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Abstract: To date, the global market for high-productivity machine tools has been dominated by overseas
imports, and in most cases, domestic machine tools are also imported. Hence, there is an urgent need to develop
domestic production capabilities for materials, parts, and equipment, and to integrate high-speed, high-precision
IT technology for technological advancement. In this study, we conduct finite element analysis on a new
concept machining center with a column-fixed ram-type head structure in a vertical machining center, which is
equipped with an existing C-shaped head. This machine tool features an ATC amp; Magazine that allows
equipment to be exchanged and managed from the front, as well as a horizontal centrifugal separation
technology that combines a cyclone and centrifuge. This is the first tilting bed structure in the country with an
x-axis transfer mechanism and a separate y- and z-axis transfer structure. Using the ANSYS program for finite
element analysis, we identify the position where the maximum equivalent stress and deformation of the
mechanical part occur because of the load, and present the area where the mechanical part should be reinforced.
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Fig. 1 Modeling of ram-type vertical machining
center with slope bed structure

Fig. 2 Simplified model
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Fig. 3 Distance between the LM guide and the end

of column base

L8
L7
L6
L5
L4
L3

Fig. 4 Position reference point from L1 to L8
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(a) Fixed support conditions

E: Static Structural 181.2
Rernote Force
Time: 1 s

[l Rernote Force: 3000. N
Components: 0,-2000,0. N
Location: -500,, 1375., -449. mm

(b) Remote force conditions

Fig. 5 Boundary conditions for models
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Table 1 Mechanical properties of structural steel

Item list Description
Yield strength 250 MPa
Young’s modulus 200 GPa
Poisson’s ratio 0.3
Density 7,850 kg/m’

)62 63 64 65 66 67 68
A

ﬂr“ﬁﬂm

~
Fig. 6 Deflection amount of spindle nose
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Table 2 Comparison of measurements and finite
element analysis values

Position reference | Finite element Actual
point from I to VIl | analysis value | measurements
x mm um um
I L1 | 655.76 -23.43 0
o] L2 806.9 -26.46 -
Im | L3 958.1 -30.58 -
IV | L4 |1,018.8 -32.09 -
V | L5 |1,079.2 -34.81 -
VI | L6 | 1,139.6 -42.33 -
VI | L7 1,200 -49.72 -
VIl | L8 | 1,260.4 -58.02 -40

(b) Full background

Fig. 7 Measurement of deflection using indicators
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Fig. 8 Comparison of actual measurements and FEM

I: Static Structural 453.5 Mass
Directional Deforrnation

Type: Directional Deformation (Y Axis)
Unit: rmm

Global Coordinate Systern
Time: 1 5

-0.017012 Max
-0.01e117
-0.021222
-0.023327
-0.025431
-0.027538
-0.028641
-0.031746
-0.0338351
-0.035955 Min

Fig. 9 Y-directional deformation in position II

M: Static Structural 120.8
Directional Deformation 2

Type: Directional Deformation(y Axis)
Unit: mm

Global Coordinate Systern

Time: 1

0.0043341 Max
0.0019555
-0.00042312
-0.0028017
-0.0051804

[4.2348e-003

-0.007559 1.5336¢-003 3
-00099376 -1.5299€-003 hwes
-0.012316 7/

[-7.2457e.003 3

-0.014695
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Fig. 10 Directional deformation of rail in position VI
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Table 3 Measurements by position I to VIII of the

rail
Position
. Measurements by
reference point o .
from 1 to VI position of rail
mm um

655.76 | -1.98 | -2.03 | -4.03 | -1.89 | 0.18
806.9 -4.1 | -3.18 | -3.03 | -0.64 | 1.29
958.1 |-8.19|-514| -19 | 0.84 | 2.58

1,018.8 | -10.4 | -6.07 | -1.67 | 1.05 | 3.12

1,079.2 | -13.3 | -6.99 | -1.63 | 1.29 | 3.69

1,139.6 | -169|-7.25|-1.53 | 1.54 | 4.23
1,200 | -21.4|-8.02|-0.98 | 1.87 | 4.85

1,260.4 | -23.8 | -8.27 | -0.34 | 2.09 | 5.24
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Fig. 11 Measurements by the position I to VI of
the rail
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Fig. 12 Shape with compensated machining figures
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Fig. 14 Comparison of measurements and FEM after
compensation processing
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