Clamping effects on the dynamic characteristics of composite tool bars
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ABSTRACT

The dynamic characteristics of composite tool bars depend on the clamping conditions such as clamping
force, stiffness and surface characteristics of clamping parts as well as the basic structures. Therefore, in this
work, the effects of clamping part conditions on the dynamic characteristics of cantilever type composite
machine tool structures with clamped joint were investigated because the cantilever type machine tool
structures are ideal cases for composite application to increase the natural frequency and damping of
structures. New design of the clamping part was developed in order to improve shear properties of the
clamping part and dynamic characteristics of composite tool bars. From FE analysis and impulse response
tests, dynamic characteristics were obtained with respect to the clamping part conditions of the new design.
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Table 1. Mechanical properties of the permanent mandrel
and sleeve for composite bars

Permanent mandrel Sleeve

Material Lead Steel

Tensile modulus - 207 GPa
"Poisson’s ratio - 0.30
Density 11400 kg/m’ 7860 kg/m’

Table 2. Parameters of the composite bar for FE analysis

Parameter Reference Bound
Tensile modulus, E; (GPa) 380 130 - 600
Shear modulus, G, (GPa) 5.5 -
Poisson’s ratio, v, 0.29 -
Density (kg/m’) 1750 -
Outer diameter, D (m) 0.25 -
Overall length, L (m) 0.25 0.2-0.7
Clamping length, Lc (m) 0.05 0.010-0.05
Sleeve thickness, ¢ (m) 0.00 0.00 - 0.08
L

/4

Clamping part T

Metal sieeve

Composite

Permanent mandrel

Fig. 1 Composite bar with the sleeve type clamping part

Lc

L

Fig. 2 Finite element model for the composite bar
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Table 3. Mechanical properties of carbon fiber epoxy
composite materials

USN 150 URN 300 | HYEJ25M80D
SK SK Mitsubishi
chemicals, | chemicals, chemical,
Korea Korea Japan
E, (GPa) 130 380 480
E, (GPa) 8.2 5.1 5.2
Gy, (GPa) 4.5 55 35
Vi2 0.28 0.29 0.27
p (kg/m’) 1560 1770 1750
Fixture for vibration test
Impact hammer | %
[elele]e] ===
LAN interface
— O O
? ? o o o ©
Accelerometer
FFT analyzer
Charge amplifier

Fig. 3 Impulse response test setup
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Fig. 4 FE analysis and impulse response test results, f°, of
the composite bars with respect to the ratio of clamping
length to overall length (Lc/L) and sleeve thickness to
radius of composite bars.
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Fig. 5 FE analysis and impulse response test results, f°, of
the composite bars with respect to the ratio of length to
diameter (L/D) and sleeve thickness to radius of
composite bars.
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Fig. 6 FE analysis and impulse response test results, f, of
the composite bars with respect to the ratio of shear
modulus to tensile modulus (G,/E}) and sleeve thickness
to radius of composite bars.
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