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Design and manufacture of hybrid polymerconcrete bed for high speed machine tool

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

ABSTRACT

To maximize the productivity in machining molds and dies, machine tools should operate at high speeds. During the high
speed operation of moving frames or spindles, vibration problems are apt to occur if the machine tool structures are made of
conventional steel materials with inferior damping characteristics. However, self-excited vibration or chatter is bound to
occur during high speed machining when cutting speed exceeds the stability limit of machine tool. Chatter is undesirable
because of its adverse effect on surface finish, machining accuracy, and tool life. Furthermore, chatter is a major cause of
reducing production rate because, if no remedy can be found, metal removal rates have to be lowered until vibration-free
performances is obtained. Also, the resonant vibration of machine tools frequently occurs when operating frequency
approaches one of their natural frequencies because machine tools have several natural frequencies due to their many
continuous structural elements. However, these vibration problems are closely related to damping characteristics of machine
tool structures. The polymer concrete has high potential for machine tool bed due to its good damping characteristics with
moderate stiffness. This paper presents the use of polymer concrete and sandwich structures to overcome vibration problems.
Also, co-cure bonding method for functional part mounting was exhibited experimentally, by which manufacturing time and

cost for polymer concrete bed will be remarkably reduced.
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Table 1 Mixing ratio of polymer concrete

Mesh #] 1.0~1.5 1.5~3.2 3.2~6.4 64~12.0 Sand Polyester
Wt. % | 303 i5.4 7.1 7.1 30.0 10.0
Vol. %] 26.7 13.6 6.3 6.3 26.4 218

Table 2 Properties of polymer concrete
Density(kg/m*)  E(GPa) G (GPa) v
2260 25.2 10.5 0.2

Table 3 Dynamic characteristics of the machine tool bed
obtained by impulse dynamic test

Mode | Natural frequency(Hz) Damping factor 1 (%)
1 88 3.20
2 126 3.31
3 151 5.14
4 182 1.60
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Fig. 1 Damping factors of raw materials under flexural

vibration w.r.t. frequencies.
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Fig.2 Damping factors of polymer concrete under flexural
vibration w.r.t. frequencies.
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(a) (b) (©)
Fig. 6 Mode shapes of vibration of the machine tool bed:
(a) Ist, (b) 2nd, (c) 3rd.
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Fig. 7 FRF of the polymer concrete machine tool bed.
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Fig. 8 Polymer concrete shrinkage mesurement: (a) Before
curing (with mounting jig), (b) After curing

(without mounting jig).
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Table 4 Specifications of the specimens to measure shear
strength between steel and polymer concrete

Outer dimension Steel rod

(mm) (mm) Mix ratio (Vol. %)

w L H D H  Sand Polyester Void

100 200 30 20 50 56 34 10

Fig. 9 Photograph of measurements for shearstrength
between polymer concrete and steel: (a) Specimen, (b)
Testing.
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Fig. 10 Shear strength between steel and polymer concrete
w.r.t. surface roughness of steel.
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Fig. 12 Photograph of reduced model with LM-Guide
system mounted by co-curing method: (a) Measurement of
Parallelism, (b) Mounting jig and LM-Guide Base,
Measurement of pitching,.
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