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Research on Design and Processing Characteristics of Disc Cutter in

Ultrasonic Vibration Cutting Nomex Honeycomb Composites
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[ABSTRACT] The influence of the outside diameter, wedge angle and thickness of disc cutter on the mode and resonant
frequency of ultrasonic machining system was studied by finite element simulation technology. The Nomex honeycomb
composites experimental platform was built. A comparative experiment between conventional machining and ultrasonic
assisted machining was carried out. Taking cutting force and surface quality as evaluation indexes, the improvement effect
of ultrasonic vibration on Nomex honeycomb composites under different processing parameters was analyzed. The research
results show that the resonant frequency of the system decreases with the increase of disc cutter diameter, increases with the
increase of thickness, and decreases with the increase of wedge angle. The influence of the cutter diameter and thickness is
more remarkable. The system frequency can be designed by adjusting the outside diameter and thickness of the tool. The
size of wedge angle affect the sharpness and intensity of tools, the proper wedge angle should be choosed. The average
cutting force in ultrasonic machining is 34.9% and 50.5% lower than that in conventional machining in cutting width
direction and feed direction, respectively. The machined surface of composites in ultrasonic assisted machining is smoother,
with fewer and shorter burrs.
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Fig.1 Schematic diagram of main geometrical parameters of disc cutter
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Table 1 Main mechanical properties of SKH51 and S45C
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SKH51 | 8.16 | 2.18 | 0.30

S45C | 7.85 | 2.05 | 0.29
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Fig.5 Relation curve of longitudinal vibration frequency and

tool thickness, tool outside diameter and cutter wedge angle
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Table 3 Design of processing parameters
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Table 2 Material properties of tested honeycomb specimen

| A ; ' ?
. i PR v/ | R 0/ UIHIVREE B/ VIEIYERE b/
MAEHERE 3R /MPa FPEAR R /MPa 7 (mm - min")  (r-min) mm mm
PR 2.15 131 1 500 1000 3 5
B (LT 7)) 1.28 36 2 500 2000 3 5
BYIRE (WT- J7lh) ) 0.6 20 3 500 3000 3 5
Fir i 245 148 4 500 4000 3 5
5 1000 1000 3 5
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7 1000 3000 3 5
8 1000 4000 3 5
b < 9 1500 1000 3 5
v 10 1500 2000 3 5
B 1 1500 3000 3 5
12 1500 4000 3 5
13 2000 1000 3 5
Ve
/ 14 2000 2000 3 5
15 2000 3000 3 5
7 BRIZSHTER
16 2000 4000 3 5

Fig.7 Schematic diagram of processing parameters
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ultrasonic assisted machining and conventional machining at

different spindle speeds
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Fig.9 Surface morphologies of honeycomb materials cut with

disk cutter under different processing modes
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