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Abstract

The objective of this study is to develop knowledge-based system for the preliminary design and midship
section design of bulk carrier and to enhance the applicability of knowledge engineering in the field of
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Naval Architecture.

First, expert system shell called E.1 is developed in C language. E.1 supports backward-chaining, automatic
iteration procedure and reiterative inference mechanism for efficient application of knowledge-based system
in structural design. Knowledge representation in E.1 includes IF-THEN rules, ‘facts’ and ‘tables’. Second,
knowledge bases for the principal particulars and midship section design are developed by experimental
formula, design standard and experiential knowlege. Third, hybrid system combined this knowledge-based
system with the optimization program of midship section is developed. Finally, the simplified design method
utilizing the regression analysis of the optimum results of stiffened plate is developed for facilitating the
design process.

Using this knowledge-based system, the design process and results for Bulk carrier and stiffened plates
are discussed. It is concluded that knowledge-based system is efficient for preliminary design and midship
section design of the ship. It is expected that the performance of the CAD system would be enhanced
if the better knowledge-base is accumulated in the E.1 tool.
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{rule?: :{name) : if {premise}

then {conclusion) :
premise?: :{expr> {and! or {expr)}
{conclusion): :{var) {=<{expr)}! {function)
{and<{var) {=<expr) ! {function)}

o] +&& AM8-3te LLOYDWA [16] W&
chapter 19] section59 & Table 1528 A4
Wojx3t g dE FW olefst 2}

% % % Chapter 1 Section 5

% % % Table 1.5.2

t 1 152 1:
if bottom__frame__type=longitudinal
then bottom__thick=

max(0.001*s__t152__1*(0.043*L__t152_1
+10.0) *sqrt{FB/k),
0.0063"s__t152__*sqrt(T*k/(2. —FB))) :
% (mm)
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Fact T#& Fo]7 o] vt g ¥ 4 }&
ZAEL 9+ production rule¥A#E g8 Y=
AHd 228 7lgdle Zolth Factd] ©& ¥
21 0 & meta-fact’t 1t} @A E.1S 3% 7 2 meta-
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sageE AME-3l] WA AR A ojd WS

€ B4 € 9 messages] = FAD(string) &
935 dEHE &9 typeE HARH Liste
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L.D, T.s.S, kasdefinedin1.5.1

L-v
s, =sbut is not to be taken iess than 470 + ﬁ

L, =L, but need not be taken greater than 190 m

L, =L, but need not be tuken greater than 215 m

Fy=as definedinPt3,Ch 4,5.7
1

ref—s )"
*+\ 70005

Ry = bilge ragius. inmm

f,=
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°]E& BNF #2oz 71&3ld ola e} 2,

{fact): :{factname) : {var) =< expr)

{var) &

Clist): :list({var) {{var)}) ;
{message): :message(<var>, {type),
string{(string)}))
LLOYD 7% Chapter 1 Section 52} Table 1.5.22]
Y¥-E d2 59 o2 T,
t_1 152 51s t152_1
=max(bottom__long__spacing,
470.0+L_ t152_ 2/0.6) 3
t_1 _152_5:s_t152_ 1=min(L, 190.0) :
message(bilge__radius, real, (“What is the value
of radius of bilge? 7)) ;
watch(3, s_t151, s_ t152, f_t152_ 1)

E.18] F& 7177} bilge_ radius®] #& 2
g w WA Ao 2§ FolH D bilge radius®]
& 23E F AUE ruleolV fact7t oW A}
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“real” ] 7] W&ol ALg27}F AH G Zhol A4 (real
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#kEo] graphz EAIS O e FLE S BES
MO R graph® A 4wjol 23 & & Ut

table &S BNFZ HA|3IH olgfe} ),

{table): :name : {string

return : {return__value)

size : (integer), {integer)
row__key - {row__keys)
column__key : {column__keys)
{table__body)) :

o] tableT & A & EW
KR #7%[17] A 394 6% A 100322 & 6312
production rule¥ o2 HF3H3Y
trulel : if L$30.0
. then V__over__sqrt_ L=177"



trule2 : if L>=30.0 and L<40.0
then V__over sqrt_ L

=177~ (30.—L)/(30.—40)* (1.77—166) ;
trule3 : if L>30.0 and L{=6.0

then V__over _sqrt_ L

=1.66—(40.—L)/(40.—60.)* (1.66—1.31) ;

ol ¢} o] B33 production rule®d 4 o] XH-S
table &g AH83te HA3A the o] 7
@3 Zddc

table(name © “table 6.31 for V/sqrt(L)”
size 1, 6
return - V__over_ sqrt__ L
row__key ° null

column__key : interpolation

L" ................ .
30.0 177
40.0 1.66
60.0 131
80.0 140
100.0 1.33
120.0 1.30 )

Autel FoXNFE F3EY) AN Fr1Be
ulgg #4€ Berl $ivh AdmiraltyA % (Cad
=l (2/3)* $E3/FNB f1H)E A& 3o
F7E otE g 2L 5 Jdod Cadd #e FE
AP (Cd=08, L/B=60)° thet grol dAse
]9} L/B9 Cb7t Rol7t 8 A 2 $£AXE

b — T T
TA\"\'E B
L NKEp [
2 r L2y y
g °r
“ -
~30 ] L !
0.76 0.78 0.8, 0.82 0.8¢
i3

Fig. 3 Correction of cad for cb
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& o] Fig 322 EA RG]
Fig. 3& tableT®& AM&3dle] A 4wo]28
s o33 3o] 3 EFHD.
table (name : “Fig.3”
size ! 1, 7
return : correction_ for__Cb
row__key : nul]

column__key  interpolation

“Cb” ................

0.76 25.0

0.78 20.0

0.8 120

0.82 0.0

0.83 —10.0

1200 —200

0.8405 ~26.0 )
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o] SYEHE oz dASA . oy
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(KB ES tool for
Ship St. Design)

1
< Knowledge-base >

KB for Ship's
Principal Particula

(Rule, Fact, Table)

LLOYD rule

KB

(Rule, Fact) e

Longitudinals Control Rulesl
(Table)

|

KB for Designing
Midship Section —

(Rule, Fact) —

|

GKB for Drawing
Midship Section
(Rule, Fact)

KB for Running
Optimal Design
Program
(Rule)

T
|

Optimus Design
Programaing

(Fortran, Hooke &
Jeeve's)

Fig. 4 Knowledge-based expert system for ship
structural design
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31 87 5HE deckt bottomell W3t FHA 7}
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Table 1. Owner's requirement

Type : Bulk Carrier
Deadweight : 37000ton
Speed : 13.7 knot
Draft : 11.0m

1) Mete] FRAs AY

Fig. 4o Q& “dute] X4 24 & 91 ¥KB”
g 38389 a7He Aty FoX4E FAH
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513
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FaRT9 F£3& FFE3dn AAE Lpp,
breadth, Cb 5 3ty & 1 o] 49) A& HelaA
YD H45 AT ELY A 2® B30I “set” &
A+8-3te] =A%), Fig. 591 M & Lppel &% 44
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Coavermation

(displocesent - light_shi 4w 27792 OAdany

lll 'ln- ‘..lnt'ht is 'B‘.. 00‘0
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m vant 10, uee ‘set. funciica)sel sns (yee or »0)
L' 178 22792 one yeoll

ny
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Sl s o “rgeg Pacdh sremet
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[iroe nisaaton - 1T sway bo reel |

v im0 2o
£.1 : IF oo ces show thar
buli_type = ‘onen_bulk_tyee®
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L4 i (‘.M'.!lll 7 3000) [] lll)

u.'"“ STH 349078 dieol . 44771 190897 |
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Fa e &8 e
osdIn : 30 638942 dopn 1 18 402037

Fig. 5 Example of re-inference process in E.S.
for preliminary design

I P T T P i T .

[conversation

' Los 174,33 ans ves
lul owuly
‘.:70 3300007 3, B : 26 TRALTIT.Y, D : 15.4020377 3 Ch : 8. 0079537 .9

okt -t TP s I SR ETWTTTT | J
1

Ny
e

£ 1 - IF ve cen show thet
Juth vemmgy z Smewss Bysijh pemec
Optioas

Troe nimmatch - It sust be resl
[Tyos nismatch : It sust be resl.

- TR
[£.1 - IT ve con show ket

buib type * “coen_bulk_tree"
'I'II, it tellov (rea rule ‘relelt’ o

veyont 7 (0 &
Saavmiens S 10507

disvlscenent + 48Y
<» . :
s : M

Fig. 6 Final result of preliminary design
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Fig. 6& FF 3o 2 9& $2 X4 & Conversa-
tion windowoll 881 i} N&d FLAFE
Table 29} Zeo] ZAHAL o] & o83 F
o dAFRFog Fojg

Table 2. Principal particulars(m)

Lpp 174.33
Breadth | 28.79
Depth 15.60
Cb 0.8080

2) SACHH MA

Fgade] 72y Pe 2HE] AT A4
ol AMEHol AA @Vl WEN FAIY Z
gy AR A4E 3t Table 35 &2 dl
ole}E Fu|3o} Fch,

Fig. 7& E19 A% & A3t 715 o4& B
1 e d FB (bottomol w3l 83 =&
S A A 4 /bottomel] ThE A GRHASF) g
AA37) 9 e Ade] a¥E ¥R
AAE HE 9 FUE AdAN 277 E ¢
Y=g AARAA 278 3ot

Fig 8& deckoll ti§t daAlse] ghol A7A
B AL 39 deckd FAE N3 AUFA A
& 7% oA A FEE Y5 AFE
BojFm 9l

Table 3. Basic information of infra structures

in midship section

top web space 3.75(m) | topside tank depth . 4.54(m)

floor space 2.25(m) | camber * 0.8(m)
frame space 750.0(mm) | kunckle point : 7.2(m)
stowage rate . 0.694 duct girder distance

number of side girder : 3 | from center girder: 16(m)

double bottom height - 1.7(m)

topside tank bracket - 1.2m)

bilge radius : 2.0(m)

hopper tank bracket : 16(m)

hopper tank height

al side : 3.240(m)

hopper tank breadth

al inner bottom @ 3.8(m)

hatch coaming : 0.318(m)
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Fig. 7 Example of automatic iteration process
in E.S. for midship section design
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Fig. 8 Example of re-iteration process in E.S.
for midship section design
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(Case : bilge radius =20

=1.7)

double bottom height
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Table 4. Optimization results of midship section
OPTIMUM VALUE(mnm)

DECK LONGL. SPACE 935.0
DECK LONGL. THICKNESS 215
DECK LONGL. HEIGHT 385.0
BOTTOM LONGL. SPACE 770.0
HOPPER LONGL. SPACE 765.0
SIDE LONGL. SPACE IN HOPPER TANK 770.0
TOP SIDE PLATE LONGL. SPACE 775.0

SIDE LONGL. SPACE IN TOP SIDE TANK 810.0
* k ok k TWBKT SIZE = 1479.3mm
* Kk % ¥ HPBKT SIZE = 2180.0mm
CROSS SECTIONAL AREA : 12877.5cm*
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Fig. 11 Geometry of stiffened plate
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Fig. 12 Knowledge-base for design va-
riables of stiffened plate
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Table 5. Results obtained by regression' formula for stiffened plate
CASE | Atmm) | B(mm) p(kgf/mm2) q(kgf/mm2) Vol{mm3) | Opt. |Error(%)
1 2000 6000 5 0.01 5.480 5.620 2.5
2 6000 4000 15 0.015 11.325 11.656 28
3 8000 10000 15 0.02 18.131 15.075 20.
4 10000 10000 20 0.02 26.515 24.370 838

Where Vol=(A*B*t+i*t1*hl+j*t2*h2)/(A*B)

Error= | Opt—Vol | /Opt*100( %)
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