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ABSTRACT

To maximize the productivity in machining molds and dies, machine tools should operate at high speeds. However,
the productivity of mold manufacturing has not increased significantly because CNC milling machines have massive
slides, which do not allow rapid acceleration and deceleration during the frequent starts/stops encountered in machining
molds and dies. This paper presents the use of composites for these slides to overcome this limitation. The vertical and
horizontal slides of a large CNC machine were constructed by bonding high-modulus carbon-fiber epoxy composite
sandwiches to welded steel structures using adhesives. These composite structures reduced the weight of the vertical
and horizontal slides by 34% and 26%, respectively, and increased damping by 1.5 to 5.7 times without sacrificing the
stiffness. Without much tuning, this machine had a positional accuracy of + Spm per 300 mm of the slide displacement.
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Fig. 1 Dimensions of a sandwich beam.
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Fig. 2 Deflection of the sandwich beam obtained by
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Fig. 3 High speed milling machine tool structure.
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Fig. 4 Hybrid X-slide and composite reinforcements.

Table 1 Dimensions [mm] of the sandwich specimens.
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(a) X-slide (b) Y-slide

Fig. 5 Deformation of the steel machine tool structures.
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Fig. 6 Section views of vertical columns of the X-slide.
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Table 2 Dynamic characteristics of the hybrid X-slide under free-free boundary condition.

Conventional X-slide Hybrid X-slide
Natural Damping factor Natural Damping factor
Mode frequency Mode shape P (%g) frequency Mode shape p(%g)
1 64Hz Torsion 0.90 92Hz Torsion 2.20
2 126Hz Bending 0.50 131Hz Tilting 0.80
3 211Hz Bending 0.30 281Hz Bending 1.20
4 261Hz Bending + Twisting 0.20 304Hz Bending + Twisting 0.80
5 308Hz Bending + Twisting 0.14 357Hz Bending + Twisting 0.80

-225-



Table 3 Dynamic characteristics of the hybrid Y-slide under free-free boundary condition.

Conventional Y-slide Hybrid Y-slide
Natural Damping factor Natural Damping factor
Mod
ode frequency Mode shape %) Frequency Mode shape %)
1 135Hz Torsion 0.48 115Hz Torsion 0.90
2 345Hz Bending 0.22 341Hz Bending 0.35
3 365Hz Complex mode 0.19 589Hz Bending 0.30
4 572Hz Bending 0.22 598Hz Bending 0.32
5 690Hz Bending 0.12 620Hz Bending 0.28
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Fig. 7 Dynamic characteristics of the hybrid X-slide
assembled with frame and spindle unit.

Table 4 Comparison between masses of the X-slide and
the Y-slide of the conventional and the hybrid

machine tools.

Conventional Hybrid
497 kg
X-slide 671 kg 465 kg 32kg
(steel base) (composite)
92 kg
Y-slide 140 kg 84 kg 8kg
(steel base) (composite)
3. FSSN By ¥ FUs 84

ANz 7
Bes 0%
59 554

A o4y EFgAsE LT ol
B 3xEd4 d3 &34 o%} NE&
2 vyl Table 2 9 3 o)A 1R9

nho} Zo] Xslide o A$ LHAFFTE F 30%

A= F7hen A% AHE 1

6~ 5.7 713}

Al Y-stide & 2% 1.5~25 w) AF 7#2 Z=710)
A9t} Fig. 72 slo]BI = Xslide7t F2td F3F
714 AA FZ89 FRF o|9 A IAF Bz

A5 AERAAS

2.65, 1.84, 3.27 % ©]t}, Table 4 &

2ot 12 BA %R

o A3&

= 247} 97, 143, 150Hz <+

sho|BE olF
i & Fojn

Ztz} X, Y-slide ol o3l z}z} 26, 34 %9 ZA%3E

b,

4.

B dFiaE 14 ONC 2

]

=2

[

sale) %

o
=X

= 7

2 A3 g3 ¥ NRL HA 9} 157]
€479 2 d¥ FEINAG)Y Adez &3
Hyen AT @4_ 2001 TR 10t V)&
2 AARHAL

ﬂ?ll_«

2EH

(1) Schmitz, T. L. and Donalson, R. R., 2000, Predicting
High-Speed Machining Dynamics by Substructure
Analysis, Annals of CIRP, 49/1:303-308.

(2) Ema, S. and Mami, E., 1996, Damping
characteristics of an impact damper and its application,
Int. J. Mach. Manufact., Vol. 36:293-306.

(3) Rivin, E. I. and Kang, H., 1989, Improvement of
machining conditions for slender parts by tuned
dynamic stiffness of tool, Int. J. Mach. Manufact., Vol.
29:361-376.

(4) Tobias, S. A., 1965, Machine Tool Vibration, John
Wiley & Sons, Inc., New York:143-146.

(5) Lee, D. G, Sin, H. Y. and Suh, N. P, 1985,
Manufacturing of a graphite epoxy composite spindle
for a machine tool, Annals of the CIRP, Vol
34:365-369.

(6) Allen, H. G, 1969, Analysis and Design of
Structural Sandwich Panels, Pergamon Press, New
York:8-47.

(7) Vinson, J. R., 1999, The Behavior of Sandwich
Structures of Isotropic and Composite Materials,
Technomic Publishing, Inc., Lancaster, Pennsylvania:
81-104.

(8) Zenkert, D., 1997, The Handbook of Sandwich
Construction, EMAS Publishing:51-77.

9) Gere, J. M., 1997, Mechanics of Materials 5% ed,,
Books/Cole:271-378.

-226-



