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Design and Manufacture of Polymer Concrete Machine Tool Bed

J. D. Suh*, D. G. Lee*, T. H. Kim**, B. S. Park**, and W. S. Choi**

ABSTRACT

High-speed movement and high-precision machining are the two most important requirements of present machine
tool structures to reduce machining time and to increase the precision of products in various industrial fields such as
semiconductor, automobile, and mold fabrication. The high speed operation of machine tools are usually restricted not
only by the low stiffness but also by the low damping of machine tool structures, which induces vibration during
high speed machining. If the damping of machine tool structures is low, self induced or regenerative vibrations are
bound to occur at high speed operation because the natural frequencies of machine tool structures can not be
increased indefinitely. Therefore, the high damping capacity of a machine tool structure is an important factor for
high speed machine tool structures. Polymer concrete has high potential for machine tool bed due to its good
damping characteristics. In this study, a polymer concrete bed combined with welded steel structure i.e., a hybrid
structure was designed and manufactured for a high-speed gantry-type milling machine through static and dynamic
analyses using finite element method. Then the dynamic characteristics were tested experimentally.
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Table 1 Size of concrete specimens for impulse dynamic tests.

Specimen L (mm) H (mm) W (mm)
1 240 97 97
2 360 97 97
3 480 97 97
Table 2 Properties of polymer concrete.
Density (kg/m’) E (GPa) G (GPa)
2260 252 10.5 0.2
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Fig.]1 Impulse dynamic test for concrete specimens.
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Fig. 2 Damping factors of polymer concrete under flexural
vibration w.r.t. frequencies.
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FR, : Increase structural stiffness
FR; : Increase structural damping

DP, : Thickness of steel plates composing the steel base
DP, : Damping characteristics of polymer concrete
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Table 3 Specifications of the machine tool.
Size (XXYXZ, mm) 1830 X 1600 X 1850
Transfer range (X XY XZ, mm) 600 X 400 X 400
Transfer acceleration (X, Y, Z-slide, m/s")| 14, 14, 20
Mass (X, Y, Z-slide, kg) 550, 1100, 290
Clearance of linear motor (mm) 09+03
LM-guide deformation limit ( zm) +30
Attraction force of linear motor (kN) |21
Maximum spindle speed (rpm) 35,000
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Fig. 3 Machine tool structure.
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Table 4 Dimensions(mm) of the steel plates composing
the steel base.
Case X| Xz Xs Y] Yz Y; Y4 Ys Yé Zl ZZ ZJ

1 20 20 20 10 10 10 10 10 10 10 S0 20
2 [5 20 15 10 10 10 10 10 10 10 50 20
3 10 20 10 10 10 10 10 10 10 10 S0 20
4 |20 20 20 10 5 5 5 S5 10 10 50 20
5 15 20 15 10 § 5 5 5 10 10 50 20
6 10 20 10 10 5 5 5 S5 10 10 50 20

Table 5 Boundary conditions for static analysis.

Location B. C. Source
6 points on .
the bottom surface Fixed
Linear motor 15.1 kN Inertia force F,
21 kN Attraction force F.
7.6 kN Inertia force F.
L M-guide El- ?.7 kN - Inertia force F,
astic sprin: . .
(210° N‘/)m) LM-guide stiffness

Table 6 Deformation of the machine tool bed under inertia
and attraction forces [ pm].

Linear motor LM-guide
Maxdm Mindm J6m {Maxd, Mind, 448,
48.8 6.5 42.3 14.5 6.5 8.0
51.2 6.5 447 15.0 6.5 8.5
55.6 6.5 49.1 15.5 6.6 8.9
48.8 6.8 42.0 14.5 6.8 7.7
51.5 6.8 447 15.0 6.8 8.2
55.7 6.9 48.8 15.5 6.9 8.6
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Table 7 Dynamic characteristics of the machine tool bed
obtained from FEM.

Case st 2nd 3rd 4th

1 104 108 185 203

2 103 107 179 199

3 99 104 172 191

4 104 106 185 203

5 102 105 179 198

6 99 102 172 190
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Fig. 4 Welded steel base for the machine tool bed.
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Fig. 5 Mode shapes of vibration.
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Fig. 6 Comparison between the Ist mode amplitude and
static deflection of the vertical column.
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Fig. 7 Photograph of the welded steel base for the machine
tool bed.

Fig. § Photograph of the hybrid machine tool bed.

x| o

[

4. NE

Jn

FRTEBIE o83 74 29 A¥E Fal Table §,
Fig. 89 Z4¥-Zelv] 2328 FH74 ¥z 2% 5
€ H¥des FIigich. 24Asd AN Halt
Power Bandwidth [7. 8]& ol&ste] Axbsisich W=



ol ZalAF n & W FIE WA 2.93-5.60%

ZAASF 0.2-0.36¢) HlwsS o e $FEE Y
T Aok @4 g HEside W g AfAET
A&7t verged ole Avl FaE HS ¥4 TEE
9] Mass9} & XF Uol o Aoz Aggrt

Table 8 Dynamic characteristics of the machine tool bed
obtained by impulse dynamic test.

Mode | Natural frequency [Hz] Damping factor n(%)
1 93 4.13
2 130 3.15
3 155 5.69
4 200 2.93
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Fig. 9 FRF of the polymer concrete machine tool bed.
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