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Ultrasonic Vibration Cutting of GFRP
Shin-ichi IKEDA,Masashi NAKATSU and Kohsuke TAGASHIRA

Abstract
The effect of angle between cutting direction and unidirectional glass fiber on the roughness of
cutting surface of GFRP by ultrasonic vibration cutting has been studied. The ultrasonic vibration
of 19.5kHz in frequency and 15xm in amplitude are applied to the tip of cutting tool (the Tungsten
Carbide K-10) at an angle of 4deg to the cutting direction. The results obtained are as follows: (1)
For a fiber angle of 30-60deg, the surface roughness by vibrated cutting is worse than by conven-
tional cutting. The increase in the roughness by ultrasonic vibration cutting depends on the depth
of tear due to the separation between fiber and matrix resin. (2) The roughness is improved for
a fiber angle of 90-150deg. It should be by influenced the decrease in surface roughness of matrix
resin by vibration cutting. (3) The brittle fracture mode of a glass fiber has an effect on the
roughness. (4) Increasing cutting speed, feed and depth of cut, the surface roughness increaces. (5)

For a fiber angle of 60 deg, the chip-breaker reduce the roughness.
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Table 1 Mechanical properties of GFRP
Fiber material ) ] E-glass
Matrix material Unsaturated
SO I polyester resin
Fiber content wtoe |l .50
Diameter of fiber pm| 20
Tensile strength MPa) 196~539
Tensile modulus GPa) 15~30
Bending strength MPa| 196~686
Compressive strength ~ MPa |  147~490
Shearing strength MPa 137~176
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Fig. 1 Schematic drawing of experimental apparatus
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Table 2 Cutting conditions

Cutting speed rpm 60, 120, 180, 240
e ] m/s | 0.4, 0.8, 1.2, 1.6
Feed mn/rev )i . 0.1 ...
Depth of cut mm | 0.1, 0.5, 1.0, 1.5
LCutting fluid ] Dry ...
Tool material I K-10(WC) .
Rake angle of tool deg. || - 710, 75,0 ..
Fiber angle of work deg. 0, 30, 45, 60, 90
120, 135, 150
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Fig. 2 Schematic drawing of ultrasonic vibration

cutting system
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Fig. 3 Relation between surface roughness and

fiber angle
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Cutting direction —p>
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Photo. 1 SEM photographs of cutting surface(fiber angle : 90deg)
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Photo. 2 SEM photographs of cutting surface(matrix resin)
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Cutting direction —p>

(a) Type I

(b) Type 1II

Photo. 3 SEM photographs of brittle fracture surface of a glass fiber
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Cutting direction —p

Photo. 4 SEM photograph of ultrasonic vibration

cutting surface(fiber angle : 4ideg)
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Fig. 5 Relation between surface roughness and
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Fig. 6 Relation between surface roughness and
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Cutting direction —p>

Photo. 5 SEM photograph of ultrasonic vibration
cutting surface(fiber angle : 90deg)
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Fig. 1 Effect of chip-breaker on surface roughness

by ultrasonic vibration cutting
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