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Characteristics of Epoxy-Granite Composite Material
For Ultra-Precision Machine Bed Structures

Jong-Ho Kim¥* Si-Tae Won¥ Hee-Young Maeng** Yeong-II Park**

Abstract

The machine tool structures for ultra-precision machining must be manufactured
with materials which have high static and dynamic stiffness, high damping, a long
term dimensional and thermal stability.

This study aims at the development of new composite material Epoxy—Granite which
exhibits the satisfactory characteristics as a material of ultra-precision mchine tool
bed.

The Epoxy-Granite testpieces that use epoxy resins as a binder and granite particles
as a aggregate have been manufactured so as to examine the material properties about
mechanical, thermal and damping characteristcs.
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Experiments were carried out to obtain the proper manufacturing conditions of

Epoxy-Granite specimens by varying the several testing conditions such as types of

epoxy resins, particle sizes of granite and mixture ratio of epoxy resin and aggregate.

Also,

imported from CMS of U. K. and granite materials,

when Epoxy-Granite was compared with cast iron, GRANITAN which was

it has exhibited the superior or

almost the same mechanical and damping properties and thermal conductivity, except

for the thermal expansion.
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Fig.1. Geometry and dimension of test
specimens (Unit: mm)

a) Tensile test specimen

(
(b) Compressive test specimen
(¢) Thermal test specimen

(d) Thermal conductivity test specimen

(e) Vibration test specimen
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Fig. 2. Geomerty of mould and test specimens
(a) Tensile test specimen
{b) Compressive test specimen
{(c) Thermal expansion test specimen
(d) Vibration test specimen

{(e) Thermal conductivity test specimen
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Table. 1. Mechanical properties of epoxy-granite

Spacimen

Epoxy !Granite particle Mix.ratio{Compressive|Tenslle
No. resin |size as a aggregate (Agg ./ strength strength
[mm] resin) | (kgs/mm?] [kge/mm2]
1 -1 5294 / 0.075 - 0.419 2 11.9
2101 { 100 % )
1 - 2 5294 / 0.075 - 0.149 (14%)
2101 0,149 - 0.18 (43%) 3.5 10.9 1.8
c.42 - 0.84 (43%)
1 - 3 5294 / 0.25 = 0.42 (70%) 4 1.6
2101 C.42 - 0.84 (30%)
1 - 4 9301 / Metallic powder as 2.1
9933 (B) a aggregate
1 -5 5293 / 0.075 (16.6 %)
2100} 0.075-0.149(16.86%) 5 13.86
0.25-0.42(16.86%)
0.42-0,84(16.6%)
0.84-2,.0(16.86%)
2.0-4.76(15.6%)
1 - 6 4022 / 0.075(30%)

2101 0.25-0.42(20%) 5.2 2.0
C.42-0.84(20%)
2.0-4,76(30%)

1 -7 (5293+ 0.075 (6.25%)
4022)/| 0.075-0.149(15.8%)

2100 0.25-0.42(21.8%) 5.3 12.5 1.95
0.42~0.84(18.7%) -
0.84-2.0(21.8%)
2.0-4.76(15.6%)

1 - 8 (5293« 0.075(41.3%)
4022)/| 0.25-0.42(10.3%) 5.8 12.1
2100 2.0~-4.76(48.3%)
1 -9 (5293« 0.075(38.5%)
4022)/) 0.25-0.42(19.2%)

2100 0.42-0.84(11.5%) 6.2 12.3 2.04

2.0~-4.76(30,8%)
1 - 10 [(5294+ 0.075(40%)
4022)/§ 0.25=0.42(20%) 5.7 12.5

2101 2.0-4,76(40%)

1 - 11 [ (5294~
4022)/
2101 0.075(38,5%) 6.2 11.9
0.25-0,42(19.2%)
0.42-0.84(11,5%)
2.0~4.76(30.8%)
1 - 12 ((5294+ 0.075-0.149(45.4%)
4022)/ 0.25-0.42(9.2%) 7.8 12.2
2101 2.0-4.76(45.4%)
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Fig. 3. Compressive stress-strain relationships
for epoxy-granite
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Table 2. Mechnical, thermal and vibrational properties of epoxy- granite, granitan, cast iron, and

epoxy- resin polymer.

g Henhanféi_i propartiss i Physica propectivg Yibrationa: ‘properties
'specin»n LPOXYIGrRnife particte . i CompraggivaiTansiie  [HardnessiCeef ! of  [Coeff.uf Spen it~ Maturad amping
No, regin {8iae 28 2 agiregate strenglh strength thers, con. [thers. oxpastic frequacy ratio

: o fmml Thgr/mndl Hikgrrondll [Hsl Lkaatymh > 1 Lpmiatc ) gravity] iHz} &

{5293 V. 1490} 3p(472)

2-1 4022) | 0.84-2.0(17.6%) 10.4 1.4 40~50 0.93 11,1 2.21 44.8 ¢.041
/2100 2.0-4,76(35.3%}
{5293 0. 14301 3H(50%)

2-2 4022) | 0.84-2.0(50%) 12.9 1.9 40-50 0.92 25.5 2.16 45.5 0.039
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(5293 0. 1490] ¥} (40%)
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(5294 0.1490) 3}(30%)

2-8 4022) 0.84-2.0(30%) 9.4 1.6 45-55 0.88 2.27 45.5 0,064
/2101 4.78-10(40%) .

(0.43 -

2-9 Granitan 12.1 1.5 50-55 1.83}) (12 - 14) 45.9 0.049

2-10 Cast iron 60.5 12.5 37-40 (43 - 65) (10 - 12) 7.28 30 0.031
(5293

2-11 4022) Epoxy resin polymer 8.4 2.1 84-86 0.21 197.6 1.20 49.2 0.102
/2100
(5294

2-12 4022} Epoxy resin polymer 8.3 3.8 80-82 0.23 179.3 1.21 47.8 0.118
/2101
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