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On the Machine Error Measureaent and Coapensation

SHIN - DONG S00*, Chung - Sung Chong
( Department of Mechanical Design & Production Engineering, Hanyang University)

ABSTRACT : In order to minimize fixing error of AMEFE o FAUIAE tgla, ENSE st 3
workpieces, circle, prismatic ,sphere, cylindrical atz|He] 2t g ol BlEag dAYsted Aol oiyt
and sculptures types, Modification Rule by Zalngeiad.g Fasigict, 151 Fig.l & i 3371
Indexing Table and Modification Rule by NC Program Al 2] 2EAe] el g BHErh
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 (Pa) &
generating NC-part program (User Macro) to Xy
compensate for machining errors in end milling and
boring processes. Developed methods are verified Lme
by experiments, }
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Table 1. Shape dimensions

Ind Ia] L lz | 1a | lails lp

540,11 455.1869.8{ 49.| 48.[47.5| 151.] -200.

1y 2 1z & WeE 2tBZAA vhE2 A FAztx]e|
Y,Z % wpere] »i2]E vheblth i3, 14, 1s £ ohE
E Aol FaE EAo] Cigt X, Y R Z & ¢
2] 7elE weta, lp € ZIA AEAAM W=
2tEA7A] 2 # gkl Azl vebdd la &
2] Zel§ watch, Fig. 2 ofAd FzhEe] ol
Hxe A (D) o] Hlz, FiEe] YAA dxgde
4] (2) 7} €t

[PART] (1)
[PART] (ERR] (2)

=c{WP]idea1= [PAL]
mc(WPJact = [PAL]

[MNT]
[MNT]

JE2AE Bolv) i TAES oM muUY
£ 4 @) o] gk

wP[ALIGN}dea = [ERR]-! [PARTI-! [MNT]}-! [PAL]-!
[XCAR] [YCAR] [ZCAR]{HEADI{TOOL] (3)

A (3) & ArlyA PP ES] g o]-gsle 4 (4)
~ 9 § #ych

921 = tan™! [oy/02]
622 = tan~t [-oy/—0z] (4)

011 = tan~! [ ~ox/ (C20y+Sz02) ]
B12 = tan™! [ ox/~(C20y+Sz0z) ] (5)

631 = tan ~t [ (-Szny + C2nz) / (Cz2ay=Szaz) ]
632 = tan ~! [ —(-Szny + Cznz)/~(Czay-Szaz) ]
(6)

Y = [C12S3(Z-1e1)+(Px—15-11)C1+C14S3(Z-1¢1)
~C13(Py~15-11)+512C12S3(Z~1¢1)-PyC12C2Ss
-P2S152C1 %1351 52C12+1451C12C2) / (S1Cy)
+54Cy1nd 7

X = C1283(Z-1¢1)~(Px-15-11)C1+812S3(2-1¢1)
-PyC251-P2S5152-135152+1451C2 (8)

Z =(Szpy+C2apz-1p) /Cs+ lu

o§7| M, nx, ny, nz ¢ [ALIGN] 2] X & ] e g8
Ox, Oy, Oz : [ALIGN] 2] Y & el ¥
ax, ay, az ¢ [ALIGN] 2] Z & s]Mlejd e

A (4) ~ () of 2jsted 6 7ief W4 (61,62,6
3.X,Y,2) B 28k, Al (4) "~ (9) & APl H
+4Eg Hgslr] 9% Ao g Fig. 1 o MAIH 2
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AU 24 e A 71A HEAY FNE

1097

EArtole] BAE Bslod N e 1AE £t W
H-Eolrh, Fig. 1 oM F=E zt@Ael 714 A
Atole] FAE A (100 22 iiehydch,

( ] mef ) ( ]
| Xme ' | ' | Xwp |
| Yee = | wp| I Ywr | (10)
| Zme | | | | 2we |
|1 | | | [
L J L Jideal | J
of7jof A, 4] (1) 2} 4 (2) ojM
mc{WP]jdea1 = [PAL] [MNT] [PART]
wc[WPlrea: = [PAL] [MNT] ([PART] [ERR] (11)

(PAL] & 61 2] gh4=o|iL, [MNT] & 62 =} Haolth
4] (10) & o} &sted 4 (12) & It

( 1 no 17t { )
| Xwp | | | | Xame |
I YWP | - l wp | I Ymc | ( 12)
| Zwe | | | | Zme |
RS T I B
t J L Jideal | )

A (1D o] BAE ol &3ted, dAe] ZIA stmAs}
254E BEALte] BAE et A (13) 7 ol H
t}.

( )| nc 1 ( ]
} *Xac(n) | | | | Xwe(n) |
’ Yao(n) | = I WP | I Ywep(n) ' (13)
| *Zac(n)| | | | Zwe(m) |
o1 | | | | 1 |
L J L Jreal | ]

wlebrd A (12) 2} A (13) & Sty 4 14 7
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Fig. 3 Schematic Diagram for Experiment
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Fig. 4 Probe Calibration
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[ZXIXYEXY( Y f )
! [ lai | 1 -%Dexi
| ZXYZY2ZY | [ bif=]-)D¥| (15)
| [ [l {-2D |
LZX XY Zvzl | b |
L I O )

0714,

Zdzke] x 2k, bi: SHU] v 2BY
D=di + X2+ Y2 R: 9alF, di= ai? + bi? - R?
ojth.

2.4.4 22| &7

2.4.2 Fold 39 245 ¢lste] 4 (16) & A
F43tgia 71 &7

£3}od 3300) Tiat AiHel &7
ael kg Aelstalrh, 1 2ok Table 2. of vieh
sich.

(SR TXIXZEXY [ ) [ )

I [ [ai| | -FDx|
{ZXYEYZZYZZY{ibx{=’-§:9*<¥'i (16)

Ci -, X

[Txzgzyyez sz | j~ | | 5D |

( JU J

od 7] M,

ai ¢ FAS] x FREY, b ¢ FHU] v Y
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ojch.

Table. 2 Relative value for reference

Relative value
referece probe -
relative probe X Y Z
2 1.406 [-37.615 [43.77
3 37.538 1,272 143.85
4 -1.474 | 37.542 |43.823
5 ~-37.613 | ~1.409 |43.774
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(11) & o]gsted 9irl oAt g sk, 4} (14)
£ ol-gslod N 2 a%g BAdsigivt. A oe}
2l (Align) ®8%-& Table. 4 o} Ljeluisich,
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Table.4 Results for 3 plane Experiment

Corrected joint set # 1 is
Vector jtsl =
14,92536

10,19396
0.89734
1.81515
2.13202
2.909866

Age] 2y #E2 wgol FY e gt st
uitt, ¢ 70, 7o) 170 mmel A3 viE ALEstgich,
Fig. 3 old &34 2, 3, 4, 5 § AM&stod H4gs}
itk A3y 2de] Explicit s 7312] 3 7t
2re] A=iv] 2tESHE HMog veiud Al (18) o ©
t}. 23

Z-zo

X-xo Y-yo

(18)
ai aj ak

zo = 0 0l » 7} 0 oM 5 & Apojetsr idgictd
ak > 0 ola, zkerstAl A (19) o] Hrl,

X= a1Z + xo

Y= a2 + yo (19)
o71AM, ay = ai / ak

az = aj / ax

yEX & ynzy
A} (19) € A (200 2} zo vehdch
ex,i = (Xi - a1zi - xo)
ey.i = (Yi - azzi - yo)

n

Te = % ( e2x,i + €2y i) (20)

i=1
A (200 & A& olBsled sRE FIW 4
(21) 7} v,

nyXZ-IXIZ
ag =
nxyZz - (3x2)2
X -a1 %2
X0 =
n
nYYZ-3YZXZ
az =
ny2z -()%2)2
Ty -az %7z
Yo = (21)
n

Fig. 6 & &7 7ot 348 @A 7iA
ZEAcl ths] HuYe VAT UsE & F rh
Ao 4 (21) § o1&, F2Eel Mg %
ki, A (11) olgste ¢irleat wMAdg shich
Al (14) & o|-&3led NC 22193 ABAdsiqirt, Az}
Q) oj2iqlsi e g Table. 5 off viejupgich,

TABLE 5. Results for cylinder Experiment

Corrected joint set # 1 is
VYector jtsl =
14.91717

10.19860
0.89687
4.02946

-16,64518
5.94015
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Fig. 5 Experiment Results for Prismatic Types
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Fig. 6 Experiment Results for Cylindrical Types
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st Al (23) ~ (24) 2 Ve 4 girh,
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~=- Rotation Infa.--
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View t-direction=7 1
View 2-directioesT 1
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-
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Fig. 7 Wireframe of the Sculptured Surface
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ru,1-1,j-1 Tu,i-1,j{ Tuv,i-1,j-1 Fuv,i-1,J
Tu,i,j-1 Tu,i.j Puv,i,j-1 Tuv,i.j
(24)
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ru %(u,v) x rv$¥(u,v)
RO, y) = T (26)

| e 9Cu,v) x rv@®Wv) |

7] H,
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AnHog, A4g Bt AP A7t 22 o
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227 Mg & 4 Y9tk N 220 #¥ES
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