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(57)  The present invention provides a shell plating
developing method leading to reduction of the amount
of machining and improvement of the efficiency in man-
ufacturing the shell plating. In the shell plating develop-
ing method according to the invention, a shell plating
lattice system is constituted, and the directions in which
the curvature of a shell plating P at each lattice point of
the shell plating lattice system is maximum and mini-
mum are determined (s102). Also, lines extending in the
directions in which the absolute value of the curvature
is large and small are determined as a first connection
line Ly and a second connection line L, (s104). The first
connection line L, is developed as a straight line on a
flat plate P" while the length of the first connection line
L, is maintained. And the second connection line L, is
developed as a line perpendicular to the straight line on
a flat plate P" in such a way that the integrated value of
the amount of machining correspondingto the extension
ratio or the shrinkage ratio of the second connection line
L, is minimum.

FG.2 (o)
( DEFERMINE_CURVATURE MAXIMUM/MINIMUM DIRECTIONS ) 5102
(" DETERMINE_PIRST_AND SEICDND CONNECTION LINES ) 104
C DETERMINE BANID~SHAI’ED AREA ) s106
C TEMPORARILY DE[ERMlNEI ORCULAR CONE SURFACE ) s108
( DEVELOP BAWDSHAPED AREA AS IPARI OF CRCULAR CONE SURFACE ) S110
C ORAINE o~ Tox &) & sz
C FORMALLY DETERMINE (:m(umn CONE_SURFACE ) sils

C DEVELOP BAND-SHAPED AREA AS PART OF CRCULAR CONE SURFACE ) SHé
[l
C DEVELOP PART OF CIRCULAR COME SURFACE AS SECIOR AREA ) SI18

1
C INTERCONNECT SECOND CONMECTION LINES s
6.2 (b
C DETERMINE CURVATURE ) s02

i
( DETERMINE SHRINKAGE RATIO sh () =1, (1+ex () ) S204

1
BEND FLAT PLATE ALONG SECOND DEVELOPMENT LNE 10 FORM 5206
INTERMEDIATE CURVED PLATE

1
(CSHRINK NTERMEDIATE CURVED PLATE ALONG SECOND DEVELOPMENT LINE ) 5208

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 486 892 A1 2

Description
Technical Field

[0001] The present invention relates to a method for
developing a shell plating of a predetermined shape to
a flat plate, a method for manufacturing the shell plating
of predetermined shape from the flat plate, a computer
program for teaching the methods, and an image/sound
recording medium for teaching the methods.

Background Art

[0002] A metallic shell plating of a predetermined
shape for the marine vessel is manufactured by devel-
oping the shell plating on a metallic flat plate and bend-
ing the flat plate in the predetermined shape. To accu-
rately machine the flat plate into the shell plating of pre-
determined shape, it is required that the shell plating is
appropriately developed on the flat plate.

[0003] Conventionally, the shell plating developing
methods typically include a geodesic line developing
method, a diagonal line developing method, an orthog-
onal forward method, and an orthogonal return method.
With the geodesic line developing method, a plurality of
planes (frame planes) x in which the shell plating is cut
crosswise and a plurality of intersecting lines (frame
lines) y between the frame planes x and the shell plating
curved face are determined, as shown in FIG. 12. Also,
a plane-of-sight z intersecting (typically orthogonal to)
the frame planes x is determined, and an intersecting
line (line-of-sight) v between the plane-of-sight zand the
shell plating curved face is determined. Moreover, a line
on the shell plating curved face connecting both ends of
the line-of-sight v in the shortest distance is determined
as a geodesic line w. And the geodesic line w is devel-
oped as a straight line with the actual length on the flat
plate, and the shell plating is developed on the flat plate
with reference to this straight line.

[0004] Whenthe developedflat plate is machined into
the shell plating in which the lateral bending is severer
than the longitudinal bending, the lateral bending is first-
ly made under a condition in which the amount of exten-
sion or shrinkage within the face is relatively small, and
the longitudinal bending is made by drawing. In this
case, the plate is shrunk by increasing the plate thick-
ness, but it is required to have a larger size before ma-
chining corresponding to the shrinkage ratio. At this
time, in developing the shell plating on the flat plate, the
curved shell plating is extended to increase the area,
and an increased area by extension is shrunk in machin-
ing to form the longitudinal bending.

[0005] However, according to a knowledge of the in-
ventor of this application, it is difficult to say that the ma-
chining of the shell plating from the flat plate developed
by the geodesic line developing method is suitable for
the shell plating especially in a bow and stern portion
with large curvature. That is, it cannot be said that the
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shell plating is optimally developed to the flat plate, and
the amount of machining the developing flat plate into
the shell plating becomes unnecessarily large, so that
the machining efficiency is not always excellent. This is
because the conventional developing method greatly
depends on the knowledge and experience.

[0006] Thus, an object of the invention is to provide a
shell plating developing method, a shell plating manu-
facturing method, and a computer program associated
with the methods that leads to reduction of the amount
of machining and improvement of the efficiency in man-
ufacturing the shell plating.

Disclosure of the Invention

[0007] In order to solve the above-mentioned prob-
lems, the present invention provides a shell plating de-
veloping method, comprising the steps of determining a
first connection line and a second connection line con-
stituting a shell plating lattice system based on a curva-
ture of the shell plating, and being orthogonal at each
lattice point of the shell plating lattice system, and de-
veloping the first connection line and the second con-
nection line as the lines constituting a flat plate lattice
system and being orthogonal to each other at each lat-
tice point of the flat plate lattice system on the flat plate.
[0008] According to the invention, the flat plate is bent
along the second connection line developed on the flat
plate so as to bend the first connection line developed
onthe flat plate as well, thereby forming an intermediate
curved plate. Thereafter, the intermediate curved plate
is shrunk or extended in the direction of the second con-
nection line to manufacture the shell plating of predeter-
mined shape. In manufacturing the shell plating, howthe
flat plate should be bent, or how the intermediate curved
plate should be shrunk or extended is clarified by the
first and second connection lines. Therefore, the shell
plating of predetermined shape can be easily manufac-
tured from the flat plate even by person other than the
skilled worker.

[0009] Also, the invention provides the shell plating
developing method, wherein out of the directions in
which the curvature of the shell plating at each lattice
point of the shell plating lattice system is maximum and
minimum, the line extending in a direction where the ab-
solute value of the curvature is large may be determined
as the first connection line, and the line extending in a
direction where the absolute value of the curvature is
small may be determined as the second connection line.
[0010] Further,the invention providesthe shell plating
developing method, wherein the connection lines ex-
tending in the directions in which the curvature of the
shell plating at each lattice point of the shell plating lat-
tice system is maximum and minimum are determined,
the line on the shell plating interconnecting the end
points of the connection lines in the shortest distance is
determined as a geodesic line, and out of the connection
lines, the line in which there is a smaller dislocation from
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the geodesic line is determined as the first connection
line, and the line in which there is a larger dislocation
from the geodesic line is determined as the second con-
nection line.

[0011] Accordingtotheinvention,the secondconnec-
tion line is developed from the shell plating on the flat
plate in such a way that the integrated value of the
amount of machining corresponding to the shrinkage ra-
tio or the extension ratio of the second connection line
is minimum, thereby leading to reduction of the amount
of machining corresponding to the shrinkage ratio orthe
extension ratio of the flat plate required in manufacturing
the shell plating and improvement of the efficiency in
machining the shell plating as compared with the con-
ventional methods.

[0012] Also, the invention provides the shell plating
developing method, wherein the first connection line is
developed as a straight line on the flat plate while the
length of the first connection line is maintained, and the
second connection line is developed on a flat plate as a
line constituting a flat plate lattice system along with said
straight line and orthogonal to the straight line at each
lattice point of the flat plate lattice system in such a way
thatthe integrated value of the amount of machining cor-
responding to the expansion ratio or the shrinkage ratio
of the second connection line is minimum.

[0013] Further, the invention provides the shell plating
developing method,wherein when thefirst and second
connection lines are developed from the shell plating to
the flat plate, a shell plating fraction area of the shell
plating containing the first and second connection lines
is determined, a developable surface is determined in
which the first connection line contained in the shell plat-
ing fraction area is developed as a straight line while the
length of the first connection line is kept invariable, and
the second connection line contained in the shell plating
fraction area is developed in such a way that the inte-
grated value of the amount of machining corresponding
to the expansion ratio or the shrinkage ratio is minimum,
and the shell plating fraction area is developed on a part
of the developable surface, the part of the developable
surface is developed on a flat plate fraction area, and
the first or second connection lines corresponding to the
adjacent flat plate fraction areas are connected.
[0014] Also, the invention provides the shell plating
developing method, wherein a band-shaped area con-
taining the first connection line and the second connec-
tion line between the adjacent first connection lines is
determined as the shell plating fraction area, wherein
out of the circular cone surfaces having a vertex on the
extension line of a tangential vector to the first connec-
tion line at a shell plating lattice point contained in the
shell plating development area, and having a rotation
axis perpendicular to a curvature vector of the second
connection line at the shell plating lattice point, and
passing through an end point of a vector in which the
curvature vector is divided by the square of the absolute
value of the curvature, a circular cone surface in which
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the first connection line is developed as a fraction of the
generating line while the length of the first connection
line is maintained and the second connection line is de-
veloped as a fraction of the contour line in such a way
that thatthe integrated value of the amount of machining
corresponding to the extension ratio or the shrinkage ra-
tio of the second connection line is minimum is deter-
mined as the developable surface, and wherein the shell
plating fraction area is developed on a part of the devel-
opable surface, the part of the developable surface is
developed on the flat plate fraction area of sector shape
by a conical projection method, the first connection line
developed on the developable surface is developed as
a longitude line on the flat plate, the second connection
line developed on the optimal circular cone surface is
developed as a latitude line on the flat plate, and the
second connection lines corresponding to the adjacent
flat plate fraction areas are interconnected.

[0015] Further, the invention providesthe shell plating
developing method, wherein on the basis of a second
reference line in which the central angle of curvature is
maximum or minimum when the second connection line
is developed as a fraction of the contour line on the cir-
cular cone surface out of the second connection lines
contained in the shell plating development area, a cir-
cular cone surface is determined as the developable
surface in such a way that the integrated value of the
amount of machining corresponding to the extension ra-
tio or the shrinkage ratio of the second connection line
is minimum when another second connection line is ex-
tended or shrunk to coincide with the central angle of
curvature.

[0016] Also, the invention provides the shell plating
developing method, wherein the second connection
lines are interconnected in such a way that a dislocation
between the second connection lines contained in the
adjacent flat plate fraction areas is minimized by the
least square method.

[0017] Further, the invention provides the shell plating
developing method, wherein when a local saddle point
or umbilicus where the first and second connection lines
can not be determined exists on the shell plating, the
first and second connection lines extending from anoth-
er point of the shell plating and passing through the sad-
dle point or umbilicus are determined as the first and
second connection lines relevant to the saddle point or
umbilicus.

[0018] In order to solve the above-mentioned prob-
lems, the invention provides a shell plating manufactur-
ing method, wherein after performing a shell plating de-
veloping method comprising the steps of constituting a
shell plating lattice system, and out of the directions in
which the curvature of a shell plating at each lattice point
of the shell plating system is maximum and minimum,
determining a first connection line extending in a direc-
tion in which the absolute value of the curvature is large
and determining a second connection line extending in
a direction in which the absolute value of the curvature
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is small, and developing the first connection line as a
straight line on a flat plate while maintaining the length
of the first connection line, and developing the second
connection line as a line constituting a flat plate lattice
system along with the straight line and being perpendic-
ular to the straight line at each lattice point of the flat
plate lattice system on a flat plate in such a way that the
integrated value of the amount of machining corre-
sponding to the extension ratio or the shrinkage ratio of
the second connection line is minimum, the shell plating
manufacturing method comprises the steps of bending
the flat plate along the second connection line so that
the curvature of the first connection line is coincident
with the curvature based on in determining the first con-
nection line on the shell plating, thereby forming an in-
termediate curved plate, and shrinking or extending the
intermediate curved plate in the direction of the second
connection line so that the length of the second connec-
tion line for the intermediate curved plate is coincident
with the length of the second connection line forthe shell
plating in accordance with the extension ratio or the
shrinkage ratio of the second connection line based on
in developing the from the shell plating to the flat plate.
[0019] In order to solve the above-mentioned prob-
lems, the invention provides a computer program for
teaching a shell plating developing method installed in
one computer or uploaded via a network, wherein the
computer program enables said one computer to per-
form an information providing function for the shell plat-
ing developing method or a function of uploading data
regarding the shell plating developing method via a net-
work to another computer to enable said another com-
puter to perform the information providing function, the
shell plating developing method comprising the proce-
dures in which a shell plating lattice system is constitut-
ed, and out of the directions in which the curvature of a
shell plating at each lattice point of the shell plating sys-
tem is maximum and minimum, a first connection line
extending in a direction in which the absolute value of
the curvature is large and a second connection line ex-
tending in a direction in which the absolute value of the
curvature is small are determined, and in which the first
connection line is developed as a straight line on a flat
plate while the length of the first connection line is main-
tained, and the second connection line is developed as
a line constituting a flat plate lattice system along with
the straight line and perpendicular to the straight line at
each lattice point of the flat plate lattice system on a flat
plate in such away that the integratedvalue of the
amount of machining corresponding to the extension ra-
tio or the shrinkage ratio of the second connection line
is minimum.

[0020] According to the invention, the user can grasp
the procedure for the shell plating developing method
through one computer in which the program is installed
or downloaded or another computer to which data is up-
loaded.

[0021] In order to solve the above-mentioned prob-
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lems, the invention provides a computer program for
teaching a shell plating manufacturing method, wherein
the computer program enables one computerto perform
an information providing function, which provides the in-
formation as to the flat plate containing the first and sec-
ond connection lines obtained by performing the shell
plating developing method, the curvature based on in
determining the first connection line on the shell plating,
the extension ratio based on in developing the second
connection line from the shell plating to the flat plate or
the shrinkage ratio in manufacturing the shell plating
based on the extension ratio, or the shrinkage ratio or
the extension ratio in manufacturing the shell plating
based on the shrinkage ratio, or a function of uploading
relevant data via a network to another computer to en-
able said another computer to perform the information
providing function, which provides the information as to
the flat plate containing the first and second connection
lines obtained by performing the shell plating developing
method, the curvature based on in determining the first
connection line on the shell plating, the extension ratio
based on in developing the second connection line from
the shell plating to the flat plate or the shrinkage ratio in
manufacturing the shell plating based on the extension
ratio, orthe shrinkage ratio orthe extension ratio in man-
ufacturing the shell plating based on the shrinkage ratio,
wherein the shell plating developing method comprises
the procedures in which a shell plating lattice system is
constituted, and out of the directions in which the cur-
vature of a shell plating at each lattice point of the shell
plating lattice system is maximum and minimum, a first
connection line extending in a direction in which the ab-
solute value of the curvature is large and a second con-
nection line extending in a direction in which the abso-
lute value of the curvature is small are determined, and
in which the first connection line is developed as a
straight line on a flat plate while the length of the first
connection line is maintained, and the second connec-
tion line is developed as a line constituting a flat plate
lattice system along with the straight line and perpen-
dicular to the straight line at each lattice point of the flat
plate lattice system on a flat plate in such a way that the
integrated value of the amount of machining corre-
sponding to the extension ratio or the shrinkage ratio of
the second connection line is minimum.

[0022] Also, the invention provides the computer pro-
gram for teaching the shell plating manufacturing meth-
od, wherein the computer program enables one compu-
ter to perform an information providing function for the
shell plating manufacturing method or a function of up-
loading the data relevant to the shell plating manufac-
turing method via a network to another computer to en-
able said another computer to perform the information
providing function, the shell plating manufacturing meth-
od comprising the procedures in which the flat plate is
bent along the second connection line so that the cur-
vature of the first connection line may be coincident with
the curvature based on in determining the first connec-
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tion line on the shell plating to form an intermediate
curved plate, and the intermediate curved plate is
shrunk or extended in the direction of the second con-
nection line so that the length of the second connection
line on the intermediate curved plate may be coincident
with the length of the second connection line on the shell
plating in accordance with the extension ratio or the
shrinkage ratio based on in developing the second con-
nection line from the shell plating to the flat plate.
[0023] Accordingto the invention, the user grasps the
information of the shell plating manufacturing method
through one computer in which the program is installed
or downloaded or another computer to which data is up-
loaded. More specifically, the user can grasp to what ex-
tent the flat plate is bent along the second connection
line, or the intermediate curved plate is shrunk or ex-
tended in the direction of the second connection line.
Thereby, it is expected that the high quality shell plating
is manufactured without needing the skills in an im-
proved manner.

[0024] In order to solve the above-mentioned prob-
lems, the invention provides an image/sound recording
medium for recording the image or the image and sound
related with a shell plating developing method compris-
ing the procedures in which a shell plating lattice system
is constituted, and out of the directions in which the cur-
vature of a shell plating at each lattice point of the shell
plating lattice system is maximum and minimum, a first
connection line extending in a direction in which the ab-
solute value of the curvature is large and a second con-
nection line extending in a direction in which the abso-
lute value of the curvature is small are determined, and
in which the first connection line is developed as a
straight line on a flat plate while the length of the first
connection line is maintained, and the second connec-
tion line is developed as a line constituting a flat plate
lattice system along with the straight line and perpen-
dicular to the straight line at each lattice point of the flat
plate lattice system on a flat plate in such a way that the
integrated value of the amount of machining corre-
sponding to the extension ratio or the shrinkage ratio of
the second connection line is minimum.

[0025] According to the invention, the user can grasp
the procedure of the shell plating developing method
through the visual sense or visual and auditory senses,
using the image/sound reproducing apparatus.

[0026] Also, the invention provides the image/sound
recording method, further comprising recording the im-
age or the image and sound regarding the flat plate con-
taining the first and second connection lines obtained
by performing the shell plating developing method, the
curvature based on in determining the first connection
line on the shell plating, the extension ratio based on in
developing the second connection line from the shell
plating to the flat plate or the shrinkage ratio in manu-
facturing the shell plating based on the extension ratio,
or the shrinkage ratio or the extension ratio in manufac-
turing the shell plating based on the shrinkage ratio.
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[0027] Moreover, the invention provides the image/
sound recording method, further comprising recording
the image or the image and sound regarding the shell
plating manufacturing method comprising the proce-
dures in which the flat plate is bent along the second
connection line so that the curvature of the first connec-
tion line may be coincident with the curvature based on
in determining the first connection line on the shell plat-
ing to form an intermediate curved plate, and the inter-
mediate curved plate is shrunk or extended along the
direction of the second connection line so that the length
of the second connection line on the intermediate
curved plate may be coincident with the length of the
second connection line on the shell plating in accord-
ance with the extension ratio or the shrinkage ratio
based on in developing the second connection line from
the shell plating to the flat plate.

[0028] According to the invention, the user can grasp
the procedure of the shell plating manufacturing method
through the visual sense or visual and auditory senses
using the image/sound reproducing apparatus. More
specifically, the user visually grasps to what extent the
flat plate is bent along the second connection line, the
intermediate curvedplate is shrunk or extended in the
direction of the second connection line.

Brief Description of the Drawings

[0029] FIG. 1 is an explanatory view showing the
shape of a shell plating to which a shell plating develop-
ing method and a shell plating manufacturing method
according to the present invention are applicable; FIG.
2(a) is a flowchart showing the shell plating developing
method according to the invention, and FIG. 2(b) is a
flowchart showing the shell plating manufacturing meth-
od according to the invention; FIGS. 3 to 9 are explan-
atory views showing the procedures of the shell plating
developing method according to the invention; FIG. 10
is an explanatory view of a flat plate on which a shell
plating is developed; FIG. 11(a) is an explanatory view
of an umbilicus and FIG. 11(b) is an explanatory view of
a saddle point; and FIG. 12 is an explanatory view of the
concept for a geodesic line developing method.

Best Mode for Carrying Out the Invention

[0030] The embodiments of a shell plating developing
method, a shell plating manufacturing method, a com-
puter program for teaching the methods, and an image/
voice recording medium according to the invention will
be described below with reference to the accompanying
drawings.

[0031] An applicational object of the shell plating de-
veloping method is represented by the following expres-
sion (1), and a shell plating P constituting a fraction of
atourus obtained by rotating a circle of radius r centered
at (R, 0) on the x-y flat plate around the z axis, as shown
in FIG. 1.
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(x-Rcos<]))2+(y-F§sin<]>)2+z2 =P
- 0.4[rad]<$<0.4[rad]

<0 1)

[0032] Referring to FIGS. 2 to 10, a procedure of the
shell plating developing method will be described.
[0033] Firstly, the directions (arrows @D and @ in
FIG. 3) in which the curvature of the shell plating P (=
(radius of curvature)1) is maximum and minimum, in-
cluding plus and minus, at a point (X, Y) on the shell
plating P are determined (s102 in FIG. 2(a)). Among the
directions, selected is the direction in which the absolute
value of curvature is large (arrow@ in FIG. 3), that is,
a first connection line extending in the circumferential
direction of the circle of radius r rotated around the z
axis and connecting each point of the shell plating P in
forming the tourus is determined (s104 in FIG. 2(a), see
L4 in FIG. 4). Moreover, among the directions, the direc-
tion in which the absolute value of curvature is small (ar-
row® in FIG. 3), that is, a second connection line ex-
tending in the direction that the circle of radius r is rotat-
ed around the z axis and connecting each point of the
shell plating P in forming the tourus is determined (s104
in FIG. 2(a), see L, in FIG. 4). A calculation method of
the curvature at one point on the curved surface is well
known and not described here.

[0034] Of two connection lines extending in the re-
spective directions, the connection line having a small
dislocation from the geodesic line may be determined
as the first connection line L4, and the connection line
having a large dislocation from the geodesic line may
be determined as the second connection line L.
[0035] The first connection line Ly and the second
connection line L, constitute a shell plating lattice sys-
tem orthogonal at each lattice point, as shown in FIG.
4. The interval between the first connection lines L4 and
the interval between the second connection lines L, may
be larger or smaller based on the scale of the shell plat-
ing P than those as shown in FIG. 4.

[0036] Next, a band-shaped area (shell plating frac-
tion area) p dividing the shell plating P in the form of
containing one first connection line Ly and a fraction of
the second connection line L, between adjacent first
connection lines L4 is determined as indicated by the
slantlinein FIG.5 (s106in FIG. 2(a)). The band-shaped
area p is a curved plate gradually narrower from one
end to the other end along the first connection line L;.
[0037] Subsequently, a circular cone surface P' is
temporarily determined as shown in FIG. 6 (s108in FIG.
2(a)). The circular cone surface P' has a vertextp on the
extension line of a tangential vector (= dL,(s)/ds: Ly(s)
is a vector representing the first connection line L, at
line element s) on the first connection line L4 at a shell
plating lattice point in the band-shaped area p. Also, the
circular cone surface P' has a rotation axis ax perpen-
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dicular to a curvature vector (= d2L,(t)/dt2: L,(t) is a vec-
tor representing the second connection line L, at line
element t) on the second connection line at the lattice
point and passing through an end point of a vector (=
{d2L,/dt2}/1d2L ,/dt2I2) in which the curvature vector is di-
vided by the square of the length of the curvature vector.
[0038] Next,the band-shaped area p is developed as
a part p' of the circular cone surface P' temporarily de-
termined (s110 in FIG. 2 (a), see FIG. 6). Specifically,
the first connection line L4 in the band-shaped area p is
developed as a fraction of the generating line on the cir-
cular cone surface P' while the length of the first con-
nection line L is maintained (see L' in FIG. 6). Also, on
the basis of the second connection line L, in which the
central angle of curvature y is maximum, the second
connection line L, is extended appropriately to be coin-
cident with the maximum central angle of curvature vy,
when the second connection line is developed as a frac-
tion of the contour line on the circular cone surface P',
thereby the second connection line is developed as a
fraction of the contour line on the circular cone surface
P' (see Ly' in FIG. 6).

[0039] Herein, the extension ratio ex(s) (= ymax/y(s)-
1) of each second connection line L, in the band-shaped
area when the second connection line is developed as
a fraction of the contour line (see L,' in FIG. 6) on the
circular cone surface P' and the integrated value (accu-
mulated value) Is(= [ds-ex(s)) of the first connection line
L, over the entire length are determined (s112 in FIG. 2
(@)).

[0040] The extension ratio ex(s) may be determined
in such a way that the second connection line L, is de-
veloped as a fraction of the contour line on the circular
cone surface P' while the length of the second connec-
tion line L, is maintained (see L,' in FIG. 6), and as a
fraction of the latitude line L," on the flat plate P" by the
conical projection method (see Ly" in FIG. 7).

[0041] If the circular cone surface P' is tangential to
the firstconnection line L at point so, the extension ratio
ex(s) of the second connection line L, at point s is de-
termined in accordance with the following expression

2).
ex(s) = 1-M(s;80 )M max (2)

[0042] Herein, n(s;sp) is the central angle of curvature
for a fraction of the arc-shaped second connection line
L," developed on the flat plate P", and n,,, is its maxi-
mum value. Also, 1n(s;s,) is determined from the length
y(s) of the second connection line L," developed on the
flat plate P" and the radius of curvature R(sg)-Sg+s in
accordance with the following expression (3) (see FIG.
7).

n(si80) = Y(8)AR(sg)-(80-8)} ®3)
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[0043] And determining the circular cone surface P'
at each shell plating lattice point (s108), developing the
band-shaped area p as a part p' of the circular cone sur-
face P' (s110), and determining the integrated value Is
(s112) are repeated. In addition, the circular cone sur-
face P' with the minimum integrated value Is is formally
determined as the optimal "developable surface" (s114
in FIG. 2(a)).

[0044] Herein, itis assumed that the band-shaped ar-
ea p is developed as a fraction p' of the circular cone
surface P' tangential to the first connection line L at the
position where the distance sy from one end of the first
connection line L is equalto (a) 0, (b) 0.11=r, (c) 0.22m7t,
(d) 0.33nr and (e) 0.44nr. Referring to FIG. 8, how the
extension ratio ex(s) of the second connection line L, is
changed along the entire length of the first connection
line Ly will be described.

[0045] The area surrounded by the curve ex(s) and
the s axis in FIG. 8 corresponds to the integrated value
Is (see s112 in FIG. 2(a)) over the entire length of the
firstconnection line L4. The integrated value Is indicates
how much the shell plating P is extended along the sec-
ond connection line L, when the shell plating P is devel-
oped on the flat plate P". That is, the integrated value Is
indicates how much the flat plate P" is shrunk along the
second connection line L, when the shell plating P is
manufactured. Accordingly, as the integrated value Is
becomes smaller, the developing method becomes
more suitable from the viewpoint of improvement of the
efficiency in manufacturing the shell plating.

[0046] Referring to FIG. 8, in the case of (a), for ex-
ample, ex(s) is particularly large in a range froms =0
to 0.4nr as compared with the case of (b) to (e), and it
is required that the flat plate P" is shrunk along the sec-
ond connection line Ly,". Then, ex(s) is optimal in the
case of (c), namely, when the band-shaped area p is
developed on a fraction p' of the circular cone surface
P'tangential to the first connection line L at the position
s0 = 0.22xr.

[0047] Subsequently, the band-shaped area p is de-
veloped as a part p' of the circular cone surface P' for-
mally determined (s116 in FIG. 2(a)). Specifically, the
band-shaped area p is developed as a fraction of the
generating line on the optimal circular cone surface P'
while the length of the first connection line L is main-
tained (seelLin FIG. 6). Also, on the basis of the second
connection line L, in which the central angle of curvature
v is maximum when the second connection line is de-
veloped as a fraction of the contour line on the optimal
circular cone surface P', a fraction of another second
connection line L, is extended appropriately to be coin-
cident with the maximum central angle of curvature
Vmax Whereby the second connection line is developed
as a fraction of the contour line on the optimal circular
cone surface P' (see L, in FIG. 6).

[0048] Next, the band-shaped area p developed as a
part p' of the circular cone surface P' is developed as a
sector area (fraction area of flat plate) p" on the flat plate

10

15

20

25

30

35

40

45

50

55

P" by the conical projection method (s118 in FIG. 2(a),
see FIG. 9). Specifically, the first connection line Ly' on
the optimal circular cone surface P' is developed as a
longitude line on the sector area p" (see L" in FIG. 9).
Also, the second connection line L,' on the circular cone
surface P' is developed as a fraction of the latitude line
on the sector area p" (see Ly" in FIG. 9).

[0049] In this way, the second connection lines
L," contained in the adjacent sector areas p" are inter-
connected (s120 in FIG. 2(a)). At this time, if there is a
dislocation in the second connection lines L," contained
in the adjacent sector areas p" as shown in FIG. 9, the
second connection lines L," are interconnected by the
least square method so that the total amount of disloca-
tion is minimized.

[0050] In this way, the shell plating P is developed on
the flat plate P" of substantial sector shape as shown in
FIG. 10. Specifically, the first connection lines Ly and
the second connection line L, on the shell plating P are
developed as the first connection lines L4" and the sec-
ond connection line Ly" constituting the flat plate lattice
system and orthogonal to each other at each lattice point
on the flat plate P".

[0051] Next, referring to FIG. 2(b), a procedure for the
method for manufacturing the shell plating P as shown
in FIG. 1 by machining the flat plate P" as shown in FIG.
10 will be described.

[0052] Firstly, the curvature along the first connection
line L4" is determined (s202 in FIG. 2(a)). This curvature
can be easily determined from the curvature based on
in determining the directions in which the curvature on
the shell plating P is maximum and minimum (s102 in
FIG. 2(a)) and determining the first connection lines L,
and the second connection line L, (s104 in FIG. 2(a)).

[0053] Then, the shrinkage ratio sh(s) (= 1-(1+ex
(s))™") of the second connection line L," is determined
(s204 in FIG. 2A). The shrinkage ratio sh(s) is easily de-
termined from the extension ratio ex(s) of the second
connection line L, when the shell plating P is developed
on the circular cone surface P', which is used as a basis
in determining the optimal circular cone surface (s114
in FIG. 2(a)). That is, if the second connection line L, is
extended by 0.10 of the total length when the shell plat-
ing P is developed on the circular cone surface P', the
second connection line L,y" is shrunk by 0.099 of the total
length when the shell plating P is manufactured fromthe
flat plate P".

[0054] Subsequently, theflatplate P" isbentalongthe
second connection line L, so that the curvature of the
firstconnection line L4" at each lattice point is coincident
with the curvature of the shell plating P at corresponding
shell plating lattice point (s206 in FIG. 2(b)).

[0055] Then, the flat plate P" is shrunk at a shrinkage
ratio sh(s) along the second connection line L," by the
well-known method such as line heating so that the
length of the second connection line Ly" of the flat plate
P" coincides with the length of the second connection
line L, of the shell plating P (s208 in FIG. 2(b)). Thereby,
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the shell plating P as shown in FIG. 1 is manufactured.
[0056] Accordingtoaknowledge of the inventor of this
application, the area of the flat plate P" as shown in FIG.
10 that is obtained by the shell plating developing meth-
od of the invention is 1.023 times the area of the shell
plating P as shown in FIG. 1. On the other hand, accord-
ing to the geodesic line developing method in which the
geodesic line is the line connecting two points (Rcos¢,
Rsing, -r) and (Rcosg, - Rsing, -r) on the shell plating P
as shown in FIG. 1, the shell plating P is likewise devel-
oped on the flat plate of substantial sector shape (not
shown), with its area being equal to 1.076 times the area
of the shell plating P. This means that according to the
shell plating developing method of the invention, the
shell plating P is manufactured by shrinking the flat plate
P" by approximately 2.2% of the total area, whereas ac-
cording to the conventional shell plating developing
method, it is required to shrink the flat plate by approx-
imately 7.1% of the total area in manufacturing the shell
plating P. That is, according to the shell plating develop-
ing method of the invention, it is possible to suppress
the shrinkage ratio of the flat plate P" necessary to man-
ufacture the shell plating P to approximately 1/3 of the
conventional geodesic line developing method.

[0057] Accordingly, according to the invention, it is
possible to lead to reduction of the amount of machining
the flat plate required for producing the shell plating as
compared with the geodesic line developing method,
and improvement of the efficiency in manufacturing the
shell plating.

[0058] Also, according to the invention, where and in
which direction the flat plate P" as shown in FIG. 10 is
bent or shrunk are grasped through the first connection
line L" and the second connection line L," constituting
the flat plate lattice system. Also, to what extent the flat
plate P" is bent along the second connection line L," is
grasped through the curvature (see s202 in FIG. 2(b)).
Moreover, to what extent the intermediate curved plate
formed by bending the flat plate P" is shrunk in the di-
rection of the second connection line L," is grasped
through the shrinkage ratio sh(s) (s204 in FIG. 2(b), see
the curve (c) of FIG. 8). Thereby, it is expected that the
high quality shell plating is manufactured more effective-
ly without needing the skills.

[0059] While the applicational object of the shell plat-
ing developing method and the shell plating manufac-
turing method accordingto the invention is the shell plat-
ing P constituting a fraction of the tourus as shown in
FIG. 1 in this embodiment, it may be the shell plating of
any other shape in another embodiment.

[0060] In the case where the shell plating contains a
local singular point at which the first connection line L4
and the second connection line L, are not determined,
such as an umbilicus (see pp4 in FIG. 11(a)) having a
plurality of directions indicating the maximum curvature
or minimum curvature, or a saddle point (see pp, in FIG.
11(b)) with an inverse sign of the maximum curvature or
minimum curvature and the same absolute value, the

10

15

20

25

30

35

40

45

50

55

first connection line L or the second connection line L,
extending from another lattice point of the shell plating
lattice system and passing through the local umbilicus
or saddle point may be determined as the first connec-
tion line L or the second connection line L, regarding
the umbilicus or saddle point.

[0061] While inthis embodiment, the band-shaped ar-
eap is developedas a partp' of the circular cone surface
P', it may be developed as a part of any other develop-
able surface such as a cylinder or barrel in another em-
bodiment.

[0062] While inthis embodiment, the shell plating P is
formed by shrinking the intermediate curved plate
formed by bending the flat plate P" in the direction of the
second connection line L,", it may be formed by extend-
ing the intermediate curved plate in the direction of the
second connection line Ly" in another embodiment.
[0063] In another embodiment, when the band-
shapedareap is developed as afraction p' of the circular
cone surface P' (see s110in FIG. 2(a)), the second con-
nection line L, is appropriately "shrunk" so that a fraction
of the second connection line L, is coincident with the
minimum central angle of curvature y,;, on the basis of
the second connection line L, in which the central angle
of curvature y is "minimum" when the second connec-
tion line is developed as a fraction of the contour line Ly’
onthecircularcone surface P', whereby the second con-
nection line is developed as a fraction of the contour line
L,' on the circular cone surf ace (see s110 in FIG. 2(a)).
[0064] Also, the shrinkage ratio sh(s) (= W(s)/Win-1)
of each second connection line L, in the band-shaped
area when the second connection line L, is developed
as a fraction of the contour line L,' on the circular cone
surface P' and the integrated value (accumulated value)
Is(= [ds-sh(s)) of the amount of machining correspond-
ing to the shrinkage ratio sh(s) of the first connection
line Ly over the entire length are determined (see s112
in FIG. 2(a)).

[0065] Further, the circular cone surface P'is formally
determined, and the band-shaped area p is developed
as a part of the circular cone surface P', and then devel-
oped on the sector area p" (see s114 to s120 in FIG. 2
(a)). When the shell plating P of FIG. 1 is manufactured
from this flat plate P", the flat plate P" is firstly bent along
the second connection line L," to form the intermediate
curved plate (see s206 in FIG. 2(b)). Further, the inter-
mediate curved plate is extended at the extension ratio
ex(s) (= 1-(1+sh(s))™1) in the direction of the second con-
nection line Ly" (see s208 in FIG. 2(b)).

[0066] According to the another embodiment, it is
possible to improve the efficiency in manufacturing the
shell plating P by minimizing the extension amount of
the flat plate P".

[0067] Also, a procedure for teaching at least one of
the shell plating developing method and the shell plating
manufacturing method according to the embodiment
may be implemented using a computer program (here-
inafter referred to as a "program"). In this case, the pro-
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gram adds the following functions to one computer (not
shown) in which the program is installed or downloaded.
[0068] In addition to inputting the expression (1), the
image data of the shell plating P is input from the camera
or the like, whereby the computer is added with a func-
tion for recognizing the shape of the shell plating P.
[0069] Also, the computer is added with a function for
providing the information as to the shell plating devel-
oping method (8102 to s120 in FIG. 2A) dealing with the
shell plating P having the shape recognized on image
display means (not shown) such as a liquid crystal panel
or sounding means (not shown) such as a speaker to
be recognized through the visual or auditory sense of
human being. Also, the computer may have a function
for providing the information as to the shell plating de-
veloping method in the form of the image or sound rec-
ognizable through the visual or auditory sense of human
being by uploading the data regarding the shell plating
developing method to another computer.

[0070] Moreover, the computer is added with a func-
tion for providing the information as to the flat plate
P" containing the first connection line L" and the sec-
ond connection line L," (see FIG. 10), and the extension
ratio ex(s) or the shrinkage ratio sh(s) in machining or
developing (see FIG. 8) in the form of the image or
sound recognizable through the visual or auditory sense
of human being. Also, the computer may have a function
for providing the information as to the flat plate P" con-
taining the first connection line L4" and the second con-
nection line L," and the extension ratio ex(s) or the
shrinkage ratio sh(s) in machining or developing in the
form of the image or sound recognizable through the vis-
ual or auditory sense of human being by uploading the
relevant data to another computer.

[0071] With this program, the user can easily grasp
the procedures for the shell plating developing method
and the shell plating manufacturing method through the
visual sense or the visual and auditory sense from one
computer into which the program is directly installed or
download, or another computer to which data is upload-
ed from the one computer.

[0072] Also, the procedure for at least one of the shell
plating developing method (FIG. 2(a)) and the shell plat-
ing manufacturing method (FIG. 2(b)) in this embodi-
mentmay be available using the image/sound recording
medium such as a video tape or a DVD. In this case, the
procedures for the shell plating developing method and
the shell plating manufacturing method is taught using
the images as shown in FIGS. 1 to 10 recorded on the
recording medium by a reproducing apparatus such as
a video deck or a DVD player, and the voices related to
the images.

[0073] With the recording medium, the user easily
grasps the procedures for the shell plating developing
method and the shell plating manufacturing method
through the visual or auditory sense.
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Claims

1. A shell plating developing method for developing a
shell plating of a predetermined shape on a flat
plate, comprising the steps of:

determining afirst connection line and asecond
connection line constituting a shell plating lat-
tice system based on a curvature of said shell
plating and being orthogonal at each lattice
point of said shell plating lattice system; and
developing said first connection line and said
second connection line as the lines constituting
a flat plate lattice system and being orthogonal
to each other at each lattice point of said flat
plate lattice system on said flat plate.

2. The shell plating developing method according to
claim 1, wherein out of the directions in which the
curvature of said shell plating at each lattice point
of said shell plating lattice system is maximum and
minimum, the line extending in a direction where the
absolute value of the curvature is large is deter-
mined as the first connection line and the line ex-
tending in a direction where the absolute value of
the curvature is small is determined as the second
connection line.

3. The shell plating developing method according to
claim 1, wherein the connection lines extending in
the directions in which the curvature of the shell
plating at each lattice point of said shell plating lat-
tice system is maximum and minimum are deter-
mined, the line on the shell plating interconnecting
the end points of said connection lines in the short-
est distance is determined as a geodesic line, and
out of said connection lines, the line in which there
is a smaller dislocation from said geodesic line is
determined as the first connection line, and the line
in which there is a larger dislocation from said geo-
desic line is determined as the second connection
line.

4. The shell plating developing method according to
any one of claims 1 to 3, wherein said first connec-
tion line is developed as a straight line on the flat
plate while the length of the first connection line is
maintained, and said second connection line is de-
veloped on a flat plate as a line constituting a flat
plate lattice system along with said straight line and
orthogonal to said straight line at each lattice point
of the flat plate lattice system in such a way that the
integrated value of the amount of machining corre-
sponding to the expansion ratio or the shrinkage ra-
tio of the second connection line is minimum.

5. The shell plating developing method according to
any one of claims 1 to 4, wherein when saidfirst and
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second connection lines are developed from the
shell plating to the flat plate, a shell plating fraction
area of the shell plating containing said first and
second connection lines is determined, a develop-
able surface is determined in which the first connec-
tion line contained in said shell plating fraction area
is developed as a straight line while the length of
the first connection line is kept invariable, and the
second connection line contained in said shell plat-
ing fraction area is developed in such away that the
integrated value of the amount of machining corre-
sponding to the expansion ratio or the shrinkage ra-
tio is minimum, and said shell plating fraction area
is developed on a part of said developable surface,
said part of said developable surface is developed
on a flat plate fraction area, and the first or second
connection lines corresponding to said adjacent flat
plate fraction areas are connected.

The shell plating developing method according to
claim5, wherein aband-shaped area containing the
first connection line and the second connection line
between the adjacent first connection lines is deter-
mined as said shell plating fraction area, wherein
out of the circular cone surfaces having a vertex on
the extension line of a tangential vector to the first
connection line at a shell plating lattice point con-
tained in said shell plating development area, and
having a rotation axis perpendicular to a curvature
vector of the second connection line at the shell
plating lattice point, and passing through an end
point of a vector in which said curvature vector is
divided by the square of the absolute value of the
curvature, a circular cone surface in which the first
connection line is developed as a fraction of the
generating line while the length of the first connec-
tion line is maintained and the second connection
line is developed as a fraction of the contour line in
such a way that that the integrated value of the
amount of machining corresponding to the exten-
sion ratio or the shrinkage ratio of the second con-
nection line is minimum is determined as said de-
velopable surface, and wherein said shell plating
fraction area is developed on a part of said devel-
opable surface, the part of said developable surface
is developed on said flat plate fraction area of sector
shape by a conical projection method, the first con-
nection line developed on said developable surface
is developed as a longitude line on the flat plate, the
second connection line developed on said optimal
circular cone surface is developed as a latitude line
on the flat plate, and the second connection lines
corresponding to said adjacent flat plate fraction ar-
eas are interconnected.

The shell plating developing method according to
claim 6, wherein on the basis of a second reference
line in which the central angle of curvature is max-
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imum or minimum when the second connection line
is developed as a fraction of the contour line on said
circular cone surface out of the second connection
lines contained in said shell plating development ar-
ea, a circular cone surface is determined as said
developable surface in such a way that the integrat-
ed value of the amount of machining corresponding
to the extension ratio or the shrinkage ratio of the
second connection line is minimum when another
second connection line is extended or shrunk to co-
incide with the central angle of curvature.

The shell plating developing method according to
any one of claims 5 to 7, wherein the second con-
nection lines are interconnected in such a way that
a dislocation between the second connection lines
contained in said adjacent flat plate fraction areas
is minimized by the least square method.

The shell plating developing method according to
any one of claims 1 to 8, wherein when a local sad-
dle point or umbilicus where the first and second
connection lines can not be determined exists on
said shell plating, the first and second connection
lines extending from another point of the shell plat-
ing and passing through the saddle point or umbili-
cus are determined as the first and second connec-
tion lines relevant to the saddle point or umbilicus.

A shell plating manufacturing method for manufac-
turing a shell plating of a predetermined shape from
a flat plate, wherein after performing a shell plating
developing method comprising the steps of:

constituting a shell plating lattice system, and
out of the directions in which the curvature of a
shell plating at each lattice point of the shell
plating lattice system is maximum and mini-
mum, determining a first connection line ex-
tending in a direction in which the absolute val-
ue of the curvature is large and determining a
second connection line extending in a direction
in which the absolute value of the curvature is
small; and

developing said first connection line as a
straight line on a flat plate while maintaining the
length of the first connection line, and develop-
ing the second connection line as a line consti-
tuting a flat plate lattice system along with said
straight line and being perpendicular to said
straight line at each lattice point of the flat plate
lattice system on a flat plate in such a way that
the integrated value of the amount of machining
corresponding to the extension ratio or the
shrinkage ratio of the second connection line is
minimum;

said shell plating manufacturing method com-
prises the steps of:
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bending said flat plate along the second
connection line so that the curvature of the
first connection line is coincident with the
curvature based on in determining the first
connection line on the shell plating, thereby
forming an intermediate curved plate; and
shrinking or extending said intermediate
curved plate in the direction of the second
connection line so that the length of the
second connection line for said intermedi-
ate curved plate is coincident with the
length of the second connection line for the
shell plating in accordance with the exten-
sion ratio or the shrinkage ratio of the sec-
ond connection line based on in developing
the from the shell plating to the flat plate.

11. A computer program for teaching a shell plating de-

veloping method installed in one computer or up-
loaded via a network,
wherein said computer program enables said one
computer to perform an information providing func-
tion for the shell plating developing method or a
function of uploading data regarding said shell plat-
ing developing method via a network to another
computer to enable said another computer to per-
form said information providing function,

said shell plating developing method compris-
ing the procedures in which:

a shell plating lattice system is constituted, and
out of the directions in which the curvature of a
shell plating at each lattice point of the shell
plating lattice system is maximum and mini-
mum, a first connection line extending in a di-
rection in which the absolute value of the cur-
vature is large and a second connection line ex-
tending in a direction in which the absolute val-
ue of the curvature is small are determined; and
said first connection line is developed as a
straight line on a flat plate while the length of
the first connection line is maintained, and the
second connection line is developed as a line
constituting a flat plate lattice system along with
said straight line and perpendicular to said
straight line at each lattice point of the flat plate
lattice system on a flat plate in such a way that
the integrated value of the amount of machining
corresponding to the extension ratio or the
shrinkage ratio of the second connection line is
minimum.

12. A computer program for teaching a shell plating

manufacturing method installed in one computer or
uploaded via a network, wherein said computer pro-
gram enables said one computer to perform

an information providing function for a shell
plating developing method, which provides the in-

10

15

20

25

30

35

40

45

50

55

11

formation as to the flat plate containing the first and
second connection lines obtained by performing the
shell plating developing method, the curvature
based on in determining the first connection line on
the shell plating, the extension ratio based on in de-
veloping the second connection line from the shell
plating to the flat plate or the shrinkage ratio in man-
ufacturing the shell plating based on said extension
ratio, or the shrinkage ratio or the extension ratio in
manufacturing the shell plating based on said
shrinkage ratio, or

a function of uploading data regarding said
shell plating developing method via a network to an-
other computer to enable said another computer to
perform said information providing function, which
provides the information as to the flat plate contain-
ing the first and second connection lines obtained
by performing the shell plating developing method,
the curvature based on in determining the first con-
nection line on the shell plating, the extension ratio
based on in developing the second connection line
from the shell plating to the flat plate or the shrink-
age ratio in manufacturing the shell plating based
on said extension ratio, or the shrinkage ratio or the
extension ratio in manufacturing the shell plating
based on said shrinkage ratio;

wherein said shell plating developing method
comprising the procedures in which:

a shell plating lattice system is constituted, and
out of the directions in which the curvature of a
shell plating at each lattice point of the shell
plating lattice system is maximum and mini-
mum, a first connection line extending in a di-
rection in which the absolute value of the cur-
vature is large and a second connection line ex-
tending in a direction in which the absolute val-
ue ofthe curvature is small are determined; and
said first connection line is developed as a
straight line on a flat plate while the length of
the first connection line is maintained, and the
second connection line is developed as a line
constituting a flat plate lattice system along with
said straight line and perpendicular to said
straight line at each lattice point of the flat plate
lattice system on a flat plate in such away that
the integrated value of the amount of machining
corresponding to the extension ratio or the
shrinkage ratio of the second connection line is
minimum.

13. The computer program according to claim 12,

wherein said computer program enables said one
computer to perform

an information providing function for the shell
plating manufacturing method or a function of up-
loading the data relevant to said shell plating man-
ufacturing method via a network to another compu-
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ter to enable said another computer to perform the
information providing function for the shell plating
manufacturing method,

said shell plating manufacturing method com-
prising the procedures in which the flat plate is bent
along the second connection line so that the curva-
ture of the first connection line may be coincident
with the curvature based on in determining the first
connection line on the shell plating to form an inter-
mediate curved plate, and said intermediate curved
plate is shrunk or extended in the direction of the
second connection line so that the length of the sec-
ond connection line on the intermediate curved
plate may be coincident with the length of the sec-
ond connection line on the shell plating in accord-
ance with the extension ratio or the shrinkage ratio
based on in developing the second connection line
from the shell plating to the flat plate.

An image/sound recording medium for recording
the image or the image and sound reproducible us-
ing an image/sound reproducing apparatus, said
image or said image and sound being related with
a shell plating developing method comprising the
procedures in which:

a shell plating lattice system is constituted, and
out of the directions in which the curvature of a
shell plating at each lattice point of the shell
plating lattice system is maximum and mini-
mum, a first connection line extending in a di-
rection in which the absolute value of the cur-
vature is large and a second connection line ex-
tending in a direction in which the absolute val-
ue of the curvature is small are determined; and
said first connection line is developed as a
straight line on a flat plate while the length of
the first connection line is maintained, and the
second connection line is developed as a line
constituting a flat plate lattice system along with
said straight line and perpendicular to said
straight line at each lattice point of the flat plate
lattice system on a flat plate in such a way that
the integrated value of the amount of machining
corresponding to the extension ratio or the
shrinkage ratio of the second connection line is
minimum.

The image/sound recording medium according to
claim 14, further comprising recording the image or
the image and sound regarding the flat plate con-
taining the first and second connection lines ob-
tained by performing the shell plating developing
method, the curvature based on in determining the
first connection line on the shell plating, the exten-
sion ration based on in developing the second con-
nection line from the shell plating to the flat plate or
the shrinkage ratio in manufacturing the shell plat-
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ing based on said extension ratio, or the shrinkage
ratio or the extension ratio in manufacturing the
shell plating based on said shrinkage ratio.

The image/sound recording medium according to
claim 14 or 15, further comprising recording the im-
age or the image and sound regarding said shell
plating manufacturing method comprising the pro-
cedures in which the flat plate is bent along the sec-
ond connection line so that the curvature of the first
connection line may be coincident with the curva-
ture based on in determining the first connection
line on the shell plating to form an intermediate
curved plate, and said intermediate curved plate is
shrunk or extended along the direction of the sec-
ond connection line so that the length of the second
connection line on the intermediate curved plate
may be coincident with the length of the second
connection line on the shell plating in accordance
with the extension ratio or the shrinkage ratio based
on in developing the second connection line from
the shell plating to the flat plate.
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