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A Fundamental study on representation of ship’s hull structure for
integrated CAD/CAM in shipbuilding

by Takeo Koyama, Member

Shunsuke Akifuji, Member

Summary

Integrated CAD/CAM is required in many industrial fields.

Building integrated CAD/CAM

for ship-building, we have to consider of characteristic problems such as how to input many

detailed information of parts and how to measure against frequent design changes.

In this

paper we propose a description method of hull structures by relation and explain geometrical

reasoning to fix figures from this description.

We also propose a parts decomposition method applying the simplifying and integrating rules.
Our experimental program is able to deal with objects consist of planes only, but improved
rules are needed to put this program into practical use with curved surfaces.
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beginof(a).
parameter(sl, 15).
parameter(tl,1.5),
parameter(h,11).
xref(x).

yref(y).

zref(z).
distance(a,x,1).
distance(b,y, 7).
distance(c, z,1).
board(a,d,sl + 2 ).
board(b,e,tl / ( 3.0 + s1 ) ).
board(c,f,h * 2 ),
bool(a*b*c*gxe*f),
endof(a).

end.

Fig.1 Surface Relation Description

RITCEZEERTERT %0
ZQ® axref (x), yref (¥), zref (2)

(® distance (x, y,p)

® board (z,9,p)

@ angle (x,9,a,b,p)

® cylinder (»,a,b,p)

IEL %,Y,2, a0 FEOAR, r: HEEOLH,
P RT R EELEMNK

@ aref (x), yref (y), zref () (Fig.2 W)
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@ distance (x, y,p)
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distance (%, y, p)=distance (y, x, —p)
® board (x,y,0)
FE © Y I TCHEE, ZEEOEE »

X

normal vector

X axis

Fig.2 Definition of reference surface

p>0 p<O

Fig.3 Definition of distance by surface
relation predicate
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Fig.4 Definition of board by surface
relation predicate

r>0 r<o0

Fig.5 Definition of cylinder by surface
relation definition
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® cylinder (r,a,b,p)
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Fig. 6 Definition of space by set calculation
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intersection (@,b) &< axb
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rule(
fixed angle,
[angle(N,X,Y,A,B,Expr),
fixed(Y
fixed(a, , , ),
fixed(s | | 7,
\+ fixec_i(}—(,:,_,_)],

, [sub_angle(N,angle, [Y,A,B] . X,Expr)]

Fig.7 An example of surface fixing rule

r_r_r__Je

kouten2: -
plane(A, [Ax, Ay, Az,Ad]),
plane(B, [Bx, By, Bz,Bd]),
A @ B,
\+ para(A,B),
plane(C, [Cx,Cy,Cz,Cd]),
B @ C,
\+ piont([a,B,C},[_,_, 1),
\+ para(A,C),
\+ para(B.C),

include volume([A,B,Cl, [X,Y,21),
asserta(point([a,B,C], [X,Y,2]1).

Fig. 8 Intersection point fixing rule
with 3 surfaces

kousen2: -
point(Ll,Pl),
point(L2,P2),
\+ line(Ll,L2, , ),
intersection(Ll,L2,[S1,82]),
plane(Sl, ),
plane(S2, ),
union(Ll,1L2,L3),
bool(_,Bool),
includeb(L3,Bool),
asserta(line(Ll,L2,P1,P2)).

Fig.9 Intersection line fixing rule
with 2 surfaces
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Fig.10 Examples of parametric
representation

Fig. 11 Parametric representation with
phase change
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make simple(Ll,[]):-
member(A,Ll),
plane(A, [Ax,Ay, Az, Ad]),
Bx is -Ax,
By is -Ay,
Bz is -Az,
plane(B, [Bx,By,Bz,Bd]),
member(B,Ll1),
A \== B,
Ad >= -Bd.
make simplel([A|R],[A|T]):-
plane(A, [Ax,Ay,Az,Ad]),
plane(B, [Ax,Ay,Az,Bd]),
Ad >= B4,
member(B,R),
delete_all(B,R,R1),
make simplel(R1,T).
make simplel([A|R],T):-
plane(A, [Ax,Ay,Az,Ad]),
plane(B, [Ax, Ay, Az,Bd]),
Ad < B4,
member(B,R),
make simplel(R,T).

Fig. 12 Simplification rule for decomposition
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Fig.14 Example of parts decomposition (2)
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