e, H2W 1993 9.

E ¥ I B X 19

ZFBAFR AFEAAANYD AEAAAEQ Aut

ZF A AR T R

Development of Expert System for Supporting
Assembly-Oriented Product Design

Kyu-Kab Cho®*, Jae-Woo Ha** and Dong-Kyun Cha***

Abstract

This paper presents the development of a knowledge-based expert system to assist for designer

in the process of designing products for easier assembly. The developed expert system for support-

ing assembly-oriented product design, which is named as DFA-MASTER, consists of two subsys-

tems such as “Assembly Method Selection System” which provides feasible assembly methods to

designer and “DFA-Analysis System” which provides guidelines to improve assemblability of prod-

ucts in the early stage of product design. The developed system is interfaced with AutoCAD

system and can be run under PC environments. By using DFA —MASTER, designer can obtain

feasible assembly methods which have high assemblability under the given asssembly conditions

and also evaluate the assemblability of part feature or product structure.
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Joint
Types Permanent Semi-Permanent Teaporary
Joint Joint Joint Remark
Joint
Force
Shrinking Tight fitting [Threaded hole |[Without
Pressing Loose fitting [Loose fitting [Fastener
Interference Push & Twist
Screwing/Bolt |Wing Nut / Pin |With
Nailing/Wedging|Zipper Fastener
Casting Without
Forging Fastener
Ph Ch
A e Yelding/Brazing ¥ith
Soldering Fastener
Folding/Rolling{Folding Snapping ¥ithout
Seaming/Beading|Snapping Fastener
Form Change |Lanced Tab
Riveting Stapling Snapper With
Snapper Clip Fastener
Without
Fastener
Adhesi
810N IMetal Spraying |Taping Gluing ¥ith
Plating/Gluing Plastic Barbs |Fastener
Sewing ¥eaving/Winding|Simple Laying |Without
braiding Fastener
Oth
ere Hooking Hooking/Tying |With
Hanging Hanging Fastener
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Table 2. Selection Factors of Assembly Methods

Technical Factors

Strategical Factors

* Materials

¢ Load Types
* Closeness

+ Resistance
* Precigion

+ Fabrication
* Heat

* Clearance

+ Disassembly

+ Flexibility

¢ Fasteners

¢ Stress Types

»Elasticity

+ Corrosion

* Joint Types

* Feature

+ Casting Property

¢ Feature Change
Function

s Status of Materials

of Materials

* Assembly Cost

+ Assenbly Time

» Esthetics

* Assemblability

» Weight

* Production Modes

» Frequency of (Dis)Assembly

2ol 2P golyd €A2AL A ZAH2 2 W
A zPedel AXE 7MFEE o8 £
YrisEe Yo AA oL ty ZHEe
IE =Y 7h5AY FEE ARIRE go=
7R A4 AFHL AFL 47l
hElM 2@t =g AT

@ 714389 AFa4te 2ENEE 44
7Z|& 3 HrleA ZHAATTE 004 974
o] Hes Adct. =Yt 09 FH& A

= =3 J'ﬁ% Foizl 2PN 48 By
¥ 2YUe et LA 979 e 29
dgsl AdH 754 dehisd, 287
55 99 g Mt w8 2YARYE Ushy
318 AR e 29/54e A8 ek
o sz g AFasol Bl

7t 2Pd¢te] 2YPNFEE ARG S 4R
9 Fig. 33 2ol Fig. 3904 Soldering?] 04

Fol PRI =¥ E7tsEE o
slgot. 282 yeR] Z=HltL 9ol 7tF

IF :

and:
THEN :

?Riveting

>Soldering

This Joining is a Permanent Assembly Method
: Fasteners are needed
: The Material of Part is a Ferrous material
: Heavy Load in joint Area exists
The Type of Stress is a Cleavage

Melding — confidence 7/10
confidence 8/10
>Adhesive-Bonding - confidence 3/10
confidence 0710
>Brazirg ~ confidence 1/10

Fig 3. Rule with Assembly Confidence



24 Z73% - st - AFT

Eox L &

3n, 2E7le e s 2HYL ST A
Al 7hEAdE e $19 22 wHew ¥
E 7139 4384 (Table 2 =)o) wis) =
Y (Table 1 &2)o] 7HRE 2UN5EE
HAT 7 Ut B A2 vixE AFPQ 4
he 2@7t5x 4L HEN) AHFY =Y
WY fgE P=2L2 FnE e Fazgez 4
st

@ A AL+ 2YIEE AR

deEel ZAAYRL9 HrRIAAE 7]ede
B ohAsMAE 2YNEEE GRS 29
goldo SAEHE FHNET. 4A Aol
H7he 28 Jh54 € FASE BAG ohd =
HEolge M- E Hriste GAolRZ, 2
4 2754 dehiE 29 5 E 02 ARG
a7t glol 75 R HHE 1d9M 722 B
A d.

Ay 2220 gt ZYUIEE AF L ¢
& "ol g ARRo,

(24 1] ZHAL 1:1 ey 2xgo=
BrE},
o) 2¢€ gigt: A, B, C

>&A% 1 (AB) (AC) (BC)

(DA 2] & EXABAM P2 BN 2
Aadol sl datel digre] T}
o et Bok f¥€sRE A gt
A 18& 32, 234 god %z
9 digte] 1H& Frh. Y8 ¢4
A€ 1™ T digkdl 27 053
€ FAgh
) (AB): A7} BEg} S84
14, B: 0d=>(1,0)
(ALC):C7l AR 294

04, C:138=(0,1)
(BC):Bsg C7t 59 —=B:0.
54, C:0538=>(05, 0.5)

[27 3] 2& %o ZRE 2 hige] ¥
qE L Fite, ol “¢HE”
% Ao gk
4} (AB)=(1,0)
(B,C)=(0.5, 0.5)
AY 9% 13
Bel 9= :05%
Co $9= 1154

(A0)=(0,1)

(Al 4] $99=x oldg] Ao 25 1614 9
mA 9 zR5EE e

[ 9)({-?--?-1 E} O o] i
s || anaa T HER A
I PHE=09 3¢

Ay AY ¢9x=1 > A9 =7}
FE=[4.5+05]=5
Be $812=0.5= By =37}
FE=[2.25+05]=2
Co $95=15 Co| 2E7}
FE=[6.75+05]=7

* 2 [X)e Xnd 24 9= AQ 3+

At 22 P e Yoo HI®H BHPQ 4o
thel & zguigle] RE 08 2P 1:1
g 3te] $49 AEE ZYASFER AH
Heoldh. o|8¥ YA EE RE ASA A
A& M 2P yo] 4HE 5 Aok &
29 AF ZA3ol d3 =¥ EE BE A
8404 qallA Yo Bl we z2YPEE
o Hagel P

2 =gy 294
zygolde Lo zyvPay sge
Fig. 49} 2ok 017 2g4geld YAo =



e, FH25 1993, 9.

ZAAGH LAY ARANLG AL 25

Change of Specification

'

Designer’s
Information

A.ssembly
Spec.

&

Good

Alternative 1 Alternative
Alternative 2}— Alternative 3

Alternative 3

Alternative 3

Alternative 3

{2
Altername 1

w2 ()Y RAbs 2YUEelY §A¢H

Fig 4. Flow of Assembly-Method Selection

Yol 448D, ZPYAVL 2R 7&
7T YAV5E xYdete] 22AY. oA
229 ZYWS L B4 FSHA B2 sd o
o ZYgolgsl $4£U7 BYH], HEAo

2 AAA ZRYEe Add. olg 2o o
B9 2EHRE 2YASEE o Ed B
& zyhers] AAS 2PEoIH +HENE 2
5ol Beh AARE B HEAA2WY ok
Agde 2YGRE DA MAS A2e
zggye 9 + A

AFe YL SEHoz zUHYd
dal 2YAN, FEYYL AEFzel @
EYFIHE olwa _»:-wra-% A8 # kol
et We 9%e wEt £ 2
4% Gge A 2o
N gL xEEoIE AL ZAPEL A
Tpsl AY B 4 AL W ol 2
TP 288E ¥2 ATH BARYS 7
aAd % .

ot

u

1.,

HEZFA 2

2.2 DFA B4 HEJIA2Hef gt

ZyggolgdL A& FH Yy dErio] Py
ZHo] olugl, RYRFY FJ4olu, WA F <
AFTEE HEA £& 2FFol4 & 7Mzln
of o}, Wl oI el BE2 4,
ETE Tol B 2Py A7 2de €
?ls DFARSAAWE Agai,

F
X2

2
2,

1) F33R484

DFA E40 "ad ¥EHEE DALY
YAFELE 7R3, BYHRE Fig. 59
Ehd ote} gol #8849, REIUE, 2YEAH T

o REYa= PAYE YA § FRA
Hag Aroln, AYRE DFA E4q g

=9 g4, AF TR B¢ HREA
o'f ARG, Fe WY 4 Fol Yt
olgidk e FFFRE olAT|E U AT
Aol 28 ZE FoZ ARHM, BE RS

aér“‘

%



E X L 2

26 FETH7L S A2 - AFE
(D Management Information
Part |Part |AttachediJoint [Material {Rigid|Quantity|Standard|Fastener|Storage
Name |No No Order Part Method
[ ]
— Ferrous(1) Rigid(1) Individual(l)
— Nonferrous(2) Flexible(2) Lading(2)
— Plastic{3) Confusion{3)
— Wood(4) — Yes(1)
— Fabric/Leather{5) — No(2)}
— Ceramic(6)
@ Geometric Informnation
Profile External Standing|Gripping Surface Internal
Shape Surface Shape
Type
Pris- |Rota- [Pris- |Rota- Features|Parallel |WidthjContact|Exist|Open
maticitive |matic |[tive
L L I
P 1
None(0) — None(Q) Line(1) Zon(1)
<?2mm{2)
Flat(1} | bacallel Surface(2) | parailel(1)
Short ( &%) Dot(3) L Yes(1)
Cylinder(2) — Non- L
Long '{E?ered §ara11e1(2) No (2)
Cylinder(3} | Piate(1} “— Formless{3)
— None(0) ?E?p Curve(2)
— Flat{1) Line(3)
— Cubic(2} - . C aewg
L Cuboid(3) *F ()Y e 2EY

Fig 5. Part Information
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