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Design and Verification of a Novel Ultrasonic Scalpel Energy Generator

LIN Xiaojia, ZHOU Yu, SUN Fujia, DAI Qi, ZHOU Jiajun, HUANG Yongguo, ZHAO Haonan
(School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

[ Abstract] Objective At present, there are more and more domestic brands of ultrasonic scalpel, but there is very little
literature on the development of ultrasonic scalpel energy generator and parameter optimization. This research aims to develop a
novel ultrasonic scalpel energy generator, which is used for research on different control modes and different parameter adjustments.
Methods The hardware of the ultrasonic scalpel energy generator is designed independently, and the Direct Digital Synthesizer
(DDS) is composed of FPGA+DAC to achieve frequency adjustment. Class E switch power amplifier is used to reduce system
heating; In the algorithm design, the small step frequency tracking strategy is adopted to make the system work in the resonant state,
and the PID algorithm realizes constant current and constant power output; Finally, the performance test experiment was carried out.
Results The minimum step size of DDS frequency adjustment is 0.0116Hz, and the frequency tracking keeps stable during the
cutting process; The constant current output makes the ultrasonic scalpel have good cutting performance under no-load and loaded
conditions. The current fluctuation is less than 1mA during the working process, and the cutting speed is significantly accelerated with
the increase of the current. Under the load state, the time of cutting small intestine in 300mA constant current mode is (8.01 £ 0.35) s,

and the thermal damage width is (3.57 £ 0.23) mm. Conclusion The ultrasonic scalpel energy generator designed in this scheme can
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achieve high-precision frequency tracking and stable constant current output. This set of equipment provides a feasible scheme for the

design of ultrasonic scalpel energy generator.

[Key words] Ultrasonic Scalpel Energy Generator; Constant Current Output; Thermal Damage Width, Small Step Length
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Fig. 1 Block diagram of ultrasonic scalpel energy generator equipment
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Fig.2 Figure for ultrasonic electrosurgical equipment
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Fig.3 Phase identification scheme design and timing simulation
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(a) Phase discriminator circuit; (b) Stop tracking sequence diagram in three states
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Fig. 4 Frequency tracking adjustment direction and tracking results
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(c) Voltage leading current during frequency tracking process; (d) C urrent leading voltage during frequency tracking process
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Fig.5 The specific implementation process of the two controllers
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Fig. 7 The output power and output current of two energy modes in no-load and loading state
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Fig. 8 Box plot of experimental results of cutting time
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