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ABSTRACT

We present a framework of an intelligent design support system for embodiment design of machine tools which can support
efficiently and systematically the machine design by utilizing design knowledge such as objects(part), know-how, public,
evaluation, and procedures. The design knowledge of machining center has been accumulated through interview with design
experts of machine tool companies. The processes of embodiment design of machining center are established. We also
introduce a hybrid knowledge representation so that the system can easily deal with various and complicated design
knowledge. The intelligent design system is being developed on the basis of object-oriented programming, and all parts of a
design object, machining center, are also classified by the object-oriented modeling. For the demonstration of effectiveness of
the suggested system, a structural design system for machine tools is implemented.
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Fig. 1 Design Process of Machining Center
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adapted machining center type

7oA, &= mdeel ALEA dE Aol
Microsoft Visual C++42 2 FaHA, AA#ojz
9 F2d3L K-prolog g C++ & FHE ARIE
A=z7t 24590 F2YuA &Y ZEafes
= A4 Fortran 34 =2 7P| AHLHAT

WA, Fig. 5o AAGuA st 9Ad AH

o AUx, 713, 44, AFHEYE, AMEF
T e A4HA AALT AEE 94889 o
A9 HIPFAOe] F22 Bt A ojAFA
B Egl g HAJAEG

ElQlo] MAHT, Fig 6 olA 9} Zo] XY,Z 2ER
39 F8 FPFAFE HolE A5 AAFUFHY
gaaAc] s ARAY, Fig TANE 2e 24
A Ggol Nx'd o AFHoz AUHIT A}
£ 3}= Fig 87 °] ATC, Magazine, Controller 2}
Ze HAZeAE AEAY FPEAE £
Lide 8

B A T TR DR R L O RN D IR D T
ARNE ¥E W SN BE SEN S3Um A0 JARREY OWTaX GAIA DY N3

Lol _| Jri-lvl
CEEHRRISE

ot S i 3 SR

MR 2Ue E
I
FORUBES Xed 2R WD .

. "
g e W T T
( LR wApN JoNa Femnak Ny A5 BiwR
o~ : L L
- I LI cwpan g

"

e
- - woiy ot
e // e
~ - okan -
\\ . B v ¥ ]
oy
L [ R s
—

.ww
T ATH DANAE GEA WU 6N FHUE

- Pewn | e |

W anw

ot s . _-~.>x=-. |
Fig. 6 The decision of structural shape specifications

::_njgun-tm.. | St uraset Ovwwaa 3. JIKOMA W KT [l wwane.. guens 2wy %‘ﬂ
Fig. 7 The solid model of assembled structure of the

selected machining center

a8d A2ge Ade de HAMEE Fig 9%
go] AFHog FASL, Figl0 ¥} Fig 11914 A
d ANE AHE HdARAA HoFA grh o
o ARt ¢x2PA 28 vl Fig 129
2o 7 FHasY duA £ HHE Fdd o
vz FER gddoess AANMAY golde

-1025-



0% xS do

et sl

Sl Sinatale

WAIN SER SIMAR ASANA RN AFA T UOKIAA2 U

i
RN ey pww fpovann  [ifiCe SN, gamagiee 3. ({130 K8 rwere] FEIEY
Fig. 8 User modification of suggested structure shape

_né{ggl o | Ptcomt Dot [ oonnr G anaAn. guses e | ﬁr
Fig. 9 The analysis of performance of designed structure

ELTTy

(53 .

Ewh,wu cowwor. | R . J RO e WY WW’M@%

Fig. 10 Natural frequencies and amplitude
7.8 B

E d7e dEdd 7149 3hd wAg A
HE d& 5o, vAd Ay AA Awte AAZ
o1k F&HoZT AYHFE NTY AA A"
AEe BxE st Yo

olF H8l, ¥ AFoAE WA @9 dA AR
7hete) RJIERHE Fstd A5 oA dE AA
o MAAARE A}, AAANE Ga&Ho=
Fdsrie 239 ANEEL AdEgld @4
wAd AHE FASE ZE ¥Fas € o 94
248 ARG 7Y o) REPsA)

o] Ediz FAVA JELAE AAHe=R A
AT 5 dE= A2 I Ay HA A=y
TE& AdaRon, ojAd dE FAA N 3
g3t 1 F84L HEFAUT

"

AD SRANY.. “lm'JIB ﬂeﬁ
Fig. 11 Vibration mode on each natural frequency

-n@.

RN GO B 0wy, | P oo Dvain 5. KON 9T o svane..  gumes-aee PED

Fig. 12 Energy distribution of core-units of machining
center

% 7|

A7 4 AAVIA Z1RLEA A2 e
Ao AL A4 Aoz Forigder did A
xstd F4 GANET, IREET, A7)

#AA AEEA Moz FAHE =YY

- 1026 —



10.

11.

12.

13.

14.

XF_'QE_.

ro

BE®, HHETF. WEEE) £ a2 k%
MG BT ER e A 740, BARHma
@i SLE, Vol.27, No. 1, pp.112, 1986.

RARFN, BEBARE, T 7y 7 ik o x
X2 b X T LOWE, BAEHEGR TE
(C #R), Vol.54, No.500, pp.1017, 1988.

Young, RE., Greef. A. and O'Grady, P., "SPARK -
An Artificial Intelligence Constraint Network System
for Concurrent Engineering", in Gero, J.S.(ed),
Artificial Intelligence in Design'91, 1991.

Serrano, D. and Gossard, D.C, "Tools and
Techniques for Conceptual Design", in Tong, C. and
Sriram, D. (ed), Artificial Intelligence in
Engineering Design, Academic Press Inc., 1992.

Cha, JH, Yokoyama, M. and Itaru, O. "A
Knowledge-Based System for Mechanical CAD",
ICED'93, pp.1335, 1993.

HRESE, HILEMY, “BH% CAD ZignlHan—
DOHEN-R L X T L7, AAESREBERTEC
#%), Vol.60, No.579, pp.3625, 1994.

Cha, J.H. and Yokoyama, M., "A Knowledge-Based
System for Mechanical CAD", ICED'9S5, pp.1382,
1995.

e, g dE AN g o] gk AARRY
A gAn, der|Aiets] =2 3H@Ad), A2l
B, Al 4 &, pp.634, 1997.

254, o]J3%, A, “Simulated Annealing &
ol &3 A% WEHINAY AFFZH Ao
#Y A7, AL I A, A 14 A, A9 3,
pp.116, 1997.

FHAE, RN TIEEROBEEIRFE 8
28, 7N-THA AR & B, H AR
B @R THE(C#R), Vol.50, No.459, pp.2192, 1984,
FEHBE FRE “LEBROBERIRFE OB
3, MESXR RGN T Y T
HRI & 2B, H AR & 3R SUE(C ),
Vol.52, No.474, pp.788, 1986,

KA, BRLIER, BT AE, BREEoaeE
BB S 5 FEBERIBHIE (35 4 )7, Vol.55, No.514,
pp.1556, 1989.

minEE, 5l <A 7Y 2 7 FERICESY
TAEESMERE IS X 7 L OB, B A
& 3CE(C #7). Vol.58, No.546, pp.655, 1992.
Shinno H, Nakanishi S and Ito Y, "Decision Making
by Means of Multi-dimensional Evaluation Vectors in

-1027 -

Basic Layout Design Procedure”,
JSME(C),Vol.56,No0.526 pp.1535-1541. 1990



