BEEETEE 200245 KFERMAEHLE pp.654~658
EXsAT|HIe| EX HEAAH J{gtoff S

HARx, SIS Ot

7|1 AZ 3, =E 9

KSPE 02F184

AT

(I3t 7| AZ 8

A Study on the Development of a Feature Based Inspection Planning System for On-
Machine Measurement Process
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University)

ABSTRACT

The purpose of this paper is to establish an effective featured based inspection planning system for OMM(On-
Machine Measurement) process. In this system, an effective inspection process planning is accomplished by determining
the number of measuring points, their locations and probing paths using fuzzy logic, Hammersley method and TSP

problem. Also, an effective collision-free algorithm is proposed based on the EZ-map analysis. All the inspection
planning processes are performed based on the defined inspection features those are derived from the CAD database.
Proposed inspection planning method is simulated for the given sample wrokpieces, and the results are analyzed. The

results show that the proposed method can be successfully implemented in real OMM process.
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Fig.2 Fuzzy system structure
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Table.1 Hammersley’s algorithm for various features
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rectangular and circular surfaces

2.4 5YER &H

2.41 SFAUE H25E) AR F2YY
71354 28 HEHu Jde FHAR:

g 9 SHHE ddste BYo] ofd BE

S Wi AYE AN Ha SHALE

Ta7] fis TSP ¥RYFE AT, Foe

A goo 5334 %Y AY E 7 A0t

E= Zn:\/(xi —'xi+l)2 +(yi - yi+l)2 +(Zi + Z,'H)Z (1)

i=1

-~ 655 -



242 =2 WXt HE2HH

2 dAFdAE @A WNE SHFZZ 534
Al gAdg £ Qe Z2He FFEY FES
9357l 93t9 Fig.4 o =A% IHE AHE
st

zzBe FIAEY FEFEE WA HiH
WA EA A2/ AAEe 99e FIn, o
Fdgo] Ax SAHNAES N EZ-map & A
&3 ¥4 (checkpoint)ol A ZT2H ) Fo) gk}
EZ-map 9 ®oIgte vusted FEAQRE @
she Wy g Abgatgin .

Az Z2B FEARE BAHI)Y] et WA
X.Y oA 2zt gy HEAAM dFE 28
7t e HEE ZAstd dAE)] FFES T4
ok, 28 9§ Tegnyk ¥Q0E HHe Tuys
Hol zge 7y "o,

Zz2y7l o5 AHAHL Fig.5 oA He wiel
Zol & o Zz28 AXH a 9 b o HEY
T2 r o g3 FAFHH, old, XY HU
Fgd ZEB #AHYHELS Fig.5 & ol FH9
g}, @EFEdAMe 7 & AXrEr 9sid,
wz vg] HAARd wdFo] o] Jd e &A
StexE woea, Tk SR 7 W
¥QQE ¥WE9 Z2H oA nFEL Tty
I%E 7€ 7 A9

A e 7t AAZIY 1.2.3.4 o] EAE 9,
wadY 7 #H z. & F37] H8 wx2d f 7}
AMgEolen, o] A f = ME 7 3 8 9
ZPolrh. AHH e 7} HE 8 S o=z
oMol 73R zr & thgAdd oa Aitdd).

zg =za+(zb—za)(—zf——Xzi (2
(xb ~Xa)

A7 oMM | Xa, Za, Xn, 2o = EZ2ZHA a 9
bel XFHESH Z2EE 724 e,

Bdd e 9 Z AHE z. & Fig.6 o) Jebd v}
Zo] X2Bel Zaw Fuld u} & 7+ F

A
z, =12 +r——‘[rz —rez
re =‘\/(xf ﬁxe)z +(yf _ye)z (3)

— 2 2
z,=z;+k —yh ~-(r,-n) r>r

Z,=z, r,<n @

Tnspection data Start )
(path, guide peimts,
[napectien peints)

Fig.5 Probe movement and projected boundary lines on
XY-plane

(b)
Fig.6 Probe & Probe holder remodeling

w3, ZI2H 29 FHEO FEIE
749w Fig.9 o Zo] Z el HAHE S
e W 9o ZHHEoR oFdeE ALY 2
ko] HMMEE Zx|de W 99 Yo
olgste ALZ s F Jok. TZHIG9
ZE3uEe Fig 10 3+ Zol z gdy
ERHoz =ZT2Hyl oF Ale SHYPYYES

Zrugn wAVE oxi s =3
SEAZHT Y AY PR U 0§,
Z W WHMEE 2AgE @ 9o dew

- 656 -



ol F A=
ol F¥ct.

=2n Polug « Wgez WL

Arca for probe mdius & afe length

-—p
€ Measuring point @ Guide point
-+ Probe moving path B Generation new guide point
—% Generation new Probe path W Collision arca

(2) Meving ta measaring peint of adjacent plane  (b) Maving te measuring peint of ether plane

Fig.7 Example of Probe Collision

Generation new tws gulde paints
new u guide point

Generatien new inspection path
& guide pelnts

(Free-collision algorithm of probe)

Fig.8 Proposed collision-free algorithm for probe

Measuring point

New wensisring point

[

(23 Maving ta measuring pebnt in S, view(meving measuring paint ta XY-irection)

nide pornt
e
b4

B S

New tiesswelg point

!‘“}n‘-&nm

(b} Meving ta mcasuring paint of sther view(meving measuring peint to Z-direction)

Fig.9 Examples of probe holder collision

Inspection data
(prebe, guide paints, measuring
peints feature data

Helder pap
avertap featere in 2D
of Zwiew? 7

Ts measurisng peint
1n 81 plane 7
Y

o
Generatien new replace
measuring pelst (te XY divectiony

Generatien new Ipspection path,
guide peints and measuring peints

(Free-collision algorithm of Holder)

Generatien new replace
tneasuring peint (1s Z direction)

Fig.10 Proposed collision-free algorithm for probe holder

5. System & Simulation

B A3 ArG FHPEL Visual CHt
6.0 & o] §3t 7| BHA ZRIaARGA 29 7T
% 438 AYsiRn, Al2g FA4L Fig.ll #
2ok e 71453 ZEa¥E H2ES)
4 Fig. 12 & #ol AAFHAUY. B
G Hg olg sto FF APE Y3y A
WREL  Fig.l oA AA svie} Zo] EF
AL St AEL Fig.12 o =A%
A3} Zo| 7} EHAL F, F, F3 2 EF{HY,
ol dA A7V AYPHI Y& EIH B F
gxgtt. R olF EHA <
ZHog T EFHE H ol ©d
omigcy, EBEHFH IJdH2
TEP 2 o] Zwolcl. STEP 1 whAllA
2 A s AMY Block o @FAsH=
9L BFEIANZ © FHAL FFIA
A8yl whdoltt, old A%
1d ZAe #AAM AAgor A

3 2R3AL TN EEAE
o] glo ol ZHAHo] A JHd

I - i

PAstx %5

f
)
>
a2

2 13 o8
w

o
o

o 24 oZ G N 50 i HE X1 U fob oF
28T &orfirle rd dn® g gl

std ZAHAL oA BEIXAZHeH, ¢4 &2

Arzrare] @A) uly et B st Al
2HHo] T ol BEXI AL, 7|E9 Atz
e BEAZFAC  HAFEl EAFNT AFE
=AML o] &8l AlAwE GA 2 AE st
EAet= A Agst 9
Aol SRS EX A a3
Abzhekol]l Ao} SR Aol EAEH, I AT
Z2A Ao Z7EE e Alznte FAZFHE
Z1Foz A wd) & EA Mol BEIA Y.
o] ¥le EA o] &3 IJH o] AEHo=z
B2IXAF7] Y3 Hoz oE HEF AL
Fig.13 ol ZAaltt. olgf Zo] SAHFEE &%
A7) &, Ao EZ-map & AN AL Fig.14 9
=AEY L, 2.4.2 N AEF EZ-map & 08T
ez FE FAE A% FF HAE Fig.15 9
EA38tz, TSP WEE B FE 39
ZARZE Fig.169 =4 39t

iod

¢

User imterface

Input CAD data ir
: Generation of o
surface based-todel

Selection of

Inspection feature
(urface & feature)

Checking colf
of prebe & belder

Fig.11 Structure of developed OMM module

- 657 -



STEP L

Tsband
Machine (eator (30}

O | nwa <L
[l I S | sesamm ) SR
—— 1 =T 0

Inspection Beaturs(1D)

Fig.12 Inspection-Feature classification for Object
Model

o] ol

(a) Before {b) After
Fig.13 Relocation of non-contacting measuring

points for S,

EZ-map

Fig.14 E-map, Z-map & EZ-map of workpiece

(a) )

Fig. 15 Check Collision

New Guide Peints

Fig. 16 Distribute Inspection path & Free-collision path

6. 42
3 A0 FNAE o8 AAERANAY
47 2ol iy meHA FRH 9 AAE

AN, =T 71E9
Bz
o 2o 243 4¥¢ 53
AF sk, 712 ¥ 3 a4 #® 247
Ax FAsts IR B AL FFTLN 9
s PAE A @+ Jde wHE AAE
uzt A FE gl e &

gACA By ks

AHAE SEAHE dA & £ e WE AT
sidod, gy o] ZEEL 24T .

1. Fuzzy logic, Hammersley Method, TSP
Problem & ol&&t uldge] g 3 HY
o 9% zelm A2 s gRFHeR AR
F i dnESE AAEAT.

2. Ao ®Bo EAEHY ZAL ERYEE
2gate] woh aRAAd SAAES Aol b
F=% HUY,

3. EZ-map & ©]&38lo] TSP Problem & ©] &3}
AT =2RARZE BA3la, o s|x=E
g =Zzp e Z2d Zrdd FE

d¥s WHsn £ol wARE A%, 3
Az 44E £ A= wEe AAdsan

AOEH

(1] Che M.W. and Kim, K., "New Inspection Planning
Strategy for Sculptured Surfaces Using Coordinate
Measuring  Machine.”, International Joumal of
Production Research, Vol. 33, No. 2, pp. 427-444, 1995

2] Chia-Hsiang Menq, Hong-Tzont Yau and

hing-Li  Wong, "An Intelligent Planning
Environment for  Automated Dimensional
Inspection  Using  Coordinate ~ Measuring

Machines", ASME Trans. Vol.
May 1992

{3] Duffie, N., Bollinger, J., Piper, R. and Kroneberg, M.,
"CAD Directed Inspection and Error Analysis Using
Patch Databases,” Annals of the CIRP, Vol. 33/1 pp.347-
350, 1984

[4) Meng, C.H., Yau, H.T. and Lai, G.Y., "Automated
Precision Measurement of Surface Profile in CAD
Directed Inspection,” IEEE Transaction on Robotics and
Automation, Vol. §, No. 2, 1992

[5] Ferreira, PM. and Richard Liu, C., "A Method for
Estimating and Compensating Quasi-static Errors of
Machine Tools," Journal of Engineering for Industry, Vol
115, Feb., 1993

114, pp.222-230,

[6] 29,284, A9d, =48 , "CAD/CAM
/CAl S3%td) 7123 21-051"‘ 2]On-Machine Meas
urement : 1. R348 $£3», ¢33 23R A

167 A 12%, pp 109-118. 1999.12
(7] w8 A, F4L, 718y 33 ILEA S
Ha #H¥EE EAY, SxFLITHIA A
10 A3 3, pp 205-219. 1993.9

- 658 -



