ENDs FOR 1=09191eGeNSTA
END PRINT FORMAT BONJEAsIs»STAA(I90)esaSTAA(TINWLS)
THROUGH LAST1s FOR J=0319JeGeNSTA
THROUGH LASTs FOR I=091s1eGeNWLS
LAST TEMP(I)=STAA(Js1)
PRINT FORMAT BONJTIsJ
WHENEVER TEMP(NWLS)sLeDEPTH/24
PRINT FORMAT TRUBL
OTHERWISE
EXECUTE PLOT2.(IMAGESsTEMP (NWLS) 904 9DEPTHs04)
EXECUTE PLOT34(3%#5sTEMPsACWLSINWLS)
EXECUTE PLOT44(37sLABEL)
PRINT FORMAT BONLBL
END OF CONDITIONAL
LAST1 CONTINUE

PLOTING SUBROUTINES

s i v i o]

PRINT FORMAT VCBTI

EXECUTE PLOT2e(IMAGEe75%DEPTH90e 9 DEPTHs 04 )
EXECUTE PLOT34($%59VCBsACWLSINWLS)

EXECUTE PLOT44(37sLABEL)

PRINT FORMAT VCBLBL

PRINT FORMAT LCBTI
TEMP=eABS e+ MAXOF34 (LCBs» 090 sNWLS)

EXECUTE PLOTZ24(IMAGESTEMP s=TEMPsDEPTH»O4)
EXECUTE PLOT3+(3%#5sLCBsACWLSINWLS)

EXECUTE PLOT4s(379LABEL)

PRINT FORMAT LCBLBL

PRINT FORMAT SWOTI

EXECUTE PLOT24{IMAGE»SWD(NWLS) s0¢sDEPTH»0W)
EXECUTE PLOT34(3*5sSWDsACWLSINWLS)

EXECUTE PLOT4e(37sLABEL)

PRINT FORMAT DISLBL

PRINT FORMAT FWDTI

EXECUTE PLOT2¢ (IMAGEsFWD(NWLS) 9049DEPTHsO4)
EXECUTE PLOT34($%59FWDsACWLSONWLS)

EXECUTE PLOT44(379LABEL)

PRINT FORMAT DISLBL

PRINT FORMAT BMTTI

EXECUTE PLOTZ24(IMAGESMAXOF34 (BMTs0s0sNWLS) 90e9yDEPTHS04 )
EXECUTE PLOT34($#59BMT9sACWLSsNWLS)

EXECUTE PLOT4e(37yLABEL)

PRINT FORMAT BMTLBL

PRINT FORMAT CFTI
TEMP=eABS ¢MAXOF34 (CF30909aNWLS)

EXECUTE PLOTZ2+(IMAGEsTEMP s~TEMPsDEPTHO4)
EXECUTE PLOT34(3%59CFoACWLSINWLS)

EXECUTE PLOT44(379LABEL)

PRINT FORMAT CFLBL

PRINT FORMAT TPITI

EXECUTE PLOT2¢(IMAGESTPI(NWLS)90esDEPTHO4)
EXECUTE PLOT34(S*39TPIsACWLSINWLS)

EXECUTE PLOT4s(37,LABEL)

PRINT FORMAT TPILBL

PRINT FORMAT MT1TI

EXECUTE PLOTZ2¢(IMAGESMT1{NWLS) Ve sDEPTH04)
EXECUTE PLOT34($%$sMT19ACWLSINWLS)

EXECUTE PLOT4+{37sLABEL)

PRINT FORMAT MT1LBL

PRINT FORMAT WLARTI

WLAR(O) = O

EXECUTE PLOT2¢ (IMAGEsWLAR(NWLS) 904 sDEPTH904)
EXECUTE PLOT34(5%#39WLARsACWLSINWLS)

EXECUTE PLOT44(37»LABEL)

PRINT FORMAT WLALBL

FORMAT SPECIFICATIONS

o 00
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Example Problem No. 102

MAD Program and Data, Continued

VECTOR VALUES WLALBL=%1H0sS30920HAREAS IN SQUARE FEET*$
VECTOR VALUES BMTLBL=$1H09S30422H TRANSVERSE KM IN FEET*$
VECTOR VALUES MTITI=$1H1S30924H MOMENT TO TRIM ONE INCH//S1%*$
VECTOR VALUES TRUBL=$1H43550915HDATA IRRELEVENT*$

VECTOR VALUES BONLBL=31H0sS530920HAREA IN SQUARE FEET *$%

VECTOR VALUES VCBLBL=$1H0»S30426HVCB ABOVE BASELINE IN FEET*$

VECTOR VALUES LCBLBL=$1H0»S30924HLCB FROM MIDSHIP IN FEET #$%

VECTOR VALUES DISLBL=$1H0+S30920HDISPLACEMENT IN TONS *$%

VECTOR VALUES GEN=$12C6/12C6//31842F842518%$

VECTOR VALUES TPILBL=31H0S30927HADDED DISPLACEMENT IN TONS *$

VECTOR VALUES LABEL=$ HEIGHT ABOVE BASELINE *$%
VECTOR VALUES SWDTI=$1H1530923HSALT WATER DISPLACEMENT//S1%¥$
VECTOR VALUES FWDTI=$1H1530924HFRESH WATER DISPLACEMENT//S1%$

VECTOR VALUES SKIP=$1H1%$%

VECTOR VALUES SPACE=$/(9F842)%$%

VECTOR VALUES OFFSET=%/(9F842)%$
VECTOR VALUES CHECK=$1HQS50915HOFFSETS FOR WL I12//(S5910F10e4
1//7)%8

VECTOR VALUES CFTI=%1H19S1093HAFTS20932HCENTER OF FLOTATION F
1ROM MIDSHIP S2097HFORWARD//S1%$

VECTOR VALUES BMTTI=$1H19530929HTRANSVERSE METACENTRIC HEIGHT
1//81#%

VECTOR VALUES LCBTI=$1H1S51093HAFT$S20931HLONGITUDINAL CENTER
10F BUOYANCY S2047HFORWARD//S1%$

VECTOR VALUES BONJTI=$1H19530927H BONJEAN CURVE FOR STATION I
12/7/51%%

VECTOR VALUES BONJEA=%//55099H STATION I123s8HeeeAREAS///
1(S5910F1042//)%%

VECTOR VALUES VCBTI=$1H1530927HVERTICAL CENTER OF BUOYANCY//
151#%

VECTOR VALUES QUTPUT=$1H1+525912C6//526912C6//116H0 WL Wk A
1REA CF CwP T/1 SW DISP Fw DISP vCB LCB KM
27 KML MT1 CHG DISP cB CMS cP /%%

VECTOR VALUES IN=31HO9I39F10e1sF6419F6e29F60192F10e093F7429F8
1e29F6419F100193F642%5

VECTOR VALUES NOTE=$65H4#***NOTE**¥% 1, DISREGARD ZERO VALUES
1 ON ODD NUMBERED WATERLINES/1H09513,67H2e FOR LONGITUDINAL CE
2NTERS NEGATIVE VALUE INDICATES AFT QOF MIDSHIP /1HOS13,
380H3e ON ALL GRAPHS EXCEPT LONGITUDINAL CENTERS UPPER RIGHT H
4AND CORNER IS A POINT *3

VECTOR VALUES CFLBL=%1H09S530941H CENTER OF FLOTATION FROM MID
1SHIP IN FEET #3%

VECTOR VALUES WLARTI=$1H1+530s26HAREAS OF HORIZONTAL PLANES//
151%$

VECTOR VALUES TPITI=$1H1s530s51HADDED DISPLACEMENT DUE TO ONE
1 INCH PARALLEL SINKAGE //S1%$

VECTOR VALUES MT1LBL=$1HOsS30436HMOMENT TO TRIM ONE INCH IN F
100T-TONS *%

TRANSFER TO START

END OF PROGRAM

$ COMPILE MADs PRINT OBJECTs CONDITIONAL

STL1

STL2

STL3

EXTERNAL FUNCTION(AsBsCsD)
INTEGER CsDsloJ

ENTRY TO RREAD.

THROUGH STL1ls FOR I=0391s1eGaC
THROUGH STL1ls FOR J=0s19JeGeD
AlTsJ)=A(19J)+B(19J)*s083333333
FUNCTION RETURN

ENTRY TO RREADZ2.

THROUGH STL2s FOR I=0s191eGeC
THROUGH STL2s FOR J=0s19JeGeD
AlIsJ)=A(IsJ)+B(19J) /96
FUNCTION RETURN

ENTRY TO RREAD3,

THROUGH STL3s FOR I=091914GeC
THROUGH STL3s FOR J=U»1l9JeGeD
AlTsJ)=A(TsJ)+B(1sJ)/192s
FUNCTION RETURN

END OF FUNCTION

$ COMPILE MADs PRINT OBJECTs CONDITIONAL

EXTERNAL FUNCTION(AsBsC»sD)
INTEGER BsCoFsD
ENTRY TO MAXOFle
E=0e
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Program to Compute and Plot Curves of Form

MAD Program and Data, Continued
THROUGH STL1s FOR F=1919FeGeD

STL1 WHENEVER E oLe A(BsF)sE= A(BsF)
FUNCTION RETURN E
R
ENTRY TO MAXOF2e.
E=0e
THROUGH STL29 FOR F=1919FeGeD
STL2 WHENEVER E olLe A(F9C)s E=A(F9C)
FUNCTION RETURN E
R
ENTRY TO MAXOF3.
E=0s
THROUGH STL39 FOR F=ls1l9FeGeD
STL3 WHENEVER E oLeeABSeA(F )y E=zeABSeA(F)

FUNCTION RETURN E
END OF FUNCTION

$ DATA

CURVES OF FORM FOR HULL 77 TO 79
PROGRAMMED BY JOSEPH J RODNITE

MIDSHIP NO STA NO WLS LBP DEPTH TYPE DATA
12 24 14 6004 44 8
STATION SPACING STARTING FROM STATION 0
25, 25 25, 25, 25 25 25, 25, 25
25, 25 254 25 25 254 25 25, 25
25, 25, 254 25, 25, 250
WATERLINE SPA ING STARTING FROM WATERLINE O

20 2e 2 20 2e 2e 4o 4o 4o
4 b 4o be bGe

WATERLINE O
O Os Oe O Oe Oe O Oe O
Oe Oe Os Oe O Oe Qe Os Oe
O Oe Oe Oe O Ose Qe

2 FOOT WATERLINE
Oe 3. 44 60 80 120 16. 220 27'
31, 33, 34, 33 32 29 24 18, 124
8e Se 2e Oe O O

4 FOOT WATERLINE
1. 4o Se 8e 10. 15 20, 25, 30,
33, 35 364 35,4 34, 31 27 21, 15
10, 6 3 O Qe O

6 FOOT WATERLINE
le b4e 5 8 10, 15. 20 25 30e
33, 35, 364 35, 34, 31e 27 21, 15.
10, 6o 3 Oe Qe O

8 FOOT WATERLINE
le 4e e e 12 18 22 27 31,
35, 364 37 374 36 33, 29 24 18
12, Te 4o O O Oe

10 FOOT WATERLINE
1. b4e 6o 10, 14, 19. 24 29 33,
36, 37 384 37 37 36 33, 28 224
154 9 4o Oe Oe O

12 FOOT WATERLINE
le 4o 6o 10, 14, 20 25 30, 37
37, 37 38, 38 37 36 34, 29 23
17, 104 5e Oe O Oe

16 FOOT WATERLINE
Oe 3 6 10, 15, 21 27 31, 35
37, 38, 384 38 374 37 35 32 27
20, 12, 54 O O O

20 FOOT WATERLINE
Qe 30 60 110 160 220 280 32. 360
37 38, 38, 38 38 37 36 34,4 30
23, 16 Te Qe Ose Qe
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Example Problem No. 102

MAD Program and Data, Continued

e 8% FQOT WATERLINE

0 3, 6o 11, 17, 23, 29 33, 36
37, 38, 38s __38s 38, 37 37 35 .. 32
274 20, 11, 0 Oe O )
28 FOOT_WATERLINE
Oe 3 Te 12, 18, 24 304 34, 36
37, 38, 38, . 38, 38, 38 37 36 . 34,
30, 23, 15, Te O O
.32 FOOT WATERLINE
Oe 3 8e 14, 20, 264 31, 34, 37
37, 38,  38s 38, - 38, 38 37 37, 36
32, 27, 204 124 4o O )
_ 36 FOOT WATERLINE
le ' 9e 15, 21, 28, 31, 35, 37
37, 38¢  38Bs 38, 38, 38. 38 37 37
3%, 304 234 17, 9 Oe o T
. . 40 FOOT WATERLINE
2e [} 11, 17, 23, 28, 32 35, T 37.
38, 38 38 38, 38, 38, 38, 38, 37
35, 32, 27 200 13, O
e %% _FOOT WATERLINE .
3 Te 13, 19, 244 30 33, 36, 37
38, 384 384 _ 36, 38y _38e  38e 384 37
36, 33, 29, 24, 16, 0 N
Computer Output
CURVES OF FORM FOR HULL 77 TO 79 o
PROGRAMMED BY JOSEPH J RDONITE
SW FW CHG
WL WL AREA CF CHP T/1 DISP DISP vCB LCB KMT KML MT1 DISP cB CMS cp
1 18304.2 27.9 44  43.6 0 0 .00 .00 .00 .00 0 -2.0 200 +00 00
2 20560.9 30.0 47 49.0 1786 1737 2.44 28.38 92.94 3547.25 879.4 —2.4 «36 .80 45
3 20551.4 28.9 247  48.9 0 [¢] «00 <00 00 «00 0 _—2.4 « 00 «00 <00
4 22291.7 29.2 +49  53.1 4168 4053 4.49 16.63 50.80 1719.01 992.6 —2.6 +40 +85 o486
S 23930.7 25.8 «52 57.0 0 0 00 +00 .00 .00 0 =-2.4 .00 <00 «00
6 24656.,2 24.6 54 58.7 6886 6695 6.68 10.31 41.74 1212.611153.3 -2.4 244 -89 48
1 25602.8 20,8 256  61.0 Q 4] 200 200 200 00 20 =2} 00 «00 <00
8 26566.7 17.9 «58 63.312739 12385 10.98 9,62 32.57  163.961332.2 -1.9 .49 «93 «52
9 27524.1 13.8 «60  65.5 0 0 .00 +00 +00 .00 «0 ~1.5 00 «00 «00
10 29017.2 8.0 .64 69.1 19050 18521 15.32 4,46 31.65 645.241666.7 -9 292 +95 54
11 30483.7 2.1 « 67  12.6 0 Q «00 200 00 <00 -0 -3 « 00 .00 «00
12 31912.2 =4 « 10  76.0 26016 25294 19.80 .81 33.31 612.902143.1 ol «55 +96 57
13 33133,2 -1.1 o 13 18,9 ¢] o] 200 200 +00 00 20 el w00 200 200
14 34160.2 -1.6 « 15 _81.3 33582 32650 __24.36 —e24 35,871  572.892558.4 el ___59 «97 60
wsssNOTE+##+ 1. DISREGARD ZERO VALUES ON ODD NUMBERED WATERLINES 7

2. FOR LONGITUDINAL CENTERS NEGATIVE VALUE INDICATES AFT OF MIDSHIP

3. ON ALL GRAPHS EXCEPT LONGITUDINAL CENTERS UPPER RIGHT HAND CORNER IS A POINT

-G37



Program to Compute and Plot Curves of Form

Computer Output, Continued

22093

© .00 468.75

00

.00

... L14.50

.¥5.33

STATION O...AREAS

) 26.06

80.86

STATION 1l...AREAS

56.83 .00 90.64 .60

_.B354.22

STATION 2...AREAS

.00

647.11

125.36  .0C

.00

36.94

l45.22

228425

.
.
.
.

STATION 22...AREAS

.00

STATION 24...AREAS

-.CO
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Example Problem No. 102

Computer Output (continued)

£59

A bt W bl b Med et et bt bl oy Sl e bt bt bl b bt beod bl el et b et bued et bt e bk o bowd b b bt md ek b b ot M feod el et ot buef Meod bt e bed

*860T1T 1817256

1334

JYVNOS NI v3uv

TeL 11¢ $98°c21 Qe

226°94%8 LGC°TH2 2ET*CE9 92¢ "€2% 19% ¢y 96G°L1¢
e B e S Fmm e — dmm—m———— et T SRS Fmmm—————— +
1 1 1 1 1 1 1 1 1
1 1 1 1 I I 1 1 I
I 1 I 1 1 1 I 1 1
1 1 1 1 I I 1 1 I
I I 1 I 1 1 I I 1
1 1 I f 1 1 1 I 1
I 1 I 1 1 I I I 1
I 1 1 1 I 1 1 I I
I 1 I 1 1 1 1 I #*
Fmm e D e Rt B Fmmmm———— tmm——— ————t e ———— B +
1 1 1 I I 1 1 1 1
1 1 1 1 1 1 1 1 1
1 I 1 1 1 I 1 1 1
1 1 1 1 1 I 1 1 = 1
I 1 1 1 I 1 1 1 1
I 1 1 1 1 1 1 1 I
1 1 I I I I 1 1 I
1 1 1 1 I 1 1 1 1
I 1 1 1 I I 1 1 1
tm———— ————tm—————— ——t o Fmm—mm ————t e ———— t———————— +
I 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 b 1 I 1 1 * 1 1 1
I I 1 1 1 1 1 1 1
1 I 1 1 1 1 1 1 1
1 1 I 1 1 b 1 1 1
1 1 1 I I 1 1 1 1
1 1 1 I 1 1 1 1 1
I 1 1 1 1 1 1 1 1
e R ikttt B B e et e T (R —— +
1 I 1 I I 1 1 1 1
1 1 1 1 = ] 1 1 1 1
I I I I I 1 1 1 1
¥ 1 1 1 1 I 1 1 1
1 1 1 1 1 1 1 I I
1 1 1 I 1 1 1 I 1
1 1 I 1 1 I 1 1 1
1 1 1 I 1 1 1 1 1
1 1 1 I 1 I 1 1 1
tm——— it Dt R B T et e B e e
b 1 = 1 1 1 1 1 I 1
1 I 1 1 1 I I 1 1
I 1 I 1 1 1 1 1 I
1 T 1 I 1 I I 1 I
I 1 1 1 I I 1 1 I
1 1 1 1 1 I 1 1 I
I I 1 1 1 1 I 1 1
1 1 1 I 1 1 1 1 i
1 1 1 1 1 1 1 1 1
——————— B e T T T o T P fmmm—— tm————— e o ————— +

€ NOILVIEIS ¥0Od JA¥ND Nv3ICNQY

#= (000°C

b M et bt e et med R

+ 009°L1

et b N bk et b el et et

W e bl et R Pt bt e et e et bt bt B bl et b b bt
@
Q
™~
.
iyl
[l

+ CCO° %Y

[ ST V2 JU RS B e A o)

<0 >w

pay

TLd =D
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Program to Compute and Plot Curves of Form

Computer Qutput (continued)

1334 3uvNOS NI v3dv

062°2%1¢ G2G°2€92 009°L162 GLC"€C22¢ <CG€°8381 G2Z9°€lGT 00678521 SL1°vw%He Cs%*629 SZL %1¢e Qco*o

R et o ———— o mmm———— tmm e ——— Fo———————— e — o o o —m Fmm——————— # 000°0
1 1 1 1 1 I 1 1 I 1 I

1 1 1 T I 1 1 1 1 1 *

1 1 1 1 1 1 1 1 I 1 1

I 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 I 1 1 1 = 1

1 1 1 1 I I 1 1 1 I I

1 1 1 I 1 1 I 1 I I *

I 1 1 1 1 1 1 1 1 1 1

1 1 I I 1 I I 1 1 * 1 1
o o —————— Fom——————— Fmm e ——— m————— ——tm e ———t e ————— o ———— ———tm———————— o + 008°¢
I 1 1 1 I I I 1 1 I *

1 1 1 1 1 I 1 1 1 1 I

1 I 1 1 I 1 1 1 1 1 1

1 1 1 1 I I 1 I = 1 I 1

1 1 1 I 1 1 1 1 1 1 I

T 1 1 1 1 1 I I 1 I 1

1 1 1 I 1 1 1 1 1 1 I

1 1 I 1 1 1 I 1 1 1 »

1 1 I 1 I I 1 1 I 1 1

B ettt o ———————— tmmm e ———— o ——— o ———— o ———— tom— e ——— e ——— ——— e ————— + 009°.1
1 1 1 1 1 1 I 1 1 1 I

1 1 1 H 1 I 1 1 1 1 1

1 1 I I I 1 = I 1 1 1 1

I 1 1 1 1 I 1 I I 1 I

1 I 1 1 1 I 1 1 I I 1

1 1 1 1 I I 1 1 1 1 1

T T 1 1 I 1 1 I 1 1 *

1 I 1 I 1 I 1 1 I I 1

1 1 1 1 I I 1 1 I 1 I
o B R et R ———fm————— et ——— o ———— ———pem - e —————— F—————— ——tr——————— + 00%°9¢
I I 1 1 1 I I 1 1 1 1

I 1 I 1 *1 I 1 1 1 1 1

I 1 1 1 1 1 1 1 1 1 I

I 1 I 1 1 I 1 1 I 1 I

1 I I 1 I 1 1 1 1 1 1

I 1 1 1 I I 1 1 1 1 *

1 1 1 I 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 I 1 1

I I 1 1 I I I 1 I 1 I

B et e B s et e P e o — e ——— e ————— + 002°6¢
I I =1 1 1 1 1 1 1 I 1

1 1 1 1 1 1 I 1 I 1 1

1 1 1 1 I 1 I I 1 1 I

I I 1 I 1 1 1 1 1 I I

1 1 I 1 1 I 1 1 1 1 *

I I 1 1 I 1 1 1 I 1 1

1 1 1 1 1 1 1 1 1 1 I

I 1 I I I 1 1 1 1 I 1

1 1 1 I 1 1 1 I H 1 I
e et e St B e i TP to—mmmm———t—————————4 000°%Y

%1 NOILVLS ¥0d 3AUND NVIFNOY

<0 >W VWL WA 2L

P VER AT
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Example Problem No. 102

Computer Output (continued)

000°€e 00L°62 Q0% *9¢ 001°€2 008°61 00
o o m fmm—mm———— o ————— -
1 1 I 1 I
1 I 1 1 I
1 1 1 I b
I 1 1 1 1
I 1 1 1 I
1 I 1 I 1
1 1 1 1 1
1 1 1 1 I
1 1 1 I 1
o ————— fm—m———— Fommm———— e ————— o ——— -
1 1 I 1 1
1 1 1 I I
1 1 1 I I
1 I I 1 1
1 1 b1 I 1
I 1 1 1 I
I 1 I 1 I
1 I 1 1 1
I I 1 1 1
Fmmmm————— +m——— ———— tmmm—————— o ———
1 1 I 1 1
1 I 1 1 1
I 1 1 1 1
1 I I 1 I
1 1 1 1 1
I 1 1 1 1
1 I 1 1 1
1 I 1 1 I
1 1 1 1 1
o ————— R bt EC ——mm m————— -
1 I 1 1 1
1 I 1 I 1
1 1 1 1 1
I I 1 1 1
I 1 1 1 1
1 1 I 1 I
1 I 1 I I
1 T 1 1 I
1 I 1 1 I
o ————— mm e ——— pmmmm————— o ———— ——tm e
1 I I I *

1 I I I 1
1 1 1 1 I
1 1 1 1 I
1 1 1 1 1
I I 1 1 1
1 1 1 1 1
1 1 1 1 I
1 1 1 1 I
et mm e e D et fmm———————

1334 NI 3INIT3ISVE 3A0GV 8IA

G*91 002°¢€1 006°6 009°9 0o€*€ 000°0
pmm——————— o ————— o —————— e ————— o ——— * 0000
1 I 1 I 1 I

I i I I I »

I 1 1 I I 1

1 I 1 1 I 1

1 I 1 1 I = I

1 1 1 I 1 I {

I 1 1 I I *

1 1 1 1 I 1

I I I I * I I
TR — o e b ———— U + 008°8
I I 1 1 I *

I 1 1 I 1 1

1 I 1 1 1 1

1 1 1 * I 1

1 b 1 1 I I

1 1 I I 1 I

I 1 I I 1 1

1 I I I I »

1 1 1 I I 1
fmmm— e ——— A e o ——— + 009°L1
1 I 1 I I I

I I 1 I 1 I

1 I = 1 1 I 1

1 1 I 1 1 1

1 I 1 1 I 1

1 I 1 I I I

1 1 1 I I =

I 1 I I I I

I 1 1 I 1 1
bmm—————— ————— ———— e ——— e —————— Fommmme———% 00%°92
I I 1 1 I 1

1 = I 1 I I I

1 I I I I 1

1 I 1 I 1 I

1 1 1 1 I 1

I I I I 1 =

I 1 1 I I I

1 I I I I 1

1 I 1 1 1 1
- fmmm————— o —tm——————— o -=+ 002°s¢
I I I 1 I I

I 1 I I 1 1

I I 1 1 I 1

1 1 1 1 I 1

I 1 1 1 1 =

I 1 I I 1 I

1 1 I I I 1

1 I I I I 1

1 I 1 I I 1
fmm——————— o ———— o —————— $m————— ——f e —— + 0004y

AJDNVAONG dO ¥3IN3D TVIILY¥IA

CONCD>dGW OdnWd=ZW

T WO =
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Program to Compute and Plot Curves of Form

Computer Output (continued)

SNOL NI IN3IW3IVIASIQ

26€°28GeE LTIT1°H220¢ 288°69892 949°L0G€Z TI%°6%102 9LI16L9T 1%6°2¢%€l 90L°HL001T 0L%°91L9 G€2°8S€EE 000°0

R ke e e et R A et ——tm—————— e —————— e o —— # Q00°0
I I 1 1 1 1 1 1 1 1 1

I 1 1 1 I 1 1 I I 1 *

1 I 1 I 1 I I 1 1 I 1

1 I 1 I I I I 1 1 I I

I I I I I I 1 1 I I * I

I 1 1 1 I I I I 1 1 I

I 1 1 I I 1 I I I 1 »

1 1 1 1 I 1 I I 1 1 1

1 I I I I I 1 I I * I I

e ————— Bk ettt R etk 2P Lt PP P m——————— Fomm e ———— Fom— Form o ————— + 008°*8
1 1 1 I I I I 1 I I »

I I I I 1 I I 1 1 1 I

I 1 1 1 I 1 1 1 I I I

1 1 I 1 1 1 I I *I I 1

I T 1 1 1 I I I I I I

1 I 1 I I 1 1 1 I 1 1

1 I 1 1 I I 1 I 1 I 1

I T 1 I 1 1 I I I I *

I 1 I I I I 1 1 I 1 I
fmmm——— - i B e ————t e e b o —————— m———————— + 009°1L1
I 1 1 I 1 I 1 1 1 1 I

I I I 1 I I 1 I 1 I 1

I 1 1 I 1 1 I = 1 I 1 I

I I I I I I I I 1 I I

I I I 1 I 1 I 1 1 -1 1

I 1 I 1 1 I I I 1 1 I

I I 1 I 1 1 I 1 1 I =

1 I 1 1 1 1 I I 1 1 I
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Example Problem No. 102

Computer Output (continued)
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Program to Compute and Plot Curves of Form

Discusslon of Results and Critique

While there are distinct advantages in being able to obtaln from the computer actual plots
of the values of the various curves of form as a function of draft, the occasions when these
plots would be sufficient are rather limited. Bonjean curves are normally plotted on a profile
of the shlp involved in such a manner that sectional area curves can be readily obtalned for any
waterline. The curves of form are'normally all presented on one plot so as to glve a complete
picture of the hydrostatic characteristics of the ship and to facllitate their use in problems.
Thus, this particular solution would be useful only in a parametric study in which one might not
care too much about the actual values and would be more concerned with the trends or the sense

of the changes from one set of offsets to another.
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Example Problem No. 103

CALCULATION OF THE DRAFTS FORE AND AFT OF A DAMAGED SHIP
by
J. R. Paulling and R. A. Yagle

(Solution essentially as devised by Professor J. R. Paulling, Jr., Department of Naval Archi-
tecture, University of California (Berkeley) while a faculty participant on the Ford Computer
Project during the summer of 1961.)

Problem Statement as Glven to Students

Given the table of offsets, the initial drafts fore and aft, and the locations of two
transverse bulkheads bounding a compartment of a ship, write a MAD program which will solve for
the final fore and aft drafts if the compartment is symmetrically flooded in free communication
with the sea.

The suggested procedure is to use an "added weight" method for solution, find the weight
and trimming moment of the added water up to the original waterline, and then adjust the mean
draft and trim to malntain static equilibrium. The modified amount of flooding water within
the compartment should then be determined and draft and trim recalculated. Thils process should
be repeated until satisfactory convergence is obtained as evidenced by a sufficiently small
1teration increment in the drafts fore and aft. If convergence is not obtalned, the procedure
should be stopped after a specified number of iterations.

The initial volume and LCB of the ship should, of course, be obtalned by a longltudinal
integration of the station areas and their moments. By an interpolation, five equally spaced
station areas up to this initial waterllne should be determined within the length of the speci-
fied compartment. These areas should then be used to cobtain the volume and centrold of the
water admitted to the compartment (up to the original waterline). The area, centroid and longi
tudinal moment of inertia of the waterplane must also be computed.

Your program should be general, but need not (unless time permits) allow for changes in

statlon or waterline spacing and may specify that the number of intervals be even for both.

 Data:

Ship No. As you wish.
Length Use L of 130.00!
Beam B of 32.00!
Initial Draft Forward HF of 8.00!
Inltlal Draft Aft HA of 8.00!
Compartment Forward Blhd. from FP XBl of 52.00!
Compartment Aft Blhd. from FP XB2 of 68,00!
Waterline Spacing DELZ of 2.00!
Number of Station Intervals P of 10

" Number of Waterline Intervals Q of 8
Compartment Volume Permeability MU of 0.65
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Calculation of the Drafts Fore and Aft of a Damaged Ship

Offsets:
Statlon Waterline
0 1 2 3 4 5 6 7 8

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 1.60
1 0.25 1.38 2.42 3.18 3.78 4.37 4,96 5.55 6.26
2 0.50 3.88 5.83 7.14 8.16 8.92 9.53 10.13 10.76
3 0.50 7.10 9.70 11.20 12.10 12,70 13.20 13.70 14,28
4 0.50 10.30 12,78 13.80 14.42 14,87 15,28 15.69 16.05
5 0.50 12,30 14,07 14,77 15.10 15.39 15.68 15.95 16.10
6 0.50 11.25 13.70 14.70 15.10 15.39 15.68 15.95 16,10
7 0,50 6.35 11.18 13.30 14,38 15.04 15.50 15.88 16.05
8 0.50 1.25 4,25 8.74 11.93 13.80 14.88 15.62 16.00
9 0.30 0.30 0.45 1.08 3.22 8.41 12.40 1h.65 15.65
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4,60 5.52

Instructor'!s Solution

The solutlon begins by solving for the area of each of the glven stations up to the given
even keel waterlines and then interpolates between the appropriate values of these areas to
obtain the station areas for trimmed waterlines. These trimmed waterlines are defined on the
basis of the draft at each station, HH, which also allows an interpolated set of offgsets (YY)
to be obtained. These station areas and offsets are then used to calculate the volume to the
trimmed waterline, the area and moment of the trimmed waterplane, the longitudinal inertia of
the waterplane, and the moment of the volume to the trimmed waterline about the fore perpendicular.

Next, five equally spaced statlon areas (up to the trimmed waterline) are determined
within the damaged compartment by interpolation, using an internal function. These areas, and
the permeability, are used to find the volume of water admitted to the compartment and its
centroid. These quantities are sufficient to allow the added submerged volume (DELVOL) and its
trimming moment (TRIMOM) to be calculated. These are used to determine the new drafts fore and
aft. The expression for the forward draft (HF), for example, includes three terms: the first
is the present value; the second is that for the parallel sinkage; and the third that which
accounts for the trimming. The latter can be related to the moment to trim one inch (one foot
in this case), but is actually in terms of volume. It is particularly difficult to follow
because the waterplane area moments are about the fore perpendicular and the lengths involved
cancel out.

A conditional statement stops the iteration whenever the change in draft is less than

.0002 times the length, or on the twenty-first try.
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List of Symbols

Example Problem No.

SHIPNO, L, B, H, HF, HA, XBIl,
XB2, DELZ, P, Q, MU

AREA(STA,I/2)

STAL
STA2

HH

c
ASTA(J)
ce

YY(J)
VOL(TRY)
AWL
MOMWL

WL
VOLXB(TRY)
AC(I)
FLDVOL
FLDCTR

DELVOL
TRIMOM

HF
HA

Flow Diagram

%ﬁ}jw’(&o)oﬂw

SmpNo, L, 6,

SHIPAO, L, 8, HHF, H;HF,H%
Hy xBLy X B2, XB1, X6z
_ma,P’ a,MU

103

See problem statement

Area of each station up to each given waterline,
in square feet

Nearest regular station forward of forward bulkhead
of flooded compartment {(dimenslonless)

Nearest regular station aft of aft bulkhead of flooded
compartment (dimensionless)

Draft at any station, in feet
Integer for waterline below HH (dimensionless)

Areas of each station up to actual drafts, in square feet
Integer for waterline below HH (dimensionless)
Offsets of trimmed waterlines, in feet
Volumes to trimmed waterlines, in cublc feet
Area of trimmed waterplane, in square feet

Moment of waterplane area about fore perpendicular,
in cublc feet

Longitudinal inertia of waterplane, in feet4

Moments of volume to trimmed waterlines, in Ji‘eet}‘L
Station areas within flooded compartment, in square feet
Volume of water in flooded compartment, in cublc feet

Distance of centroid of water in flooded compartment
from forward bulkhead, in feet

Added submerged volume, in cublc feet

Moment

ﬁf added submerged volume about fore perpendicular,
in feet

Calculated draft forward, in feet
Calculated draft aft, in feet

7Af”ﬂb
jr 8

AARAN | Tasupct)
ol @’>’| s

A —@

pppp
5ﬂ= o, 1)
s GF

€

ArzeA(sm

"Oo

ARen(S4, %) = AREALSH, (2-2)/2.) $TAL = XBfiy
»é >,. 1PELE/3.+(Y(5h, T2 ) 44 Y(STH, T I) STh2=XB2/(1/p) ——@
2 +Y($TA, Z)) +1
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Flow Diagram,

Calculation of the Drafts Fore and Aft of a Damaged Ship

Continued

HH = (HA+HF)/2-

t((HF-HA) L ¥ (e,

i

-T#L/p)

¢ H%z-#ma

ez

\

ASTA(T) = ARER (T,0+(HH-C* 24 DEL Z)
(@) /z#verep (arep(g,ct1)

E% Y(2)= Y(3,60)+({H-cc* JeLe)
/par({(3, cctt){(7,ce))

~Gh48-

-©

®

- AREA (T,C))
YoL(TRY) =O. Vol-(rﬂ-f;,‘gg
ANL, =20. 3)
@_, MoMWL=0. =E4(2) HHA Acls)= TATeR. (AsTA,
ZWL 0. Zoz STAL,STAZ, bip, XB1
VoLXBGRY)=, + T¥(XB2-X8L)/4,)
Aol TempL= HF e feLVoL = VoL(L) + FLowoL-tolrey)
@ - ] —— FLPCTR = EQLT) = mom = VoL B(TRY)- oLKB(L)
@ QY] Tempz=HA - FLpVoL A (Pocm +XB1.)
@ HF=EQ®) <-Ass. CTEMK&;HE).L..MU?—#I— T HF,HA, |
HA=ERY)|  \Ag.(rempz-Ha). L.ow2s L ) %
F:
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Example Problem No. 103

Flow Diagram (Internal Function)

L

AL.D D (A-3) fesn))

o> io‘—fdﬁﬁm) feop=peopk (xARG - s #s1:49- ) —~2)
[/
h§dﬁ4= SUM+DIF (D)% PRop
Equations

U) Vo (rRY) = (H/(3xP)HASTA(EL-2) 4+ ASTAGL-1)+ASTAGD) + VoL (TRY)

BETA : DIF(A) =
ALPHA BETA
20,1, 2 +$3 =1,4., =42~ - ' k) -
'2:3'5 WF(A) MR @ Vé;f'— A=gz 5% (mF(A) @

)

7

@) ANL=(/p DAY LDt 40YE1-D) +YY (1)) + AW
3) MoMWL= (/4P IRLPMAY (1-2) #(el-Desmpy (EL-Lprt-D Y (e} 2L) o
() TWL=(/ (M )X (Y (d-2) KL DR LD 4 Y Y el Dtz d-1)
+YY(z{)¥ixzl) + WL
(5) VoLXB(RY)= (L/G¥IH(Up) A (AAGEL2# (11-1)+ 4 Asih(zt-Lx (4-L)
t ASTh(z)¥ TL) 1 VoLXB (TRY)
(6) FLIVOL = MU# (x82-X84) 24 (A< (0)+ AHAC(L) 423 AC(2 )+ 4RAE (S}t AC(A))

(7) FLpciRe (XBe-XBL)/AXUF A (L)+ d¥he (D) Hthe(SH4Hhe( 4)/
(AC(o)+ AHAS(L) + 2 XhC(2 )b A Ac (3)+ A ()

(8) HF=HF+ pelvoL/AnL+ (MoMWL/ AWL) % TriMoM /(T WL~ MoMWL +MomhL JANL)

(9) MA= HA+DELBL /AnL - (L-MoMWL/AWL)* Temout /CZNL-Momn L * MoMNL /AWL)
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Calculation of the Drafts Fore and Aft of a Damaged Ship

MAD Program and Data

$SCOMPILE MADYEXECUTEsPRINT OBJECT sDUMP
R CALCULATION OF THE DRAFTS FORE AND AFT OF A DAMAGED SHIP
RGIVEN THE OFFSETSs INITIAL DRAFTSs LOCATIONS OF TRANSVERSE
RBULKHEADS BOUNDING THE FLOODED COMPARTMENTs AND THE
RCOMPARTMENT PERMEABILITY
RP MAX IS 40 (41 STATIONS INCLUDING FP STA(O})
RQ MAX IS 16 (17 WATERLINES INCLUDING BASELINE WL(0))
RP AND Q MUST BE EVEN
READ FORMAT DATAsSHIPNOsL sBsHsHF sHAWXB1lsXB29DELZ sP QMU
VECTOR VALUES DATA=$159sF8e297FT7e292139F4e2%8%
PRINT FORMAT ECHO»SHIPNOsL sBsHsHF 9HA»XB19XB29DELZ9PsQsMU
VECTOR VALUES ECHO=$1H1913HSHIP NUMBER s15/8HOLENGTH sF84295
OH FEET»7H BEAMs=7e295H FEET912H DES DRAFTsFT7e2 5
1H FEET/ 11HODRAFT FWD sF7e235H FEET912H DRAFT AFT #F74295H
2FEET/21HOBULKHEAD LOCATIONS +FT7429S29F7e2933H4 FEET ABAFT FOR
3WARD PERPENDICULAR/20HOWATERLINE SPACING 9F74295H FEET/19HON
4UMBER OF STATIONSsI4922H NUMBER OF WATERLINESsI&4»15H PERME
SABILITYsF5e2///1H0sS10916HTABLE OF OFFSETS/10HOWATERLINE#*S
INTEGER SHIPNOsPsQsIsSTASWLISTAL9STAZsJ9sCyeCCyI1yTRY
DIMENSION Y(738,DD)
VECTOR VALUES DD=21919+18
THROUGH AAAAy FOR I=091914GeQ
VECTOR VALUES TABHD=$1H+sS$s% $93912%3
TABHD(1)=DIG(I)
VECTOR VALUES DIG=31289318393245953059536593425,548%59954%+%60
15936659372595785938459390593965931025+5108%59%114%
AAAA PRINT FORMAT TABHD»sI
PRINT FORMAT STATS
VECTOR VALUES STATS=$8HOSTATION*S
THROUGH BBBBs FOR I=0sls1eGeP
BBBB READ FORMAT OFFSETsY(I90)eaeY(IsQ)
VECTOR VALUES OFFSET=%10F642/10F642%%
THROUGH CCCC » FOR I=0s191eGeP
cccc PRINT FORMAT OFFTABsIsY(I90)eeeY(IsQ)
VECTOR VALUES OFFTAB=$31H0953+12956918F642%%
THROUGH DDDDs FOR STA=03519STAeGeP
AREA(STA»0)=04
THROUGH DDDD sFOR 1=292914GeQ
DDDD AREA{STAI1/2)=AREA({STA(I=2)/2)+DELZ/3e¢*(Y(STAsI=2)+4e*Y(STAy
11=1)+Y{STAsI))
STA1=XB1/(L/P)
STA2=XB2/(L/P}+1
TRY=1
EEEE THROUGH FFFFy FOR J=0slsJeGeP
HH= {HA+HF ) /2 0+ { (HF=HA)} /L) ¥ (L/2e~J*L/P)
C=HH/(24*DELZ)
ASTA(J)=AREA(JsC)I+(HH=CH2%¥DELZ)/ (2 +*DELZ)*(AREA{JsC+1)~AREA(J
1sC))
CC=HH/DELZ
FFFF YY(JI=Y(JsCCY+(HH=CCHDELZ ) /DELZ¥ (Y ({JsCCH+1)~-Y(JsCC))
DIMENSION ASTA(40)sYY(40)sVOL(20)sVOLXB(20)sAC(5)
DIMENSION AREA(3659DDD)
VECTOR VALUES DDD=231049
VOL(TRY)}=0e
AWL=0s
MOMWL =0
IWL=0s
VOLXB(TRY)=0s
THROUGH GGGG sFOR 11=292911eGeP
VOL(TRY)=(L/{3%#P)})*(ASTA(I1-2)+4¢#*ASTA(I1=-1)+ASTA(IL))+VOL(TR
1Y)
AWL=(L/(3¥P) ) *(YY(I1=-2)+4e*YY(I1l=1)+YY(I1))+AWL
MOMWL=(L/(3#P) ) #(L/P)¥(YY(I1=-2)%(11=2)+4e*YY(I1=1)%(I1=1)+YY(
111)*11)+MOMWL
IWL=(L/(3#P))#(L/P)*(L/PIR(YY(I1=2)%(11=2)%(11=2)+4e*YY(I1~-1)
I (I1=1)%(I1=1)+YY(IL)*IL*I1)+1IWL
GGGG VOLXBITRY)={L/(3%P))*(L/P)*(ASTA(I1=-2)#(11-2)+44*ASTA(I1~1)%(
111-1)+ASTA(I1)*I1)+VOLXB(TRY)
THROUGH HHHHs FOR I=0s19leGe4

HHHH AC(T)=INTERs (ASTAsSTAL»STA2sL/PsXBL4I¥(XB2=XB1) /4e)
FLDVOL=MU* (XB2=XB1)/12¢#(AC(0)+4e*AC(1)+20¥AC(2)+4e*¥AC(3)+ACI
14))
TEMP L=HF
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Example Problem No. 103

MAD Program and Data, Continued

ALPHA

BETA

GAMMA

SDATA
99999

25
«50
50
50
50
50
50
50
30

TEMP2=HA

FLDCTR=(XB2=XB1)/4e* (4e¥AC(1)+4e*AC(2)+120*AC(3)+4e*AC{4) )}/ (A
1C{0)+4e*AC(1)+24*AC(2) +4e*#AC(3)+AC(4))
DELVOL=VOL(1}+FLDVOL=VOL(TRY)
TRIMOM=VOLXB(TRY)=-VOLXB(1})=FLDVOL* (FLDCTR+XB1)
HF=HF+DELVOL/AWL+(MOMWL/AWL)  #TRIMOM/ ( IWL-MOMWL ¥MOMWL /AWL )
HA=HA+DELVOL/AWL~(L~MOMWL /AWL) #TRIMOM/{ IWL-=MOMWL *MOMWL/AWL)
WHENEVERGABSe (TEMP1~HF ) oL ¢« 0002%L 4 ANDe e ABSe (TEMP2-HA) oL 040002
1#L

PRINT FORMAT OUTPUTsHF sHA s TRY

VECTOR VALUES OUTPUT=%$21H0 FINAL DRAFT FORWARDsF6e2917H FEET
1 DRAFT AFTsF6e2s7H FEET 912920H ITERATIONS REQUIRED*$

OR WHENEVER TRYGe20

PRINT FORMAT NONCONsHF s TEMP1sHASTEMP2

VECTOR VALUES NONCON=$22HONONCONVERGENT HF LASTsF6e2911H HF N
IXTLASTaF6e298H HA LASTsF642911H HA NXTLASTsF6,2/19HOTOUGH LUC
2K OLD MAN¥*$

OTHERWISE

TRY=TRY+1

TRANSFER TO EEEE

END OF CONDITIONAL

INTERNAL FUNCTION(AA»S19529553XARG)

ENTRY TO INTER.

THROUGH ALPHASFOR A=0s19AeGeS2-S1

DIF(A)=AA(A+51)

DIMENSION DIF{40)

THROUGH BETASFOR D=1913sDeGoeS2~S1

THROUGH BETA$FOR A=S52-Sls~1sAsleD
DIF(A)=(DIF(A})=DIF(A=1))/(SS%D)
. PROD=1,

SUM=DIF(0)

THROUGH GAMMASFOR D=1919DeGeS2~51
PROD=PROD* ( XARG=-SS*(S1+D~-1))

SUM=SUM+DIF (D) *PROD

FUNCTION RETURN SUM

INTEGER S19529A9D

END OF FUNCTION

END OF PROGRAM

130,00 32400 10400 8400 8400 52400 68400 2400 10 8 465

75 1460

1¢38 2442 3418 3478 4437 496 5455 6626
3488 5483 Teld 8416 8492 9453 10613 10476
7¢l0 9470 11420 12610 12470 136420 13470 14428
10630 12478 13480 14442 14487 15428 15469 16405
12630 14407 14477 15610 15439 15468 15495 16410
11625 13670 14470 15410 15439 15468 15495 16410
6635 11418 1330 14438 15404 15450 1588 16405
1625 4425 8e74 11493 13480 14488 15462 16400

«30 e45 1608 3422 8e41l 12440 14465 15465
4060 5452
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Calculation of the Drafts PFore and Aft of a Damaged Ship

Computer Output

SHIP NUMBER 99999

LENGTH 130,00 FEET BEAM 32.00 FEET DES DRAFT 10,00 FEET

DRAFT FWD 8400 FEET DRAFT AFT 8400 FEET

BULKHEAD LOCATIONS 52400 68400 FEET ABAFT FORWARD PERPENDICULAR
WATERLINE SPACING 2400 FEET

NUMBER OF STATIONS 10 NUMBER OF WATERLINES 8 PERMEABILITY 0465

TABLE OF OFFSETS

WATERLINE 0 1 2 3 4 5 6 7 8
STATION
0 0400 0400 0400 0400 0400 0400 0400 0475 1e60
1 0025 1038 2442 3418 3478 4437 4496 5455 6426
2 0450 3488 5483 Telk 8416 8492 9453 10413 10476
3 0650 7410 9470 11420 12410 12470 13420 13470 14428
4 0650 10430 12478 13480 14442 14487 15028 15469 16405
5 0650 12430 14407 14477 15410 15039 15068 15495 16410
6 0450 11425 13470 14470 15410 15439 15468 15,95 16410
7 0650 6435 11418 13430 14438 15404 15450 15488 16405
8 0e50 1625 4425 8474 11493 13480 14488 154,62 16400
9 0e30 0030 0445 1408 3422 841 12040 14465 15465
10 0000 0400 0400 0400 0400 0400 0400 4460 5452

FINAL DRAFT FORWARD 9e44 FEET DRAFT AFT 8428 FEET 17 ITERATIONS REQUIRED

Discussion of Results and Critique

This particular solution incorporates only one of the several possible schemes by which
a flooding problem may be solved and 1s not very general. It is neither the best nor the worst
of these, but is typical of many submitted by students. Most of them used elther internal or
external functions and, as required by the problem statement given to them, used an iterative
procedure. This was the first problem in which they had to use a conditional statement. This
problem and solution were used to illustrate how the computer can be used to solve problems
using an iterative method. The students could presumably elaborate on thils or thelr own pro-
gram and create a more general program for later use if they so desire. The added complexity

of a truly general program would tend to mask the iterative techniques used.
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Example Problem No. 104

FLOODABLE LENGTH CALCULATION
by
J. R. Paulling and R. A. Yagle
(Solution essentially as devised by Professor J. R. Paulling, Jr., Department of Naval Archi-
tecture, Unlversity of California (Berkeley) while a faculty participant on the Ford Computer

Project during the summer of 1961.)

Problem Statement as Given to Students

The table of offsets for a ship 1s given, It is desired to compute several points on the
floodable length curve for a specified permeability. Write and test a MAD program to accomplish
this calculation for each of the several specified trim waterlines. The program should recog-
nize a non-convergent solution corresponding to a required location of the flooded space beyond
the 1limits of the hull surface. End point calculations may be omitted since it will be possible,
by speclfylng a sufficlent number of trim waterlines, to obtaln ordinary points as near the ends
of the ship as desired.

Solving the floodable length problem is initiated by assuming that a ship, floating at
initial drafts HF and HA, sustains damage and is flooded in such a location and to such an
extent that it sinks to a specified "damaged waterline". Conventionally, several such damaged
waterlines are chosen, and the problem then is to determine the location and size of the flooded
spaces such that the specifled waterlines are obtained in each case.

A curve obtalned by erecting ordinates equal to the lengths of such compartments at the
midlength of the compartment locatlons on a profile drawing of the ship 1s ftermed the floodable
length curve.

The required flooded compartment volume and longitudinal position of the centroid of the
volume are obtained by solving two equations of static equilibrium of the ship in the damaged
condition. Thus the compartment volume is given by:

v, = (V, - Vy)/k

where Vé = total volume of ship up to the damaged waterline

v volume of the ship up to the original undamaged waterline

1
permeabllity of the flooded compartment

n

The distance from the FP to the centrold of the compartment 1is

Vo (Xpp) - Vp(Xg)

X:
c MVC
wWhere XB2 = distance to the centroid of V2
XBl = distance to the centroid of Vl

(i.e., the locations of the centers of buoyancy after damage and before, respectively)
It is necessary to find by an 1terative procedure a segment of the ship volume up %o the

damage waterline whose volume and centrold satisfy these criteria.
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Floodable Length Calculation

The procedure begins by assuming the midlength of the compartment is located at Xc'
An estimate of the compartment length is obtalned by dividing the ship's sectional area at Xc
into Vc’ By an interpolation procedure, five equally spaced station areas are obtained within
this trial length. These areas and their moments about the FP are integrated to obtain the
volume and centroid location for the trial compartment. The trial length and compartment mid-

length location are obtained from the following expressions:

Vc

L2 = Ll X vi§§

Xe
Xyp = X X 77

where L2 = compartment length for next iteration

Ll = assumed compartment length for present iteration
VTRY = compartment volume obtalned in present iteration
XM2 = compartment midlength location for next iteration
XMl = compartment midlength location from present iteration

Xl = distance from forward perpendicular to centroid of compartment
from present iteration

This process 1s repeated until satisfactory convergence to the required compartment volume
and centroid location is obtained or until a specified number of iterations 1s exceeded. In the
latter case, an examination of L and XM from the last iteration indicates whether or not there
is a solution for the corresponding damaged waterline.

Data:
Ship No. As you wish
Length Use L of 130.00!
Beam B of 32.00!
Initial Draft Forward HF1 of 8.00!
Initial Draft Af% HA1 of 8.00!
Waterline Spacing DELZ of 2.00"
Number of Station Intervals P of 10
Number of Waterline Intervals Q of 6
Compartment Volume Permeability MU of 0.65
Offsets:
Station Waterline Deck
0 1 2 3 4 5 6 Edge
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75
1 0.25  1.38 2,42  3.18  3.78  4.37  4.96  5.55
2 0.50 3.88 5.83 7.14 8.16 8.92 9.53 10.13
3 0.50 7.10 9.70 11,20 12,10 12,70 13.20 13.70
4 0.50 10.30 12.78 13.80 14,42 14.87 15.28 15.69
5 0.50 12,30 14,07 1bk.77 15,10 15.39 15,68 15.95
6 0.50 11.25 13.70 14,70 15,10 15.39 15.68 15.95
7 0.50 6.35 11,18 13.30 14,38 15.04 15,50 15.88
8 0.50 1.25 4,25 8.74 11.93 13.80 14.88 15.62
9 0.30 0.30 0.45 1.08 3.22 8.41 12.40 14,65

0.00 0.00 0.00 0.00 0.00 0.00 0.00 4. 60

=
o
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Example Problem No. 104

Damaged Waterlines:

Draf't Forward Draft Aft
3A 7.101 16.70!
2A 9.00! 16.70!
1A 12.80! 16.70!
P 15.70! 15,70¢
3F 19.401 7.10!
2F 18.95! 9.00¢
1F 17.95¢ 12.80!

Instructor's Solution

The solution presented has been generally described in the problem statement, and this
and the list of symbols which follows are probably sufficient to allow the reader to under-
stand the program. In addition, this solution utilizes many of the same techniques used in the
preceding sample problem, and even the interpolation,INTER,, is the same except that here it is
an external rather than an internal function.

The areas of the regular stations up to the damaged (flooded) waterlines sometimes involve
an extrapolation beyond the areas on hand from the offsets read in. This is taken care of by
a conditional and utilization of the mean offset above the highest regular one given. That is,

the highest offset and that at the deck edge are averaged.

List of Symbolsg

SHIPNO, L, B, H, HF1, HAl,

DELZ, P, Q, MU See problem statement

AREA(STA,L/2) Areas of each station up to each given waterline,
in square feet

HO Initial draft at any station, in feet

JJ Integer for waterline below HO (dimensionless)

A0(J) Areas of each station up to actual initial drafts,
in square feet

VOL Volume at initial waterline, in cubic feet

VOLXB Moment of initial volume, in feet4

HH Draft at any station, flooded, in feet

ASTA(T) Areas of each station up to flooded waterline, in square feet

Q] Integer for waterline below HH (dimensionless)

FLVOL Volume to flooded waterline, in cubic feet

FVOLXB Moment of volume to flooded waterline, in feet4

VOLCOM Compartment volume, in cubic feet

XCoM Distance from fore perpendicular to centrold of flooded
compartment, in feet

PP Nearest regular station forward of centrold of flooded
compartment (dimensionless)

ATRY Approximate station area at centroid of compartment,
in square feet

XTRY Distance from fore perpendicular to mid-point of floaded

compartment, in feet
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Floodable Length Calculation

List of Symbols, Continued

LTRY Approximate length of flooded compartment, in feet
STAL Nearest regular station forward of forward end
of flooded compartment (dimensionless)
STA2 Nearest regular station aft of aft end of flooded
compartment (dimensionless)
AC(I) Station areas within flooded compartment, in
square feet
IVTRY Trial volume of flooded compartment, in cubic feet
XXTRY Distance from fore perpendicular to centrold of

trial volume of flooded compartment, in feet

Flow Dlagram

SHIPNO, L 2AAA
SHIP NO, |-,8,H, HFiJHAii -
HFL,HA1,DELZ, P.Q,DELZ 1:0,1,1.60)» TABHDL TABHD | ( pnan e
Py Q, MU 'u S =D14(1) 1

@+ DKEDG(T)=D1a(@)— DHen”

7

‘statioN’

Bess
20,1, LGPy Y50) .- Y, 1) BBeB

¢

ccee
e =0,1,1.4.F,

pooD popp AREA(STA
~5TA=0,1, AREA(STA 1-2,2, £)=EQ613—’@
5T4.G.P 30)=0. 1.6.Q 2

HO=(HFL+HALY;
e @ HHF1-HAL)/L _TJ’=HO/Z*WH ) No(T)=EQE)

#(.- T4l /p)

¢

FEFE — S— TRIMNO,
voL=O. ez 2 voL=£R(3) TRMNO, HF, H —{ : )
@+ VoLXB=o. fg_ P VoLXB=EQU) whio, HEHA yﬂ\
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Flow Diagram, Continued

HH=(HAHHF)Z,
+(H F-HAVL 4@4 .GE. Q#DELZ )I- bm)=
*(fo =) - Fae)
1

G“*Hﬁ{%ﬂiji)

A5}

FLVOL=0O 711
@* FroLXB=0 "\ &, 2;
L.5

FLVOL=EQ(7)
FVOLXB=EQ(8)

STRh1 =

—— ; ¥TRY= XcoM
(:).l = XCOMfLp) P ATRY= EQED) ™ vbLLo ]
MR By
STAz=
<><Tr<r+me/z.>_@l SM1=0
Avrip)+1 F |

Ac(x )= INTER. (ASTA,STAL, STAZ, L,
XTRY- LTRY /2. + T # LTRY/ 4, )

-

(KTRY-LTRY/Z.)
/(L/p)

SAZ=pP |

VIRY= EQ(10)
XX TR{=EQ(11)

—

VOLCoM = (FLvoL- VoL /MU
XcoM= (FVOLXB-VLXBY ol conf 1)

_+@

©

©

LT = VoLCOM/ygy *LTRY

s (TRLTEMP).L 0o0zeD T iﬁmfﬁ
ABS,COTRY-XCoM) L..000Z¥L oy ?

4
(7#y.4.

F

F

{

o

TRz TRY+ 1
XTRY = XTRY ¥

YCoM/xyTRY
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Floodable Length Calculation

Flow Diagram (External Function)

ALPHA \ D}F(I) = @ BETA BETA UIF(I) =
‘@ 0 T=1, L Y 1=52-$1- Ly (OFHZ)-DFEL) ”
st 2 p/
1.G.52-51 AA(H ) 1.6.5251 LT Jisx T @ e
@ PRop=1. m PeoD-op#| | SUM= SUM
7] suM=piF(o % (XARG-5S x IDIFT) ¥ @ @ %
Nj ) G1+T-1)) YROD

Equations for Flow Diagram

(1) AREA(4ThyT/2) =AREA(STA, 72 =1) 4 DELZ/3. X({ (ST T2) +4XY (SthyT- Y (A1) )

@) AO@) = AReh (@, TTHAREA( T533+1) - AREA (3,3 ) (Ho- 22 TT*DELD) /(2 ADELE)

3) VoL= (L /GxP)x(hoE-2)+ 4% Ao (G-1)+A0(D)) + VoL

(4) VoL XB= (L/ (3*P)H(L/p H{AD (-DHED) 1 4t Ao(LME-DAAOED# ) + ViLyg

(S) Atk (T)= AREA(T, &z )+(Y(T,@4L) P{(T,Q) ¥(HH-QA*PELE) /2.

(6) sTh(T)= AReA(58R)+ (AREA(T,00+1) -AReA (& OM(H-24QQ *DEL-Z)/,Q.*VeLf)
(7) FLVOL =(L/(34p) ¥ (ASTA (T2 )+ 4+ ASTA (L) +A ST (3)) + FLVDL

(8 ) FIOLXB= (L /(#PDK(LIP)H ASTA (T2)4 (£2) +4 % ASTAHE ML) +ASTA (£) 4T )+ FVOLXB

(9) A= ASTALPR)+ (XCoM-PPH( L/PY) /(1 /P) % (ASTACPPHL) -ASTA(PP))

(10) VrRef = (LTRY sz A () +A+Ac (1)42.4A<(2) t4¥Ac (D) + Ac (4))

Uf) XXTRY= XTRY- LTRY /2 . +(-TRY/4.)%(AC) e (HZAM B)+43hc (4))
x (LTRY [12.)/VTR(
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Example Problem No. 104

MAD Program and Data

$COMPILE MADSEXECUTEs PRINT OBJECTsDUMP

AAAA

8888

<ccc

DDDD

EEEE

FFFF
GGGG

HHHH

1111

RFLOODABLE LENGTH CALCULATION
RP MAX IS 40 (41 STATIONS INCLUDING FPs STA(O)
RQ MAX IS 16 (18 WATERLINES INCLUDING BLs WL(O) AND DK EDGE
READ FORMAT DATA»SHIPNOsL sBoHsHF19sHAL9DELZP9QeMU

VECTOR VALUES DATA=$15sF84295F7e292139F4e2*%%

PRINT FORMAT ECHO9SHIPNOsL sHF1sHAL1 9P sQsDELZ MY

VECTOR VALUES ECHO=%$1H1s13HSHIP NUMBER sI5/8HOLENGTH 9F84295
1H FEETs»13H DRAFT FWD sFT7e295H FEET912H DRAFT AFT »FT74295H
2FEET/19HONUMBER OF STATIONS#I44923H NUMBER OF WATERLINESsI4,
320H WATERLINE SPACINGsF7e29 3H FT/13HOPERMEABILITYsF542///1
4HO09S10916HTABLE OF OFFSETS/10HOWATERLINE*$

THROUGH AAAAs FOR I=091s14GeQ

TABHD(1)=DIG(I)

PRINT FORMAT TABHDsI

VECTOR VALUES TABHD=3%1H+95%9% $95912%8

VECTOR VALUES DIG=5125953185952455530593363+3425,54835955459%560
1395665 9572%9578595845939059596%595102%

DKEDG(1)=DIG(Q)

PRINT FORMAT DKEDG

VECTOR VALUES DKEDG=$1H+35%599% $95911H DK EDGE*$

PRINT FORMAT STATS

VECTOR VALUES STATS=$8HOSTATION*S

THROUGH BBBBs FOR I=0s19leGeP

READ FORMAT OFFSETsY(I90)eeeY(I9Q+1)

VECTOR VALUES OFFSET=%10F6e2/10F642%%

THROUGH CCCCs FOR I=091914GeP

PRINT FORMAT OFFTABsIsY(Is0)eeeY(IsQ+1)

VECTOR VALUES OFFTAB=%$1H0953912956918F6¢2%%

THROUGH DDDDy FOR STA=0919STAeGeP

AREA(STA»0)=0s

THROUGH DDDDs FOR I=29291eGeQ

AREA(STA» 1/2)=AREA(STAsI/2~1})+ DELZ/3e¢*¥(Y(STA9I=2)+4e*Y(STA
1sI=-1)+Y(STAs1}))

THROUGH EEEEs FOR J=0s19JeGaP

HO=(HF1+HALl) /2e+(HF1=HALl) /L¥*(L/2e~J*L/P)

JJ=HO/ (24 *¥DELZ)
AC{J)=AREA(J9JI)+(AREA(J9JJ+1)-AREA(JsJJ) ) #¥(HO=2 4 ¥JI¥DELZ)
1/(2e¢%*DELZ)

VOL=0o

VOLXB=0,

THROUGH FFFFy FOR I=2s2914GeP

VOL=(L/(3%P) }¥(AQ(I-2)+4¢*A0(I-1)+A0(I))+VOL

VOLXB=(L/(3%¥P) ) *(L/P)*(AQ(I~2)*([=2)+4e¥A0(1=1)%(I~1)+AO(I)*]
1)+VOLXB

READ FORMAT PDATAs TRIMNOsHF 9HA

VECTOR VALUES DDATA=3C692FT7e2%%

PRINT FORMAT DDATsTRIMNOSHFsHA

VECTOR VALUES DDAT=%$24H4TRIM WATERLINE NUMBER 4C6s1TH DRAF
1T FORWARD sF74295H FEET/S33910HDRAFT AFT 9FT7e2s5H FEETH*S$
THROUGH HHHHs» FOR J=0919JeGeP

HH= (HA+HF )} /2 ¢+ (HF=HA) /L¥(L/20=J%L/P)

WHENEVER HHeGE«Q#DELZ
ASTA(J)=AREA(JQ/2)}+(Y(JsQ+1)+Y(J»Q) ) ¥ (HH=Q*DELZ) /20
OTHERWISE

QQ=HH/(2¢%*DELZ)
ASTA(J)=AREA(J9QQ)+(AREA(J2QQ+1)~AREA(J9QQ) ) ¥ (HH=2+ *QQ*¥DELZ)
1/(24*%DELZ)

END OF CONDITIONAL

FLVOL=0,

FVYOLXB=0s

THROUGH II1Iy FOR I=292314GeP
FLVOL=(L/(3%P))#*(ASTA(I=2)+44*ASTA(I-1)+ASTA(T}))+FLVOL
FVOLXB=(L/(3%P) )% (L/P)¥(ASTA(I=2)%(1-2)+4¢*¥ASTA(I-1)*¥(1=1)+AS
1ITA(I)*I)+FVOLXB

VOLCOM=(FLVOL=-VOL) /MU

XCOM=(FVOLXB=VOLXB)/ (VOLCOM®MU)

PP=XCOM/(L/P)

ATRY=zASTA(PP )+ (XCOM=PP#*(L/P))/(L/P)*{ASTA(PP+1)=ASTA(PP)}
XTRY=XCOM

LTRY=VOLCOM/ATRY
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Floodable Length Calculation

MAD Program and Data, Continued

TRY=1 .
JJIJJ STAl=(XTRY-LTRY/24)/7(L/P)
STA2={(XTRY+LTRY/2e)/{(L/P)+1
WHENEVER STAleLaO
STA1=0
END OF CONDITIONAL
WHENEVER STA24GeP
STA2=P
END OF CONDITIONAL
THROUGH KKKKs FOR I=0919leGe4
KKKK AC(I)=INTERe (ASTA9STALsSTA29L/PsXTRY=LTRY/2e+1#LTRY/44)
VTRY={LTRY/12 ) ¥ {AC(O)+4 e ¥AC({1)+24 ¥AC(2)+4e*AC(3)+AC(4))
XXTRY=XTRY=LTRY/2e+(LTRY/4 ¢ ) ¥ (AC(1)144e%AC(2)412s*%AC(3)+4e*AC(
14))%(LTRY/12e)/VTRY
TEMP=LTRY
LTRY=VOLCOM/VTRY#LTRY
WHENEVEReABSe (LTRY=TEMP ) eLee0002%*L s ANDe e ABSs { XXTRY =
1XCOM) ol e e 0002%L
PRINT FORMAT RESULTsXTRYsTEMPsTRY
VECTOR VALUES RESULT=$25HOMIDLENGTH OF COMPARTMENTsF7e2914H F
1EET FROM F Ps21H COMPARTMENT LENGTH9FT7e295H FEET/1HOsI7s11H
2 ITERATIONS*S
TRANSFER TO GGGG
OR WHENEVER TRY4Ge40
PRINT FORMAT NONCONsXTRYsLTRY
VECTOR VALUES NONCON=%14HONONCONVERGENT »S5921HCOMPT MIDLENGTH
1 ABOUTsFTe2914H FEET FROM F P/19HOCOMPT LENGTH ABOUTsF7e29s5H
2FEET 9559 10HTOUGH LUCK*$
TRANSFER TO GGGG
OTHERWISE
TRY=TRY+1
XTRY=XTRY*#XCOM/XXTRY
TRANSFER TO JJJJ
END OF CONDITIONAL
INTEGER SHIPNOsP9Qs19JsSTAYJJsTRIMNOYQQs TRY9STA1sSTA24PP
DIMENSION Y(7384DD) sAREA{3694DDD)9sAC(41)9ASTA(41) sAC(5)
VECTOR VALUES DD=2+19s18
VECTOR VALUES DDD=2410+9
END OF PROGRAM
$ COMPILE MADs EXECUTEs PRINT OBJECTs DUMP
EXTERNAL FUNCTION(AA$S19528SSsXARG)
ENTRY TO INTERe
THROUGH ALPHAs FOR I=0s191eGeS2-S1
ALPHA DIF(I)=AA(I+S5]1)
DIMENSION DIF(4C)
THROUGH BETAs FOR J=191sJeGeS2-5S1
THROUGH BETAs FOR I=S2-Sls=1sleleJ
BETA DIF(I)=(DIF(I)=DIF(I=1))/(SS*J}
PROD=1+
SUM=DIF (0}
THROUGH GAMMAs FOR J=1919JeGeS2~-S1
PROD=PROD* { XARG=SS#* (S1+J=1))
GAMMA SUM=SUM+DIF ( J) #PROD
FUNCTION RETURN SUM
INTEGER S51952s1sJ
END OF FUNCTION

$SDATA
99999 130400 32400 10400 11400 11400 2400 10 6 65
+75
e25 1438 2442 3418 3478 4637 4496 5455
e50 3488 5483 Tel4 8416 Be32 9453 10413
50 7410 9470 11620 12410 12470 13420 13470
¢50 10430 12478 13680 14442 14487 15428 15469
50 12430 14407 1477 15410 1539 1568 15495
50 11425 13670 14670 15410 15439 15468 15495
¢50 6435 11618 13430 14438 15404 15450 15488
e50 1625 4425 BaT4 11093 13480 14488 15462
«30 ¢30 045 1408 3422 Be4l 12440 14465
4460
3A Tel 16470
2A 9.0 16470
1A 1248 16470
P 1547 1547
3F 19.4 Tel
2F 18a495 940
1F 17695 1248
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Example Problem No. 104
Computer OQutput

SHIP NUMBER 99999

LENGTH 130400 FEET 'DRAFT FWD 11400 FEET DRAFT AFT 11400 FEET
NUMBER OF STATIONS 10 NUMBER OF WATERLINES 6 WATERLINE SPACING 2400 FT

PERMEABILITY 0465

TABLE OF OFFSETS

WATERLINE )
1 2 3 4 5 6 DK EDGE
STATION
0 0400 0400 0400 0400 0400 0000 0400 0475
1 0625 1638 2e42 3418 3478 4437 4496 5455
2 0450 3488 5483 7Telé 8416 8492 953 10413
3 0e50 T7el0 9670 11420 12610 12470 13420 13,70
4 0650 10630 12478 13480 14442 14487 15428 15,469
5 050 12430 14407 14477 15410 15439 15468 15495
6 0650 11425 13470 14470 15610 15439 15468 15,95
7 0e50 6435 11418 13430 14438 15404 15450 15,88
8 0650 1625 4425 8eT4 11693 13480 14488 15,462
9 0630 0430 0645 1408 3422 8e4l 12440 14,65
10 0600 0600 0400 0400 0400 0600 0600 4,60
TRIM WATERLINE NUMBER 3A DRAFT FORWARD 7¢10 FEET
DRAFT AFT 1670 FEET
NONCONVERGENT ‘COMPT MIDLENGTH ABOUT 109499 FEET FROM F P
COMPT LENGTH ABOUT 29413 FEET TOUGH LUCK
TRIM WATERLINE NUMBER 2A DRAFT FORWARD 900 FEET

DRAFT AFT 16470 FEET
MIDLENGTH OF COMPARTMENT 101.70 FEET FROM F P COMPARTMENT LENGTH 37436 FEET
9 ITERATIONS
TRIM WATERLINE NUMBER 1A DRAFT FORWARD 12480 FEET
DRAFT AFT 16470 FEET
MIDLENGTH OF COMPARTMENT 83,46 FEET FROM F P COMPARTMENT LENGTH 49.18 FEET

6 ITERATIONS

TRIM WATERLINE NUMBER P DRAFT FORWARD 1570 FEET
DRAFT AFT 15470 FEET

MIDLENGTH OF COMPARTMENT 75498 FEET FROM F P COMPARTMENT LENGTH 55405 FEET
5 ITERATIONS
TRIM WATERLINE NUMBER 3F DRAFT FORWARD 19440 FEET
DRAFT AFT Tel0 FEET

NONCONVERGENT COMPT MIDLENGTH ABOUT =-1472 FEET FROM F P
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Computer Output, Continued

COMPT LENGTH ABOUT1571+45 FEET TOUGH LUCK

TRIM WATERLINE NUMBER 2F DRAFT FORWARD 18495 FEET
DRAFT AFT 9400 FEET

MIDLENGTH OF COMPARTMENT 44429 FEET FROM F P COMPARTMENT LENGTH 34425 FEET

4 ITERATIONS

TRIM WATERLINE NUMBER 1F DRAFT FORWARD 17495 FEET
DRAFT AFT 12480 FEET

MIDLENGTH OF COMPARTMENT 64473 FEET FROM F P COMPARTMENT LENGTH 47.81 FEET

4 ITERATIONS

Discussion of Results and Critique

The problem statement in this instance was much more detalled than that for the preceding
problem for two reasons. The first 1s that not all of the students had studied previously the
general approach to the floodable length problem which the instructor feels 1s the most desirable
approach to this problem. The second reason is the great variety of solutilons (or attempts) turned
in for the preceding problem. Thus the problem was stated in a way intended to lead the students
into a solution of the type shown.

The solution program 1s somewhat artificlal and was made up to match the data given, but
the lack of generality is not considered a particular disadvantage insofar as the course in
which the problem was used is concerned. Only a few students successfully programmed a workable
solution, but all students galned a more clear understanding of floodable length problems because

of thelr efforts.
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