June 2018 / 585

https://doi.org/10.7736/KSPE.2018.35.6.585
ISSN 1225-9071 (Print) / 2287-8769 (Online)

ol

t2geUgstslx| M 353 X635 pp. 585-589
Korean Soc. Precis. Eng., Vol. 35, No. 6, pp. 585-589

r

«

X« ZM - 5|HGE 1E 0|3 - FHH B XVII
F Ao kst 42

A Study on the Foundation Design of Large Machining Center for
Highly Precision

x=Mst, ol

Seonghwa Cho' and Changwoo Lee?*

1 ZHcstn 7|A|1 A A= Sk} (Department of Mechanical Design Engineering, Changwon National University)
2 2tchstn 7| AZSHE (School of Mechanical Design Engineering, Changwon National University)

# Corresponding Author / E-mail: Changwoo1220@iCloud.com, TEL: +82-55-213-3618
ORCID: 0000-0001-9862-2833

KEYWORDS: Highly precision (2742!), Machining center (HA|'=/MIE]), Optimal foundation (X|Et %|Z45}), Processing precision (7}2&H2UE)

With the advent of high-tech products, the need for ultra-precision machining has become increasingly necessary, along
with the need for a jig center machining center capable of precision machining. A jig center maintains the accuracy of a jig
borer, and also has an automatic tool changer like that of a machining center. It performs various machining functions in
addition to hole machining and is the most precise and rigid machine tool. Various control methods and analytical
techniques to improve machining accuracy are currently being developed in the field of ultra-precise large-scale machine
tools. One relevant finding is that the degree of deformation varies depending on the weight of the machine tool as well as
the ground conditions. It is therefore necessary to optimize ground conditions before installing the machine tools so as to
improve the machining accuracy. The depth of concrete as well as the depth and diameter of grout were selected as
variables. We developed the simulation case through structural analysis to consider the position of columns and tables. As
a result of optimizing the foundation condition, it was found that the relative displacement error was reduced by up to 98%
compared to the rigid foundation condition.
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NOMENCLATURE yr=Tool center point(T.C.P) y-aixs coordinate

yT =Tool center point(T.C.P) y-aixs variation

D.(i, j, k) = Relative displacement error by variable
Wi, j, k) = Weight of foundation by variable

z,, = Workpiece center point(W.C.P) z-aixs coordinate
w = Workpiece center point(W.C.P) z-aixs variation

S(i, j, k) = Multipurpose function for optimal foundation zr=Tool center point(T.C.P) z-aixs coordinate

= Workpiece center point(W.C.P) x-aixs coordinate

x",= Workpiece center point(W.C.P) x-aixs variation

=Tool center point(T.C.P) x-aixs coordinate

x'r="Tool center point(T.C.P) x-aixs variation

»w = Workpiece center point(W.C.P) y-aixs coordinate

y'W = Workpiece center point(W.C.P) y-aixs variation

7 = Tool center point(T.C.P) z-aixs variation

D: = Minimum relative displacement error

W* = Minimum weight of foundation

o= Weighting factor on relative displacement error

= Weighting factor on weight of foundation
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Fig. 2 Measurement location of relative displacement error

Table 1 Comparison of measured roughness data
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Table 2 Material of foundations

Table 3 Design variable of foundation

Concrete Grout Soil Concrete depthimm]  Grout depth[mm] Grout dimeter[mm]
Elastic modulus [MPa] 31618 53000 98.1 800-1200 200-400 300-500
Density [kg/m?] 2497 2512 1650
Poisson’s ratio 0.18 0.19 0.31 e 0035
5350 0.03 §
§ o
£ 300 0.025 §
Grout ‘% E
g 250 002 ®
. 2
200 0015
Concrete 800 900 1000 1100
Concrete depth[mm]
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400
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Fig. 4 (a) Contour plot of relative displacement error vs grout
diameter, concrete depth (b) Contour plot of relative
displacement error vs grout diameter, grout depth (c) Contour
plot of relative displacement error vs concrete depth, grout
depth
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Table 4 Optimization of foundation

Concrete depth Grout depth Grout dimeter
[mm] [mm] [mm]
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Table 5 Comparison of relative displacement error data by
foundation condition

Rigid foundation Optimized foundation
TeCl 12.58 um 4.62 pym
TeC2 29.49 pm 14.65 pm
TsCl 13.67 um 0.19 pm
TsC2 24.82 um 13.78 um
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Fig. 6 (a) Contour plot of deformation of machining center in rigid

foundation (b) Contour plot of Deformation of machining
center in optimal foundation
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