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Development of a Machining Error Estimation System
for Vertical Lathes with Structural Deformation and Geometric Errors

Won-Jae Lee*, Tae-Sun Yun*, Seok-Il Kim**

| Abstract

In this study, a machining error estimation system for vertical lathes with structural deformation and
geometric errors, is realized based on the virtual manufacturing technologies. The positional and directional
errors of cutting tool are determined by considering the geometric errors and dimensions of machine
components and by introducing the equilibrium condition between the cutting force and structural
deformation. Especially, the machining errors of vertical lathes are estimated by using the prescribed cutting
test(JIS B 6331). The system can be implemented to evaluate the machining accura- cies of vertical lathes
at the design process and to design the high precision vertical lathes.
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Fig.1 Structure of vertical lathe.

2.2 THR49| X504} JI5kEE 2110 Zds

FA7A NS LAk BAkee Adle 2 7
Hasel Aol meby hgestel gl 9] B
oA 3R Apene e BN Adde T
Hode A5E 3¢ Besk 9 4 (DS &=

FHene A5E 2T N Wue BIRYYS
7' & T, TeR 2ol & % Aok,

r’ = AN—H;)AYO)ANL\+ Lo+ Ly+Ly)
A+ RYAYH, + H,)A%(—L,)
Al(x+ X,)A¥(— L3)A¥z2+ Z,)
AY-H)AY—L,—L;)A(~I-R)r,

A71M RE HRS W, 1& 379 Aol L,

T 4 B MIhAA e A, L,

B3l Msddq 7% chliHziAe] A, L,

ZZ <hiHolA X& ShiREAR ] A, L,

X% iHeA 2y AaEnAe A, H & X

(2)

=X
p .

e oor

r



FEAAGEA A 8 A A 3 3 1999. 6.

& dE F43 4 gue wold, My A9 ol
Ztzy guigd, =3 X, 9 Z,= FAE AHAL T
AFA Aole] X&3} zugke] FAloltt. Al(£R),
A1), A%(£L)), A(£Ly) AX(*L,),
AX=L,), AN=H)) © A*xHy)E 74849
BhE&Fo] ollgt A4 AFTE HFHAE oA
e 9dug yehd Ron, ANX,)% A%Z,)E T
g ARA L F7 AEA Aele AL Yehle Aol
12123

b FAZNAY 2 TRz £F0 EASe o
7F vasle] S| bsd APAE zterd, A9 4
Aeake ALY FHA ddA verdd. weld 53
g At AR LT U HXeA gr olgs
Zo] Folt.

dr = [ d¢ dy 4217 (3)

dx= (3xx+ Ot 6x9)c<9 +(3yx+ ayz+ 5y6)59
—ax(z+Z,—H1 )Sg -—azHlsg
-09(2+Zp—H2)Sg +BZ(Z+ZD_H1)C9
+B8.H\Cy — Bo(2+Z,— Hy)C,y
+ 7 (L, + Ly+ Ly)C, +(I+ R)S,)
+72{(L1+L2)C0 _(1+R)So}
—~ye{ (= L1+ 1)Cy —(x+ X,)Se}+ b, 2

Ay: (axx_ax —6,“9)55 +(6yx+ ayz+ 6y0)C0
_GZ(Z+ZD+H1)C,9 +02H1C9
—a,(z+Z,+ H,)C, — B2+ Z,+ H,)S,
+BzHlSn9 -Be(2+Zp+H2)Sﬂ
+7’x{(L1+L2+L3)Sa —~({+R)C,}
—7A(L1+L3)Sy —({+ R)Cy}

+ 70{(x+Xp)co -(L,— 1)30}—51,,22

dz= 8,+ 8,18 —a(Li+ Lyt Ly)—a,(Li+ Ly)
—ay (L= D+ B+ BN+ R)~ By (x+ X,)
A7V 8., 8, .= XF, Y%, 723 W HAe
a2 a, B, r= X%, YF, 23 U JdeA
g u|gtt. o] eAEL FA LAY AU-EFd we
A geAe FE84 XY ot £ 4, YE
# 7% Aoly AT 23 b E XFH 7F Aole] F
7% o5 onjEt, BHe HIYE HaM cossst
sinfv Cyo9 Sp2 YERIAT

E JlaeHd oAt EAske £4Y Awelae 4

(3 & F79 AN A T| o} F7o WFes}
T 2Eg. B AdME WEeAE BE(YE F49
A% CEH(ZEF FHY dAdF)9 Aol 4b 9
dc 9 FeHZ B3t NS AL

2y Ao Fe] Wgeat 469 dee o%
FFE UE w=[/001"9% 237 Y& 44
232 UE p=1[v,v,0v,179 ABAE o|&
T8 U 58 3% A8 v 3T LR
714, FF FURE FHOE e HHoig, d$
Z45% 3 4 (3)% o83 7E 4 A F
T2 HEEY JHBAE EUE ZX HuAN 2
T BE UHLA 4b 9 XY 94N ARHE C%
WA dcw v Zo] Foixid,

-1 Uy

A4b = sin (m) (4)
IR | v

de = sin (W) (5)

3. AN TRHH FE

3.1 HAZAN FARO| 1Ny

|

2
°

2
o,

1

2

ofs

ol o mju

oz AALL A% doE WAEE 09 B
79 49 AN .0 JAH B UL W RoE
oA gk W ANolE EdE ANYS BHE
W 87dE A98d 1, W94 ¢, 2l AL g
£ AR, AAEE 2 4 NG B4 307 2
87} sled, HSS F72 S45C £AE Adatd we o
N5 L 4 O 2+ ek,

é=106.7(2/)" + 0.3715 a, + 13.64
r, = 1.586 (vf) "% + 67.703 6)
A=484(vf)"P + 2858 + a, — ¢

Aabde] 339 A3 S AR AHA a-b-clAM
tald el Fig. 2094 A% OAE® A4l 9 0ABC
3T AARE Auigt} o] g Aasr p 9 J
FEEE 0.7t GAste FALIAY RE AL

_17_



e -G

Fig.2 Cutting edge and force.
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Fig.5 Directional error for linear interpolation.
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Fig.7 Machining error for turning with geometric

CITOrS.

Fig.8 Machining error for facing with geometric

€Irors.
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Fig9 Machining error for turning with structural
deformation.

Fig.10 Machining error for facing with structural

deformation.
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