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ABSTRACT

Presented in the paper is an approach to developing an
intelligent mold shop as a means to overcome the difficulties
faced by mold-makers due to skill shortages and increased
global competition. A machine shop where as much as of
the human skills are replaced by a set of intelligent systems
is called an intefligent machine shop, and an intelligent
mold-making machine shop is called an intefligent mold
shop(iMS). By analyzing the contents ol operator' s skill,
three inlelligent S/W stations have been designed: Technical
Data Processing(TDP) Station, Loading Schedule Station,
and Real-time Monitoring Station. A detailed architecture
of the TDP station is described, and measures of
effectiveness of IMS are elaborated.

Keywords: Intelligent mold shop(IMS), effectiveness measure
of IMS, functional model of mold shop, loading scheduling,
machining process monitoring, software architecture

[

2 50} $2 FelA 2 4 & AFSe) 7]
4 ER%A TAel0] FRANAA, thgo) 2He

W2l BRI, B 1) wes viel AF
S

| =0 =]
A Bolg AF B 58S TIM L2249
A ate) BE ok 7] Tl i@ hto]

1

g AZYAZ AAL e Aot &
AE WolASE 28 Aol v B P
= w2lel 7p AY3 AL R A2

3
of FAZ AlFshes guksiy itk
4, ©
o

_—

3 QAEL 2 A S48 A
. Fol2] 5] o] ZAlo] up=w 20034 &

% e
P,{J
3]
32
iui

Fo] QA A FEE 63098(0F 7098, 59U, ¢
B 32 7} 4098 3 3098)EM, oid ok 10%
<

10021 o3k} FA71j0iAIN, AAY M1 fsiA
£ B33 Fadsde Bl #4) 71 3
vl Fxlsfolst dok JEul 33 AA7E A 7t
A A2t o} 82 7)EE ) FZok A7l BN
ol =, FRYA7} 2§ o2 1) A 1 A
2, 2) 71Z ARAH #A, 3) B2 ALHOZ A%
dh= Q17 4) |7] £ 5) 97] 95, 6) AR
ohE 2032 HYER QJr)

ol#g FAIHE A3 al 28 A TRA
28 2P S 2 =3 s ek W
oto] ZF7E| 2 gtk AEA 37 AR 7Hg
PF= DA Z PR ko] oF3B g, 5
Aol £E% oA YA 71 Aol 1A

#t= CAD/CAM =13|X| | 15



QOO =2 CAD/CAM 72

VAN
FYUEE Aoy ALHLR JHed gol tiAF 7t Fig. 2(a)ll uehd wiel 2o} 59 Al TaAl~
Z APYAL “ASH F8 ZFHMS, imtelligent mold £ Y] ARA HA} FA BF 2502 oA

shopy olal . Bk $ejo] W2 WhES E2Y Y Atk AE CAD PRE 9o ¢ FF Az

Al2El(holonic manufacturing[2)AF 9|24 AE  Fo AR S P3AA), Ad8lS 30l AA)1EA,

off A A1 opdS W3tk Fo| 7, AMYER, AXKER A 34 BT
B AFINE Aed v 8% Mgske g & s F§E AE A 2

H2 AAgc) 286l A ed 38 32 A8 Fig. 2(b)2 Zo) 7}5 PR AFHo g m3lg A

L oubd 348 y)eee|o)B] A 2|7|(technical data o)tk 8 Fo)g) CAD RYZHE 1) NC g ’;E

processing station)ol} o 3k *1]—‘?—519_1 Ame g3 47 AW HZ ) /2 ZEA AL 93 NC 5 #
& Axd 33 24 a3 2ukh ofAvto g 4 A3} 3) s AAKIn-process inspections) 4) CMM

29 5o) o2 Ay & olg® AT TR WAl B2 A FHNG 2
2 9] Q2 T CMM 342 218 HolE)

2. XIsE SH3Y 4 £ CAD Mg /o 4490
AR TS AU AU ERAL A A5 3 $IT WA Aol g 2009
952 A Fo ANZE F 1o e 8 % Fo4 200 SUES 2RoHE URE AN

o4 o] PAI AEL, Clol A7) 340 47, CAM Aoz BAYeiT, Fig. 20)9) 9% FA4 NC 5
NzE 5ol gIrk AlRRE o) 07 T8 58 o) M, /EE 2AE THY NC 7Kg CMM
gl GuAels) §4) wES GRRck ol 7hE

APAL Ao 2 A7 SYUK AR %
#7)8} 7h3- 24 Askill-based machine shop)y” 12} &l
ok A58 7HE AYAE Fig. 1o) Yeid 24y 3
At SEES )2y o) 2(knowledge base), 2T E

spotting

dol, shmslel Sow ;m;, IMS 45r910) A2
YO2 YASE kD AFE Juiant

Moving c Machining

N

NC-code
Fittering

Geometric
Verification

Fig. 2{a). Overall mold-making cycle and major activilies.
Instruction Shape >
NC-data | @ Filtered ‘—‘1
Generation NC-data
q Machining
data

CMM Mold_
Generation with CMM ;
CADmodel |
Generation
N
v/ In-process
Inspection
Fig. 1. Concepts of skill-based machine shop and intelligent

—'K % ) Correction Final
machine shop. Fig. 2(b). Core machining activities.

l Physical Resources &Toﬁ] [ Qperator ]

16 | ®13 33



AR VT Aol SlslAl St ol 1el
A ?-éi‘l'*l‘l* N dRBYL £ A 9N Tk
AYA7} dekeiek oladel i S @ B 34
2 Ut AR A A71ek |19 40~50% A
= ARt}

Tab. 1002 S7)k 73210 gl 247} 473
3= 8 R veh QL 53] S99 AelFl Al

Yz IMS £TESo) LR M AU HFolck
) 3 37 A A4 4 F)

) A AL AR B Y
3) NC lele] &=z} 22221 4% 3 ATCHike 47
4NC 7K 7] AEl 2 23 i, WUEE), 71RE A
5) 2274 CMM 31 44 2 27 f‘l}c’]ﬂ w4
6) A/psiaz] A AY v R 55
A7 A A Pl Adate dR 5] 9
WAE Fig 3o TAATE 7H2 BA29) QY 1)
Arz10] AAHA °§‘_ 5 NC dlof|), 2) 3+
ZH 2 27N RE 95 FFAIL 3) N1ER0l
R AR %719 T3%BN. 5)CAD B

Xsd 833 e

Az} 6) YTk

Fig. 3ol 2 Azld Alzt
A)lz=eo] YA S AUY FE gY-Solth €4
Q] AEEg o] Al2E)S “AH o] M(station)”, Z=€]|o}
AL FAY Lxrigle] F5E "EE(module) o]z}
Aol&pr)Z 3t Fig. 39) 38 Q5 FolM 1) I
#ig] 2 ==& Loading Schedule Station, 2) EL11¥
212 Real-time Monitoring (RTM) Station, 7|3 3)
7 0]2)9] JFEE Technical Data Processing (IDP)
Station £ &3k

TDP Station2 1) 471 44, ATC #Hd 443,
Al AR 2 OMM(on-machine measuring)S: 9|
235} 713-F 7AARE @35k NC-data Handler, 2) Al
A AYS %"”6]- Setup Planncr, 3) CMM 3¢ A}
Ay 75-'»']- RS Gadil= Mold Inspector S A 7i
9 RER + ?,{'C} olke] IMS AZEd o} A4
o= ZI 5% 58 T 45 Z2ALE A
Fig. 4%} 7}tk

Fig. 400 vJehd vle} 7ho] X158 58 3421 oading

2 [MS AEEo)

P

Tab. 1. Shop-operator's tasks in a skill-based machine shop

Activities Tasks Task contents
. Tool spec planning Detenmine cffective tooling spec(holder, sleeve, tool materials, etc) from nominal cutier spec
Tooling Tool preparation Preset & assemble a loolinb sel and install it on the tool m:lgazine
Setp “Setup planning Determine dampm;: poeltlom/melhoda and checking points from gwen datum surfaces
Sep Setp the work-piece and set reference points using indicators and selting bar
w}qc-mdes Feed-rateRPM editing | Adjust feed-tate and RPM values to avoid overimdmg and to increase productivity
Filtering ATCilc generation {Generate AI'C(dulo lool{h‘mge) codes and combine them with NC-data to form an ATC file

Initial ﬁemnc,/ djusting |Start DNC-lile transfer & machining, and adjust coolant position & gain control

NC-machining Munllonn“

Watch the machining process for abnormal events(tool breakage, collision, l)veﬁihd:_%

In-process msﬁééﬁon Inspect the machined swrface after ca{:-iimrtlac}ﬁrljng stage

CMM-file generation |Plan probe-paths and generate CMM-file from given CAD model and inspection spec

;\}Md i CMM opcration Setup the work-piece on CMM(coordinate measuring nnchine) and operate the CMM
nspecaon

Measured data analysis | Analyze the errors(devtanons) and make recommendation for rework. ete.
I cading Loading planning | Assign lndmdua] [mclmmlg operations to NC muachines bemj on process pLJn and due-dotes

Scheduling

Expediting

Monitor progresses and expedile delayed jobs
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