gl FakslA Al 1ed A 12 % (19994 12 9)

Journal of the Korean Society of Precision Engineering, Vol. 16, No. 12, December 1999.

CAD/CAM/CAI S0l 7| =8t Al+=H2| On-Machine
Measurement : II. = HE £

T, ZRIM % AE| Qx| TR E e

On-Machine Measurement of Sculptured Surfaces Based on CAD/CAM/CAI
Integration : II. Inspection Planning Strategy
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ABSTRACT

The objective of this research is to develop an effective inspection planning strategy for sculptured surfaces in
OMM(On-Machine Measurement) process. As a first step, effective measuring point locations are determined to obtain
optimum results for given sampling numbers. Two measuring point selection methods are suggested in this study based
on newly proposed CAD/CAM/CALI integration concept: (1) by the prediction of cutting errors, (2) by considering cutter
contact points to avoid the measurement errors caused by cusps. As a next step, the TSP(Traveling Salesman Problem)
algorithm is applied to minimize the probe moving distance. Appropriate simulations and experiments are performed to
verify the proposed inspection planning strategy in this study, and the results are analyzed.

Key Words : Inspection Planning(3 A} 7 &), Sculptured Surface(ZH3+9), CAD/CAM, CAI(Computer-Aided
Inspection), OMM( 7143 " :On- Machine Measurement)
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AutAoF 3xY ZA7) A A-FIH &
AL zEAHE At E FUEeE ZHHE 9d
e el ALgHY, TV AGAN TREL
2AF QA AAFAA g gAY FAL

st} @A =, o] wwuich T3 FF L A
2% waA Fe °]%~€—3(cusp)°] A A
of wA Aol waEtA, ol FFof izt F s
nzo] glol T WHeR Z33AL H ¢
£ Fig2 ol Ytebd viep Zo] E4H-o] cusp o E

PRolt YHE F ARHA ¥ Re| 9N Y

o2

L.



ZHE - AW - MEY - 2A4Y  daEEEIA] Aed 12w
7bgAdel A7 diFol olol g HH A7t LA FERRA T 1ol A B ukel o] OMM el A
shAl s, ojuigt A% 58] g Aol A4 = b S4o) shubel S A Al Hell A o] ol
o] & FFE B A4S AAsE SEAHA o A7) wiiel EHE A% dHolE #Holx FAHE
g BAA BT Jhedo]l Wk g gaba 4 e M= CAD tilOIHQ} CAM HlolEl & F Al
Abg 1 B4 AMREE dags 3 304 u#stejop e}, o] uwi, CAD dlo|E o]z gl
Hatel gl F olfE HE=E st rtEEw F HAAHBERE NC/HES #4% CAM dolH
Bage) @akd & o, AfENe AE T F g FF3to] Aol FAAA] dRY AHew
oz olelg aRle] Wiz Al ;e wojofnt st 7k, oj2)d 71EF AR el CAD/ICAI Tl 7]
= 23298 48 5 2 Zate] A" FA dlolg] dlo]x2RH AHH
Hel OMM & % A - HA3ALo] =HA
Touch Prode ARE SHAE oste] FdE 544 A=
oAl CAD E CAM Ui°oJEl ¢t vlwate] Hz) &4
Fo 7MEEo] aEE ¥ E 2ade e
Machned Sutace o] g8-E #HE F A "ok
Measuring Eror y 3. 7}%&% E*I gil' oﬂé
* Actud Measuring Points B QP = 7bE Fol e ARIHEY &
PSSR Dasaeonamg ot F49 24g et Swe] FAAn oo, 7}
29 BV HUS A ;s AT FH
. . dxe) 44 52 LI M2 GAAYES A
Fig. 2 Measurement errors caused by cusp height Nsted =4S =3 ovh A4 sEw Ewel
HEe Que shae] gud ZW diste HA
B 24g Ut TH & gdou, ot du
HEgdolr] gite] ¥ ATelMEe Agdeldg
Inspection Geometric %—{5} i%a(ﬂ ql%a&ﬁdol }“g:g %‘:}
P o Afmwe] NC 71EE f8ME CAD dlolE
ot Check Hlojz~ol FAHHIREH Fox FF9 A7
Y, N 1 FAYAE AFA 7= 7 H(CCpointy S A& A
nors gt oz Awstsl, ol2RE FEAHHCLpoiny°]
. l ARHA "o g A Fye Fo4d A
Process Process Information Process Alo]E MR ol olEsiy HAMAPS
CNC Mochining Center x Fstn g QFHE AIHd A4 bR F
| Watolo] 2A7h BASE AL AR E & 4
qom, o]y HFLAE dS53e LA shedh
Fig. 3 Inspection procedure using OMM based on LEE y_ﬂ sl7) Y3 tpkdl A7 FiEo] $k
CAD/CAM/CAI integration o}, AN 7pEHEAY} HA e AE o =35}7]
46}01 AHEE W Jerard®* ¢ Kiml*'e] A+
220MM ol o8t £% of 71%3k3 o™, Figd ol £ Aol H&d
g Fo A AFITHe HAs OMM & Wo] 7| a7F Ve ok
AMAE gl AFE 3 FHIE A ABED Fgel AEE AT AW eME
CAD/CAL 5ol 7123 SAUY ol 7te3d= 7HEeAtE BEY YA (BE A check point)E A}
ol e HEE 7HAL Y= CAM HolH: § F3E Ao AAstE Aol ¥EFe] M,
A mejsolop dn, ol g HREE Fig3 ol XY HWA 7 #Hd HHEAA A AVE

m



A AHY - 249 degasetEd died d12&
e e e dgstel PEE FARE T Aol Qe PR TR oA ¥y o
Bu. AW 3% 7hFel Bl zHel HA o AARGh o W HAEA e PR SFol
ar U4 ;e HRle ZJE HE|(point vector) Sux Fo mUPLo] HH, ol YoM HH
2 zvlgtes Ag@d. ogd A= HEHE @ XAS WEe} FTAH Aol LG A5
Fro ol FARE weletel TTOIBAN BE o ANH T F vk
e A5HoR A 13 F W FE
Tg & en, ofF aFHE FyPust vl
ol FFBoAE ST 4 AT
Discretization  vector s%r;?;e /
l Machined ‘ P:c\Jecled tool
Surface ; X movement
Qosred (a) Tool movement
Simulation
l Machining
Error
Verification
Fig. 4 Applied method for cutting simulation
(b) Projected boundary lines
3.1 7I3H At
FAZIAE AHgst daAds s 49, Fig. 5 Tool movement and projected boundary lines
dAlze FAVAY Vet gux, dabzlol on XY-plane
HoolFFel wet wgtse 7 WA T o
gtol ZhEHel F ALErE wgsid, ol d Fig.5(0ol A Ri= vle} o] TT9 o|Z A=
SAR8LE wAstr ANAYE DEANTIE. o woojeo) FFAANH a, b HES FFA x
SEEE FTY olF HH dste] 7tF3E Aol of 95 W=, o] w, XYy HHo| Egds 2
ARdn 2 5 Ak olR B, FTA gm goge Fgsh 2ol AU JHER ®
B B wHEsel UE WA 52 nASNCl gy Aug Astel, WA my 48 PH
M dHE EJAE #HE Tue FE 7oA, o] 9 Yo A2 B, uhoke =
Sl gt ERIE HEZF AAEE RES A Aot ok z Wake] ¥IE MEel ThoE
AbstE Foizl by xzdel wet vhEE ZHe ¥ A RS T stEE ZWe ATEZ 7
& AAtE = 9tk Figs ol ol@g wie] sl 2 g},
£ =AM FigS@ell Webd vhek Zo] 2 719 BHA o7l AAZAE 0000 Wi AT o,
STAXY ask brh FolA Y= BF FTE T gwae z #E 2,8 T A8 w2y 17}
H Atolg Aoz olFsiH, of W o]FAH

112

AMEER o, o] H fE AE ofes ol



299 - AR - MEY - 248 d3HEIFEA ded A12F
WEH e vt A @l o /“*foﬂ./\‘iﬁi Z F o=y 4y Add v s 99
HE g 0 the el s Al el el shul RS ponE EAE 4
e B (% ¥, 20T Had AS Hias
z,:zaﬂzb-za)%f‘—i—*ﬁ M 3= uet vel groRHFE  AtHT, Newton-
Xy~ Xa) Raphson method 52 X84 WHE 4183t 4
& 4 gl
A7VNAM, X, . Z,, X,, Zy© ST a 2 b =T
X Hae 2*HEE 747 vERAY. EHAH e 9 Z 2 2 2
D(u,v) = (x,, ~ X)* + -y +(z, -2 “4)
HE 7,5 Fig6ol U uish gol apgse 0T Um0 Oy e mn)
79 Feel wet getd + A2, ballend o i w =6l (1o
’ , o Aol ZtEe Ak tga ol A
cuter 8] ARAE vl Mozie Fad £ o Lo oA kS &
o Jud \__T;}'
et
Error = {(Xp — Xs)2 + (¥ — ¥s)* +(Zgm — 2502}/ 2 (5)

(a) Ball-end

(b) Fillet-end

(¢) Flat-end

Fig. 6 Geometry of cutting tools

L.=1Z; +r~‘[r27re2

R = (Xp - Xo)? + (% - V)2 @
B9 o7l 9 ©9 9 ®% UL A E Z

J}EE T317] AsiE A6 X o Y, E X,

e X, Y, & dASE "o AMREHE I
7} flat-end cutter &} Agol= FHY e 7 X
A e 7 HE9 ZA H 2, fillet-end cutter &)
of z AX+E o Ao 93] Ao o

Ze=Zg+1)—r; —(Te —1;)° T >y

=
L
RS

Ze zZl re Sr] (3)
32 718 2XF Al
AR shgRel AHer aFHE 4RI

gag vmste] APl SHELAE A5
e, AfFRe A AFEY) FE2R
B He Adel x IWe) AEE A
HE Abole] Az E AN FE F AT .
AT (X, Yo 202 U AL Fobed AR
wggAAe HEE FEo) L, (x, v, %)% 7

Y oft

it

-

e

il

3.3 Simulation &3}

Aed $He A3t AAdE 7tEde 3
R e R 10 O B 4 B o B == e o 5‘
aba) AHakol Ago )8l Fig7 7 8o ZHzt i}
SRR

(a) Machined surface

(b) Predicted cutting errors
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Table i Resuit of the probe path generation method

Ir Probe path generation Average moving distance |
B |
|
|
|

Conventional method l 1.32mm

i TSP method 9.79mm
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Table 2 Calculated errors using proposed methods

(a) Measured error after rough cut
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(a) Measuring process after rough cut

(b) Measurement after Finish Cut

Fig. 13 Measuring processes using Renishaw touch probe
on the CNC machining center table
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