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Manufacture of light-weight machine tool structures
using composite materials

Jung Do Suh, Dai Gil Lee, Jin Kyung Choi, Hak Sung Kim, Jong Min Kim
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Abstract

Machine tools of high-speed and high-precision are required for various fields of industry such as
semiconductor, automobile, mold fabrication and so on. Light-weight machine tool structure is essential for
reduction of production time through rapid transportation. Also, high damping capacity of the structure is
required to obtain precise products without vibration during manufacturing. Composite materials have high
potential for machine tool structures due to its high specific stiffness and good damping characteristics. In this
study, the design and the manufacture of a hybrid machine tool structure using composite materials was
attempted and the damping capacity was investigated experimentally.
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Fig. 1 Simply supported sandwich beam

o

Fig. 2 Three-point bending experiment

Table 1 Specifications of the sandwich beam used in a
bending experiment

b c d h L
0.055m 0.018m 0.023m 0.028m 0.6 m

Table 2 Properties of the carbon fiber reinforced epoxy
material (USN150, SK Chemical, KOREA)

E) 130.0 GPa
E; 10.0 GPa
G\2 5.06 GPa
Viz 0.28
Ply thickness 0.15 mm
Density 1550 kg/m®




Table 3 Properties of the glass fiber reinforced epoxy
material (GEP215, SK Chemical, KOREA)

E| 35.5 GPa
E, 17.2 GPa
G]z 3.7 GPa
Vi 0.22
Ply thickness 0.15 mm
Density 2050 kg/m’

Table 4 Properties of HRH-10-1/8-4.0 honeycomb

Density 48.05 kg/m’
Compressive Strength 3.96 MPa
(3 direction) Modulus 193.06 MPa
Plate shear Strength 1.75 MPa
(1-3 direction) Modulus 59.30 MPa
Plate shear Strength 0.97 MPa
(2-3 direction) Modulus 32.40 MPa

Fig. 3 Shape of honeycomb
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Fig. 5 Comparison between experiment and analysis
for three point bending of a sandwich beam
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Fig. 6 High speed milling machine tool structure
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Fig. 7 Section views of vertical columns of the X-slide
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Fig. 8 Deflection of the vertical column of the X-slide
under the attraction force of a linear motor.
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Table 5 Properties of the carbon fiber reinforced epoxy
material (HYEJ34M45D, mitsubishi, JAPAN)

E; 370 GPa
E, 5.3 GPa
G12 4.5 GPa
Via 03
Ply thickness 0.3 mm
Density 1750 kg/m’

(a) Composite plate

(b) Sandwich beam

Fig. 10 Reinforcements for the Y-slide

Fig. 11 Deformation of the conventional X-slide
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Fig. 15 Nodes for the impact response test of the X-slide

SholH g = Yslided A5 1, 234 AT
71& Y-slideot Fzhel ZolE Ro|AwE & Wi
A3 FHulE 15 ~ 258 FEL &

Table 78 71 7 Xshidedt slojRE = X

slide®  Alg  Axjolty, ERdAs=E EFH

slolB )= XglideE V)& Xslideo] M &)

AR or AFAFFIE Folxow, 7w

Fak 1.6~57 8 FUkEE & g 59 X

slided] &% FA"H(column)F e FIR=7 F=2

el 33, 47, sA BT oA Y FxEol
el BgAsE Mot FxEol afAFTY

Z7h S92 AV D4, M F7bt “ao}

vehds A8 gad F 0‘01\2} 1%

Megx go] HeZ He o

7 7] '

:L fr

-194-



(a) 1% mode

(b) 2" mode

Fig. 16 Mode shapes of the hybrid Y-slide

Table 6 Dynamic characteristics of;

(a) Conventional Y-slide

Natural Loss
Mode frequenc Mode shape factor

equency (%)

1 135Hz Torsion 0.48

2 345Hz 1st Bending (top, bottom) 0.22

3 365Hz Complex mode 0.19
572Hz 2nd Bending (top, bottom) 022

5 690Hz Bending (top, bottom, side) 0.12

(b) Hybrid Y-slide

Loss
Mode frfa;l::; Mode shape factor

q y (%)

115Hz Torsion 0.90

2 341Hz Ist Bending (top, bottom) 0.35

3 589Hz Bending (top, bottom, side) 0.30

4 S98Hz 2nd Bending (top, bottom) 0.32

5 620Hz 3rd Bending (top, bottom) 0.28

(a) 1" mode

P

g

(b) 2™ mode

Fig. 17 Mode shapes of the hybrid X-slide

Table 7 Dynamic characteristics of;

(a) Conventional X-slide

Loss
Mode fNamral Mode shape factor
Tequency %)
1 64Hz Torsion 0.90
2 126Hz Side bending + Transition 0.50
3 211Hz Ist Side bending 0.30
4 261Hz Bending + Twisting 0.20
5 308Hz Bending + Twisting 0.14
(b) Hybrid X-slide
Nataral : Loss
Mode § atura Mode shape factor
requency %)
1 92Hz Torsion 2.20
2 131Hz Side bending + Transition 0.80
3 281Hz 1st Side bending 1.20
4 304Hz Bending + Twisting 0.80
5 357Hz Bending + Twisting 0.80
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Table 8 Comparison of mass of machine tool structures
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X-slide 671 kg 365 kg ke
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92kg
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