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Design and development of a large-amplitude ultrasonic vibration-
assisted high-speed dry cutting device and its performance tests

HUANG Xuefeng, CAO Huajun, ZHANG Jin, SONG Yang, KANG Xinzhen
(College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, P. R. China)

Abstract: The ultrasonic transducer is the core component of an ultrasonic vibration-assisted cutting device. To
develop a large-amplitude ultrasonic vibration-assisted cutting device suitable for high-speed dry cutting, the first
step is to design and develop the ultrasonic transducer. Based on the design method of the second-stage amplified
ultrasonic transducer considering the tool, following the integrated design concept of amplifier-ultrasonic
transducer, and combined with the results of modal analysis and harmonious response analysis using ANSYS
finite element software, a two-stage amplified ultrasonic transducer was designed and developed. According to the

characteristics of the developed two-stage amplified ultrasonic transducer, its matching ultrasonic generator, anti-
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rotation ring, power transmission system, and tool holder shell structure were systematically designed and
developed. Performance tests including impedance analysis and amplitude measurement were carried out for the
developed two-stage amplified ultrasonic transducer. Experimental test and analysis of the designed and
developed large-amplitude ultrasonic vibration-assisted high-speed dry cutting device were conducted to explore
the improvement of surface quality in the difficult-to-machining material 30CrMnSiNi2A. The results show that
the longitudinal ultrasonic vibration simulation results of the two-stage amplified ultrasonic transducer are
consistent with the theoretical design, and the longitudinal vibration amplitude output is stable. The longitudinal
vibration amplitude is 15.4 pm at 50 % output power and can reach a maximum of 25.1 pm, with the output
amplitude positively correlated with the power percentage, indicating good performance test results. The
developed large-amplitude ultrasonic vibration-assisted cutting device greatly reduces the cutting force and
surface roughness in the feeding direction, significantly improves the surface quality of difficult-to-machine
materials, and is suitable for high-speed dry cutting of such materials.

Keywords: two-stage amplified ultrasonic transducer; finite element simulation analysis; large amplitude

ultrasonic vibration assisted cutting device; amplitude; ultrasonic vibration assisted high-speed dry cutting
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Fig.1 Schematic diagram of ultrasonic transducer structure
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Table 3 Design parameters of ultrasonic transducer mm
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Fig.2 Schematic diagram of the second-stage amplified ultrasonic transducer considering the tool structure
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Fig.3 Model of the two-stage amplified ultrasonic transducer
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Fig.4 Modal analysis of two-stage amplified ultrasonic transducer under different tool overhangs

Wi PR 4 (b) T 7%, G0 R R AR 0 BE AR 19 IR B S R O 19.734 kHzo M, 24 A BONR B R 7
19.734 kHz i [Bl P I, — G R 7 B e 4 S8 BR N il AR 3, S0 ik 1 BRSSO vEAf 1k o 181 5 D g R
e 8 #9125 0 AT 10 P B R AT B Y S b 16 (L R K 7 AR D) AR IR SBCR RAE, AR E AR T 0 1Y
WAL S WS BE BT A TE 2 A E S BB AR S O A R ALY . FRES S 6 TR I G R
A B A 1 I 13 A 45 2R DAL - 7R ANSY'S Hp 0t T v B ORI T T H A RE M O A Bz 300 VLR R L A%
B RIE Y 19.8 kHz, 15 GO P e BE A% AR OB SR o TRl 3 4R BTR T BEE — OO A
e ar 19 T KIRIF A 16.4 pm, 1 — LB UE T HefE Ax BB R i HERT 1



%9 H

HEME L FRIRIGA BRI B B TR B R B skl X

21

Fig. 6

b IMHER
E LV A8 R R s
L A AT RH R oy
. -

B5 ZHMABRRERRESN

Fig.5 Modal analysis of two-stage amplified ultrasonic transducer
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Fig. 9 Overall model of large-amplitude ultrasonic vibration-assisted cutting device
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amplified ultrasonic transducer
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Fig. 12 Impedance characteristics of second-stage amplified ultrasound transducers
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Fig. 17 Large-amplitude ultrasonic vibration-assisted equipment
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Fig. 18 Comparison of cutting forces in different directions between ordinary and ultrasonic

vibration-assisted high-speed dry cutting
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Fig. 19 2D surface morphology of ordinary and ultrasonic vibration-assisted high-speed dry cutting
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Fig. 21 The chip morphology of ordinary and ultrasonic vibration-assisted high-speed dry cutting
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