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A Design Object Model for Manufacturing Design
of Welding Vessel Objects

ZHIHUA ZHANG,TH4 ISAO NAGASAWA,T2 MASAMITSU MOCHIZUKI, 3
HIDEYUKI YAMAGUCHIL5 and MASANOBU UMEDA 2

To develop a knowledge-based design support system, it is necessary to present a design
object model which is adaptable for the features of design work of a specific domain. We have
proposed the programming techniques for construction of knowledge base for tolerance anal-
ysis in camera design and developed a design support system for lens case units of cameras.
Based on the research results, this paper focus on the manufacturing design of welding vessel
objects and present a design object model for it. In this model, assembly structure of a design
object is represented by the essential functional elements used by designers in manufacturing
design of welding vessel objects. A detailed manufacturing design process is then performed
based on this model and shows the possibilities on integrated representation and management
of manufacturing information based on this model. Finally, an application result of a real
design problem is shown for the examination of representation ability and effectiveness of the
model.
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Fig.1 An example of welding vessel object.
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Fig.2 Design flow of welding vessel object.
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Table 1 Example of functional elements used in manufacturing design of welding vessel objects.
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Table 2 Examples of dependencies.
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Fig.3 An example of assembly structure.
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Fig.4 Refinement of assembly structure of grooving weld
joint module.
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Table 3 Examples of basic operations for assembly structure.
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Fig.5 Example of assembly structure operation in
the end-cut design of a body.
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body::cut_by_plane(Self, A, T):-
make_instance(A, tube_cut_plane,
attributes(diameter_out(Self!dia_out),
transfer_dist(T),
thickness(Self!thickness))),
make_relation(R1, cutting),
add_relation(R1, A, Self),
make_relation(R2, transfer),
add_relation(R2, A, Self).
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Fig.6 A method for the end-cut of body.
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groove_weld_joint::make_v_groove(Self, Theta,
D, A, TW, N):-
make_instance(W1, groove_weld,
attributes(weld_posture(TW),
num_of_layer(N),
groove_angle(Theta),
weld_depth(D),
root_gap(A),
thickness(Self!plate_th))), ...... (1)
make_instance(V1, v_groove,
attributes(groove_angle(Theta),
weld_depth(D),
root_gap(A),
thickness(Self!plate_th))), ...... 2

get_relation(Self, welding, [R1, R2]),  ...... 3
add_relationgRl, W1, Self%7 ...... 4
add_relation(R2, W1, Self), ... 5
get_relation(Self, grooving, [R3]), ... 6
add_relation(R3, V1, W1). ... 7
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Fig.7 A method for refining of a grooving weld joint as

a v-groove one.
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Fig.8 Example of design operations in stepwise refinement of assembly structure.
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Fig.13 Assembly structure of bodyA with nozzles.

0000000 bodyADDOOO N1DOOODO N20O
000000000000 0000000000000
012000000013000000000000
000000000000000000000000
00000000000

6.2.1 000O0D0DOO0O

0000000000000000000

OUO O000000000000000000
000 00000000000000O0bodyADD
0oO0®o0O0 20000000 8000000
0000000000 14000000000000
OO0ObodyADDDOOOOOODOOODOOOOO
0000000 bodyADDOOOODODOOO

@UO00000 OO0000000000000
0000000000000000000000000
000000 14 0 bodyAlO bodyA20 00000
000000 jointAl1A20 00000 OjointA1A20
0000 VvVOOOOODOoOoOoDoOoOoOooooooo
000080@IDOODONODNDNOOjointANLDO
jointAN20 0000 0000000000 DO000
0000000150000000000000 weldl
00000000000 round_groovel D 00000
000000000000 14000000 jointAN1
000000 O(nozzle_joint) D000 000 O Ojoin-
tAN2, jointA1A2 00 0000000000000
0000000000 jointAlA200000000
ooooooog

@EUO0O000 000000000000000
000000000000 000000000000

Y 0000000000000 000000000000000
goooooOoOoooooOoOoOOOO0OO0O0O0O0O0O0O0O00O0O0
00Do0o0o0JiIsooooooooooD

goooooooooooooooooobooobooo 131

jointANT

nozzle
( joint )

nozzle
_joint

transfer#4

jointA1A2

V. _groove')
weld_join

014 0000O0O0OOOOO
Fig.14 Result of assembly structure refinement of
bodyA.

) jointAN]
welding#1

c;f-lcyl
(a) / ANVEETORY £ 34 (b) / RV EKTF D H S B

015 0000000000O000000
Fig.15 Representation of nozzle-joint using assembly
structure module.

go0o0dbO0oooooobooboobooobooobo
OO0 ObodyAl O bodyA20 000000000
0o0oo0ooooooboooooooooooono
O tube_cut_planeA10tube_cut_planeA20tube_cut_
planeA70tube_cut_planeASD 0 0000000 OO
Jodbooooooooboooooooao

6.2.2 OJOOOOOO

1000000000 bOo0bOoooobo

@OO0O0D0ODoOOoOOO0oooo goooooboono
odbdo0ooobobooooooboboboobo
gooodoboobobbbooooooooboooo
O00000000000000 ObodyAl, bodyA2,
tubeN1, tubeN2O0 OO O OOOOOOOOODOOO
goooooooooooooooooooooon
go0doOdO01en0D0OODODOO



132 goooooooo

transfer#S

cutting#3

cutting#4
tube_cuf®
planeA4

JoIntANT
( nozzle

precedence#1 elding#1
jointAN2

‘( nozzle )

joint

transfer#4

transfer#3

jointA1A2
v_groove
wcld_ioinl)

016 0OO0O0O0OO0OO
Fig.16 The decision of assembly sequence.
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Table 4 Adjustable parts and adjusting dimensions.
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Fig.17 An example of manufacturing design.
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body::make_hole(Self, A1, H1, T, D):-
make_instance(H1, cylcyl_hole,
attributes(transfer_dist(7T),
dia_hole(D),
height_hole(Self!thickness),

cood.ref(Allcood))), ... 1
make_relation(R1, transfer), ... 2
add_relation(R1, H1, A1), ... (3
make_relation(R2, hole_making), ... 4
add_relation(R2, H1, Self). ... 5

0A.1 00000DO0OD0OO0OOO0O

Fig. A.1 A method for opening hole in body.

body::divide_by_2(Self, T):-
make_instance(Al, body,
attributes(diameter_out(Self!dia_out),
thickness(Self!thickness))),
transfer_dist(0),
cood_ref(Self!cood),
body_length(nil))), ... (1)
make_instance(A2, body,
attributes(diameter_out(Self!dia_out),
thickness(Self!thickness))),
transfer_dist(T),
cood_ref(Selflcood),
body_length(nil))), ... 2
get_relation(Self, hole_making, R1s), ... 3
splitRsh(R1s, T, RA1, RA2), ... 4
add_relationngAl, Self, Alg, ...... 5
add_relations(RA2, Self, A2 6
get_relation(Self, cutting, R2s), ... %

s e

splitRsc(R2s, RL, RR), ...
add_relations(RL, Self, A1), ...
add_relations(RR, Self, A2), ... 10
::cut_by_planegAl, P1, Tg, ......
::cut_by_plane(A2, P2, T), ...
make_instance(A3, groove_weld_joint,
attributes(transfer_dist(T),

cood_ref(Allcood))), ... 13
make_relation(R5, transfer), ... 14
add_relation(R5, A3, A1), ... 15
make_relation(R6, welding), ... 16
add_relation(R6, A3, P1), ... 17
make_relation(R7, welding), ... 18
add_relation(R7, A3, P2). ... 19

0A.2 00020000000
Fig. A.2 A method for dividing body into two parts.

body::refine_by_tube(Self):-
make_instance(A10 tubel
attributes(diameter_out(Self!dia_out),
thickness(Self!thickness))),
tube_length(Self!length))),...... 1

get_relation(Self, transfer, R1s), ... 2
get_relation(Self, cutting, R2s), ... (3
get_relation(Self, hole_making, R3s), ... 4
add_relations(R1s, Self, A1), ... 5
add_relations(R2s, Self, A1), ... 6
add_relations(R3s, Self, A1), ... 7)

0A.3 0000000DO0O00O00OO0OOO0
Fig. A.3 A method for body refining by tube.
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