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| NTRODUCTI ON

IHICS (Intergrated Hull Information Control System) is a
series of program packages which assists engineers in the
fields of design and production engineering of hull construc-—

tion, and also furnishes them with all informationsnécessary

for the execution of production.

BASIC DATA CREATION

PRODUCTION ENGINEERING
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1. Problens in Manufacturing Division.

There are many problenms in the manufacturing division

of shipbuilding today.

(A) Increase of ship's type to be constructed which
has been caused by ship's market.

(B) The method of transm ssion of the |arge vol une
information and data from the design division
to the manufacturing division, for instance,

-Nurerical Control Data
- Production Engi neering Data
-Production Control Data

(O Requirenments of highly precise data and infornation.

(D) Delivery in short tine
2. |IHCS solves the above problens.

(A) Cenerates the engineering and production data from
a small volunme of input data prepared by engineers.

(B) Assists engineers in the design and production
engineering activity.

(O Creates the full part data base which supplies

followng information to the manufacturing division.

I nformati on of production engineering.

Nunmerical Control Data

Piece list for each stage.



3. Scope of the System

* Covers the detail ed design and production

engineering for hull

* Excl udes the functions of origination of

desi gn concept nor structural analysis.
* Maximum output from minimum input.

* Illustration of the proportion of the input
required at each stage to the whole information

in the system is shown in following figure.
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Shi ps having been applied in IH (as of Muy,|978)

* 470,000 DW Tanker s
* 250, 000 DWI Tankers
* 100 000 150,000 DW' Tankers
* 15, 000-100,000 DWM  Bulk carriers

* 20, 000- 100, 000 DWIr Conbi nation Carriers
(Oe/G1l,Bulk/GI)

* 20, 000- 30,000 DWr Cont ai ners
* 15,000- 30,000 DW'  cargos

* Floating docks
* Platfrom nmounted pul p pl ant

* Large derric barge




5. Specific Features of the System
Specific features of IHCS are the fol |l ow ng.
(A) Systemis based on data base concept.

System data base is under the control of

| BM | nf ormati on Managenent System (I MS).

(B). 3-D Process and Functional Ofset Data.
(Theree dinensional Process)

This technique allows to retrieve geonetric data

In any position and any secti on.

Sec. 'H'| 1— i v
' K .
14 U
[ g |8
- -
- a—— G
H Seec. 'L’ 3
Y Q o
: 3 &
Transverse Sec. Sec. 'T 3 _
S These section data
Hori zontal Sec. ec. 'H { _
can be obtained through
Longi tudi nal  Sec. Sec. 'L , :
Cut plane program

Any other cut sec. Sec.'A,'C




-8

(C) "LINE" Statenments.

* "LINE" Stat ements (Language for I|H Numerica

control Engineering) are devel oped for neans of
I nter conuni cation between designers and the

system
*-Easy expression of ship's design figures and

descriptions of design standard data are possible

by use of these statenents.
(D) Isolation of Technology and Accunul ation of
St andar ds.

* The systemis isolated from design technol ogy.
* The "STANDATD' is maintained by engineers

followed by the progress of the design technol ogy.
* These standards will be accunulated in the system
and will grow towards a high technical design
systemw th tine in the same way as the accumul a-
tion of a designer's experiences woul d make him

an expert.

STANDARD
- Shape standard: sl ot (Longitudinal cut out),
hole, scallop Bracket, Stiffener
- Standard how to select/apply standards
- Fabrication standard

excess, edge preparation

i
&
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(E) Relative expression of Data fornat

"LINE" is designed to describe objective figures
to be designed in relative expression as far as

possible so as to mnimze corrections caused by
the alteration of design

This concept is coherent in all subsystens.
(F) Flexible operation

| H CS can be sel ected the nobst conveni ent usage of
each subsystem againt the given circunstances such
as ;
- Applied ship

* Newl y designed ship

* Sister ship

* Repaired or reconstructed ship
- Al owabl e designing period

- Conput er Hardwares & Machi nary for Fabrication

Typi cal selection can be seen in the follow ng table.
2. Composition and usage of Subsystems
case ’

o “‘-\\~\\\\\\\ A B o D Notes

_Sybhsystem

Basic data % % ¥ % %

creation subsystem Program
language for :

Section design applications

Subsystem ¥ * ¥ : PL/T
Optimizing

Production compiler.

engineering subsys, ¥ * * * i%* Data base
control

]r)g‘;g’pgse _ % * . . : IMS DB/DC

control system - - t

p/C-I ¥ Required core

Character display % % size :
: 512KB

D/C-1II

Graphic display *

{0284} a213 A4 2

ishikawaijima- Harima Heavy Industries Co., Ltd
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(G Online Capability (Option)

| H CS supports many online termnals under
| M5/ DB. DC capability.

6. Background of IHCS

IHCS is based on the total hull design systens
devel oped by IH in 1971
The new I H CS includes the suggestions obtained from

the past ten year's experience.
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| H CS PERSPECTI VE
IHICS is composed of the following three sub-systems:

* Basic Data Creation Sub-system
* Section Design Sub-system

* Production Engineering Sub-system
The system perspective and outline are shown in the following figure.

SUB-
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BASI C DATA CREATI ON SUB SYSTEM

FAIRING OF A SH P S HULL
LI NES FAI RING PROGRAM

:* SHELL LANDI NG PROGRAM
CONSI STS OF e SEAM BUTT LANDI NG PROGRAM
. LONG TUDI NALS LANDI NG PROGRAM
. SCANTLI NG DEFI NI TI ON PROGRAM

* PANEL LANDI NG PROGRAM
CONSTSTS OF + SEAM BUTT LANDI NG PROGRAM
* LONG TUDI NALS LANDI NG PROGRAM
« SCANTLI NG DEFI NI TION PROGRAM

* 3-D PROSESS PROGRAM

CONSTSTS OF . PANEL DEFI NI TI ON PROGRAM
« COWPARTMENT DEFI NI TI ON PROGRAM
. CUT PLANE PROGRAM

. PANEL COWVPGCSI TI ON PROGRAM
.. QUTPUT. ..

. GEOVETRY DATA BASE, PANEL DATA BASE, SCANTLING
DATA BASE

« A COVPLETE DRAW NG OF ANY DESI RED PORTI ON OF
LI NES DRAW NG

« THE BOOK OF MOLD LOFT OFFSETS

. STRUCTURAL BCDY PLAN(1/10, I/50)

. SHELL EXPANSI ON PLAN

« PANEL PLAN DECK/ BULKHEAD/ FLAT/
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SECTI ON DESI GN SUB SYSTEM

* SECTI ON DESI GN PROGRAM
CONSI STS OF .VEB' S FI GURE DEFI NI TI ON

. STI FFEMER & JO NT ARRANGEMENT ON
A V\EB

* SCANTLI NG DEFI NI TI ON PROGRAM
CONSI STS OF . VEB/ FACE PLATE SCANTLI NG DEFI NI TI ON
PROGRAM
» STIFFENER SCANTLI NG DEFI NI TI ON
PROGRAM

* Pl ECE DATA ASSORTMENT PROGRAM
CONSI STS OF . PI ECE DATA ASSORTMENT PROGRAM

s * QUTPUT -~ "
. SECTI ON PLAN(1/10, |/50)
. PI ECE CONTROL DATA LI ST
. PRESENTS PI ECE LI STS EACH ASSEMBLY
UNIT.
.I NCLUDES PI ECE NAME, QUANTITY,
SCANTLI NG, VI GHT, PI ECE DWG FORMAT,
FABRI CATI ON PROCESS, AND OTHER
PRODUCTI ON CONTROL  DATA.
. AFFORDS FACILITIES FOR DATA
CORRECTI ON.

ishikawajima- Harima Heavy industries Co., Ltd

B (02%) a21s A4 PrLx
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PRODUCTI ON ENG NEERI NG SUB SYSTEM

* EDI TTI NG PROGRAM
CONSI STS OF  .PART PROGRAM GENERATOR
‘PLATE EDGE MODI FI ER PROGRAM

* PART GENERATI ON PROGRAM
OONSTSTS OF .SHELL PLATE DEVELOPNMENT AND ASSEMBLI NG
DATA CALCULATI ON ( SHELL)

'LONG TUDI NAL/ TRANSVERSE FRAVE DEVELOPNVENT
PROGRAM ( LODACS)
I NTERNAL STRUCTURE DEVELOPMENT (LI NE
SYSTEM
(WEB PLATE, FACE PLATE, STIFFENERS
AND OTHERS)

* NESTI NG PROGRAM
CONSI STS OF  * MANUAL NESTI NG PROGRAM
. | NTERACTI VE NESTI NG PROGRAM BY CADS
. POST PROCESSOR FOR NUMERI CAL CONTRCL

MACH NE

* PART DATA BASE
ADM NI STRATI VE PROGRAM
CONSI STS OF . PART DATA BASE HANDLER
« PIECE LIST ED TTI NG PROGRAM
FOR  FABRI CATI ON
SUB- ASSEMBLY
ASSEMBLY
ERECTI ON

B (0288) a218 A4 Pux lehibmurmiimme Herime MHoamwvye lndisceriac Ca. . Leed




-+ OUTPUT -

.PIECE DRAW NG (I NCLUDI NG TABLE FORVAT)

.NUVERI CAL CONTROL DATA/ TAPE

.PIECE LI ST FOR EACH STAGE

- TEMPLATE FOR BENDI NG (SHELL PLATE AND LONG TUDI NAL
FRAVE)

.BLOCK MARKI NG DATA FOR SHELL

.JI G HEI GHT FOR ASSEMBLING CURVED SHELL BLOCK
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tAPPLICATION AREA °

: DATA
STAGE ITEM. PROGRAM | g, oo
>4
= GENERAL ARRANGEMENT & PLANNING 0
= [eo]
2 B | SCANTLING CALCULATION P
H [ L i
— [ \
= LINES 'y
a4 1
|
|
SHELL & PANEL LANDING
0
H = SECTION DESIGN
2 =
5 LOCAL SCANTLING CALCULATION -
a o —
WORKING PLAN
LINES FAIRING
o PIECE LIST ISSUE
= =
. E E PARTS GENERATION
(&) 23]
2 = BLOCK ASSENMBLY
e 2
- NESTING
N/C DATA -
v !
SCHEDULING & OTHER PRODUCTION X
g CONTROL V),
] o
= o0
(&) B
je] =
a o
(@] [ ]
s
[« W
3 1 ’

B (6286 a213 A4 bz Ishikawaiima- Harima Heavy Industries Co., Ltd
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CGENERAL SYSTEM OPERATI ON FLOW

The di agrammati c genera
followng figure,

In which main job steps,

program nodul es are indicat ed.
The detai ed explanations of each step are to be referred to the
follow ng sections.

'Data base/Sub-system

<
Data base

Geometry DB.
Scantling DB.
Panel.Comp. DB.
Design DB.
Parts DB.
Standard DB.

Baslic application

Geometric
definitions
('LINE"')

- -sub-rountines
Data base
I/0 routines

Sub-systems

Basic data
creation
sub-system
Section design
sub-system
Production
engineering
sub-system

I

i

-

Main Job Step

Step 1

system operation flowis shown in the
mai n out put and nain

Main Outputs Items

Basic data creation (1)
(Shell informations)

! Frame offsets

—Body plan

Structural Body.
P

Step 2

Shell expansién

Basic data creation (2)

(Panel -and 3-D processing)

Panel plan
Section plan
Panel key plan

L

Graphic processin

(—-
Step 3
b . . is s . {Section key plan
—>Section design & arrangemen% 1BHD. plan
v
< (Use of 'DESIGN®
Statements)
Step 4
— Piece data assortment .
and plece control data [ _iPiece control
e list. data 1list
Step 5
by
Editting |Parts development
T data list
- e )
Step 6
—
Parts- developments | P1ece dwg.
Piece dwg.
L, £ 1 4 H
— (Use.o- LINE language)l (table formatF)
Step 7 ) _
. Piece table for
—1 Part data each stage
—% Tapes for N/C
e— admini stration gas cutting
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FUNCTI ONS OF "LI NE" STATEMENT

1. Qbjection for 'LINE statenents
"LINE' statenment is devel oped for common | anguage of the
geometric expressi on of hull form and structures.
It is a kind of problemoriented | anguage of which format

is free.

2. Functions of 'LINE statenents

(A) Ceonetric definitions

Ceometric expressions such as point, straight |ine,

circle, tabcyl and thier conposed line can be defined

at any stage.

The definition method adopts rather relative expression.
(B) Auto-reference function to standard data

(C Contouring definition (Wb plate definition)

This gives contouring of figure
(it is called as 'Mtion'). Cutter |ocation data of
plates are created through this program

(D) Opening definition

Man hol es, drain holes, etc. are defined by this statenent.

(E) Plate edge infornmation

Edge preparation for welding and margi n anount of
material are indicated.

(F) Data base reference

Easy access to or reference to geonetry, design and
data base is available.
(G Marking line definition

For the definiiion of marking line only (water line etc.)

B (6236) a213 A4 PoL2 lehibaweniimae Hearimea Mamuyv Indrirceriac Ca.. L4d
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(H Stiffner devel opnent (Bracket, Flat bar, Inverted Angle)
exact shape of a stiffener takitig account of plate
t hi ckness
- Precise shape at its both end.
- Bevel angle calculation.

- Calculation for many types of stiffeners(nore than
400) are built in program

- Any new type of stiffener can be easily registered.
Face plate devel opnent.
Col lar plates and others.

(K) Weight, Area, Marking length calcul ation.

Exanpl e expressions are shown in the next page.
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3. An example of 'LINE!' descriptions

T

Geometric Definition

b4 be

- P1=CP-C1l

(An example for corner part of transv. section)

F60
T1=F60----GEOMETRY DB REFERENCE u%&
PA1=PA-UD,ML---PANEL DB REFERENCE

P11=0UT(SL,UD,1)~----DESIGN DB REFERENCE
S1=PA},P1l

S11=PR-SL,L=2000,D

LONG=SL,L40,1L59  GEOMETRY,SCANTLING
LONG=UD,L20,L.21 DB REFERENCE

Cl=TD-S11,T1,~S2

P2=SLOT-PC2,UD-L20
S5=PT~P2, PT-P1
P3=INT(S5-C1),U

. P4=0ON-C1,FROM-P3,GL=150,D

P5=0UD-L20,TOP

A1=P100,811,C1,S2, COMPLEX SURFACE

S24=pT-P4 , PT-P5,SCS=UD-L20,ECS=A1

S21=SL-157, SCS=SL-L57 ,ECS=A1

S25=UD-L21, SCS=UD-L21,ECS=S23

—————,T1,MSL(SL,L%0,L59),T1,MSC(100),PAL, }CONTOURING
MSL(UD,L21,L21),PAl,MBS(S5,UD,L20,P3,21),C1) DEFINITION

fmm—— &
MH(1,P51,150) ————— OPENING
DEFINITION

S21=F,FIT=A,PD=D,MRK=U,TYP+FC1S1l,NAM=F15 1
S22=B,FIT=A,PD=D,MRK=U,TYP=BC1S1S1,NAM=B16 ) PARTS EXPANSION

.00

END OF PART PROGRAM
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COVPCSI TI ON OF AVAI LABLE HARDWARES AND SUBSYSTENMS.

Requi red hardwares and subsystens for snooth operations of

this systemare as foll ows.

1. Available hardwares for this system
Facility of host computer should be determined taking anv

1S =iy

other system's applications into consideration.

N ' aper
Line i /gape //
Disc (/bard Printer Punch

Lfriijl l reader L\___,,/"’——d}(///

RN

e ———

HOSt Comnuter Off-line/Mini-comp.control

3

Magneticl ___¢
tape

\ / and a

Dot.
printer
s | I/0 I (Gould 4800
/// / tele-type + |High speed
Nmde 2 mam
\VpLLUil)

plotter (Option)
( Graphie \ / Character\
\, Display | \. Display [

(Option) (Opt 1on5 W’\ \ \Analizer \

L 4 A
(Option) (Option)

e 512KB

\
)
e

H
o
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1-1

— e -

‘Dﬂ'-ocse of "'he deve“ onment of ST{:LL svs "ce.. .

- '.Eh:Ls system ccnst‘rtu"ces an :Lntegraued, computerised *

cate. 'orocess._ng sysuem tha't provi es various highly -

At o AT

N cm s s o
2ocurad *ed 2nd uts 111;5’9___, informat 2ining o ail ..

uhe process in ;’Jrodu on o;. c't..rved shell ‘bloc‘cs from <the -

shel_ expansion in des:Lgn sectz.on or moul c’. lof“' ‘ho "he

block assemhly :Ln shop. ST o
In the ccmren'!:ional system, shell expansion, Jjig

calcula tion of the curved shell blocks, etc., are a2lso
carried out by nmer:.c::.l calct.la. ion by the medium of an
ofisets data bank ( 2s original dzta file ) 2nd they were

'xmp'r-n\r-s ng anf 'hwqehqn Ty

Mt ol dean o o
(=426 D Wy Pa S

ATCugl & LO0Tv &1 Trials
and errors-based on the fed back dztz frem the production
eid, - However, the system vas merely constituted

single-purpose programs being concerned to the . jobs in-

13
.
mould loft. .o .
»
. .
Ty y9vem cf -‘G'hn m~oe ot - e

PR ~= QT P
develotzent of SHELD sys

E\

<
is to om.a:m the mos: optimum :.nforma. ions to nee'b the -
needs in ube resne 't:Lve process :.n produe"cion.. :For 't:

nureose o“'"f;;' i€ ceruam number of s..a.nﬁard" zeu nroc’.u tien

e
syste.;. and 'bl'-e pla.nne'f'-s are able to “u't their optiorn into

"he system. b" mezans of 1nnuus accora_ng_ the si uatz.cn

of"the sbop. T "Tke s%andardjiza ion of produc'i::_on tech~ -
] cziion ia*;es ~hows in Sm.t.;"‘“
system'have'been established by m obilizing of the engineer—

teemime me - e - - - W e e e =

. :.ng power in IHI's f:.ve sh:z.pyards.,

- e e i . .. . = o

The szid starfardizetion ang analy is zre the another: - -

———— . . . ————— - - —

(Maeamr)

3 s £ 3 +h D P : m
significant fruit of the new development of SEEL sys::em.
£ ' . ..o
" '
. s e e S — e
B (260 2256 A4 Pz . Ishikaweajima~ Harima Hesvy Industries Co., Ltd.



1-2 Chéféhtariéticé éf'éﬁzﬁL syééem

1-2-1 Desirzning poliev of SHEﬁi.syétem

The follow ng considerations were put into

| )Lines on the optional cut plane at designer's
direction to be used for the calculations, iIn

the system
2) Lines data to be-stored in the bank by a certain

concurrence of points on the respective |ine which
I's approximated by straight |ines.
3) A common offsets data pank to be installed in the

system to which required data to be shifted from
the respective data base in each subsystem passing

through a certain conversion program
4) The tenpletes to check the curveture of shel

plates are to be designed standing at right angle
agai nst the mean level of the curved plate when
it is onthe bending slab.

5) Figure of a expanded shell plate to be cal cul ated
as a part of the ship's surface including surounded

6) CGeodestic line nethod and rolling nethod to de
adopted in the system as the devel oping |ogics
for shell expansion.

7) A corrective routine to pe installed inthesystem
to nodify the shape of expanded shell plateafter

S
1-2-2 Charactaristics 6f SHELL sviten
1) SEELL systemis a conposite system for the geometri
cal cul ation and data processing system relevant
to the production of curved shell  blocks in ship

- — ;—
ishikawajima- Harima Heavy Industries Co., L‘l*c!.l

(ot )



foll ows:

2) The calculating logics are of sinple and higher
| evel of accuracies are uniformally displayed in

the outputs by the system since the lines in the
of fsets bank are dram by the concurrences f

points approximated by a certain supplenentary
straight |Iines.

b) The higher accurated shel| expansions are achieved
easily by this system, since the optional cut plane
method is fully adopted for the expansions.

( Refer to Fig.1)
oUnified accuracy on the peripheral  parts o an.
expanded shell plate is ensured, since the desired
plate is cut out of a |arger expanded plan includ-
Ing the surounded area of the plate.

d) The geometrical formal checkof the curved plate
by the tenpletes becones easier to ensurethe
accuracy, sincethe tenpletes are set up at the
right angle against the mean |evel of the curved

plate. ( Refer to Fig. 2 & 3 )
4) A remarkable inprovement on the workability and

accuracy in the assembly stage can be expected, gjpce
the various working practices in the Shop are taking
into considered fromthe first step of the system
running, as follows:

2) SINGLE PANEL ASSMBLY system is avail able.

Refer to Fig. 4 &.5 )

Ishikawajima- Harima heavy Industries Co., Ltd.

(answ)



b) Since the intersections of datum planes in the
supporting jig lines and shell plates are marked
on each shell plate and, in addition, the datum
pl anes areorthogonal to the platform surface
the accuracy of angles between contiguous seam
and butt can be numintained easily.

( Refer Fig. 6 & 7))
¢) Instructions can be given in connection with the
position for plate setting,position of stopper
and the height of additional supporting jigs, if
required.

d) Data for accuracy control relating to- the dimension
of black, di agonal di mension, d¢ate of curveture
on seam and butt, etc., are output by the system

e) The availability of automatic welding on the
bl ock can be checked by the system if required.

5) Easy tomaintenance of the system

The partial revision of the system rather easy,

since the system of workinig with modules is adopted

andthe |ogical constitution of the systemis sinpler

6) Easy to replacenent of data in the data files."
Since the system has 2 main offsets data bank and
peripheral data files separatory, replacement of data
can be made indipendently when it becones necessary. -
7) Easy to manual correction of the outputs.
Partial manual c orrection for the output of shell
expansi ons available in accordance with the change-
ment of working process and/or expansion nethod.
8) Easy recording of fed back data.

Quantative data such as distortion caused by | ocked-

in stress due to press or heating, in particular,

can be fed into the systemfromtine to tinme and
recorded themas reference data for system.

I mprovenent in-future.

1 10235) 2236 AS Fe =

Ishikewaijima- Harima Heavy Industries Co., Lic.



Fig. 1. ONE_EXAMPLE OF OPTIONAL CUT PIANE PROCESS
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2 - ARRANGEMENT: OF - PEMPLETES BY THE CONVENTIONAY, SYSTEM f' ' c . ; -
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J Note 1.

When the setting angle of the
tenpl et es agai nst the nean |eve

: of the curved plate are far from
3 right angle, the errors of sett-
‘ ' — ing angl e becone a source of big
i , .« : - . werror of sight line to the
C R .- check. In the other words, the
b T T _ - accuracy of |ongitudinal curve-
" oo [ SR o " ture shall be debased by the
N i'; P ST L errors of, the setting angles,
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:Figi 4

SUPPORTING JIGS

ToR q'l'N’ ]’-T‘ PANET,
Tongitudinals are subassembled on gach R
curived plate before ronel assembly.
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Fig. 5 BLOCK SUPTORTING JIGS IN SINGTLE PANEL ASSEMBLY SYSTEM

Subassembled panels are assemblled on
the jigs. I i
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1. Conventional methoﬁ

Datum planes;in which the datum lines

for the block marking are involved, '
" are not orthbgondl to the platform,
since the datwh pldnés are determined
from -the cro§s~section body plan.

o

)
’

!i,|
'22 SHELL m

|

.
.
.

.

ethod' '

~ Datum-planes are orhtogonal to the

; pJatform plane.

" Pransit and daser are the available
tools to get'the higher accuracy of

1
]
H
]
13

.

the blook assembly.

1 '

P . i

H
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1
|
H
I

|
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Fig. 6
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DATUM " PLANT _TFOR _BLOCK ASSEMDLY
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-‘Fig. 7 DATUE PLANES OF SUPPORTING JIGS

. — s - - - - _TLonzitudinal dzatum

1. plane . - . ...

Transverse

Platferm plane

1. The detum planes of the transverse aznd leoagitudinzl
supporiing jig lines are mutuzlly orthogonal and
2lso ere orthegenal to the plztform plane.

.

2+ The inter secticn of the datum plenes and shell plates
gre the datum lines for the bldck merkinz.

3e Tkcse datuh lines of .block merking are msrked on esch "

. skelil plzte in the febricztion shen. ) .

4. Since Leik éetum blanes zre crthogonal to the pleiform -
plane, the check of datum lines will be ezsy. .
In =ddition, these planes become the vitzl medium to
maintain. the accuracy of block marking. Accordingly,
the accuracy as well as the workability are improved
in the field. T : SR .

(= paw)
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1-3

Score of zvolicztion of SESLL svstem

Accoru:ng to “the curren~‘vers1on, SHELL °ys em’is

san”

anpllcsnle to hh] shell Tlates cther then ste.nnl tes and

sterx pl tes. Prep,rat;on are being advanced, however, to

include even siern and stem plates in the sSccpe of applice-

tion of SHELL system 1n *he near fuuure. ' i

1) Funecticnzl limitziions _ ' ) .
" 2) SEEIL sys

stern and stem rlates.

Tem can not be applied to the precessing of

(1)

es adjacent to stern and

b) &s for the plat stem plates,

to

-
-

tne O0ffsets

(2)

-
cata

ired tc supplement

»

AN )

/

valet system

2) Operztional limitaticns

'a) VWhen the offsets datz bznk is not availeble to.+the

rccessing, & certain supplemental offsets datz will
r S X

be required by the nanuzal inpus.

-

oo -

b) Vhen the eystem is applied fer 2 part of the shlps,

such as repair: shlps, euc., PAN valet sySuem will

be available t0 supplement the incomplete offsets :

- - cmem ae o e . - .~ - s .

dzta.

- am- -

The opéIationzi: llmltatlons.are"also depénding dn the

" function of the ges cutting.mzchines to be used for.

* = erPear cm rwmas P - o - ———w -

B 102%6) 2285 A4

‘ez
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1-4 Operation of SHELL system

| -4-1 Establishment of the operation system

SHELL system incorporates a wide scope of the
application know how in production and is designed for

working with all kinds of related facility and production
met hods. For this very reason, its mst optijmum
operation system be displayed only by the establish-
ment of a suitable system for inducing it into the ship
yards taking into consideration of conputor or nunerical
control system and al so working process in production.
Narmely, sufficient prelimnary deliberation will be
necessary to coordinate functional aptitude with the
fabrication and the assenbly stage, as follows:

* Preparation of base data ---------- Functional design
* Formal geonetrial developnent -------- Applied design
* Post processor --Qut post of production data

To el aborate, 2 slient characteristics of SHELL system

lies in the fact that system demands prelimnary insti-
tuition of a conprehensive production process engineering

prior toits application.
1-4-2 Type of the application system
The the of the application systens may roughly
classified into the follow ngs:

a) Hand marking oriented type

b) Electro-photo marking oriented type
c) NC cutting oriented type

2) Hybrid electro-photo marking and NC cutting oriented

e) SINGLE PANEL ASSEMBLY systemoriented type

SHELL system provides highly accurated output data
coducing to excellent workmanship for the all type

je

L ru2isr 2226 ALt ‘oz - Y] ~
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of application systenslisted in the above |isted

1-4-3 Standardizati cn of production technol ogies and ifs
application know-hows

SHELL system is an advanced and fruitful
system constructed on the basis of the systematic stan-
dardi zed production technol ogies and higher |eveled
application knowhows in the each stages of production,
such as cutting, bending, assenbling, welding, etc.,
showing in the followng Figs.

e n — — — e ————
B iU2457 a2i6 A4 L% Ishikawajima- Herima Heavy Industries Co., Lid.
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'Pig. 9 OUTPUT CORRESSPONDING TO WORKING TROCESS

- e - -

Lo INarking and ges cuiting in fabricztion stage.

Piece drawing .} = lNenual merking ' .
with dimension _
(:_::K\.- '-.'. . ‘\“‘ . _.‘.. ,‘.:_.\--.\_.7 . . . ) .
= RSN
SN\ / - - -
Piece drawing . = Eleciro-ghoto merking
P E e IO .
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\,_ : P
N o e -, T 'g"‘
o
: : . g - =
5 _—— NC merking
& Y .
NC tepe 11 ) :
/"—\: ., :':’:.-' - - .
— \\::;/ . ~——— ©NC gas cutting
B. Plzle bending .
Lines for . - . Yooden templete
templete making .
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Dimension table for Universzl templete -

templete making

l/:_—;‘_;-.--, . ) . .

Af - . e e em e o - s . - - . . o
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: . _-Hnumuxf%:i;}... ... DINGLE PANZL assembly
N e ZoL -
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2 System composition and Out line input/output of the system

2-1. Main computer and its terminal ecuipment
1) Main computer
a) IBM s/370 - 135/158 are available.
b) vs 1,2 to be used for the CS.

c) FORTRAN-G is available for the programming.
a) 3330-1 (N=1) to be used for the disk handling.

2) Terminal equipments
The terminal equipments for the outputs primarily
consists of the drafting devices, for which the users
are free to select the desired terminal equipments, which
may consi st of any of the fol | ow ngs:
a) Graphic display
Available for shell landing.
b) X-Y plotter
Available for the piece drawing, dimension table in
piece drawing, dimension table of the supporting jigs
in, assembly stage, check drawing, etc..
c) Drafting machine
Available for drawings, to which higher accuracy of

lines will be required such as a certain kinds of
piece drawing, lines for templete making, etc.
d) COM:
Available for the dimension table of pieces, support-
ing jigs, etc...

Ishikawaiime~ Harima Heavy Industries Co., Lid.
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2-2 System Composition

2 - 2 - | D at a b a s e

The nmost effective application of SHELL system
in the processes of ship building field will primarily
depend on how well the original offsets data file of the
system can be prepared in the shortest time possible.-
Shell landing to generate the offsets data should be
advanced by the conputor processing wherever possible,
*&me the data base ofthe system requires the nost
accurated offsets data as an original data. However,
when the computer processing shell landing is unavailable
for the preparation of the data base, SHELL system so
designed as to permt the system operation even through
manual preparation of the offsets data.

1) Kinds of preparation nethods

a) FAIRLAND
FAI RLAND system (fairing and landing system) 1is avail-

. able for the preparation of the offsets data.
b) DACSSI/ S
The base data can be provided by the output from the
of fsets data file of DACSSI/S in which the offsets
data are generated by neans of conversational inputs
with graphic display and/or input cards.
c) Card inputs from offsets table
The base data are provided directly by input cards
inthis systemwhen it is required to process for the
repaire ships and so on.

d) Conversion from the other systens
The base data are provided by the outputs of other

systens through 2certain conversion program

2) Edittingof base data

a)Edi tting nethod.
Editting on the sequential file in 80 colums card

t o r m a t

B 102SE) a6 A4 ez Ishtkawclima- Harima Hecvy Industries Ce., Lid



- -

' b) Access . o -

. SEl system is edopted to the access. .
. ¢c) Data formet - . )
£ s Y y 2 s pen, element, sitructural points,
nature of points, .
B (061 4286 A4 bz Ishikawaijima- Harima Heavy Industries Co., Ltd.
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222 System flow
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( Data file on /
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4 v

Dinension table . ¥ Lines for templete
of support. Jjig * Shell expansion data

) ¥ .
S ' ' File for :
~ : ) T shell expansion\
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* Correction of expansion
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- ¥ . .
R - Data file of T
v ————— R T T e v - ) - e T E aed pieces - . -

- — - e« eemew s . ‘D - "
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Table 1. STEPS INVOLVED ® IN SHELL SYSTEM o .
Step Optional . . Calculations Shape Post
Ttemy~ | Pese @ | cut plane Vepanalon of Ass. data |° formation |  processor
XStation offset [*Block neme , |*Method of #Type of suppor- *Corrqétion'of *Piece name
i [tLanding data [*Option for cut [“shell expanaion| ting jigs .  fabrication -~ o,
o+ i P1diooyneratic | pléne © T . ' : data oo
Input pointa data . P o
. ' Prabrication | ': R ;
; data (bevel,’ i . Lo :
: extension,cte) Lol L oo ST
i *Eairing & #Praparation of |#Calculation of ¥Height of supp- *Corfebtion of [NC pdst .
i ;  landing | concurrence of | shell.expansion| orting jigs shell. expansion procedsor
Data | pPStoring of .’ ' | points. -|*Caleulation of |*¥Dimension plen | ¥Cut out of :

1
'process
. : t

™

points data &

idiosyncratic *Prdparation of

data file on
the cut plane

lines. for bend,
templetes -

for bloclk mark,
*Vector analysis
plan . H .

shelll platea .
LA B o

fabr{catinﬂdatq

¥Bago data file

¥Datea file on
the cut plane

" .|¥Data file on

the cut plane

*Shell'exphnaion
data file
#Tabrication

- data - file

*Nesting data
file '

‘Base data file
. ._' : ! : .

“Concurrence of

points file

*Data file on

the cut plane

#Shell expansoion
file '

¥Bending templéte

Tile .

¥Nesting data .17
file .

N Rk
S
i
oy £|
. LI o2
'3-
o
4',ik"1. '::gj
')I.|‘l'.'§1
a
! . O
Output

tBody plan
(0ffaets table

‘Check drawing
of data. base ,

“Rough block

arrangement.

“Body plan by

optional cut =

plane

%*Dimension plan
of support. jig
%¥Bloclk mark.plan
*3ectiohal plan
of support. jig
*Aasembly plan

*Piece'drawlngf
*Dimension plan
of piece

¥Lines: for:temp-|

létes " making

rNC tape
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2-3 | nput/Out put system

2-3-1 Input data
The input data systemin SHEEL is so designed
as to conserve the labour by avoiding deplication
of input data. Principal items of inputs are 2s
fOlOws :

1) Nane of block and structure
2) Instructive data relating to the faprication practi cs.
3) Instructive data relating to the assembly practice.

2-3-2 Ouiput d=ie ( Other than NC tepe for marking & cutt:

1) Check drawi ng of the operation
a) check drawing f 9 the data base ( fig.11A )
b) Check drawing of body plan the optional 'cut plane
(Flg. 1.1 B )
c) Sectional plan of supporting jigs. (fig. 12 )
The check drawi ngs in the above are usi ng the check
of the operation conditions of the
are in option controled by the inputs,
2) Qutput of shell expansion
a) Dimention plan of shell plate
Shel | plate marking can be made directly by this
out put without any full scale marking tape the the
manual marking. ( Fig. 13)

b) Expanded plan of shell plate
negatives for the electrophoto mangare output

by the' system by neans of drafting machine asthe
expanded plan of shell plate, (Fig, 14)
Note: Qutputs of the dimension table for the preparation
of full scale marking tapes are also provided by

out puts :s

this system if required.

(i

Ishikawgjima~- Harima Heavy Indusiries Co.. Lid. -
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CHECK DRAWING OF OPTIONAL CUT PIANE PROCESS
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3) Qutput of tenplete for bending

a) Lines for tenpletes marking
The nmost optinmum position determned by a given
logic as well as the shape (lines) of tenpletes
at 2 designated position are prepared by neans
of lines drawn by draftor. (Fig.15)

b) Dinension table for universal tenplete
When a certain type of universal tenplete are
available in the shop, suitable dimension table
can be provided by the systemto set the figure
of the tenplete. ( Table 2 )

4) output data for supporting jigs in assembly
The output node of Sheel systemis diversified into
various modes owi ng to the inclusion of data relat
ing to the type of supporting jigs as well asthe
data relating to the methods of block marking
The users can therefore,'select any desirable
output met to the working practices to be done.

&) Dimension plan.for block supporiing jigs.

* For fixed position jigs * ( fig. 16 )
* For seamline jigs ( fig. 17)
* For frame line jigs (Fig.18)
* For SINGLE system jigs ( fig.19)

* For solid tape jigs
VWile the five kinds of dimension plans, listed above,

are avai lable, they can be used al so in conbinatinon,
I f necessary.

b) Sectional plan of jig lines (Fig.20)
Section2l plan of jig lines can be drafted t O
I ndicate the curvetures at the transverse or-1°ﬁ5~L»--
tudinal section of jig lines including the ends ’
hei ght of the block at the cross points of jig linel;
and seam or butt line of the block, if required

B (02:6) 2285 A4 Fux Ishikewajima~ Harima Heavy industries Co., Lid.
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Fige. 17 DIMENSION PLAN TOR_ SEAM LINE JIGS
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Fig. 19 DIMENSION PLAN TFOR SINGLE PANEL SYSTEM
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5) Dinension table for block nmarking

t or el ance.

6) Check data for the automatic wel ding

7)
a)

The dimension table frthe bl ock marking is printed
out by the systemand full scale marking tape can be
made fromthe output in nould loft. In the
dinmension table, length and with of the block are
shown on the frame lines either of ordinally and
optional cut plane.

Bl ock marking is made using-the transverse and | ong-
I tudinal datum lines on the block. Since those
datumlines are narked on the each shell plate of the
bl ock in beforehand, easier working procedures will
be expected to maintain the accuracy, sofar as the
previ ous stages are keeping their accuracy in the

The maxi num sl ope of the seam|ines against ground
| evel are output in the vectoral indication to check
the availability of automatic welding on the block

Accuracy control data
Geonetrical check of bl ock
Dimension plan is provided for the accuracy contro
of geonetrical form ofthe block.
Positionning of materials
Data relating to the size of shell plate and
| ocation of the positionning jig for the shell plate
are indicated in the dimension table of supporting ,
jigs. These data will be available to secure
the right position of Shell plate on the platform |
and it ensure the geonetrical form of block.
Dat um pl anes
The datum planes for the block marking aeorthonal -_°
ly mutually and also to the platform plane
It nmeans that working condition is better for the -
ensuring of block accuracy.
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Table 3

DIMENSION TABLE TOR DBLOCK MARKING

( Ordinary frame )
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PLAN OF Table 3.

EXPLANETORY

Fig. 21

(1Y)




Table 4 DIMENSION TABLE TOR BLOCK NMARKING
( Cut plane frame base )
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Fige 23 ~ 'CHECK DATA TOR AUTOMATIC WELDING
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APPENDIX D

LODACS - SHIP FRAME DATA PROCESSING SYSTEM
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Sumio Kohtake and. Hidehiko Matsubara

Ishikawajima-Harimz Heavry Industries Co., Ltd.

Almost all of the previous ship framing computer programs which have been developed and utilized individually
ar each IFI shipyard not:only contained several weak points such ags troublesome operation, difficult expression
of output showing grapluc'.'zl imagzs by a line printer, and insufficient functions for datz processmg. bur akso could

not keep pace thh the recent progress in the Numerical Cornirol Machines such as siez!

and hvdraouric hendine smiinmesms

T 2one urth thacs aiprisvetarrmne e ernmdn

marking, ﬂamz czmmg

detoes meerd oles Smlata el

v

WALl reFarmlee DUkitliilg LMot Y CUpe VLML MBS CRICKITTIOGTCES, uv aulwul’d..uls ll’l: d:.usu Lidd I J“UIILCUU!‘
~procedures and rationalizing graphical ourpur by the dor-printer, X-Y plotter and COM, we have developed o newly
integrared system called LODACS (LOngitudinal frame Developing And Conducting System), a system cpplicable
to all shipbuilding facilities and eguipment of our shipvards. LODACS, a ship frame data processing system, is now
contributing to the improvement of quality and aczcuracy of framing parts and to the saving of manpower in the
design and the fabricarion stages. This paper provides an outline of LODACS with acrual examples of its outputs.

1. Introduction

o PR PN SR P 35 S S I

\..umpm:ul.auun in the field of mold loft work for
shipbuilding was initiated in the area of curved shell
plate expansion calcuiation. The storing of the hull offset
data into the computar fite as an input in such calculations
contributed much to the subssquent spesdy acceleration
of the development of the hull lofting system and
promoted the establishment of a comprehensive funda-
mental system that becams an integral part of the hull
design system. What is more, the establishment of this
hull offset file has had the effect of establishing the
method of the longitudinal frame deveiopment as the
next phase of computerization. Nine years have elapsed

imne thiec cuvecram wae firet Aavalamad nd saven vears
sinee Ulls sy'sieém was {rst Qsveilped, anG seven yesars

have passed since the techniques were universally adopted
by our shipyards. The tremendous effects in the areas
of work spesd-up and labor saving that have resulted
from the replacement of the convzntionz! manua! lofting
system by the computer-zided lofting system can hardly
be overstressad.

Following the development of the ubove method, a
twisting mold program for longitudinal members was
developed as'an associated technique with the primary
systzm, and its exwended application to the internal
members including end-brackat development was attzmpted

ac the comnponent moduls of the mwomr-d hull rh-exan

cOmpouet OClc QL e 2lilesislicC il aeagh

system which, in fact,

Vol 10 No. 2 1976

has been pnrtl) 1mplcm=nted.

These, however, involved the following problems: .

1. There was 2 lack of mutuality among the programs,
due 0. GHI"YCHC-S in the time of QC\'HOPan[, and
operational difficulties werz observed in the manage-
meat of the files and progrzam mazinteaznce with their
inherent complexities. Such is considered arttributable
to the difference in their developmant stages. Further,
in the case of the component module of the integrated
system, the partial system operation independent from
the entire system was not readily obtainable due to
the 'systern structural restrictions. ¢

2. The part dimension plans of the longitudinal frames
which are .the main product of the system wess
procduced in the form of the line printer output, thus

tn ha avearscced aale with the

tha ernramante ad
G Of SXPpresset oy wila e

the statements had

code and symbols limited by alpha numeric. As a

result, special knowledge was required to read off

the statements — one of the causes that l=ad to
erronsous productiona! operation.

In the meantime, deveiopment in the arsa of NC
cutters, NC marking devices and NC frame benders was
aggressively advanced in 2ssociation with the application
and implementation of the main system. To kesp up

- with the developmentTin such NC techniquses, 2 basic

integrated system has become necessary. The above is
the background th t lies behind the development of the
LODACS (LOngitudinal frame Davelopment And Conduct-

ing System). In accordanc: with the changing dermands

. . 31
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Fig. 1 Zxample of Frame-end Having Data
Common to the End-bracket

at present for ship forms ranging from tankers to cargo

boats, efforts are being made to incorporate the transverse

frame devclogmcm program, and practical fields of appli-
aeret mmm ava hasw widamod cacasdlose

IS S = ~f
cation of this Sysiem 42ave OeSn wigsneq regaraisss ol

the limits implied by the original naming of the system.

2. Development

in the system development, emphasis was piaced on
the following points:

1. The system should be capable of processing normal
curvelass frames, those o be fitted to the shell plates,
and aiso frame-end brackets. .

2. The part dimension plans should be output in the
form of X-Y plotter, dot printer and COM (Computer

Qutput M\rrnrim\ and be visualized from the dimen-

iDUL HAILIDLIN ), &R DT FLOUQUATC IR LT Lanch

sion tables into dxnensxcn plans. No special knowledze
or experiencs is requircd for reading off the information.
English letter or cods are used as they provide better
access to external users including overseas users.

ki Ta 2llaw cimala Aaneratinn  sarh weassawm echanld
e AV QUUYY LMt UpbLidlivily, bl pivpicdi advudia

be well systematized and unified.

4, The output required for common manual marking
should be obtained as basic information, and it shouid
be designed in such a way that the control information
can be provided to all the NC devices through the
postprocessors.

The featurss of this svstcrn thus developed provide

for easy access to the part dimension plan, and out- -

standing. flexibility allowing applications of the system
in any type of shipyzrd production facilities. Fairly long

time was required bezfore determining the suitable specifi-
cation of 2 part dimension plan; extensive process

tion of 2 dimension plan; extensiv process

standardization was developed by analyzing the marking
procedure. A system development should always be based
on the end user’s mquiremenu' and it is important that
the user should not compromise his nesds, rc:xsoning
that the system producer is }imhed by restrictions in
computer hardware composition or compiications in pro-
graming. The hull-shop production facilities of our five
. shipyards are- varied in .operation systems,-ranging - from
the all NC system to the all manual system; the flexibility
of this system has besn realized through its application
to all the facilities. This system usés the IBM model
370/135 ~ 158 computers at present. The program
language employed is principally FORTRAN, and
ASSEMBLER is partly used.

()

2

S 5

1
5220 of sysem esaleoion l

Fig. 2 System Application Range

3. Fuaction 2

This system is designed to deal mainly with the
devclopment procsssing of the hull panel stiffener such
as the transverse frames, longitudinal frames and their
end-brackets with the added function of a variety of
associated application programs. (Hersinafter the transverss
frame and longitudinal frame are simpiy called framss;
the frame-end brackets are simply called end-members.)
The added capability to handle the end-members was
provided muainly because these members are always
connected 1o the frames, and they have eiements determin-
ing the cutout shapes of frames (Fig. 1). Also, it not
only enables the system to simultaneously process the
data common to the frames and snd-members by a single
input operation but also providas ability to procsss the
frame or end-member alons independently.

The scope of application of this system covers the
frames and end.members to be fitted to the side chell

43zi3i0e AlQ SRU-ISHIDCIS 10 DT LLiel P LT SiUC it

upper deck, longitudinal bulk-heads, and various ﬂaz
decks except for thoss highly complicatsd parts at the
end of the bow and stern (Fig. 2). As shipbuilding
mat..mls not only the angies and built-up s;cnons but

As shown in Fig. 3, the development program is
impiemented by producing the input data from the hull
design, and taking the offset information from the hull
base-data file. The results of such a devslopment opermtion
will then be put into the storage of the dimension data
file in the case of the frames and standard type end-
members, and thoss off-stzndard end-members will be

stored in the cutter locztion darta file. Subsequent system
flow will be prm--cepﬂ into the output program groups

TGS d L2550 I e ] s fL5Ls

adaptzble to the production facﬂmes b:mg set up in
the shipyard under consideration.

4.1 Setting Up of System
4.1.1 Development Program T

The development program is the viral part of the
system and handlss the development processing of the
frames and end-members 25 mentioned above. To simplify
the input data 2s much as possible, the system was
elaborated 10 yield the following functions:

1. According to the kind of section type, dimmansion,
and bending directionr (i.e., outward bending or inward
bending), different bending neutral axis is calculated
automatically''.
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2. Inclined fitting angles of frames, their beveling of
edge preparation, and marking surface arc determined
automatically.

3. Shapes of frames in detail (cut-off dimension (a),
«. dimension (b). scallop (r) and bevel angles to
be profiled ( 8,)ftc.) are decided automatically
(Fig. 4).

In addition to the above, automatic generation of
the data for the secondary members such as face plates
and flat bars is mad: possible; the computing function
of weight, cutting length, and center of gravity are aso
provided, and their results are put into the storage of
the file. The frame bending lines (Fig. 5) to be made
straight after the bending process are computed to a
maximum of three lines on judging the scantlings of
frames and their bending requirements.

4.1.2 File Handling program

The programs that control the dimension data File
are:

1. The initiadlizing program that is set when the system
operation is initiated.

2. ship to ship data file transfer program to be used
partially or entirely for a sister ship or a ship of
similar construction and- dimensions.

3. Corrective or cancellative program to be used for
partial modification when the design is to be changed
in part.

All of the above help to facilitate system operations.

4.1.3 Production Control Data printing Our program

To grasp and verify the contents of the dimension
data file, and check adequacy of material size for a
purchase order and fabrication work scheme this program
prints out the parts data such as the block name, code,
length, scantling and weight.

4.1.4 Part Dimension Plan Drawing Program

A part dimension plan is drawn by the X-Y plotter
(Fig. 6), dot printer (Fig. 7), or by COM with the
required output from the dimension data file for the
manual marking and built-up guidance plans. In this
process, data are not only assorted according to groups
of classified materials such as dabs, angles and built-ups
or bend pieces and straight pieces but also assorted based
on the fabrication lines, scantlings and the order -of
lengths to suit the intended purposes.

All the shapes are unified in figures and/or terms
of actual images and the title code and the like are
stated in English in consideration of possible license
agreement with shipyards in foreign nations (Fig. 8 -
Fig. 11).

Namely:
PART CODE  Code of parts
- SCATLING sectional dimensions --
SHOWN Surface shown on the plan
s.PRM Preliminary surface treatment &
Shop prima painting

34

Fig. 4 Example of Fram-end Decided Decided
Automatically

Fig. 5 Frame Bending Line Straightened after
Bending.

Fig. 6 Drawing View of Pan Dimension Plan by
the X-Y Plotter

Fig. 7 Drawing View of Part Dimension Plan, by
the Dot Printer
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2. Drawing is made with the same side view as marking
is.

3. End shapes and bending line curves are expressed
in a somewhat exaggemted manner to improve presen-
tation of images.

The part dimension plan (Fig. 12) of the curve cutout
frame differs from that in the ordinary bending process

36

effected by referring to the frame bending the in that
an analogous pattern raquitfing no bending process car
be restored by marking through the dimensional con
from one base line. In the case of the standard brackers
the program also provides the dimension output aSSum
possible requirements for the marking with a given

of dimensions or full-scale template conversion.
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Fig. 12 Parr Dimension Plan of Cut-out Frame [by Dot-printer)

4.1.5 Posiprocessor for Numercally Controlled Frame
curring and Marking

This program outputs NC tape, by which the cutting
of drain holes on the frame and frame-ends, the marking
of the frame bending line and other necessary lines are
conducted by the NC frame cutter (Fig. 13). It also
carries out parts nesting automatically with the given
information from the dimension data file as required,
output in the form of magnetic tape or punched tape
is provided. This punched tape will then be fed into
the drafter capable of checking the contents of the
information to draw a plan in a 1/20 scale which will
further be supplied to an operator of the NC cutter as
a guidance plan (Fig. 14).

4.1.6 Posrprocessor for Frame NC Bender

This is a postprocessing program that acts to subject
the cut frames to the automatic bending process by
the NC frame bender (Fig. 15). The data necessary for
frame bending is obtained from the dimension data file
to determine the distance between the points of press
action in accordance with the bending requirements, and
the computed magnitude of bending action will be output
to magnetic tape as the control numerical data in terms
of angular quantity.

4.1.7 Production Program of Twisting Mord

When twisting of the frame is judged necessary by
the design criteria, the essential data arc obtained from
the hull base data file in accordance with the name of

VoL 10 No. 2 1976

longitudinals, and designations specifying the range. In
the case of manual Operation, necessary information
should be obtained from the ship’s body plan. Thus
the twisting mold is made so as to be set on the transverse

: &) -3&:@- fas @ s
N = _.'—n\ 7.__‘.',:',‘.;
P e i S0

Fig. 13 Frame Fabrication by the nc Frame Cutter
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Fig. 14 Operator Guidance Plan for Frame NC Cutting

frame lines; further, it involves a certain degres of angle
to the web surface of the longitudinal. This' program

provides the output of twisting mold at a right angle’

to the shell line and web surface. With the procsssing
of this program, not only can the marking of transverse
frame lines be omitted but also the twisting opsration
itself hes improved significantly (Fig. 16).

4.1.8 Data Conversion Progrem .

When the standard brackats, cutout frames and face .

plates being stored in the dimension data file are to
be drawn as output in the form of EPM film or full-scale
contour templates, the dimensional data can be expressed
2s cutter location data which are stored in the cutter
Jocation datz file.

4.1.9 1/10 Scale Par: Plan Drawing Progrem. -

This program outputs magnetic tape for drawing by
designating the block name or the part code from the
cutter location data file. This magnstic tape will then
be used to draw 2 1/10 scale part plan film (Fig. 17)
by the drafter. This part plan is used for multiple
purposes such as EPM, film for projector marking, and
parts nesting for NC marking or NC cutting.

4.1.10 Postprocessor for NC Curring

The parts nesting produced by the above part plans
will be channelled through this postprocessar to output
data in ths form of magnetic tape or punchad tape
per every unit of stecl plates. As with the case in the
postprocsssor (4.1.5) for frame NC cutting and marking,
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such tape will be supplied to the work site together
with the operator guidance plan drawn by the drafter. In
other words, this program can follow up either the NC
cutter or NC marking device (Fig. 18).

4.2 Setting Up of File
4.2.1 Hull Base Data File

The Direct Access Method type file is used wherein
the hull offsets, scantlings of the longitudinals, those
section types, and specific data of the longitudinals such
as the thickness side of webs against mold line and
the direction of the flanges are contained. Furthermore,
this file is not only utilized for the LODACS but also
for the shell plates expansion and internal members
development processes.

4.2.2 Dimension Data File

This Direct Access Method type dimension data file
containes the indices of block names. Here, the developed

Fig. 18 Frame Znd-bracket by NC Cutting
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frames. face plates and flat bars known as the strap
members, and standard type brackets and cutout frames
are included in the dimensional forms. Each component
member has its corresponding record, and the information
consists of the general items such as the part cod:,
santling. length and control parameter for production
activity, the common graphical items such as end shape
and scallops, bending information. data regarding drain
holes, and marking information.

4.2.3 Cutter Location Data File.

This Direct Access Method type curter location data
file contains the cutter location data which arc to be
output in the form of the analog patterns. In addition
to the end-members, the standard type brackets, face
plates and cutout frames data converted from the above
dimension data file can be put into the storage of this
file- as required. This file, as with the cases above, can
be utilized aso for other systems covering the expansion

Scole port plenl

Powcey wmeteg
@ b icre e
COP—ryont

Fig. 19 Example of System Operation Flow Chart
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curved shell plates and development of internal
members.

5. Operation
5.1 Preparation for System Operation and Its Simplified
Operation

With respect to the flow diagram shown in Fig. 3,
a variety of operationad methods an be taken Namely,
only those necessary programs can be selected after
development programs.

The preparation of the dimension data file is indis-
pensable for the control of the files, but in an emergency
as. as in the quick repairs of a vessd, specific data can

be input even when the hull base data file is not available.

When the preparation of EPM films or full-scale templates
is intended, the cutter location data file may be bypassed,
and magnetic tape tape or punched tape for NC drafting can
be output directly from the development program. Shown
in Fig. 19 is an example Of the system operation without
utilizing the hardware techniques of numerical control
fabrication.

5.2 Standardization

It goes without saying that computerization and
standardization go hand in hand. Extensive standardization
which resulted in distinct simplification both in design
and in input operation was developed in this system. In
particular, five types of frame-end shapes and more than
ten types of end-members have been standardized
Consequently, the necessity to write down al the details
of end-members in the design phase has been eliminated.
All that is required is to note the designated type number
of end-member shown in the standard specifications.
Similarly, only the designated type number of end-member
shown on the relevant design plan is required to be
input. The newly provided access permitting the input
of those principal dimensions related to design functions
allows added system flexibility to deal with the hull
members of speciad types, and contributes significantly
to even greater labor saving.

sslnput

Input items of the system, aside from the development
program, con&m the block names, part codes and selective
machine code, hence description on these items is omitted
her:. In this article the input for the development
program will be shown. Generally. processing is made
for every building block where data are broadly classified
as those data common to blocks and those concerning
each frame member.

5.3.1 Data Common 10 Blocks

These data cover the ship number, block name, and
drain holes which require only one input operation at
the initiad stage of each block processing. Of these, the
input operation for drain holes is cumbersome; however,
simplification has been made in such a way that the

40

type of drain holes can be omitted where they are
identical to those on the immediately preceding member.

5.3.2 Data Specific to Each frame

To minimize the input operation frequency, the name
of the longitudinal. type number of the end-member,
range of frames processed and specific data other than
the standard type are required to be input for the first
member only, but al such data for the subsequent
members can be largely omitted, except for the name
of the longitudina and part cod: name. providing that
they are dimensionally identica to the first one.

6. Conclusion

With comprehensive coverage and sophisticated func-
tions, LODACS has. become an extremely useful system
that meets the multiple requirements of the shipbuildiig
design and production system. As aready mentioned,
this system it a longitudinal frame development and
conducting system incorporating the groups of programs
developed and implemented by MI with added functions
later developed. This system does, however, have some
unsolved problems in dedling with the transverse frame
end-brackets, beams and beam-knees etc. Other problem
areas include such items as the automatic drawing of
the sectional view of frames in the course of hull plan
preparation, supplying those control data to the production
control system, and the like, to name but a few. A
greater corporate effort will thesefore be made in the
future to solve these remaining problems.
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(1) ABSTRACT OF ' SPECS SYSTEM

This system shall be applied to detailed design in ship's
prelimnary calculation on Hull Form and its capacities.
The system design concepts and ainms are as bel ow

* Expansion of application by w dely used
programs

* Easy Mantenance of both prograns and Dat a.

* Reconsi deration of design system and Pursuit of
man power saving.

This is a totalized system which can make designers
possible to prevent fromduplicate input by registration the
results of each step in the Data Bank through whi ch next
progranms shall retrieve them

B (8256) YR Ishikawaiima - Harima Heavy Industries Co., Ltd.




(2) APPLI CATI ON AND RESTRI CTI ONS

1) Applied ship's type

Applied tankers and carriers up to D)W 1, 000, 000

In addition to the ordinary ships, follow ng type
can be also applied.

Ship's type --------- naval vessels, patrol
ships, fishing boats

Hull form----------- Initial trim Knuckl ed
shel |

[nner hull structure -------

Almost all types of ship
shal | be applied using
MAP- met hod devel oped by

I H .
2) Oher restrictions
ORDI NATE ------------ Max, 50 (w.L = 60)
FRAME -------oommm-- Max, 500 (WL = 150)
TANK / HOLD ---------- Max, 70 bl ock

Loadi ng condition --- Mx, 100




(3). FEATURE OF THE SYSTEM

1. Operating nethods

* Using as total system which can save input data
by retrieval the preceding results from the data

Bank.

* | ndependent RUN met hod
Rel ated data to be INPUT directly for each program

Both running nmethod are avail abl e.
2. Drawing shall be generated as output.

3. Calculated results in the Bank can be applied to
another sister ship for effective process.

4. FRAME & ORDI NATE OFFSETS shall be automatically
applied, in case that LINES FAI R NG has been conpl exed

5. FRAME OFFSETS can be provided from ORDI NATE OFFSETS

by OPTI ON FUNCTI ON
Various studies in initial design stage can be
proceded by this function.

6. MAP- nethod devel oped by IH shall nmake it easy to
apply the system for the conpl exed shapes of ship.

7. New Rules of IMCO are applied.

Beoé a5 A4 - Ishikawajima- Harima Heavy Industries Ce., Ltd
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OENERAL SYSTEM FLOW OF SPECS ‘ Longitudinal Strength
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(5 )

(%)

FUNCTION AND OUTPUT OF EACH PROGRAM

Program name

Function of Program

Output '

BANK INITIALIZE
& Basic items

Preparation for I/0 process of
all calculations shall be :
done. Basic items such as '
principal dimensions,FRAME j
SPACE and etc. are stored. !

i
!

Bonjean Cal.

Bonjean calculation of MLD and
EXT are executed. }

Bonjean (EXT)
Bonjean (MLD)
Bonjean Curves

Hydrostétic
Properties Cal.

HYDRO PROTERTIES TABLE is gene.

rated.

MAP APPEN

GZ and FLUID

INFLOW ANGLE
Cal.

Calculation of GZ (Righting
Lever) at any angle.

Calculation: of the displace-
ment at the start s5f INFLOW
of sea water,

Righting Lever
at optiocnal.

Cross Curve of
stability

Curve of INFLOW
angle -

GZ TABLE at optional draft is
generated.

GZ for opera-
tional infor-
nation

correction Cal.
due to Trim

draft GZ-Healing
Curves
Displacement- Displacement correction Table Displacement
’ in optional draft-Trim is correction -

generated.

table due to
Trim-

'Trim-Displace-
ment' Diagram

Generating Diagram 'Trim-dis-
placement' for finding draft
at bow and stern.

Diagram 'Trim-
Displacement!

Draft Correc-
tion Table at
the point of
draft Mark

Values for correction which
shall be used for calculdting.
drafts at the both-of AP and
FP from the appearent drafts-
at the-Draft-Mark position.

Draft correc-~
tion table for
Draft-Mark

HYDRO Proper-
ties Cal. for
Free Draft

Calculzation of HYDROSTATIC

! PROPERTIES at any part of the
: ship, at Trim-status and at

HOG & SAG status.

HYDRO PROPER~
TIES for Free
i Draft

Read in frame ! Frame offsets read by eyes. Frame distance_
offsets table
Frame offsets
B8 (024! Ishikawaiimeo- Harimo Heovv Industries Co.. Lid.

Ad reR

(m:E#H s F)



Program name Function of Program ! Output

Tank Capacity
Cal.

{Tank capacity
i table

s
: Tank capacity
eurves

Capacity, center of Gravity
INERTIA etec. are calculated.

Tank Capacity
Table Cal.

Tank capacity table is gene-=
rated due to SOUNDING and.
ULLAGE.

Tank capacity
: table

- vae my o

. Correction
value table

Correction Table; Value for correction against
of Tank capaci- : EVEN KEEL a2t TRIM HEEL is
ties due to Trlm calculated.
and Heel ;

?

remeo rmem t b oy

Grain Heeling
Moment Cal. '’

: TRANSVERSE & VERTICAL HEELING : Grain Heeling

Moment are calculated. Moment table

‘
H

GGO Table for

Decrease of GM by free surface:Teble

Operational effect 1s calculated. !
Information : §
TRIM Table Estimation of the 6hange of :Trim Table

Trim when a load of 100t added
to optional Tank.

o frran ot o,

Summary of -
capacities of
Tanks and ete.

Final drawing of Tank Capcity.i Tank Capacity
i Summary Table

i
(
f

Trim Cal.

HOMOGENEOUS LOADING at ontion- Loading condi-
al Tank and Trim adjustment ttion Drawing
by two fixed tank.

L -ome oven o ren

Laterazl zarea
Cal..

{ Lateral area and center of

3Curve of

Lateral area are calculated. ! Lateral Area

Stability
Curves Cal..

¢ DYNAMICAL STABILITY of IMCO
i Rule, maximum allowable hell- ;

GZ angle of vanishing stabili-:Diagram

ty and GZ maximum. i 'GZ-Heeling
Coefficient Cs , C: considered angle-Dynami-
tcal stability?

wrar s b A e——

ing angle, wind and oscilla-

tion.
Grain Stabili- Residual Area, Heeling angle, Table of
ty Cal. Allowable Heeling Moment etec. Heeling Mo-
. are calculated. iment Diagram
'GZ~-Heellng
Angle!

B (Q26' 2286 A4 P

Ishikawaiima- Harima Heavy Industries Co.,

Ltd.
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Program nane Function of Program out put
Damaged f 1 oodi ng| Fi (rjlal bgl SnCEdhcgNDlTlo{\l atter Di agram GZ-
amage net hod of | ost Heel i ng Angl e
and dgrrpged Buoyangy ig enerated. 9 A9
stability Cal. |DYNAM CAL STABILITY considered
wi nd and oscillation can be
| al so cal cul at ed.
[T ght Véi ght CTght VeI gnt, center of Gavity | Lignt V&l gnt

di stribution
Cal .

are calculated and distributed

D stribution
! Curve

l

rongrrudtna
strength Cal.

SF. BM DEFLECITON I n_Ccase of
STI LL, SAG HOG are cal cul at ed.

Conpar1 son
Tabl e for Bend-
ing Mnent
D agr am Bend-

i ng Monent -
Shearing _Force
{Envelope Curve
:of Shearing
Force

Envel ope of

Bendi ng Monent

Sinple Cal. of
Longi t udi nal
Strength

BASE VALUE such as Coefficient
of Weight Distribution Shearing
Force etc. at the point of

Bendi ng Monent are cal cul at ed.

Coef ficient of
Weight Distri-
bution for
Shearing Force
Lever for Bend-
I ng Monent

Longi t udi nal
strengthen Data

Launching Cal .

Launching particulars, Float

condi tion, launching speed etc.
are cal cul at ed.

Launchi ng
Curves
Launchi ng
Speed and
Travel Curves

Obscured di s-
tance in rel a-

tion to various
Draft and Trim

Tabl e of Obscured Distant at
the designated draft and Trim
IS generat ed.

Tabl e of Ob-
scured Distance
in relation to
various Draft
and Trim

Rol'1ng period
Cal .

Tabl e of GoM at every desi gnated
draft and oscillation period is

%ener at ed.

Bol

ling Period-
MM Tabl"e

Y Kato's equation or results of

experinent.

B Q236 428 AL - .

Ishikawajima- Harima
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Ltd



Program nane

Function of Program

Output

Fl oodabl e | ength
Cal .

Fl oodabl e and Perm ssible

l ength at optional points are
cal cul at ed. _

By the standard of Mnistry of
Transport or Fl oodable |ength
detai  ed Bonjean Method.

Fl oodabl e
Length Curve

Dead Wi ght - DY W SCALE unit in METRIC or Dead wei ght -
Scal e Draw ng FEET. Scal e
Turning Test Measured results such as Speed| Drawi ng on
and Turning Angle at the Trial| Turning Test
are anal yzed and cal cul at ed.
Crash Stop esults of Crash Stop Astern Results of
Astern Test and|Test and stopping inertia test|crash stop
_ are anal yzed. Astern test
st oppi ng éts wake and speed curve are Cour ce of
- rawn. Crash stop
Inertia Test Astern Test
Result of Stop-
Ing lnertia
est
Cour se of Stop-,
Ing lnertia
Test
Zi g- Zag Test Resul ts of Zig-Zag steering Tabl e of Maneu-

Test are anal yzed.

vability

*O7%A 8 MK Al "7

ce lmdismacinae Cm

tad
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REPORT NO
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ACTUAL QUTPUT EXAMPLE

SHP'S PRELIM NARY AND EXACT

CALCULATI ON SYSTEM




Page
PRI NG PAL PARTI QULARS == == == === === == s mmm e e e e e 1
BOWJEAN «-----x=rx = « = = = £ soeressmrame m ottt e e an e i aiaiaaaaaaaaaa 4
HYDROSTATI C PROPERTIES === ---=-m-m=mmmmmsmsmsmssosoomooomomoomm oo 7
STABI LI TY CROSS CURVES and | NFLOW ANGLE =--=-=-=--=-=-s-s=msosomomeocmoooes 13
RIGHTING LEVER for Qperational information --------=--=--=--=---------------- 18
DI SPLACEMENT CORRECTI ON TABLE due t0 TRIM -==-=-=--=-=-s-smmemmmmomooooe s 20
TRI M DI SPLACEMENT DI AGRAM === ==-=--=--=ms=mssmmsmsomsooomoomooooooo oo o 21
DRAFT CORRECTI ON TABLE for DRAFT MARK =-------=---=--s--ss-msoomsoomooooooes 22
HYDROSTATI C PROPERTI ES for FREE DRAFT =-r--==rr-=ssrmmssrmomsr oo 23
FRAME OFFSET Read in ----"-"-"-"- -mrmmmmmmsmsmsmsmsomsmomsmmmmmmmmmmmmmm s 25
CAPACI TY OF TANK AND HOLD ----------=-mmmmmmmmmmmsomsmmommommomoomoo oo 27
DETAI LED TANK CAPACI TY TABLE ----------=-m-m-mmmmmsmmsmmomomomomomooooooe o 30
TRIM AND HEEL CORRECTION TABLE (for each tank) ------------"----------------~ 32
GRAIN REELING MOVENT ==-=---=-msmmsmsmmmmsmomomm oo omm oo m oo 35
G TABLE for Qperational information -------------=-----s--s-mmmmmmmmmnmnes 42
TRIM TABLE (DRAFT correction table by a loading weight) ----=---=------------ 44
TANK AND HOLD SUMVARY TABLE --------7-----m=mmommmsomomommmommmoomm oo 46
TRIM Cal culation ======n=sm-ssmssmssmossocsscssossocsoossossossoooos oo 49
LATERAL AREA == 7= == mmrmmsmmsms oo 55
STABI LI TY CURVES - == -= = m=rmsmmm o ms s s oo 57
GRAIN STABILITY 7777 -mmmmmmmmmssssssosssosscoosscossoossoomoooosooooos 62
DAMAGED FLOODI NG and DAMAGED STABILITY ------------------------------ 39
LI GHT WEIGHT DISTRIBUTION =~ === === -=s---smmmmomoooomommooo o 7
LONG TUDI NAL STRENGTH === ==mmmmmmmmmmmmm s s s oo m oo s s oo 74
Long TUDINAL STRENGTH (By sinple nmethod) ----------------mmmmmmmmmmmmmmmmmmes S0
DATA FOR SEA MATE-4, SEA MATE-S =------=-msmmsmmmsmmmmmmm e 84
LAUNCHI NG CALCULATION == ==-=-m==m=mmmmmmmmmmmmmmmmmommmmm oo o 86
DARK SPACE CALCULATI QN == === -mmmmmmmmsmmsmmsomsmmom oo 91
ROLLING PERI QD =" -""-""-mmmmm--smmsmsccccccmccccccocccccccoocccccommonns 92
FLOODABLE LENGTH -=--=-=----=-mmmmmsmmmssmsoosomsoomomosom oo e 94
DEAD WEEI GHT DRAFTI NG =77 === === === ssmsssoooooocssssosoooooooooonos s s oo oo 97
TURNING TEST 7= -7 =7 "7 mmmmmmsmsmssmsososcssososossososoooososomoooomo oo 98
CRASH STOP ASTERN AHEAD TEST and STOPPING | NERTIA TEST === e e 101
ZIGZAG TEST =7 "7 "7 mmmmmssomssssssosssosssosssosssssssssssooosooes 109

ABBREVI AT| QN 7777777 mm = e mmr e oo oo 111



T e TpRINCEPAL PARTICOLARS ded T

LENGTH OVER ALL _ 187,730 M

M sessemr 4 e e s o ane -y

. .LENGTH_BETWEEN PERPEND ICULARS 1704000 H . . . _

PREADTH_(MOULDFD) 200400 R

NEPTM ML nDEN S 1
wET srUL ULy L4

... DRAFT . IDESIGNED MOWDEDY _____ 9,750 M _,
DRAFY___{DESYGNED_EXTREME) 9.760 4
_____ NITIAL TAIN - e e — - —
DISTANCE AFT.END FROM AP, T 85,000
DISTANCE _FWD.FNO_FAQHM_F.P. _Ae730 M
RISE OF ELoDA AT HiDsHIP ™ 0.0
_STARTING POINT OF RISE OF FLOOA o 1e095 M
AADIUS OF BILGF CIRCLE "‘ 1.200 M
-=’ s s o oz R EE i Semr——— —_ —— - N S — e e - mrm——— —_———a— - —— — —-
L S I AL L S L LT -
. &
- #_SEA_GRAVITY = 1,02500
L) . *
e R L AL A LA LA AL LA L E LRt AL L L OO -
i
o mram H . Jeebe e vmen amim e JE 4% = 4 e emermm H ——————— - -

e sripmmns 4 sme  %a w8 B4 wessemsres an w  aem s 4w v eremee med me s —
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0.125 4 "0.2%50 M

UXDYNXTY OFFSEY U 0.0

SU N WL, -~ 5. 00O H W, LY

VAR ) M e 1 —— o ————— . ) ——

PACES X

ORDENATE 0,050 N 0.373 X T 0.500M O0.7T50 R T 1.000M 1,300 A 2,000 M  3.000 H ""4.000 M 35.000 M
® “ol-. “ct. “-l.o N.l.. “l‘.. “oLu “.l.. unL. U.L. ".L. “.L. u.L.

-0.2870 .

".o 3.‘.

-0.2714

-0.2079

~0.1443

=U.0722
6.0
01240 - - . —— - - - RN —— -
6. 2060 0.400 0.400 0.400 0.400 0. 245 ‘0173 0.133 0.100 0. 090 0.0% 0.0%0 0.0%
0.37%0 0,483 ° 7 0,483 T 0,504 T T0.831 7 0e556 77 G.80Y 77T 04433 T TT8.I38 T 0.800 0.891 0,970 TTTT 1,064
0.%000 0.374 0.434 0.731 0.819 0.90% 1.053 1.185 1.378 1.514 1,707 1.063 2.070

04290 D745 o917 .08 1247 1377 173598 TeWY - 2.057 72250 7. 537 2.782 .08
0.79)) 1119 1.317 1.572 1.768 1,931 22204 24429 2,771 3,022 3,394 3.3 4.127
0.8730 77TTT1.933 77T 1,788 T 2.088 2,321 2.5146 2,018 300967 TTTRANT I T 40261 T 44482 TS 108"
1.0030 1.988 2.202 2.430 2.898 3,122 3,408 3.780 4. 238 4.582 5,131 5.436 7 4.190
1.1%00 2.99% 3T3 T 3,803 T TALIITTTT 40400 TTTT 44037 TTTTTU8,105 T S.T24 T T 64149 T 6.8AT T - T.482 T RG24
1.3%000 4,154 4.508 5,069 5,436 5,739 6,224 6.608 T.203 7.680 8.480 9.178 9,433

T 1a1830 5.421 S.h28 40390 bal78 7.098 T.609 2,011 0,631 ¥.135 99712 10,4641 Y2437
2.0000 6. 757 7.218 T.729 S.tle 8.440 [T Y 9,38 9,970 10 4470 11.275% 11890 124390
29330 7T A.a88 %0353 77718300 7 F0.439 77300919 7T 13,386 T 11.T12 T 124231 TU 7124433 13,198 713,543 713,718

.,3.0000 11.008 12.093 12.411 12,843 12,837 13.138 13.370 13.699 13,912 14,117 14. 188 14.200
3.%0060 13,080 "7 430301777 130593 T TL3LTAL T 130834 T 14,016 TTT 14T 7Y 14.199 T 14,200 14.200 14.200 77 14.2u0
4.0000 13.34) 13.513 13.721 13.863 13.9568 14,109 14,182 14,200 14.200 14.200 14,200 14.200

Y 1 %14 13,349 1A 12T 3.4 T 1349687 T 14109 T TN 87142200 14.200 14,200 14,200 142200
4.0%00 13,343 13,513 13,721 13,843 13,968 14100 14,162 14.200 14.200 14,200 142200 142200
0.3880 T 13,343 13.918% 13,721 777 13,063 777 130948 7T 14,109 T 14410827 144200 T 1442007 T 1402007 140240 T 14O200
7.9000 13,226 13,424 13,433 13,780 13.890 14,043 14,137 144 iv0 14 .20 14.200 14,2400 14.200
7.3000 122333 7 120600 77124898 T 130112 CTU13.283 77134542 7T 130727 T 130966 T 14,096 7T 140191 7 144200 T 144200
0.0000 10,4632 104993 11.400 11.70) 11.949 12,348 12,435 13.0b6 13,350 13.706 13.870 13.920

T8 850017 8,9083T10.340 10,696 0972 1064107 T T e 760 T 1242767 12,4487 134019 T T 13,3637 7134407
0.%000 8.204 8.447 .132 9.49% v, 702 10.279 10.465% 11.237 11.466 12,234 12,548 12,678
.19 4. 171 Tei3d 77 T.TAG 7T 8IS 7T 84433777 8.932777 9,335 77 9.9356 U7 10.417 11,033 11,382 "7 11,540
9.0000 .20 5.7 6.224 6,607 6.920 T.428 T.034 8.458 8.918 *3%30 881 10.uT7

T 9.12%0 4,478 4,935 T 5,440 T 5,018 b.126 6628 T 7,0277 74637 77T 8.083 T B.670 T 9.014 T e.212°
9.1508 3.1 4,143 4,640 3,010 1.313 5.801 s.108 6.7175 7.200 7.7157 8.060 8.210

~9.3740 1. 947 3,387 3.84§ 4,220 TIYYS 40954 5.32277 5.078 63272 baT87 To085 Tal2bl™
2.3300 3,244 2,430 3.061 3,387 3.457 4,091 4.430 4,940 3.301 5.760 beUI2 L1804
9.4298 1.%70 1.910 2.291 2.5089 2,839 3. 218 3.518 3.979 4,202 A.T00 4o948 5.044
*.7308 0,974 fe268 1.3504 1.820 2.020 2.337 2,390 2,975 3,240 3.508 3. B2 L Y XYY
?.07110 0,340 ~ .79 T 1.070 1,268 1.426 1.467 1,052 2.129 2.319 2,548 2.682 2,706

10.00008 0,373 0.704 0.910 1.070 1.31% 1.405% 1.708 1.048 2.004 2,047 1.907

“10.0439 - 3170736857 0,874 1.184 1:3%¢ 1.560 1eT26 1.020 1,830 1a710"

19.12%0 0.83% 1.151 1420 1,345 1680 1618 1410

18,1908 T T 7 1.439 15280 1.370 1413 0.%38

10,2540 ) ' ! t . . d.625% 0.523

S1dS440 ‘@0
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BONJF AN

* SQUARE WEIFR, BOTH SIDE (EXTT

OADINATE ND 3 3e 13 3% 3K 3§ 37 38 39 40
DISTANCE FRPM AP 157,60 H 1655250 167.4%6H 172, 3754 177, 3004 1T9. 762 102.2258 184,678 187.15%08 189.612H
DRAFT EXY (M) .
0.:7% 1.02 1.64 1453 . 1.3 1.09 D.96 0.83 0469 0.55 0ol
v. 150 3,04 3,40 3.27 2.05 1A 2. U8 1.80 1.50 1.21 0.92
LOGTS 134 AL h.25 8,40 458 4,05 3.51 __ 2.9% 2.4 104
“ohsl 1..00 10.20 9.21 - 8,19 6.0% 6. 10 5,31 4.50 3.67 2.85
Deb2h _ _lbih9 13,60 _ 12,43 10,97 9.2} . B.22 . T.J9 __ 6.1l 5.01 3.92_ -
0.77% 21.03 20.53 18.85 16,72 1412 12461 1112 9,51 1.86 6,22
1,025 79.29 17.62° 15443 22,65 19,24 17,31 15428 13,19 10,99 WY
1,925 44,53 42.11 0,02 34.90 29,95 27 ‘09 il Ol 20,76 17.41 14.04
74025 ___ 60,06 ___ 5T7.00 53,05 4T.79 ¢ %1.19 . 37.30 33.27 . z8.91 24.38 19.80
Zeb28 18,71 12419 67,34 60494 82,79 40.05 42.90 IT.41 31.47 25.86
A, 02h 9 .5¢ 07056 PLo9 __ Thohb ___ t4sTE 59,10 $2.90 46.25  39.28 32419
31,424 107,49 ~103.00 95,79 0,23 77.05 70443 63.16 55,33 47410 38.70
4.025 1:3,49 118.72 111,79 102, 21 09,51 81,97 73,62 b4 .62 58.tu 45,37
4,524 149,53 12446 146,07 116,38 102, 20 93,0 B4, 28 T4.06" 63.2% 52.14 i
5,025 ___ 195,80 _ 150,24 14213 120,61 ___ 115,01 __105.56 __ 95.07 83.63 7149 __ 59.0u0
£,125 171.7) b1z VET 4T 145,01 17,95 117.57 7 105.99 93.33 79.85 65.94
he025__ _167.02_ 182000 172,02 __ 159,43 340.95 __ 129.64 116,97 _ 1i3.ca ak.2% 12.689 ___ _
6.525 2L1.94 197.90 jra.2u 173,90 154,00 141.T0 120.01 112.89 96469 79.87
T.u2% 2iu.04 213.00 03,61 100, 41 147,09 153.9: 139,09 LiceT4 QU511 686
7,825 AT L z2:9.1 219.02 202.9% 1800207 166107 1504217 132,62 113,67 93.86
CHeT26 O IBLLES 285,67 734465 21T.44 _ 193,37 170,32 __ 161,34 142,52 122.19 _ 100.85 _
0.u2y 260,367 261,53 24907777 "231.90 206,44 19). ¢z 172.48 152.43 130.T1 167.0%
2,025 _  2hb.46 _ 27T.44 265029 24604l _ 219456 202,73 __ 103.62 1¢2.35 139.24 Li4.082 .
9,525 U0,57 293.3% 200.71 261.01 212,67 214, 93 194,76 172.26 14770 121.70
10,029 316,461 9,26 296.13 215,53 245,79 227,13 205.89 102,18 156.28 128,74
11,025 40,00 341,00 3:6.97 304,57 212,02 251,53 2:8.1% 201,997 173,327 142.62
Lh20725 301,09 372,90 35T.80 __ 332.61 _ 290.2% 15,91 250,42 220,81 19033 156,47
12.02% 413.30 404 .72 bbb 362405 34040 300,23V T 272010 24l 62 207.33 170.34
lé.O?ﬁ____kkﬁ.kh."_"436.47n__'hl9.&2.”_ 301,62 __ 350.66 324,69 294,94 _ 261.42 224,37 | 104.3)
14,025 477.65 460,29 450.26 420,67 376,91 349,16 317.33 201 .41 241.68 196,67
16,025 509,85 SUv.11 401,10 449,71 403, 22 373.7 339,88 301,65 _ _255.36 __ 213.57
17,025 542,04 531,92 511,93 Y ) 479,61 398 .48 362,67 322.26 2711.58 2:9.21
16,725 574.27 583,14 542,77 557,79 A%6.13 423,40  305.80 343.37 294.50 245.19
19,025 592423 504450 562430 527,68 475,04 441,62 443.18 349,75 311.49 259.63
20,025 595,23 504,50 563.30  _ 527.68 415,04 441462 403418 359,75 311,69 259.63
21.025 595,23 T 804,50 ' 543,30 5:T7.60 475.04 441 .62 4u3.10 359,75 311.49 259.63
22,025 505,21 504 .58 563.30 527.68 A75.04 441,62 4u3.18 359,75 311,69 259.63
— UPP.DK+S.Ly HEIGNT 18,326 18,335 10,360, . 10,404 _ 10.464  18.501 18.542 __ 18.587 18,634 18,645
NONJEAN ~°7 503,97 573,61 553,11 538.6] 467,04 435,78 397.94 355,52 308.45 257.34
UPP.DK,Cole MEIGHY 18,858 _ 18,858 101658 . 1b.858 18,858 16,858 16.058 18,858 18.658 18.850
RONJEAN 595,23 sos.sn ‘563,30 527.68 475,04 441,62 403 10 3159.75 311,69 259463
: L]

(IXH) 2+ 2 23




XXy
1R

ORDINATE ND 31 Az 33 34 ER) 36 . 37 - W 40

OISTANCE FRCM AP 15746000 16245250 16744508 17243750  LTT. 3000 l79.762ﬂ' 102,225H 10h.60TH  10T.15CH L8V.612M

DRAFT ALD (7

U.u5Y 26758 26,952 22.607 19.703 16,255 144 357 12,373 10,333 CBL2T3 be24A
6.128 21,353 75.871 ©3,338 0. 472 17. 043 15,143 13.440 1,006 9,001 5944
e e 00750 20,106 260393 EA.150 210345 170945 16,045 14,040 11.95T  9.840 __ T.737 Lo
’ Oo 375 . ?l“oé\éj Zéﬁi"' 2‘307'75 :2- c:"' l(‘.o"l 56.7115 i‘oo?"’i izab“i.‘! iﬁo"i";',‘ ’ 5035? .
0.%00_ _ 294140 _ 2T.498. 254342 224605 196255 ATe2001 ¢ 154344 13,230 3M.063  bl%0)
- 0.7507 7 29.953° 7 i, 310 7264219 23,4604 20.29% 18, 495 16,370 144243 12.038 94026
1.00u 30.653 29.12 27.093 24,469 21.190 19.304 17.271 154118 12.002 10.632
1. %00 AT.075 30.4«4 B.571 5. 01% R PALY 0. 058 15.0T17 1, sau 14,343 12.0z8
Y T3 L 324979 ____Miebiz __ &9.THAD _ 27,302 | zA.115 27423% | 204173 i7.956  15.630 _ i3.2%6 e
245007 3440287 224723 20,931 20,522 25,305 23404 21a41¢ 19.110 16,612 14.411
3,000 8,050 33.MN2 32.037 _ _ 294671 264526 260654 22570 204312 _ 17.930 __15.301 .
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2 1100 24800 a,263 $.439 8R4 7.37) 8.141 0.220 s.u20
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9 N\ T.8.Te 1P/S) 2 202 221 be 5 ~T34535 16,972 623,
10 NA.T T.5.T7e (P75} z ITH 0z 537,05 ~h84.6610 i6.607 ti19.
ML NO.3 TeS.Te (P/3) 2_ 32 LMy 1191, 93 -22.300 Jlel595 2631, sm e simmme tae % o 1o vt a4 s 1o
T2 NOLG TeS.Te (F/8) 27 61 121 1191.¢0° 204099 " 164595 24310
33 NDL TeS.Te dP2S) 2 49 6T . S581.34 53,150 166654 1232. | . e
1T TR TTER78) T 2 200 Ha 565,21 ~T4,i07 1.802 3173,
1% MM, . HeNoTe (P/S) 2 174 291 812,04 ~53,659 2,165 5109,
30 NYE W P,T, (P) 3 93 147 10L7T. 69 0.100 2150 10974, “ .
3T _NDo4 Heole 48) 4 93 Lder 1067468 0e00 24350 M69TA. o m—an it o e
18 NU.A W. W, T, (P/S) 27 4e ob 547,63 53,463 2.102 1100,
10 _E.0,1 R O ¥ L T 4 1 ) 2963,91 ~90.252 9,500 B85%ee .
20 A.P.T, 17 =5 -0,300 9 2T0.53 94,055 12. 790 2254,
21 H2.1 CARGO HOLD 1 20& 221 T067.02  =74,9%1 10.613 3616¢,
22 N, 2 CARGT HOWD I XAS e e 9923,.9 =54,715 10.157 59970,
23 N1¢3_CARGD_HOLD 1140 175 \ _9nb1.t9  ~33.273 _0ad206  GO09Se .
24 N0O.4 CAPGD HOLD i 121 140 Au41,45 ~11.637 19.121 60295, -
25 NS CARGH INLD. b 96 2N 996T.T0 90900 Mbed4L  8009S. L L.
284 NNJ4 TARGD HOLD 1 &1 9% 9unl, T 3t.TP0 710,072 60095,
27 _NO.T CARGO HOLD 1 40 67 9106.09 52,760 10,569 56087
30 DILCE TANK 3 q ) 20 46 OT.G01 1.101 [
31 __SEP. NILGE NIL TANK &4 18 _ 26 e MTe82 0 933 he266 . Ve e e o
327 F. 0. OVER FLOW TANK 1 36 40 30.5%) 6%.839 T 0990 2%
32 LUn. OIL _SUHP TANK 1 21 20 ... 26,31 76,050 1.693 b e e e e e s
34 CANLING WATFR TANK 1 [ 9 24,04 92,1118 64443 21,
43 NO.3 C.tl. LIN DECK) 1140 175 11331.9%  =33,100 10,765 60095,
41 NCa3 C.H, {(HECK) i I1an 175 B354, 0. ~33.100 9.600 144004
A2  FOR M.l CHECK 1._100_ No___ . 2519.T 12100 106298 8333w o

e Srmire e eemrmae s ha wsaie me e e fats

wateie b meem

e ot et e e A A ® 8 o wic® B4 W& memanw i eenem Ama

v s et somm s me i Se e b0 Sud T « .-

( 82 )



i}

il

TANK CAPACITY CURVES

PRI SO RN 2

MAX.Va. -4596.000 M °
FORE PEAK TANK M A X . K G 8-260 M
FROM FR. 207.0 TO FR. 215-0 MAXIT -2658330 M’
LCG 62331 M
TANK TOZ 1878
15 A /1;( /
;,/ //
/ 7/
/ iyl
A A
{ S )/ 1
10 /
V // -
I/ 7 0\’.;
L\
5 / <
7 /’/
/// /
Z
/
0 L TAK BOTTOM | 0,0b0 M vE B,
3 500.0 1000.0 : _1500.0
M3 L 1 ! g | 1 | 1 { 1 3 g 1 |-
) 10.0 15.0
M) \ BN 1 ! ! 1 : N L | t R | 1 |
‘ . 1600.0 2000.0 30000
S T 1 i | I \ 1 i L 1 ]




84 TANK CAPACITY DETALL PANa TABLE TYPE DATA PAINT ‘¢

TAILT TVeFE Nn.T 2)

N .

UNIT SIGN i w 0 3 HEYRIC 1 ¢ FEEY

CAL. S1GN «t o 0 1 TNNAGE 1 5 ULLAGE

ITEH DAYA MO, ()

INTCRIAL DEPTH ( 1,0000)

a/e uhit UNLT ' EXCHANGE RAYFS&
) 1 cur.y 1.00000 )
3 1 HM,I0N 0,95000 '
3 1 UeSenntL 6420901

REMATK 8 S.G. ™ 0,910 MT/CUDR M

&

*¢  TANK NAME DATA s

NO.T FUET DI TARR1p78Y

*¢ STUNDING TUTE DATA ¢

13T SIDE DAVK CHEMVET INTEAVA P’ )81 bET DAY T CTERCETINTERVAT
X v 4 X Y 3
0.0 0.0 0.0 0.0 0.0 1,450 44400 0.014 0.0 0.0 .
J.0 6.0 0.0 0.0 0-0 1.650 4.’000 15.759 0.0 0.0 M
0.0 n,0 0.0 0,0 0,0 0.0 0.0 0.0 0.0 9.0
0.0 (1] 0.0 0.0 6.9 6.0 0.0 b [N 0.0
0.0 (Y] 0.0 0.0 0.0, - 0.0 0.0 0.0 0.0 0.b
trele G n.0 040 0.0 0.0
veu 0.0 0.0 0.0 0.0 (U1
0.9 N.0 0.0 (VR ] b.0 v. 0 -
0.0 0.0 0.0 0.0 0.0 0,0
(L) "N 0.0 0.0 0,07 " 0.0
.0 N0 N0 0.0 0.0 0.0 . .
o) KN o0 Ce 0.0 0.0 S
v.u uv.d 0.0 0.0 0.0 (1]
0.9 0.0 0.0 0.9 0.0 0.0 )
0.0 0.0 0.0 0.0 0.0 0.0
9.0 0.0~ 0.0 - A , 0.0 0.0 6o 07 :
n.0 no [ B Lo 0.0 0.0 0.0 . '
o Do {.0 . 0.0 0.0 0.0
T vy 0.0 0.0 0.0 o0,
(VY] v. 0

0.0 n.n 0.0 ' Jeu

(oe)



ND.2 FUFL DIL TANY

|74 })

FULL VIwevy f

G, ® 0,990 MT/7(M K
TaY, 28 Cir 4

P AT FaL Senrn,

5,50 % ]

Snunn, _ s ouno, . -
T4 GILA] W01 UsSeAiL (K1) ({0 CR LT [ 1.1 TARK RO.TT9T
0.0 Al Y.y .8  0.30 130,10 130.2 (LI 4.00 %17
.01 Te0 [ 4.9 0.9 161.) 153.2  1014.4 .91 INES .
n.n2 .9 7.4 2.4 0,93 1648 15,2  10)4,4 2,94 3.1
n,0Y 127 12,2 00,9 0.%) J187,6 137,). __1034,4 1.1% ”k.
004 1%.F 150 7.4 T 0.44 170.9 1613 " joia .4 L) L1 )
e 18 1.9 7.2 11,2 0.5y 174.0 165e}  )094,3 2.79 %18
*9.16 1.0 20,7 13,9 0.9 177.2 167,  1114,3 z.9n 31
n.v? 6.0 M 19%.0  y.n7 10v. 6 171.4  1134.8 3.00 3. 19 .
LU 27,0 2k 1T4,7  n,%8 10,4 174,40 11%4,7 3.00 3,20 :
nenn 10.0 1.1 12%,6 0,37 116,.9 17,4 11T4.0 2,01 220
AN M. 1. 2178 1,80 19 .0 180,9 " 11049 3.01 3,20 .
0.l AL 1,0 *M.6 0,60 193.2 1.3 19,0 3.0 323
n.12 2,0 37.9 77086 0.2 174.4 106,5  173% .9 3.0 .20 .
2.0 A2 AN, 267.7 0,89 17,6 Mm9.6  1243,2 3.03 3. 24
.1t 45,9 “.8 2.9 0,64 2. 7.4 127%.4 3.04 1,21
el 49 0 49087 T AT Thds 040 FosdT™ 1ras .8 3.05 | 3811
2.4 L 49,4 V70 .66 00,2 1,7 1V18.7 3.05 L3
vel? %5, ") 348.3  0.A7 20244 JO1.A 13V5.9 B NTS 21
LN T LLIS | R5,2 . M4 0.A8 214,48 2uhe 13900 3,06 L
n.ye 61,2 ne,y 3.9 049 210,80 N7.9  1178,2 3.08 221
Aein 1Y% LI R Y 7% ' 14 £ 39850 LS [P § LTy b 27} 2 % 11 \
tet 67,9 LYIRT 2,40 (1) 29,2 214.0  1414,9 3.00 3.21
ve o T0.4 thoy 442, 9.7 2204 7.0 184,17 2.09 E T
L0 175 A9 462 0.7) 2314 77000 14%6.,9 3.08 .2
n24 TALH T2.% LLIIS S 7% 2340 2.1 1477, 3.09 3. 21
(153 AR 75,7 501,72 " 0.73 2,0 26,1 1477,) 3.10 322 [v%
o34 Y R T AN BI0GT  Oeld 14T ¥ 133, 1501.8 i.i0 3.7 2
’.27 re,0 roh Shee?  NL.TY 44,4 22, 153748 3eln 3.22
Ve 2R LLI) ALY 549,86 w.IN 47,7 3%, 195%.0 Ity 322 E?M
2o LI 67,9 AT79.2  0.79 24509 23,4 1%TR.2 L) 322 . M
0,30 1Y 0,4 17%.0 0,90 254, 2404 1190,3 3.12 3,22 yﬂu
(S]] LIS Y, % AINET 0.4 257.% REATTVRILT ¥ 17 g
S H 11,6 LIS 63%.L  0.p2 78 .8 7A7.6  16Y9.0. 312 3.22
ve W Tus,b *9,9 857.6  0.0) i63.9 :so.’ 1659,) .1 .22
n, v 7.7 102, AT7.3  0.04 287,90 %3, Y6T9.9 3,13 Y2 e e .
7.9 [ JL ] 1na,y 6970  n.0% 210.2 2%6.7 1679, N1 3.23
Nel6 111,92 e ? Tib.8 _n,re 213.3 209,48 1720, 213 2.2
by 170 Tis2 TVEeA ™ fefi iTheF R8T 174044 M) 3.3%
(IS L) 1t ? 16 T5A.2 009 P219.9 K%Y 1740.7 3. 14 323 .
N0 12v.6 M2 T75.9  U.A9 .2 FLL IV & LIV .16 323
0.40 | S nn.? 19%.7  0.90 20604 272,10 1an1.L) 3.6 3.2y
Na4) 12774 1272 01303 . 070 ¢ 87,8 2T1.0___In71.6 3.4 3,23
Y [RS) 17he LA IS B} $ai A Firor " arei,g e dyTTTT——
0e6) 135.0 1.9.7 38,2 0.9 YAt IS IR Y YL 3.16 223
n.44 109, 12.2 NT2.0  G.vA 99,3 84,3 1%p2,8 Jedb .y 3,23 )
n,en 152.) 14,2 A94,9 0,904 0.8 2074 1902.0, 3.16 .23 ;
D46 . 1A%.4 1V2 ale,p n,.m Meer ! opangs gqaan Yle,  N23 -
Nok? ., 14%eh 1412 17,7 0477 09,0 2991 194344 .16 3 2)
T LA 130 .0 Vb, Uhe 3T 8A A E % T7%e%  Yoai,Y L L N 2 ]
de 4% 156 .® W8T 2 V76 .0 !).‘V\' 3% ‘Y, T Ivne, 0 hFR R4 23 .

(@



*e908  USING DATA CHECK PAINT 8Y TANK NO &7  éeses

TATH/HEEL CHECK TANK

INOECATION OF CALCULATION AND PARINT OUT

PR INV FORMAT
TRIN DATA

29 {JUSING WNDER DATA)

~1.000 0.0 14000 13500 3.000
2.3K0_3.000 3,300 £.000

e mem e w et wm—— e A e e

HEEL DATA

DRAFT DATA

3,005,000 8,500 __3.000___3.300

~2.000 ~1.30v =1.U00 -0.500 @.0
0.500 ‘1.000 1,500 2,000 °

. 4
1.000 1.500 2.000 2.500 3,000

§.000 T.u00 8.000 2.000 1. 000

1:0u0 32.00v (' 9] 0.0 0.0 .
AHENDHENT VALUE (1} INDICATION OFf SCALL
INDICATION OF YUBE 0 SOUNDING
TANK ARRANGE 4 r/8 OR C
EXCHANGE AATE u.d ' '
o0l TUBE DATA LXY1]]
X-C 000 ¥-C000 t1~-C000 . -
3 [ 4 4 r
(9} leO_ 0.0 3,000 G0 0.0
v [ 3N 0.0 4. 000 0.0 3.000
0.0 1.000 0.0 4,000 Qe 122900
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0,0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
fia 2 Gall | 7% IS I3 '} V.0 Hal
Y.u 0.0 0.0 0.9 0.0 0.0
0.0 0.0 0.0 0.0 b.v U.v
0.0 0.0 0.0 0.0 0.0 0.0
0,0 0.0 0.0 0.0 0.0 0.0
0.0 6.0 0.0 ¢.0 0.0 0.0
Y] ad Ged (elt Ve0 Qey
V. (Y} 0.0 0.0 0.0 0.0
-ae 0.0 0.0 0.0 a.o d.u 4.0 . - -
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0  ©.0 ' )
fn.0 0.0 0.0 0.0 0.0 8.0 7
2. 0.0 fall Ll e, Ya :
Va0 [} Jv.0 ['PYY) : 0-0 V.0 ' ' .

I & THIH/NIIL ¢~ %

Z



TRIN/HEEL CHECK TANK

"T"CORRECTION TABLE OUE TO TRIN (UNIT s CM)

TRIA (M)

e SOUHN.__AY _0O0OH AY_SIERN
M) -~1.00 0.0 1.00 1.50 2.00 2450 3,00 J3.50 4.00
1.000 2. 0a " ~2a ~3e ~he . ~To ., =0 “%e .
e300 .. Rov 200 =20 . ~de et ~Tel. mhe....m%
2.0v0 26 [N -2, -3 ~h o ~be “Te ~B Ve
22300 2a fla =2 =3 e T ~Ba ~1a =Da -9
3.000 2. Oe ~2e ~3e -8 - b “Te ~0e -9
—3a%00 20 . . Oa . =2a ~3e ~%e ~6e ~Te ~Be e . . . s PN e e o ee e -
4.LUY 2. [T ~2. . =3 ~he ~Ge “Te ~Be -9
PU—— P (]! ] Jo. 0. -2 -3. -5 ~6e ~Te “Be. . Vo i n. « o --.'............--........-..._.......-.-.-..-....--.-‘-..-‘......—.
5e 00 Ll S ~2e ~4 o -5 ~be ~Te ~Be ~Ye .
____J.inﬂ_____&m___m;__in‘.___ﬁ,ﬂ.__&m___ﬁo =50 =50a =50

~_-0a000 . =100, -~100. ~100, ~100, . -100, .~100, -100, .~100, _,."00. . —— —— -
T.000 -200, =200, ~200, =200, -200es =200 -200, ~200s =200. .
__________,0.000 ~300. =300, -30\"' . -3L0. ~30e -300. . -300 . ~300, "'300. atoms et san e peme ot or oot 0 20 e
9.vuy ~400. ~A00. ~4Ub, ~4UVs —4Uu. ~&Y0. ~400. =~400. ~40u.
10.000 =500a . =8000__=500a__=500a__=500a_ =500e__=5000 __=500a__ =300
11.000 ~600, +~600, =600, =600. =600. ~-600. +-600. =600. =—600.
124000 =190a__=700a__<700a__=J00,_ =700, =700, =700, ~700, ~700,

CORRECTION TAdLE ODUE TO HEEL (UNIT & CM) *
HEEL (DEG.)
SOUND, .PORT STARD
M) «~2.00 ~1450 ~1.00 ~0450 0.0 0,50 1.00 1.50 2.00
1.000 14, 10, Te  3e 0o =347 RS TTFi0e '-14.
1500 4 14l Ta 1. L =3 =Ta_=J0a___~}fa
2o uwy 1%, 1v. Te 3.° O =3 ~T. =10. ~14a
22300 34 10« Te 3. O =3 ~Te =19 "li-._-_‘__“__ PR
3.000 14, 10. Te 3. O. -3, “Te ~10. ~14.
— . Aa500 15a 10a T 3o 00 =3, “Te . =06, .. =Y8e . . . oo . - -
440U 14, 10. Te 3. 0. =Je ~Te ~10e ~-lhe
L7111 M C N 10 Ix . Va =3 =T =) Uy ~}ax
Sevuy | -1l -1 -{e , ~le Ve ~bq -8, -11. -154 . .
Be500_ [ _50s _m50.__ =0, lz30.. ;T80sp.; Z30.  550e _ =50, b0, T
e 64000 __~100.  ~100. _-100. _~100._ _»!991 ~100. =100. =X00. =100 . .. .. ..o o

T.00u -200, =200. =200, ' ~200s =-200a ~200s" =200s =-200s =200e

— 000 =200 =000 =3Uds =3 ie =3Vee V0o __=3s0a =300, =3y,
9eVUV  ~hube =4UD. AUV, —400. —4U0. —4U0s. ~400. =400. =400,

o oo 19_'000 - _:500. . "5031 “5 00. -5009 __"'?gg - _?5000 ~500,. . -=500. =-5ude e . em . - R e b i e mmten e - PR

11.000 ~600, ~600., -600. -600. -600. <=600. =~600s =600, =~600a '

12000 ~700 ¢ '-7000 ~700, =700, =-700. =700, ~700. <700, ~700.

I 3 TIEHNIL ¢~ #

==

=

(e¢)



TRIN/HEEL CHECK TANK

""CONRECTION TABLE OUE TO TRIM (UNKT s CH)

TR {H)
e SOUUN LAY _NOH AY_SIERN
in) -~1.00 0.0 1.00 1.50 2.00 2450 3,00 J3.50 4.00
1.000 2e 0a " ~2e ~3e ~he ~be ~Teo . =0 % .
Sla300 (L Re L 0s =20l omde il el b0l ~Tel. mhe....m%
2.0v0 26 (T8 -2, -3, ~he ~bo ~Te ~8, e
2,300 2a fla =da =3 e T "61 ""l et » 1Y =% a
3.000 2. Oe ~2e -3e e IS -6 ~Te -0 -9
——e 3300 260 . . 0 . =2a ~Je ~he ~6e ~Te ~Be e . . . o .o N -
4.000 2. . ~2s . =3, ~he ~6e “Te ~De -9
—— 5500 '0, o. -2 -3, -4 ~6e “~Te ‘“Uo . e ... PPN « .-.'................-...._..._._._.-.......--.....--.-“....-......_.
5e VU0 -1 ~2e ~4 S5 ~be ~Te ~Be ~Ye
._——.—SJEQQ___SQA_JQL_EDA*._&QA“&DA—_,O e =500 =50a_ =50,

~_.ba000 .| ~]100 ., ""lDO- ~100. ~100, . -100. .~100, ~100, ., ~100. __,"'00- . —— am——e o o
T.000 -200s =200. =200, =200, <=200e =200e -2004 =~200s =200e .
_______,”0.000 ~300. =300, "3\0\”' . ~3L U, ~300e =300, . -3 ~300, -30(’. eren st m aes e eres i o o o 4 2 e
Yevuy ~4U0. ~400, ~4Ube ~400s —4Uv. =490, ~500., ~400. ~40u.
e 102000 =500a _ ~3000__=500a__=500a__=500a_ =500e__=500a__=500a__=300a
11.000 00, +-600, =600, <600, =-600. -600. <600. -~600. =-600.
124000___=700a__=700a.._ =700, =700, =700, =700, =700, =700, ~700,

@ R A memee el e e e - A S 4 0 b 4 0t a8 e

CORRECTION TAJLE OUE TO HEEL (UNIT &t CM) * ’
HEEL (DEGe)
SOUND, -PORT STARD. __
M) «-2.00 ~1¢50 ~1.00 ~0450 0.0 0,50 1-00 1.50 2.00
1.000 14, 10, 7. 3. Oe  T=3e Te T Ti0s  '-14e
1a500 144 1ie T kA b =da_ ~Ta__=J0a__=}ha
2o Uy 14, 19, Te 3. Qe -3 ~T. =1 0. ~14.
22300 ) T 10 T 3 O =3, ~T, ot $.13 =lhe _ .. . e
3.000 14, 10. Te 3. 0. =3 “Te ~10. -14.
3500, 15a 1Qa T 3, Do =3 e . =206, ~Vhe L o - - -
4.0L0 14, 10, Te 3. 0. -3e ~Te ~10e Lad L0Y
LY 2] 1 J— (. N 100 I da Ua =3 =T» =) U ~}hn
5.0y | -1, -1. -{s , =1l e ~b -8, -11. -154¢ . .
3e500___ =50, __=50s__ =50, =50 _;7=30s : =50 -~y 380 _ 250, 50. . e e S,
e 6e000 __~100. ~100. _-100,. :IOQ.__:'!Q(_),_ "1000 =100.  ~X00e =100, . . . ol it e e e

T.006u -200, =200, =200, '~200es =200a ~2004  ~200e =-200s =-200.
0000 =300s  =3000__<30je  =3bite . =30ve  =Iu0e =340 =300, —=3tu,
9.vuv ~HuV e ~490. ~hyv. -400. ~4uQ. ~4u0. 400, -400. ~400 .
,__________]9,90!) ._:500_. . -5031 “500. -500. __-_599-’ _75000 ~500,. _-500. =-5ude e . e s R . e e eern e mas e ..

11,000 ~ =600, =600, -600. -600. =600 =600. =~600s =600, =600a
124000 ~700e ~-700s =-~700., -700. =-700. -700, <~700. -700, ~700.
A

I 3 TIEHNIL ¢~ #

==

=

(e¢)



C 34 )

2v7 TRIMVHEEL & E =

NO.2 F. o. T. (P/S)
NO.4 F. o. T. (P/S)
NO.1 W. 6. T. (P/S)
SOUNDING
CORRECTION FOR HEEL
2.0
¥ so / m/ N /74 \ :
I /I
T A
4 |4 |3 i 1J 1/
: 2 &
T HFiN
Lw ol = - “W\ obw mﬂ
AEINNEINAE
NEIE J1 714
0h \YA\LK@LW\
|| ,
SR\
o.mmo ~40 =30 -20 -0 0 +10 20 +30 40 +50 +€0 +70 20 +90 +100

CCREECTION IN C .M.




TR INPUY DAYK [ FGRTITOUKR ) &% GRATN REECTRG HUWERT TACCOTXTTON

UNTY TF 00T PUT 1T OIRETRIC TIFEET

STGN OF BREIATEVEC ¥ 7. TTULLXTE ZISOUNOING 3 THLL. FROM 0.,

CRXTN RUCE™ T KT 28% - - '

SICH OF TRLET  TTRENSY T 1 —UINOT TALCS ~[{TACC: AND T SECT AREA PRINT —Z1CKCTS
WVERTST T 1

STGN UF VOID T O UTTRIANING — YTSECF=TRIRHING ZTVOTU DEPR

T THEEU ANGUE DF GRATH T
FILLEQ) 1 15.0 DFG,

(PARTLY FILLED) ¢ 25,0 D(G.,

HOLD NO. FOR HEELING HY. CALCULATION

[~
(=]
«
o
o
o
[~
(-]
(=]
(-]
o

12 22 4] o 0 o 0 na o
L4 2 LR v 2 9

’
v

3 IN POY DATA T RAYCH ARD TIATTH CUVIRT Y #4

FATCHT COAMING — merem o= as =="HATCH TOVER ==

- o o o -

HATCH TYPE AREADTH LENG TH MEIGHT  DISTANCE: HELGHT
NTS ARY FTRL L3 0 ol WP -T2 | I 0 PP 4 1] ¢ TTNYER
(M) M (M) {1l (M) (M) N 1.1
— M TRGADU TR RGACU SN0, TLAN2T T Ul UL T0R T 0,70 T
? 14,400 14,400 114 200 1,312 0,0 0.661 0,681 e
3 D600 0.000 0,800 15000 11,400 0.0 Vel

*% IN PUY DATA U FIEDUR HilLE ) »»-

‘ [ . ! )
FEEDER™ TYPE AREADTH — TERCTH DISTAHLE : - -
NN, | : FROM Col e e
(L) MY 4] .
3} 14,400 124000 0.0 | N
3z dhalbyy ITe 20N D0 . ’
33 0.00G0 Ge 00O 11. 400 )

JH NIVdD

LN ONITH

( g¢ )



$ETIN PO DAY

T T, FISTYTUOR W CIAGEN ANG VOTD DY FYAT 3%

(Lo #AF2g)

LI P T Tttt T 3
- T “‘Mrr.' AU AT M7 4 006 T B VY T TS T T T .0 -
TN FOOY™ RSO l"("N T O TR TRKHS . TONG T FRON YIRS L NNG T FAUN  TRXRS T CONG™ FROKH
. N, €L M0, _ N0, AL __ MO, NO. L RO, RO.__ cL M. NO._ ClL HD. NO.  CL_ |
- Ny T T lu! (L1) tH) [L}) “.H", 4
L) ) .0 1 0.0 0.0 0 0.0 [) . aa 4
TUTTNOND DA ITTOL AT T T (s T (% &7 i .0 (1 Lo () D.L"'r /"" -
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18000, 0.019 0,022 0,022 0.022 0.02)
AN, 0.017 nen22 0,022 0,022 0.02)
170 .. LeO17 vea2t wel2? 0.L22 L. 023
371509, 0,011 G021 veu il 9.u2l d.002
} 34000, 0,011 0021 6,028 ' 0.02% 0,022
14500, —0.01% D021 0,021 0,024 b.022 :
12000, 0,006 Na020 0,020 0,020 0.02?
LTI 0,916 Weu2d 0,329 0.d20 0,021
REUARR v THESE VALUES ARF SHOWN [N TIE CASE OF VHE MAXIHUM

FREE SURFACE LFFFCHs

ey )



4% CARD INPUT DATA %¢% .
TITLE TRIH TAGLE = DRAFY CORRECYION TABLE 8Y LOADING UNIT WEIGHT
WFTGHY * "100.00 LHT) ’ Tt o T
HIN, DRAFT Z.ul0 tH) . ,
HAX. DRAFT 12,000 (H) N
INTERVALS 0.500 {H) T T rrrrorrr o m o mr e mmmm———
UNTT )
TANK NO. & 7 A 910 1113141516171 0 0,0 - o
192 21222 0 0 ¢ 9 0 O o 0 O ﬂ‘ - . N .. e b —— - e e n s v
313233 3% 35 0 6 0 0 0 0 O 0 0 O ] 1FO0Y | Ny surpur ¥NDTT
0. 0 0 a 0o 0 b v 0 0 b 6 0 & a
i-a 06 6 6 0 0 6 66 6 0 06 06 6 J
AODED DATA TANK NN FANK NAME HaGIH) - R o S
( 0.0
0 0.0
3 6.0
o . U0 i . - -
o 0.0

-
-
-
-

vy )

AL —-LT i Y



TRTH — TAGLE

DRAFT LH)

— TANK NANE 200 245 el A5 440 a3

NO.Y T, So Te (P/S) FHD 9.1 8.9 0.7 A.6 A5 8.5
* AFT R "500. ?'0‘18 . ~4He 7 ~hob ~heh ek

NOe2 To So Te (P/S)  EWD  * 642 61 6.0 5.9 5.9 5,9

AFY ~1e8 ~Je7 =1.6 ~1.6 -1.5 ~l.5

NOLY Te Sa Te (P/S)  FUNT 3.0 3.0 3.0 3.0 2.9 3.0
RV L) B ¥ DR ¥ LIRS TX SR EL R RN SO O
N0.4 T- S. To (P/S’ F"" "002 -00l "'0." -0 .0 "000 0.0
KEY P [ P¢) 5.3 [P LY 0
H0.5 Te Se Te (P/S)  FHD ~3.5 =3.,3  =3,2 <=3,1 ‘=34 <3,0 ) o Trn T
AFY 2.2 2.0 8.3 8.6 3.4 8.3
N3t M. A, Ta (P7S)  FYD 9.2 2.0 0.0 Be7 L Aol
AFT -5l “4e9 —hel -l od ~4eb %
NO,Y W, A, T. (P/S)  FHD 3.0 2.9 2.9 2.9 2.9 2.9
AFY 1.9 1.9 1.9 1.9 1.8 1.8
NO.‘ “. e T. .P. F\‘n "'.1.” -302 "301 "1.0 "20" "20"
AFY 9,1 1.9 Re7 %3 Re3 82 N
ND.3 M, A, !9"“ FHND -1.2 1.0 -2:9 ~2.8 ~2:7 -2.7
AF' 6.9 8.6 “.k.- . BO: B.l . n.o - * s mem == e reE 3¢ @ e e e ee kR e aent
FORE PEAK TANK FYD_ 11.6 1.3 1t.l - 11,0 10,8 10,8
AET “Te? " =Teb  —Teh =Te2 =Tl =T.0 }
AFT PSAK TANK FWD =0,3 —Ael  ~TaB  ~Teb ~To5 ~Te4 )
AFT 14,7 1403 1400 13T ARe6 M3e2 L e
NO.3 CARGD HOLD (HR)  FWD 3,0 3.0 3.0 3,0 3.0 3.0
AF' . l.(l 'oa ‘oa I.B ’.07 lo7
]
REMARK 8 TANLE NF (HANGE IN DRAFT IN: cen1;n£rens i T - . C o
' FOR EACH - 100, TANS ADDED! ! S, e [

(sv )



JAHKZIOLD CAPACITY SUMHARY YAALE 26 SHO258) ¢ DATE 11.11.16,

et _CALCULATION UNIT SIGN = 0 6. 6e__0_ 0 o a ft 0 0

AT TS rm&m;nn APPLICAYION DATA 4 %<ccwe—ds
— - KIND.OE _CARGO 1 TYPE OF TADLE 0O CARGO. TIYLE __FAESH WATER TANK
e TAHKZHOLD NO. SUMY 23 0. 0....0_.0_0._0.__0 0. 0 __0_.0_0_ 0 0 0 0 _ 0 0_0
———TANKZMOID Hf. SUM2____ 0 0 O 0 0 0 0 B 0 o0 8 0 _0__ 0 _0
———TANKZHOLD NO._SUMI____0__ 0 O ...0 0 0.°0. 0 6 0.0 0 .0 .0.0..0...0_0_0_.0
—CAPCLYY(1) (CUBLM _ CAPACIYYI2)  CUB .FT...b;élGHT. NAHE OF..CARGO... . .WEIGHT —-X=100

CONYEY. {1} _1.00i00 2 CONVEY (2} 315,3144Y 1 CARGO SPECIFIC GRAVIIY.  1.00000 0 HEIGHT UNIY MT

— o o

wwT b Rem s N X eeia e sew e msemu  ser 4 e resmcm s wsme e A @ ime teretnie - asee te e e a s cmas s s -~

AR T bt T e re e bl e . b L N L T r S0, MUyt Spun- £ 3 -5 - E— X LU L Y AT T T T R L T L T R T S S TR T TR S T SIS A AT S

teim mm e m e ee e L T T

T FRESH "NATER TARK ~~dee™ """ $S.Ge = 1,000

TANK NAME _FR.NO. . CAPACITY . MEIGHT CENTER OF GRAVITY
) 100" FULL LCG K&
CU‘n.’_‘ L. CUB.F'I’ * ' ‘""
FRESH M. T, (p/5) 9 - 17 385,39 136092.8 ass, 78,33 12,99

$9————s4% TANKZHOLO APPLICAVION DATA #8——ec—éd

KIND OF CARGO 2 YYPE OF TABLE O CARGO TITLE _ FUel OIL VANK

TANK/ZHOLD NO, SUHY " 19 20 O 0 0 Q 0.0 0 0 0 0 0 0 0 0 0 0 0 0
. M [l .

TANK/NOLD WO, SUM2 O O 0 _O0_ 6 0 0 0 .0_ 0 O© 6 0 06 0 6 o0 0 0 0

o o= T e

O 0 0 0 0 0 6 0 0 0 06 06 06 0 0 0

TANKZHOLD NO. Suv3d 0 0 [4]

0
CAPCITVIL)  CUB.M _ _ CAPACITY(2) UBARREL A WEIGHT NAME OF CARGD __ WEIGHY X 96 ‘

CONVEY _(3) 1.00000 2 CONVEY (2). 6.20981 1.CARGO SPECIFIC MAVII!_Q:%&ODQ [1] __I.‘EIGM"T URIT KT
| v v 4 T3 g

4

NVL—bt—f>bE 548

C 9% >



( 47 )

B IEYT) —F =T 0

(& % FORM)

FRESH WATER TANK S.G. = 13C0
CAPACITY WEIGHT | CENTER OF GRAVITY
c
TANK NAME FR.NO. o ~ 100 £ FUL e .o
° azs. (MT) ™) (M)
FRESH W, T, (P/S) %= 17 =539 135098 2es 78.35 12.99
FUEL .OIL TANK S.G. -0.750
CAFPACITY VEIGHT | CSNTER OF .G{?A;!g;v
TANK NAME FR.NO. — r—— = o
- BARREL. 4T (™) T ¥y
3.2 F. Q. T, (P/S) 139 173 1526.55 9501.7 1392 ~38.85 145
N4 F, Q. T, (P/S) 7¥= 10S {S47.53 97337 141t 17.58 1A
TOTAL 307408 193354 =03
DIESEL OIL TANK S.G. 0.9
CAPACITY VEIGHT | CENTER OF GRAVITY
cwe.n BARREL (M) (M) )
F. 0. T.(A-OIL) (P) 1S~ 9 9743 s12.8 84 £5.03 .27
F. 8. T.CA=OIL) (S) 17~ 33 6.4 608.6 g3 8472 0.
TOTAL 19387 12194 157 -

WATER BALLAST TANK - s.5. =1e2s

CAPACITY WEIGHT | CENMTER OF GRAYITY
TANK NAME  [FR.NO. TR ——
s~ caa. (MT) o o
No.1 T. S. T, (PrS) 174~ 209 73228 SSavss 752 -51.55 1410
N3.2 T, S. T, (PrS) 140- (74 993,58 3509t 4 1019 -37.33 13.89
N0.3 T. S. T, iP/S) 106~ 140 299,54 52984 1025 10,19 1329
FORE PEAK TANK 207~ 21s. 1595.00 553622 1635 -82.83 838,
AFT PEAK TANK -6- 8 28348 10010.2 29! 85.9% 10.88
SUB TOTAL 10531.22 371907.0 10797
NO.3 CARGO LD (W8) ] 16~ 140 244753 3I33540.0 9584 -10.42 &7
SUB TOTAL 9447 53 I33640.0 FBBL
GRAND TOTAL 19972.85 705547.0 2048t




( 48

)

BV IEF= ) —F =T
(% Bl FORM]

FUEL OIL TANK

CAPACITY CENTER OF GRAVITY
TANK NAME FR.NO. L Co % &
CUB.M BARREL pron o
NO.2 F. O. T, (P/S) 139~ 173 1526.55 9501.7 ~38.85 .45
NG.4 F. 9. T, (P/S) 7t= 105 1547.53 9733.7 17.58 {44
TOTAL 3074.08 193354
CAPACITY | CENTER COF GRAVITY
]'ANK NAME FR.NO. LoD X G -
cLB.H M) M)
NO.) T, S, T, (P/S) | 174~ 207 733 -51.55 14,10
NG.2 T. S. T, (P/S) 140~ 174 994 ~37.33 13.89 -
NO0.3 T. S. T, (P/3) 106~ 140 1000 -10.i9 13.87 ]
NO.4 T. S, T. (P/S) 72- 108 1000 17.01 13.89 -
NO.S T. S. T. (P/S) B\- 72 1045 44.55 13,91 h
NO.! W. B. T. (P/S) 173~ 209 1081 -52.48 1.3! -
SUB TOTAL 5853
NO.3 W. B. T. (P/S) 105- 139 1551 -930 144
NO.S W. B. T. (P) 3B~ 71 857 43.97 2.12
NO.S W. B. T. (S) ‘- 71 581 224 (.82
FCRE PEAK TANK 207~ 215 1596 -22.83 825
AFT PEAK TANK -5~ 8 =3 85.96 10.88
SuUB TOTAL 4578
NO.3 CARGO HCLD (WB) [ 106~ 140 9448 -10.42 8.71
SUB TOTAL 9448
GRAND TOTAL 19979




¢ CHFCK PRINT DF CAAD INPUY DATA ¢¢

BIJALA __ TAIM_CALCILATINY

IRINGD f_0 0 0 0 0 0 0 0 0 0 0 0 0.0 0 0 0 0 o
_— AN 0L 0.0 -
e TAIN 2 32029800 . %.TT0 6200 6.958 —— . e
e TRIH 3 626T9,000 6,860 417440.00 17.7201110670.00 e O

—————— TN A US540 .000 107.740._.52050.00__14.480___9010.00_
e e TRIK 1 ] | ) BalOVG ¢ul . . .., e v—— —— o ————— o
mrK » ? 10 1.0000 0.0
——— e JRIK 3 ) v levodu uetr ... e emm i ts e —— o e —— c——
TRIK Ao 20 1 0 1.66060 6,0
———ee— e TRIR B A2 0 0,9500..0.0
s » 3 20 029500 0,0
s e AT T 08 2 0 09340 200 . . e = -
TRIK 8 7 30 0.¥000 0.0
et TRIK 9 L] A v lev2%u u,v — —— —
K9 9 s 0 1.0240 0,0
e TATRAY R0 4.0 14025%0_0.0
IRI432 11 A0 1.0230 0.0 . :
e TRIRAY 2 4 102%0 .9 . e o e - — ———
THIK)4 )Y L] 1.0°50 0,0
—— R L 8 L I 1Y A4 0.0 0.0 —- — e ————— - - —
TAILUIA 1% 1 0.0 0.0
——eeee e TATKAY (DO 8. A___0,0 0.0
fafdin 11 5 4 a,0 0.0 .
B ey L) LY L §'] 34yl T tiem s ~ o — R ———
LAS LSRN L L 3} 0.0 0.0
- meeemn JRIK2Y 200 B A, Qeu.._ Vv .o
. TRIKZ2Y 22 1 a o N 0.0
—_— e TR 2N 5 A . .0
1R §K24 )# 3 4 0.0 0,0
———e e TRIK?S 28 3 A 00N L e b e et st et rtin & ememrme mamt mn oeoom v— ceim v ¢ 4= s —
LACR F 0 S LI} 0.0 U.0
———eee - S TRIR2Y 27 % 6 Osu . weV . e e e et i eea et s i oo me et oo = oo e s o e B
TRIR20 20 5 & 0.0 0.0
B — Y £ % 3 N Y N, YN Y 0.0
. TRIXYO A0 34 o.n 0,40
e e mn s TRIKIY W) S 4 bl Led
mika: o> S 4 0.0 v.0
JUCEURE [ N L% E IS b I 'Y 0.0 Ny ! e et r—————— m s e
LEY LS TUNN TNER S 0.0 (.0 . .
. } LN ! ' + ) v )
IR0} 1. 2.3 4 0 0 0 o ' - e o e e PR,
RGN 2 P A 7T A 9 0 0 0 '
AR B0 18 82 2% 14:93 16 37 . v e e —-— 8 e e o i soume
1360 A 181y (0 .1 0 22 .3 .%

¥ & v 0 4

(6% )



CANDITION N1 = &

-

0*' CUNDIIION CALCULKT le

S

ART

[ 13 J

2% _CHECK _MARLITE QE.CARD _INPUI_DATA. %%

TTTTTTTTTTYRCOND. T AFULLLDAD CONDTYION AT UKC ARR, ONEWAY BUNK. — B T
TACNGY unN) ¢ O
o TREDG?  513175.000 0.0 040 0a0  0sb  0e0 040 . T
RCPCT 0 0.0 5.0 141516171819 670 60 o 0 60 wie 6 e TN Tome T e
I18C0C2 0. 0.0 0.0 2122 23 2425 26 2720 29 30 31 3233124 0 0 0 O
TACDAE. 1 e e e e e m— et e e
rren e e TAEORL 12 22000 0.0.0.0. 0.0 0 8 0.0.0.0.0.0 e s e
tenr2T A 4 i1 1217 6 0 0 62 0 0 070 0 0 0 o N
]R '“ ‘ ,' o. o 0‘\, 70‘077 o o.diriwr Vo .o T ) - L - B
M0M.2__ 500 0.0 0.0____0.0 0.0. e e e eam sev o eraenesemnn mre e e e e e vm e e
TMne 3 A 0.0 eY1.00 0.0 0.0 n.0
\

-

G o

-

o

E=1

(0s)



. FULLLLOAD CcoN

FRESH MATFA -
fUtL Nig ‘.

- AIFRFL DIt .
WATER RALLAST -
CARGD AfL .
cansranTe ..-...:..__.____s_______‘
DrAPHZ I GHT -
LIGHT NPIGHT -

" DISPLACEMENT e e
FUARE SPUNNTHG DAAFT "
Tec .
LCG u
Lean .
17C .
AN .
LCa .
DRATY A7 ., -
DAAFT AT AolPe JRECRE
DRAFT (41AN) -
PANPFLLFR THUERSTN ‘.

T x4 e e
X 6 .

-6 an R

6o o .

MDNENT 10 NEEL ) NFGe

DITION AT UAC ARA

HOTE § = 30N SHNNSG

BETEYS Y|

e s o = ONEWAY BUNK G £0/72). ..

62679 MT

24,172 M

225423 NT

~-1%.30 H
~1%5,30 M

37348 NT= M

0.0 N

1
L Jd
.
-
-
x

~
=

~
o~
»
e d
~,
X X

"~
st
~
o

———. .

-

>

.

w

* a
2 X =

mi.:z M
92458 LA, ]

FORMAND FROH HINSHIP,
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e FULL LOAD  COMOBYION . AT WMCE AAR oo . ONEWAY. PUNK, .. (2/2) _ ——
1TENS S MEIGHT L ¢ @ HIHENT K G MMENT G GO .
Iur) AL _{HY=H)  t M) (HY~ MY__§ M)
——_L1GHT HEIGHT L 62679 . 6,88 . AVTAAD _YT.T2. _A110870..__ ... . . R
CONSTANTS 543 107,74 59050 1h.44 Mo
TTTTERESI MATER T, 1P/5) 59 240 170,22 42559 2M.A0 7125 0.0
DAIHK MATEA Y, GR) S8 AVE ATN,AAL 22144 28,0) A6 Q.0
DISY. YATEA ¥, {F) %3 MU 144,34 3AS1E 25,99 5458 0.0
— . DIST, WAVFR T, |8) 98 190 184,082 B3IB08  2R426 4. TIAD 0V e e e et e e e ot oo cn e e e i
LFAFSI UAYCA TOVAL) I 1mm t 1307301 ] 2159201 0.0
FNRS TFUEL NI AN 0 RN TY NS B 6 0.0 ‘0 0.0
____AFT FUFL QL _X.{P/S)__ 0 0__137,0)3 0 049 64 0,0
TTTROELTOLREVTL T (P75 % VU 134,93 TA%670 2%, u 230%% 0.0
fEUCL DL, J00ALd i Hiid i Lazaiui 13ud%hi _a.u_ i
__DIFSEL DJL FANK ° 12 130 162,02 24307 __L_M _Ansh 0,0
IOIPSEL NTL 1ATALY i 1s0y : 733538 405031 0.0 ) ;
“““ FORR PFAK TANK™ 0 TTOTRAYZLAR ¢ 0.G 0 U.90
HOLY Mo A, ¥ I6) 9 L 9 e8NS0 L 300 . 0 0.0
Wn.a W, A, 1, G 0 0 2)M710 o 0.0 6 0.0
RFSEAVE Won.T, (L) 6 0 _123.74 6 __0.0 6 _0,0
RESFAVE H W T.TIR7STY O 0 131,39 0 0.0 6 0.0
__AFT PEAX TANK ¢ ¢ 173,08 0 0.0 0, 0,0
IW. BALLASY TOTAL) t o) ¢ 0y ' yit 0.4 )
HOLY Ca 0, To  1C) AT 7194 -1351,45 <1089531 8,)0 8271 U.04
N2 0, 00 T HED L 9% 24%A0 -119,13 2924334 14,08 393262 0,08
NOGh €4 Ny Ta (€Y 90 12278 -6n,10  ~B835853 16.04 197072 0,0}
__NAA Ce N To  ICL A SANIN__-27,30 _ -}004994 18.06 393217 0,10
(Y73 0% 20N PO R 1 Y R YX 5 T Y S 1) 502100 18,67 I84L2TT 0.06
W18 £, 0, Ty (€)  Sh_ 23015 Mgk, AN DATIIAA 14,57 341390 0,04
HNOol Co D0 To iP/750 98 ZVVTZ =15D.41 <31044d0 (7.14 ELEE R 0.02 v
e B2 € Y Ty (RS 96 2300) -123,13  -2970119 _,lig-ls..._.;f_‘:né-..o."‘l
NOLY Co Ay Te 1PIS) 427 24158 “10A A9 <—2330284 )4.8% 312132  0.04
HiA Co Dy Yo 1875080 242745 oB9,%11 243824 13,78 382255 .04
HNLA € A YT [P78) 98T 260726 ~AR.10  —1AY9ASA 13,78 3AZEAY U, TA.
NOuh_fa Na_Ta  (BLS)__ 90 26224 _=A0.1y _~10%349% 15,78 __ S02°55 __ Q,ub
NOL? €, O, Yo IPJSY  an  2422% =27.38 -5AMA2 A Ma w2270 0.0k
SR PV O -0 PO R 1 7 3 I L 24204 _.~6.90 _._c1ATIAG  §A.T8 . 342255 0,04
N1a9 Co Ny To "IPISE 97 24221 13430 326994 15,70 3A2207 0,08
—H0.10 €. 0,y To (P/S)_ 91 24127 23,49 ALT6AA_ 19,04 02172 _0.04
HOLAE €0 N Vo 1797 98772370467 ne. 29 1A UST T 18097 301429 u, b
N0 Q2 Gy Q0 Ta $025S) 9% 22490 The%A __YATAN29 1A AT 374925 0,ulb_

NI.ID €, 0, T, (P/5S) 90 19763 94,79 14733358 17,40 349014 0.0
SLOP  VANK 1P78). 90 15VI8 115,93 1762798 19,27 295580 0,04
TTTICARGD DL TNTAL) TYYSTY (R TR ANV P RREINTT I M)
T GAANDTTATALTTTT T T T A TR TR, %0 T ETAAYAAA T NAL Y Adngass 1000 .
: $ H ! :

g £ v 0 9

(28



SUMHARY TAKGLE 0F STANDARD LOADINA CORDITION ( /7. §

CANDITIONS  CONDITION

44T UNLOAD, 81T UNLOAD, 238 UNLOAD. 738 UNLOAD,
CONDITION . CONDETION  CONDIVION ... .. . _

PORT CONDIT] YALIL SIRFT  DOCKING
- — OM AV HINA A AFLOAY

. . ConptTion . ...

NOTE § ~ SIGN SHOWS FOAWAND EANM HIOSHIP,

AT UKC AAR, AT UKC ARR, AT UKC AR, AT W(C ARR, L AHEMADI  CONDITION
frens ANEWAY BUNKe ANEWAY AUIK. ONEWAY BUHK, DNEWAY BUNK. NEW FACILITY T R

T FRESH WATER WUy T T ey TTTTT ey o [ R 1) 0 70

FUEL ML Ht vl L11 " m T v e Yoy 7

OIESEL DIL " “150 LY R LT |:so " LT A T 150 o

WATEQ AALLAST ] 2 a%9in 30401 19000 ] 149300 861 20147

CARGD NTL oy 229307 1217120 7 a0y g0%0m e o Y

CONSTANTS ur L 7Y T VS YY) Y R ' 340 ) san T s T

DFAONT (aHT ] 22718 Mz 3TAUAS 126423 ) 151573 10509 21422

LIGNT wEIGHY 0] YIS I Te2070 T s2819 T 6267 T 8 2679 T Ta2819 T T c2ete :

DISPLACEHEHT n Taeoass T T Tmres T Tasewsr T Cwsesar 7T T a7 Tmages” T Tiesiey T

CnRaESPANDING DRAET  a TTTT T EENT T TT T s s 11234 9,60 040 10.89 B WY 3.53

Yee v o 200,98 28,30 209,78 T zeseed T T TTT 0 T T 201,4n 195,54 199,53

Lce " ~e,38 VYN T ~13,41 YT Y “10,75 . ~13.91 S S W YO

LCa T QT T e T T “19.22 ~16,94 <21,1% 0.5 =21.34 =23.13 23, 14

Y e W-h oA T heasaa T T s, T T T dar0.0 T T asese 391 T arsay

XL n sy 2877 77T 27T gae T T e 4.7 Ty T 0.0

Lce =g 14,03 VY .99 YR 0.0 -18.07 ~?22.38 “21.44

ORAEY AT F.r. " ess T 2T eas T aaa Tl T e T e T sas T 5,33

DAAFY AT AP, N 15,08 B Y T IR * VY S | 7' A 1 S T WY T TR T

DAART [HEANT L T R YWY I 16,08 T 049 1114 A.04 .58

PAGSELLER IMWFRSINN ¢ 167 1an 110 11} n " T

LT ] .00 20,36 TR AL.54 040 30.21 8218 * 85,43

X6 LT V'Y T TOE 74 .96 Tinss ©e0 Theao 16.54 - 13.97

G cn . 0’ 1.07 0.82 " 0.0 WY o0 o.n, 02 .3Y

6n 4 ' 4 14,07 n.:ao ,'.' n.o.us o u.:'u 040 25 - “n.)z . 0.6y

HOMTNT TOOUTFL § Dro, NT=- N %01 TASTS ’]16& 2314 [} LT IYYY . 11‘209 93019

¥ L 7 0 4

( ¢5)



Py & B OE (BRREEE)

CGENERAL ARRANGENENT SCALE | /1188

N ————
I P res e | W | N | I ]
RO [——S6—] (S——to6y g G TE zoou - €
T ; i
3
(c-1) NORMAL, BALLAST Ler.

DIESEL oIl

] ‘
) §Se ] WATER BALLAST
.-
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SEF UATERKL AREA CURVE %%

TNCLUDE novihg ONJECY

DRAFT UNDER WATER Lifie ™ ABOVE WATER LINE AREA RATIO ABOVE WATER LINE AHEA RATTO
o AREA K G AREA K G o AREA, K_G o
tH) t5Q. 1) (i) 15Q.1d (i (8Q.i1) n
1. 000 198,30 0.%50 Y1z, 14 to.07 f8.3%0 812,14 10.17 18,390
... 24000 _____ 390,23 ____M.00____° _ 3416.20 __ 10.66 8.154 34)6.20 10,68 B.T% _ —
3.000 586, ¢4 1.50 3219.60 1.6 5,406 3219.80 1t.18 8,406
4,000 783,16 2.01 1022.68 11.66 3.857 3022.68 11.88 1.057
5.000 980. 14 .51 225,71 12.16 2.8814 2082%.71 12.1¢ .ou
6.000 1117, 51 3.01 262A,94 12.66 2,233 2628.94 12,86 ;
1,000 137378 3,51 2632,61 13,18 1,171 242,87 13.13 1
.. B.000 1569450 __  4.00 __ 2236495 . 13.65_ Vo286 _ _ ___ 2238.9% _ 13.6% _l.szs
9.000 1765%. 30 4,30 2041047 T A L 0AT 1.1%6 2041.14 14,14 1.156
10.000 1962, 19 5,00 1844424 14464 0,740 1044,28 14,64 0.940
1{.000 2160735 $.51 1646.10 15.14 0.762 1646.10 15.14 0.7482
12.000 23%9.13 6,01 1466.72 15.64 0.613 1446.72 19,64 0,613
13,000 2560, 22 6.52 1246.23 16.14 0.4AT 1246.2) 16.14 0.487
___14,000_ 2761, 41 7403 1044,98 16,65 0.378 1044.98 16.63 0,378
15.000 296327 T.54 843,117 17.17. 0.2a5% 843,117 1117 0.285%
i 16,000 3165. 1 0.05% 640,40 17469 0.202 640,68 17.69 0.202
i7.000 3368,7¢A 8.56 437.50 18.23 04130 437.%0 18,23 0.130
18.000 - 3572, 19 9.07 233.65 18.90 0,063 233,68 16,90 0,068
18,300 3534.08 9.22 172,37 19.17 0.047 172.37 19.17 0.041
: I ' !
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r CURVE OF LATERAL AREA

REMARS § 1) NO™ING VG oslECT
€2) 1awoE Hoving oaJECT

ORAFT (M) ORAET (M)
15, 15.00 .
- SN e N
10.00 \ / NENE iy 10.00
SR Y- . ) A —
N /54
_ N 3
{_A_ \ Oy
[y 1 L
y AN [~
s o o\ NAE- {
A K|
7] A 5
) I d 4
5.00_] (RN AN : 300 .
pY A
AN N ¢ y
- N :’5)\ i :
~ N[/
SNV Y :
R A § §\
\ iy ST iy et N .
! .
Q.00 Q00
’LMERfL AREA 500.0 1000.0 1500.0 2000.0 2500,0 3000.0 3500.0 4000.0 4500.0 LATERAL AREA
—(S0.H) . . . —150.4)
HEIGHT OF GRAVITY 5.0 10.0 15.0 HEIGHT OF GRAVITY
ROM W.f., (H) ; RO .t (H)
RATIO OF LATERAL . 50 . 100 150 RATIO OF LAYERAL
AREA ; AREA
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SUMHARY TaolT oF STASILITY CALTULATION

COND. NG 3 | a2 33 3% 35° 3%
NEAVY BALL, *° NORMAL BALLs ~CRE * HOMDGENEOUS™ “GRAIN LOADe  GRAIN LDAD. T e T
_____ . L . . ALTERNATE SeFex4l __ S,Fex55 o .
JAPAN DEP, JAPAN DEP. THUASCO DFP.  NUFOLK DEP.  VANCOUVER VANC LUVIR
DEPARTURE DEPARTURE
“QC¢‘=" l‘QC-'3’ |ICC¢=‘)) |"-C-=‘U ]IQCO‘Z‘, n.C. "29’
DISPLACFRENTINAT) T29630.9 "3287R00 T T7096%40 7 T 70965.0 T 7 70917.0 " 56137.0 y T
DRAFT_[CNAR) (M) ToT63  be434 . 13,330 L ot3aa3am 13,330 10, 7306 L. .
DRAFT AT AP (P . 480 Ne&BO 13,340 13.330 13.330 10,730
DRAFT AT FP (M) 7,000 4,040 13,340 12,230 13,330 1u. 120
DRAFT (ML/NY (M) 7. Toe I Y] 13.3%9 13,330 13,330 To. 730
."‘l“ ‘M’ !_."OL . me e e .‘."'(0 R . 00(‘ 000 ‘o(' . . \"n (‘ e
CI 1Y 670 10,760 10,202 10190 1064240 104420
GH  AM) 44740 L. 5540 24970 2,900 2.930 2. 760 o
Gao— (M) 0.170 0.500 04260 U Z60 0.120 0,220
c GOM (M) 3,970 44940 20710 2720 z.810 2:54u
oG (M) Vo727 3026 =3.130 “ALAD ~3,090 ~0. 314 !
G7 AX, M) 777 T84T T T a0120 T T T 1e24T 0T 135377 T Re&l37TT T T et T T T T T mmnmee
INCIA_MAX, {07G) LhzeihS 42,034 . 30.01) MR8 ADGLOO__ &OLISY __
THETA TANGE (OLG ) 83,027 81.070 764150 T 164329 T1e9 T4 T8.621
D.S. TM=RAD ) 2.637 Ze6li% 1011 IS B ¥ 1.170 1,409
DeSe (HT=M) 104506403 _AT4hb, ) . 708)7.7 79283,9 . B3567.6  90313.6 R
D.S./7ni%P (M) 2,637 2104 1.111 16117 1.176" 1. 609
"TFIOANSANGLE DG ) T T T LT )
LAT.HGARSA Mz ) 226649 2% 3,5 1178.4 1170.4 1180, 1 1699,3
CAT.ARTK RATIO 1oat Tu&1 0. 447% 0. 4:.:. 0,445 0,781
ROLLGPERILD TS 12002b 11365 12.521 C 12,0 N30 BRI .
TTTREDCEOEFT TR T UL 2364 002612 «01985 0.01953 0601991 Ge02214
LROLLLANGLT (DFG) . 1R.090 ___1,9.9;0.__",______“..014 . Cl4.038 15.056__ 14,616 N . e
AESULY €1 11,995 7,965 11,644 Viab4h 11,665 10,313
.. GL RERQ, M) ——— s o - o rem vo— . o e e e
G7 HAK. /67 REQ
__ THTIA_MAX/Y0, _oYeaee y.428 1794 C1.294 14333 1,359 _
RFSULT (2 0,033 0046 0.023 " 0,022 0,022 0,026
FRULANARD_AT FP _A1.T09 VAel&9 g o 5449 . iBeA59 5,459 - 8.0%9 . _
FREEBTARD AT HID ™ 16,520 11.740 The960' TV 4,97¢ T 4970 < Te5T0
FREFBNARD AT AP’ 10,177 10,377 L5217 _ 8327 %6327 1 L Te927
AES.DISP {Mr) 63v0n, | 701508.1 31771.1 31771.1 31819.1 46597,1
RES.DISP7A,DISP INYTH 2e154 0440 0448 o439 0,630
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COND 3 NORHMAL RALL. JApIN DEP,

__®9® PARYICULARS FOR STASILITY,

e et mee b $j3s mtema T vt = A ———

e e, DISPLACEMENY ... 108820 KT | SDRAFT AT AP L3800 H . e e e —— e ..
DRAFT AT FP 0.470 H
COWMECTED X6 _(KGA) 11,270 H '
CORRTCTED GN (6.M) 24,120 H
TTTTed  RIGHTING LEVER (GL) CURVE INFORMATION S T T T T T o mrm e ) mommmTm oo
TTTTTTTT RANGE OF POSITIVE RIGHYING LEVER T FROM T 0.0 DEG, TO 76460 DEG. T Tt Tt Trmmmemmemmmessee T e

MAX. RIGHTING LFVYR 5.0:6 M AT

20,83 DEG.

ANGLE OF FLODOING INTO HATN WULL NOTHING

TINVEGRATED AREA FOR DYNAMICAL ‘STanrtivy '

- im0 iw em ot

. AREA-L 24052 4=RADe  FROM 040 ._DEGe YO 30.00 DLG. __ .
AREA-? 72,705 H-RAD. FROM 0.0 DEG. 10 40,00 DEG.
ARG A-3 0.74) 4-RAD. FRADM 30,00 DEG, TN 4L .GO DEG. -
e e . MEFLING MNGLE AT 42,42 DEG. (DECX SIDE LINE WILL RE IMHERSED) _ S —
%4 STARILITY STUDY WLTH WIND AND ROLLING _ ... _. . _ . . et e umes¥% CHECK WRITE & .
RIGHTING LEVER AT STCAOY WIND  OML = 04244 M (COEFFe K1 = 0,0000) LATERAL WINDAGE AREA = 3367.08 $Q.
RIGHTING LAVER AT GUST WIND OWZ = 0.366 H (CGEFF, K2 = 1.36(0) LEVER OF WIND HUMENT » 9,458 H
e ROLLING _ANGLE = 38,82 OFGo _ .. _ . ... _ .. ... N e o
AOLLING PERIOD T = 7,45 SFC. K= 18.701 N
. STARILITY, AREA(A)___2.726 H-RAD. _FROM=30.27 DEG, T0__ 0,61 DEG. _AEDUCTION COEFF N = 0,02740 _
T T TUSTABILATY TAREALN) T T 30474 HERAD S CFROM 0481 DEGs TO 12469 DEGe — GAMMA = 3,11956 ~Ps ' 04151
AREA RATID C1s B/A = 1.187 DELYA = 0.09589 Q= 0.007

¢¢ HIGHTING _LEVER ANO_DYNAHICAL STA

INCLIN. RIGHTING, RIGHTING LEVER.

B ]

JLITY_CURVES
Age) 1

IN (M} DYNAMICAL DYNAHICAL __

b em et mmetes e Mt So e be winm b e 2w w3

ANGLE  TLEVER SYASILITY STAOILITY
(DEG) M) 0,0 5.0 10.0 {4~RAD) 14T -H4)
1 1 [~ —1 .
n‘“ e ‘)'n - - ..---- - - - . o.o 0.0 O B TS e e s S B e - - -
Se %) 1o 320 I . 0.1039 11077
.. 210,00 | AM05 V. e 02000 4053.3 — ; X .
12 w0 ha 345 1 . 0,5242 550808.0
5,00 ha IT5 { . 0.7641 __ 8147.2
,:o 00" 6,073 1 V185 121314
25,00 s.05) 0 e L. bee306 113852 . .
30000 J'c“l“t l L] 200')2‘ 2)“79.7
35,09 4,275 I . 2,400 2805546
40,60 3T 1 . 2,7954  29p04,1
45,00 3,210 4 . 3.1003  3305%.2 :
40,00 7. 631 i o T T 373687 3577344 -, ¢
. 60,00 1,964 B S S 3.7195  (396506.8 ) .
70,00 Oo 644 ie 3,918 41707.7 ‘
76. 60 040 . 040 _6.0

E E R 3

( 8% )



COND 3 NORMAL HALL,

JAPAN

DEP.

¢ STARILITY STUDY FOR NO.2 CRITERION OF DEFENCE AGENCY __

MENT

qu.nxcrmnq__LE_vm_ o

LIl =

0D =

. 5026 W __

10662, MT

-At- .

20,63 DEGe

TNDAGT

ZII

AREA

A = 3367.00 SULA

H =

® =
"N =

"AIGMTIMNG LEVER COGFF, DH2 &

94658 M

a_tu0n
VeprIvVvY

“Dergw H T

- e meirn saca——te O p e § 08 e

“ L S e amtrA a4 PR B e § < Ve et T AMESE S § A% Smta e AL m At wm e e aTds

INCLINLANGLE _ COSITHITA)

oWedorq

T THETA (DEGH o " - - T il -
e TR PN 1) 10 M ST 1 /e T - T S o - T
5eud 0,9942 0.515
106,00 0.9840 LY.
et V20RO 029701 0858 et i . . e e s

15000
2904350

2 .'le )

30.00

049397

e eeLeT T

[0S L'9Y
0,512
U LTS
0,438

35,00
40412

N vaan
e FO UV

0.289

n_wLn
Ue H7pF

TTTTTTT T 5,00 7 0.757) *de 290 T e T - T )
e . ‘0.00 - . 0."62“ - we 0.23‘7 e u— tmammm o S d= B o 4 ¢ Aemrm E4r e fusem s w -
A0, U0 11,5000 Ue 145 N
Tu,v0; 003470 0,060
T840 0.231a 0,031
R AL LDe000 6000 USRS S

708602 De)213 b.t)l

e e 30000060000 0abOU e m s —————— i ot e oo o mamt v s reeon | tarm 4t e e o e

INTFRSTCYION BFTHEEN GZI~CURVE AND DW2%UsQ
T6r2 W 0519 H T T AT .24 DEG, . T oo
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DISP 25050.0 MT BALLAST CONDITION
DR AP 7.880 M NORMAL
DR FP 4.970 M RANGE OF POSITIVE RIGHTING LEVER FROM 0.0 DEG. TO e5.7 DEG.
KGO 8.680 M
oM 4370 M MAX. RIGHTING LEVER - 3112 M AT  40.7 DEG
FLOODING INTO MAIN HULL AT ANGLE - 63.6 DEG
OR AP 7.680 M '
DR FP 4970 M FLOODING INTO MAIN HULL AT ANGLE = 63.6 DEG
KGO 8.620 M
GoM 4370 M 10.0
E 8.0
' .
N 6.0
g
g ///
Q 4.0 /Ar‘
& //
g 7'4;/—_ v
~ [
o // / s
2.0 7‘"_/ // \
/’/ ] ™~
/J ’4_4 \
L ] ) t —
-30 =20 -10 10 20 30 40 S0 60 70 80 90

HEELING ANGLE ~ DEGREE

5.00
4.50
4.00
3.50
3.00
2;50
2.00
1.50
1.00

0.50

DYNAMICAL STABILITY = M=RAD.
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DISP
OR AP
DR FP
KGO
GOM

DwI
Dw2

ROLLINO ANGLE

STADILITY AREA

A -
B -

CHECK STABILITY

SYOHI

JYOTAI

RANGE OF POSITIVE RIGHTING LEVER FROM 0.0 OEG. TO 04.8 DEG.

2950.3 MT
3.990 M
1610 M MAX. RIGHTING LEVER - 1658 M AT 40.0 DEG
4.470 M
2.950 M
5.0 2.00
0.116 M -
0.175 M
4.0 160
p—"""1
26.02 DEG E " a0
] /
5 2.0 — 1.20
0.3620 M-RAD ot ﬂ
1.2567 M-RAD % / .00
x LA .
Eﬂ /// Y
g 20 /*/ 0.80
-
& 1 A
[ - e ~{- 0.60
[ / / . )
1.0 e i ~ 0.40
T 7 ' < :
] ™ 0.20
L 1 \ 1 | =1
-30 -~20 -0 10 20 30 40 50 &0 70 40 Q0
s P MEELING ANGLE - DEGREE
H \ r . .
. -0 -
26.62 -
1 >

DYNAMICAL, STASILITY ~ M~RAD.
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#*% IN PUT DATA OF GRAIN STABILITY CALCULATIDN #¢

$ GRAIN STABILITY CALCULATIUN

TITLE

SIGN FOR UNITY ' 0 OIMEIRIC 13FEET

T TR PP

SIGN FQR (/P COLs QOF DISP. 8 G at %4 18 *% .8 28 €0, 0%

« m s cmmm en S cmm———atim e e = G ——— atem e b o gme T

SIGN FOU PRINT OUT OF TADLE

CAAIN STABILITY SUMMARYY ) SINDTHING JIPRINT OUT

ALLOWALLE HEELING HT. 3 2 USNOTHING

L3PRINT DUT{CHANGE THE Mo ANGLLE)

23PRINT GUTICHAGE THE GON)

HEEL ING MT. OF EACH 3F & ) OSNOTHING - 13PRINT OUT

e b ety s se e caea e em it amarmem e s ae a4+ eme semsvemmes somem oot temom mntres b s o 01 ot oan
SIGN FOR RULE IHCO 2 204

SIGN FOR CALCULATION METHLO

STABILITY CALCULATION & 3

mve @ o mmmmmmiersvmes Gesewer NI e reeman  weer mieme Teewanete

R L LTy sermen = an

HELLING MY. ] 0 01 LOADFO LIVEL 13HAX.HT.

D e R L

e swes sdemt e i+ en memes s e

OLFREE

I B o e eene

61 CROSS CURVE 3 0

15UNDER UPPJUK 28 INCLUDE SUP.STRUC,

S ve tmmimeeed = emen e c——————. t—— e S

—— - s 010 00me - e 00 ot e tew srmeveeniae & msem o0 e s0n - cosan o “ oo em =008 ot a1t 45 tramem ot e & e @ s30 o
o . - . -« - PR —— —— [ -
o+ S § 6 4 A e & R A i e 2 £ i e e 1 8848 - . in mres o = mo tmwemn— e o o . o 001 e 0 e ——a @ e SO0 o e S | P04 Frare S et 8t h
- e .o et b mea s fememees et e s e s e vt ot s o S e 26
v . . b ate s ame mesieseins matp e w smuetmeeie e f i Torss e s msberim s mmas Mmme—emoasm  fer o we m trer cme erma e sien s emem - -
Lo et memese 4 o4 s amiaeem ba e eoimn e dm o Wi sib e 8t ie e emamsmen s b erim 54 essmer ebe or S0 81 e mmee 0o iaamm emasm 0e b b abm et 4 6 00 8 amest Lamsbei 480 eeesmemaibese 8 wes (romie tm [
.
: . . ] .
- - e mme csimgmew L P -3y ...-3.‘ R e I . SO HE s as s ee esrememsmmemt seameess 4+ 110 ee - busa - s PO e -
1 [ ¥ .
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=%t e memmiceca trmmw em gt es e ts S0mi e e mie e mermes oie e o s toe nmerlssm sus S e Smkes e s e ts ¢ - hgp serem e
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TARCE UF TRANSVERSE WEELTIG HOMEN Y FOR GRXIN.FICLEG LOABED (1 ECING ANGLE "155 0" BEGS ¥

=== SYGHAST FACTOR TCURLFIZLYY ST A
M FE IS5 DST000 -4 1706004275060
CARGO INLD MOMENT - .

T FIRY = = = = = = " IRANSVEASE HEECING MOMENT [HV-H ) = = == = = = == =
NO. 1 CARGO OO .1\22‘ Yy (173 oT3
RO2TCARG O TOLD IT31 1015 990 6%
N, 3 CAito notn Aty 013 02 832
S 1y VIO e Y50 UT'Y Aa—— 1
ROV TRRGUTTOLO T 132 1015 T | 987

TOIAL 5317 ATT} LY31Y L3.1% )

YARLA 0 VERTICAL SITFYING ROMENT ™ FOR CRAIN FICLEN LOANEI THEECING ARGLE " TS: 07OEGTY

ALITIGVLS NIVED

T = ST E T TS YONAGE FACTOR TCUSLFT7LYY e eI ETEE T =
N FEING 07500 X 105605 73G00D ‘
CARGD HOLD - HOMENT ]
(¥ ey === == VERTICAL SHIFTING HOMENT THTSN T = & = = = = =« = =
RO, T CARGTY HOTD ~T00 50 o 13
NO. Z CRRGUTIOCD 112 0 90 9% =
T NG ¥ CRRGT nOLH ¥4 111 159 165
NG, %4 CRRGO T \65 9% LF] g . —
—NGTE RGO T I o997 95~

10TAT (11 Y7 408 Ly kS _ ;
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TASLE OF ALLOHAGLF HEFLING HOHMT

MIN.GOH MIN, = = = = = = = = - - - = G OMH (H) T ~ < CHECK LISY = = =
SECLAHT 0030 0040 0,50 . 0,60 | 0.70 0.00 |, 0.90 . 1.00 . 1.10 ___ RESIDs 'HEEL, EFFEC._

Y3} ) T (MT-y ) S.AREA ANGLE ~ RANGE
—HLY e T mLmom T . ALLOWARLE HEELING HOMENT (HT-# ) T T S T T T e oL AH-RAD) {DEG)  DEGY
55000 0,230 A260 6760 T4TT___ 8493 9030 _ 3124 12343 13559 147T4___ 15992 0,143 12.0 35,0
56000 __ 0,7 . 6326 6326 . 7565 800 1004z  13:80 12519 13758 . 14996 156235 0,140 12,0 35,0
— 37392 0,70 . 6209 6199 | T6AD | 8921  101PL 11442 32703 )39&4 5224 16485 04135 1260 35,0
5A0YY 0,00 - ssod 4490 1273 9056 10139.__ 11622 12905 __ JAMOT___154Tu 16753 0.129__12.0 35,0
59060 433 . 6571 ASTT 7882 9187 16492 11797 13102 14407 1571F 17017 Gel23 12,0 35,4
80000 0,30 .. ARRE . 6662 1980 @314 10643 11970 13797 14624 15931 17278 U013 12,0 34,6,
£1000 0,30 8745 6145 8094 9443 10793 _)i)4z__ 1349} __)4B40__ 18189 11539 0,100 12.0_ _ 33,7
2000 N N0 61432 6032 . 8204 925135 10946 1218 13689 15060 16432 178¢3 [ E) 52'.0 32..‘0
53000 0a38 . TIT . ADT4 . BZAA . 9661 1 11035 . 12448 13042 15235 __ 16629, 18022 __ 0,075 12,0 3.4
456000 0,47 9305 498} 297 9N)2_ 11220 1z64%: 14059 15475 18890 ‘18304 0,075 12,0 _ 30.9
65200 0. 61 11295 4991 | 8429 | 9866 . 11204 12742 | 14179 15617 _ 17055 10492 - 04075 12,0 30Ga4
. BAOUY _ U.TI_ 13413, _ T178 8638 10098 11558 _,_,m;n LVARTT 15937 17397 18057 . V075 12,0 3041
56360 0,10 14360 1.:'35 lanﬁ 10176 11647 13118 14589 16060 1753119002 0075, 12.0 _ 3bel
67000 0.87 .. 1578} 7287, AT6B | 10250 11732 13214 14695 }6170 LAT660 19142 04075 12,0 29.7
67500 n.04 16941 7350 A3 10336 11029 | 13322 14813 16308, 17801 19294 0,073 12.0 _ 29.6
60292 1.02 10274 7404 8910 3041431918 13422 14926 16430 17934 _ 19438 e DSUT5 12,0 2944

40500 1.11 19722 1460 8975 10490 12005 13520 156125 16551 18066 19581 0.073 12.0 29.1

REMARX GOM ¢ CORRECTEN GM HITH GGO
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ALITIEVLIS NIVID



3-21) HIM2, FULL 03310,7>3 SeVe ARRe
PARTICULAR OF STASILITY
™HIS snip 7 TCRITERIA IMCO T T a6 TenEER LIST ees T T
DISPLAC SMENT 4.736 AT a%0272 LT — 7 B A 1 AREA 3ETAEEN 0.0 LEGe AND 3vew DEGe
—LO33ES XD 6Y 2.510_4___ Be233 FYo . 043_._ M ___ .
RESIDUAL STA3ILETY AREA 0eoT> H-RADe l1e502 FT~RADe 0,075 H-AAD. 2.3569 H-RAD. 1.211 FI-3AD,.
—HESLING. ANGLE U2 B F-1- DO DM2a0 DEGe L . o e et i ey oo et e nram
ACTUAL ifciLING HOMENT 3756 HT-H 3566 LI-FY —— B & AREA SETHEEN Vew DEBe AND Ayew DEGS
At REGHTING LEVIR . 1e392. M .. 4eS50T. FT___ . — e m e e A, v e e ma—
MAAL ATCHTINGL LEVEX AT ANGLE 37.6 DEGa - 0.608 M-RAD. 1.993 FI=Rab.
ANGLE_OF ELONDING A%845 ):G, -
RANGE JF PZSIDUAL ARGA 3T.6 03, -— C &t AREA BEINEEN 2040 Jcha(A) AND 4040 DEGJLOY
—BANUA . veli? M e V23 FY | — e = e - it e v o s
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SUMMARY TABLE OF GRAIN STASILITY CALCULAT ION

CONDIYEIONS = (SaEa= 323 (S.Fax 353} (SoFex= 55)  (S.Ee= 35)
—VANCOUVER. . JARPAN.__ . VANCOUVER_ __ JAPAN

GRAIN LDA

D

GRAIN LOAD

GRATIN LOAD

GRAIN LOAD

LITEH) (UNITS) DEP. ARR . DEP, ARRe
$.G. OF SEA WATER (HT/CUB.H ) 1.0250 1.0250 1.0250 1.0250
STQUAGE £ACTOR fCUS ETILTS 50.8000 50.0000 55,0000 55,0000
DISPLACENENT t MT ) 59759 , 59355 56137 55813
CORRESPONDING DRAFT tH) 11.28 1131 10,73 10068
LCG () -6.21 TINY | -6.85 5,67
LCS 8 ~6,06 -6.09 ~6433 -6438
HTC (HT-H ) 73448 732.7 7.8 11643
TRIN tH ) ~0.28 -0.29 ~0.25 -0.25
LCE K =1e4% -1.58 ~2423 ~2¢30
ORAFT AT FP tu ) 11,52 11.45 10.86 10.80
AT AP tM ) 11.24 11,18 10.81 10.55
AT MID, 1) 11.38 11.30 10,73 10.67
T.KH (H ) 13.05 13.06 13.12 13.13
K6 s 10.33 10,64 10436 10.49
GGo tM ) 0.18 0.17 0.22 0.23
GoM D Z.54 2445 2454 2441
HESLING MT. TO 1 DEG. (MT-N ) 2650.0 2539.0 2490.0 2349.0
ACTUAL HEELING MT, (MT=N ) 5674 5474 4977 4977
ALLOMABLE HEELING NT, (4T-M | 36031 34617 23949 32163
HEELING ANGLE BTN 2.0 2.1 2.0 2.1
RESTOUAL STARILITY M ~RAD.} 0.5689 0.670 0.726 0.698
- - H ' N ]
———ANGLE_DE _ELODDING .. ADEGLY . 498 .. 53.1 ‘5242 S2e4
———HAX . RIGHTING LEVER Ly 2.00 194 2.12 2.11
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KSSUNID ARY RERT Y VAUCUES AY 12 (iEC, AND &0 UEGS
OF EACH CONDITION *
ASTOSED K& = YT.UUUTHY

TTTTTRONITIONT T DISPY SYTOWAGE GOl VALUES IH T

NAME {MT)  FACTOR ASSUMED G2 REAL GI
TTCURTFY 7
JLT) 12 DEGe 40 DEGe 12 DEGe 40 DEG,
T GRAWNTURTY
__1S.F.x 40),
TI0465 TRV 0000 04790998~ 0. 608 o397
vmgmwm .
bepe

G UC0006T T0.060T 0.0007 GLU00T UL 000

[ ULED BUR A NELLIG ANGLE BT
¥ IP Az coup £49.)

TTTTTTTTTT A or—mmr}ﬁﬂﬂxvemats“i;n‘mrunnsru’nn ATHTONDIT IONTTAEEUI NG ARLLET 1550 DEGY)
v )

CONILIARE— GRRIN CORD TUXIN COAD —— CRATN TUAD TATIDAD,
— 1S F.n 40) (S.Fem 42} (SeFem 42) (ALTIRNATYED
TTTCMRE THOLR VoL, -
. N WEELING  VANCOW(R VANCOUVER JAPAN JAPAN ARR.
- HORENT ({11 e OEP, LRI
1N se4)
_NOG 1 _tARGD LD, 1022 " 0 873 873 4201
T et LR\ (1] 1622 1042 J 530
__Nn,2 canGa noLn 1N 1013 ) 966 98 0
e " 0 Y131 1 0
N0. 2 CARGO HLD 913 A7) 0 832 832 1357
773 v 373 v 913 573
ND.4 CARGO HDLD 1059 940 (] 908 905 0
e - 1069 ) 1059 10%% 0
_.Nn.s carsn ioth 1132 1018 0 967 . 907 1011
. nv 0 1132 1132 1132 i
NN. A CARGD 1AL 1132 1014 0 . 967 967 0 Dbl X .
N, T CA1GN o0 1178 lr‘; g :;35 ‘;3; 15 g
- Qe T CANGN 1OL 05 0 100 0t & L LY &
1178 0 1178 5178 & IS A Fﬁg ’:._(‘/a( ) )
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DISP. 45321.0 MT
CRAP 10.766 M

(B-1)

HOM

0. FULL D-10.763 S.V.

DEP.

RANGE OF POSITIVE RIGHTING LEVER FROM 0.0 DEG. TO 44.0 DEG.

DRFP 10.766 M MAX. RIGHTING LEVER - 1.299 M AT 37.6 DEG
KGO 9.070 M FLOODING INTO MAIN HULL AT ANGLE - 44.0 DEG
GOM 2.440 M
5.0
HEELINC ANGLE .
2.91 DEG
HEELING MOMENT ad
5756. MT-M E ) ;
STABILITY AREA \
0.4533 M-RAD N30
FROM 2.91 DEG ol
70 37.61 DEG E
AT RAMDA 0.127 M 5 A
|
9 2.0 e
F= /
S =~
r—4
[% =
.0 /A/
N /
N >~ g
<’ / 2‘
i ' i L l
-30 -20 <10 10 20 30 Ao( 50 60 70 a0 30
o)
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o
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(s I § FULL LOAD CONDITICN AT PsGs PEPe ROUND BNANKER

—_DANAGED_FLONDING CALCULATION _... IN FINAL STAGE = _ ._ _ . b e emvemiemn e oo e e !
— 11) INITIAL CONDETRON e g e . e e e e = oot At e et e o e
01SPLACEMENT 296785,0 (M) LCG =10,010 (M)
1C6 0.0 (H)
___DRAFT. AT Fp 20,004 (M) .. K6 . 14,020 (N} L
DRAET AT AP 20374 (H) .
— . DAAFT {MEAN) _ 20,189 {H) . e e e
) HEEL (DEGREE) 0.0
JREM 0,270 W} {IANGENT ) 0.0

(O Spe. " rae s , e e tro—

(2) FLOODFD CONPARTMENT NAME AMO THETR WEiGHT —

NO FLODDF D PERMTA~ WEIGHT LCG TCG K6
CQMP AR IMENT nTLITY {41) {M) (M) (M)
13 NO. 2 WelteT,  {C) 1,000 29552.7 ~18.135 Ga U0 11ec3D

(3) FLONDED FINAL CONDITION

DISPLACEMENT Lca L) K8
(MT) (M) {M) {M)
MAIN HULL 3:A341.4 14,751 0,000 11.303 :
FLOONED _SUY_{=) 29582 . T10.135 0,000 __ 13,031 e cem it s en 4 aee mmiaee e e merens e —
RESULTANT TOTAL 208748, 7 ~10.021 0,000 114417 ]
DRAFT AT FP 22.399 (M) TONS PER 1 CH 1MR. 148,856 (HT) v T
DRART_AL AP 21,610 (M) JRANSVFRSE GOM B.172 (M)
DRAFT {MEAN) 22,035 () LONGITUDINAL GOM 391,813 (H)
TRIN =0e730 .IM)  LOWEST INFLOW POINT ) ) T T
FRAME ND, 56 DIFFe 0,0 (M) e
HEEL (DEGGREE) 0,000 BREADTH 0.0 M) }
{ TANGENT) 0,000 HEIGHT ABOVE Bt 27.903 (M}
HEIGHT ABOVE WL 6.1258 (M)
1]
' A 1] .
v e IRl | A 7 ; *
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coN 1

FULL LOAD CONDITION

AT PsGo PEP,

ROWND BANKER

..AELATIONS SETWEEN WATER LINE_AND DECK SIDE LINE IN. FINAL STAGE

... RELATIONS S THWETH WATER LINC ANO INFLOW POINT_ IN FINAL STAGE

) e — s r— ¢ ot o

1268,840 (M) FROH AP)

- DISTANCE. ... PRAFT _ HEIGHT FROM_ ORAFT _ HEIGNY FROM . _ . . . ... o e
NO STATION FROY AP AY CL WL T DX CL AT SL WL 10 DK SL
— 1) L) 1. A4, (1)
1 -0.250 ~A,250 21,451 6.2%2 21,451 8,252
. . 2..0,0 . 0.0 ... 21.870 . 6,223 _ . 21.670 8eUbA L e - e eveemte e e —
‘ 3 &.Eml’. 16,02 #1.706 8.197, 21,706 5.672
- 4 1el0 22,090 . .. 20743 ___ 6.)80 2ie743 "84437 .o SR - - v en o oo—
% 1. '500 41,900 217719 bel24 21 T19 5290 )
[ 2,009 % .000 21.816 6,007 21,016 S.197
7 2500 80 ,.0u0 21.852 4.051 21.0852 5.148
. A.0n0 . 95,000 _.. 1,809 . 6.004 . z1.089, 5.111 e ]
9 3,505 132,000 21.925 5.978 i1.9:5 5,075
. 10 45330 . .. 1284000 _ .. 2149202 .. S.941 ... 2149862 5.038 errntss o ooe e omeamrn o et wes am e .
i 4,500 {44,000 21,994 5,908 2. 998 5,032
__.___.__12 - T 1V XV 160,000 ;.20035 ’cﬂbﬂ' 220015 4,965
13 5,500 174,000 22,071 5.822 22,071} 4.929 ¢
R X3 beOOAO | 192,000 __ ___Z2.108 ___ 8,795 . 22,108 . &892 . o - e e es e e n e e
1s 6,500 ALY 224144 5.759 224 144 4.856
- 16 7000 | 2764000 ... _22.100 . _ 5,723, . 224181 A.E19 - e et varrtamn o et mve iee e e e o
17 7,500 240,000 22,217 5.686 22,217 4.783 ‘
18 A.W00 2564000 #24233 $.06%0 22,234 heThé
19 80500 272.000 22.290 5.613 22, 290 4,738
e, 20 9,000 _ _288.000 ... i2.3z6.. . 5.866. .. 22,326 .  S5.131 e e
2} 9, 5%0¢ 304,017 ' 224363 7.06D 224363 b.508
22 10.500 320,000 (226399 _ Be256 .. 224399 _ BT . .
— . ANGLE A[_HH.IC'LJ’F&K_.QQUQ!NC!DﬁuITH_H_IFFJINE 16,010 _DEG,
ASOVE POSITION STAT 10N 8,401

memmmee e [HFLOY POINTS _=momor—woe HEYGHT _FROM_____ANGLE AY _WHICH
NO  FR.NO., DIFF. ARFADTH WG 1GNT HL TO INFLOW  1.Ps COINCIDES
CUMY L H) (H) . ____POINT (H) _ HETH NL (DIG) o . R

1 . 56333 .0 .. 0.0 L 23,903 . 6125 _ . 90,000 . e I . .
2 20,000 0.0 20,600 28.560 6.796 18.768

3 0.0 2.3 0.0 0.0 0490 De0

4 0.0 0.0 0.0 0.0 0.0 0.0

S 0.0, 0.0 . L0000 0.0 0e0 s e e m e tem mimsaime b rm——————
6 0.0 0.0 0.0 0.0 0.0 0.0

7 0.0 .. 0.0 .0 . 0.0 O . _ %0 _ . . . . 0.0 _ . e o e e - .
a 0.0 0.0 0e0 040 0.0 0.0 \

° 0.0 0.0 0.0 0,0 . 3 0,0 0,0

10 0.0 0.0 0.0 0.0 V' o.0 7 !‘o.o ,
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1 CORU 17 HEEL CHECK FUORTFLUDD . TALS

' ®¢ PARTICULARS FOR STABILITY

DISPLACEMENT 35600, MV PRAFT AT AP 104009 M

h DRAFT AT FP 16609 H
CORRECTED XG (KRB0} 10,

T RANGEURTPOSITIVE RIGATING LEVER ™  FADAT1579T DEGS 10 9091 DEGS
MAX,RIGHTING LEVER. K 2.876 H AT 404867 DEG

mrtrurrmmnrﬁmwxmmr——uunu NG

¢ STABILITY STUDY AT FINAL STAGE AFTER FLOODING

96 CHECK WALTE o¢

HRIGHTING LEVEIR AT STEADY WIND OW3 = 0004 M (COEFF. K3 = 0.,035))

~TTFTIGHTIN E . % 00T W TCOEFFe X5 & Te5G00
RCLLING ANGLE = 8.0 BEGs ' :

LATERAL WINDAGE AREA = 1056494 5Q.M
FWIRU NONENT 10 UV

v N

STASILITY AREA'A' 0

STABILITY ARTAIVI 2+
AREA' RATIO C3a D/A ='0.0

!.-DO

#0 RIGHTING LEVIR ANG DYNAMICAL STAUELITY CURVES

INCLIN. RIGHTING l RIGHTING LEVER (GL) IN (M) DYNAHICAL OYNAMICAL

T ANGLETT LFVFR STABILITY STARILITY 3
{D26) » (M) 0.0 2.0 4.0 (M~RAD) M=)
T T =I== T
Ge0 =2:443 1 0.0 0«0
A T5.00 T =1.701 %  § 0:0 Ce0
fuenl =1euT% - H 0.0 G0
15%.00 =UsI1E s 1 Ve VYY)
23450 16537 1 0.0141 500.3 '
25030 Te497 ) G . Us 3037 36736
30.L0 2?76 1 . 0e 25695 9595 ok
35.00 2:725 I . 03489917441 ,5
LYV 2074H ) 1 . 0e 7354 26178,.0
45500 €e 037 ) O . 0« 9053 3507542
59.0% 2.677 1 e 1.2264 43650 .4
53s <0 2e130 1 . 1 ¥ Y2 3-13) 58592+3%
. 00 1 De0 )
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DISP.
DR AP
DR FP
KGO
GOM

DwiI
DW?2

33199.6
8.792
8.218
8.227
3.866

0.033
0.049

ROLLING ANGLE
15.00 DEG

STABILITY AREA

A"
B -

===

=

0.1423 M-RAD
2.1745 M-RAD

HEAVY BALL. FULL BUNKER

RANGE OF POSITIVE RIGHTING LEVER FROM 3.9 DEG. TO 91.1 DEG.

DEPARTURE

MAX. RIGHTING LEVER 249 M AT 42.1 DEG
FLOODING INTO MAIN HULL AT ANGLE - 57.5 DEG
5.0
4.0
;
[}
) 3.0
-
<
G AT
2.0
2 / N
[ \
: /
E N
/
1.0
// \\
1 1 gt \
~20 0 19 20 30 40 S0 60 70 80 9 100

~30

~-1.0

15,00
=
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DEGREE

REBHHE

g
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SNO. %7774 LIGHT WEIGHT DISTRIBUTION CURVE

TOTAL LIGHT WEIGHT = 7644.00 M.TON LENGTH O.A. 187.730 M
G = 12.420 METER LENGTH B.P 178.000 M
KO = 9.130 METER BREADTH (MLD) 28.400 M
UNIT WEIGHT DEPTH (MLD) 15.300 M UNIT WEIGHT
(MT/M) (MT/M)
190.4 120.0
__180.0 AT:T
1.70.0 170.0
160.0 LE0.0
150.0 150.0
- 140.0 140.0
130.0 130.0
120.0 120.0
1.1.0.0 1100
.-100.0___| Lan.a
sl
oN.0 el 0.0
an.o 1y an.n
20.0. : 20.0
A0.0 A0.0
50.0 ’ 50.0
40.0 40.0
] 1 f 1 s 1 1
30.0 — l,/fj\ an.0
20.0 N 20.0
—
10.0 0.0
1]
0.0 . 3 . ] 0.0
A ] ¥ ] [ N TP
‘ 1]
+ * b e} {
SO 60 70 8D 90 100 150 120 130 140 IS0 160 170 1BO0 190 200
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— €D 1 SULL LOAD _CONDLYION_.. AT _PeGe PEPa . . .__AOIND AANKFR
STILL WATER CouplITIny
—  NAYE LENGTI = D.) M MEIGMT = 0,0 R CAFST & 0,0 H FADH AR
NEADHELAUT & 201120.KT ORAFT AT AP = 20.5CCH
————_DISPLACEYENT = 204780947 ORAFT AT EP 19,8924
SPFCIFIC G = 31,0290
NHY_MAY SF » =AS MY AT _14A,3008 . FADY AP SHEANS {IPopnUN QF
UPP HAX SF = ATTY NT AT 209,9004 F£ANN AP ~MEANS DYINUPP SF
SAG MAX A4 w 24404 MT-H___ AT 273,404 FRAM AP ¢HFANS SAGGING AN
HOG HAX 9 o <0AS99 ,HT-M AT 177.,4794 FROM AP ~MEANS HOGGING DK
. . e
CAls POINT  DISTANCE DRAFT TOTAL WEIGHT  BUNYANCY s¢ L} NrELECTION
NO_ESNOD DIFE EROMN. AP in JLEEYY _frjauy) (sn.n) (114 {HT 1) §SE/n) _ (an/n) T0TAL
———elo=l) L2850 =R LAG0 _PDLAJA_ el B4PAN | agN . e, =ho0n)  n,008 0,008
Z ~15 3.9 ~Te500 23.M1% B4, THP SLoTAN | P4 -27, -Te ~0.6C) ~ 0.003 0.004
3 =9 08,001 A, 749 20,713 48,428 LU A AY -44, -69e .. ~D.004 0.00% 0.004
A =0 0,350 -A.400 20.513 35A.M7 5A.317 12,355  -al, T ~0.00} 0,008 0.004
£_q-0,00) -5,249] 20,516 ST,09N  SY,A0Y  27,¥5A  -42%, =)p, _=D.0u) 0,008 0,903
& =A=fLI8Y =6,370 2%.8 A 50,879 £9.6..9 32,444  ~1AR, «3hA,  =0,0P0  A.ARY 0,002
T =8=0.000. =V,7%8) 20,307  59,96h 80,060 34 PTV | =3T0. . .. ~AL0, | 0 N0V 0003 12302
A =) 0,375 ~18TT D0.304  A2.420  A2,429 4A930 =206, ~Thbe 04000 0.0LL 0.00L
=2=0a100__=1,A00__ 20,503 __42:796 62,95 &R T2A =210, .. =623, ~0.000 0,001 0.00)
I 0o0.0 0.0 20,500 AALBSA ALLASE  SALAAE =204, -1172. 0.0 0.0 0.0
10 2-0,%80_ 1,250 _DNAON _ AMLANA 04 ,AM  AA YT =228, =1A%%, 0,000 ~N,0C) ~0.00})
12 20,1 L.5°0 23,408 BAT6h  88.THE  8T,A9Y 225, -y5in, 0,000 =0.001 ~0.001
—13 2 0.0 220V 20060 6TeAT2 _ GTAT2 12,2308 __ =222, ... ~\ATP, Lol =0e302  =3%0)
14 4 0,700 3200 J0.404  ANLN4S  AALAAS TALMA <213, ~1rAs, 0,037 =04092 ~0.002
15 3 0,250 &,000  2N.&03_ AR DDA AT.ADA ., BRI 92Y __ =203, _ . -~2082, G000 0,003 ~0.0tY
16 A 0.0 4,500 20,492 T0.40A 102,372 ANLI29 =04, “21%1. 0.000 =N,003 ~0.003
17 A N.I0A 4. A00__20,49) 104,270 104,270 _ 90,766 =191, ~22t0, 0,000 «0,003 =0.003
1N 020,350  b.h° 2W4PA 159,637 149,37 106.20%  =2°7, ~2535, 0,000 ~N.ARE  ~0.004
19 12 0.0 Ta100_ 2040 112,230 102,27 _ 180289 __ 202, ___~2TrCe _._ 0,070 =0,00% =D 0fS
20 $1-0.250  A.0U0 DPO0LAAS  J1V.AT 113,807 124,246 =1, ~2060, 0.000 =92.02% <~0.90%
2h_14_0.0 10882 20400 __ 120,931 _ 94,302 145,275 __~122., _, =-V2T3, __ 0.GOy , ~0.008a -0.007
22 16 0.0 12.000 20,474 102.078 102,078 392,151 &, ~32A7. 0,000 =0.,00e =~).00A
23 17 3,0 12,76 23,478 14,925 145,901 204,70} 79, =324, 0,00]  ~N,009 0,009
26 1T 0,070 12.000 204478 JAF.254 86,2746 20G0.021 I ~337, FCL =~ .09 =100
2520 0.0 15,002 20672 IRFL282 203,574  242.,37% __ 204, _ =3C2A, 0,000 =0.011 ~0.018
67 0,100 JA000 20,470 10,0 210,3A0 25A,9% 254, ~2p(0, 0.6F0 ~0,012 ~0.001
22230000, 12400 20,407 _223.210...220,208  28%.2A0 ___ 235, ~3M7. . 0,000 ~0,013 _-0.013
20 S8=n.300 19,200 20.4R4 332,014 2W2.D14 311 TAA 482, ~) 450, 0,000 =0.014 —0.D14
2928 338 )0, 72%  2V,44% 23R Fh) R BL]  A)G.PA% 820, ~}2Anb, 0,000 =N, 006 0,014
20 2A=0,430 23,000 22,562 237.3A0 237,389 324,.70R 854, -1217, A0 =168 . <1, 013
______11__’a_n.54n_ 20,800 20,400 242, T4 _242,TAY  3VT,19 __ 8N4, =762, ... 0.003 0,015 -0.015
290,000 22,20  20.4%8 252,030 252.100 339,4n) TAT, FAL'N ~0.0(0 -0.0184 +-9.014
\\ 20_0.0 260000 20,4558 264109 285,018 I8A.055 0 3012, . InA5.  ~0,0(0 ~0.008 ~0.01A
AL F2-A,700 29,600 20,452 2TAJT26 2T4.726 413,090 \23A, 2662, =0.001 ~0.019 -0.019
1% 2320003 26,700 271,4%% - 2R]. 088 201174 AN 1IN 1477, K19%, _=0.00] 0,070 0,020
360,400 27.2C0 204449 33,407 LA LALT AATLP27  14AfL, 5¢1fs ~0.000 -35.020 <~0.02}
______11__35_0 400 20,000 20,847 24,507 314,572 _AS0.GAD _ 1509, 7050, —0-0°l__-0o021 ~0.022
28 35 Q0,450 2A,95) 20,448 NI0.204 I30,206 444,.54A 1738, ALY, “0.001 ~0.021 ~(.02)
e 32 260,000 29,500 27,445 _ 3 T.498 _ 314,304 _ 471,282 1003, 43, ~0.001 -0.022 -0.023
41 24 T,A%0 20,660 20,6447 322.6827 322,603 478.152 ~ 1079, 10i60," " ~0,002° ~0.022 -0,023
/'Y S 2 3Vhe8)T 3280 490,90 200 k4 D 00 «N.02) A
42 290,100 32.010 20,440 337,927 357,977 S510.2TL 2238, L8R4,  ~0,002 «024 ~0.02¢
824000 33,000 20,430 378,319 _JA4,133 524,908 _ 2401, _ _170C3, , =0.00?2 ~0.024_ -0.027
A% 42 0,400 385,200 20.438% 413,858 TTA13.05877384.005 T 2148, 224692, 0,003 ~0,024 ~0.02¢
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WULLBn:lLQNEHLS_UELE_EOL’MI‘A!INGJ.DKILA!QJEND!M%UL_-._
cem COND_ T FULL _ LAY CONNITION AT PuCe PEP, _ e RO AN e e e e
TROCINIDAL WAVE
e e -l MAVE LENRTH 0.0 W 320,0004 | ;_ 320,000M e et e bt e e i et o oo e e v e
HE 16HT 0.0 2.280H ”,200M
CAFST/ANR 0,0 a.100 0,300
CREST{AP) %0 W 32,2004 1803000

T DIFF o TWAVE - STIULY

BAL. PIINT  DESTANCSE L1 L1 TDIFF SETTOIER an BIRE sk OIFF oM T
—N_ BN NIEE_ERAN AP (4] {4 Y=H) §.84) INT=Y). L] 3 B 1) L1
—— 1 =1 0,150 __~*,0%) G [\ LD Po_. B . O Vemeeit ol nbeman s o s ey —————n tm mtt s e s raes e on
? ~10 0.9 =7,509 2P . *Te Oe [ 29 “Oe - (1Y
e V=Y 000D _ALTAY  -AN, A2 e Re__ R P — v e mmram = iaee 4 ve v s e
4 -9 0, pLD ] “6-‘00 "'ﬂ'o “ATe 3. e “fe -3,
P N1 X P T ) L Y 4 | =} 2%, ~104, 9. Ae____=IN, -,
& =5-0.2%) «4,0%0 103, -0, 19, . 2. “64, ~79.
______ T7..59-0.970__=1,7%9 =1V06,___ =410e._ 2o 2e___ ~TNe__ ° e e . e e e ma eeeeeaas
A =3 0,373 ~1.07% -204, ~T08, 43, 8o,  ~)30, 30},
——— O =2-0,100__21,A00_____ =210, ____ ~A2% __ _ATe_____ 101, =18, =S, —— .o e r——— o e
00,0 0.0 “224, -1172, T4, 197, =2%0. -4T4,
B =282 1.270 =22, ~1 484, 190, WS, =M. ~103,
12 270 1.800 =228, “17)% 175, 33l. =344, ~1118,
eIV V 0.0 20280 ~222._ ~1ATA. ___ 122 AlTe ___ =295.__ ~)295, — e e e v marr s
14 A 0200 2,200 -21%, ~1ans, e, B4, =483, 1002,
0% _ % 0.2%0 __,hMO_-?M._.__-!W?._ NT2e____ ATh.__ =523, __ =2197. e i v e—— — - —
16 60,0 4,300 =194, =218, 07, THN.  -nas, -24A0,
—— T AN KA 0% c2200. 197 A2D, =0, -2642,
1P 9-0%20  K.400 =207, ~2838,7 283, e, 727, ~3894,
e )0 1D 0.0 7.99) =202 27600 ___ 296a____ 34R2._. ~N20e___ ~if49, o o et b e o e e 2 ¢ o e o oo
20 11-0.?90 A,000 “19A, =20A0." M7, 1631, -877, ~4o7s, .
—2 1A 00 1080 =12, =327, 433, e 33TV =132, TR}, et b i oo et .
22 14 0.0 12.010 4, ~37. 813, 3762, ~129n, ~-9203,
——?V )T Y 12,785 ., SIS R38, ___ BAeS, 1304, -1n200,
26 17 0,557 12.0%0 I ~3232, 563, 3713, =)290.  =)f37p, -
——. 7% 20 02 19,000 W04e ___~3CIN. AV 539A, _~iA%Te.__ ~1D724, i i e et e e et e =+ s et o e
A 2 0.100 34,000 254, ~2800.. T4V, 3029, ~1783, 7 ~15448,
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ENVELOPE CURVE OF BENDING MOMENT FOR STILL WATER
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#¢ PRINY CUT OF APPLICATION DATA oo

R8J530 DATA FOR SIMPLE CAL, OF LONGITUDINAL STRENGTH

DSLA 1 0 UNIT OF OUT PUT HETRIC SYSTEM

DSLA 2 1.02500

DSLA 3 3.00 21.“0 ‘.00 -3.00 3-00

DSLA 4

bsLa 1 8 A 14 15156 17 18 19 21 22 23 24 2% 26 27 28 29 30
oswLa 2 3334 910 0 0o 0 0 60 0 0 p O O O 0 O O
psLa 3 o o0 6 0 0 06 0 0 O 0 0 0 0 O 0 0 O O
DSLA 4 o 06 0 0 0 0 0 0 0 O

osLeC 1 260 0 0 0 0 0 O 0O 0 0 0 0 0 0 O0 O0 O
ostC 2 o 0 0 0 00 0 0 06 0 0 0 0 0 0 0 0 O
DSLD 1 61 0.0 14100 415690, ~415690,

bsLo 2 64 0.0 13080, 577540, -577540,

DSLD 3 70 0.0 14490+ 7393080. -739380, !

DSLD 4 T4 0.0 13280. 901230. -901230.

DSLD 5 78 0,0 13280, 940900, —940900,

osSLD 6 Az 0.0 13280, 980560, -900550,

DsLn 7 a4 0.0 13280, 1000390.-1000390,

DSLD & 90 0.0 13280. 1000390.-1000390,

DsLn 9 94 0.0 13280, 1000390.-1000390,

DSLOYD M 0.0 13280, 1000390,-1000390.

bSLDIl 102 0.0 .13900, 953160, ~953140,

DSLNIZ 106 0.0 14400, 763480, -T743480,

DSLOY3 110 0.0 33900, 574200. -574200.

DSLD14 114 0.0 132804 30832720, -384720,

OSLDIS 119 0.0  11580. 164580, -164580.

DSLD1S 06 0.0 0. 0. n,

nsSLNL? Q0.0 0. 0, 0.

psLp18 0 0,0 D 0. 0.

DSLD19 0 0,0 Q. . O, Q.

DsLn20 0 0.0 0. 0. 0.

psLD21 0 0.0 0. 0. 0.

DSLN22 0 0.0 0. 0. 0.

osLo23 0 0.0 Q. 0. 0.

DSLD 24 0 0,0 0, 0. 0.

DsLD25 0 0.0 0. 0. 0. ;

DSLD26 0 a.0 0, 0. 0.

nsLn27 0 0.0 0. 0. 0.

DSLD28 0 0.0 0. 0. Ge

DSLD29 0 0.0 0. 0. 0.

DSLD30 0 0.0 0. 0. O.

(08 )

AELEH

BE



WSS R KRB

———— 5 g—————

. ——————— . ——— -

. " ee CIEFFICINY DR WELGHT OISTRIBUTION FOR SHEARING FORCE oo

FAAME NO, FAANE NDo FRAME NO, FRAHE NOo FRAHE NO. FRANE NO, FRAYT NO, FAAM: N0, FRAME NOy FAAMI NOo
—L.57.000)..¢.59.000) _.463.020)_1.49,920)_L_T5.000L.1_01,000) _{ 67,020}, 93.000)_0_99,000)_1304.050) ¢

PP TANK Nawe

]

e OUISS VATEQ TANK _____0,00____ 0.00____.__0,30 0.00 0.0Q 0.00 0.00 0.00 0.00 0.00
. NO. | ERESH WATEN T, 0,00 n.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
N, L FUESIHLWATER T, 0,02 __ " 3.%) 18,32 22 S — T 0.00. 0,00 0.00 0.00__
LT, avtsa T, {9/ 9.00 0.30 0.0) 0,9 0400 0,00 0.00 0.00 0.00 a0
YL FURL At TLI8). 0,00 0.00 0.0} 0.00 0.00 0,09 _____0,00, . . 0.09, 0.00 0.09
4L ELEL L T.tP) 0.99 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.0
e N, 102 €,0,8, T, 0.00 0.2 0.00 0.9 0,00 0.00 0.00 0.00 0.00 0.00
1870 L TaNe n.on n.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
£23z PEIC TR 1.9% .68 1.0 1.7 1.02 1.22 129 1.0 1.0n 1.00
Wt .., ) 1.00 1.00 1.99 1.0 1.00 1.00 1.00 1.00 0.45 0.00
Y201 T.TT, 1S 1000 L 1000 . 1.00 __ 1,00 __1.00 ___ 2,00 .__ 1,00 _ ___1.00____.0.3Y.___ 0.0 . . __ ____
¥). 2 2,3.7. 1€} 1.00 t.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 0.00
e NN 2 23,0, U%/8) 1,00, 1.00 ) .00 1.00 1.00 1.00 1.00 .0.00 0.00 0.00
NY, 3 40T, ) 1.2 1.7 1.00 1.00 1.00 0.49 0.00 n.00 0.00 0.00
N0 A_LedeTe12/5) 1409. 1.01 1,00 102 1.0 0.%% DD 2.1 0.00 0.00
", & £,0,1, (C) 1.00 1.00 1.00 0.30 0,00 0.02 0,00 0,00 0.00 0.00
—eo N, & 2,0,F, _tP/S) 1,00 1.0 1.00 0.51 0.00 0.00 0,00 0.00 0.00 0.00
Y7, 0% Conl¥y  (C) 1.00 0.69 0.00 0.0 0.00 0.00 0.90 0.00 0.00 0.00
e N0, 8 £ 0.Te_(9/8) 1.00 1.9¢ 0.00 0,00 0.00 0.00 0,00, 0.00 0.00 0.00
LM TANK (»78) 1.00 9,00 0.09 0.09 0.0 0.00 0.00 0.00 0.00 0.00
AEY PEAK TANK 0,09 0.02 0.00 Na00_: D00 0.00 0.010 0D.00 0.00 0.0
. C e _BM #Ei A LEVER ]

T ee LEVER €0Q BENDING MOMENT IN HETER UNIT &6

FAAME NOo FRAME NN, FRAME NOo FRAME NO, FAAME NO, FRIME NO. FRAME ND,

FRAMT NO, FRANE NO. FRAME NOo

P Ta'X yaug .0..57.000) 4_59,3C00_.1. 63.0000__{. 6'.090!_(_15.030)_1.-01.oool_L07.030).1__93.090LJ.."-ODOLLIN.ODOI_L_.__._.___
DN JAT e T2NY . 0400 . 000 _____0.00 -0.00 0.00 0,00 Q.00 0.00 0.00 0.00
UV} FAESH YATEN T, a,o0n n.nn 0.00 0.00 0.00 0.00, 0,00 0.00 0.00 0.00
—Ve ) ENESY ANTEAN T, .32 b ] (] " e.20. 0409, 0..00 0.00 0.00 0,00 0.00
DIST, WATER ¥, (0/%) .00 0.0% 0.00 0.00 0.00 0.00 N2 2.0 0.2) 0.3
.1 FusL NEL T.8) . 0,00 . 0,00 ., 0,00 __ 0,00,.___.0.09 e 0607 ., _ 0,00 __ 0,00 ____. 0.00 0.00
W, Sl DI T.00) 0.00 0.00 0.0 0.00 0.00 0.00 0,00 Q.00 0.0b . 0.00
N2 FoD.8,T, ~ 0,00 ___ 0.0C ___ 0.00 . 0.00 __ 0.00____ 0.00_.___ 0.00.___0.00____ 0,00 —_— 000
' ML OIL TANX N.0n0 0.00 0n.00 h,00 0.00 0.00 0.00 0.00 0.00 0.00
—f 3 REIC TN 236,43 243,88 227.0% ___19%.09 159,55 127,24 2345 863.64 31.05 .00
NN, ) €T, icy 217.7 209.19 Ir7,93 156419 124,34 92.5% £0.73 6.95 12,99 Oado
e 1 Code¥e (2750 217,99 |, 205,90  __1A1,.70 .. 143,90 ~.122.,10 < 90,30 [ 58,30 | 24,70 ____12.44 e 0600 .——
M. 2 2.0,T, 1y 174,93 144,30 143.10 111.30 79.30 47.70 13,90 0.0 0,00 0.00 B
N7 2 LT, (PS5 170,90 | 1AA.30 | 1ANLID N ALES 19.30 AT.70 ... 1%.90 0400 .. 0,00 ____:0.00 vme -
H3, ) uP, T, ({4] 124 .80 114.20 9.00 63.2n *3g.an - T 15,00 0.00 0.00 T 0.00 0.00
—_—NT Y LaD Ve PN 121.22 156.69 93.40 63,80 3t.0? 1%.9" .09 0.3 ' 0.00 0.00
Y & €T, (13} 83,44 32,94 M.T74 1%5.08 0.00 0.00 0.00 0.00 0.00 0.00
e & CuDLT, (°/3) Ad.97 93.37 37.17 ... 19,9 .. 0.00 0,00 __ 0,00 _ 0.00 .. __ 0,00 .. 0.09 — e
‘., 3 CeDWt, [§4) 16,49 10.83 d.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
U 3 TN T (#/%) 21,90 10,92 0,00 ,_. . 0.00 0.00 0.00 0.00 __._0.00 ____ 0.00. __ 0.00
SLMN® TAng 739 3.9 0.09 0.00 0.00 0,00 0.00 0.00 0.00 0.00 . 0,00
AEL BEAC TAM 0.0 0.00 0,00 . Q.00 __0.00_ D00 2.02 .02 £.00 9.0Q

*
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o% LONGITUDINAL STRENGTH DATA,
3,00 HETER BASE

NOY INCLUDED IN LIGHY WEIGHT ¢«
DRAFT $.G.= 1.02500

UNITS SHEARING FORCE IN METRIC YON/1000
BENDING MOMENT IN HETRIC TON-HETER/1000
SHEARING FORCE BENDING HOMENT
BASE  ODRAFY TRIN BASE  DRAFY TRIN
LOCAYION  VALUE CORRECT. CORRECT, VALUF CDRRECT, CORRECY,
(SF) 1co) 141 (8M) (co) (cr)
FRe1119,000) 1.20 0,52 ~0.49 9.07 429 4,08
FR.(114.0000 451 1.7 -le6l 13.59 30.24 ,-28.18
FR.(110,000)  8.30 3,10  -2.76 203,32 79.58  ~72.67
FR.1306,000) 12444 - 4.52 ~3,89 414,52  157.28 ~140,57
FR.(102.000) 16,66 5,9 ~4e95 711428 263.99 ~230.86
FRel 90,0000 20.88 7,37 ~5,93 1094.23 399,72 341497
FR.{ 94.000) 25.11 8,79 ~6483 1563.36  Sb4.AB  -4T72.25
FR.( 90,000} 29,33 10,21 ~7.65 2118,69 758,27  ~620.06
FRei 8640000 33.56 1ie63 ~8439 2760.20 981,09 ~T763.76
FR.l 82,000} 37.78 13,06 -9.05 3487.87 1232.93  ~961,71
FRo( 78.,000) 41.09 14.47 9,62 4300,79 1513.75 -1152.24
FR.I T74.000) 45,66 15.82  ~10.09 5194.56 1822.90 ~1353,47
FRel 70.000) 48,91 17.03  -)}0.44 660,22  2138.26 ~1563,13
FRe{ 66.000) 53.42 18,02  ~10.68 7185.45 2516413 ~177¢.78
FR.I 61.000) 53.32 18,76  -10.81  08255,75 2891,70 -1998,15

oy

ERIFVER
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COND 1 FULL LOAD CONDITION

AT P.G. DEP.

AFT DRAFT 25.04 METER UNIT1. SHEARING FORCE

BASE DRAFT 25.00 METER BENDING MOMENT

TRIM 0.01 METER

S.G. OF S.M. 1.02500

LOCATION SHEARING FORCE

FR.(119.000) -6990.
FR.(114.000) -1720.
FR.(110.000) 1560.
FR.(106.000) 4650.
FR.(102.000) -4150.
FR.(98.000) -1040.
FR.(94.000) 2130.
FR.(90.000) 5370.
FR.(86.000) 8530.
FR.(82.000) -190.
FR.(78.000) -8070.
FR.(74.000) -5540.
FR.(70.000) -1860.
FR.(66.000) 2430.
FR.(61.000) 6290

ROUND BANKER

IN METRIC TON
IN METRIC TON-METER

BENDING MOMENT

53630.
153990.
154800.

91260.

86040.
139060.
127890.

51160,
-90570.

-175610.

82960,
64280
140490.
133970.
44470.

IEBEE
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g
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&6 LIGHT WFIGHY DATA #»

o _LYGHT WEIGHT_(LW) = _3000, T, o
HIDSHIP | G, iXe =T T2.5087H,
(1H) * (x6) = 7500s MI-H,
. T CALPNO.T TS T INTEG, ZND INTEG.
T o - 130, 376 T
1 261, 1304,
> 261, 1304,
o N 522, 5217,
% 522, 5217, ;
R 5 5272, 5217, ;

*¢ BONJEAN DATA FNDR SEAMATE~4,8 ¢4

s e MINTHUM DRAFT 1000 METER . e —— et e
DRAFT INTERVAL 4,00 METER
NUMBER_OF DRAFY 2.
- - e MEAN DRAFT. e eem -
e e o e e 3600 . __ 500 92.00___ _13.00___. 17.03
8ONJ. NO.

0 40.00 700,00 340,00 520,00 680,00
=t 40,00, _200,00__ 360,00 __ 520.00___ 880,00 . . _ - —_—
2 4D,00 200,05 380,00 520,00 400,00

VD DIFFFRENFF TABLE OF BUOYANCY ¢

tntee = Srunen roAnbcanint

mmonmasmrrcn s e ABTAFEL S SIHPSON. = TRAPEIGIDS, -
e cstres = mve e - MEAN_DRAEY .
1:00 5,00 9,00 13,00 17.00
PREP.NNLOF

- . .CAL.P.ND. RONJEAN DIFFERENCE IN_CUB, H,

R X 2 . 1Y 0. __ _~Da 0 ~De
1 0 {8 0. O 0. 0.
2 1] 0, 0, 0, 0, 0.
3 [+ [ [+ 18 Oe. . 8. ¢
- S 0 04 0, Qs 04 O¢ 3 . + } !
5 . 0 O, 0. 0. O [ 79 . '

HE VIVAQ HILVIN VIS

( v8 )



*¢ TANK TABLE FOR SEAMATE-8 #¢

m——— ikt x v smemm 1 evws e e

+ m———— ———

e JYANK NO. ... . EMPTY. ... . MIDDLE, . e, FULL ___HAXHUR
foLn) (NEW) TANK NAME TTHIn.6. T(voLY T IKGi {wuy 3] {(Vou) (KGY ~ TVLINERTIA
(M) _(Me43) (M) {Hs93) (M) {He43) (M) {Hes4)
- X0 1. _FDPE PEAR TAMK  (C)_ __=%2,500_0.0__0De0 ____ 200040 __ 5.000____ 430040__10T60 26667,
1 2 NDol Wo f1e To J{PES) =45.000 0.0 (.0 . 600,0 14600 1500,0 2.500 5625,
—2 3__NM.2 Wae R To, JPES)__ =35,000 0.0 _ 0.0 _ 6000 __ 1.000___ 1500.0__ 2,500 5625,
13 47T NI3 He P Ta IPES) =20,0007 0,0 0.0 1200.0 1.000 3000.0 2,500 11250,
14 a3 Noh He fle Te (PLS) 00000 00 Gef) 12000 1.000 3000.0 2:.500 11250,
15 6  AFT PEAK TANK ic) 65,000 0.0 0,0 400,60 %5.000 8320.0 10,499 53333,
e Y 7___FRESH MATER_T. (PGS)____ 24,265_ 0.0 _30.,000_____ 700,0__13,357__ _1700.0__16,402 1667,
s & NDJl Fo 0, T, (PES) 20,0007 0,0 0.0 1200.0° 1.000 300U.0° 2.500 11250,
e b9 _DPIFSEL OTL TANXK(PECS)____ 35,000 _ 0.0 ___ Q0af_______ 200,0__ 1,000____ 300,0__ 2,500 208,
21 10 MOl CARGD HOLD (C) ~45.000 0.0 54000 200040 8,500 67200 13.428 53313,
2.2 CARGO HOLO _(C)  =~35.000 0,0 3,000 2000.0 B 500 5960,0 13,792 53333,
23 12 N3.3 CARGO HOLD (C)  -20.000 0.0 5.000 %600,0 8,500 13800.0 13,708 0658487,
24 13___NO.A CARGO MOLD_ €Y 0,0 __0.0__ 5,000 5600,0__ 0.500___ 13866,6 13.633 1066867,
25 14 NO.S5 CARGO HOLO (C) 20,000 0.0 5.000 5600.0 8,500 13800.0 13,708 106667,
% TANK TARLE FOR SEAMATE-%4,0 *¢
— . TANK NO._ . _. e e e . MIDGe AFT___ . _FORE_.
{oLn) INFH) TANK NAMF M) FRNO  OIFF “FRNO  DIFF  FLAT N
10 1 FORE PFAX TANK  (C) 57,500 100 0.0 105 0.0 0
—— Y 2 NO.1 He I'e To  IPES)  _~45.000 _ 90 ___ 0.0 __100 _0.,0_ __ 0
12 3 NJ.2 He Re To IPES) =35%,040 80 .0 95 0,0 0
e 3B & NDL3 M, B T, (PRS) _=20.000__60 __ 00 _____080__ 0.0 ___ 0
14 S NO.4 H. Os T IPCSl 00000 40 0.0 60 000 0 4
—_—15 6 AFY PEAX JANK - {(C) 85,0 "9_._.1..,.__- 0 0.0 00,0 0
1 7  FASSH WATER T, (PES)  34.265 0.0 20 0.0 0
STRP, SO A . NOel Fo 0a. Te _ (PLS)__._204000, _,20 00 _____ 40 ___0e0 _ . 0
6 9 DIESFL OIL TANKIPCS) 35.000 10 0.C 20 0.0 0
v @1 _10___NO.1 CARGO_HOLD__ {C} __~45,000__90 _ 0.0___300._ _0.0___0
22 11 NO.2 CARGO NOLD {C) =35.000 B0 0.0 90 0.0 0
22 12___N0.3 CARGOD MOLD _(C)  ~23,0090 6) 26 80 0,0 0
24 13 ND.& CARGO HCLD (C) 0.0 o.o 60 040 0
o5 14 NDW5 CARGO HDLO__(C)___20.000; 20_' 100 _40__0.0 ' 0 : :

HE VLVA B ILVN VHES
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LAURCHING PART ICULAR
CASE NO } ’

1l e
a 1

~enn LAUNCHING WEIGUT (WITHOUT SLID

———e .

ING WAY) =

—-LCG FAOM MiDSHIP :

_J0s11,00 _H¥

J10.920 H

K6 [ 11150 H
[]
AUNCHING WEIGHT IWITH SLIDING WAY) e 103879.96 NT
——— $ RE PRI 2L c e e aE T ne R il hei mre e mrseme mmn i o o e mesee - me m i —— e 12 e an b

e LCG FAOM MIDSHIP ="

XG -

~104588 M
10,949 H

- et mmemm

.

—SLIDING WAY 8 e

- DECLEVITY RETHEEN AP AND FP o _ 7

ter mmim an o seme

B raien bes weni s ar smte

e mmrte e Gt e e Sentenean:t ———t Aot 0 k108 A8 b

WM(’]I&MA’_CLQ_Z_____

AAEE NIX‘J’T’.Z... o b o e

DFCLIVITY BFTWEEN POPPET . 5,821 H _ (& mgctl. g,uzg,g x gjz‘li’-g& )
- SOEEFICIENT & . S
TATICAL EIMEEN HAYS = 0,075000 i "
DYNAMICAL FRECTINK THEEN WAYS » 0,022:00
. COEFFICIENT QF WATER RESISTANCE e o ¥ QL0000 . e e e e e et v e
e o L THE RATE .Q.F...L“!C.B@é.f!?_. OF VERTUAL HASS _ e B200000 e e e m

AREA NF BEARING SURFACE ‘T A4
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MEAN PRESSURE PEFDRE LAUNCHING »  1h.$3

MT/S0.M

_ _INITIAL LAUNCHING FORCE AT FuCo = 1M,03 MT__ e e e e i
RUNN JHG DRAG WEIGHT DATA 3 .
DAAG ORAR WY, TRAVELIN ) COPGE. BETMEEN ORAG: INCLINATION
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e A cuowio
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CASE uo(— !_j_b

LAUNTHING

CATCULAYTON

WEIGHT ;nt LCGIN ) e o I
TAUNCHING WL IRTFT SIS WAV F 1 11¢ fi.o05l “beé FOK TECh ¥
INITHOUT SLIDING WAY) 17400400 e300 " .
— A ;
W IGHT OF YIOF 4,33 (8 ) . / z&d/any&ﬁtﬁu
. TIPPING  LIFTING - QOO RacAIE V5. EAN),
TRAVEL ORAFTIN ) _ _ AUNYANCY _ MOMENT _ MOHFNT' | PRFSS,(MT/S0.A ) TRAVEL  LCh ToXN '
) T AP AT FP (Y3 I T 25T B 7Y £ A ) AEY FORE L ] L ] (L0}
0.0 0988 7,984 1608 2414039, 32%%¢ Mo 32 1427 - 0.0 .00 0.3
5.0 1.242 ~1.R0%" A0R 2174937, M8, 34.20 14,3 o 5.0 9209 0.26
10.0 1,497 -7.843 60,0 2784443, 11503, 34,10 14,37 - \o.o 89.43 77 0424
15.0 1,798 _~7.479 __  Th.8 2093127, 14613, 34,02 14,410 15,0 07,98 8.2y
30.0 2016 " ~1.312 94, "2 nsa99, iR S 5 T THY "26.6 #8591 0.4%
2%.0 2.21%  ~=T.144 116,01 2016%54, 210, 31,04 14,48 . o 250 983.90 0,70
1.9 TN 4,074 141.3 192183, 2604 33,72 14452 30.0 81.82 1.08
15,9 2.703 ~A.A02 102,35 137243, 32901, 37,43 14.58 35.0 714.70 2.96 -
9,90 Y.070  =h. 4620 2384 ) T4AATT, 41030, 33,33 14,48 40.0 T3.29 3.92
45,0 3,039 =A.4%2 _ 326.7 _1A%%T1S, SA6T2. 32,97 14,77 A5.0 _ T11.%6__ 12.99
TTTTTTTRHLA T 3.6107 ~8.27% AT, TISAR272,777 182, 82,497 T H G, ud 30,07 67,787 19.44
5540 VNN =6,07% 82721 1469733, mwu._ L1254 14,78 e . 55,0 M2y 23T i —_
60 4,150 ~=6,011 86n,1 1773532, 1A2308," T $4.91 12499 8040 81454 33 W T T
£5.0 6,436 =%,729 11569.9 1201100, 1ADT719.  38.83 11,48 ] __4/,4'{7_//, P .. 850 %3 a0 e
M. 4,713 =5,%43 15326 1007147, 243904, u.u 2.9) T0.0 7 96.T76 3.0
75,0 .99V =%.356 197,20 1094241, 307430, (81 T5.9_ 34.01 _ 36.%
e 5,706 " ~4,161 2459,3 771003415, 194087 7.| AS""' 6oh8 00.07 52,497 35.39
15.0 5.%a0  ~4,973 700,09 9142P%,  ASN2OA. | &2.R) 3e33 e ii_ . ... 050  %0.97  )3.%% .
.9 SoMGA ~4,702 ISUl.6 028977, S4A123, T AN T2 .91 . i 900 49,17 T Itee¥ T T
LI 6,138 ~4,387 42373 747008, 833050, 44,37 2.33 N o 95.0 4%.50 .MM
1000 6,420 ~4,190 49130.2  673029%,  T3I190, 44,58 1.3 100.9 45,92 28,99
19%.0 S.T1F =4 191 SAAYLT _ S9R210, _ AIISIA.___ 84.NT__ 0.3) 105.0  44.43  27.47
110.0 7011 =3,99 6419.9° T 432903, TTT 938408, 43,77 =0.3) 110,07 43,087 26,47
1%, To2t6  =V.797 T24B.4  AT2%2640 104431Te 42607 | ~0obb e e 115.0 AM.eB 23,30
120.0 7.606 =3,502 0097, 1 419859, 1155810, 40,40  ~D.%% 120,07 40,42 24444 -
125.0 T.%6 =3.37h NOTTLT  3T464A0. 1271760 | 3T.2Y _ 0.3A v 125.0 39,36  23.6%
1.0 N.208 <2, 147 9901.0 334077, 1391840, ~ 33.02 2.00 130.0 30,19 " 22.00
135.0 N.E00  =2.957  10ALT.A 310067, ASIT0OT,  26.Ph8  S.t2 o 13%.0 3T 20 22.20
14040 ALNTA =744 JI0T%.0 293144, 1647792, TT19.07 9,3 140.0 7 38,327 21.98
145, 9,122 =750 17933,4  2ATNMe 1706420 Relb 16443 145.0 35,% 21.0) R
150.0 9,432 =2oMY 140480  292R%4, JVZTAUB, 6.8 26,18 150.0 34.07 20,3
159.0 9,696 2,095  Y1%YU9.2 > L133.0 AL 0.0 .
160.0 9.740  ~1.875  15309.0 v - ' lso.g );.4) 19.97 -
163.0 .87V =1,6%%  15222.3 ) A A% . . 165.0__ 32.5%__ 19.%
Yinan D770 ~1e427  150VV LA £T BN 72K 170.07 31.547 19,98
1780 Nl =1.2%3  15109,.8 175.0 30462 1948
170, 0 A,OTA  =0,975  1524R,3 180.0 29,67 19.73
) 1050 A% =0.THA 15399,7 . 15,0 28,72 Mv.ey
10,0 A,728  =0,016  193T0V.T 190.8 27,75 19.5%
194,0 0,595 =200  15%94,9 - . 195,00 26074 19044
20N ,0 Aokl d ~Nanes 1572149 e 200,0°7 23,107 7 19.32
29%¢) MV 10T 1iNSGL6 205.0 24.60 19,20 ..
M0 A.19) 0,612 1599R,) . 210.0 * 23.40  19.08 :
215,0 A.0% DA 161479 : ' ' ¢ ) 5.0 22,32 - 16.96
20,0 7.913 0,216 163028 i ' . r C 22040 ¢ 20402 )B.B%
18,0 TaT69 1167 16hA4S ! 224,0_, §9.92 te. M
P3NV, TehdV  J.eli? 1453043 230.0 18,70 10.58
235.0 TohT5 1,659  JANLE LA 235.0 17446 1048 .
24v.0 7326 1,900 {A974,) 40,0 18,2)  18.9) '
265.0 T.375 2,061 17150, 245 .9
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L AUNCHING

CASE WO, {1~ 1-1)

sreED

LAURCHING UTe IHITH SLTDING WAY

)

IMITHOUT SLIDING MWAY)

WEIGHT OF TIUVE
TQTAL DRAG WFIAHY 420,00 (HT)

4,35 M)

MEIGHTINTY LCGiIN )
17344.04 11.091
174n0.00 11,200

TAAVEL SPEFN  TAAVEL SPEED —
NEI D LYAY) (Y EYAY)
0.0 0.00 230,0 9,38 ’ : ) e
1.0 01 245,80 %,% . Lo mm e e . v e s .
10.0 1.9% 260,00 4.30 o, . .
15.0  2.37  2A%,0 5,24 A ole - JP&ED
20,0 275 210.0 $.22 .
35,0 3,u0 275,06 5,17 - e e - . —
0.0 3.39 280,06 5,10 .
15,0 3.67  215,0 5.0t . . e e e
40.0  3.9%  290,0 4,90
4%.0 & 15 29%.0 400
Ge0 ko2 A00.0 #aed0
45.0  4.%0 M50 4,40 . . . . e . e e N
50,0 4TA 30,0 4.5 IS
[ I P L) 315,90 4439 . ; . e . . — e e - Ve arm e m s ase s e
T0.0 4,09 20,0 .29 .
15.0_ £.22 324,04, 18 .
AN el 5a%3 37040  4eDA
A%.0 9,47 25,0 297 -
95,0 5,51 40,0 .04
08,0 1,50 45,0 3,74 . .
10N.A A, 3500 1,84 :
19%.0 5,70 355.0 3,53
110e0 ®e75  A60.0 Vedl
115.9 4.79 145,90 .24 D e e .
120.0 3.8) 3.0 3,17
12%.0 5.82 37%.0 3.u8 R
1IN0 4,00 10,0 2,92
135.0  5.A3  vat.n 2,79
JRO0 481 TAM0 Y.hh
149,00 S.AN 05,0 2,52 N
18,0 S, 77 400.0 2,37
155.0 %.74 408,00 lei2 . i
160.0 5,72  4t0.0 2,05
155.0 5,70 415.0 1,98 S -
VI00 5,49 4200 1ahd T
17%.0 5,AT  42%.0 1.48 .
100.0 Sobh  £30.0 .24
145,08 5,45 415,58 0.9
1900 A bh 4400 N.4h
195,0 %61 443,10 0.0
200 e0  854A7
294,73  4.61 ,
i10.0 5,%9
21%,0 5,37 - .
PIn.h 8,49
225.0 5,53
33040 %51 R
215.0 5,49 : ; . . ' . —
240.0 * 3,45 ! t ! . )

U%,0 11,42
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€ Kk i E

LCAUNCHING CURVES

SNQZ323
CASE NO. (1-1-1) W.I. 1.C.G.
LAUNCHING WT. (WITH stibiNc way ) 17745.03 MT 11.09M
(WITHOUT SLIDING WAY) [74H0.00 MT 11.30M
HIGHT OF TIDE 435M
A 4
3 t3 lis
/
. / _
WE 1GHT HOMENT L
Y 2 k2 10
— E g
. N \ / 2| g
[__rwiTH SUIDING WAY *3 olrt 2
- y@ 4/ Tl Tz
g " x x
P J x
3
TS & e le
s\ 1% = SlE|a
SEN 57 8|2
t 1 P M
/4 rd
NN PN e
/A /z ! _
A AN
- 1 ed\
_ SRR N
SZ) N
= 18- \ / ] 0/
‘ : TH TN | e LA L [
30.0 A 25.0 20.0 18,0 10.0 S.0 0
TRAVEL (]0 X M) m\,
< 2= -
S oE zo
L — 8
o : ]
- ]
Y REMARK

MOMENT === . AROUND FORE EMD OF SLIDING WAY
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£ K FF ZE

LAUNCHING SPEED AND TRAVEL CURVES

N02323
CASE Na. Ci=1=-10
LAUNCHING WT. (WITH SLIDING WAY) 17745.03 MT
(NITHOUT SLIDING WAY) 17480.00 MT
HIGHT OF TIDE 435M
A | JOTAL DRAG WEIGHT 420.00 MT
s20l 10 {soo
T\ . .
A .
X a L
0.18. 8 [400 ’I \\ : \,&sﬁb«
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TABLE UF UBSCURED DISTARCE  IN " RECATTUN TO VARTOUS TRAFTAND TRIN

~——'WXNEUF USJECT ¥ " BUN CAUCK TUP

T T T UDBJECT TT3Z95000° R T FRON AP T T TEYE T POSTTION T ATSAGO H"—FRDH""':'o
32.850 M ABOVE Bele . 4T.3U0 M ABDVE B.L.

- U0 N FRON TGOS 00 "M TFROM Tl

TRIN BY STERN { ~MEANS ¢ B Y soOwW }

ST TR 0 TTTTRLIO 0.0 T T 1007 240 307 4e0 3.0 6.0
MEAN DRAFT

{H)’ DI ST ANCE —FXNUOR TTFURE END {TUNTIT & "METRIC)

LYY %82 520 174 BUY 553 125 X 4'2 A L. 114 Y53

8,00 448 403 523 s60 619 617 T46 026 921

e T 84007413 448 LK0A~ 526 574 630 894 770 960

1000y 378 410 K43 485 530 582 643 714 9

12.00 343 373 408 h&3 1.1 534 591 838137

14.2) 339 336 367 402 Abl ant 540 602 676

6900 r L) 299 326 300 397 %39 3:4. 536 5%

18.0¢ 239 263 209 e 52 91 437 490 543

e 20.00 204 226 250 27 T3aan JLR 383 R34 591

22.00 170 189 211 238 264 296 333 aTre 430

-

BEEHYER®

i

=
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ROLLING PERIODD ~ GN TABLE

ORAFTIEXT) ROLLING PERIOD (SEC)
() 3 T 8 . .9 10 1n. 12 .13 14 15 20 25 30 1 40
CORRECTED GN = GOM (M)

2,50 26443 19,62 14,807 11,75 9,52 T.86 6461  5.63 4,85 4,20 2,38 1.52 1.06  0.78  0.59
2270 28,71 18,015 __ 13,90 10,98 _ 8,90 _ T35 6,18 5426 4954 3,95 2,22 _1.42___0,99___0.73___ 0.56
2.90 23,25 17,09 13,08 10634  B,37 8492 5.81 4495 427 3472 2.09 1e34 0493 0468 0.52
3.10 22,01 16,17 -12.38 9,78 7,92, 8,55 3,30 4469 4,04 3,52 1,98 1,27 0,88 0485  0e50
3.30 20,93 15,38 11,77 9,30 T.54 6423 5,23 A.46 3.84 3,35 1,08 1.28 0.86  0.62  0.47
3.50 20,00 14,69 11,25 8,89 T.20 5,95 5.00 425 3,67 3,20 . 1,60 1.5  0.80  0.59  0.43
3,70 19,18 14,09 10,79  8.52 ' 6,90 35,71 479  4.08 3,52 3,07 1.73 1.10 Q.77  0.56  0.43
3090 IMGA5 13456 _ 1038 B.20 ___ 8.64 ___ 5.49____ 461 3.93__ 3.39___2.95 1o86_ 1,06 0.74___ _0.54__ 0442
4,10 17.81 12,08 10.02 7,92 6,41 5430 445 3479 3427 2485 1460 1403 0471 04527 0.40
4430 17,24 12,66 9,70 7.86 6,20  5.13  4.31 3,67, 3,17 2,716 1.55 0,99  D.69 | 051 0.39
4450 16,72 12,28 9,41 Teb3  A.02 49T 4,18 3,56 3,07 2.60 1,50 0496  0.67 0449 0,38
heT0 16.26 11,94 9.14 7,23 5,85 484 406 3046 . 2499 2,60 146 . 0.9 0485 G488  0.37
4,90 15,84  1l.64 891 Ta04 5,70 4 71 3,96 3,37 2,91 ° 2,53 1.43 0 0.91  0.63 047 0434
S5al0_ 15446, 11436 Ra69___ 64BT___ 5.56____4.60 3,86 1429 2.84__ 2,47 _ 1,39, _0.89___0.62___0.45 __ 0.35
5.3 I5.10 31410 BaSUT 6472 8444 4450 3.TR 34227 2478 2442 16367 0487 0660 0abh 0434
5.50 14,79 10,87 0832 6,57 5.33 440 . 3,70 | 3.15 2.72 | 2,37 1,33 0485 ° 0,59  0.43  0.33
5.70 14450 10,65  Bu16 8,45 5,22 4431 3,63 3,09 2.66  2.32 1.31 0.8  0.58  0.43  0.33
5.90 14023 30,46 A0L 6,33 5,12 4,24 3.56 3,03 2,61  2.28 1.28°  0.82 0.57 b2 0.32
6.10 13,99 10,28 7.67  8.22  5.04  4.16 3,50 2,98 2.57 2,26 1.26 0.81 0.5 0.4 0.31
6430 13076 __ 10031 TeT4__ 6412 4e95_ 4609 bk 2,93 2,53 2.20___ V.24 0.79__ 0.55__ 0.40____0.31
6.50 13,55 9,96 T1.62 6,027 4488 4,03 3,39 2,80 249 2617 1022 0.78 0e54 04407 0430
8,70 13,36 9.81  7.51 5.94  4.81 3,97 334 2,84 2,45 2.14 1420 UIT 0453 0,39 0,30
6.90 13,17 9.6 T.4) 5.06  4.74  3.92 3,29  2.81 2,42 2.11 1,19 0.76 0.53 0.39  0.30
7.10 12,00 9.5 7.32 5,78 4.68 3,87  3.25 2,77  2.39  2.08° 1,17 0,15  d.52  0.38  0.29
7.30 12,05 9,44 7,23 5,71 463 3,82 . 3,21 2.7 2.36 2,06 1.6 0.74 0451  .0.38  0.29
1050 12070 9632 ___Tel5___5s65____4e5T___ 3418 3.18___2.7 2.33___ 2,02 lol4_ 0,73 0.58___ 0.37__ 0,29
1.70 12,57 94237 71,01 5.59 4,52 3.T4 3at4 2,68 2,31 2401 7 14137 0472 0450 0437 Oa28
1.90 12,44 9,14 7,00  5.33 4,48 3,70  3.11 2.45 2,28  1.99 1.12  G.72 0,50 0437 0,28
8,10 12,32 9.05  6.93 5,48 444 38T 3,08 2,62 2,26 * 1,97 .11 e.7) 0.49  6.36  0.28
.30 12,21 8,97 6.87 5,43 4,40 3,63 3,05 2.0 2.24  1.95 1,10 | 0.70  0.49 0436 L.27
8450 12,11 8.89  5.01 5.38 4,36  3.60 3.0 2,58  2.22 1,94 1409 0,70 0.48 0.3 0,27
e BaT0 12,00 AGR2__ baT6. _ 5a34____4e32___3e3T___ 3400 2456 ___2.21___1.92 1.08 0.69___0.48____0.35__ 0.27
8,90 11092 B.T6 6,70 5,30 44297 3,557 2,98 2,547 24197 1.91 1,077 0469 Oab8 0635 0427
%.10 11,63 8,69  b6.86 5,28 4426 3,52 2.96 2,52 2,17  1.89 1.07  0.68 04T 0435 ° U.27
9.30 11,76 B8.664  b.51 5.22 423 3,50 2.9 2,50 2.16  1.88 1.06 0.68: Q.47 0.35 0.6
9,50 11,68 A.58 6,57 5.19 4.2 3,48 292 2,49 2.15  1.07 1,05  0.87 047  0.34 0,28
9.70 11.61 8.53 5,53 Sa16 4,18 3,46 2,90 2.4T 2,13 1.86 1.05  0.67  0.46  0.34 04,26
9,90 10055 RuA8 6450 5413 helb__ dehh__ 2489 2446 2.12___1.85 1604 0.67___ 0okt ____ 0.34 __ 0.26
10.10 11049 0,446 8,48 Ba11T 4.l4T 34427 248777 2,45 2,117 1.84 1,037 0,66 0446~ 0e34 0426
10.3v 11.43 8,40 b.43 5.00 4012 3.40 2,88 2eh4 210 1.83 © 1.03 0.586 D.h6 0.34 0.26
10.50 1,38 8,36 6,40 5,06 4,10, 3,39 2,85  2.42 2.09  1.02 102 Ueb6  0.46  0.33 0,26
10.70 11036 8,33 6,38 5,06 4,08  3.37 2,83 2,41  2.00 1.8} 1,02 0.65 0445  0.33 0.26
10,90 . 11429  Ba30  6.35  5.02 4,06 3,36 2,82  2.41 2,07 1,81 1,02 - 0.5  0.45 0,33 0.25
le 10,25 BT 8.33_ 5.00 4405 3435 2481 2440 2407 __ }eBO __ 1401 ___ 0.65__ 0.45 _ 0,33 __ 0.25
11.30 11,21 0,247 77631 409877 4.D4T 34347 172,807 F 243977 2,067 1479 1.01 0.65 D445 04337 0425
1,50 1118 8.1 8,29 4497 4402 3,33 2,79 ' 2,38 2.05  1.79 1,00 D64 | ULe4S 0433 | 0.25
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DRAFT ~ {K/0 )2 CURVE ]
) & MARK MEANS YHE CORRECIED VALUE : o

o MARK MEANS TME CALCULATED VALUE
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! FLOODABLE LENGTH CALCULATION

VOLWHE OF DISPLACENFNT AT FULL LOAD DRAFT (DESIGN DRAFT) 13,323 (M) 69148,75 (H3)

[ ce v
sare ec ae e - T e e i et ettty ebans

ORAFT F. ORAFT A, SHIP suiep FLODDING FLOODING CENTER FLOODARLE PERHISSIBLE
: cmwemaeen VOLUME . .'MIDs Be_—.VOLUME .__NMIDs 8, ....POINT _..LENGYH .. LENGTH . oot e o o cmmeee o
M) . in. (1,77 [ | § RO [, k § P SN || QS § | 4y . - -
18.824 10,400 T6655.,19 111,387 . 6005,00 182,372 10844232 19,878 19.878 .. :
e JOGBAT . 310458, . T9030.00 . 110,277 ... T911.90 .. 0564396 .. 1564420 . .. 14,560 . 14,540 ... o a
18,6617 12.309 81463.44 109,182 9051.60  J4CJOBT . 139,956 17.995 11.993 . .
______ 10,688 ... 13,3646 ... 83926.81 .. 100,100 .. 11822,30 ... 120,700 . 1284520 ..... 206429 . . 20e429.... e o .
18,709 15,019 86425,00 107.034 13820.85 120.466 120,004 - 24,538 24,530
16.729 14.074 808924.69 _ _105.979. ___15828,80 . 114.009._113,235 28,650 —.208.650
18.731 15.728 91429.12 104,929 17824,15 10M.800 108,984 32.283  22.2m3 .
e 38627 L 35,503 ... 93560,62 .. 103,840 ... 19509.35 .. §04.289 .. 104116 .. .. 34,204 ......34,208 ... ____, ey
18.404 174428 95T02,08 102749 . 21306450 - 100,328  300.467 37.189 37.109 .
180292, _ 108,202 . 9VATAS0 ... 101,776, .. 22460445 ... 9T.125 ... 974075 . ... 30856 ... a8 ... . ..
18,292 18.292 . 9T7ATAS0 101.714 22660.45 ° 9T.12% 97.073 38.8688 38.848 .
17.4238 18.440 950887,34 101,041 21390.70 94,212 94 4206 37.078 37.0%8 : .
16.583 18.564 93799.25 100,248 19720.25 90 .4 15 91,004 34,004 34,004 ’
—— 150728 10,824 . 91569.31. . 99,404 .. RT7934.30 .. B6SIT ... 86,419 . 32,439 324 i o) .
14.874 18,449 £89232.37 8,733 . 1608678 81,702 81,748 . 29.237 29.237
14,009 18,8448 . _888188,00. . 97,987 . 1A133,65  __ T5,702 _.. 756,208 _....25.158 _ .. 25,458 ... S
13,144 | 18,430 84382,06 97,2284 12170.50 ' 67.876 67.800 . 23.000 ‘23.000 : ..
—12.309 18.612 81905,00 98,424 10204.85 $7..084 37..313 19.128 19.123
114455 18,595 79444,12 95,576 8234,15 41.138 40,884 - 17,723 . 17,19 .
10.600 100570 .. T6907,25.. .. 94,678, ... 6270065, ... 154000 ... 448)2.. . A4.565...._ 44588 .. -
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DATA OF FLODDARLE LENGTH CUAVES eee

see FLODDAPLE LENGTH s4s

DISe AP LINRTH Ko P, DIS. AP LENGTH KePo
(1 [L]] (R - 18
197.070 0.0 ] 1v7,000 0.0 1) P
1730050 e DAL 278 1 BT 0%0 e §4ITO ] A TAN W*ﬁbﬂtibl\blﬁ LEWTH k9
173.0m T14,%A 0 173,100 14,268 [}
J72.A08 14,329 0 .. 172.808 18,229 . 0 o
172,409 14,277 0 172,402 Je217 0
171,454 t4etoy . 0 T4 ¢ L 14,190 0
170.P84 14e000 0 170.884 14,140 ]
e LAQ 9 AT 1AL UAB 0 169,987 14,086 . 0
169.0%9 14,900 0. 169,01y 14,000 0
JEO.L80 . 13,766 . 3 .. 1AALGRD 13.966 [}
187,54 13.910 0 167452 13.99¢ 0
165,008 13,804 0 166,968 13,094 0
108,097 1078 0 164,397 1%.0T8 0
168,658 12,087 0. 14A.085 13,0870
155,070 | ATLLY 0. 165,090 13,0882 0
1e4.513 13.049 F) 164,513 13,040 [}
143,724 120} 0 162,928 13,51 0
163,592 N8558 0 j63.592 13,033 ]
183,000 13040 0 162,014 13,008 0
167674 13.078 0 162.674 13.878___ 0
182,122 12,9002 [ 162.102 13,902 ]
1863.110 12,057 0 ... led.lat. 13,987 [ ]
160.817 1394 0 160,817 13995 (]
R 163.0A0 14.L39 .. 0 ... 160,080 14,02 .. 0
159.TW 1a,008 [} 159,132 18,0080 0
159,108 14,1218 0 159.188 14,121 0
158, rp0 14,088 0 150,889 14,150 0
10,30 14,240 .. 0 180,373 . .. Jé.zle . O
147,982 144271 0 187,062 140291 0
157,548 14,337 .. 0 .. 157.566 . 4,327 . O
157007 LT3 T [ 157.107 14,404 [
156.672 14,502 0 156.8172 14,5000
156,429 14,%60 [ 156,420 14,560 0
129,%%8 17,97 . 0 137,9% 17.995 [4
179,.%% 21,429 0 120,520 21,429 0
137.89) 21,590 0 127.0v3 . 21,399 0 .
127.%19 21.70) 0 127.510 21.T0Y [}
126,954 21,0617 [ 126.954 21,8670
1264506 21.978 [ 126.594 21,973 'O
125.0% 226142 0 126,058 . . 22,14) K’
124,52 22,314 0 123,520 22.314 0
Ji4.730 22.901% 0 166,738 22.5M 0
154,000 2. 008 0 174,410 22.49% 0
ti3.222 £2,0713___0 123,922 . 22,0730
123,448 20, °%) ) 123,446 23,053 [
122,728 22332 0. 122.7)% 23,3302 0
1i2.40% 23,517 0 172,208 23.517 0
321,610 23,102 0 121.6106 p3.002 4 0
1.20.959 24,000 0 120.969 4.,0%0 0
130,006 .. 205300 150,006 .__.26.538 0
139,346 24,907 d 119,348 26,907 [}
118,004 25,2408 0 118,804 23248 [

ees PERMISSIPLE LEVGTH ...
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FLODABLE LENGTH CURVE

(SCALE ICM

4.33M)

SUBDIVISION LENGTH 94.0 M
BREADTH 14.0 M

DEPTH 7.6M
CRITERION NUMBER 16
FACTOR OF SUBDIVISION 1.0
NUMBER OF CREW 325

alp

12,5

=3 i1

n

B

( 96 )
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( 85 )

oem

g ¥

2e4  INPUT DATA_FOR_TUANING TEST ¢&e hd A0 $0CED-_QATA 28k
o]
DAVE FEBRUARY 4 1977 MEASURED SPACE OF SPEED * 40 o0
PLACE RURE~1 SHIPYARD o DISTANCE FAOM C.lL. TO MFAN MEASURED BUARD AT.3
CIND, FULL o
(NINUTED (SECOND) (ELAPSED TVIME)
WEATHFR ac .
) o H 0 16.00 490
$EA COND. 3 2 0 20.00 5,00
e . 3 0. 30,00 5,30
$SFA DCPTH 1500.00 o 4 0 40,00 S.50
_ 5 0 50,09 5,70
R. WIND DIRECTION 25400 ’ 6 ) ‘e 6.00
. o 7 1 20400 6050
N. WIND VFLCCITY 11,006 a 1 40.00 7.20
9 2 eicr. 080 e 2.10
EHGINF PONEA HoCola o 10 2 30,00 2,130
1" 3 0.0 10,70 -
INIYIAL SPEFD 16.20 12 3 EYR Y 12,10 .
o 13 it 0.0 13,50
INITIAL COURSE 270.00 14 4 30.00 14,70
15 s 0.0 15.70
INITIAL RPH 83.00 o 16 5 30,00 16,60
. 17 6 0.0 17,40
DESIGNED RUDDER ANGLE 35,00 ) 6 35,50 10.10
o 19 7 Oel . l".'ﬂo
ELAPSFO TIME FAOM THE ORDER TO DESICNED AUDDER ANGLE 20 7 20.00 19,20
N 2[ ——- 0.0 19,70
254,20 o 22 8 30.00 20.00
23 9 0.0 ' 20.30
MFASUAED RUDDER ANGLE 35.00 24 9 30,90 20,60
o 2 10 0.0 20.90
OISTANCE FROH PIVOTING POINT VO SHIPS GRAVITY ) 2. 10 30,00 21.20
. 27-—-13 - 0.0 21.40
100.00 0 20 1 30.00 21.60
29 12 0.0 21.80
) . 30 12 35.07 22,00
LINGTH BFTMFEN PERPENDICULARS o 3 13 0.0 22.20
. - 32 1 30,00 22,30
320.00.
UNIT EGR OUT PUT 0 . .- MCYRIC o
INDICATION OF DRAWING 1 . DRAW o
DRAWING SCALE A AL_SIIF - .
INDICATION OF TURNING 0 soTH o ,
. ’ i : .
INDICAVYON OF RIGHT OR LEFT 1 | PORY ! o .
HON-CANADIAN DATA 1 CONSTO ER




- . HFASUAFD . .. CORR, .. ANGULAR _ BHIP'S ___ SHIP*S ... . .YURNING
ND TINF SPEED SPEED VELOCITY POSITION POSIVION ANGLE
tSEC) IM/8¢LCH n/seC) (ADVANCED) (YRANSFFA) {VEG)
1 Je00 .10 §.160 0.0 0.0 0.0 0.00
2 $ed L X3 L} 84226 0.000923 40 .9 0.4 0.1é
3 10.0 a.162 n.259, 0.092024 2.2 540 D.85
A e 1500 e B0 oo 80238 — — 0.0028T) 123,58 e Db 1,87
S 20.0 8.000 B8.174 0.87.3¢69 Lhé.b 1.8 .72
[} ?%.0 T.821 A,021 04004221 20%.) | 1 32
7 30.0 Te947 T. 754 0.004632 W47 0.9 5.2
A 35,9, T.406 T.620 0.004708 3.2 ~0.9 b.40
9 40.0 1.27) T.514 0.00%091 R 321.0 -3.2 a.ub
$0— e 8800 il L TAIAT L e Tob2A e 0, 005862 . o 3886 . 5,0 —_—— 0,76
1n 500 Te010 T.373 0. 007532 395.4 -9.3 l.09
12 35,0 ' 6,043 T.3086 0.01162¢4 432,86 -12.3 15.07
13 60.0 8.687 Te372 CeU14919 AT0.1 ~18.1 .44
14 65,0 6430 Te281 U. 013680 506 .9 =22.3 13.93 .
13 70.0 6.46C4 T.260 0.018245 343,.5% ~30.4 1e.18
16— V803 8,208 . 6.924 5.003%23 — STV o4 43,0 93,04,
17 f0.0 6e154 6.7175 0.013140 609.2 ~37.2 36,00
11 85.0 3,908 8.613 0.013308 639 .4 ~73.0 40,53
19 90.0 3.02¢1 8.430 0.012876 eAT.9 ~90.2 8,22
20 95,0 5.848 8.250 0.012744 894,46 -108.6 AT.07 R
2t 100.v 8479 8.076 0. 0020102 T19.2 ~128.0 $1.48
$2 106500 e 50323 o 8,923 — . 0.0012480 . T42,0~14AB.3. $s.vé
23 110,0 S.194 3.770 0. 012348 T763.3 ~169.4 88,80
% 115.0 5.0¢3 S3.640 J.012216 T162.7 -A%3.2 . $2.10
25 120,) 40930 34310 0.03208% 800 o4 -213.3 65,56
26 125.0 4.823 5.389 Lo Gl 1952 06,9 =236.9 68,98
7 130.0 4,712 3.711 0.011020 . 830.9 -239.9 V2.37
.28 ...135,0 4,604 3.13%7 0.018608 . _.843,.7 _ ~303,0 ——_ 15,72
9 152, 0 4.3C0 3.046 0.011%36 A54.9 ~306.4 19.03
30 145.0 4.399 4,939 e 031424 44,6 ~3306.3 0i.30
n 150,90 4,301 4o833 0.001292 Al2.0 ~334.,0 05.5%)
32 155.0 4,199 4,727 0. 011180 are,.3 -377.8 20.73
33 160.0 4.101 A 830 0.081382 805.1 =401.0 ".99
3o i 165,00 o A,008 4,538 ... 0,020192 089,20 ~A24.3 e 95.,20.
k1 | R A 3.913 4,415 0. 030604 891 .9 ~447.1 20.24
kl3 17%.0 3.824 4,309 0,0)025¢ 893.2 -469.5 101.37
k4 180.0 3.7 4,212 04080239 093,35 + =491.4 104.05
n 15,0 3.687 4,121 0.009795 892.7 .=512.7 104,08 -
39 190.0 3.58) 4,038 0.009592 890 .8 =533,6 B0%.60
40 ceu19%.0 .—— 3,509 34959 ceeeer. 04 0095186 . 0088 .0 . ~534.0 114.3)
A1 200,90 3.4)9 3.r04 04359404 004,08 -573.8 115%.02
42 208.0 3.373 3.011 0009292 80 .2 =393.1 11T.60
43 210.0 3306 3,748 0. 009206 a15.1 ~611.8 12332
L 21%.0 3,242 3,601 0.009209 889,.3 -630.1 122.98
43 4¢0.0 3.140 3.618 0. 09187 862.¢ ~847.7 125.81
46 .. 225.0 3088 <~ v 34552 _.....0.007080 ... 833.7 __~664,8 .—__._.. 128,22
24 230.0. 3.N86 Ye492 Qe U0 0998 eAT .0 ~881,2 130.00
48 235,0 3.013 s 3432, Oe GOOASS 839.¢ ~697,0 d 133.33 .
49 240,90 2.903 1 3,379 0.00878 - +830.8 =717, 2 .- 13%.03
50 ?245,0 2.937 3.322 0.008570 10219 =726.8 138.20
51 250.0 2.874 3.272 s 008430 - s1i.7 ~740,7 140,70 °
53 255.0 2.032 — 3,223 ____ 0,000285 001 .4__.~733,9 143,08
L1 263.0 2.7156 30128 0s 0078132 T19.9 “T7863 147.41
55 270.0 2.72% 3.084 0,007723 Teo .8 ~789,9 149,82
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L7 eren 90 ey
1000 "}_ merica. piverer 893 M ¢ 27iom) J
Loe)
l—IBysrEn 380 M ¢ e ibes
120°
800] 1
NOTE §
A REFER 10 TR0 TURNING
600, i )
N ;
w| ] ]
] d
] o
s
200 g
4 INITIAL COURSE § 270.0 DG INTTIAL COUNSE ; 250.0 060
INITIAL SPEED | 18.20%TS INITIAL SPEED ; 1827 XVS
qQ N | 1 N i N | s . [ PR | " { Il N
800 600 ~400 200 [ 200 400 600 800
(UNIT METER) (UNIT METER)
ma ar | LoapInG cororiion |, ,
SIABRBOARD T RNINQ .
~ on% 184 DEQ w.c.v, | ENGINE OUT PUT w.C.n. *8 Dco 189 060
WePsED TIME 0 2°-374° 5°-204° ACTUAL RUDDER ANOLEl3s g o DRAPAD 1IN 0 232" 3 ;A
DISTANKE TV ) = oI3TANCE $ e n 17eme
25,2 s«d Tl o Rtk o £3.0 g
w0 |10 |20 [270 Jase [2:0 |ee0 130 [1zo [vo [sa 20, {8 |3 e rm‘;‘&‘ﬁﬂe% £ e IS 18 I L 79 jI2¢ [is3 Jiee [2°0 {242 z7e |20 [0 |0
d-fi) -he v -j8 -8 i3 <l4 ~|3 -2 -fs -0 -lo -lo ~Jo - n—ET[MER%'gg;RED|-|~o-o-0-z-|-c -r| -le <la +Jv -lig -Jou =13 -
nelipd| d0a]220]|38 {901.0|2ee]204] 29.4] 7.0 525] 41.0]) 34.8] 2v] 0.0 (MIN -~ 0.8 | Ma]|ava]iz2|s24] 72| 04} 134]43:8108 Jev2] M| 2] 150
727|723 Jras [ras 2z [rae [ras [rso o fr9o Juze Jaza fona June Jond |s SHAFT RoP.M. 7 Lao fena fore Jons [rma [rous rse Drne [ozs fraa Jrao Jrea Jrvs o i
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2e¢ INPUT DATA FOR _CRASH STOP ASTERN AND AMEAD JEST eee

wamew CRASH STIP ASTERN 1EST ——om=

e  peRUMY ST T . .. e e remmre e s m e s e o ot on e e oon o s e ot e e ame s
PLACE KURE-1 SHIP YARD
COMD, FULL LOADFO CONDI TiON _ Commmm T
e S e e eorammee e v 4 e e wmmns oo ot sm e e ot @ e e e
SEA COND. P
SEA DEPTH 7000400 TorTT T mmemm e
T TR WEND DIRECTION 12000 ToTT T e e e -
R. WIND VILOCITY 7.00
TNITIAU S FEED 16420 '—
INTTIAL COURSE 250,00
INITIAL RPM 64 +00
SETILED SPEED -4 450 -
SFTTLED RPH 25 .00 \
UNTT FOR GUT PUT o RETRIC
INDICAT 10N OF DRAWING 1 DRAW ~
DRAWING SCALE [y A4 STZE 0
INDICATION OF TEST 0 TRASH STOP ASTEIN VEST
- NON CANAD IAN DATA 1 CONSTDER TTmmmmmmmm T T e
DATA NAME FEOR ENGINE PART _ (HE¥eld {SECOND)
' AHEAD_VALVE SHUY _________.0_—__5%.00 N re e e e !
' ASTERN VALVE OPEN =00 T , ;
: SHAET _$T0P_AND_SJARY 0_~— 14.00 .
ASTEAN RPH SETTLED z = zg:go y

e

2

H B ¥
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s0%  SPEED DAYA  9s¢ 208 HEAD. ANCLE RATA _0¢e
MEASURED SPACE OF SPEED %4040 T
DISTANCE FROM C.L. 10 MEAN MEASURED BOARD 2740 - T T

LHIDUTEY _ 4 SELONDY _ [ELARSER_TIMED . AHINOTE)__SECONDY. _ LHEAD . ANGLE)

1._._0 10.00 4. 10 1 0. 10.00 250400 ___
2 0 30,00 5.0 2 0 20,00 253400
. B 9.0 5.0 _ 3 o .00 255,00 I
4 1 30.00 © Tel0 ' 4 0 40,00 2574060
] 2 0.0, Ne50 s X 0 50,00 6L.00
A 2 30,00 10.50 & 1 .0 265400
K 3 0.0 16.90 k] 1. ____30,00 _ _ __i70.,00 ____,
) 3 30,00 19440 ) "2 0.0 275400 :
9 4 1D 25290 9 R 3000 203,50
10 4 30.00 20.50 10 3 0o 209400 ’
1 5 0.0 32,00, 11 3 30.00 95,50
12 5 30,00 37.00 12 4 0.0 307400
3 & 0,0 47,00 13 4 30,00 307.00
1¢ 4 30.00 8,00 14 5 Y 309,50
13 1 0.0 ~53.60 15 i) 30000 311400
16 1 30.00 ~41.60 ‘16 [ Vel 312.00 i
- 17 ] ﬁou, ~3 0400 v _i? ——— -] [, 30.00 . oaom e 312430 rerin g o e o s ot b o s, S &
10 a 30,00 -3, 60 18 L 0. 0
o vemimn e vimme e 19 Y 0.0 __ . 35,50 19 _ ¥ _......30.00____ 3l1.90 __ .
20 9 30e00 ~32400 20 8 0.0 3L
21 14 ") =29,19 21 8 30,00 30970
22 10 30.00 —26.00 22 9 a.0 307.20
311 0.0 =224 4yd 23 9. ....30.00 __ _ 130500 _ ..
i4 n’ 30,00 -20.,00 24 10 0.0 303.00
vemame e ot oo o8 e BB Qe B U0 . 85 B0 L 000 303620
28 12 30.00 =150 26 32 Got 29veil
21 13 ('Y ~13,40 1 13 Gel 207400
28 13 30.20 -10.28 : 28 :; 0.0 234.03
- 29 14 0.0, g T I VY 3 JN ———000 . 2082.00 _ . . .
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=== SFSULY OF CRASY SIOP ASTERN TESY =

DAL FEMRUARY 20, 3977
PLALT . RURE-1 SHIP YAND te e tme me s e e eeae eeenee . e Eesee mitay o e e es i s T e tremmee e e 480
LNADL LOND FULL LCADED CONDRTION
WIATHLA 0 :
SIA CUND 4
SEA DRPTH 0w N .. © e ae et m o me— ———————
INITDAL CnuasE i%0,0 DEG
. uIND L et OIG. Teu MWISIC R e e
INITIAL SPEDD 16,7 K18 .
v PN L0680 L. . . . -—m
ASTESN  STVILED SPFED  =4,5 KTS v e v e m
RPN 25.0
SHIPOS Si(P e -15,b%
000 __CALLULATION UF CRASH _STOPASTIRN _TFST see o e e —— —
: MEMSUNEN____ COuRr,, ANLULAR, sHIPes sHipes,
'R 1InE SEein SPLEY VELOCETY POSITION YOS ITION
1SEC) | 4 M/SeC) L WMEC), co o JRLVANCED . QURANSFERY . _ .. .. _—
] o0 8,413 reabl C.C t.0 0.0
2 .0 . Aleeu L HeARs | 0.000%.4 . 8203 ... =0l _ .. .. . _ . o e (AR A R R R — o t———— o s
3 10.9 8.3 8.340 O0.Lbuabd I ~b.t
4 1.6 (ot 08 =Q,00004) 1i%.46 =0.1
5 i0.0 | RY% KA LYY I “le " 4347 J6s.6 ~Jed
€ 280 PedT____ _ALT6 . ~delUl656____ 2173 _=Ua)
7 30.v [ X1 4Y 3113 —veolbé?8 2464) ~2.4
'] %W L Ta®0 L T.A06 . -0,003600 L abk.S . -S.0 _ __
] 40,0 . T.79) T.098 ~3,503371 3.0 =10e2
10 £5.0 T.b11 Y. 581 =004 4 300, 4 ~1%.¢ +
n ,50.0 Tobek Tedo e —se. UL, B 3970 ~¢dok
12 TSR0 Ll TN FlN2 L SDLLEAN2D | AdYed ___ =28.8 . __ . . e
" 60.0 Teu?)d 7. 180 —~.t06ul b 7.2 ~38.0
14 6%.0 ____ Y.yl ~Tevl® 0089y ___ Suled . .. ~44.,0 _ . o mme eees same o os m— —— —
15 13,0 s.8T) 5.007 ~2,60:30% 5.1 TS
i€ 13.0 §.579 6,92} =0.00:00 ¢ 309,98 “h8.4
17 800 Loind todv? esUsBY S 94,0 ~TC.4 '
" DEb 50987 S HBY . _-D.UD28%4 . __ 62448 . . ~08e2 ... __ _ _, .. _ .. ...
19 90.0 5.714 5.666 —~.i0:343 517 -97.,9
20 9Sed | RS f.e31___ ~Jev079M0 o7%.7. ___ -0V e
n 100.6 t.3%) Yeab’ ~0.002z58 102.7 -1 7.3
22 __.10S.0 L 5090 =0.4:0332¢ Yibed =1i 7.0 .
23 110.0 Seul? ~e 2. “3ev03590 To9. 4 =157
34 Vifab L Se8MB _ alT36. -3.300TR8. L WGV . ~M8O S
23 120.0 LS I8 T —veu03986 797.9 ~157.0 - T
26 $23ev (L . 4,550 __ _4.44) ——Veu(a338 __  #13.0 ~167.3 .
2 130.0 bl “ei?l ~0,C0%44 ) $32.3 ~177.4
18 1290 Srirloc 130 =0,0043%0 8507 =187.1 J
29 0.0 “el5) e l29 ~UeliU462 Ly 6eb. & T N : ; .
30 V450 .. 3.9 3,000 _=0,504200 Y  683.2 s ' ~208.¥ .
[} . .
. 1]

g
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SPEED. RUNNING DISTANCE AND TIME

l'.n

DATE FEBRUARY 20. 1977
PLADE KURE-*1 SHIP YARD
AhCAD VALVE SHUY 5.0° LOAD OOND  FULL LDACED CONDITION
ASTERN VALVE OPLN 70" WEATHER 0
_SHAFT STOP AND START 140" SEA COND :
1
20 ASTERN RPM SETTLEQ 2.°'-100"* SEA DEPTH 2000.0 M
) INIT. COURSE 250.0 DEG
WIND 120.0 DEG .0 M/SEC
"‘%‘%‘EIH P 2000
iS5
(4]
b
z .8
= 1500 @
- ¢ :
] il
: s —fan : :
L \*\‘“G R [y "y
a- ]
w wy i ¥}
P ol o 1000 2
a. s =
=y o @ 2!
V2] t Q
= o i 2
O ' 482 M 500 Z
o w L o
;ﬁ ' W) <A al x
% & -
- a
e &
RLE . L 9 . L F <0
D 2 + 6~ _ e - 13 12 <
z| \ .
3 [\-asreen oroen TIME IN MINUTES
o
-}
19

41S31L NA3LSY dQLS HSYYI 40 LINS3Y

(v01)
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COURSE OF CRASH STOP ASTERN TEST

498

!
‘ ~SHIP'S STOP

& - 65°
1200 | -
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s~ AESULTY OF STOPPING ENERTIA TEST.——=

OATE FEQRUARY LT 1977
sLACE OFF 0SIHINA
LOAD €OND  MALLAST CONDITION
MEAYIIER [
SFA COND 3
SEA OFPTH  1700.0 M
INITIAL COURSE 120.0 DEG
8. Hind 37.3 0EG 12,0 MAsSC

. !
INITEAL SPEED 16,4 KT8

/P 90.8

SHIPSS SPEED 8.0 KIS .
ELAPSFD TIHE §00- 2,34

@96 CALCULATION OF STYOPPING INFRTIA TEST eee

(901)

HEASURED CNAA, ANGUL AR sHIPes sHIPOS

NO TIME SPEED SPEED VELOCITY POSITION POSITION

L1SEC) L M28 L) L_B23EC) IADVANLCEL LIRANSEER)
H 8.8 8,302 8,184 8.8 0.0 0.0
2 5.0 8.203 8.154 -0.004052 4.3 il
3 10,0 8,163 0.079 -0.003129 81,9 L4
4 15.0 8,078 £.01n -0.002207 ¥22.2 1.2
5 29.9 84000 Te¥55 -be00iza 4 idZai Ged
A 25.0 T.97%% 2,899 ___+0.000926 201.8 ~0.2
7 30.0 7.043 7.819 -0.000891 1.0 -1,
) 35.0 7.689 1.L68 -0.000851 219.7 ~2.3
) 40.0 7.547 7.508 ~0,00002) N7T -3.3
10 45.0 T.477 7.483 =0,00088 8 3s. ) -4.9
n $0.0 T.407 To 384 ~24000883 392,2 bt
12— 55,0 e 7.3%9 T.304 . ~0.000880 — 428.9 ~8.1
13 6049 1.273 1.2%0 ~0.000859 485.3 -9.9
" 64,0 7,215 T.194 ~0,0007b4 501.3 ~11.9
15 70.0 T.163 7.14) -0.000721 537, “14.0
16 7508 7.117 7.099 -0.000678 572.6 ~36.2
1" 80,0 7.9718 1.081 ~0.,00063% 408.0 ~18e%
18— 5.0 ———7.045 7.030 —+0,000844 — 443,10 ~20.8
19 90.0 7.018 1.014 ~0,000149 73,8 -23.3
20 95.0 6,968 6.966 a0 713.0 ~25.7
2) 100.0 6,929 $.920 240 T41.8 ~28.1
22 105.9 84078 8.078 0.0 18240 ~36.9
2 110.0 8,041 b.04Y 0.0 b.2 ~32.9
26 ——115.0 — 4,808 4,808 0.0 850.) ~35.3
3 120.0 4,700 A.780 0.0 04,2 ~37,1
26 12%.0 5,70 4,781 0.0 ”"7.9 -40.0
27 110.0 4,742 8.742 2.8 "4 ~42.4
28 135.9 84723 he123 0.0 ”"a.2 ~44,1
29 140.0 s.707 4,707 0.0 1018.7 ~47.1
30 ——145,0 —— . 4.48¢ 8.409 0.0 10382.1 ~49.4
34 $56.0 8,667 5,887 8.0 $005.4 538
32 155.0 4,630 8.630 0.0 118,08 -84,
3 180.0 . 8,605 8,405 0.0 $1151.4 =56.4
I 185,0 8.568 1Y) 0.0 1104058 -58,7

e

A
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8% INPUT DATA FOR ZIG~IAG TEST #se¢

pATE HARCH 9, 1977

PLACE ' KURE — 1 OFFICE
N, BALLAST CONDIVION
WEATHER 'y

SEA COND. 3

SEA DEPTH 150000
Re WIND DIRECTION ~90.00
Re WIND VELOCITY 20,00
INTTIAL COURSE 220.00
INITIAL SPEED 14400
Le P 94.00

INDICATION OF DATA
INDICATION OF DRANING

ANGL2 =
ANGLA =
ANGLS =

#0% SPEED DATA #ee

0 USING INPUT DAYA AS IT 18
o HOT DRAW

AU JILE-

0.9833
~1,2033
1e4267

{HINUTE) §SECOND) {KNDT) y 'y ‘Y
1 o ' Ge0 25.80
2 2 0.0 24,48
3 % 0.0 23.50
L) [ 00 23400
5 7 10.00 22.8%
6 22 0ed 18,00

[ XY Y'Y T

{RINUTED  (SECONC) {REDDER ANGLE)
1 ° 040 0e0
2 0 5.80 15.00
3 4] 23.00 135,00
4 0 32,80 ~15.00
5 0 04.00 ~15,00
6 o 93,40 15,00
'} o 141400 15400
) ¢ 152,40 -15.00
9 0 200,00 ~15.00
1]
408  HEAD. ANGLE DATA #e¢
HINUTE) (SECOND) (HEADs ANGLE) .
° - 0.0 0.0 .
° 41,50 20.00
0 100,00 ~28,00
0 158,30 31.60
0 0.0 0.0
0 U0 0.0

(601)



RESULT OF ZIG-ZAG TEST -

DATE MARCH 9, 1977

PLACE KUAE - | OFFICE

LOAD COND BALLAST CONDITION
WEATHER 8

SEA COND 3

SEA DEPTH 1500.0 M

INITIAL COURSE 220.0 DEG
INITIAL SPEED 14,0 K1$
A. WIND -90.0 DEG 20.0 M/SEC

LENGTH BETWEEN PERPENDICULARS

MANEUVERABILITY

K 4 (1/SEC
K68 (1/SEC
KN (1/S€C)
T4 (SEC)
T68  (SEC)
™ {SE€)
DELTA A (DEG)
(VS BASE)
K 1.5980
T 1.9107

6.14402
0.10086
0.12244
31.933
17.942
24.938
0.89892

1t o 15 3
Gxr 5Bk 3)

(o11)
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DISPT (HID)
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D. CORR
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TPI
LCG
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LCF
KG
KB
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L KH
GH
oM

G®
AW
Cw
AH
CM
WS A
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MT |
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T 5 o T BB

AEBRT7IATION

di spl acenent with appendi ge.
Di splacement without appendage.
Appendage  di spl acenent .

Di splacement  difference.

Increase of displacement for one CMinch sagging,
in case of hogging this value means decrease of displacenent.

Ton per one OM inmmersion.

Ton per one inch inmersion.

Longitudinal center of gravity from nidship.

Longi tudinal center of buoyancy from midship.

Longi tudi nal Canter of floatation from midship.
Vertical center of gravity above base line.

Vertical center of buoyancy above base line.

Transverse metacenter above base |i ne.

Longi tudi nal rmetacenter above base Iine.

Height from center of gravity to transverse metacenter

Corrected height from center of gravity to transverse
metacenter by free water effects.

Increase of center ofgravity by free water effects.
Hater plane area.

VWter plane area coefficient.

¥idship sectional area.

Midship sectional area coefficient.

\Wtted surface area.

Mrment to change trim one CM

Monent to change trim one inch.
Morent of inertia.

Mrent of inertia around center |ine.
Moment ofinertia around neutral axis.

Propeller immersion ratio.
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CADS i1n Piping Design System

In piping design system, CADS is used for development of pro-

duction engineering drawing for the purposes of:

@) Modification of piping layout made by module and

automated piping design system.

) Input of piping layout prepared by manually drafted

sketch.
3) Design of new module, and
(@) Modification of the module.

The data developed by CADS are transferred as a input data of

pipe piece calculation program and material control program.
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2. Functions and Features of CADS Piping
De sign System

2.1 Functions of the Systenm

@

@

®

O]

©®)

To use background drawings of hull structures and
obstacles for piping, which are supplemented by trans-
parent sheets, photographic techniques and additional
hand-writing.

Among the background drawings, main hull structures
(such as frames, longitudinals, decks) are registered and

drawn by the system.

To obtain tripartite drawings of pipe planning with plan,

side and section views.

To define pipe lines by indicating the start and end points
and bent points.
Computer takes the following role by rough manually
indicated data.

Running a pipe line in parallel with an axis..
Rounding pipe length

Setting bent piece standardized.

To check intersection among pipes and others (tanks. hull

constructions. etc.). by means of optional sections.

To calculate the clearance between the designated pair

of pipes.



(6) To set pipe fittings on pipe line.

Computer adjust the rough input data with Pen Analyzer

to set it on pipe line and to round pipe piece length.

) To check the pipe piece dimension based on the

fabrication standard.
®) To design the shape of pipe support.

9 To set the same shaped pipe lines and pipe
supports corresponding to indicated portion that

is designed already..

Uﬂ) To decide and draw leaders and characters such
as pipe piece code, code of pipe supports, title

of drawings.

Ui) To provide data for pipe piece fabrication system

and material control system.



2.2

Features of the System

D

2)

3)

4)

Large Panel:

Optional sections of tripartite with optional scale are
easily drawn out on large panel so as to check them

in one-glance.

Easy Operation:

The designer does not required special knowledge
of computer. The designer can operate the system

through a few day"s training.

Minimized Input Data:

(i) Simpel input operation of command and
symbol with key-sheet and of X, Y, Z
value with defined coordinate, either

indication is performed with Pen-Analyzer.

(i) Command and symbol operation is mini-

mized with "Default” and "Modal'™ function.

(i) The computer supplements the attributive

data to input data of a few key words by means

of the master data based on standardization.

Assured Quality of Drawings and Data to relevant System:

When the drawing is finished, every relevant data,
such as dimension, fabrication practice, material
and installation control, are defined simultaneously.
So that the data missing, that is occured frequently

in case of manual input, is eliminated.



5).

Easy Maintenance:

Data, which have possibility of changing in accord-
ance with ability or restriction of facility and con-
dition of purchasing such as fabrication practice

and dimensional table of outfittings, are registered

in master file.

Therefore, it is not necessary to change programs

to cope with alternation of condition.

Revision of the master file is rather easy than
revision of program, furthermore, conversational

revision measure of master file is established.
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3. Design Procedure with CADS
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3.1 Step-1 Preparation
Locate Hull Unit & Start and End Point
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3,2 Step-2

Layout
l.ocate Form

Locate & Fabricate Support

7
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3:3 Step-3 Piece Divide

Insert Parts & Piece Devide
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Piece

Check

Table 3.1

**PIECE CHECK*
**AS03210

EO42 LESS THAN BASE
LENGTH= 50 BASE=
EO42 LESS THAN BASE
LENGTH= 200 BASE=
*PIECE CHECK*

=xAS(3210

EO42 LESS THAN EASE
LENGTH= 50 BASE=
EO42 LESS THAN BASE
LENGTH= 200 BASE=
*PIECE CHECK*
**L001151

EO42 LESS THAN BASE
LENGTH= 100 BASE=
*PIECE CHECK*
*xFRO1012

*PIECE CHECK*

LENG.
305
LENG.
300

LENG.
305
LENG.
300

LENG.
126



3.4 Step-4 Installation Drawing

Draw Dimension Line / Piece Code
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CADS Piping Design System
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5.2 Function of Commands

5.2.1

5.2.

2

Set up Commands Start

1) To set initial values in the system.

2)

To set initial values in data files.

3) To input particulars of piping arrangements such as

1)
2)
3)

Ship No., Drawing No., Zone, etc.

Coordinate

To define coordinates and their boundaries to be work out

on AD table.

Tape In
To read data from the magnet tape and set the data on the
file.

Data in the file are pipe data and master data.

Tape Out
To write data on the magnet tape for data transmission to
host computer.

Data in the magnet tape are pipe data and master data.

Locate Commands

Locate Unit

To generate unit data to be stowed in unit standard file.
To locate unit data derived from unit standard file.

To alter unit data in deviated points from standard

arrangement.



Locate From-To

To input data of systems and to locate pipe endpoints in
piping arrangement.

Input data:

) System names

) Pipe end points by coordinates (X. Y. Z.)

3) Diameter

4) Pipe piece or fitting name

(5) Others

Locate Form

To locate beding points on the line of the pipe end points

through “Locate From-To” command.

Locate Insert

To set parts on the pipe line determined through “Form

Command?”

Locate Diversion

To set the new pipe line on the designated position by

using the piping data defined previously.

Locate Support
1) To set pipe supports on the pipe line
2) To determine the position of U-bolt for pipe on the

pipe supports.

Fabricate Support

To design pipe support combining basic pattern of support.



2.

3

Locate Hull
To define hull structure such as frame, longitudinal and

deck as a background drawing.

Draw Commands
Draw Hull
To make a hull structure drawing by data given by “Locate

Hull” for checking.

Draw Unit
1) To draw unit data derived from unit standard file.
2) To draw only the end points of the pipe line by data

given by “Locate From-To” for checking.

Draw Line

To draw the pipe line by data given by “Locate Form” for

checking.

To draw letters and leaders belonging to the pipe.

Draw Support
To draw pipe support by data given by “Plural Support” for
checking.

To draw letters and leaders belonging to the pipe support.

Term/Measure
To draw the following marks on the designated positions.
- Pipe Number

- Pipe Piece Number

Pipe Fittings Number

Pipe Support Number
- Pipe Size



To draw letters and leaders on the designated position.

To draw comments on the designated position.

Draw All
To make a final piping arrangement drawing by input data

given in previous stage.

5.2.4 Check Commands
Piece Check
To carry out piece dividing of the line and to check the
length between two points in the unit of system.

Items to be checked are shown as follows.

condition of piece fabrication

condition of Pipe Piece Program

direct welding

length of short pipe, etc.

Clearance

To check the clearance between designated two pipes.

5.2.5 Modification Commands
Modify Point
(1) To modify entities of fittings.

(2) To modify all of the coordinates or diameters of the

pipe.

PPACFT
(1) To edit pipe data prepared by PPAC.

(2) To separate one pipe lines into plural pipe line

General

To delete and modify co-ordinates.



5.2.6

4l

To delete hull structure, letters, leaders and comments.

Delete Line
to delete pipe data for each system or between designated

two points on the piping route.

Delete Point
To delete a designated point of the pipe piece.

Delete Support

To delete pipe support data in the unit of system or piece.

Fabrication and Outfitting Data

IPPIN

To prepare data for pipe fabrication such as:
- Pipe piece Number

- MLF No. and/or MLC No.

unit sign

Loose sign, etc.
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1. Examne and Study the SPADES System
2. |H System
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March, 1979

Prepared by: Masum  Hat ake
| H MARI NE TECHNOLOGY, I NC.



IHI MARINE TECHNOLOGY. INC. 1. 0-1

1.0. Examne and Study the SPADES System

The SPADES system of conputer -- aided ship design
has been exam ned and studied by IH to determne if
full utilization and benefit is being realized from
the use of the system at the Levingston Shipbuilding
Conpany.  The study has been proceeded from Novenber,
1978 through February, 1979 at the Engineering Cffice
and the NC Department of Levingston. This report in-
volves "Over View', "SPADES Mdul es" and "The Usage
of the System at Levingston"




IHI MARINE TECHNOLOGY. INC. 1 1-1

1.1.

Over View

1)  General

The SPADES system can be seen enough to cover al-
most over all from the design engineering to NC lofting
and preparation for production in its function. |tg
capability shall be evaluated adequate to support nany
users which build various shapes and sizes of ships.
In fact, it has been used by many shipyards in the

U S A

Moreover SPADES has enough space and nore appli-
cable field to be developed in the future. Newy
devel oped progranms, DEMO and SPAC, will mmke it possible
to expand the users operation.

2)  The Usage of the SPADES System at Levingston

The Levingston Shipbuilding Conpany is not using
all modul es of the SPADES SySt em | ndi Spensab| e modul es
for mnimum NC lofting are now in use. Fromthe view .
poi nt of usage, SPADES system shall not fully display
its worth at Levingston. The main reason shall be in
lack of a large drafting machine. FAIRING and ship's
hul | calculation nmust be trusted to the Cali and As-
sociates and others. And many difficulties and unef-
fective matters due to the lack of drafter can be found.
|f the drafting machine is provided, a useful module
of SPADES, DEMO, shall be easily installed to this
shipyard. In this concern, more detailed description
shall be presented in 1.3.

3)  Some Problems Pointed Qut by IH

(3-1) The output for making a material cutting
list:



1.1. Over View (Continued)

The output through the systemis good enough for
full support of NC burning machine. On the other hand,
the output for hand marking and hand cutting shall be
rather poor. A material cutting list for flat bars,
angles, slabs and face plates shall be obliged to be
prepared by hand through the results of parts generation.

(3-2) Stiffeners devel opnent on a web plate:

Concerning PARTS GENERATION, a web plate and the
stiffeners on it, such asbrackets, are separately
defined. Mst of stiffeners on aweb have close re-
lationship with it. |f they are defined at a tine,
the output through PARTS CGENERATI ON shal | be auto-
matically provided with the useful data such as:

Precisely marked starting and ending point
of stiffeners in taking account of stiffeners
plate thickness.

Marking the shifting direction of stiffeners
plate thickness.

Drawi ng of stiffeners identification nunber
on aweb plate by drafting machine.

In this concern, nore detailed study shall be
continued Iater.

(3-3) Installation of the shipyard's standard dat a:

Some of the designing standard of a shipyard can
be easily installed to the systemwth a few input.
The standard of cutout is a good exanple. However it
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1.1  COver View (Continued)

does not seem to be easy,at this nonent, to install
the standard data in the field of production such as
a bevel angle for welding, excess at joints and de-

tailed end shape of stiffeners.

Taking a bevel angle for welding between stiffeners
and aweb plate, as an example, this angle shall be de-
cided by the intersection angle between them |t shall
be troubl esome work to input the bevel angle by re-
ferring the manual of bevel angles as the key data of
the intersection angle or referring working draw ng.

If the process can be treated by the system it shal
be nore hel pful for the users.

But this problem shall be resolved when the nost
of shipyards in the U S A establish-their own standard.
The urgent theme shall be to set up the scheme of the
sai d standard in Levingston.

(3-4) Problem concerning a curved shell wunit:

The output for plate assenbly fromthe PINJIG
nodul e mght be inadequate. Dinensions for checking
the shape of a curved shell unit, such as girth length
at both end seam and end butt and diagonal |ength of
aunit, are necessary as well as positioning data for
the corner points of the unit and height dinension.
at each pin/jig position,

However this problem has a close relationship
with the fabrication method of a curved shell wunit.
Therefore it shall be prior theme to establish the
fabrication nethod for a curved shell unit from gas
cutting, bending, plate assembly and fitting frames
and fitting web frames.

In this concern, nore detailed description shal
be presented in 1.2.
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1.2, SPADES Mbdul es
The followi ng modul es have been studied by IH:

FAI R NG
HULLCAL*
HULLOAD
PARTGEN

NESTI NG
PLATDV

ROLL SET TEMPLATE*
FRAME BENDI NG
PIN JI G

DEMO*

SPAC*

Study has been extended to the modul es which have
not been installed to Levingston. (* Mrked Modul e)
Because it seemed to be necessary to evaluate the
SPADES system correctly.

Any comments from Levingston shall be nost ap-
preci at ed.
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FAL RI NG

The Levingston Shipyard indirectly uses the FAIRI NG
Program because a large drafting nachine to draw the
faired frame lines is not provided. The Cali & As-
sociates, Inc. calculates for Levingston and draw ngs
as output and data to be stored on the SPADES Data
Base are sent back to Levingston.

Lines fairing by conputer has been one of the
nmost basic matters for every shipyard in the world
since a computer was first applied to Naval architec-
ture. Because alnmost all of primry technol ogy necessary
for digitizing are involved in lines fairing. Smoot hing,
curve fitting, interpolation 'is a good example. Wt hout
these technol ogy, NC (Nunerical Control) and devel opment
of pieces of ship's hull, such as a curved shell plate,
a curved frame and even an internal structure mght not
have been performed. Mreover from the view points of
manhour saving, keeping high accuracy and scarce skilled
loft man, lines fairing shall be a nost essential thene.

It seens to be very hard to have a perfect fairing
program for every kind of ship's hull. The ship's hull

formis usually designed to fulfill the ship's purpose
and ship's performance, so that the shape is varied
very widely. Initial trim skeg, bulb, notch, sonor

done and appendage are not easyto handl e. Therefore,
lines fairing program should be provided with the
function of how to conbine the said conplex parts to
the ordinary surface.

The FAIRI NG Program of SPADES system has been
observed to be well-designed. The principles of analysis
and processing are very clear to understand for de-

signers and loft nen, and very reasonable. For exanple,
curve fitting method of the programis very simlar to
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FAI RI NG ( Conti nued)
the one of fairing by hand. The other outstanding
function is to recognize the characteristics of
curvature and point; sych as strai ght, knuckle, tan-
gency, a large radius curve and a small radius curve.

The Fairing Program has been serving to not
only Levingston but also many other shipyards in the

U.S. A, which build many kinds of ships. Fromthis
fact, the programis to have adequate flexibility to

the variation of ship's hull form
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HULL CAL
The Levingston Shipbuilding Conpany does not use
the HULLCAL program  SHCP (Ship Hull Characteristics
Program developed by the U S. Navy is now in useat

Levingston.  Therefore, it is not possible to report
the usage of the HULLCAL programin practice.

However, a brief coment on the HULLCAL program
can be presented through the reference of its user's
manual . The followi ng calcul ations can be perforned
by the HULLCAL program

Curves of Form and Hydrostatics
Bonj ean Curves of Stability

. Fl oodabl e Length Curves

Tank Capacities and Soundlng/UIIage Tabl es
Prim caIcMzﬂ I ons

. Damage Stabi | %
. Long |tud|nal rength
. End Launchlng Calculatlons

Tables of the results are printed out. Draw ngs
by the NC drafting machine of the results can also
be generated as an option.

Levingston has a problemto be solved in |aunching

calculation:  Side launching is obliged at Levingston,
however, there is no suitable calculation conputer

program
In addition, it seens to be useful if information

and data necessary for ship's operation and test trials
before ship's delivery, such as, Turning Test and Crash

Stop Astern/Ahead Test, are perforned.
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HULLOAD

The HULLOAD program is anodule to generate
descriptions of hull structures and related design
data by utilizing the hull definition and frame con-
tours, generated and stored by the FAIRI NG program or
obtained as data in other formns.

These descriptions are permanently stored on the
SPADES Data Base, which can be retrieved by other
SPADES nodul es.

The follow ng structures and hull geonetry can be
generated and stored by the HULLOAD program

Addi tional Frames and Canted Franes
atan angle to the centerplane

. Breast hooks

. Decks of any shape, defined by sheer and
canber contours

. Deck Longitudinal and Seamns

. Shell Longitudinals and Sight Edges
. Longi tudi nal Bul kheads

. Cut-Qut Requirements

. Bul khead Stiffeners and Seans

The HULLOAD program is provided with sufficient,
capability to generate hull structures and hull geometry
necessary for succeeding design works. The high avail -
ability of the program can be supposed fromthe feature
of generating CANTED FRAMES and BREASTHOOKS which re-
quests an interpolating technique of high grade. |nput
data of the programis not so much and re-input due to
design change is also easily performed.
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PARTGEN (Parts Ceneration)

PART GENERATION is aprogram prinmarily designed
to allow the lofting of all flat plate parts needed
inthe hull of ship. A linmited anount of devel oped
parts such ascanbered deck can also be generated.

The output of the program consists of one or
more of the follow ng:

. Storage of the individual part or burning tape
into data base

. Nesting information for use with the nesting
program
Paper tape for the drafting machine

Calculation list for making a material cutting
list by hand
PARTGEN program shall be considered good enough
in its function which should satisfy the needs from

NC lofting. The adequate function to define el ement

surfaces of parts; such as points, straight | j nes,
circles and curves; and to define contours, holes, cut-
outs and stiffener's location are provided. |pn addition,

the function to retrieve the description of ghip's hull
previously loaded and the function to cal culate geo-
metrical matters used for defining parts and for making
a material cutting list.

However, the followi ng can be pointed out by IHI
for future betternent.

1) Definiation of Stiffeners on a \Wb:

A web plate and the stiffeners on it such as
brackets are separately defined by this program even
If nost of stiffeners on a web have close relationship
wth it. The stiffeners also correlate each other
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PARTGEN (Parts Generation) (Continued)
This may be very clear by the follow ng figures:

If they can be described at a tine, following nerits
shal | be expected.
Input for parts generation of stiffeners
can be saved.

. Qutput for all parts of the sub-unit can be
generated at a tine.

- Marking line for stiffeners can be precisely
drawn in taking account of plate thickness.

. The shifting direction of stiffener's plate
t hi ckness can be drawn automatically.

Stiffener's identification nunber ﬁpiece mar k)
on a web plate can be automatically drawn
by a drafter

2) CQutput for a Material Cutting List

Necessary information and data are generated by
PARTGEN and printed out to make a material cutting
list for flat bars, T-bars and face plates. Conparing
with the function for full support of NC burning machine,
this output seens to be rather poor. |f sonme features
for automatically drawing a material cutting list are
added, the output shall become a finished materia
cutting list.




IHI MARINE TECHNOLOGY. INC. 1.2-8

PARTGEN (Parts Ceneration) (Continued)
3) Instal lation Shipyard s Standard

Sone of the designing standard, such as shape of
bracket, end cut of frame and cutout are easily in-

stalled by the system  (HULLOAD and PARTGEN) However,
It does not seemto be easy at this nonment to install

the production standard, such as a bevel angle for
wel ding and excess at joint.

Taking a bevel angle for welding at a bracket

on a web, as an exanple, this angle shall be decided
by the intersection angle with the correlating

structures. Refer to the follow ng figures.

V' /‘/ ‘//.f\:\ﬁj/"/\/
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PARTGEN (Parts Ceneration) (Continued)

Bevel angles @, 84, 6, and®5 shall be decided
fron® and fromthe intersection angles at C, Cand

C,respectively. Though these intersection angles

can be calculated and printed out by PARTGEN, the
actual bevel angles (6, 0, 6,, 85) will have to be
decided by user. In addition, it seens to be inportant
to remnd that the precise length and the precise

| ocation of the stiffeners can be finalized through
this process.

[f these standards or schemes are established

and treated by the system vusers can be released from
this troubl esome works.
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NESTI NG

The NESTI NG Program defines location (in the plate)
and alteration of pieces, center punching, inner hole
and outer contour. Finally the program generates a
paper tape for a NC burning nmachine. This programis
provided with alnost all necessary functions, such as
Piercing, Conmon cut, Automatic center punching sequence
and Bridging, except Bevel cutting.

For bevel cutting, a programmer codes in NC tape
to stop the machine at both start and end point of a
surface with bevel. Then a machine operator sets the
bevel angle of the cutting torch by hand. This work
seens to be inconvenient for operators because they
m ght have no information on the direction where the
machine goes ahead. |t shall be recommendable to have
automatic cutting of bevel, however, it nmay be conpli-
cated to be provided with the function of automatic
bevel cutting which can be of great help for saving
time and precise cutting.

In this concern, nore detailed description shall
be presented in another report "Nunerical Control
Steel Fabrication”
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PLATDV

The PLATDV program is a nodule to devel op three
di mensional surface into flat plate, commonly used
for shell plate devel opment, for cold roll process.

The methods used in the program are triangul ation
and girth length. There can be seen sone problens
In accuracy at the surface with large curvature as
described in the user's nmanual. Though it is not very
clear that the said inaccuracy is caused by the de-
veloping method itself or by cold roll process, there
may be problens in the both.

Concerning the devel oping method itself, the
followng shall be considered to be the cause of in-
accuracy:

1) The girth length is calculated fromthe arc
|l ength of the circular arc to be defined with
three space points. In case of "S-curved" surface
and sparse arrangenent of space points, the girth
length of the circle shall differ from the true
| engt h.

2) Error shall be accumulated during repetition of
devel opnment from the starting part to the fina
part of plate by the triangulation nethod. This
tendency shall become conspicuous as the length
of plate is longer and as the curvature is larger.

3) Function to correct the error during cold rol
process is not provided. Cenerally the plate is
known to be stretched by cold roll. This margin
shoul d be consi dered.

As described at 'FAIRING, SPADES provides agood
interpolation algorithm |f this algorithmis fully
applied to approximate and interpolate the curved sur-
face, the result shall be nmuch amended.
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ROLL SET TEMPLATE (Manufacturing Aids)

For lack of a large drafting machine, the ROLL
SET TEMPLATE programis not now in use at Levingston
So that the tenplates are obliged to be nade manual |y
by loft men.

A brief comrent on the ROLL SET TEMPLATE program
can be presented through hearing from Levingston's
personnel who used to utilize the program

A number of tenplates at frames including two

extremes can be provided by the program | caset hat
the plate to be bent has adouble curvature or a tight
curvature lengthwise, other tenplates at |ongitudina
frames and/or water lines shall be prepared by hand
referring output lists through the other progranms of

Manuf acturing Aids.
It seens to be troublesone a little for loft nen
to judge the curvature of plate and to handl e those

programs. It may be nore applicable if the ROLL SET
TEMPLATE program handle the said conditions by itself.
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FRAMVE BENDI NG

The FRAME BENDI NG Program generates the information
required for bending longitudinal and transverse frane
and produce tenplates for the end cuts of the beans.

The output can be in one or nmore of several different

formns:
Ful | size/reduced scale tenplates or
draw ngs of the true curvature or the
i nverse curvature.

- Tabul ated offsets of the inverse or true
curvature at specified increments along
the chord of the beam

. Ful'l size tenplates for the end cuts of
the beam

Using these output, the following works can be

perforned:

. Marking full size tenplates by hand.

. Preparation for conjunction with a frane
bendi ng nachi ne.

. Checking after bending by a previously
mar ked inverse curve.

Concerning this subject, it mght be meaningful
to note that bending perforned by the FRAVE BENDI NG
Is limted to two-dimensional curvature: On. the. ot her
hand, IH system allows to bend three-dimensiona
curvature (space curvature or twi sted curvature). The
difference mght come fromthe one of bending practice
and design practice between U S. shipyard and Japanese

shi pyar d.
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PINJI G

The PINJI G Program has never been used by
Levi ngston, because assenbly on pin/jig has not been
applied. Through the study by the users manual, fol-
| owi ng problens could be found.

Positioning data for the corner points of the unit
and height dimension at each pin/jig position shall be
fulfilled wwth output through the PINJIG Program How
ever, nmore information shall be required for assenbly

such as:

. Grth length at both end seanms and end butt.

- Diagonal |ength of a unit to check the shape
of a unit.

. Fittin? angle of internal structures (such as
web frames, girders and |ongitudinal/transverse
frames) to shell plate.

This information may be cal cul ated by the program
"Manufacturing Alds". |t shall be recommendabl e that
the systemis provided with the function to totalize
the output fromthe PINJIG Program and the output of
the said additional data which may be cal culated by the

modul es of Manufacturing Aids.
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DEMO (Engi neering Detailing Mdule)

1) The Levingston Shipbuilding Conpany has not yet
installed 'DEMO, which was a newy devel oped nodul e
to utilize the tine and effort spent during the detail
desi gn phase for nunerical description of the ship
structure. Therefore, it is not possible to report
the usage of 'DEMO in practice.

However, it seems to be necessary to report on
the new nodul e DEMO.  Because DEMO is one of the
representative nodules to evaluate the functions of
the SPADES system especially to evaluate its- future
devel opnent .

A study by the prelimnary description of DEMO
modul e has been done and a few coments are presented
as bel ow.

2)  The characteristics and purpose of the DEMO nodul es
are as follows:

a) Visual checking of the previous |oaded data
base increases and the data base becomes nore
conprehensive, verification of |oaded data be-
cones nore and nore difficult. By checking the
data | oaded on the data base w th draw ngs per-
formed through this nmodule, the possibility of
errors downstream during part generation can be
greatly reduced.

b) An efficient tool for detailing:

Al'l through nenbers affecting other surfaces
nust be handl ed by "HULLOAD . (On the other hand,
| ocal details wll be-defined by 'DEMO. Details
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DEMO (Engineering Detailing Mdule) (Continued)

are defined as follows:
. Stiffeners:

Synbolic Name

Contour  Definition

Shape Code Nunmber .
Oientation (near side or far side)

. Seans:

Synmbolic Name

Contour Definition

Vel ding Detail (bevel and gap)
Thi ckness on both sides

. Hol es:

Synbolic Name

Contour Definition
Thi ckness, Wdth and O fset of Face Bar

. Brackets:
Symbolic Name
Contour Definition or Standard
Detail I|dentification
Thi ckness
Wdth and Thickness of Flange
. Inner Lines:

Contour Definition
Wdth and Thickness of Face Bar

¢ Saving manhour input for part progranm ng:

Using the function of parts separation of
part generation to the detailed designed
structures by DEMO, manhour input for part
progranming will be greatly reduced.

Progranm ng capabilities and |anguage are
designed as close to ' PARTGEN aspossi bl e,
and all 'PARTGEN tools, such as Mth,
Contours, Synbolic Calls, Loops and
Reps wi |l be avail able.
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DEMO (Engi neering Detailing Mdule) (Continued)

3)
of

d) As a result of design work perforned by
'DEMO associated with 'HULLOAD , structura
drawi ngs can be conpleted with the exception of
|l ettering and di nensioning.

IHCS (Integrated Hull Information Control System

[H involves the close function of 'DEMO and ' HULLOAD .

There can be found close simlarity on the purpose and
aim between the SPADES system and [H system even if
detail ed approaching methods are different from each

ot her.

4)

Before installation of 'DEMO for Levingston, ¢y

of the preparation should be requested.

a) A large drafting machine should be necessary.
One of the main purposes of 'DEMO is on

verifying drawings. |n order to make 'DEMO usef ul
a large drafting machine will have to be used.

b) Preparation on Levingston's design standard:

In order to use 'DEMO in full worth, design
standards will have to be reviewed though some of

t hem have been established.
Design standards are as follows:

Synbolic Nane of Stiffeners, Seans,
Hol es and Brackets.

- Contour (shape) of Stiffeners and
Brackets.
- Vel ding . _
. End Connections of Stiffeners (Iap,
sni pes, knuckl es)
Draw ng standard

These standards should be arranged for easy
application to ' DEMJ .
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DEMO (Engi neering Detailing Mdule) (Continued)

5  Future scope of 'DEMO:

It seens to be neaningful to try thinking of the
future scope of 'DEMJ. As mentioned in 'Over View of
this paper, the SPADES system has enough space to be
devel oped in the future.

"DEMO and ' SPAC (Ship Production and Control
Modul €) shall be nucleus for the future devel opnent of
the SPADES System  From the viewpoint of conputer tech-
nol ogy, there can be found interesting matters around
the said nodules.  Technol ogy of cathode lay display is
one of them

Quick verification of data on the Data Base, detailing
by 'DEMO and correction can be easily perforned by a
character display or a graphic display. After checking
the data, drawi ngs shall be conpleted by a large drafting
machine. This process shall be of great help for re-
ducing the turnaround time. A sanple work flow on this
matter is displayed as follows:

It does not seemdifficult to attach these features
to the SPADES System  However, the devel opment will
have to proceed in taking account of the cost to be
required for users.

Though the future scope of 'DEMJO can be expanded
tothe said advanced conputer technology, the recomended
future scope at Levingston shall be to install 'DEMO.
associated with a large drafting nachine and w thout
the cathode |ay tube technol ogy.
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DEMO (Engi neering Detailing Mdule) (Continued)
A Sanple Work Flow with Advanced ' DEMJ and ' SPAC

(Future Scope)
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SPAC (Ship Production and Control Mdul e)

The Levingston Shipbuilding Conpany has not yet
installed 'SPAC which wasa newly devel oped nodule to
utilize the data needed to generate the required reports
for production. Therefore, it is not possible to report
the usage of 'SPAC in practice.

By prelimnary description of 'SPAC, the follow ng
functions shall be provided to 'SPAC as listed bel ow

Unit weight of pieces and weight and centers
of gravity of assenblies and sub-
assenbl i es.

Length and nesting within standard |engths
of shapes of the various individual shaped
pi eces.

Cross reference between assenblies due to

the nesting into aplate of pieces be-
longing to different assenblies.

Processing tine for NNC burning tapes and
fl ame planer sketches.

Bulk material allocation for pieces produced
through shearing or 'one-to-one' optica
bur ni ng.

Revision control is maintained by the system
for all the issued reports generated, and
many ot hers.

| H System involves such kinds of nodules in use
as:
Piece list issuing program for sub-assenbly, as-

senbly and erection.
. Piece mark, nunber of pieces, weight, shape
of piece (including material dimension)
are involved.
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SPAC (Ship Production and Control Mdule) (Continued)

Material control program and ot hers.

Through IH's experience, the function of 'SPAC
as a necessity is easily understood, especially the
function of piece list issue required at Levingston.
However, these matters shall request for user shipyards
to make nore clear their method for admnistration of
their organization from engineering through production.
Therefore, it mght be prior matter to establish clearly
their production process and material flow to install
' SPAC .
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1.3. The Usage of the SPADES System at Levingston

1) The nodul es of the SPADES Systemto be used
at Levingston are shown in the follow ng table:

ITEM
MODULE USAGE REMARKS

HULLCAL Unused SHCP (Ship Hull Character-
istics Program) developed
by U.S. Navy is now in use.

FAIRING Used Indirectly | For lack of a drafting
machine, Cali & Associates
Inc. calculates for
Levingston.

HULLOAD Used Checking.ﬁy a small plotter

PARTGEN Used Ditto -

NESTING Used Ditto

PLATDV Used Ditto

ROLL SET Unused | Making templates by loftmen

FRAME BENDING | Used Partially | Bending list only to be
calculated

PINJIG Unused Plate assembly on PINJIG is
not performed.

DEMO Unused Not yet installed

SPAC Unused Not yet installed
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1.3.

The Usage of the SPADES System at Levingston (Continued)

As shown above, only five modul es of the SPADES
System are now in use and another one is partially used.
As for HULLCAL nodul e and modul e, concerning fabricating
a curved shell unit, there can be seen clear problens
as follows. For the others, a totalized study shall be
required. In this concern, a detailed study and
recomendation shall be presented |ater
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1.3.  The Usage of the SPADES System at Levingston (Continued)

2y  For HULLCAL nodule, follow ng problenms have been
pointed out by the user engineer at Levingston. There-
fore SHCP (Ship Hull Characteristics Program devel oped
by US Navy is nowin use instead of 'HULLCAL' of
SPADES.

(2-1) Problenms pointed out at Levingston

. The program of Damage Stability Cal cu-
| ations cannot be sunk bel ow the
Margin Line in damage at 0 heel.
The Margin Line cannot be made above
t he uppernost deck in the present
version at Levingston.

. Docunentation does not always agree
with the User's Mnual .
(2-2) Additional problem at Levingston:

. Side Launching is obliged at Levingston,
however, there is no suitable |aunching
cal cul ation program neither in SPADES
nor SHCP

(2-3) Information and data necessary for ship's
operation and test trials before ship's
del i very:

. It seens to be useful if the said infor-
mation, such as Turning Test and Crash
Stop Astern/ Ahead Test are perforned by

3) PLATDV, ROLL SET, FRAME BENDI NG PINJIG

These are the nodules for fabricating a curved
shell unit. PLATDV is only in full use and FRAME
BENDING is partially used. The others are not in use.
The usage of these nodules seems to be unbal anced.
Lack of a large drafting machine shall be the cause.
However, it mght be possible to make a tenplate for
bending a curved plate or a curved frame through the
output of 'ROLL SET" or 'FRAME BENDI NG .



IHI MARINE TECHNOLOGY. INC. 1.3-4

PLATDV, ROLL SET, FRAME BENDING PINJIG (Continued)

As far "PINJIG, fabrication nethod for a curved
shel| unit is the primary theme. Levingston has not
deci ded to adopt the assenbling nethod of "PINJIG .
One of the bhiggest differences in constructing tech-
nol ogy between Levingston and IH lies in this method.
This thenme shall be studied through the Technica

Transfer Program



IHI MARINE TECHNOLOGY. INC. 1. 3-4a

4) Total View on the Problens Facing at Present
and in Future

The urgent thenmes to be studied at Levingston
are as follows:

. Working drawings to be issued as fast as
possible with a suitable advance for study
on fabrication method by production people.

. Easy and quick followup to design change
caused by the Omner's opinion, claims fromthe
classification society and convenience of
production nethod.

. Manpower saving both at the Engineering office
and Lofting.

. Error caused by ms-input to she SPADES nodul es
to be mnimzed for the snooth operation of the
system and for preventing the production process
from confusion due to errors.

. Consideration for scarcity of skilled |oftmen.

The follow ng are supposed to be concrete problens
and difficulties to realize the said thenes.
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4) Total view on the problens facing at present and
in future. (Continued)

(4-1) LINES FAIRING nust be trusted in Cali &
Associates, INC., so that TAT (Turn Around Time)
of it gets longer and nmoney is lost. FAIRING IS
the nmost fundamental for quick start of every
designing work. If the work can be performed by
Levingston itself, the faired lines shall be
brought nore quickly in |ow cost.

(4-2) Visual checking is not so easy. Results

of 'HULLOAD , 'PARTGEN and 'NESTING are obliged
to be checked with small scaled drawings. This
m ght cause some errors and inaccuracy.

(4-3) Duplicated works can be seen between the
Engi neering office and Ml d Lofting.

Most of manhours are spent for making working
drawings at the hull section of the Engineering
office. The working drawi ng m ght be beautiful
enough to express the ship's structure. The nost
detailed dinmensions and all necessary information

are involved in the drawings. Piece mark system
plate thickness shifting direction of stiffeners,

cutouts, end cut of stiffeners and welding infor-
mation are described. They are drawn by hand, as
i f drawn by a drafting nmachine.

On the other hand, input for 'HULLOAD is
sinul taneously prepared at the Engineering office
for the succeeding jobs. Then the input will have
to be verified by drawing with a small plotter for
onl'y visual checking.
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4) Total view on the problens facing at present and
in future. (Continued)

If the input for 'HULLOAD precedes and
drawings are drawn by a drafting machine with a

suitable scale., the drawings can be utilized as
the base drawi ngs from which nore detailed design

can be perforned as well aschecking drawi ng for
I nput .

In addition, in NClofting at present, |et-
tering and dimensioning wll have to be obliged to
be performed by hand referring the working draw ngs.
This duplicated work is being performed in asmall

scal ed draw ng.

(4-4) Manual lofting in full scale still remains
at pretty range.

In order to make a tenplate for bending, a
full scaled line is being drawn. This work can be
perfornmed by the conputer system and by the seal ed'
lines. From the viewpoint of scarcity of skilled
| of tsmen, this kind of work mght be replaced by

the conputer system as nmuch as possi bl e.

5) Sone recomrendations from |H for the better usage
of the SPADES system at Levingston:

Through IH"'s study on the SPADES system used at
Levingston, concrete problems described in the previous
paragraph remain. \What is needed at Levingston at this
moment to solve the said problems shall be to nmake full
use of the SPADES system  For each nodule of the SPADES
system IH's recommendations have already been described
in 1.2. The following are the additional recomrendations

fromIH.
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5) Some recommendations from |H for the better usage
of the SPADES system at Levingston (Continued)

(5-1) To install a NNC Directed Drafting Machine
for the Engineering and the Loft:

A small plotter has been provided for the
loft. However, it cannot satisfy the need from
Engi neering and Lofting as aforenentioned at 1.3-4.
By utilizing aNC Drafting nmachine, these problens

can be fairly proved.

The requested drafting nachine shall have a
70" x 150" effective drafting area and its cost
is estimated to be $100, 000-$150,000. Installation
of a NC Drafting machine makes it easy to instal
"DEMO, which shall contribute to the betternent
described al ready, such as:

. Fast issue of working draw ng

- Easy and quick followup to design change
. Exclusion of duplicated works

. Manpower saving

(5-2) To confirm data flow from the Engineering
office, including lofting through production:

In order to realize the said urgent thene,
t he actual data fl ow extended from Engi neering
O fice through Production field, which is now
getting clearshall be expected to be confirned.
This confirmation and selection of IH's recom
mendati on described in this paper (1.2, 1.3) are
requested to be proceeded sinultaneously.
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2.0.

| H System

The Conputer-Aided Hull Design System of [HI
covers alnost over all of hull design field fromthe
initial design, detailed design through production
engi neering.

| H system consists of six (6) independent main
systens, which support their particular functions.
Sone of them are designed to comunicate with the other
systens through their data base to keep acoincidence
of common data between them and to saveinput. Main
systens are as follows:

ZPLATE, ZVIBRA
Structural Analysis

SPECS
Ship's Hull Calculation
perational Information Calculation

FAI RI NG
Li nes Fairing

SHELL
Shel | Plate Devel opnent
Tenplate for Bending
Assenbly Unit Marking on PINJIG
Supporting Jig Height Dinension

LODACS
Longi tudi nal / Transverse Frame Devel opnment

Tenplate for Bending

| H CS
Ship's Hull Description
Section Design
Parts Ceneration
NC Lofting (NC Drawing, NC Burning Machine)
Parts List Issue
Data Communi cation by Display Term nal
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| H System (Continued)

Since many of docunents concerning this subject
have been already submtted to Levingston, only speci al
characteristics of the said systens shall be presented

her e.

The following are the docunents to have been
subm tted.

(Through our Menmo Ref. No. FPC-073 dated February 23,

1979)

6.

Brief Explanation of [HCS

IHCS - Actual Input/Qutput Exanples
Sunmary of |H SHELL

LODACS - Ship Frame Data Processing System

SPECS - Ship's Prelimnary and Exact
Cal cul ation System

SPECS - Actual Qutput Exanple

(Through our Memo Ref. No, FPC-046 dated January 18,
1979)

1.

The User's Mnual 'Z-Plate' CQutput Sanple.

(Through our Memo Ref. No. FPC-029 dated December 20,

1978)

8.

9.

General Purpose Program of Plane Stress
Anal ysis by Finite Elenent Method and
Its Application (ZPLATE)

Matrix Method of Vibration Analysis of
Framed Structure and Its Application

Rel ati onship between the said systems and functions
Is presented in the follow ng figure.
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(on Line)

Z VIBRA
Structural Analysis
Z PLATE Vibrational Analysis
Shell Plate Development
femplate for Bending Ship's Hull Calculation
Assembly Unit Marking SPECS Operational Information
Bupporting Jig Height
Frame
SHELL FAIRING LODACS Developmerit
Template
for
Bending
N
Part's Data Shell
Assortment Landing
IHICS
DB
Part's 3-D
Generation > Process
OMETRY
\ANEL
Nesting SOANTLING Panel IHICS
S . Landing
ESIG
ARTS
Part Data TANDAR Scantling
Adminis1:::a1:ﬁ'c?ﬁm—m_—-E Definition
Brmmicat Section
Design
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2.1

Characteristics of Each System of |H

Only special characteristics are described here.
O her details are presented in the aforenentioned
documents. It is coherent in all systens that plenty
of draw ngs can be generated through the systens and
that designing know how through IH's [ong experience
I's concentrated in the systens.
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2.1 Characteristics of Each System of IHI (Continued)

ZPLATE, ZVIBRA

ZPLATE 1is a program for analysis of elastic plate structures
under plane stress conditions, and especially a program for three
dimensional structure constructed with plates or orthotropic plates
will be distinctively useful for analysis of ship hull structure.
There exists many good programs covering this field in the world.
However, labor to make input data for the given problem is gen-
erally too large to use in practice.

ZPLATE solved this problem by adopting a substructure method
with the function of automatic mesh generation and with periodic
identical pattern. In addition, this program includes also a
check device of input data and adjustment of calculated results
by using a high speed plotter and a graphic display.

ZVIBPA has been prepared for analysis of vibrational responses
in elastic range of three-dimensional framed structures under
sinusoidal forced vibration. Because the effects of shear rigidity
and rotatory inertia are taken into consideration, this method is
particularly effective in the analysis of structures such as the
ship hull structures where the effects of those factors cannot be
ignored. For vibrational analysis method of framed structures, a
method in general use obtains natural frequencies in free vibration
by replacing the structure to be analyzed with a structure made
up of a multiple mass and spring system. However, in framed
structures where shearing deformation and rotatory inertia are
taken into consideration, it is extremely difficult to obtain
natural values by the use of the above method;

In ZVIBRA, an assumption of the framed structures to be a
conglomerate of beams, which have infinite degree of freedom, has
been taken and then their stiffeness matrices were obtained using
such matrices, their vibrational responses were calculated, and
as a result their vibrational modes and amplitudes were obtained.
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2.1 Characteristics of Each System of IHI (Continued)

SPECS

SPECS has been applied to detailed design in ship®s hull
preliminary calculation on Hull Form and its capacity. In addition,
necessary information and data at ship®s operation and at test
trials before its delivery are also calculated. Almost all of the
sub-programs of the system generate drawings and curves as well as
tabular prints. The actual output examples can be referred to in
"Actual Output Example of Ship®s Preliminary and Exact Calculation
System."
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2.1 Characteristics of Each System of IHlI (Continued)

FAIRING

IHI FAIRING program performs Lines Fairing by adopting a
newly developed interpolating method called *N-Curve®. “"N-Curve®,
of which term stands on “Natural Curve®, can express straight
line, true circle (arc) and a compound straight line with a
knuckle point as well as "natural curve-®.
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2.1 Characteristics of Each System of IHI (Continued)

IHICS (Integrated Hull Information Control System)

IHICS 1s a series of program packages associated with the
Data Base. IHICS serves for mainly describing ship®s hull structure,
section design, parts generation, NC lofting, NC burning machine
and parts list issue. The special characteristics are as follows:

1) To be based on Data Base concept:

By excluding duplicate data, incoincidence of data is
prevented and the space of the memory on Disk i1s much
saved.

For easy maintenance of the systems and data, programs
and data are independent from each other.

IMS (Information Management System) of IBM, Inc. has
been adopted.
2) To generate sectional drawings at any location and at any
phase of designing.

3) To generate a part program by the system itself (as well
as manual coding).

4) To generate parts list for any stage of production (fabri-
cation, sub-assembly, assembly and erection) at an early
time.

5)- Parts generation with full information necessary for pro-
duction (fitting angle, plate thickness shifting direction,
bevel angle, piece mark and additional material).

6) Automatical reference of design standard and production
standard:
Shape standard - cut out, scallop, bracket, stiffener end
cut.
. Standard how to select/apply standards.
. Bevel and gap for welding.
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IHICS (Integrated Hull Information Control System) (Cont.)

7
8)

9)
10)
11)

12)

Register and revise of standard data.

Material cutting drawings (not lists) with full information
necessary for marking.

Detailed working drawings for sub-assembly and assembly.
Consideration on design change (Refer to the attached paper).
Online capability -

Many online terminals are supported under the control
of IMS/DB.DC.

Connection to Graphic Display.

Listed above are only a summary of the characteristics of

IHICS. The more detailed description and actual output examples
are presented in the submitted documents.
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2.1

Characteristics of Each System of IHI (Continued)

SHELL

The SHELL system constitutes an integrated and computerized
data processing system which provides various highly accurated
information pertaining to all the processes in production of
a curved shell unit. The SHELL system covers shell plate de-
velopment, making template for bending, unit marking on supporting
Jigs and jig height calculation. |In addition, these calculations
are performed under the common base which user planners can in-
put the most suitable condition from the viewpoint of accuracy
and workability in the production process. The standardization
of production technologies and analysis of application know-how
in the SHELL system has been established by mobilizing of the
engineering power in IHI"s five shipyards.

Special Characteristics of SHELL:

1) Shell system is a composite system for the geometrical
calculation and data calculation and a data processing system
relevant to the production of a curved shell unit.

2) Shell system displays a far higher level on accuracy as
compared with the conventional system. The new ideas and method
to be adopted for this matter are as follows:
. In order to make calculating algorithm simple as well
as in order to keep the high accuracy of the output,

the lines are drawn by the concurrence of points
approximated by a certain supplementary straight lines.

The optional cut-plane method is fully adopted. This

.1s a method to develop a curved shell plate in the
view that the characteristics of its curvature are
displayed best.

The desired plate is cut out of a larger expanded
.plan including the surrounding area of the plate.

In order to ensure the accuracy at plate bending time,
the templates are set up at the right angle against
the mean level of the curved plate.

(Refer to Fig. 1 - Fig. 3 in the "SHELL Manual®)

3) A remarkable improvement on workability and accuracy in the
assembly stage can be expected. Because the various working
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SHELL (Continued)

practice in the shop is taken into consideration from the
first step of the system execution.

4)
5)

In order to keep the accuracy of angles between ad-
joining seam and butt at plate assembly, the inter-
section of datum planes in the supporting jig lines
and shell plate are marked on each plate. |n addition,
the datum plane are orthogonal to the platform surface.

Instructions can be given in connection with the position

. for setting plate, postion of stopper and the height of

supporting jigs.

. The dimensions of unit, diagonal dimensions and the

rate of curvature on seams and butts are calculated and
displayed for checking at plate assembly time.

. The availability of automatic welding on the unit can

be checked.

. Single panel assembly can be also available.

(Refer to Fig. 4 - Fig. 5 in the "SHELL Manual®),

Maintainability of data and system.
Easy recording of feed-back data.

More detailed description is presented in the submitted

document.
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2.1

Characteristics of Each System of IHI (Continued)

LODACS (A Ship Frame Data Processing System)

The LODACS system covers frame development, frame bending
and marking-cutting by hand or by NC burning machine. The LODACS
system generates precise shape at both end of frame, inverse curve
for bending, location of drain holes and template for bending.
These data are drawn by a drafting machine, a plotter and dotto
printer as well as printed out.

The LODACS supports three-dimensional bending as well as
two-dimensional bending. The need of this function comes from
fabricating method on bending.

More detailed description is presented in the submitted
document.
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ATTACHMENT

CONSIDERATIONS ON DESIGN CHANGE IN HULL PART

(IHICS:  Integrated Hull Information Control System:)
Ref. FPC-073 dated February 23, 1979

Some considerations on design change are involved in the
system design strategy of IHICS system which was developed by
IHl to perform hull design. The system has been utilizing full
in worth.

Design change is considered to be caused mainly by the
Owner®s opinion and claims from the classification societies.
It is very important to remember that designing work for de-
tailing has not been allowed to keep until approval by the
said agency is given to the prepared drawings. Therefore, the
influences of design change have to be minimized on the design-
ing procedure.

Another consideration to be taken in IHICS is flexibility
to the design change due to the change of production method such
as welding.

From the viewpoint of computer software, flexibility to
this kind of change is fundamentally the same as design change
occurring during the period of the actual ship®s design.

Some actual examples of the subject to be taken in IHICS
are as follows:

1) Relative expression on hull structure by defining
language called "LINE". "LINE" is designed to describe
objective figures in relative expression as far as
possible so as to minimize corrections caused by
alteration of design.

This concept is coherent in all sub-systems.
(Refer to "3) An example of "LINE® description™)
a) These descriptions will not have to be changed,

*even if the data on longitudinals such as offsets,
material dimension and cutout are changed.
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ATTACHMENT

These descriptions are executed by the system on
both phase of designing and part generation.

b) Generation of physical data of every part can be
postponed up to the execution of parts generation.

The shape of the cutout at every longitudinal frame
shall be generated after all inputs are given to the

system.

2) Independence of design standard data from the computer
program.

Design standard data can be registered on the standard
data base on the responsibility of designers. Regis-
tration and updating can be easily performed by the
system.

The following are involved in the standard data base:

. Shape standard: Cutout, Hole opening, Scallops,
Bracket, End shape of stiffeners

. Standard how to select/apply stands

. Fabrication standard: Excess, bevels and gaps
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3.

An exanple of 'LINE descriptions

P

VA PN X PN

Gie s af 1l

(An example for corner part of transv. section)

F60
Tl =F60- - - - GEOVETRY DB REFERENCE
PAl =PA- UD, M_- - - PANEL DB REFERENCE
gllllg,%\IUT ISlL, UD, 1) ---DESI GN DB REFERENCE
S| =PR-SL, L=2000, D
LONG=SL, L40, L59 GEOVETRY,  SCANTLI NG
LONG=UD, L20, L21 DB REFERENCE

d=TD-SlI,Tl,-S2
Pl =CP- G

P2=SLOT- PC2, UD- L20
S5=PT- P2, PT- P

P3=I NT(S5-C ), U

P4=0N- 8 , FRQM P3, A.=I 50, D

P5=UD- L20, TOP

A'=P100,SI'l , 0,82, --------------------
S24=PT- P4, PT- P5, SCS=UD- L20, ECS=Al
S21=SL- L57, SCS=SL- L57, ECS=Al
S25=UD- L21: SCS=UD- L21; ECS=523

..... ,TI, MBL(SL, L40, L59), TI, MSC(| O0) , PAI , CONTOURI NG
MSL(UD, L21, L21), PAL, MBS( S5, UD, L20, P3, 21), CL  DEFI NI TI ON
&

NH(1, P51, 150) T SENNG

D=D, MRK=U, TYP=FCl S| , NAVEFI 5
D=D, MRK=U, TYP=BCI S/ 5|, NAMEBI 6 PARTS EXPANSI ON
..... ('STI FFENER)

pajus
0
>
U

END OF PART PROGRAM
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3.0

Comparison of the Capability Between Levingston's
SPADES System and the IH System

Comparison of the capability between Levingston's
SPADES system and the IH systemis briefly presented
in this paragraph, since deep study and detailed de-
scription has been reported in preceding paragraphs
of this paper.

In addition, assessnent of the interface problens
and the adaptability of the IH system software to
the SPADES systemis briefly tried for reference.
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3.1-1

3.1 Conparison of the system conponent between the two (2)

SYSLUEIb.

The following is a conponent figure of the both systemns.
The underlined is not used by Levingston.

APPLICATION

SPADES IHI SYSTEM
Structural Unknown Z~PLATE
Analysis
Vibrational Unknown Z-VIBRA
Analysis SPADES
Ship's Hull HULLCAL* SPECS
Calculation (Unused)
B
Ship's Operationgl
Information Unknown SPECS
Fairing FAIRING DB FATRLAND
IHICS
Ship's Hull -B;s-;.c-:- ;a—ta— C_;:;a:::”-
Description HULLOAD Subsystem l°ni
- X [
Section Design DEMO* Section Design !
= (Unused) |DB Subsystem :
. |
] i !
Part Gengratlon. PARTGEN b8 | LINE System |
{
Nesting NESTING Nesting Program |
Part's Data SPAC* Production Engineerié
Assortment (Unused) Subsystem |
SHELL =TT T T T — ]
) ) PLATDV -
Plate Development __ | t
fending Template ppused { _ROLL SET* | pPB | SHELL !
Jig Height | ____ _ ' PIN/JIG* __| '
Unit Marking Manufacturing Aid s e e e e _J
e e !
Frape
Frame FRAME BENDING DB LODACS :
Development (2-Dimensional) —1;_§§ZBE?335393§}2___.'
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3. 1.

Conparison of the System Conponent between the Two (2)
Systens (Continued)

As shown in the aforenentioned conmponent figure
of the SPADES system and |H system full configuration
of the SPADES system covers much the same area as |HI
system except structural analysis and vibrational
anal ysis through SPADES now in use at Levingston, is

a part.

In conclusion, capability of SPADES is considered
to be alnost equal to IH system |f the betterment
for the problems described in 1.1-3) and 1.2 is taken
into consideration, and if recomendations by IH
presented in 1.3-5) is studied, the SPADES system

shall becone full in worth.
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3.2. Adaptability of the IH System Software to the
SPADES System

A short study on adaptability of the IH system
software to the SFADES system has been done for reference.

1) As far as the computer hardware configuration
there is no special problemfor the subject, be-
cause the IH system can be operated on |IBM System
370 or | BM 3031 processor.

2) As far as the conmputer software configuration
there is no special problemfor the subject except
IHICS.  THCS requests to install the IM5S of |BM
Inc.  (Information Management System

3) ZPLATE, ZVI BRA, SPECS

There is no problemto adapt to the SPADES
system  These have (their own data file and do not
request any interface.

4) SHELL, LGODACS

This system might request some interface for
their data base unless a new data handler fromthe
SPADES Data Base is attached to these systens.

55 FAIRING

This system m ght request some post-processor
formits data file to the SPADES Data Base unless
the results are re-input to the SPADES Data Base
fromthe offset book as the output.

6) IHCS

It shall not be reconmendable to adapt to

the SPADES system because alnost all the nodul es
were coded by IBM PL/1 based on IM5 and too big

to adapt.

However, al gorithm of the system and design
phi | osophy shal|l be considered to be convenient

for reference.
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Epi | og:

This report wasmade by IH through the investigation
and the discussion with Levingston's personnel. |n hopes
that Levingston continues a study on the subject matter for
the future betterment along the reconmendations from I H

described in this paper.
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NUVERI CAL  CONTROL STEEL FABRI CATI ON

The N'C system now in use at Levingston for steel
fabrication has been studied by IH inorder to quantify
Its utilization as conpared to its potential capabilities.
The study has been in process from Novenber, 1979 through
March, 1979, asa part of the extended conputer-aided hul
design system

In this paper, a brief description on the usage of
the NC system at Levingston shall be presented since the
nmore detailed description on the function of the system
itself can be found in the attached paper. Then a brief
study on the characteristics of the usage of the N C system
at Levingston shall be described conparing with the IH
system  Finally, sone recomendations from IH shall be
present ed,

Attached Papers:

1 . Specification sunmary for N C 3000 and N C 3300
SERIES FUME CUTTERS by G R-O Engineering Co., Inc

Detail ed functions of the same machine as
Levingston's are descri bed.

2. |H H gh-speed N C Marking. System,-

This machine was devel oped by IH to perform
hi gh-speed (about 60" per mnute) |ine narking.

3. IH Milti-torch NNC Cutting Machine

This machine was devel oped by IH to perform
gas cutting by three torches sinultaneously

and to performline marking by two torches

simul taneously.  This machine was provided with
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Attached Papers:  (continued)

mni-conputer in order to perform checking the
interference of each torch, speed control, co-
ordinate transformation and nmany others.

0-2
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1.0

The Usage of the NC System at Levingston

C-R-O Double Mdel N C 3000 flame cutter is now

in use at Levingston. It is controlled by Kongsberg
CNC 500 with the DNC (Direct Nunmerical Control) soft-

ware. The machine is provided with alnmost all neces-
sary functions to performthe N C steel fabrication

at Levingston such as:

Two sets of the master torch associ ated
wth two slave torches for each master
torch.

Bevel torch for bevel cutting of (K, V, Y, X).
Center-punched marking equipnent.

Automatic pierce rate control

Automatic start-cut control

Rotating triple-torch suspension.

Hei ght sensing control.

Water spray system for preventing heat torsion.

Torch ignitor.
Qthers

The machine has been utilized to fabricate al nost
all hull pieces, which are cut out of raw plates, except
squar e-shaped smal| pieces to be fabricated by shearing.
After its installation at Levingston in April, 1975, this.
machi ne has covered Levingston's needs with its capability
since the work volume of steel fabrication at Levingston
was not too extensive. (The past record was 500-netric tons
per nonth.)
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1.0

The Usage of the NC System at Levingston (continued)

However, since it is estimated that the work
volume of Levingston's steel fabrication shall be in-

creased to 1500-metric tons per nmonth through the con-
struction of the bulkers, the work [oad of the NC
machine is expected to becone extrenely heavy to fab-
ricate the pieces aforenentioned. Therefore, some
considerations such as; |eveling of the work I oad,
rearrangenent of supporting area of objective pieces
and installation of an additional machine, shall be
requested at this monment. |n addition, an alternate
method of N C burning machine to conpensate the work
load in the tine of "machine-down" and "repairing"

shal | be recomrmended to be studied. |, yespect to this
concern, a little deeper consideration-shall be presented
| ater.
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2.0 Characteristics of the Usage of the NNC System
at Levingston

In this chapter, a brief study on the character-
istics of the usage of the NC system at Levingston
shal | be described comparing the Levingston system
with the IH system

2.1  (njective Hull Pieces for the N C Mchine

A comparison of the subject title between Levingston
and IH -AIQ Shipyard which constructed the "Future-32"
bul kers can be seen in Table 1. The Levingston N C nachine
has been utilized to fabricate nost of the hull pieces.
On the other hand, a quarter of all plates of a "Future-32"
was fabricated by the NC machine in |H-AOI Shipyard.
In regard to this concern, nore detailed descriptions wll
fol | ow as shown bel ow.

1) Difference of the work volune between Levingston
and | H -AlOl Shipyard.

The past record of steel fabrication at Levingston
equi pped with one (1) N C machine was 500-M T. (metric
tons) per month. [H-AIOI Shipyard equipped with three (3)
machi nes keeps 6000 - 8000 MT. per nonth,

oy Difference of the philosophy on steel fabrication.

(2-1) Levingston stands on the viewoint that NC
burning is the best way fromits high precision and from
its capability of burning (2) to (3) plates at a tinme,

(2-2) IH stands on the follow ng viewoint:

Though a N C burning nmachine is best for high precision
and it has a capability of burning (2) to (3) plates at a
time, preparatory work for this such as, nesting operation
by this system takes man-hours; nesting of twenty (20)
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2.1

oj ective Hull Pieces for the NNC Machine (continued)

pieces into a raw plate shall take 1.5 - 2 hours, for
exanple: In addition, the layout for a N C machine

needs a Wde space in the shop, Therefore, the use of
the N C burning machine had best be Iimted to the pieces
requiring high precision and the repetitively cut plate
fromthe same NC tape. |n fact, IH's N C machines

are being utilized for the main structures at cargo

hol d such as, web plates, floor plates and girders and
for the curved shell plates.

2.3 Plate Assenbly

For a flat plate unit such as main deck, both
Levingston and | H adopt the preceding plate-assenbling
nethod. However, the sequence of it is nuch different
from each other.

At Levingston, marking on each plate is com
pleted by a NC machine before |ayout of plates and wel ding
On the contrary, at IH each plate is neatly cut by a
flame planer and welding of plates follows, Finally,
marking on a unit (not plate) is performed before putting
the internal structure such as sub-assenbled webs on it.

3) Difference of Mld Lofting and Marking Equipnent.

IH has been performing "1/10 scaled nold |ofting"
except a few sull-scaled loftings which are scaled up
fromI/10 output to full scale and converting from output
prints by the conputer systemto steel tape tenplates for,
unit working. A large and highly precise drafting-machine
and an Electro Photo Marking System made it possible,
"1/10 scaled nold lofting" - at IHI
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2.1 oj ective Hull Pieces for the NC Machine (continued)

An Electro Photo Marking System (called shortly
(EPM was devel oped nmore than 10-years ago by nmarriage
of Electronics and QJtiCS. It can work a raw p| ate in
eight (8) mnutes. It's principle is the sane as the

one used by photographers. |n EPM System a filmis a
raw plate on which powders (called photoner) charged

static electricity are scattered, and the object is to
be taken in photo and is a nested original pattern in

/10 scale. The original pattern is expanded by a very
precise lense into |/l scale. The precision of the
printed pattern is good enough for the hull pieces.

On the other hand, neither a large drafting nmachine
nor a precise marking equi pment piece-is provided at
Levingston. In addition, skilled |oftsmen are scarce.
From these stated reasons, the N C burning machine is
supposed to be very inportant and very vital at Levingston.

4) Re-arrangement of supporting area of objective pieces
for the N C machine

The work load of the N C nachine at Levingston shal
becone nore increased through the construction of the
bul kers as described in the previous chapters. Moreover
a consideration for "machine-down" of the nost vital machine
shal | be urgent; so that Levignston started thinking of
shifting a flat plate (square shaped) fromthe N C machine

to the flane planer and/or hand cutting. |t shall be
recomended.
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Table 1 OBJECTIVE HULL PIECES FOR N/C MACHINE
o _ Company LEVINGSTON IHI-AIOI SHIPYARD
Objective Pieces
(F-32)
WEB PLATE (HOLD)
FLOOR PLATE (HOLD) N/C BURNING
MAIN GIRDER 117 piT
WEB PLATE (OTHERS) N/C DRAWING
FLOOR PLATE (OTHERS)
GIRDER (OTHERS) N/C BURNING ERECTO MARKING
BKT

CURVED SHELL

FLAT SHELL

FLAT DECK

FLAT WALL

FLAT BULKHEAD

HAND CUTTING
622 PLT*

N/C BURNING
240 PLT

FLAME PLANER

CURVED SHAPE

HAND CUTTING

LIsT
P

HAND MARKING 1900
HAND CUTTING

606 PLT
FIAT BAR N/C DRAWING
FACE PLATE MATERIAL CUTTING ERECTO MARKING *p. 1lg
LIST Above
; HAND CUTTING M
HAND MARKING
FIAT SHAPE MATERTAL CUTTING

COLLAR PLATE, ETC.

SHEARING OR
N/C BURNING OR
HAND CUTTING

MAGNET TRACER OR
PHOTO TRACER

) Nunbers of IH's col ums
constructed at IH A0l Shipyard.

are the actual

plate nunbers of" Future-32"
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2.2

Process Flow of NNC Wrks (At Present)

A comparison of process flow of N C works between
Levingston and IH -AIOl Shipyard can be seen in Figure 1.
This figure displays a very sinmple flow from the conputer
systemto the production through the N C burning machine.
The flow controled by SPADES and by IH CS (these are
conput er-ai ded hull design systens which have been des-
cribed in another report "Conputer-aided Hull Design
System'), is alnost the same except for the alternate
method of IH

In this flow, a few differences between Levingston
and IH can be found. They are: the control nethod of
N C (direct N.C at Levingston and off-line control at IH)
and the marking method (center-punched-narking at Levingston
and line-marking at IH). These are described in the next
chapter.

Drawi ngs for checking purposes at Levingston shall-
be improved if a large drafting machine is provided. In
this respect, nore detailed study has been conpleted in
another report, "Conputer-aided Hull Design Systent.
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2.3

The Function Of the N C Burning Mchine

A conparison of the function of the N C burning
machi nes between Levingston and IH can be seen in
Table 2.

Levingston has one GR-O NC 3000 System The
five (5) shipyards of IH have five kinds of N C burning
machines to suit their fabrication methods and a kind of
N C marking machine. |H has eleven (11) N C burning
machi nes and three (3) N C marking machines in total.

In I'H-AIOl Shipyard, three (3) N C burning machines
have been provi ded.

Only a few differences can be seen in the function
of the N'C burning machine between Levingston and |HI.
A brief explanation on this subject is described as follows.

1)  Control Method of NC

Levingston's control method of NNC is DNC (Direct
Numerical Control), DNC is the system which the host
conputer controls directly the NNC machine, so that no
gunched paper tape is necessary. And DNC system shall be
nmore suitable for Levingston, because the host conputer
Is at Ashland Co,, in Kentucky, very far away from Orange,
Texas. Therefore it seenms to be inpractical to get NC
tapes from Kent ucky.

IH"s control nmethod is all off-line control. IH
al so planned to adopt DNC system however, it did not
occur due to the cost of both initiation and running tine.
Since IH has five (5) conputer centers near the shipyards,
paper tapes or nmagnetic tapes for N C aeeasily provided.
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2.3 The Function of the N C Burning Mchine (continued)

2)  Bevel Cutting

At Levingston, bevel cutting is performed by the
fol | ow ng sequence:

Programrer defines a surface with bevel
cut by the NESTING Program

- N C machine stops at both ends of the
surface with bevel cut.
N C machine operator sets and reset the
bevel degree and |ocation.

- Machine restarts.

| H system has several standardized bevel angles
such as 15° 25°, and 35°. The selection of bevel angle
and Ignition/Extinguish are automatically performed by

the system w thout stopping the machine.

If the bevel angle can be standardized at Levingston
(even not, the bevel angles other than standard are sup-
posed to be quite a few), the automatic bevel cutting
shall be performed by additional feature to the post-
processing program for the machine.
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TABLE 2 COMPARISON TABLE OF N/C BURNING MACHINE BETWEEK LSCo & IHI
COMPANY LEVINGSTON TH]

ITEM FUNCTION A1l ROUND ALL ROUND SIMPLE MARKING | ALL ROUND | ALL ROURD | MULTI.TORCH

INSTALLATION DATE April, '75 Oct., ‘71 |Seot., '72 | April, '75 1974 Aug., '71 Bept., *74 !
Burning Machine | CRO K/C 3000 Koike,Japan fanaka,Japanfanaka,Japanianaka,Japanfanaka,JapanKotke Japan

R [ er Xongsberg CHC 500 \ *Trfim' Toshiba THT fgmarw—@gﬁ-

griective 29'-7° - | o1e-2 16°-3" | 39-00 | sa'e6 | 1g'-9

v 1'-g* 563" 74'-8" ‘188" 97'-6" 73'.2" 58'-6"
Weight 10 MT 2 NT 0.7 M1 8 NT 13 NT 1.5 NT 03
Gas Pressure | 0,: 120 PsI 0y Skg/am?l ____ |

: Used Natural Gas: 15 PSI | JLP& 65kg/

Cutting 2-50 IPM/15-2501PM 0.4-60 IPM | 2-51 IPM 0.4-118IM | e | ——
o | warking 20,83 /Nin. 39 /Min. | 19.5'/Min.| 58.5'/Min.] 39°/Min. — | ——
w | 8 FRapiT
S Transverse | 20.83" /Min, 39'/Min. | 19.5'/Min.| 88.5'/Min.| 39'/Min. | ——— | =
E uarking . + 1/64" — +1.5/64" | + 1/64" — —
] Bas Used Natural Gas LPS — —
g lforch 6(2 Master, 4 Slave) 4 3 1 2 3 3
= Bevel LXY.XY 1.KV.X.Y 1 I 1.V.Y 3
ai - -
. Nozzle Tip Oxweld Made IHI Made Koike 106PD | Tamaka Fanaka 31554 &?-25 - fanakas
zl |8 e, Fluidic Flutdic | Fluidic Fluidic Roller | Roller
=
§ = latating Equipped -Equipped Equipped | Equipped
< & gniiton Automatic Automatic | Manual Automatic | Automatic |Automatic | Massal-.
Piercing Automatic Automatic —
Marking Center-punched Plastic Zinc > — | PlastiC
Oriving Motor 0.C. Servo D.C. Servo -

- lContml Axis X.Y.8 ¥, Y1-2,01-2 | X.Y x.Y x.Y X.Y.8 2.Y.8
‘Rm-n" D:nen- 1/“. 0.1/“_ — —
Maximum Dimene ' 0 N s

T 120 1230 | 123 1238° b
Tape Format ESSI EIA-8U :
Interpolation Linear and Circular Linaar & Cir,
g cenion e ot SetT Dial Set olal Set | ——e | ——
=1 Uirect on Path ir,
£ | Reversing Program Rev. pm
& [ Auxi, Function 36 28 32 3 51 2
Others
a P/a' T 5/8* 51 IPM 24 1PH 30 IPN 28 IPM 2% 1PM
o |EFE T Variable 47 1M 20 IPM / 26 IPH 26 I 22 1M
g ¢ /4t 1 7/8° 31 1PN 16 IPH / ~ 22 1PN 28 il | 20 PR |
= |EpreT 31 IPM 15 IPM 20 IPM 20 IPH 18 1PN
v e
< (Uonsigeration [ Water Cooling Lutting | Lotting %q.
& Wtr, Copling utting Seq. |
Troubles
Up-to-date
z 3 Datly Operator .
= | &|rericdical ¢ Times/Vr.
2 |1 Maker
G | 3] Repairing IHI Smcialist
z % Mumber 2 2 2 4 4 1
£ ¥ | Experience 2-3 Years 3.5¥s.| 1.5¥s.| 1.5v¥rs] 3¥rs. | 1.5 trs.
Rax. Plate Ko. © b¢ | p (12'-0%50°-0") P PL(1Z2*38)]L PLI1S'*75 NIPL(15°*75° ) [2PL{115%98")3PL{16' *45' ) hPL( 12°#9")
ffokyo = 1 | Chita = 1 |Chita = 1_[Chita - 2 |Rure = 2 | Kare =~ ¢
REMARKS DNC i El;é;l - % Yokonama-2 Alﬂll -2 .
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3.

3.1

3.2

Some Reconmendations on the Usage of the NC
Burni ng Machine from I H

In this paragraph, some reconmendations on the
subject are presented. |n addition, IH"'s line mark-
ing method and its adaptability to the Levingston
present systemsince it seens to be preferable from
the viewpoint of workability by sub-assenbly and
assenmbl y.

St andar di zation of Bevel Angle for the Autonmatica
Bevel Cutting

Though this subject is concerned with not only
the NC system standardization of bevel angle has the
possibility for automatical cutting of bevel surface,
Since automatical setting of optional bevel degree is
very difficult, it is true that the angle has to be set
by hand, However, if this standardization has been com
pleted, pretty part of bevel surface can be cut auto-.
matically by adding a feature for that to the postproces-
sing program which is connected to the output fromthe
SPADES system

Even if the said additional feature is not possible,
necessary time for setting bevel angle shall be nuch
saved by standardization of bevel angle,

Re- Arrangenment of Supporting Area 'of Objective Pieces
for the NNC Machine and a Consideration for "Machi ne-down

Since the work load of NC machine at Levingston
IS expected to be increased as described in Chapter 1
of this paper, re-arrangenent of the subject shall be
urgent.
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3.2

Re- Arrangenment of Supporting Area of (bjective Pieces
for the NN C Machine and a Consideration for "Mchi ne-down"

(conti nued)

From the viewpoint of the workmanship at Levingston
it is reconmendable to cut hull pieces by N C machine
as far as possible. However, in case of over work | oad
at NC machine, it is recomrendable that a flat plate
such as main deck plate is shifted fromthe N C machine
to the flame planer. |n addition, the scaled nold |ofting
(1/10 or 1/12) is recomendable to be established with
the aid of a large drafting nachine; because nmaking tem
plates in full scale fromthe scaled drawing (1/10 or 1/12)
I s _possible when "nachi ne-down" of N C continues for awhile

In this concern, nore detailed description has been pre-
sented in another report "Conputer-aided Hul | Design System
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4.0 Line Marking Method of IH System (For Reference)

Levingston's N C system adopts center-punched
marking system  This system can work (punch) points
with several variations of intervals between them
From the viewpoint of workability at sub-assenbly and
assenbly, this marking system shall not be so easy
for production people to fit pieces on the marked

(dotted) line. In fact, production people are seen
marking a continuous straight line by stretching a
thread. In this concern, it seens to be interesting

to introduce IH"'s line marking nethod for reference.

There exists two pkinds of |ine marking nethods
in IH's system One is to burn zinc powder by a work-
ing torch to a steel plate. Another-is to burn plastic
powder. The clear continuous lines' (I/16" in bol dness)
can be marked with a speed of about 40' per mnute.
Comparing with the center-punched narking, it-mght have
a denerit to be faded away during the fabrication pro-
cess. However, no particular consideration is requested
at IH. More detailed information on this marking system

-is presented in the follow ng table.
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LINE MARKING DEVICE IN IHI SYSTEM

T ZINC POWDER PLASTIC POWDER
Price of
One Device 400,000 Yen 800,000 Yen
(Price in Japan) ~ ($2,000) ($4,000)
Running Cost Powder Powder
3 Yen per 3'-3" of 3 Yen per 3'-3" of
Marking Marking
Nozzle Tip (per one) Nozzle Tip (per one)
25,000 Yen 25,000 Yen
($125) ($125)
e
Maintainability Easy i Very Complex

Adaptability to Levingston's System

Some additional work shall be requested for adoption of
the equi pnent to the present Levingston nachine as follows:

1)  Fuel gas, oxygen, \ater and air nust be supplied for
the working torch.

2y  Postprocessing program nust have a signal of marking

ONOFF.  This function is supposed to be satisfactory in the
present program
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EPI LOG

This report wssmade through the investigation
and discussions with Levingston's personnel by
IH. IH hopes that Levingston continues a
study on the subject matter for the future
betternent along with the recomendations des-
cribed in this paper fromlH.
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INTRODUCTION

In an overall comparison of the SPADES system and the IHI system
for computer-aided design, the SPADES system comes in second only
due to the quanity of programs that compose the entire IHI N/C
system.

Consdermg Broductlon aids, the SPADES system is equa to the IHI
stem, and becuase of ease in user coding, the SPADES N/C produc-
t|on oriented system is considered the better of the two.

Definitions :

S.P.AD.ESS. - Ship Production and Design Engineering Systems
I.H.lI.C.S. - Integrated Hull Information Control Systems
Appendices:

Appendix 1 - Scpade System Ship Production & Control Module
& Associates Inc.

Appendix 2 - Scpadeﬁ System - En meermg Detailing Module
ali & Associates



2)

COMPARISON ANALYSIS

Comparison Table

APPLICATION SPADES IHICS
Hull definition | *Lines fairing *Lines fairing
and data base _
creation *Hulload *Shell landing
*Demo *3-D process
*Section design sub-system
Production *Parts generation Production Engineering sub-
Lofting _ system consisting of:
*Parts separation _ _
*"Line" as?/stem for nesting
*Plate development w/manual and interactive
_ graphics by "cards'.
*Nesting _
*Part generation
Ships produc- | *SPAC (Ship Production and | *Part data base administrative
tion and con- Control ) program

trol programs

*Piece data assortment program

Production and
Lofting assis-
tance programs

Mfg. aids module for:
*Frame bend offsets

*2 dimensional pin heights
*Girth length table

*Rol 1 set templates

*Meld loft offsets

"LODACS" system for:

*3 dimensional frame bending
(offset info only for twist-

*Mold loft offsets (from data
creation sub-system)

*Part data base administrative
program and shell program
produce templates for shell
gla_tte bending and pin jig

eights




6)

APPLICATION SPADES [HICS
Design engin- Hull calls for: Specs for:

eering and hull _ _
calculation *Bonjean curves *Bonjean Curves
programs *Hydrostaties

*Hydrostatics
*Longitudnal  strength

*Tank capacity and sound-
ing and ullage

*Trim calculations
*Damage stability
*End launching

*Longitudinal strength
*Tank capacities w/sounding
and ullage

*Trim calculations
*Damage stability
*Launc |er‘1§ calculations
*Grain heeling moment
*Sea trial data

Programs that IHICS has that SPADES does not have are "z VIBRA" for
vibrational analysis and "Z PLATE” for structural analysis. These,
or similar, programs are avallable to LSCo from their sources.




Explanation Of Comparison Table

(1) The Hull Definition modules compare equally since the end product
or output comparisons bear close resemblance. Both FAIRING mod-
ules have excellent splines and produce very fair lines. How-
ever, the SPADES system utilizes more control line output for
assistance in development of other moduies. Also, skewed planes
may be generated for cant framing and additional frames may be
loaded for shell master butts.

The HULLOAD program is the SPADES module that defines shell land-
ings of stiffeners, seams, decks, longitudinal bulkheads. HULLOAD
glslﬁhgl:dﬂnes stiffeners and seams on decks. flats, and longitudinal
u S.

IHI generates this information with its [.H.I.C.S. shell and panel
landing modules, which aong with-the line module, comprise the
data base. Without actual coding examples of the IHI system, a
true detailled comparison is not possible. However, based on
other available examples, coding the SPADES system in less diffi-
cult than coding the IHI system.

DEMO (Detail Engineering Module) and IHI's I.H.I1.C.S. production
engineering system (Integrated Hull Information Control &éstem)
both provide for the loading of structural details into the data
base. The SPADES DEMO module (see enclosure) is a powerful tool
which enhances the HULLOAD Iorogram and alows for structure defin-
ition loading in al planes including transverse and skewed.
DEMO daso places the emphasis of part definition within the engin-
eering group and consequently allows part generation personnel to
concentrate on parts separation.

The DEMO module can also provide drawings that are suitable

for issue with hand finishing done by a drafter. The IHI system
is capable of performing an equal task, but an accurate definition
of how, when, and which module performs this function is not
explicit in the description material IHI has provided.

(2) The PRODUCTION and LOFTING N/C modules, when compared based on
available 1.H.I.C.S. input information, shows the SPADES produc-
tion module to have an easier input format and to be amost equal
in output information. (See appendices No. 1 and No. 2)

Parts generation, plate development and other similar modules
compare as to the assistance offered to production. However,
the IHI group -utilizes more output information than the LSCo
group needs at present.

The nesting modules offer no real comparison, as the SPADES system
is totally interfaced with the data base and the IHI system uses

a manua input of parts information to generate marking and burn-
ing tapes. Both systems have an interactive graphics capability
in the nesting cycle.



3)

4)

The ships production and control modules are difficult to compare,
as the IHI N/C system performs such tasks under different modules.
However, the overall output far exceeds what Levingston or SPADES
can generate. IHI adheres to the policy that Production Control
and Planning system utilizes every means necessary to achieve

and maintain total control. From the data submitted, it is con-
cluded that data input is mainly performed manually using output
information found In the data base.

IHI produces a cutting list, parts list, and piece drawing for
everya”item on a ship whether processed by numerical control or
manually .

The SPADES SPAC module (Ships Production and Control) has not been
used nearly as extensively as the corresponding IHI modules. SpPAC
iIs a new module in use at this time only at National Steel and
Shipbuildi n? Company and by Cali and Associates. The SPADES SPAC
system utilizes the full data base for reporting and its limita-
tions are set only by user option. This module provides a large
growth potential.

In the area of Production and Lofting assistance, the IHI and
SPADES systems are amost completely equal. Each offers the roll
set temPIates, frame bending, pin jig heights, girth length tables,
and mold loft offset talbes necessary in N/C shipbuilding.

The SPADES system module manufacturing aids interfaces the data
base from which it pulls the output information requested, IHI
use different sub-systems to gather required information and not
all of them actually access the data base for data generation. In
fact, the three-dimensional frame bending module, called LODACS,
uses offset information from Fairland and other modules for input
into the LODACS module which is a stand-alone module. The output
information generated by LODACS for frame bending and end cuts is
of exceptional quality.

5) The Design Engineering and Hull calculation programs of the

IHI system is superior to the SPADES system in breadth and com-

pleteness, especially as applied by IHI. SPADES Hullcal does have

the advantage of direct access to the data base, which simplifies

coding. The IHI SPECS (Ships Preliminary and Exact Calculations

System) requires manual preparation of input as it is a stand-
one module.

The SPADES output format is now out-dated and the Levingston Design

Department has chosen to use SHGP (Ship Hull Characteristics Program).

However, with a soon to be implemented Fortran subroutine, the
Hullcal output should be more acceptable to regulatory bodies re-
guirements and needs. IHI SPECS is a complete hull calculation
system even including calculation of ship sea trial criteria



6) IHI's structural analysis and vibrational analysis programs
Z Plate and Z Vibra, are stand-alone modules similar to several
}Igrograms used by Levingston but produced by other companies.
The programs are not comparable to a SPADES module as SPADES
is not intended to be involved with Desing Engineering analysis.

CONCLUSIONS

In summary, the IHI N/C system and the SPADES N/C system are
both very good. The IHI system is fully utilized to the best
advantage of the IHI shipbuilding complex while the SPADES
N/C system utilization at Levingston is limited by a lack of
implementation and facilities.

The comparison of those N/C modules that actually duplicate
the old style lofting and template making methods would actu-
aly give SPADES the advantage as the input coding of SPADES
Is much easier. Also, SPADES fully utilizes the data base
set up with the Fairing and Hulload 'modules.

Implementation of the IHI system at Levingston is not necess-
ary because the SPADES system currentI?/ utilized is more than
equate for present and future needs. All SPADES modules access

the data base for ease in generating input data

Overall, both systems serve the intended functions. IHI util-
Izes Co_mﬁuter-alded Design and N/C to their maximum capabili-
ties which is one reason they are one of the world's foremost
shipbuilders.
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INTRODUCTION

The use of extensive modular construction in shipbuilding, combined with
the increased use of Numerical Control, has greatly improved in the last
decade the efficiency of the industry.

In order to properly utilize these techniques, it was immediately apparent,
however, that more and better planning was necessary.

The planning effort, per se, is neither too difficult nor too costly. The col-
lection and updating of the data needed to generate the required reports is
both difficult and costly, in order to obtain a reasonable degree of accuracy,

The The 'ship Production and Control (SPAC) Module' of the 'SPADES' System
is designed to achieve in this area the following goals:

1. Reduce man-hours for data collection.

2. Improve the accuracy and timeliness of the reports.

3. Reduce ship construction costs by reducing errors and misinforma-
tion in the shops,

The 'SPACE' Module covers at the present only the hull construction. It is in-
tended-t, in parallel with the development of modules to handle the design

and production of other ships’ systems, the 'SPAC' Module will be expanded

accordingly.



DESIGN CRITERIA OF THE 'SPAC' MODULE

Since the 'SPAC' Module properly falls in the category of management in for-
mation systems, the basic criteria applicable to this type of system must be

respected as follows:

1. The module must allow the collection of independent data at the origi-
nation source and make it immediately available to all interested
shipyard functions.

As an example, for instance, assembly boundaries and schedule starts
can be inputted directly to the system and the 'master erection sche-
dule' report generated immediately after for dissemination.

2. All applicable data generated by other modules of 'SPADES' must be
collected and used by the 'SPAC' Module without any user interven-
tion,

This feature is the main justification for the development of the mod-
ule, and the following is a partial list of examples:

Allocation to the proper assembly and sub-assembly of all
pieces generated through use of 'PARTGEN' 'PARTSEP'
'"PLATDV' or 'MANF AID (frame bending).

*Processing time for N/C burning tapes and flame planer
sketches.

.Unit weight of individual pieces and weight and centers of
gravity of assemblies and sub-assemblies.

*Length and nesting within standard lengths of shapes of the
various individual shape pieces.

® Cross reference between assemblies due to the nesting into a
plate of pieces belonging to different assemblies.

» Bulk material allocation for pieces produced through shearing
or 'one-to-one' optical burning.



3. Revsion control is maintained by the system for all the issued re-
ports generated.

A summary report can also be generated, showing at any one point
in time the current valid revisions of all the issued reports.

4. Any change of the independent data or other data used by the system
must generate an exception report indicating which of the reports
are affected by the change, so that the user can initiate the proper
request.

For example, if planuing changes require different boundaries for
any one assembly, the module must automatically update the allo-
cation of all pieces effected by the change of boundaries, and give
a report indicating which reports must be requested for re-issue.

5. Exception reports can be generated to indcate to the uaser at any
point in time which pieces for any one particular drawinghavenot
as yet been defined, or any material deficiencies.

6. The system must allow the introduction of data at levels other than
the optimum, to override or enrich the data base, in order to be
able to generate complete reports at anytime.

The Appendix contains the basic data flow for the module, a brief description
of the input needed, and some examples of the reports generated by the sys-
tem. The examples of the reports are simulated in this preliminary descrip-
tion, and they will be changed as the development of the module proceeds.



CONCLUSION

The purpose of this preliminary description is to disseminate among all
potential users the features and the capabilities of the module as they are
conceived by Cali &Associates,. Inc.

It is hoped that a review by the shipyards will provide us with the very
much needed input and comments for incorporation during the develop-
ment. Specific comments regarding the size and format of the data used
by each shipyard as it is applicable to this module will be very helpful in
avoiding future incompatibilities and/or restrictions.
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TYPES OF INPUT & RESPONSIBILITY FOR
THEIR PREPARATION BY SHIP YARD FUNCTION

1. Production Planning

4.

a) Limiting boundaries of planned assemblies (units) and sub-assembly
breakdown, if any. The system will always assume that ship's sur-
face, such as deck, webs or shell will constitute a sub-assembly,

b) Planned start date for processing each assembly.

Steel Control

a) Final steel bill. This is intended to mean the steel take-off bill as
modified for utilization of stock and/or standardization of plate size,
The various items in the various steel bills will carry a unique stock
number compatible with the shipyard system.

b) Storage location of various items in the steel bill will be given to the
system upon receipt of the steel.

Engineering

a) Loading of the data base. Through the detail engineering module, the
data baseloading capabilities will be expanded, allowing at the same
time the easy generation of detail drawings, As part of this activity,
engineering will also update, as needed, database libraries of stan-
dards (brackets, chocks, etc.), shapes, characteristics, and associ-
ated cut-outs.

b) Drawing list and associated range of pc. mks. used in each drawing.
This will allow the system to generate exception reports calling at-
tention to pieces not generated at any one point in time;

Mold Loft

a) Through the use of 'PARTGEN', 'PARTSEP' and 'PLATDV', the loft
will enable the system to allocate the pieces thusly generated to the
various assemblies and sub-assemblies. Provision will be made for
identifying drawings, pc. mk. and beveling detail, and also applica-
bility of a part to another area of the ship.

-6-



b) Through the use of 'MANF AID’ (frame bending), all shapes, whether
straight or curved, will be identified and allocated to the proper as-

sembly, The Frame Bending Program will be modified to easily do
that for all flat surfaces.

¢) Through the use of the Ship Production and Control (SPAC) Module,
the loft will input to the System all the miscellaneous pieces not

otherwise identified.
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OBJECTIVES

The main purpose of this module is utilize the time and effort spent during.
the detail design phase for numerical description of the ship structure. pyring
this phase, all. structural details are defined, and if these definitions can be re-
corded on the database, interpretation of the drawing and the possibility of
errors downstreams during part generation can be greatly reduced, Greatly
expanded database loading loading capabilities will provide information over and above

the geometrical part generation requirements which can be used by the planning
and control module or other ship's systems.

As the volume of information. the database increases and the base be-
comes more comprehensive verification of loaded data becomes more and more
difficult. 'The quickest way of verificationi by drawing. Therefore, a simple
and easyway of accessing the data base with a few commasds is needed to auto-
matically output all loaded data of a particular surface in to a composite drawing,

If this drawing capability is achieved; only a few options are needed to extract

partial drawings for all kinds of purposes. structural drawings can be complete,
with the exception of lettering and dimensioning. Background drawings for ar-

rangements and composites can be produced with just a few commands.
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PREREQUISITES

In order to make this module an officient tool for detailing, the loading capa-
bilities of the data base will be expanded. The 'H'JLLOAD' Module will be
capable of loading traces and details in transverse, plan and elevation views.
Additional information on all surfaces will include:

a) Stiffeners and their end connections
b) Seams and plate thickness associated

c) Brackets and chocks
d) All access holes, including face bars
e) Inside contours, as defined by web frames.

All through members affecting other surfaces must be handled by 'HUILOAD'
Local details will be defined by 'DEMO'.



OPERATING PROCEDURE

Although the module’s primary task is to aid in loading the data base, direct
loading capability is not conceived. The actual loading of the data base is re-
served for the group of people responsible for loading the data base through
'"HULLOAD'. This is to preserve the integrity of the data base by concentra-
ting the rersponsibility onto one person, or one group of people. However, to
avoid having the 'HULLOAD' people recode all the definitions Module
'HULLOAD' will have the capability of executing the same input deck, ignoring
irrelevent commonds, but executing and loading the detail specifications,

The application of the module within the ship design effort is seen as follows:

1. Fairing and loading of the major structure through 'HULLOAD'

2. Extract a drawing of the surface containing outlines and through
members through 'DEMO".

3. Load repetitive patterns of stiffeners and seams through 'HULLOAD',

Extract a new drawing through 'DEMO’ containing all loaded details.

5. With ‘DEMOQ’, add and modify details of stiffeners, seams, holes
and-brackets, resulting in:

N

= new drawing, complete with the exception of lettering and
dimensioning

® An input deck defining the details executable by 'HULLOAD'

® An entry in a data base record which contains all input decks --
that are generated by 'DEMO' and must be executed by
'HULLOAD'

6. When the design is completed, control is transferred to 'HULLOAD'
The input deck is executed, loading the details. The entry of the
final step above is deleted.

7. Revisions:

a) If the drawing is not released as yet, the revision may be added
to the 'DEMO' input deck executing '5' and '6'

b) if the drawing is released and lettering and dimensioning has been
added, revisions are effected through 'HULLOAD' only,

8. After the structural details have been loaded, drawings for other dis-
ciplines such as arrangements and composites may be called.
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INFORMATION DEFINED BY ‘DEMO’

Only local details are defined through ‘DEMO’. Details are defined as follows :

1, Stiffeners: Symbolic name s ABC P/S
Contour definition
Shape code number
Orientation (near side or far side)
End connections (lap, snipes, knuckles).

2. Seams: Symbolic name J ABC P/S
Contour definition
Welding detail (bevel and gap)
Thickness on both sides.

3. Holes : Symbolic name H 123 P/S
Contour definition
Thickness, width and offset of face bar..

4. Brackets: Symbolic name B 123 P/S
Contour definition or standard detail identification
Thickness

Width and thickness of flange.

5. Inner Lines: Accessible only as a contour
Identified by 'INNL'
Contour definition
Width and thickness of face bar.

PE_.. MKs  (se= . PC.Aw.qu()B



PROGRAM CAPABILITIES

Options with automatic drawing of data base contents:

4) Scales

b) Windowing

c ) with or without shapes ('T' 'L' etc.)

d) ° With or without cut-outs and snipes

e) With or without stiffeners and seams on the surface
f Include background frame or deck

gg Pen selection for turret machines

h) Line selections of different types of dashed lines.

Automatically included as drawing standard:

a) A standard grid surrounding the entire drawing
b) Center line and/or base line, if part of the drawing.

Programming capabilities and language ‘as close to 'PARTGEN' as pas-
sible, so that people programming 'PARTGEN' and 'DEMO' are inter-
changeable. All 'PARTGEN' tools such as Math, Contours, symbolic
Calls, Loops and Reps will be available.

Added Commands for detail definition:

a ) S T 1 F
b) SEAM

c) HOLD

d) BRKT

e) INNL

Looping capability:

programming of similar surfaces by modification to typicalcsurface such
that only changes have to be redefined.
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EXAMPLES

Floors 46 through 53 are similar, with the exccption of the location of
the holes. The sample input deck draws two floors as typical configu-
rations and loads all other floors by continuously modifying the location

of the holes-

Bulkhead 31 is preloadCd by 'HULLOAD' with most ‘of the vertical stif-
feners.

Stiffeners T9, TIO and TIl are modified by 'DEMOQO'. Access door and'
seams are added.

Web frames 49 through 52 involved quite extensive calculations and de-
velopments showing the method of programming details.
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Drawing of loaded details after 'HTLLOAD'

LS




-l

3

Example 2: Bulkhead 31
Details programmed in 'DEMO’
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-

; DEFINE HOLES

.ADDP P 20 36 20 12900302
HOLD P 20 A 0. K 20 1 12900302:
MIDN L LBé 12900302
SPLT IS 17 4 Is 24 18 12900302:
Is 18 y Is 25 19 12€00302:

P 18 ~ P 19 21 12900302¢

. IS U 4 18 26 18 12900302°

IS 20 v 1s 27 19 12500302

P 18 P 19 22 12900302«

Is 21 A 1§ 28 18 125003G2a:

Is 2§ 4 IS 29 19 129003021

P i8 P 19 e3 12500302

D 28F | [ D 28F 18 . 129003031

Is 32 ¥ 18 32 19 12900303

P 18 P i9 ca 12%00303¢

D 37F N D 37F 186 §2600303:

18 35 2 18§ 33 i9 12900303:

P 18 - P 19 -] 12900303:

U &or R d U Hbr 10 IeYoL3V S,

1§ 3% ¥ 18 38 19 12500303¢

P 18 F 19 eb 129003032

T, D SSF 4 D SSF 18 12900303:

18 41 ’ ¥ is 41 i9 12900303«

P 18 P 19 27 12900303

, Is 42 . @ 4 IS 42 1& 1296030%:
IS 43 . v IS 43 19 12500303

P 18 P ig 28 12900303°

S b7F - v D 67F 18 12900303¢

1S 4% v IS 45 19 12600303¢

P 18 P 19 29 12500303

1S 46 ¥ 15 JL 18 12900303;

18 47 v 1S 47 19 12900303°

P 18 P is 30 12900303t

LOOP N 1 N 21 N 30 12900303t
PTND L 1 12900303¢
"HOLD P A S0, HLOOP 1- 12900303¢
. ENDL N 1 " 12900304¢
ADDP - L LB S 50 e 1 3 4 8 32 . 129003041
KOLD P 32 A . 909 H 32 12500304¢(
33 24 12900304:

. 6 12 12500304:

ADDP D MDK . L LB6 -22 13 33  12900304:
HOLD P . 33 R 33 12900304¢
18 ) le - 12900304;

ADOP L LBs D eNhb 11015 4v 12600304
p 40 S 18 a4 12S00304:

P 40 7 9 41 129003va:
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CNTR
CORN

CTRE

D - D T W AD D e D D D P D D EP P DGR W TV W P WD AP T WD TS D P TS P D Gy TP D TS D AP P W EP ED GO G WD NP 4P I TP SO WD W AS P TS WP G e G G

ADDP
VECT
LINT

L1

PNCH3
STIF
PNCH3
STIF
PNCH3
STIF
PNCH3
STIF
LINT

LAPC
PNCH2
STIF
PNCH3
STIF
PNCHS
STIF
PNCH3
STIF
ADDP

PNCH3
STIF
PHCH3
STIF

HOLD

‘0C U0 e ]

DEFINE STIFFENERS

o

SOINSIDLAPCSKNPE
SOINSIDLAPDSNPE
S0INSIDLAPCSNPE

SOINSIDLAPCSNPE

SO02NSIDLAPCSNPE

S02NSIDLAPCSNPE

502NS1DLAPCSNPE -

S02KRSIDLAPCSNPE

SO03MS1IDLAPCSNPE

SO3NSIDLAPCSNPE

M

L
P

M
M

orororor

X rrzr 0o O © O

- e S ey o

LBE

LB&
MDK
LBe

6

44
40
41

a2
43

S0

49

1S

IS

I§
Is
I&

IS
IS

18

‘_IS.

MOK

LB86
MDK
LBé
MOK
MDK
MDK
DK
¥DK
LBé

LBe

-~
(7]

numunumvonmon

24 .
17
22

20
el

23
20’

21

22
23

Si
e3
Si
2386
S1
244
S1
e2s

23
23b

244

25
a9
49
49

4G

9

-2l~

* »

*%*

0 ] 0 V> VP V> VO

60
61
b2

62

b4
.7
85 Y

H

w “w u onouw »w »u o

0w v u o

43
31
a9
& 50
S1
s2
53
101
102
103
106
51
60
51
61
51
62
51
63
w73
w74
w75
¥ 76
11015 64
- &5
105
44
h70

12900304.
129003504.
12500304¢
12900304
12900304
12900304
12900304

12500304
12900304
12500304
12900304
12900304
12900304
12900305
12900305
12900305
12900305
12900305
12600305

712500305
12900305

12900305
12500305
§2900305
12900395
12600305
12%0v35u5
12900305
12900305
12900305
126003¢5S
12500305
12900305
12500305
12900305
12900305
12900305
12500306
129003006
12900306
12900300
12900308
129003006
12900305
12500306
i129u0306 |



S e n p S D e D D S D TP PGB N WD D m D D W wp TP U TV WGP G NP D WP P TR SV D G P W ST G S PP W D P W Gn TR UD D T P My ST G e e WD G W s n

2 . LDAD FRAME 52 .

LOAD F 52
R:DEFINE srxkFENtRs FOKR FRAME S! AND SO
HOLD P 29 A 90. H 29 1
P 30 A So0. H 30 1
CLINT . L LB6 § Si W § Si i
D MUK Is 23A Ax 66
: L LB6 5 5i v § 51
‘ D MDK IS 248 Ax 67
: L LBé § 51 1 § s5i
D FDK Is 24 DG 2nND S 2B 68
L LB $ 50 ¥ S 506
D MDK ~ Is 24 D 2nD S 28 69
L LB6 § 49 ¥ s 49
D MDK is 24 D 2ND S 2B 70
D 2ND Is 2A D 67F § 24
L LB6 S 47 15 S ay 71
D 2KkC . IS 2A b 67F F 24
L LB6 S 46 W S 46 72
D 2ND 18 2A D &7F S 24
‘ L LBS S 45 v $ 45 73
PNCH3 D KDK Is 23A P 66
STIF SO02NSIDLAPCSNPE 7 S K77
PNCH3 -« D mDK 1s 2uB- P &7
STIF SO02NSIDLAPCS®PE | 7 S wW1s
PNCH3 D MDK is 24 P o6&
STIF S02NSIDLAPCSNPE . 7 S w7%
ONCH3 P 68 - P 69 ;
STIF S02NSIDSNPESNPE 7 7 S wso
ONCH3 P 69 . P 70 .
STIF S02NMSIDSNPESNPE 7 7 5§ k81
PNCH. P 70 b 2hD s 28
STIF S02WSIDSNPESNPE 7 7 S w82
PNCH3 D 2ND 1S 2& P 71
STIF S02NS1DLAPCSHPE . 7 S B3
PNCH3 P 71 P 72
STIF SO02NSIDSHWPESNEP | 7 7 S w84
PNCH3 P R & P 73
STIF SO02NSIDSNPESNPE 7 - 7 S w8s
PNCH3 P 73 * D 67F S 2A
STIF S502NSID SN ESNPE . 7 7 S w86
LUAD FRAMES 51 AND SG .
_0AD F 5i. F S0. ie
INPE

. 22~

129003063

129203004
1290030064
129003064
125003065
129003665
129003065
12900350686
129003000
129003007
129003067

[+ Y s W Brdlal

12900300606

129003068

L NQONATr
dCIVVIVOO

1290030569

12€NANZLINAT N
dla U2V IV

126003070

12€n0n02n70n
deLFVVIViI VY

128003071
129003071

¢ Ve

129003072
122003072

*12%003072

125003073
1290063073
129003074
129003074
129003074
126003v75
129003075
129003076
129003076
129003076
129003077
129003077
129003078
129003078
129003078
129003079

P Y

129003080
126003080
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after detailing by ' DEMO
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APPENDIX 1

HULLOAD INPUT REQUIRED TO LOAD

STIFFENERS ‘TO DATA BASE

-24-



%k k kXK EXAMPLE 1 ¢  InPUT DFCK TO DEFINE ANMD LOAD
. VERTICAL STIFFENERS CN BULKHEAD 31,

- - o B D G P PV D D ED WS an WD D D wp T P G WP TR W WD G P IP WD WD G T B O WS VS YD W D U VD D D G YD P AW S D ws OF O GO P TD TO GB Uy T WS W G wm D 0w W

+JOB LNG HULDDISK N 3001 o 17300100

- INPS 16TH i 3001 17300100
-TRAC TBHD T 3%. 17300100
TOLR 100 100 17500100
STIF NAME $ 71 § T2 S T3 S T4 . - 17300100
. . $ TS5 S T6 S 17 S 78 17300100,

S 19. S 110 § T11 S Ti2 17300100.

S Ti3 S Ti4 § Ti1S S T16 17300100.

- S T17 S T1i8 S T19 S 120 17300100:
-REFR L CcLe Y P ORG : 17300100:
‘CNCT2EGSP M Y 2G500 © &7F 17300100
‘REPT M Y s i D 67F 17300100:¢
CNCTZ2 M Y s 7 D 67F . 17300100¢
2EQSP M Y -20500 © 67F 17300100¢
-REFR M Y 87 : 17300100¢
CNCT2EQSP t Y 20500 D MDK 17300100t
REPT ™ . D HMOK - Y § 10 17300100¢
oM , .. D mMDK Y § 14 17360100°

D MDK Y P END . 17300100°

INPE . 17300199«

- D T P D P P WL T P Dy TP D W D W P > TGS T P D YD D AT D WP TS TP P s TS (D R VP D G WP EP G we PV WD N G o T GV P PV WD ER Y T WD W P O W W

-25-



*kkk kX EXAMPLE 2 ¢ INPUT DECK _TO COFEFIMNE AND LOAD

VERTICAL STIFFENERS CN TRANSVERSE FLOURS
AT FEAMES 46 THROUGH S2.

. »JOB LNG HULDDISK

26~

3002 17300200¢

INPS 16TH 3002 : 17300200¢
LooP 1 N 460000 N 520000 N 10000 17300200¢
TRAC TBHD TR 1 17300200¢
STIF NAME r S i S ne 8§ w3 5 w4 17300200
S WS, S w6 _ . S w7 .S w8 . 37300200

_ S w9 S W10 17300200
CNCT M s e D TT - § 2 17300200:
‘REPT M S 14 C 717 S 14 17300200:
_ENDL 1. 17300200:
INPE e 17300299



Ak krkd EXAMPLE 3 ¢

INPUT _DECK TG _DEFINE_AND L OAD

STIFFENERS ON WEEBFRAVNES

- s g S D CR S P EP D N G WD D TR A WD P ap G D W W G S OO G W ED R Wy G T UP D T P S AP WP D G W PP P D D G TP P AP WD W AP W D WP W R AD e g e

*J0B LNG HULDDISK N 3003
INPS 16TH N 3603
LOOP N i
IFEQ L 1
TRAC TBHD TR 1
STIF NAME S %S0
¢ S w54
S w58
S wée
; S web
: S w70
ENCT M .
* L LB
REPT -L LBé
NTRY N 99
ENOL N 1
INPE i

nunLonnmon

. e DA

460000 N
480600 N

ns1t
nsSS
wse
ne3
whe?
w7l
19
17
51

RIOQOLnnmwn;mann

46, S

520000 N
59

ns2
nsSé
wao
ko d
Wesd
w72
77

0

O mnnhnanohoom

AND 52.

20000

w53
%S7
wel
wes
%69
B3
16
24
S1

D ap ) R A D P TV AR D D ) TP R D D AP D ap D WD D R G D RS PSP S ey e G SR TS AR ) TP U WP TR ES ap e o AP G s G TP OGP WD U WD T G W W an O e O g YO

-2 7=

17300399
17300300¢
17300300¢
17390300¢(
17300300:
17300300:
17300300:
17300300:
17300300:
17300300:
17300300:
173003002
17300300¢
17300300¢
17300300¢
17300300°¢
17300396¢



EXAMPLE OF PART CODING

AFTER USE OF DETAIL ENGINEERING MODULE
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. 1 2 3 & A & 7
1234 567500122458 7490127 e%¢ TECN1 23456 TEPNL234547800 1234567840 1234656 TEG0122456T
INPUT UPDATING DATE 12/10/75 TIMF  18/21/54 RUN NMD. 2
Jag  LNG PROG. PART INPUT ID. 6515 FEV. NO. 4 © PAGE
INPS N. 6515 ¥ §2 10651501
RMKS EXAMPLE NF PART : 10651501
CODING—AFTER ——10651507
; USE GF DFT2IL -+ 10651501
f ENGIMEEF.ING MDD .-10651501
, TTRSY F62% 10651501
; D°WG  11-03-0% 10651501
' STRT M L L15 10651501
S TEINEZ -6 1 10651501
.PART . - I T - 10651501
ouTP I - 10651561
SCNTRTDCHROUTF ) 10e51561
" 2DECK P+ D TT - * 10651501
LINK RID - 24 10651501
TERD P¥—1—1eé&— —106515061.
LINK INT L * - * - 1: 10651501
"DECK P+ © D MDK <7 10651501
e o 7 INT —1CGES1TS01-
SHEL P~ M 10651501
CIRE 10651502
MR f- TT 106E1501-
DecCT SPL L LIS 16651502
MIDN L LB T 16651502
ENGT F-CRG MR ——IGE SIS0 2
RATHZ — X P END 3 10681502
$IDM D MDE. 10671502
NG S22 P-END— ———30651502
RLTHZ .Y P END -3 . S .1 . 10651502,
1100 g0 . : . ;10651502
—GE DK I— D —10CE51302.
n&CT SPL L L= 10658150¢2:
LINE o 1 10651802
~H 3PN M : —30651502
Leepz - DN 1 D 2&F D 2NN 10651502
CHTR CUTSCALY ) . . 2. 10651562
-DECY. —-F+———RLOCPL 16653562
CTRE 10651502
IMINM pLooe 1 ' 10651502
RHMNGE —--F & P—END - 30651507
cuie ’ 10651502
NCL N, ' _ 10651502
DEHL . = FOESIH62
OFMK . 10651502
¢ EROP PSEETZPE 16651502
C-BELT # S—-14 H D-HAK =T 10651503
, MDVE2 oY Qo 10651565
«.PAPT DET.6~% PE(.194 : " 10651503
~P{IEF R—J W 10651503
. PCID  PC.loax M . § 1t 3 D. 20 10651503
i EMOP STNeT2OF 10 10651503
| MACVEZ 3-G 10651502
PART DET.é~~ PC.1E3 . ] ‘10651503
1 2 2 4 < 3 7

&‘f?3b5673°01??4567800123&5679901234587&00123A567°°ﬁ123456790012?4567F00123&567

. =29~



—— - %

. 2 3 E & 7 .
3?34557303123L567eu512 LELTRYOLZALSETEVGI23LGETEON]22456TRO012345678Q01IDZ456T
“ineUT UPLATING DATF 12/10/75% TIME 18/21/54 RUN MC. - 2
:JOE LNG FRCG. PERT INPUT ID. 6515 REV. NQ. 4 PAGE
PGEF J WS J ¥K 10651502
eCID PC.102% M 1s 21 A -0 20 10651502
TENGP——STORTAPE 10 106515072
"MOVF Z 320 - 10€ 51502
PART GET.6-A FC.122 10651503
PNEF BRI WY - D ZE%+— 1C5E1E03
PCID PC.1f2% M 1S 30 2 -aQ. 20 10651502
ENDP STGRTEPE 12 10651502
TMOVEZ 20 104651503
.P2RT DFT.6-2 PC.179 . "10651502
"PDEF R D 2&F ‘D IT7F - 106515024
“PCID PCT179= M 18533 =03 70 10651504
FuDP STG2T22E 13 10651504
MGVF 2 . 30 10651504
PARET DETLE=ATPCTITZ - ; 1065150
PDEE 2 D 27F . D 4&F 106651504
PCID PC.172= M 1S 36 A =00, 20 10651504
ENOE ~sSTreTapt - —o —10651E04
MOVE 2 30 106515802
PAET MET.t6~2 PC.1T1 10651504
~DHERE- - —f---ZéF D--55F —15&651504
PCID - PC.1i71* n IS 3¢ . A =90 20 10651504
EMOP STRRTAFE < : 10651504
TMOVE 7" e 30— = 16651504
PLOT DET.&~2 PLC.281 ) 10651504
PREF R. D FEF J Wt 1G651504
TPCINTOC; PElFT M e 2] S 41— A -l 20 1{:6 51 %04
ENDP STORTAPE - < 1G&£51507
HQvE2 30 10621508
PrRT--DETV6=A PG 1606 - - —- — - Q61 505
PLREF ' R J wL ) D o7F 106515DF
PCIL PC.1&en M 18 43 A =90, 2 6 10665150 ¢
ENDP———~STOETLPF - -:- = 10651505
MCvE 2 30 106515605
‘PART DET.-=& PC.164 . 10651508
POEF R-D- &TF 3 - 1.0& 51 505
PCID PC.1&4x . M 1S &%~ A —-S0. 20 106515G%
ENGF STORTARE o 106515CS
~HOVE2 —_— 3—G . 10651 0RGE
PLRT DEl.6-2 PC.163 . 16651505
FLEF R J WK D 2ND :1065150¢%
PCIN-—PC.163% M 15-47 A——00¢ 10651508
ENDP STGPTLPE 9 . 10651505
pmave 2 20 10651505
PAPT OFT sb=p-—PC, 150- - - 16651505
PREF R D 2ND J WM 10&51E06
PCIL PC.180= M IS 40 b o—uh, 20 10651568
~EMNCfe-- - —STCPTARE- - o —_—— 10ERIECE
MCVE2 30 1065150¢
. PART DET.6=2 CTCL26E 10€£3150¢
FoPDEF e o s - R WM - 10681506
ADOP D DK L LRG =22 0 +12 0 o0 105651506
: ] T2 2 £ 6 7

.

AD2LEETIONIDRZLELTRUNI2RASLTRCLI23LEATPONL 2

-
RLEETECLGYIZZLTETEO

017234567246 224587



. .7 @ -
. 1 L 2 3 4 5 . 6 7

567560102 LR6TEUN1Z3LLATHOOID2L56TEC01224 ETRCO12RL56TRC0122454T290122456 T8
v o . . : :
‘PUT LPDATING DATE  12/10/75 TIMF 18/21/54 RUM MO, 2
Ire LMG ; PROG. PART .  INPUT ID. 6715 REV. NO. & PAGE 3
IOLE : P a0 A G . 106515062

. : 1e. 0 12 © 166515064
» !ﬁ—"PC'.'l'bS*‘ 191 : 318—51 P =G " 2> - 1CLE Y5064
tu0P STORIAPFE o - : : - 0648 104515064
INPE © - T . LT B 1 ¢1-3-3 8- 04
- 1 2 x & 5 (5 T
L. 5456760018 7-E6THON123456TE00123456 7850123456 TFOG123L56T29012345ATBA0L22456TP
- -—SEVERT TY—="0INPUT IS STORFU-WITH REVI =5
’ ‘ - INPUT- TS € XECUTAPLE— -

e -31-
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Sub-Task 2.1 Fina Report
Computer-Aided Design

Summary

Sub-task 2.1 began in November 1978 with a meeting of IHI
and Levingston representatives. This first meeting was

held primarily to determine the method of approach which
would provide accurate descriptions of both systems from
which detailed comparisons could be made. From such com-
parisons, deficiencies in the Levingston system could be
|e?jolated and recommendations for change could be develop-

Thus, IHI began its investigation of the Levingston system
which continued through February of 1979. The result of
this investigation was detailed report prepared by Masumi
Hatake of IHI. This report consists of three sections:

1. Examine and Study the SPADES System; 2. IHI System;

and 3. Comparison of the Capabilities between Levingston's
SPAf\DIFS System and IHI System. Each section is described
as follows:

The purpose of Section 1 was to determine if full utiliza-
tion and benefit is being realized from the use of the sy-
stem by Levingston. All available SPADES modules were stu-
died (even though some have not been installed for use at
Levi ngston). (Appendix 1, P. 1.3-1).

Section 2, the IHI System, adequately describes the charac-
teristics and functions of each IHI system (module). (Appen-
dix 1, p. 2.1-l through 2.1-9). The relationships between
the systems is shown in a flow chart. (Appendix 1; p-2-0-3).

Section 3, which compares the capabilities of the IHI system
and the SPADES system, concludes that the capabilities of
the two are almost equal. (Appendix 1, p.3.1.2). In addi-
tion analysis is provided on the adaptability of the IHI
software to the SPADES system. (Appendix 1, p.312-1).

A meeting was held for the presentation of the report and
to alow for explanations and discussions. (Technical mem-
oranda-Appendix 12).



Continued

I n _cog’unction with the above report, IHI also delivered to
Levingston descriptions of the IHI computer design modules.
The descriptions were used in the establishment of a detail-
ed comparison table. This table is the basis for Levingston's
report entitled “Study and Comparison of SPADES vs. IHI" Sy-
stem”. (APpendlx 2). . The comparison table was established
according to the specific application of each module. The
report consists mainly of a detailed explanation of the corn-
parison table followed by conclusions.

A detailed deficiency analysis and trade-off study was not
prepared due to the fact that IHI and Levingston both con-
cluded that the SPADES system is adequate for Levingston's

resent and future needs.” A memorandum to that effect was
Brepared and is attached as Appendcl)x 3.



[I. Comparison Anaysis Conclusions
(RE: Appendix 2)

In general, the IHI N/C system and the SPADES N/C system
are both very good. Whereas, IHI utilizes its system to
its maximum capabilities, Levingston's use of SPADES is
not so comprehensive due to lack of implementation and
facilities. For example, the absence of an N/C drafting
machine is partly the reason for not perfoming lines
fairing in-plant, and for not installing the new DEMO-
module of SPADES. The functions of HULLCAL, another
SPADES module not in use a Levingston, are duplicated
through the use of SHCP which is obtained from another
source. HULLCAL directly references the data base but
needs some improvements in capabilities, whereas SHCP
requires a manual loading of data but adequately per-
forms the necessary functions.

In each case, there is some justification for non-use of
certain SPADES modules. Benefits of the additional mach-
ine capabilities from the installtion of an N/C drafting
machine may very well be offset by costly additional per-
sonnel requirements. Contracting lines fairing from out-
side sources ma?/ be less expensive than performing the
same work in-plant, and definitely draws from the exi)er—
ience of the contractor in fairing many different hull types
and shapes.

SPADES may have the advantage over the IHI system when com-
|oaring the modules that actually duplicate the old style
ofting and template making methods due to easier input
coding and full utilization of the data base set up with

the Fairing and Hulload modules. (All SPADES modules access
the data base, whereas some of the IHI modules are stand-
aone systems.)

Implementation of the IHI system at Levingston is not ne-
cessaryz- The SPADES system currently available to Levingston
iIs more than adequate for present and future needs.

The capability of SPADES is considered to be almost equal
to the IHI system. Full configuration of the SPADES system
covers much the same area as the [HI g?/stem, except for
structural analysis and vibrational analysis (which are
obtained by Levingston from other sources).



[11. Production Improvement Suggestions - |HI

IHI strongly recommends that Levingston make full use of
the SPADES system.  (p.1.3-6, Appendix). Specifically,
it is recommended that Fairing can be performed in-plant
as opposed to the present practice of contracting this
work, thus creating a time delay. Fairing the hull in-
plant would enable a faster start on all design work.
(p.1.3-5, Appenix 1).

In order to directly utilize the Fairing module, (as well
as some other modules not currently used), IHI recommends
the installation of a large drafting machine. (p.1.3-7,
Appendix 1) . This will also help eliminate duplicated
work between the Mold Loft and Engineering. (p.1,3-5,
Appendix 1). The drawings from the drafting machine can
be used as the base drawings from which more detailed
design can be performed as well as checking the drawing
for input. (p.1.3-6, Appendix 1)

The DEMO module of SPADES is also facilitated through the
installation of an N/C drafting machine. (p. 1.3-7, Appendix
1). According to the IHI report DEMO will" provide the fol-
lowing:

*Fast issue of working drawings

*Easy and quick follow-up to design change
*Exclusion of duplicated work

*Manpower savings

As part of Sub-task 2.2, a justification analysis will ex-
amine these opinions in detail as to their validity.



V1. Change Anaysis Conclusions

It was finaly concluded by IHI and Levingston that SPADES
offers enough depth, flexibility and future growth potential
so that no changes involving the IHI system will be necess-
ary. For this reason a brief explanation of this conclusion
was submitted in the form of a memorandum in lieu of a for-
mal change analysis document. (See Appendix 3.)

Some recommendations have been received to install addition-
a N/C hardware. In relation to IHI’s recommendations, this
activity is directly related to Sub-task 2.2-Numerical Control
Steel Fabrication. Upon actua installation of recommended
equipment, expansion of Levingston's use of SPADES is to be
expected. Monitoring and reporting of the installation of
such hardware will be reported in the sub-task 2.2 Final
Report. As Levingston's use of SPADES increases, reports

to that effect can be submitted in addendum to the sub-task
2.1 final report.



Ve Recommendations By I[HI

IHI recommends, through Mr. Hatake's report, that Levingston
should attempt to make full use of the SPADES system. (p..3-6
Appendix 1).

By installing a large N/C directed drafting machine, it
would become possible to instal two very helpful SPADES mod-
ules, Fairing and DEMO. Fairing is now done by Cali and
Associates which creates additional expense and time delays.
(p.1.3-5, Appendix 1). DEMO would contribute significantly
to 1.) fast issue of working drawings, 2.) easy and quick
follow-up to design change, 3.) exclusion of duplicated work
(p.1.3-5, Appendix A) and 4.) manpower savings (in Engineer-
ing office p.[.3-6, Appendix A). (p.1.3-7, Appendix A).

As stated in Section IlIl of this report, the benefits of the
above recommendations will be weighed as part of sub-task
2.2.
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SUB-TASK 2.2 FINAL REPORT

SUMMARY

Work began on Sub-task 2.2 of the Technology Transfer Program in
November 1978 when Levingston and IHI represenatives met to discuss
scope, approach and methods. As in Sub-task 2.1, the first step
was to study and describe the IHI and Levingston system in order
to quantify the present use of current system as compared to its
potential capabilities. IHI’ s M. Hatake began a thorough study and
Investigation of the Levingston N/C system. At the same time, a
documentation of the IHI N/C system was prepared. In March of
1979, IHI delivered a detailed report of their findings concerning
Levingston's N/C system as well as a general description of the IHI
N/C system. As the information was presented, iterms of comparison
and contrast were identified.

A meeting was held for the formal presentation of this IHI report and
to facilitate a question and answer session. Representatives of the
Mold Loft and Engineering were afforded the opportunity to get a cl ear
explanation of any item in the report they considered unclear or
erroneous.

Levingston began a complete study and comparison of the two systems.
The result of this report was a general comparison of the philosphies
of N/C steel fabrication. A brief description of equipment used and
the flow of events involved be%inning with contract signing through
actual fabrication was to be the basis of the resulting report, Con-
sderatlokn of IHI recommendations also became a mgor part of the
task.

Deficiencies, or area; in need of improvements in methods, facilities
or equipment, were identified in Levingston's deficiency analysis and
trade-off studies report. Only the items considered by Levingston to be
deficient may be so because of restrictions not prevalent in the IHI
yards. However, for the most part IHI’S recommendations were follow-
ed up with justification analyses which helped in -the decision making
of whether or not to implement change recommendations.



2.2 FINAL REPORT
1. COMPARISON ANALYSIS CONCLUSIONS
A. Philosophies on N/C Steel Fabrication

Two different philosophies of N/C steel fabrication have developed
a IHI and Levingston. These differences are perhaps rooted in
differing conditions which affect the shipyards. The abundance of
skilled manpower, the close relationships between yards and sub-
contractors, industry-wide standards and highly developed facilities,
among other reasons, have all contributed to the present policies
and methods utilized by IHI. At Levingston, in many cases, condi-

tions are opposite of those at IHI. In turn, these conditions have
fhag impact on Levingston's methods and policies regarding N/C steel
abrication.

In Japan, IHI is able to recruit mold loft and layout personnel
from an abundant market of job seekers. They can also be relative-
ly certain that once hired and trained, these employees ‘Will remain
at IHI until retirement, except in unusual circumstances.

At Levingston, and in the U.S. shipbuilding complex as a whole,
there is a shortage of skilled lofting and layout personnel.

It follows that IHI's philosophy of N/C utilization for steel
fabrication may be different than at Levingston, and it is.

IHI tends to process through N/C only that steel which requires
high precision and repetition of shape such as web frames, inner-
bottom floors and curved shell plates. Flat, straight pieces are
processed through the Panel Shop by a flame planer. Levingston,
on the other hand, processes as much steel as possible through its
N/C system, including flat and straight pieces.

At Levingston, plate marking for shape, structure locations, etc.
Is performed as much as possible by the N/C burning machine which
Is equipped with centerpunch marking heads. The necessary material
marks and instructions are added manually after burning. ~Such
marking is usually done before the plate is moved, but other pieces
are burned simultaneously on other areas of the burning table.

On the other hand, IHI is equipped to perform a variety of N/C
plate marking methods including zinc or plastic powder to form
continuous line marks, manual marking of structure locations using
steil_ tapes prepared from N/C generated data, and electro-photo
marking .

At IHI-Aioi, a total of 25% of all plates for each Future 32 vessel
was fabricated by the N/C equipment. By contrast, at Levingston
amost al plates for a vessel are produced by N/C equipemnt.
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Il. COMPARISON ANALYSIS CONCLUSIONS, CONTINUED.

B. Equipment And Personnel

L evingston-Orange IHI-Aioi
*Punch marking on same machine *Line marking-zinc powder burning
*13 Loft personnel *50 Loft personnel
*1500 to 1800 tong/month *6000 to 8000 tons/month
One (1) Burning Machine Three (3) Burning Machines
*Direct Control Tape Control
*SPADES *IHI System

C. Levingston Deficiencies Identified By IHI.

1. No aternate method of automatic burning for times when
N/C burning machine is out of service.

2. No panel shops for rapid fabrication and assembly of flat and
curved panels , complete with stiffeners, using a flame planer.

3. No numerically controlled drafting system for visua checking
of data base for hull parts, template making for fabrication
and bending, producing drawings for use with optical tracer
type burning director and possible applications for producing
working drawings for Engineering .

D. Results of Deficiencies Indentification

1. As an alternative to cutting flat straight panels on the N/C
burning machine, an optical 1:1 burner director has been in-
stalled to direct automatic burning machine when direct num-
erical control system is not in operation.

2. Work has begun or setting up a panel shop with a flame planer
for flat panel fabrication.

3. A system change analysis was conducted with the result being
a recommendation to implement the instalation of a complete
N/C drafting system in the mold loft.



|HI PRODUCTION IMPROVEMENT SUGGESTIONS

Since the volume of Levingston's steel fabrication is expected
to increase due to the construction of the 36,000 D.W.T. dry
bulk carriers, IHI has offered some suggestions such as level-
ling of the work load, rearrangement of shops and supporting work
areas, etc.

Related to sub-task 2.2, IHI recommends consideration of an
alternate method of automatic burning (to compensate for times
when the })resent N/C burner is broken down) and installation of
a large N/C drafting machine in the mold loft to facilitate a
scaled plan system of lofting for template making, plate
validation betore burning, etc.

An adternate burning method of automatic burning has been installed
as a result of IHI's suggestion. It is in the form

of an optical 1:1 burner director. Thus, the main activity of
thllsdstlu?y is in the area of installing the N/C drafter in the

mold loft.
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IV. CHANGE ANALYSIS CONCLUSIONS

In almost al of IHI's reports concerning Levingston's N/C steel
fabrication, it has been suggested that a major deficiency in the
mold lofting and Engineering systems is the absence of a scaled
body plan system utilizing an N/C drafting machine. As a result,
the attached system change analysis (reference 5) was conducted.
SuPportlng investigative and statistical data was received from
IHI (reference 6) and from Levingston's Industrial Engineering
Department greferen_ce 3). This data is the basis for determining
Ith? results of changing to an N/C drafting system in the mold
oft.

In general, it is concluded that the mold loft could successfully

utilize a large table N/C drafting machine with the necessary related
hardware for interface with the present system. The cost vs. esti-

mated benefit study indicates paybacks in several areas including

highly accurate data bank verification, part validation before
burning, template making, and providing drawings for use with Levingston's
optical tracer burning director.

It may be further concluded that a monetary cost payback due to
high accuracy and saved lofting manhours Is the obvious benefit of
using such a system. But another benefit will accrue in the form
of taking more time away from the total amount of time between
contract signing and delivery date. These are the kinds of savings
that can benefit Levingston now as well as making the U.S.A. ship-
Bun_dmg market more attractive in the near future on a worldwide
asis.
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method item (2) is distinctively useful for structures
with periodic identical patterns like ship hull structures.
Asto item (3), the program must be balanced with items
(1) and (2) for saving |abour of users. Otherwise, it is
not meaningful no matter how refined the program is.

In item (5), an error message can be printed out and
a check of structural geometrical data is to be done by
plotter or graphic display. For item (6), automatic
drawing of calculated results is done by plotter or graphic
display. It is also devised to print out Calculated results
in most convenient form. For item (7), it is not possible
in the present stage to calculate the inverse of a stiffness
matrix within the core memory or even a super large
computer although it depends on the faculty of the com-
puter. Therefore, some memory devices such as magnetic
tape, disc or drum are required. Of course, it is truly
useful in this case to use a super large computer with
large core memory, but such a large computer is usually
open to various jobs by time sharing system. This is
because it is not economical to provide a large core
memory only for a single small job. Therefore, we must
make use of some external memory device effectively
although a certain core memory is still needed.

If item (7) is solved, items (3) and (4) can be auto-
matically worked out.  If items (1) to (7) are all satisfied,
it will be a very refined general purpose program finite
cicment method.

3. MNiethod of analyzation

ZPLATE is made to analyze by finite e ement method
the elastic stress of plate structures subjected to static
loads. Plate structures are composed of thin plates in
the same plan: or of a three-dimensional combination
of plates. The plate as an element of structures does
not have stiffness against out-of-plane deformation but
retains only in-plane stiffness. Therefore, stresses are
assumbled to be in the plane stress equilibrium. However,
the program can aso analyze a plate with line membrers
(created as truss elements because of no flexible stiffness).
The input data are overall structural formulation, dimen-
sions of members, material modulus, structural condi-
tions of locations of supports and loads (including forced
displacement) and the outputs are displacement and
stress of each element and reactions of supports.

The structure to be anayzed is first divided into a
remain number of units. Each unit is a group of several
or severa tens of elements and is functiona as an de
ment in awide sense. Each input is associated with units
and joints which are vertices of units. The unit has two
types of geometry and is selected such that any structure
can be easily idealized. The unit plays an important role
in saving labour in preparing input data. We use “unit
division method"”to solve simultaneous eguations.
However, the unit of the unit divison has a dightly
different meaning from the unit defined here, as will
be described later (section 3.1).

3.1 Composition of program

11 Engineering Raview

The flow chart of the program is shown in Fig. 1
(The processes 1 to 14 are a set of subprograms specified
into units of functional characteristics of operation).
For the substructure method, the main program shown
in Fig. 1 will be used as a subroutine as described |ater-

In fig. 1, the discrimination “Unit number of reduc-
tion” between processes 8 and 9 indicates that reduction
is to be performed when the reduced elements of the
matrix in process 9 become large by superposing several
units (process 8). In other words, the reduction is not
applied to each unit. This is the reason why, in the unit
divison method, we call one unit for these groups of
units put together.

3.2 Stiffness matrix of element

Out of various stiffness matrices in plane stress pro-
blems, the following expressions can be used at present

(1) Line element

Geometric function

U= Uy QX eneessosnsosassmennoss 4lsecencas (1)

(2) Triangular element (uniform stress)
Geometric functions
=y + ayx + a;)’]
¥ = aq F ask + ae¥)
(3) Rectangular element®
Geometric functions

........................ (2)

u = a; + @ + @y + axy)
¥ = as + aeX -+ azy + fx,,xyf
(4) Arbitraray quadrilateral and triangular element
by Hybrid Method®
Assuming linear displacement along each side of the
element, stresses can be put in the forms;

Or =31+ B2 + 863 + B1)* + B1ox% Fe0er)
Op = 31 + 36X + Br¥ + 8x* + B10)® Hoeoet ()
Tzy = 35— B3 — F1xXx — 2310x¥ Focevcens .

Equation (4) satisfies the equilibrium equations of
stresses of the element as can be seen from the forms (4).
Employed in the program are two types which include
the terms up to 55 and 3, respectively.

Since each term of egs. (1) to (4) satisfies the compa-
tibility conditions for the adjacent elements due to the
linear displacement along the sides of elements, mixed
use of these elements. is possible.

Fig. 2 shows a comparison of stresses by his method
and by beam theory applied to abeam with upper and
lower face plates and with fixed end conditions. The line
element (1) is used for the face plates. As is clear in the
figure. stresses of the rectangular element with 5; by the
hybrid method are closest to those of the beam theory
and in fact amost identical.

This is because the stress distribution is amost iden-
tical if the ternis up to 55 are used. therefore, although
we cannot conclude which is the best element. an accurate
result might be expected for structures like frames of a
slup hull il quadrilateral elements up to 35 of the hybric
method are used even if the division of elementsis coarse
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genera the rectangular dement (3) seems to be
greater than the rectangular element of (4). Also the
rectangular element (2) and (4) give amost identical
with However the latter is more useful for the stress
shown of parts with stress concentration where
vary distinctively since the stress distribution
element can be obtained by this element.

When this program is used for structural analysis,

first divide it into rectangular elements wherever it is

possible. Then arbitrary quadrilateral elements are used
for the parts where rectangular elements cannot be
applied. Finaly use triangular elements for only the
part where other elements are not possible. Since auto-
matic mesh generation within units is possible in this
program. stiffness matrix or stress matrix of an element
can be congtructed in a single processing if the unit is
rectangular. Since the same process is applied to other
elements too the computer time will be shortened.

3.3 Automatic mesh generation

The fundamental patterns of units are of two types.
arbitrary triangle and arbitrary quadrilateral as shown
in Fig. 3. where one side of the triangle and the opposing
two sides of the quadrilateral can be replaced with a
circular arc. Each side is divided with equi-distance by
using the number of divisions assigned in input data,
and make eements as shown in the figure. The number
of divisions of al sides of a triangle and of opposing
two sides of a quadrilateral must be the same. Further-
more. since the number of divisions of the -boundary
line between adjacent units must be the same. the deter-
mination of number of divisions is restrained. To solve
this. a mesh generation patterns as in (¢) of Fig. 3 is
introduced.

The method of division is not only effective in the
difference of labour between preparing input data of
each element and preparing input data of each unit. but
also convenient since it allows us to make fine mesh

13
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where stresses vary rapidly and to make coarse mesh
wherever we have no significant change Of stresses in a
similar manner to the current mesh generation when
structure is idealized.

The shape of circular arc is assigned by given coordi-
nates of an arbitrary point on a radius or circular arc.
The latter method is convenient for preparing input by
approximation of an arbitrary curve as a circular arc.
It can be considered that this method retains the adapte-
blity of shape since any shape can be expressed by
combination of these fundamental patterns.

3.4 input and output

In order to prepare input data accurately within a
short time, the automatic mesh generation of elements
is carried out from the viewpoint of reducing the total
number of data. However more important is the faculty
of the mechanism of error check. Note that the input
error does not simply mean the consumptions Of com-
puter time but means bringing about the risk of using
croneous FESUItS without noticing. As in Fig. 1. data
are examined for grammatical error or contradiction of’
geometry and mesh generation through the error check
process of the program and the error messages are print-
ed OUt. Data corrected in this way proceed to the next
page where coordinates of joints and arrangement of
and arc examined by graphic display. The examplesin
Figs. 6 and 10 arc photocopies of graphic display. The
program ismadein such away that aview of structures
from any angle is produced on the screen of the display
device by simple operation Of rotating the dial, and-even
some complicated structures can be examined relatively
only for error of coordinates. Since the plotter draws
various mesh generations (Fig. 7 and others). the shape
of divided elements can be affirmed at the same time as
geographical error check.

As output the displacements and stresses are printed
out for each unit and displacement of joints and stresses
of elements within a unit are arranged such that they
correspond to the arrangement of actual joints and ele-
ments. Therefore reading of calculated results is very
easy. Outputs by plotter include figures of mesh genera
I*% and displacements of joints (Fig. 7) and of principal
distribution (Figs. 7 and 12) in which maximum
absolute principal stresses are shown by numbers and
the directions by arrow signs.

35 Treatment of large scale calculation

One of the problems for a program with large capacity
how to handle large matrices. One advantage of

INVAC-110S computer is the ability to use a high
need magnetic drum. The random access of this magnetic
drum is easy due to the treatment program and the
stress time is in the order of one tenth of that of a disk.

advantage is made use of as an extension of the core
T==ery The limitation of band width is a barrier to
the treatment of a large matrix in the unit division
method. In this program that limitation is avoided by
using a drum. This will be explained in the following

paragraphs.
The process 9 of the flow chart in Fig. 1 is given as
follows:

P = Load matrix

K = Stiffness matrix

D = Displacement matrix
This equation is divided into two parts; one is the past
of joints connected to the front unit (Subscript-A) and
the other is the part of joints to the back unit (Subscript-
B) as follows:

rp K4- K D

(e =[R2 ] [oa] v ®
Eliminating D, from eq. (6)

PR KgoDseeeeeeerenseesssasesensassnnnses (7)
Ineg. (7),

En=Ka— Ksx*Ka K43 +veeccctccrsccaces(8)

Pr=Pa~ Kaa'Ki ' Ps evevaneee vesacesessnae (%)

K, is controlled within a certain size as described in
section 3.1 to calculate accurately the inverse matrix
in the core. The elements associated with the subscript
B vary depending upon the case or each stage of cal-
culation. Thus, this is divided equally as follows:

;‘Kn.n Kn.u}{a.u ”"']‘
: I\’.h,:; i\'n.z: KB.::""‘ g

Kn:EKR':x Kn‘u Kn-::"'" i .............. ..(10)
Kuan=CKanaKasaKagzesoor)aaee.. ceeseces (48))
Ko’ = (Pra'Pr2'Pas cooevo)ceuincaee aveses [{12)

An area sufficient for the treatment of one matrix thus
obtained is reserved in the core and each matrix is
memorized in the drum. Nate that since Kp,=K,s',
Kp ;=Kg;, these are not memorized. Since egs. (7)
and (8) are put in the forms

Ka.u; = Ka,t§ = Kai, oK™ *Kaa,t (13)
((=1,230es j=1,2,30e)f """
Pri=Pat=— Kpag-Ka 2 Pa(i=1,2,32)..(14)
the calculation proceeds by calling one a a time the
matrices with subscripts i and j and the results are

again stored in the drum. The process 10 repeats the
following calculation.

Di=KuitPs— :L,llKA“'KAz.LDa.t ....-.....(15)

Following the above procedure any size of matrix
can be treated if the capacity of the magnetic drum
(external memory device) is sufficient In practice. how-
ever. it is wise to make effective use of magnetic drum
since any drum capacity is limited. Consequently the
required number of words must be figured out before
the calculation and a process is assigned to put data
in the drum without any blank. Especially K,,and
K, in the introduction process elimination require large
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capacity of memory. As to K,,only non-zero element
is memorized since many elements of K, are zero.
Also, since Kt is symmetric, only the upper haf of
the elements are memorized. As a result, even the lar-
gest matrix in the examples of application could be less
than the drum capacity of 1,000,000 words. By the way,
the core capacity is 65K words at present.

3.6 Substructure method

As described in the foregoing section, the computer
time in the analysis of ship hull structures with periodic
identical pattern can be largely reduced by common use
of data and stiffness matrices by taking into considera-
tion the periodic characteristics. In this case, the identi-
cal pattern is called substructure. Actual structures are
composed of several types of substructures and in many
cases they repeat periodicaly. The flow chart of the
program by the substructure method is illustrated in
Fig. 4, where the parts designated by ZPLATE imply
using the necessary part of the program of Fig. 1. The
other parts of the processes are aso the same as those
of the previous section in the basic consideration.

Regarding the substructure method, consider the

problem of idealization of structures. As to ship hull

structures, saving labour in preparation of data can be
furthered by standardization of the frame patterns
dependent upon the ship hull such as on tankers or ore
carriers. In the example of a bulk carrier described
later, the substructures are constructed quite arbitrarily.
In this case, the time needed Lo prepare the input data
increases, but it does not require a certain type of ship

K E/R No.7{No.6{No.5[No. 4liNo.3iNe.2[Na. 1 ’-/-

No. 1. 3. 5. 7 hold Huil leodl # =1.5)
No.2,4,6 hold (empty hold)

(a) Calculated object (case of 1.5 holds)
bE

S—— A

— P~

k]
)
T
.3
]
3

{b} Colculated cbiest{cese of 2.5 holds!

:
= ==

Fig. 5 Loading and bound conditions of bulk carrier
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hull structure and can be applied to any other structure.
If they can be respectively called specific and general
purpose programs, then the natural order is o first
develop the general purpose and then extend it Lo the
specific purpose. However, it is noted that the larger
the increase in efficiency of the specific purpose, the
more restrained is the idealization of structures. Im-
portant to designers are the ideadlization of structures
and the interpretation of results by finite element meth-
od. In the case of finite lement method, it is required LO
introduce some approximations based on various as-
sumptions although the idealization is comparatively
easy. It seems that these problems should be determined
by taking into consideration the characteristics of each
structure. At the same time, it is instructive for designers
to reevaluate the structural composition through the
idealization process. in the future, the specification is
expected to progress during the stage where the finite
element method is introduced to the design process.
However, at present which is still the transient stage, it
seems necessary Lo make full use of the general purpose
program.

4. Applications

As applications of the ZPLATE program. the results
of three-dimensional stress analysis of a bulk carrier
and longitudinal stress analysis of a destroyer are pre-
sented below.

4.1 Three-dimensional stress analysis of hull: carrier

The test hull is a bulk carrier of 44,500 DWT with the
following principa dimensions. .

LxBxDxd=190x30x16x11.55

The models used for the calculations are two types
with 1.5 and 2.5 holds respectively (corresponding to
3 and 5 holds if the symmetric property is considered).
As to the 1.5 hold, two types of coarse mesh and fine
mesh, or a total of three types, are analyzed (Fig. 7).
Alternate loading at full draft is employed. The sizes
of the three types in the analysis are shown in Table 1.

4.1.1 Assumption of calculation and preparation

of input data

For the preparation of input data, the substructure
method described above is employed. Fig. 6 shows
copies of the shapes of substructures checked by graphic
display. For instance, two types of substructure ((a)
and (b) of Fig. 6) are prepared and then are orderly
connected into the structure shown in (¢) of the same
figure. The analysis was carried out on the final struc-
ture. The figure shows the profile of the units where the
elements are further divided into fine mesh. The details
of the mesh of each part of the structure are shown in
(@ and (b) of Fig. 7.

Although each member is treated as a plate, the face
plates of the transverse rings and the bulkhead stiffeners
are assumed to be line elements and the plate with longi-
tudinal beams is treated as an orthotropic plate with
increased thickness. The adjustment of size is made
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Table 1 Size of claculation of bulk carrier
: ' | i
. Htems ; . x Y of
Mesh generation ¢+ No. of unit No. of element ;  No. of joint 1 Df:mdgl “osm
Calaulaton i . : ;
cone ~. - . . i
T Tishoa i Coarsemesh 444 1,776 1.511 i 4,3.:7
” i Fine mesh . ” H 3,996 , 3,534 { 10,323
2.Shold { Coarsemesh | 798 i 3,192 ‘ 2,640 ; 7.680
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asuming transverse rings as one unified ring and four
frames as a unit. The objectives of the analysis are first
to make a rough estimation of displacement of each
part such as double bottom floor and hopper and then,
with the results, to recalculate stresses of the transverse
rings or the frames as the local stress anaysis. The
idedlization is responsible to the above objectives.

In this anaysis, we used mostly quadrilateral elements
by the hybrid method, together with partial triangular
elements of uniform stress. Most of the input data
are common to the analysis of the three types. It took
about five days for one person to prepare the data

4.1.2 Results of calculation

Described in the following arc the way of mesh
generation and the effect of adjacent holds on the three-
dimensional stress anaysis of a bulk carrier.

Fig. 8 shows a comparison of stresses at the section
of No. 4 hold center for two cases of coarse and fine
mesh of 1.5 hold models. As seen in the figure, almost
no difference can be recognized but the stresses at the
transverse ring and frame are dightly different. How-
ever, this is mainly due to the idedlization described
in the section “Assumption of Calculation”. In order
to evauate the local stresses, the zooming method™
may be applied in which the part in question is taken
out into small mesh. Therefore, the error of this order
may be negligible in reality. The displacement is not
different at all for the two casesarc seenin Fig. 7.

Fig. 9 shows a comparison of stresses at the same
section of No. 4 hold center for the two casts of 1.5
and 2.5 hold models, to examine the effect of the ad-
jacent holds. Again, no difference can be seen. The
end conditions of each case are both smple supports
a the front of the bulkhead. For the alternate loading,,
the assumption does not affect the adjacent hold. Since
the effect of longitudinal stresses of the front and rear
holds is not taken into consideration, the stresses of
longitudinal members art quite different. However, it
does not affect stresses on the cross section as seen
in the results.

The following conclusions are drawn from the analysis.

1. The effect of the end boundary condition of the

hold adjacent to the inspection hold is compara
tively Small

2. Even the coarse mesh of this example gives very

good-results as far as the hybrid mesh is used.

A bulk carrier has a complicated structure compared
with a tanker and there are many unknown problems
asto the effect of the shape of hopper tank and the type
of hull, etc., on the overal strength. Therefore it is not
permissible to draw. from the example, conclusions on
the general analytical method. It is necessary to esta-
blish the three-dimensional stress analysis of finite
element method by further studying bulk carriers of
various types and boundary conditions.

4.2 Example of stress anayses of ship hull with long

deck house

20

1H! Enginearing Raview

—9~ : Fine mesh
% : Coorse mesh
(+): Tension

(=) : Compression

|

10kg/mm’ l
Somvren——y

g A

PR L L S
A

s

Fig. 8 Comparison of stress at section of No. 4 hold center
between the mesh and coarse mesh of 1.5 hole
models

f ) ) ——: 15 halds
-x-=: 2.5 holds
(+) : Tension

4 (=) : Compression .

10kg/mm’
| emmamena |

Fig. 9 Comparison of stress at section of No. 4 hold center
between 1.5 hold model and 2.5 hold model

3«%.&%%@‘, Péfzr,,,zgv :;:ri‘;«“%

Fig. 10 idealization of destroyer



g § March 1972

173
$ 2189
$ 8490

¢

HUMDER OF ELEMENTS 3 2030

HUAAER OF UNITS
HUMBER OF JOINTS

HUMOER OF FREEDOM

Il.....l
. _—_—=
===
by =
——
- -
o

- ———

D ——

- ————————

L= T . 4

o i

M o

o et t————

e ]

-

.
- -
—
. R
FR
- -

PROF|ILE

y . YA
2177y e

ANN N

2T WAL

e J LTI

1T

il

BULKHEAD

%h\u

UPPER OECK

CK

ECOND DE(

8

5

Mesh layout

Flg. 11



BRIDGE Dfck

o

PROFILE

1447,

Yo/

pad it W 3

e dek

HT Otta.i‘.\ a.ﬁ&n «m

R

)
T..:;Jﬂvunk A..mﬁ
Mz.:.t v.ﬂ‘h...s ~

eosssazisgit AN Ty

NPT

Nizzr I e, Sl = % i

Jrrn.;u. e d <X ;n
bhhasd r
Try..h .vl.n w.

oo b acliteeed & < T 09

1y s vwe_v - ¢
-I.:.Ho}r Lol O
sobbbibhasdl > 7 T W

= G
7rrer to~tt
{ .
mcvrrnnJ. »>r !
PevstiReed\ % 7 \T

r~b 7e i

Sireevete NS/
Takdb ¥ H P
Raddd 3
K<sTitd

- M-vvvf.

BULKHEAD

3

UPPER DECK

~~gq

%
-
ot ur

a9
-,

o &b

oMb b &b
SR XX
2Teid & & &

a7
[l
,)-,‘ [}
M
A ta)
'L.”
24

1}

T&S‘l
o, +
hey

t

ol
10 3t) Dadhadid -1 Raliinidibel 0 ]* 7l r 3oy 0!

i
o4 P 3fre a4 ot e

F

B

revjrert

> v

R X B

=

03

82

PO N AT TR B ol ol 11 Lo D o nd Bt el al

Yo Y WS e bl of X%
e Be e e fue v e Ve Prplae e e NY ¥ P E TN Lo oK ol o ol idh of

el ol 1] hadlsadinadl

>
o
L]

mT g

»
*~

SECOHD DECX

IHI Engineering Room

ot

")

.

o

=

=3

=

%=

[

——: m

- Mul
(o™ - .
3 Ao o & MM
rrnu. R M
YN T
£z
o d b M Dm“
b b & & se oo
J > .
wiieq o
c

Lyl <

<

3R I W

61

L9

56

57

58

F1) hadi ) & Inadiinadiings .:«r*nw«vnrrrw r v

L adih 44
.

55

54

"*’.,."’.'--’.vr"*...‘*’.r"~.’."~.~"""*""‘rr
”

-o-v--w*1‘-’-9-0-«‘-0"-0-"-:00*rm*......‘.‘.*r"*’_r

>
- - e

53

>
> v

357-v-t~jﬁ-rv--v-31-v---”«--3gq-

Compression side

<



-
. fine § March tm2

io} Bridge deck

A

o R REIETETE oy 1
T oo T — Y S \{/Z:flgjl\ A <£ i I
— NN NV
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wred by assuming the hull as a beam with both
free. Because of shear lag, the results may be
b different from the actual stress distribution if the
g+ hull with a long deck house is simply treatcd as
wm of varying section. Although methods Of an-
sl 455 160 gre studied on the interaction of deck
:and ship hull, they cannot be applied directly to
2 ship hull structures because of the simplified idea
i) of deck house and ship hull. However, ideaiiza-
= | ose to the real structures is possible by the finite
=Nt method”. Presented in this section is the
Enss on a destroyer with a long deck house. Since
#fect of the deck house is great on the longitudinal
bses of the ship hull structure in this case. stress
f=ntration is produced at the ends of the deck
kz: and quite large stresses can be seen. Therefore.
Jsaccessary to reinforce the part or to provide movable
ks to the deck house.
2.1 Assumption of calculation
L In this analysis, only a single side of the struc-
Wwre can be considered since both the structure
aid loading conditions are symmetric with respect-
t both sides. Asin Fig. 10, the ship hull is divided
i{to a structure composed of flat plates so that the
iidealization is as close to the actual structure as
possible. Treating these places as units. and apply-
ing the automatic mesh generation to the units.
tthe mesh layout shown in Fig. 11 is obtained.
<. Tine longitudina members attached to the side
shell deck, deck plate and side wall of the deck
touse arc assumed as orthotropic plates. The
stiffeners of the transverse bulkheads are aso
reated as orthotropic plates and the in-plane

Emlongitudinal stresses of a ship hull are currently

stiffnessis taken into account.

3. As to loading, the load in the vertical direction
of the ship hull is applied and distributed upon
the lower end of the side shell under hogging
condition Where the crest of the wave of one
twentieth the ship length locates at the midship.

4. As boundary conditions, the lower end of side
shell is supported vertically at both ends. One oF
the ends is also supported longitudinally. Since the
actual reactions at the two points are close to zero, .
we can examine the loading conditions. Furthermore
taking the symmetry of the structure and loading
into consideration, we assumed that the plate is
supported in the transverse direction at the center
line of the ship hull and is free in the vertical direc-
tion.

5. Used in the analysis are quadrilateral element
for the hybrid method and triangular element for
the uniform stress.

42.2 Results of calcualtion

Fig. 12 shows the distribution of principal stresses

of each part of the ship hull structure. Fig. 23 shows
the distribution of longitudinal stresses of the ship hull
structure. As can be seen in Fig. 13, the deck house
affects very much the longitudinal stresses of the ship
hull and the distribution is quite complicated since
the side wall of the deck house and the deck plate are
not on the same plane. For analysis of the stress con-
centration at the ends of deck plate, the mesh layout
of this example is too coarse to obtain accurate results.
Accordingly. the zooming method may be applicable
in this case. The study is not given in this paper. How-
ever, we can see some stress concentration at the ends
of the deck house even in the given mesh layout.



5. Conclusions

A general purpose computer program designated
ZPLATE was described for the plane stress analysis
of plane and three-dimensional structures through
finite element method As applications, the three
dimensional stress analysis of a bulk carrier and the
longitudinal stress analysis of a destroyer with a long
deck house were presented. In the development of the
program, we intended to obtain a program with large
capacity which is sufficient for practical use and whose
scale is balanced with the faculty of saving labour in
preparation of input data and in analysis of calculated
results. In this paper, examples with 4,000 to more
than 10,000 degrees of freedom in calculation are
presented. However, this program can solve these ex-
amples within a few days. We bdlieve therefore that
our initial objectives have been attained satisfactorily.
The future problem is to extend the program to those
which include analysis of out-of-plane bending, buckl-
jng, vibration and elasto-pladticity.
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Matrix Method of Vibrational Analysis of framed
Structures and its Application

Isao Neki*

Recently, with the matrix method, analysis of elastic, plastic, vibrational or buckling problems of framed
structures widely diffused in the various field of structural design, plus analysis of complex three-dimentional
frames structures are becoming daily routine work. A computer program designated ZVIBRA. for vibrational
analysis of three-dimensional framed structures, has been devcloped. using the stiffness matrix method of the
author. The present paper outlines the ZVIBRA program with some examples of its application. The program
aims at analysis of elastic, vibrational responses of sinusoidal forced-loaded frames. including the influence of
shear rigidity and rotatory inertia, which should be particularly useful for analysing ship hull structures.

1. Introduction

In recent years, with the matrix method, anaysis of
clagtic. plastic, vibrational or buckling problems of
framed structures which are broadly diffused in the

various fields has come into wide use. and-by the use of
this method the analysis of complex three-dimensional
framed structures are becoming daily routine work.
The author has developed a computer program ZVIBRA.
for vibrational anaysis of three-dimensiona framed
structures, using the stiffness matrix method. Therefore
its outline and examples of its application will be pre-
sented here with an intention to place it at the service Of
the interested public.

ZVIBRA has been prepared for andysis of vibrational
responses in eastic range of three-dimensiona framed
structures under sinusoidal forced vibration. Because
the of effects of shear rigidity and rotatory inertia are taken
into consideration. this method is particularly effective
in the analysis of structures such as the ship hull struc-
tures where the effects of those factors cannot be ignored.

For vibrational analysis method of framed structures,
a method in general use obtains natura frequenciesin
free vibration by replacing the structure to be analysed
with a structure made up of multiple masses and spring
system. However in framed structures where shearing
deformation and rotatory inertia are taken into consi-
deration. it is extremely difficult to obtain natural vaues
by the use of the above method. Moreover, in replacing
the structure with that of a multiple masses and spring
system, adequate precision can not be obtained unless
the members are approximated by as many masses and
spring as possible. In consideration of the above fat-

Naval & Specid ship Design Dept. Ships Division

tors. the author has assumed the framed structures to be
a conglomerate of beams. which have infinite degree of
freedom. and then their stiffness matrices were obtained,
Using such matrices, their vibrational responses were

caculated and as a result their vibrational modes and

amplitudes were obtained. Accordingly. since the
natural frequencies can not be obtained under this meth-
od, vibrationa responses corresponding to the number
of vibrations a the necessary number of points were
obtained. then by reviewing the increase or decrease of
vibrational amplitudes as well as the phase change of
vibrational '_moda the natural values can be obtained.

2. Sclving method

2.1 Application and assumptions

The application and assumptions used in this program
are outlined as follows:

1. The objectiveis the vibrational analysis of framed
structures in elastic range under varying loads (including
forced displacements) of sinusoidal form with a constant
amplitude. The framed structures defined here are
structures consisting of joints and straight members
between joints, with uniform cross sectional areas. T he
members are assumed as ided lings, neglesting the
thickness. and the joints are assumed as idea points.
Therefore, the structures consisting of plates. curved
bums, and tepered beams have to be anaysed as strut-
tures consisting of respectively equivalent beams by using
proper approximation method, following the above
assumptions.

2. The ends of the members of the framed structures
can be pins, rollers, spring-supported, built-in connec-
tions, rigid attachments or free-ends. For loading
conditions, the concentrated loads applied on joints

15



and the forced displacements at joints will be considered.

3. For vibrationa mass. the dead weight of beams.
the added mass uniformly distributed over the beams
and the concentrated mass at joints will be, considered.

4. Damping factor of structures is not considered.
Therefore. the amplitudes near the resonance point will
become considerably larger than the actual values.
However. at points 10% apart from the resonance
frequency. it is safe to think that the amplitudes in the
ordinary structures will be quite close to the actua
vavues. even if damping factor is not considered.

5. The results of analysis calculated will be: The
displacements and angular deflections at all joints, the
displacements and angular deflections at quarter points
of each member. stresses at ends each member. support
reactions. etc. When necessary, vibrationd mode curves
of each structure can be plotted by the use of a plotter.

6. As for the analysis method. the stiffness matrix
method derived from the displacement method is used,
and by analysis of vibrational responses (but not taking
into account of damping factor) the vibrational modes
a the desired vibrational frequency are examined, and
also by caculating at several levels of vibrationa fre-
guency the resonance frequency can be found.

2.2 Stiffness matrix for vibration of beams having

uniform cross section

Stiffness matrix of beams having uniform cross section
is obtained. when sinusoidal forced load is applied at
each end. where bending, shearing, torsion, elongation
and rotatory inertia are taken into account. The symbols
used in the equations will have the following meaning:

y (Direction of forefinger)

x
(Direction of middle finger) (Dirction of thumb)

Fig.1 Right handed coordinate system adapted in

present study

X: Coordinate in the direction along the length of
beam.
¥ =: Coordinates perpendicular to the beam, in
accordance with the right handed coordinate
system (Seein Fig. 1)
U: Displacement in x direction
T. Displacement in y direction

16
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w: Displacement in : direction

Vg
wge
: Angle of rotation around x axis

: Angle of rotation around y axis

: Angie of rotation around z axis

: Torsional stiffness of beam

,: Bending stiffness of beam around y axis
El.:
: Cross sectiona area of beam

: Shearing gtiffness of beam in y direction

Displacement only due to bending in y direction
Displacement only due to bending in : direction

Bending stiffness of beam around z axis

GA.: Shearing stiffness of beam in z direction

: Weight of beam per unit length

I..: Rotatory inertia of beam per unit length around

A
F.:

X axis

Rotatory-inertia of beam per unit length around
y axis

Rotatory inertia of beam per unit length around
z axis

Tota length

Forced circular frequency
Axial force in x axis direction

Fy: Shearing force in y axis direction
Fz: Shearing force in z axis direction

Mx
My
Mz

m:
: Rotatory inertia of concentrated mass at joint

XG

: Torsional moment around x axis
. Bending moment around y axis
: Bending moment around z axis
Mass of concentrated material paint at joint.

around x axis
. Rotatory inertia of concentrated mass at joint
around y axis

: Rotatory inertia of concentrated mass at joint

around z axis
. Distance from joint to Center of Gravity of
concentrated mass in x axis direction

JG: Distance from joint to Center of Gravity Of

concentrated mass in v axis direction

z¢: Digtance from joint to Center of Gravity of

concentrated mass in z axis direction

k.2 Spring constant of support joint in x axis direc-

ky

tion
: Spring constant of support joint iny axis direc-
tion

k.: Spring constant of support joint in z axis direc-

tion

kme: Torsional spring constant of support joint

around x axis

kyy: Torsional spring constant of support joint

k:

around y axis
Torsional spring constant of support joint
around z axis

(1) Longitudinal vibration of beam.

Let

FPu  p Fu =0 i (1)

E4: .t g o
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u=uy(z)sinet <-eeeeee- (2)
and substitute equation (2) into (1)

diu,
e --a’u. =0 -

where, *=o'ylEA:g
Therefore. the solution of equation (3) can be given by
the next equation

Uglx) = Arcosax—Assinagx s e 4)

Al, A2: constant of integration.

(2) Lateral vibration of beam

The lateral vibration of beam having uniform cross
section, where bending, shearing and rotatory inertia are
taken into account, can be expressed as follows, accord-
ing to the well known equation” of Timoshenko Firstly,
the lateral vibration iny direction can be expressed by the
next equation

A Pe Gy ] oxtort
+(-—‘-’- Trel s g (s)
P\ 3= gy art)
Here. since
"='§‘ b,—';', pe=El:, ay=GA,
et r=vlx)sinar T (6)

and substitute in equation (5)

dév d*
o+ 2 d‘." +Eare=0 (7
where;
2kn—(»-b—'— +——)-¢v’ (8
Ps qy
L”_i(_m!.:._b_'_ml) (9)
Ps 9y

Hence. eguation (7) can be expressed by the next equa
tion
¥(x) = C coshmx+ C, cos sinhm,z
+C, cosmex+ C sinmyx ---(10)
€y, Ca Cy. C¢: constant of integration
M= T Ry e

me= /.t

L Bt kh '1" kn»

In the similar manner, the lateral vibration in z direction
to be obtained as below.

© = wo{x) SIRf ~vmrromrorrr e ccesaees (11)
wof{x) = D, Coshyx+ Dy sinhnx
“+ Dyt Dy COSMr SINMyx vocensonss ~(12)

Dy, Dy, Dy, D;: constant of integration
M=V Skt —kge—kys,
ny= ‘/ ‘/k": -— kg:+k|x

Utye = (.b_‘+ .._) o
Dy ge

kee= —(—at+i'-a')
Ps gs

[-'

bv z L] ﬁy—-EIn Qr—GA:

(3) Torsiond vibration of beam

let
Grilzdn=270x _gq £13)
g -art
6, = rofx) sines (i4)

and substitute (14) into eguation (13)

d28.
7_’2._,-,.0” = reeeree 1s)
2

where;

..=GI=!;;[GJg

Therefore the solution of equation (is) canbe given by
the next equation

@ro{x)== B cos Sx+ By sin 3x {16)

By, B;: Constant of integration

(4) Stiffness matrix

Stiffness matrix is obtained by using equations (4).
(10), (12). (16).
Firstly, let

Fr=Fr(x)sinet Ms=M (=) sinat
Fy=Fyfx)sinet My= Myu(x)sinat } seesee(17)
Fe= Fe(x)sinwt M, = M.z)sinaxr

Here, considering that

d d*
Oy =~ :: My=EL, 22 “"’
F,= —GA,———d (= va)
d=<®
des i S 18)
b= Me=—EL d= *
_ d}(w—ws)
Fe= GAz-—dx,—"

where the related equations®J”, obtained by using
compatibility conditions of the displacement and equi-
brium of forces, arc expressed in matrix form, it will
become as follows:
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".|'| t

where Cy= (1— —w*f, C.=
qy )

The equation (19) shall be rewritten in the form of next
equation
g

s

Where p(x), H1(x) are from the top to the 6th row. and
F(x), H2(x) are the last 6 rows. Then, by using qua

H‘(x)] : 20)

H(x)

Il Engineoring Review

‘ 0 0 0 01l u
vel [0 1 0 0 0 0 0 0 0 0 o o] v
we ! 10 0 1 0 0 0 0 0 0 0 0 0| w
6| |0 0 0 i 0 0 0 0 o 0 0 o}l 6.

1

é 0 0 0 0 -(1 By ')— 0 0 —Pr - diy

" AR o - w00 hE
1 Pe d

) 0 0 0 0 o (1 +25 )2 o 0 0 du
= 7] ) Cy GvCy 0 0 dx
Ful I0 0 -0 o- o 0 -Gi& 0 © o0 o o —‘fi‘- ~19)

ot 2

F, 0 0 0 ) 0 (fl+b )— o 2 3 div
o ' p s G G, 0 4] 0 P
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Equation (21) will be expressed as in the next equation

)]
H:(x)] =L=-c

(22)

By substituting equation (22) into equation (20), the
following can be obtained;

:;?rr]l:d $4), (10), (12), (16), the next equation can be Ob- [?.g;]=8'i(x)'c @3
"ty cosax O 0 0 0 0 sinax O 0 0 0 0 4y )

Ve 0 coshmx O 0 0 sinme O sinmx O Q 0 cosmx|l| C,

Wy g - 0 coshmzx O sinhms O 2 0 sinmx 0 cositex O D,

O0z¢ 0 - 0 0 cospx (1] o 0 0 0 sin fx 0 (¢} By

-‘j;;‘— 0 0 msinhmx O acoshmx O o 0 mcosngr 0 -msinnge O D,

—‘:’:1- 0 rfn,sinhnnz 0 0 0 mcoshmx 0 mycosmx O - 0 0 ~mesinmyx | | Cy .
1= -asi‘naig © @ 0 0 0 awsax 0 0 0 0 0 ilai e
‘i;;— 0 r;n'sinhm‘x 0 0 0 mgécoshmyx 0 -mydcosmyxe O 0 0 m,‘sinm,::l Cs

i

'“"-;:," 0 O nisinhme 0 mfcoshmz 0 0 O -micosme O ngdsinme O || D
f "g;‘ ! 0 0 0 -Bsinfs © ¢ -0 0 0 Pcospr 0 ) B!
!d;:; 0 0 nglcoshax 0 mtsinhar O 1} 0 -mlsinmx O -mPcosngx O D,

—::} : 0 mtcoshmx O 0 0 mdsinhmx 0 >mlsinmex O 0 0 om,’eosm,::j C.‘
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Therefore

C=(5-Lx)1| 2 (")]

F(x)
BY using equations (23), (24), the following can be ob-
tained:

D165 5oy [ 20
[F(IJJ_B LD)-C= B-LUNE-LON™| ()

<[ M Me[DOT
= M Mu][F(O) @)
Where the above takes the form of

Mlh M!!

May, M BeL)(B-L(0))! seersemerarmcrenecsee (26)

then, Myy, My, My, My are cach a matrix of 6 x6.
From equation (25),

DI} = & yy» D{0)+ M 12« F(0) @n

F(l) = M yg+ D{0)+ M2+ F(0) -(28)

By using equations (27), (28) and applying the symmetry
of stiffness matrix. the following equation can be ob-
tained:

FO] _ [Ku Ke][DO] _ [DO] .
[r(n] - l_K:u Kz:} [D(l)] - K[D ) @)

where

K= (M ALyt
Kiy= K=MKy
Ky =Mau(Ky—2My)

K in equation (29) is the stiffness matrix for vibration of
beam having uniform cross section.  Furthermore, when
there is a concentrated mass m at the starting point or
ending point of beam, the following matrix should be
added to K;; or K. -

=1t

io —mu?

o 0 ~me?

1 0 moize —matye —Jwat

i—malze 0O mwtxe (1] —J ot

mAtye —meotxe 0 0 0 —~J:at

Moreover, when the joint is spring supported, k,, &n
I . Kkomyr kms ttc. should be added to the terms in
diagonal line of the matrix for that joint.

2.3 Solution of vibrational stiffness equation

Using the equation (29) derived in the preceding sec-
tion. the stiffness matrix for each member will be pre-
paed. These matrixes and external loads are placed in
absolute coordinates, by carrying out transformation of
Wrdinatcs. Then the stiffness matrix for the entire
structure will be prepared by adding the matrices of ail
joints.  When the inversed matrix of this stiffness matrix

for the entire structure is obtained and when it is multi-
plied by the external loads, the vibrational displacement
and vibrational modes for each joint in that structure, in
the case of circular frequency e, Can be obtained. By
changing this e little by little and repeating the above
calculations. it is possible to obtain the resonance curve
of that structure. In the actual computational programs,
caculations for several vibrational frequencies art carried
out simultaneoudly.

Because the stiffness matrix of the entire structure, in
the case of three-dimensional framed structures, will
become a matrix, of a size 6 times the number of genera
joints, it is not possible to directly calculate& this inversed
matrix, from the standpoint of computer capacity, when
a dructure contains very many joints. Therefore, the
author has adopted the unit splitting method, which is
generaly used. The author. however, invented a meth-
od which will diminate the need of splitting the structure
into several units by the user himsalf, which is very
troublesome work and is considered as shortcomings of
unit splitting method. Since the details of this system
had aready been presented', its explanation will be
omitted here. Furthermore, assumptions concerning
the relation between the structural member coordinate
system and the absolute coordinate system. and the
releases at joints and at ends of members are the same as
the above referencet®.-

3. Program

The program was prepared in accordance with the
contents as explained above. The points which were
specialy considered in the preparation of this program
are as follows:

1. The sectiona properties and dead weight of each
member will be automatically calculated by the input
of in dimensions and specific gravity.

2. The vibrationa modes can be drawn by the plotter,
thereby the results of analytical work can be quickly
and appropriately grasped by appealing to vision.

3. Attempts have been made to minimize the user's
efforts by providing the error messages at each check
point, thereby permitting early detection of er-
roneous data

4. Considerations have been made to permit com-
putational capacity of structures having large num-
ber of joints and members. At present, the max-
imum computational capacity is as follows:

Number of joints: 800
Number of members; 1,600
Number of loading conditions. 16

the computer employed in this system is UNIVAC-

1108, and the plotter is CALCOMP.

4. Example of applications

4.1 Example of vibrational analysis of radar mast
An example of anaysis of radar mast in an escort
ship, as shown in Fig. 2, will be introduced here. This
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L
7 Enlarped view of web fome

(note  Materia: Acryl
Elastic modulus: 460 kg/cm’

Fig. 3 Model of experiment (mm)

radar mast is a three-dimensional framed structure made
up of sted pipes. The radar and other equipment are
attached to 14 joints near the top of the mast. and they
jic considered to constitute a concentrated masses.
The dead weight of sted pipes, which congtitute the
framed structure will be computed as distributed mass
in the program by inputting pipe diameter, thickness
and specific gravity, and the distributed mass will be
applied to each member. More over, since the dimen-
sions of each member are given the sectiona properties
of each member will be automatically computed in the
Program.  In addition. the coordinate values and boun-
dary conditions of each joint will be input. As for the
hud. forced displacements. consisting of sinusoidal
waves of same amplitude, were applied to 10 support
mnts . at the base of radar. in the directions along the
length of ship as well as toward port and starboard.
The ‘computational results of vibrational modes are
Drawn by the plotter as shown in Fig. 2 The resonance
Points in port and starboard directions were 320 cpm
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Fig. 4 Process of modiification to web
frame structure
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Fig. 5 Framestructure of tank for calculation

for first order and 630 cpm for second order. and in
longitudinal direction 365 cpm for first order and 672
cpm for second order. Moreover, because the weight
distribution of this mast is not symmetrical longitudinal-
ly, asmall amount of torsion will be generated in latera
vibrations.

4.2 Example of vibrationa analysis of web frame in

tank

Recently. with the increase in ship size. there are
sometimes damages of web frames in tank near the
stem. due to vibrationa forces. In order to investigate
the behavior of vibration on web frames in tank, a model
test was done by the technical research laboratory of our
company. A comparison between the test results and
the analytical results by this program ZVIBRA has
been made.

() Model test

A test model shown in Fig. 3 consists of tank, made
of acrylic resin. in which 2 web frames were installed.
The model was mounted on the vibrator base, then
vibration was applied on to the model in longitudina
direction (perpendicular to surface of web frame), and
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vibrational responses and vibration modes were meas-
ured for the cases of with and without water in the tank.
Measurements were made in the following manner,
namely. 8 accelerating type pick-ups (weight: 1.5 g) were
attached to the web frames, and pick-up was fixed onto
the vibrator base. By changing the vibrational fre-
guency both acceleration and phase were measured for
each vibrational frequency. The positions where the
pick-ups were attached arc shown in Fig. 6.

(2) Computation by this program

Because this program is applicable only to framed
structures, it is necesary to modify the type of structure
where it is close to a plate, asin the case of web frame,
into a model of frametype structure. According to
test results (Fig. 6), it is clear that the panel itserf be-
tween dtiffeners aso vibrates considerably. Therefore,
the conventional method of solving the web frame stif-
fness problems. in assuming the web frame to be sub-
gtituted by a grillage structure made up of tiffeners
with appropriate effective width, as generaly used, is
not useful. Therefore, the panel between stiffeners
was aso assumed lo congtitute a part of the grillages,
and the fixing condition of web frame ends was aso
taken into consideration. Then computations were
carried out with the assumptions as below:

1. The portion shown by the dotted lines in Fig. 4-(b)
will be ignored. and it is assumed that the web
frame is made up of panels and stiffeners shown by
solid lines only.

2 The panel between stiffeners is assumed ‘to con-
dtitute a part of grid. thereby the web frame is as-
sumed to be a grillage structure in Fig. 4-(a). Further,
lines in Fig. 4-(a) show the following items:

Heavy continuous line:

Stiffness and weight will be determined by as-
suming a member made up of a verticad siffener
plus an effective width equal to ahalf of the panel
between stiffeners.

Alternate long and short dash line:

The shaded portion in Fig. 4-(b), namely, stif-
fness and weight will be computed by taking up
the central tral half of the panel between stiffeners.

Dotted line:

An area having a width equa to 1/2 of panel
in horizontal direction is taken up in the middle
of panel (shaded portion in Fig. 4-(c)), and it is
assumed that there is a member which has gtiffness
equivaent to the above dimensions but has no
weight.

Light continuous line:

The face plate only on upper edge, and its stiff-

ness and weight will be determined.
Alternate long and two short dashes line:

The lower plate of web frame and 1/2 of tank
bottom plate are assumed to contribute to the
stiffness and only the latter item will be accounted
for weight.

1M1 Engineering Rovie

Stiflenar Base

Magnification

3 ) 2.
120 130 140
-2 Frequency (MHz2)

~16¢4.
- 18}

Frequency & 136H2

. Measured acceleration
(NOte) Magmflcatlon— Acceleration on bibrator base

(Negative sign ifin inverse phase)

Fig. 6 Resonance curves and vibration mode of web
frame in air

3. Both left and right ends of the grillage shown in
Fig. 4-(a) are supposed to be rigidly fixed to both
walls of sufficiently rigid model tank.

4. The lower end of web frame which is assumed to
be of grillage structure is rigidly fixed to the tank
bottom stiffeners at the bottom of vertical stiffeners.
and the diffness and weight of the tank bottom
gtiffeners is computed by including the entire effec-
ive width of the pand.

5. The entire model is handles as a framed structure
shown in Fig. 5. In this case since the moded is
symmetrical about the center of tank, only a hail
of the above model will be considered and at the

center only a haf of the stiffness and weight of a
member is taken. and its rotatory displacement was

ssumed to be zero.

As for the loads used in computation. an attempt
was made to produce the same conditions as in the case
of test by applying forced displacements of sinusoidal
type onto joints 3, 6, 7, 10, 13, 14. 25,26, 37.38, in
Fig. 5.

(3) Comparison of test and computational results

Frequency response curves and vibration modes of
the model tested in air arc shown in Fig. 6, and the
frequency response curve was plotted from the com-
putations a measurement point-i. Further, in Fig. 7
a comparison is made of measured and computed
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Fig.8.(a) Output from CALCOMP plotter of vibration
mode curve of web frame in air (1)

vibration modes. both in air and in water. However.
in the case of computation of vibrations in water. the
virtual mass of water was estimated from the frequency
of both in air and in water according to tests. and those
values were used in the computation.

As can be seen from Fig. 6, the calculated value of
resonance frequency is 136Hz which agrees fairly well
with the test value. However, the magnification of
vibrations shown to be of large value near the reso-
nance point. because damping factor is not taken into
account, and the calculated values approach to the test
values as the frequency moves away from the resonance
point. In Fig. 7, when the test and computative vaues
are taken equal at measurement point-l, a comparison
of the two values at other points is shown. As can be
seen from the above, the form of vibration mode agrees
fairly well with test results. and the mode from computa-
tion clearly shows that the pand between stiffenersisin
coupled vibration. Examples of output mode by the
plotter in drawing the vibration mode curves are shown
in Fig. 8.

43 Example of analysis of coupled vibration between

hull and bottom

As one method of analyzing the vibration of hull, the
hull can be considered as a beam with varying cross
section. and it has been ascertained that computation
based on the above assumption produces adequately
precise results. if the degree of vibration is rather low.
However it is known that” in high degree vibration hav-
ing more than 4 nodes or so, unless the coupled vibration
with loca vibrations arising from bottom. etc. is-not
taken into account, it is difficult to carry out accurate
anaysis.

As an example of analysis.of coupled vibration between
hull and bottom (double bottom), the case of Ship A
(a bulk carrier) will be explained below:
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(1) Computative assumption to the respective distribution in longitudinal din
Incarrying out the analysis the following assumptions tion. so that the resultant distribution in o
have been made: member would be uniform.

1. The hull will be approximated by a plane grid as Transverse bulkhead:
shown in Fig. 9. Since the hull is a symmetrica The dead weight of transverse bulkhead is to
structure at port and starbord. of the hull need included in the side shdll.
be considered. Namely, by letting the vertical 4. Virtua mass of the water, as obtained using t
displacements of all joints on the centerline of method of Lewis®”was distributed to the ion
ship as well as the rotatory displacements around tudinal girders of double bottom, and where the
Y axis free. and aso by letting other components isno longitudinal girder. it was distributed to t
displacements constrained, the results would be side shdll.

the same as if both sides were computed. As for
the means of approximating the structure by plane

grids. the double bottom structure is shown by a Table :  Comparison between calculated and
plane grid with dotted lines. and both side structure measured natural frequencies of ship-A
and transverse bulkheads by a grid with continuous <. Node i : | R
2. The dtiffness of each structure was-taken as below: measured values | 53 | 103 | 140 | 160 | @52
Double bottom: . | ! e D one
The double bottom was split into 4 transverse Calculated values | 52 | 104 | 141 i R (".si

girders and 3 longitudinal girders, then their
stiffness was computed. The torsional stiffness
was computed by using a value assuming that the
double bottom is made of plates with anisotropic
plate.

Side shell: 200k

One haf of the longitudinal stiffness of ship )
{moment of inertia and the effective shearing area
used in the so-called longitudinal strength of ship)
was used. For the torsional stiffness of double
bottom, the torsional stiffness of hopper, which
is connected with the double bottom floor was
used.

Transverse bulkhead:

The bending stiffness was taken to be very large, sor
and computing the shearing stiffness the cross .-
sectional area of bulkhead plate was used.

3. Thedistribution of hull weight has been alocated 3 3 7 T 5
as below: No. of nodes
Double bottom:

The dud weight of double bottom and the (Note) - - -: calculated values

ballast within double bottom were uniformly dis- X o Measured .
. L T T e : calculated values uunder assumption
_t” buted to transverse girders. that hull is abeam with varying
Side shell: _ cross  section.
Both hull weight and ballast other than those Fig. 10 Natural frequency versus number of nodes c
of the double bottom were distributed, according ship-A

g
)

Frequency (cpm)

g
1
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Fig. 11 Calculated mode curves of ship-A

5. Asfor the load. vertical forces of sinusoidal form
were applied onto joint at stern end.

(2) Results of analysis and comparison with actua

measurement results

Under the above assumptions. the vertical hull vibra-

tion of Ship A was computed. Table | contains the
comparison between calculated and measured values of
natural frequencies, and Fig. 10 shows the comparison
between calculated and measured results of natural
frequency curves. The dotted line in the above figure
represents the calculated values. when the hull is assumed
of a beam having varying cross section. Moreover.
thc frequency with 6 nodes in the above table is actually
not of amode with 6 nodes. and because only the stern
is vibrating, its frequency is equivalent to 6 nodes
but not of 6 nodes in strict sense.

As can be seen from Fig. 10, the values obtained from
cdculations agree very well with measured vaues. when
calculaions were made by assuming a beam with varying
Cross section. as amatter of course the coupling effects
between hull and double bottom can not be accounted

for. and because the resonance frequency varies linearly
as the number of nodes increases. the calculated results
will differ considerably from the measured values start-
ing from around the 4th node.

Vibration modes of side shell and centerline of double
bottom at the resonance point. according to the cd-
culation of this system is shown in Fig. II. It can be
seen that the vibration of double bottom increases
starting from around the 4th node. Moreover. the
fact that at resonance points of 239 cpm and 251 cpm
the nodes on side shell disappear and only the stern
portion vibrates will provede a good explanation on the
actual cases where stem vibrations frequentlv occur in
higher degree vibrations.

5. Conclusions

With the stiffness matrix method, a genera purpose
program ZVIBRA for vibrational analysis of three-
dimensional and two-dimensional framed structures
has been prepared. Its outline and several examples
of its application have been presented, showing that
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there have been good agreements between theory and
test results.  As atarget for future studies, it is necessary

to

continue research which takes into account of the

damping factor of vibration.
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V. RECOMMENDATIONS

The current uIP%ading of facilities and equipment related to Numerical
Control Steel rication, Sub-task 2.2 of the T.T.P., has produced a
system which is capable of increasin% the tons per month of fabricated
steel. The related N/C software Ioac age, SPADES, currently provides
more data than the system is utilizing. It is the common opinion of
IHI and key Levingston Production and Engineering personnel that an
N/C system of scaled body plan mold lofting be implemented through

the installation of a numerically controlled drafting machine in the
mold |oft.

Please se Reference 1 which documents the rationale for this decision.
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IHI WORKING FLOW AND SCHEME FOR HULL STRUCTURE DESIGN
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