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ABSTRACT : In order to minimize fixing error of workpieces, prismatic and cylindrical types,

Modification Rule by Indexing Table and Modification Rule by NC Program are developed for machining
centers by using touch trigger probes. The Modification Rule by Indexing Table means the alignment of
workpiece to NC program through degree of freedoms of Indexing table. The Modification Rule by NC
Program is the alignment of NC program to workpiece set-up condition via the generation of NC
program. A postprocessing module is also developed for generating NC-part program (User Macro) to
compensate for machining errors in end milling and boring processes, Developed methods are verified

by experiments,

PR

ateje] R ow AYsbrlgs] AAded ot 277}
F3sta sleo), S8 doh (Jig & Fixture) of o
€ 2Ee) #A4HY (ocation) TAE 713F A4
B9 RYse AW PAE FRY 22017) WEol
7128 Z2hge) Aage (Fixing Accuracy) § 4%
shA Y Wt sck e

2ol FabEel A, 79, Wl , ¥¥
, 2 o xb5-F7 (Sculptured Surface)!3? gof 7}
A 7)o} S Y A{uMt AP UMY W 9
Aleat ol Tstod Apsisich FAFe ARY ¥
2te] 2] )AAego]# (Indexing Table) o ZHolu}
NC Zzasie] ®73g Bstel £y & gle UANE
olg 42 N¢ 2219 $WEE VYN =
%t, oo Agjolul K& Zdrjol RubE NC 2B
Bg AAY 4 e xam2 24 (Postprocessing)
Wy Eg spusigia AYg Bilol 2 elddE Y
sigich,

..1—‘-'_

2.1 71st9t pape] $oabx mels

F2714 42 Aate 2Ee] A28 Qs 9
3lod = F271Ae] 710y UMr|Ee] Lot B
37l g @stch 1) B pRofiMe 4% pirldade}
&t 2 sisin, 2YE sistod Far)g
2] 2} g0} AuAHE YAsto] o) tigt Ay
el g 3 aslgivh 167 Fig.l & o4t 23bo|As o
2] w2l Yojg ¥AFrh Fig.2 € FA7A 2
82F Alele] 71741 2isf (Kinematic Chain) & %
o zch, $4Fa)4 TABLE. 1 of Uejulsith,

—121 -

TABLE 1, Shape Dimensions

Iy It Iz} 1a}la]ls ir

152.4]203,21254, }254. 1127, ]-127.| 101.8

Fig.2 ofd 2352l ol Aale 4] (1) o] &
A, FrhEe] 4AM fNRe A () 7 Yok

1)
(2)

[MNT]  [PART]
[MNT] [PART] (ERR]

»c[WP]1dea1= [PAL]
me(WPlact = {pAL]

712228 Fol7] 9l B3hEe] olgHel MAYYYE
4] (3) o] Hrt},

wp[ALIGN]des = [ERR]-* [PART]-t [MNT]-t [PAL]"!
[ZCAR} [XCARITHEADI[TOOLIITILT} (3)

A (3) & A71era P R5) g o)Fsled Y (4) T
9) § 74t

021 = tan~! {-ay/az)
@22 = tan~! [ay/-3z] (4)
611 = tan=! [ -ax/ (-Szay*Czaz) ]
612 = tan~t [ ax/(Szay-C28z) 1 (5)
@31 = tan -1 [ (Czny + Sz2nz)/(C20y+S20z) ]
832 = tan =1 [ ~(Cany + Sanz)/-(C20y+S202) ]

(6)
Y = Capy*Szpz— 15C2+14S2+¢12 + lp (7

X = Sy (-S2py+C2pz+Szls+C214) + C1 (px=13+11) (8)
Z = C1(-S2py*C2pz*Sz15+Czle) = Si (px—la+l1) +
ler 9



o17]M, nx, ny, nz ¢ [ALIGN] 2
Ox, Oy, 0z ¢ [ALIGN] &
ax, ay, az ¢ [ALIGN] ¢

A —

X % e
Y & fHNel g
Z % A gE

—

Al (4) " (9 of 2i%tod 6 2] W4 (65.62,0
3.%,Y,2) § 30 A @) ~(9) £ UHAElE 5
B3 MEs17) gigt 2122 Fig. 1 of MY 2EA
of uist 6 7] A AE5 vepdcl
2.2 UAYelolH =Y E

QA efol B 44 EL sisiely exte] 49y 29
5 2olz b AR Pz 4 4 "~ (9)
2 8k 4§ o) gstod Asdatzl WA efol Bl B
atzzig $stol ZiAxM] 252 7122 E F
o17] sist yyRoijr},

2.3NC 22 448

NC 2 Y82 UddElelgg 83l U2
B2 L2HF T UM 71 DB BAE AL
A0S BAF Bt NC 2P SYthe Y
Eolrh: Fig, 1 ofr] Z=1E 2pRA%) 714 2ha A o]
o} B 4 (100 2.2 vehdr

( Y omef 1 ( 1
I Xuc I ' ‘ ‘ Xwp ‘
| Yac = | WP | | Yo | (10)
| Zac | | | | 2w |
I R | ( [ S |
L J { Jideal | J
of7lofA, A (1) 2 4] (2) ofM
®c[WP) dea1 = [PAL] [MNT] [PART]
w(WPlreat = [PAL] [MNT] [PART] [ERR] (11)

{PAL] 2 61 2] ¥4olz, [NT] & 6z 2| Holn).
A (10) & oj8stod 4] (12) F REY.

{ 1 mf o )
| Xwo | | | | Xae
| Yoo | = | we | Yac | (12)
Pz | 1 1 1 Zao |
[ U | J [ S
L ) L }ideal I}

4D o] BAE olgste, UM JIA HxAY F
ZHg zhkoAzle] dAE Fshd A (13) 2} o) o),

 wmf 1 ( 1
. Anc(m)| | | | Xwe(n)|
| "Yae(m} = | WP | Ywr(n)}| (13)
| "Zuc(n)| | | | Zwe(n)|
I | | I 1
t J L Jreal | )

uiebM 4] (12) & 4] (13) & Syt 4 (14) 7} He}

Tmef ) m[ Y 1
["Xee(m) | | | J i JXwe(n) |
["Yme(m) | = | WP | | wp | [Ywe(n){ (14)
|'Zac(m)| | | | | [Zwe(n) |
{1 (I | { | [ |
{ J U Jreall  Jideall J

4} (14) € N 2239 4388 xuigh RHojch,
2.4 4%

2 egoiMe RuiMel ¥¥e] o4 W gixleatw
g ot AYg shglch, AR2H dAgdu= +YY
g el (2hd7)F,HMC-500) , EiR]EEM
(Renishaw, LP2) , IBM-PC/386 % RS232C 3JEisfo]
A2 5§ AHgsisla, #ed AR HAZaHe
400 oa/min 2] FY4 L2} 95 X 412 F7HodM £ 0.5 1m
2] Y= F 7alch 161 Fig, 3 2 AYg 1T A
AU IR vepdo,

2.41 m2n Aade) 74

ol 3Y3 dESHoz Ry Wite sINPEE A
2817] gistod eiNmeu g Ab2sigict, xede] F .
2t &ao] o EMof AAdU FEY Aeino]
28 ZAMA NC N2 =elr 8 (Triggering) 41X
Agela, o] =a)xg 4A3rh deelwd NC A2 A
28 w4 #5061, #5062, #5063 o} Faoof HHE X, ¥
o Z & HAHect s AYY AR COMN
wisg MeY § RS232C § Itio] HHFelE H4H
t}, (72

2.4,2 2epelds 273

FATIAA M B2 Bave S4e P2, A3l
tholele oeizle) 2etdelaE AHSym) -grbole]
s1stely Urhe <Ustol Wshe ulolelzkg Hgshal
g, ol2itt 2F-§ gloy) glsle} gy vy
(Probe Calibration) o] M 28t ch. £ =FojMe
27 30 sm &} o}lAE}F (Master Ball) & o] 28}of
te1 Fig, 4 of Hoix|x 4 1 of th 2, 3,4, 5
#x4e] il A§ Fig. 4 2 3ol HYelisich
ned wA¥, KUl 42 gixdy gxen
XMgof ¥t AYg Ssi3ch

2.4.3 M7ie] ¥ 5%

A ete] efoldof wolsly -{UM BEel A
) skA ZL2Eglck st Fig. 4 ofM 5734 1,
4, 5 F AH&stod Ssisich. B g sishel ARUA
(151 x 97 x 95) of Az} (Grid) § 2} ol tis}od
(20 x 10) 200 7AE 23, Ztzhe] ofolel-# RS232C
Mol g2 wRelof = ysigich. APH tlojele 3 A}
2g 2 Ades wipe gaelgel dol et 4
(15) -§ o]&s}o] &l alsPog ztzte] 7)A4 AEA
of it A Yg MAlspsich

‘ZXYZY’ZY (15)

|
| |
l|Ix ZY 21}
1 J



Fig. 5 & #3d4daolrt, o] a2 zuie] Hof
elgt a2l eapelM vl RElgivt, HzlodM 4] (15)
£ o]-&, gl A g 381, A Uun &
ol &sted giaj o2t ¥7d-3 sigich. 2] (14) F o]-gs}
of NC mzelg Adsisich, ol xregs) NC
2788 TABLE. 2 of vieluisich.

2.4.4 49 = 374

Adde] 2174 $¥.3 gl AY shEsifcia 7t
Agich ¢ 70, Zel 170 wmad ACF AHE3}sich
Fig. 3 oM #7d4Y 2, 3, 4, 5 F A-2slo] #7483l
th, Ao 2Hle] Explicit sK§ F317] ¢is) FHA
2] dylol 2Aufg Aog vielud 4 (16) o] H
t}. 121

X-xo0

(16)

ai aj ' ax
zo = 0 0ol5L y 7} 0 o4 5 &£ aloletm Zpyete}yd

ak > 0 ojir, ZHEFSEA A (17) o] Hr},

X= a1Z + xo
Y= a2 + yo a7
o7|A, & = a; / ak
az = a) / ak
yEX A Hun
A an & 4 (18) 2 o] vehlel,
ex.1 = (Xi — a1z1 ~ xo)
ey.t = (Y1 - azz1 - yo)
n
Te =1Z (eZv,1 + e?y.1) (18)
=1

A (18 & Haatedg olEstel shE F3pU 4
(19) 7} gt:}.

nYXZ-¥Xxz

8 =
nyzz2 -(%1z2)2
P ¢ -a1 L2
Xo =
n
nIYZ-3%YXZ
az =
ny7z2 -(}%z)2
xyY ~82%2
Yo = (19)
n
Fig. 6 2 A3 Zalolct. g 21347 7)A 3}

HAc] chs) HHPE Sl gg ¥ 4 ek Ay
oM Al (15) B o] %, FaEe] At g S0sgl
3, A (1) F ol-&sted gixeat ¥Yg sisivh. 4
(14) & ol8tlo] NC g ag)g AAdsisich 2zl
228882} NC = 27508 TABLE. 3 of vieluisich,

2.5 axugfeie] 14

TR 222 Adeivlo]l s, sinivfolet Az], A3l

—123 —

ciole}l Mz], ZefY , Xr=ma2MA agjoe 4
glo] gleh,

2.5.1 2leisfo]~ (Interface)

gHeizl ANcE FYshr]l gk NC 2209 A,
ealzzdofs H4H diojelE ulolaz AFe] (u
—computer) 2 4413k, Wett stejujeiel 22
S4lshe o ol.gykth, [10.11)

2.5.2 g2~vx2 M4 (Postprocessing)

. Y7 HE WHYolz FAMsl NC AEF MY mEE
HE7LE 47 gAY stded N 22 aP g
A 4 e & shgich, FabEe] Aaigia] Urlesz
violetE g, Yerdel§ olgslod JtFFdo] W
8.4 U8 AdAgicl, oleigt MBY g HA Wt
£ 7h2EE A4sir] it fxokaR (User Macro)
NC g 1e)g e/dA|zict,

3. 3=

1) 2] zzuel 7isjuxel wydg o 4 sle
el gzt Jeislo)lA 22 ag shdsicl.

da

2) 2 70 fHd ol 2ldtod YA LAE Y ¥ &

U UAYEolg +EEF JUsigin,

3) AY-g Bt may 2asiof oste] §4H tio]
ehe e gxhge] AAUSAE UMska, U4 A
2e] wyog Falge] AALAF st w4}
=N 2219 £388 7igsigich

aela 5 Holde] chg FRel FATIAAM R 78t}
M exte] futx QeitlEg Sty NemgaY £
£ = §o] 7hysich

Az o

1. d4d3, “22r)Ae] Aqge] rige]l shggey”,
27174 g% 7lg B9 Mo 2854, 3 Y
Zele], pp. 68-76,1988

2. D.Noller,M.M.Barash and A.L.Sweet, " AUTOMATED
DETECTION AND ERROR COMPENSATION OF NC WORKPIECE
POSITION ",Schools of Industrial,Electrical, and
Mechanical Engineering Purdue University West
Lafayette, Indiana 47907,March, 1985

3. K.C.Sahoo,Chia-Hsiang Menq, " Localjzation of
3-D Objects Having Comwplex Sculptured Surfaces
Using Tactile Sensing and Surface Description
”,Journal of Engineering for Industry,
Vol.113/85,February, 1991

4. Placid M.Ferreira,C.Richard Liu, " An Analytical
Quadratic Model for the Geometric Error of a
Machine Tool *,Journal of Manufacturing
Systens, Volume 5/No,1/1986

5. Richard P.Paul, " Robot Manipulators *,The MIT
Press

6, Renishaw Data Sheet

7. Fanuc O-M Series Operator’s Manual

8. Karl Zeiss Manual

8. M.S.SHUNMUGAM, " On assessment of geometric
errors ", INT.J,PROD,RES, ,VOL. 24,NO. 2,4137425, 1986
10, 7hdAbd A S W, ” RS232C Ueisfol s b2y 7,



7hAb , 1990

11, Zhshabpdzlse 1, “ RS232C Qleisfo)s 3-8l
* , 7hd AL, 1990

12.H. Aoyama, Tomakomal National
Technology/Japan;: M, Kawai,Nikon
Corporation/Japan; T.Kishinami,lokkaido
University/Japan, " A New Method for Detecting the
Contact Point between a Touch Probe and a Surface ”
,Annals of the CIRP,Vol,38/1/1989

13. N.Anbari, Syria i Ch, Beck , H.Trumpold, TU
Karl-Marx-Stadt, " The Influence of Surface
Roughness in Dependence of the Probe Ball Radius
with Measuring the Actual Size ", Annals of the
CIRP, Vol.39/1/1990 '

College of

X CARRIAGE

Fig.1 Machine Tool and Definition of Coordinate System

II>ICHINE f

MY eeemarl 170 ] rez32C_ ;;; 1BM-PC
tmc-s0q_ |umr ] /
| :

102 H
PROHE

Fig.3 Total Shematic Diagram for Measuring

— 124 —

SPINDLE

5. PROBE BALL

PROBE BALL

AXIS

4. PROBE, BALL

3. PROBE
BALL

X
ORIGIN
1. REFERENCE
PROBE BALL
Y
Fig.4 Probe Configuration
-~ fotation Info.--

View X-directions? |
View Y-directions?
Yiew Z-direction=7 {

Ylew Filenane @ 1703, 4at
Next (ysa)?

for wy plane
X-axis rotafon : 2.89 degrees
Y-axiz rotafon : 409

2-axts rotaion : 8 degrees

for ox plane

X-ax(s rotatom : 1.03 degrees
Y-axls rotaion : 8 degrees
Z-axis rotalon : 2.M81 drgrecs
tor yz planc

X-exie roteiom : @ degrees
f-axie rotalon : 2.626 degrecs
Z-axis votaion : 3.142 degrees

Fig.5 fotstirg Valw for Primatic Tyye Measarisg

-=- Matation Infe.--

View X-divection=? §
View Y-direction=7 1
View Z-directions? |

L/

NN

<X

\/
o

v
e,

NN\

e

(i

View Pllenane @ 3194, dat
Mext (g/n)T

for XzalwZ+

ol » -167.6668

o = 6478 876

X = -167.6068 «Z « 6HT0.0%

tetsa2zoZey

a2 -415.629

o A4S

T 415621 «Z s 4105615

Fig.6 Motsting Yiwe for Cylindrical Typw wmarirng



TAME 2. Results for Prismatic Measuring

The matrix [FRR] =
0.996190 0,000000 -0.087203 ©.200930
0.000000 1,000000 ©.000000 0.099918
0.087203 0.000000 0.996181 -0, 100040
0.000000 0,000000  0,000000 1,000000
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TABIE 3. Results for Cylinder Measuring

—

The matrix [IRR] =
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