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A process analysis system using Fuzzy reasoning networks
for quality control of cutting

Hong Jun-Hee,* Ozono Sigeo™”

ABSTRACT

The ohjective of this paper is to realize an analysis system that is capable of controlling the
quality of an entire cutting process by including a 3 coordinate measuring machine in the
process line, Fuzzy reasoning networks based on fuzzy associative memories has been intro-
duced in the measuring process, the control limits for the control process have been obtained,
and the efficiency and reliability of the system have been determined by examining the simu-
lated reasoning control values,

Key words : 3 Coordinate Measuring Machine(3%9 £%7)), Cutting Process(@24+ 713 33),
Quality Control($2 #2]), Process Control(F4 #4), Fuzzy Associative Memo-
ry @A 94 719), Fuzzy Reasoning Networks(®A &2 JE$]3), Control Limit (%
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(3) Pluna

) Cylindvical bore

Fig. 1 Definition of AMGD in plane and cylindrical
bore
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LSP ; LEAST SQUARE
LSCCB ; LEAST SQUAHE cmmsn CYLINDRICAL BORE

PLANE 1

a ; AMGD of PLANE 1 a ; AMGD of PLANE
b : AMGD of PLANE 2 b:AMGDofBCg.I:.‘g‘DRICAL

t ; Croas area of LSP r ; Cross point ama
=4y (2 - b)/2/ain g} betweon LSCCH and LSP
) =22 BH1/ein 6 +1))
CONTROL MODEL : CONTROL MODEL :
& ia-bf]ﬁlsin@ ZV‘Z(a'bS(llain0+l}
(a) Angie mintion ) Anglo relstion
{iwo planes) (plane: and cyfindrical bora)

a ;7 AMGD of PLANE 1
b AMGD of PLANE 2

¢ ; AMGD of cylindneal
o
r: &Viz: B2/eing

CONTROI. MODEL :
17204y Ta - B/2fsin 8 +¢)

a i AMGD of PLANE 1

b : AMGD of PLANE 2
CONTROL MODEL = 1/2(ar+b)
(a) ParaRiol miation (two plancs)

a5 AMGD of CB 1

b : AMED of CB 2
CONTROL MODEL = 1/2{ash)
() Paratiol rolation (two CB)

Fig. 2 Control model of geometrical relations
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Fig. 3 Example of cutting surface number

ProcessNg : 7 —_— Process number
CutFaceMNo : 1 —— Total number of Culting surface
FacoNo 5 7 _— Cutting surfaco numbey

EvafPaltomnNo : 3 --» Total sumbor of geomeideal ralation
Paftam = 1 > Refation 1
GoometName = cyot > Cylindricky
Tolerange © 150 m———— Value of tolerance
ReNumber : 1 —> Total number of relation surface
Po¥Faco = 7 e refation surlace numbor
Paltemn : 2 e Reiation 2
Geomotame : pap m——— Parpendicuiaty
Tolorance : 140 —— Vaie of tolemnce
AalNumber = 1 —>> Tolal numbor of relation Surtace
RofFaca : 3 > rolation surface nsumber
Pattem = 3 > Ratstion 3
GoomsiName : posd > Posltional devistion
Toleranca = 12.0 ——— Vae of inlemncs
RelNumber : 1 ——= Total number of rotation surfsce
RolFace - 4 = k : by
RolFate : & ——— rolation aurface numbear

Fig. 4 Example 1 of geometrical relations writing
format for process analysis (cutting surface
S; in Fig. 3)
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Z Mol A Mo £H BH
L— FAA A 23 FFL 71E FE A4
neba A" dE gl BY AA 3 73
#7} (Qeometrical tolerance) & vighe 2 & 7}37- z
Aow ¥HY F FHH = 78 FA g #
A F AA FAR(AMGD)d <3 B TR
7F2 2E8A% (Control limit) S & A o|gkn
ddtd 2daA A (Fig. 6)
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ProcoasNo = 9 e Procass number
CutFaceNo = 2 — Total ber of Cutting surf
FaceNo - 11 —— Cutting surfaoe number

EvaPattomNo : 3  —> Total number of geometrical relalion
Pattam 1 = Relation 1

> Flatnoas
— Valuo of tolerance

RelNumber —> Total numbor of redation surface
RafFace = 11 e relation surface aumber

Pattemn : 2 — Falation 2
GeomoiName = parp > Perpendicuiariy
Tolerance = 19.0 _— Value of tolerance
RaiNumber = 1 —>» Total number of raiation surface
RalFare - 3 ——— rofation surface number

Pattemn = 3 > Aolation 3
GoaometName : pam > Parafioliarm
Tolorance © 20,0 > Vawe of tolerance
RalNumber © 1 —> Tolal bor of

RalFaca : 4 > retation surface nurmber

Fig. 5 TBxample 2 of geometrical relations writing
format for process analysis (cutting surface
Sll in Flg 3)

MEASURING
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m £ Cy
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CUTTING CUTTED

segutrevent [ e cutTiNg (| PARTS,
— PROCESS PROCESS

Fig. 6 Relation between Measuring process and
other process
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M 1.4 DEREE DF MEWMBERSKIF
BEGREE OF MEMBERSH bt

ABOUT TOLERANCE AT CON
= NEURAL NETWORK =3 === MEASURING PROCESS == p= NEURAL NETWDORKwy
BRI v i
,/"'{ NETWIRKS
i fer-sod
|- X-X-1 /

- L]

L ] o

- 5 CONPOSITION -

e == 1
TOLERANCE CONTROL LIMIT AMGD
Fig. 7 Relation of input-output data in measuring

process
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Oata No. ARV RCV atiowad AMGD1  allowed AMGD2
1 19 5857 10 10
2 0o 30508 7.0 70
3 200 84,853 15.0 150
4

25 20

GHY ; Genoral Recumr Yalse | ARGV ; Reforance Control Value
Fig. 8 Example of control data file format
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DEFINTIEN OF
CINTROL. SPACE

MEGREE OF NENBEWSHIF
ANLT TOLERANCE

Fuzy
ASSOCIATIVE
MEVDRIES

CONPDIITION

e ———
iN
RELATION PROCESS
L.

mu.mm:xs
CONTRDL LIMIT
l (u-’/.
ND YES
DISORDER NEXT PROICESS

Fig. 9 Flowchart of process analysis
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E 7o ge gAge] Ed, o o 2Asd 4%
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Table 1 Comparison between TAKAMASU formu- dx, AZdr, Pisd A3 P¥He 13 24 (3R
la® value and reasoning control value ] BAg 13, 4m)o] A% slo} 9t
AMGD1 AMGD?2 TFV RCV
7.0 10.0 47.329 48.916
12.0 10.0 61968 62180 b 4 &
8.0 14.0 59.866 62.293
15.0 12.0 75.895 78.768 B ERdAE 309 25718 A4 Feld 59 et
TEV:TAKAMASU Formula Value, RCV:Reasoning Control Value sz 23 AAY ZA B Hs] g5 Y 24
Q [+] [+)
Procass No. 7
Surface No, 7
Relation No. 3
Ralation 1
Geometric Tolerance( &) cylindricity
Valie of tolerance( ) 15.01m
Viow ~ Viign 100 ~-20.0m
Realation 2
Geometric Tolerance( ) pemendicularity
Value of tolerance( %) 14.0m
Viow ~ Vign 100 ~200m
AMGD of detum P 9.1m
Redation 3
Geometric Tolerance( %) positional deviation
Vatue of wierance( %) 12.0pm
Viow ~ Vign 100 ~200m
AMGD of datum %, 78um
(a) Surfaces S;~8iz AMGD of datun X5 7 4um
Control fimit %7 t1:2m
prop ™ T eRETITC]
eh] smoia el
{a) Surface $7 (cylindrical bore}
Process No. 9
Surface No. 1
Relatlon No. 3
Realation
Geometric Tolerance( k) flaess
) Value of tolerance( %) 18.0m
=1 Viw ~ Viion 100 ~20.0pm
_ Relation 2
EELCHEY Geomelric Tolermnce( £) perpendicularity
T 1 Value of tojerance( %) 18.0/m
1] L | Viow ~ Vien 100 ~200m
1 AMGD of datum %, 91m
Pl
l l H Relation 3
Pl g Geometrc Tolerance( &~ parallaism
Value of tolerance( %) 20.0pm
S— Vew ~ Viigh 100 ~20.0pm
o AMGD of datumn x¢ 7 6um
Control limit %, : 13.4¢m

(b) Drawing of geometrical tolerances

(&) Surface S (plane)

Fig. 10 Example of geometrical tolerances Fig. 11 Output of control limit for surfaces 7 and 11
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