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Figure 2.3 An example of manufacturing drawing.
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ETFNEFHEAETE IENZHOLENRH .
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HOMSIHEE DO FIEOHSIBLETHD. BETHRIAMNBET VIIZORM
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ERLTD. BREROBOFGIE, —RICBRHEEOHECRIZBOEMNEIZE
2%, WERESORBIERICEVT, RETEMBRIET S EARBA S T8
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Table 3.1 Examples of functional elements used in manufacturing design of
welding vessel objects.
ook it AR B
tube(H 1) REMEER, BUL-TOfE, AME, R]E, HES
TEp tube_section(MfAi5%) | BAEIEIZR, BV ~TOE, SEF, WE, HES
” flange(7 7 > °) ACEEEER, BWSTOME, NEE, RE, Rk
RO, RN b REE
TEBRD cyleyl_hole(Af7%) | FEEEAER, BV -TOME, ERE, HE%
tube_cut_plane( [ 3 | EEEFEIZR, BVTOE, BEE, RKES
w | L )
(15
= v_groove(V F6A%E) | BREBIEER, BUWTOE, BREAE, Lv— M
BT fB, BRERE, WES
round(FLx{F i F) EREEEAER, BV TOE, %
groove weld( % & & | RREBIEER, BWTOE, ME, BEES, B
Ve EEEE) BER, BEE
fillet_weld( 3 74 & | ECEEEAER, BUWTOE, MHE, BERS, B
) HE, BEF
groove_weld joint( 22 | BB JEIER, BV HOME, RE, BERRS,
AHEEMF) BHEH %
—— fillet_weld_joint(§ #4 | BEEBEERER, BWTOE, HE, FEHRES,
e r AEEMF) B Mm%
v nozzle_joint( / A /| BLEEAER, BTOE, BE, BERE S,
T =) WA WE
i body (P f&ifiE) ELEEER, BUVTOE, HH, &S, ES,
Hie A &M, EHE
sphere_body(BRKTENR) | BLEFERR, BV STOE, HE, &S, RES

MrA 7Yy MEIZIE, £F5HS, STEOBY, BNIE0RERLSHS. -
NOERH L CRFER LS. REBROFIZER 3.2 1277, KT, 26857
BRI A TV = 7 MO E S OBGRETRT. SHEOBWIGEYA T Y
=7 FOBREBAMEEZRT. BMTERIIUETMIC/AMIE7Rd. AMABERILE
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Table 3.2  Examples of dependencies between assembly objects.

KR O BERA FHEA
RS part_of WM A TV FEOEEL ESORE
o transfer ES~HEE i
Rl rotate 4 80~
cutting BTN T
BN T RS hole making NHITmIT
grooving EETORENT
welding A AT
7T T BfR screwing RPUHRD
inserting AR A AT T
B fHiFESEMBRT | precedence B Y {7 OB ENRA DFE

B ASOMMN T TN ERT. B AT ERIEAIIE Y (17 T EK
bHEE, MIXFIROELIBMLZRET 5(AETHED). LT, M7=
Fa AT V7 b bICH L CREBR RERSZ Lk a—h L RT.

Pz, M 8 1@I R AT & AR A EEE CRET S LM 31D & H i
7%, WP, EEIEESREY, RANMKEREREEL, MIBEROBRMEEZ, BiEI
ft5 L= BHEEEZ ThEnRT. AMFEAGEL, AfFZRTHEEESR tubeA,
MR ERT Zo>0EESR cyleyl_holeAl, cyleyl_holeA2, B LU, HEHRE %
FT T OOEER tube_cut_planeAl, tube_cut_planeA2 LR IND. Fi,
BEcO, -, c4 | IEBRERDOME L LB LRET IREEERE, BELL, -
t4 (IEBREROBOTOEEZZNETNART. BOTOERELE QDAL T V=7
NORBEEZEREBOTORE IDLEETHANLAT V> 7 FNORBEEESRD
RESND. 2B, HIA 7V POBRBMBIIMKEEHEL LTHIZEHLT
XA, ZITIHHEDBWEBOTOEZRTBECHTRE L.
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8_2\| t4=6 1
i ] transfer
N H@ Tyl
cy ¢
2| (0] holeAl __Foicaz)
hole making c4=8
tube A
z cutting tube_cut
| _pleneA2
10 1
tube_cut transfer
tube_cut _planeA? @ ! : @
_planeAl t1=0 —0 ©2=10
b c0=0 c2=10
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I
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OO e O :
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Figure 3.1 An example of assembly structure.

IRLOMYAT V=7 MBI, BEERIMFESh TS, X,
cyleyl_holeA2 —=f 5 cyleyl holeAl (X ~t# DB WA XL, HER
cyleyl_holeA2 DECENIED, FFEIN cyleyl_holeAl ZEHEITHRE S Z & #RT.
tube_cut_planeAl —2€ 5 tubeA |, tubeA | ZUE ZEIBIMTT 5 L &K
T, BT, cyleyl_holeAl —Ierd®e o tuheA |3, tubeA i cyleyl_holeAl @
FTMLT 5 EERT.
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fAEDEZDIT, 32NIRTEHIGR A LH & B LA REGOEEET LA
WTHAT S, — KIS, DASWABRZIESECE, B 3.2010 R HERO A
RI7Z T 2T 5 VIEEIC L 2 REEDWEEY, EEH0OBENLEREE
Wi, B 3. 2N T AERORNH &AM Z BT 5 XTERAIC L D REGOERE
BERE 00X, HHBRECIVEWWCEEBRIFRERBIAT V7 b
ERETHLOEFEV 2 —/VERY, —RICEERELRFICEROES.

TV 2L OFIE, F 31 IR, RY, BEMFE REEDEREST
HAEHE D2 RS EIIREOEEELR Y. TV 2 — N ORNBEEITROE
TV I NS, T2 — A ORNEEENR—BICRE HRRICIE, £V
2= VOERFRHI T HRATEEZRELTH LW,

READEEERFOFTIE, KROE SRS, 3.2(Q) D% x &R E
FEY 2 —IBEEORBA AR, UT, EXa2—LERAORIFETRYT. K
FE% welding#1 & welding#2 (%, 4L A, ¥t B OIRE tube_cut_planeA,
tube_cut_planeB ZEHETA I LEFT. KRIZ, BEBRZEDS. VHEREE
BR LB EITIEE 326D X 91T, XERAEZBRLESICIEIR 3200 L )
BT a— A ERERAETIIE LY. 22T, BSMILEZETHEES x grooveAl
R v_grooveAl (JBAEAE, BEES, V— FHR DEOBMELFDL, BEED
BIEHEH 2 KT groove_weldAl X, BHEME, BEES, BHEEMFORBRILEZFF
2. {KIFEIE grooving IIBAEMIERET . ZIT, EV2— /& TOMEE
ZEOBEIIEEHSERTHY, T2 —NETTRLAOERIBITERERZ
TTHEEEE SETERLIE.

6 FHEEFORBRIZOWVWT, Eb6EDFH 4ETHLRTD.
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Figure 3.2 Refinement of the assembly structure of grooving weld joint module.
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MESHEDEEIL, R 3.3 IWRTERBELZRWUTZ Y. EARET, M
FT7 Ve POER, REBRORE, HAT Vs VOBMORERY, B
HHBETNOV AT LANEICEIT 57— Z BT 5 BRI L E R N ERERE
Thd. =&z, MEMIRLASITOL SIC, MERFHERICRIT A #EE
DEENRH D, Z o OBERERBEOMEAEORITEINITRIZ LN TE S,
Z 2T, X 3.3 12 L= H%HR bodyA D 2 SIWTII T3 541, 3 X U 3.2(e)
WRTREZGOYEEMFLFMET 62 AT, MBS0 DEARBRE
IZDWTEHEAT 5.

%9, 3.3 D(iZn7 MRIE bodyA (25 LT, bodyA DEMERE cO b tl
DOEXIZENT-DONE cl ([CHERE tube_cut_planeA DLIEFIIT 217725 &,
MITHEEIIR 3.3 o) X 512425, Z oEMEREHIE T S W ToEARERE
cut_by_plane i¥, M 3.4 IZRTEHE EHWTERT 2. AR OFEIEFZUL Prolog
ERICAT V= MEROBEELZ B L2 bDTHS. ZIZT, body 37 7 24,
cut_by_plane iZA Y v F&THD. iz, 22 Yy NEEETT 2 HEHEFT
H5.

4. zcut_by_plane(bodyA, A, tDD X HIZFEHT L, (DTH 3.3 DM)FD
M &% A=tube_cut_planeA #4ARKT5H. ZIZT, HIA Yy FEEUHLEZTR
HAREETHS. ZD L X, tube_cut_planeA DBME, A, HEDEIL, bodyA
DFNEFMUICARSD. KT, QTHEFERMF Ri=cutting#1 24 L, (3)THER
& tube_cut_planeA % bodyA IZRTFEIE 5. FEEkiZ, @), GITEWT, KFHE
1% R2=transfer#1 # 4k L, tube_cut_planeA # bodyA IZIKTFSE 5. 28, i
FAZESICT D70, ERINRTFERICHL 42 O L 5 RIEFEMAE5 L, #5
& & L7e.
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Table 3.3

S EEDERIRE

Examples of the basic operations for assembly structure

HEDTELR HtE4 BIENE
, Class \CBT AN AT o= b O B4ERT
%ﬂﬂ;ﬁ:; Ty make__;nstance(O,Class, 5. a(v,) (Fl,..n) RETFTT=s b O
e atiributes(@(vD), a0 | o i o DABHED v, T B T & BEF
RIFBIMADARL | make relation(R/, R) RIZBT AT R 24T 5.
EFRROTY . WA 7 V=2 b 01, O2[ic 01—"502 &
- add_relation(R, 01, 02) B TR A 51 B
3 ¥x )] % K1
(RTEBIROBIS | del relation(RI, 01, 02) ;\%ﬁ_.f_i’”j’/ Z7 k0O1L O2BD{KR{FERZ BRI *
HIER3 5.
aF T £ ¥, RI
RAEBFRDINE | get relation(O, R, RI) Tﬁgij/ b O DU 4 W
s ATV 27 b OBEFRER R XVIRET
PERRdsl | PESTAT Vx s N BHT .
EEBRROYS — ATV 7 b OBRERFE RICE D IRES
i ) NTVWBHYAT Uz s BB 5.
ATV ofE ;
BHEEDEM add_attribute(O, a, val) ;%;2_7 il b AR vl B ORI A B
BHEE DO del_attribute(O, a, val) MSNAT 27 b ODRYE a ZHIBRT 5.
B EORE edit_attribute(O, a, val) HNA TVl b OO a DIEH val 125 5.
BiEn& R Ola MMSIAT V27 b ODBEE aDEZERTS.
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Figure 3.3 An example of assembly structure operation in the
end-cut design of a body.

body::cut_by_plane(Self, A, T): —
make_instance(A, tube_cut_plane,
attributes(diameter_out(Selfldia_out),

transfer_dist(T),

thickness(Selflthickness))), «r=ooerreeeeeeees (1
make relation(R1, cutting), = = e )
add_relation(R1, A, Self), e (3)
make_relation(R2, transfer), = e (4)
add_relation(R2, A, Self). e (5)

3.4 RKFEOUMMIZTE I FHE

Figure 3.4 A method for the end-cut of a body.



[ 3.2)I3EE b EBAEMEE 2% V BELDRE S &b HBERFIC
LT ARRETOFITH D, T DE{EIX make_v_groove ZFVWVTEHRTZ D.
35 IZFDFEXETRT.

IITH, REEDLEBEERTFOETY 2 — /4 % jointAB L
L, “make_v_groove GointAB, Theta, D, A, TW, N) ® X > IZFEUHT &,
(DTH 3.2 D(eFDZEEESHBIEEL W1 = groove_weldAl £/ L, (2 TV
FHA%E V1=v_grooveAl X4+ 5. ZD& &, BILEAE Theta, FAKLIES D, 1
— AR A, BEERTWEORMEMEY 52 5. KRIZ, (3T jointAB 238K
FE{% Rl = welding#l, R2 = welding#2 #Z B L, @), G) THEEL
groove_weldAl % jointAB IZIKES®AH. ZD & &, £V a2—IORNAIOKFE
12 L AMAIDIEERBROBRA E —BE¥T, TLTNEEEDTS. R, (6
T jointAB A3 FEH% R3 = grooving#l 25 L, (7T V1=v_grooveAl %
W1 = groove_weldAl (Z{KFSE 5.

K2, B3SICTLEEARELXK 3.4, M35 IRLEBERREZAVT,

—EOBRHEBEEEF 7 oI TN TE D, 2T, X 3.6 &H#liz, —
EORFMENFETH D Z EETRT.



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(Selflplate_th))), ~  -reeoeeree (1
make_instance(V1, v_groove,
attributes(groove_angle(Theta),
weld_depth(D),

root_gap(A),

thickness(Selflplate_th))), =~ «-ooooeeeeeee (2)
get_relation(Self, welding, [R1, R2l), = oo (3)
add_relation(R1, W1, Self), e (4)
add_relation(R2, W1, Self), e 5)
get_relation(Self, grooving, [R3]), e (6)
add_relation(R3, V1, W1). e (7

3.5 VERAEREEHEBERFOFMEFERSE

Figure 3.5 A method for refining of a grooving weld joint as a v-groove.



36 ITHRAROMEEEZ ERMEMRLT A0 THET. IFQT
make_instance R\ C, fAfEZ 7 X body 5 F R A=bodyA # 43 2 (D).
ZDLE, BREREER cood, SME diameter_out, ---, H/E thickness EDIREE
MOYIHES 52 5. BEODIC, MIEEORMRICIE, —hbDBMHITER
L. (QTFEHEE cut by plane Z#HWT, T1 =t1 OfIBICHERE Al
=tube_cut_planeAl %, T2 =t2 O{I &Iz %E A2=tube_cut_planeA2 % %iL
FHAERKL, bodyA ICEFEXEA(®, @)B. (3)TFFrx make_hole & BV T+
& A1 28), AE bodyA XL T, BV T3=t3 DALEIZAR K
Hl=cylcyl_holeAl %, 1B\ ~F T4=t4 OALEIZHFE X H2=cylcyl_holeA2 %, 1L
ZFNFRITDH@, ®). D& x, cyleyl_holeAl (XM HE Al=tube_cut_planeAl
%, cyleyl_holeA2 [ZHF 7T A2=cylcyl_planeAl *# ZNF D ~TEDBWOELE
ET5. BB, DIFERINZAROERTHS. () TEEE divide_by_2 # AW
T4k A.2 288), bodyA % FH c0 H>5 T5=t5 DB THIKI L, —H&3 2(®).
(5) TFHE X make_v_groove ZFH T, 22EH5hEIEEMT jointA1A2 % V 7R
Fegex A EEGFICHEMET (@), (6)CHER bodyAl, bodyA2 o PHERHE
&% FH = refine_by_tube & FWN T8 A.3 288), A tubeAl & HE tubeA2
EZENTHFEMET (@, @). ZZTiE, (1), (2), (3), (4). (5). (6)
O—EREY, 3.7 17T i EFH & make 2divCH_jointv TE & D5
LB TES.

T TR, HEORD, SROEREITEET S HEOBWIIEK TS,
8 - U)ﬁ'eﬁi I bodyA | *'1"3'5 LO7EH, bodyA ITHIERIIZITMEAESRE tube LB SN AT, HEM
(= tube (2R T HBIEICRS.
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Figure 4.8  Examples of grooving type.

a. BRSSAE d: BEEHEX
0. R~VEE f: »—+@E
g: w—rHEER 1 - EE

49 FREDIRK EFATEDH

Figure 4.9 Examples of grooving shape and its detailed dimensions.
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Figure 4.10 Representation of grooving weld joint by assembly structure module.
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Figure 6.2 An operation environment of the prototype system.
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The example of the basic operation of the assembling structure in

manufacturing design
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Table 6.2 The composition list of the head part
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Figure 7.3  The method of estimate of welding cost.
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REEiES : 213 - 0 <Hw
WEBHRE: -30 <C>
vTre . =24 <°Co
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vE-40 : 0 14,7 <kgfm>
A RyH F/8— . FBA4-EG-A4 AHEE . 6.8 <°C/sec>
B 4 <mm> BERE N c RREMLL
T3 OBHEEE
FEEE ; 100 <°C> B R . 20 <min/m>
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HERE 25 <°C> f##
etk BN I KRR - 3 <ce/100g>
RIFEE : 25 <°C>
FEEE : 0 <min> Rk B . 2001/8/17

X7.4 BEEIZEEEZEDMH [40]

Figure 7.4  Example of welding procedure specification. [40]
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Figure 7.5  Support for manufacturing process specification.
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Figure 7.6  An example of the operation for three-dimensional model.

set_operation(Self, difference, H): —

Sfigure(Self, Ps), 0 e, (1)
cfigure(H, Hs), e (2)
set_difference(Ps, Hs, Ps1, Hsl), =~ cooooereeeemeeeenes (3)
iset_value(Self, figure, Ps1), = oo (4)
gset_value(H, figure, Hsl). oo (5)

B77 Z=Z=RTETIOEREOERBEZITHESFHRS

Figure 7.7 The method of the difference operation of three-dimensional model.
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Figure A.1.1  The operation of opening a hole in body.
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X A.1.1 /3K bodyA O Al BB L, T OMEBIZ, BED OR HI K
BlTHMEZAT 2 S BB HEIEL T 4. JOBREZTR Y FEx 1IN A 12 175
v |

body::make_hole(Self, A1, H1, T, D): —
make_instance(H1, cyleyl_hole,

attributes(transfer dist(T),

dia_hole(D),

height_hole(Selflthickness),

O T ST 1) S —— 1)
make_relation(R1, transfer), = e (2)
add_relation(R1, H1, AL, e (3)
make_relation(R2, hole_making), @ = e (4)
add_relation(R2, H1, Self). e (5)

BA12 [REKZARETETEIFHRE
Figure A.1.2 A method for opening hole in body.

Eh, (1) CH#K H1 % make_instance AW TARKT 5. Kz, (QTHED
BUVLEES D R1 24K L, B THFEA HI 2-NEDBWEEERDMEIATY
=7 kAL IRTESES. ElC, @), GIZBWT, KFEIE hole_making 725
R2 %4/ L, FAFKHL iRk Self (CEFs € 5.
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A2 k% 2 8T HFERex

A2 IRt E T ORBETINL, “H8T 5RIEE(T2 > T 27T

body::divide_by_2(Self, T) : —
make_instance(Al, body,
attributes(diameter_out(Selfldia_out),
thickness(Selflthickness))),
transfer_dist(0),
cood_ref(Selflcood),
body_length(nil), e, (1)
make_instance(A2, body,
attributes(diameter_out(Selfldia_out),
thickness(Self'thickness))),
transfer_dist(T),
cood_ref(Selflcood),

body_length(nil), e o)
get_relation(Self, hole_making, Rls), = cooreeeeemeees (3)
splitRsh(R1s, T, RAL RA2), oo @
add_relations(RA1, Self, Al), e (5)
add_relations(RA2, Self, A2), e (6)
get_relation(Self, cutting, R2s), e (7
splitRsc(R2s, RL, RR), oo (8)
add_relations(RL, Self, AL, e (9)
add_relations(RR, Self, A2), e (10)
cut_by_plane(Al, P1, T), e (11)
vout by plane(A2, P2, T), e (12)

make_instance(A3, groove_weld_joint,
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attributes(transfer dist(T),

cood_ref(Allcood))), — --rorereeeeeen (13)
make_relation(R5, transfer), = 000 e (14)
add_relation(R5, A3, A1), (15)
make_relation(R6, welding), @ = e (186)
add_relation(R6, A3, P1), 1D
make_relation(R7, welding), @ e (18)
add_relation(R7, A3, P2). B (19)

A2 [RE%E 25783 5FKSE
Figure A.2 method for dividing body into two parts.

B, (1), (2)T make_instance 2T, MAfEHIE Al, HER A2 #FhFh
ERT 5. Wiz, (3)T Self 23F>IK7FEE hole_making DESZTEL, (4~
(6) T Self & £ s =M &R AL AR A2 &icft53 5. Z Z T, (4)® splitRsh
EEOME TIZXH LT, ROPIMIELFENT, S8 LIERDIEDWTIL
WATBRTAZ E2HETHIFRETHD. (5), (6)D add_relations ix Self & Al,
A2 ITRTFREER RAL, RA2 # ENEFIUTET 2 F/mE TH L. AR, (7)T Self
DEEOMETEEIR cutting DEALEEL, (8)~(10)T Self & HfHHE A1, HEE
A2 LizftET B, 2T, (DO splitRse 13U LEFRE ELIZHET 5T
X ThD. £z, (10), (11)TFEEE cut_by_plane #AVTHENE P1, P2 %
AR L, FNENEERE AL MHER A2 CEESES. (1) TEEOMNEL2RT
ZEABVEREME A3 24K L, (10~ CHLERKFEEEARL, BEEDY
BHEETE AS ZBET AN ATV 7 MUKFESED.
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A3  JREETF 2T T A FEE R

ABIZAMIRBIIRECMI T A2 L2, O tubeA WZRERB LT 5 FE
X ERT.

body::refine_by_tube(Self) : —
make_instance(Al, tube,
attributes(diameter_out(Selfldia_out),
thickness(Selflthickness))),

tube_length(Selfllength)}}, e (1)
get_relation(Self, transfer, R1s), = = «ooererereeecennn (2)
get_relation(Self, cutting, R2s), = = ceccreeeeeeinn (3)
get_relation(Self, hole_making, R3s), = = rereeererrereenn )
add_relations(R1s, Self, A1), oo (5)
add_relations(R2s, Self, A1), o 6)
add_relations(R3s, Self, A1), 7

BIA 3 MEZEFaL—TJICHMET SFEHES
Figure A.3 Method for body refining by tube.

B, (1)make_instance # T, A Al 24T 5. K®iZ, Q~A)THE
A Self 23 £ (i FEEHH transfer, cutting, hole_making DESZFH EFRERE L,
(5)~(7)T Self &£k &n7-[Af AL 1257 5.
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(1) ERMREEE L T — % 7 n— DA

REAEROREERKLICH HEOMABDEITH LT, FMEITHE L
e T~THETS. NB.1ITEHEX, Y OESENEIC {1, 2, 3} THDH L,
X>Y2 e 2B X, Y DEDCHEAELEZ2T TR 5 BEOAERBIEEDH %277

M BlUIZEOLFEERRERBE L bOTHY, BRALIES M, Ok
QIXENFNX &Y DIEEIFREMNTERT 5 Z L 27T QIEFHEXEZH VT,
TR DEZHELEERTHE. QIR T v 7O~QTHE LI BRI &S
T T EIDORIEFBERTHD. £, ORRT vy 7OETHET, XITE
ToOXBETT. ZOfITE, X YOEOCEAGHOEREMTIEIHY, £O
IBLBERDHDII2BY THDHZ LBDND.

X B.1(bIIERBREEICB I AR EHMOBGRERR LT —F 7o —&X

THs. MBUICEZHEFIEIT—4 O EREZE L S 271,
(1) © @, 6, @;
(2) @ O O @;
(3) @ @ O @;

DL S ICAT vy 7OIEFA 2 ED L IICANBRL THH LN OIBORSIIFRLT
B3, Tihbb, —oOOF—FORNIRLTEHROREOTNAZZ OND.
2T o FONEFANEZ D & —RICEBRAOIIIET 22, ZOHTIEIRE
NF—F OFNERESFTERTHEIVRETHS.
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Figure B.1 The generate-and-test method and data flow.
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(2) F&SyBIRRE D DSP Fikx

K B.21%, 5.3 i TR~ REMBAEOGUINT, JEOSBIRE 217725
729 DSP F£f5 % &7,

plate_div ( {L, Di_hole, Hx}, {Num_div, PL})

method

PL=for (2000.0, 5000.0, 500.0); e, (1)
Num_div=for(2,10,1); e )
Dx=PL-Hx-Di_hole/2, (3)
PN=L/Num_div; e, )
testPL>=Hx); (5)
test(Dx>1.24*Di_hole/2); e (6)
test(L-(Num_div-1)*PL<50.0);, ceeeeennn @)
end;

BB.2 ASNEEEERTSHDIP TOSTIA
Figure B2  The DSP program for determining the division plans.

K, L, Di_hole, Hx (ZANEEK T, HFEK Num_div EROEKE X PLIZHA
EHCTHD. 22T, (1), (2) EIFEMROY A A LGREEZERKL, (3), (4)
IIRENLE (BEHEOME) L ROPLMEERRELE TYSERSEZHETS. £
7=, (58), (6), (7) ZLBELRRIATORELRIET D, MBS —RA2BETS
I, ZDX D EEL SN REAHEIL, REEFE L TIHRANCEEL, &S
REERTHLDOIEL LT, XEVAT LOMBAN—AREFT S,
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(3) RECOUEEREOHMTEZRETEFHE

@
TATETE
S i
SRR 3
SR ,C
T 3
G \
-
1 A

E B.3 FHEOFHMEEDHA

Figure B.3 An example of detail structure of groove.

grooving_dimension_ MW ( {Tp, GAO0}, {T, GA, A, B,C,R})

method

TR0 800055 =0 9200000 e (1)
function(groove_dimension, {Tp,T}, {GA, A,B,C,R});,  ~-roeeeeeeeeees )
test(GAO>GA), e 3)
end;

FB 4 FEBEMETEOREIOISLA

Figure B4  Knowledge processing for determining grooving dimensions.

", (1) REET 3 BEOHREOEEEES 5. (2) 13 PED OHE L1z
S CEETE L AR R B B DRSS A BT T B, (3) R LR
R A ERIET S, TR TEIORRHEE TS TEREND.

~pXn
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ISPW EFEIC L 5 7 7 A5k
Z 2T, ISPW

B L AR HABET LV OBRESZD Y 7 ARRETFT.
(1) FERIROEESR S 5 X DHF

® 7 7 AHfERA (tube)
class(tube,

super(io_primitive),

ivar(radius(reader(radius), writer(set_radius)),
height(reader(height), writer(set_height)),

thickness(reader(thickness), writer(set_thickness)),
fig)

material(reader(material), writer(set_material)),
).
tube::init(Self, Init):-

io_primitive::init(Self, Init).
tube::dialog_items(Self,Lis):-
Lis=[(label, false, Label),

(dispflag, false, Disp),
(color, false, Color), (transdist, false, Transdist),
(rotatedist, false, Rotatedist), (radius, false, Radius),
(height, false, Height),

(material, false, Material)].

(thickness, false, Thickness),
tube::method_items(Self, Lis):-

Lis=[describe, figure].

5.

® ISPW |3RIBHIE R MBI% L7 Prolog SHCA 7Y =7 MEMKREZIRY ANT-RERAEHTH

—121—



® 7 5 ZAMfE#% (tube_section)
class(tube_section,
super(io_primitive),
ivar(radius(reader(radius), writer(set_radius)),
height(reader(height), writer(set_height)),
thickness(reader(thickness), writer(set_thickness)),

section_angle(reader(section_angie), writer(set_section_angle)),
fig)

tube_section::init(Self, Init):-

io_primitive::init(Self,Init).

tube_section::dialog_items(Self, Lis):-
Lis=[(label, false, Label), (dispflag, false, Disp),
(color, false, Color), (transdist, false, Transdist),
(rotatedist, false, Rotatedist), (radius, false, Radius),
(height, false, Height), (thickness, false, Thickness),
(section_angle, false, SAngle)].

tube_section::method_items(Self, Lis):-
Lis=[describe, figure].

(2) EEBROWBAEEESR 2 7 2D

® 7 5 AMHEHE (tube_cut_plane)
class(tube_cut_plane,
super(io_primitive),
ivar(radius(reader(radius), writer(set_radius)),
thickness(reader(thickness), writer(set_thickness)),
machineMtd(reader(machineMtd), writer(set_machineMtd)),

fig)
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tube_cut_plane::init(Self, Init):-

1o_primitive::init(Self, Init).

tube_cut plane::dialog_items(Self, Lis):-
Lis=[(label, false, Label), (dispflag, false, Disp),
(color, false, Color), (transdist, false, Transdist),
(rotatedist, false, Rotatedist),  (radius, false, Radius),
(thickness, false, Thickness), (machineMtd, false, MachineMtd)].

tube cut_plane::method items(Self, Lis):-
Lis=[describe, figure].

® 7 7 AMAIT (cyleyl hole)
class(cyleyl hole,
super(io_primitive),
ivar(radius(reader(radius), writer(set_radius)),
thickness(reader(thickness), writer(set_thickness)),
machineMtd(reader(machineMtd), writer(set_machineMtd)),

fig)

cyleyl hole::init(Self, Init):-
io_primitive::init(Self, Init).

cyleyl hole::dialog_items(Self, Lis):-
Lis=[(label, false, Label),  (dispflag, false, Disp),
(color, false, Color), (transdist,false, Transdist),
(rotatedist, false, Rotatedist), (radius, false, Radius),
(thickness, false, Thickness), (machineMtd, false, MachineMtd)].

cyleyl_hole::method_items(Self, Lis):-
Lis=[describe, figure].
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(3) EBMIOMEER Y 7 2 DH|

® 77X UHHL (u_groove)
class(u_groove,
super(io_primitive),
ivar(groove angle(reader(groove angle), writer(set_groove angle)),
bevel_angle(reader(bevel _angle), writer(bevel angle)),
root_gap(reader(root_gap), writer(set_root_gap)),
root_face(reader(root_face), writer(set_root face)),
root_radius(reader(root_radius), writer(set root_radius)),
plate_th(reader(plate th), writer(set plate_th)),
fig)

u_groove::init(Self, Init):-

io_primitive::init(Self, Init).

u_groove::dialog_items(Self, Lis):-
Lis=[(label, false, Label), (dispflag, false, Disp),
(color, false, Color), (transdist, false, Transdist),
(rotatedist, false, Rotatedist),  (groove_angle, false, GA),
(bevel angle, false, Theta), (root_gap, false, G),
(root_face, false, F), (root_radius, false, Ritr),
(plate_th, false, Pth)].

u_groove::method_items(Self, Lis):-
Lis=[describe, figure].

® 75 A VL (v_groove)
class(v_groove,
super(io_primitive),
jvar(groove_angle(reader(groove angle), writer(set_groove_angle)),
root_gap(reader(root_gap), writer(set_root_gap)),
root_face(reader(root_face), writer(set_root_face)),

plate th(reader(plate_th), writer(set plate_th)),
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fig)

v_groove::init(Self, Init):-

io_primitive::init(Self, Init).

v_groove::dialog_items(Self, Lis):-
Lis=[(label, false, Label), (dispflag, false, Disp),
(color, false, Color), (transdist, false, Transdist),
(rotatedist, false, Rotatedist),  (groove angle, false, GA),
(root_gap, false, G), (root_face, false, F),
(plate_th, false, Pth)].

v_groove::method_items(Self, Lis):-

Lis=[describe, figure].

(4) BEHOH

® /T ARESOHIEELR (groove_weld)
class(groove_weld,
super(io_primitive),
ivar(groove angle(reader(groove angle), writer(set_groove angle)),
root_gap(reader(root_gap), writer(set_root_gap)),
root_face(reader(root face), writer(set_root face)),
weld posture(reader(weld_posture), writer(set_weld_posture)),
num_of layer(reader(num_of layer), writer(set_num_of_layer)),
plate th(reader(plate_th), writer(set_plate_th)),

material(reader(material), writer(set_material)),

fig)
).

groove_weld::init(Self, Init):-

io_primitive::init(Self, Init).
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groove weld::dialog_items(Self, Lis):-
Lis=[(label, false, Label), (dispflag, false, Disp),
(color, false, Color), (transdist, false, Transdist),
(rotatedist, false, Rotatedist), (groove angle, false, GA),
(root_gap, false, RG), (root_face, false, RF),
(weld_posture, false, WP), (num_of layer, false, NoL),
(plate_th, false, PT), (material, false, Material)].

groove weld::method items(Self, Lis):-

Lis=[describe, figure].

(5) BEEMEDED 2 —NLOF)

® VT REX S IEHMT (groove_weld_joint)
class(groove_weld_joint,
super(io_primitive),
ivar(pthickness(reader(pthickness),writer(set_pthickness)),
material(reader(material), writer(set_material)),
fig)

groove weld_joint::init(Self, Init):-
io_primitive::init(Self, Init).
groove_weld_joint::dialog_items(Self, Lis):-
Lis=[(label, false, Label), (color, false, Color),
(transdist, false, Transdist), (pthickness, false, PThickness)].

groove weld_joint::method_items(Self, Lis):-
Lis=[describe,
make v_groove,
make x_groove,

joint_detail drawing].
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groove_weld_joint::make_v_groove(Self, Theta, A, B, WP, NoL): —

::pthickness(Self, Th),

make Olabel(OLabel2, vGroove),

make_instance(v_groove, V1, [label(OLabel2),
groove_angle(Theta),
root_gap(A),
root_face(B),

plate_th(Th)]),

::initfig(V1), part ofProcess(Self, V1),

make Olabel(OLabell, grooveWeld),

make _instance(groove weld, W1, [label(OLabel1),
groove_angle(Theta),
root_gap(A),
root_face(B),
weld_posture(WP),
num_of layer(NoL),
plate_th(Th),
material('ssd3"}]),

cinitfig(W1),

part_ofProcess(Self, W1),

make_relation(R3, grooving),

add_relation(R3, V1, W1),

get_relation(Self, welding, [WR2, WR1]),

add_relation(WR1, W1, Self),

add_relation(WR2, W1, Self).
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(6) FREE D o — o)

® MR (body)
class(body,
super(io_primitive),
ivar(radius(reader(radius), writer(set_radius)),
thickness(reader(thickness), writer(set_thickness))
length(reader(length), writer(set_length)),

pressure(reader(pressure), writer(set_pressure)),

E

material(reader(material), writer(set material)),
fig)

body::init(Self, Init):-

io_primitive::init(Self, Init).

body::dialog_items(Self, Lis):-
Lis=[(label, false, Label), (dispflag, false, Disp),

(transdist, false, Transdist), (radius, false, Radius),
(thickness, false, Thickness),  (length, false, Length),
(pressure, false, Pressure), (material, false, Material)].

body::method items(Self, Lis):-
Lis=[describe,
refine by tube,
cut_by plane,
make hole].

body::make hole(Self, RefObj, Transdist, RotAngle, HD, OiObyj):-
A .1 EMR.

body::refine_by tube(Self):-
ftekA. 3B R,
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Figure D.1  Adjustment by cutting operation.
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£ D1 REEEOH
Table D.1 Examples of adjustment method.

FEEE ORI Fri
BT 4TI LD RELDRBEEZRD
BAIZ LD NI LTRERBREEZRD
BRZEM TIC & B 5% EIHRE LG RIZL TN
BRI & 2 R FERXHREEZRNRIZILTVD
DIt MLZETZROT BREERICL > THRET S

VoV ML L AT | BETAOWEILERH HERIITRD

o ZHICLLHE

J AN T HMBORWELHDHE, €0/ ANERIMTHRIIHLT
LEBROBIKNEETIZENDHD. TORREBE, 8 LHINLERICLY
FAEMLT %, REMLT A, BRIICENORE SORERITHOTIEZL,
BROKE SORLV/NERRERT, / AN LOBERFIRN I TRIZED
REMLL, RETIHEETHD.
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® D.2 FAICLHHAE

Figure D.2  Hole-expanding adjustment.
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FAFERZ &8, SRESTMTL, ZomMBesEE LERShS. 0,
HOIBRERELILRICARD. HRICED ZOREEDEVCIC L - TIEENEO
BUVEVWRAEL, BERRAZBRER L LS. 22 CHEMLECEESFHO T
ROPREEREICT D, Zhicky, ERECREBEICKHT IRELTAEY.

T it g g

EEHEARORE GO EOHE

D.3 BAEMIIZL DHFHE

Figure D.3  Adjustment based on grooving operation.
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Figure D.4  Adjustment based on welding gap.
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Figure D.5 Adjustment based on the orientation of assembling parts.
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Figure D.6  Adjustment based on thinning processing.
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Figure E.1 An example of simple method for product cost estimating (Ref. [37]).
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D777 0DFENEICLY, HANLOREY 25ET2. &, BE 354kg @
EAZ 7 DRIED 21775 L &, E.1)D 77 7 fiedh T, 354kg 5%

BRIZWY 75 70X ENLERY T A UBMHRY 185/kg L Fede L, BiEEIX
185 F/kg X 354kg=65490 B ¢ KD B = L N TE 3.

(2) BALN7- Y OFsEE & GBI T o TEEE o f

P .
Mhge: 1mZEOEIMHIN T T
3 5 \ XPA%EH#H. Lm Mhgw: 1mZkOERE T #

ManhrsCutting: SI#I0 T T
ManhrsWelding: Y5 T T

Wik BET BEREL

WEEEETIH WRELH T T
BERORE i | > etz omratang €
HNEEO T Mhgw BT Er o T.#tMhgc
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HE.2 BEaR MEFETSHH

Figure E.2 An example of the estimate of manufacturing cost.
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E21%, ®RET, B& LO2HRE, VA0 EEE St MTL, X%
FREDREELEEELITZ OHRE, LRI TERORRY ERET2 ) Fhs o
FogTu—&my. B, WELEETHEIR, RE LT AT TR
DAL, TENENREL LRE2E28ETH. 22T, RE1IIEERE Im
B2 OREGORBEOSBE, WEL LERBELHEGRELTYT. £ E2EM
TS Im 720 OFZGE (BENTE2E0) OBE, REL LNEABETR
BfRE T

FxE1 RESHEBFEIHRE FE2 HRUMGALRIZEL)IH
Table E.1 The man-hour of welding Table E.2 The man-hour of gas cutting
HRE FoE ¥HE HRIE TGS I
(mm) (hr) (hr) (mm)
1.6 0.20 4.5~
0.1 0.07
3.2 0.20 9.0
4.5 0.22 90% 12~
0.13 0.11
6.0 0.24 25
9.0 0.31 28~
0.16 0.13
12 0.4 38
16 0.57 85% 42~
0.19 0.16
19 0.72 50
22 0.9 55~
0.24 0.19
25 1.1 70
32 1.65 e 75
. 0.32 0.25
50 3.3 100
60 4.5 110~ 0.35~ 0.27~
5.5 138 0.40 0.33
L 70%
90 8.0
100 10.0

(Grooving included)
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