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Abstract

During machining, since more than 50% compliance of the cutting point in machine tool structures comes
from headstocks, with the remainder coming from beds, slides and structural joints, the structural analysis of
the headstock is very important to improve the static and dynamic performances. Especially, in case of
machining hard and brittle materials such as glasses and ceramics with the grinding machine, the reinforced
headstock with the high damping material is demanded. Since the fiber reinforced composite materials have
excellent properties for structures, owing to its high specific modulus, high damping and low thermal
expansion, it is expected that the dynamic and thermal characteristics of the headstock will be improved if
they are employed as the materials for headstock. In this paper, the design and the manufacturing methods as
well as the static and dynamic characteristics of a steel-composite hybrid headstock were investigated
analytically and experimentally to improve the performance of the grinding machine system.
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J: First natural frequency [Hz}

L : Length of the beam [m]

E : Longitudinal Young’s modulus [Pa]
I:2™ aréa moment of inertia {m*]

p : Density (kg/m’]

S : Cross sectional area [m?]

77 : Loss factor
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¢ Table 1 Properties of composite material.

Tensile modulus E-T(GPa) 36.0
Tensile modulus E,(GPa) 172
Shear modulus G,, (GPa) 49
Poisson’s ratio 0.12
Ply thickness (mm) 0.15
Fiber volume fraction 0.46
Density (kg/m’) 1980
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Fig. 1 Longitudinal Young’s modulus of the glass fabric

epoxy composite specimen with respect to stacking
sequence type of [+0],..

Table 2. Length of specimens with respect to fiber
orientation.

Stacking sequence Length (mm)
[0}sor 234
[£10] 0 231
[£20)10, - 222
[+30],0, , . 208
[£45]10 188
[£70]0, 190
[90]),01 | o 195
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Fig. 2 Loss factors of the glass fabric epoxy composite
specimens at various frequencies with respect to stacking

sequence type of {+0]..
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Fig. 3 Material costs per area (3 / mz) and ratio of the
resonant frequency (fi) of the hybrid steel-composite
plates to the natural frequency (£) of the steel plate w. r. t.

the stacking sequence [+8]ns.

-833 -



08 |

TISN 150 + steel

Weighting fraction {Y)

GEP 215 + steel

0 30 60 20
Stacking angle & [degree]

Fig. 4 Weighting fraction Y of the composite loss factor

. w.r.t. the stacking sequence type of [+0]s.
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Fig. 5 Deformed shape caused by the dead weight of the
steel-composite hybrid headstock using the finite

element method.
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Fig. 6 Deflections of the headstock w. r. t. the stacking
angle of [+0],, of the composite plates of 10 mm
thickness.
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Fig. 7 Mode shape of the whole headstock
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Fig. 8 Photograph of the damping reinforcement after
boring for the spindle assembly.
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Table 3. Properties of the epoxy adhesive (IPCO 9923).

" Tensile modulus (GPa) 1.3
Poisson ratio 041

Shear modulus (GPa) 046
Density (kg/m®) 1200

Fig. 9 Photograph of the headstock with the adhesively

bonded composite for damping improvement.
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Fig. 10 Measuring apparatus for the vibration

characteristics of the machine tool headstock.
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Fig. 14_ Experimental results using the:FFT signal
analyzer.".
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