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% Abstract

This patented technology addresses the shortcomings of existing ultrasonic
vibration-assisted grinding (UVAG) systems in practical applications. It overcomes
traditional limitations such as excessive system size, installation difficulties, fixed
frequency operation, and high energy consumption. With a modular plug-in design,
the system can be marketed and sold independently, and can be easily installed on
a wide range of domestic and international grinding machines. This significantly
enhances the machining performance and efficiency of existing equipment without
requiring substantial investment in new, dedicated UVAG machines.

% Functionality and Practicality

The purpose of this patented technology is to develop a low-energy-consumption and high-performance
ultrasonic vibration-assisted grinding system. Experimental validation demonstrated that, compared with
conventional grinding (CG), the proposed technology achieved reductions in grinding forces of 90.87% for Ti-
6Al-4V, 78.36% for SKD11, and 64.6% for S50C. Grinding temperatures decreased by 8.83%, 7.62%, and 12.2%,
respectively, while surface roughness improved by 32.64%, 16.35%, and 19.79%. Moreover, carbon emissions
were reduced by 70%, 42.85%, and 66.67%, alongside decreases in power consumption of 0.92%, 1.14%, and
1.26%.significant improvements in grinding efficiency, energy reduction, and carbon emission control. It aligns
with the goals of energy conservation, carbon neutrality, and green manufacturing, while offering high

% Key Innovative Values of the Patent Development: industrial applicability and innovation.

World’ s First : Development of an independent modular system that
resolves the issues of bulkiness, installation challenges, and high energy
consumption.

B High Compatibility : Easily integrated with a wide variety of commercially
available grinding machines worldwide.

C Performance Enhancement : Substantially improves the performance of DAQard  Computer
existing grinding machines, particularly in the processing of difficult-to-

machine materials.

hre power
quality analyzer

D Green Manufacturing : Achieves maximum vibration amplitude at the lowest Aumplite —— '
ultrasonic frequency, reducing power consumption and carbon emissions Figure 4. Experimental setup for system measurement.
during the machining process. e

E Industrial Promotion Featuring modularization, standardization, and
commercialization, the system is suitable for mass production and cross-
industry applications, including precision manufacturing, aerospace,
energy, semiconductors, and medical devices.
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Figure 5. Comparative analysis of grinding forces for different materials under various grinding methods.

In recent years, ultrasonic vibration-assisted precision grinding technology has
emerged by integrating the advantages of Ultrasonic Machining and Vibration-

Assisted Machining for precision processing of high-hardness materials.
SKDI1 4V S50C SKDI1 Ti-6A1-4V

Nevertheless, research on UVAG remains relatively limited. Existing international
prototypes are often bulky, structurally complex, energy-intensive, and inefficient,

with insufficient practicality for industrial adoption. The core innovation of this €6

patented development lies in the application of intelligent modeling to optimize

the vibration system, resulting in the world’ s first system capable of achieving o
maximum amplitude at the minimum ultrasonic frequency of 20 kHz while - \
significantly reducing energy consumption. This system has substantial potential UVAG %

for industrial application.

Figure 7. Comparative analysis of grinding surface

Figure 6. Comparative analysis of grinding
roughness using laser microscopy.

temperatures using infrared thermography.
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Figure 1. Modal optimization of vibration platform and compliant support column geometry (CAE analysis).
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Figure 9. Comparative analysis of energy-saving
and carbon-reduction benefits of the system.

Figure 8. Comparative analysis of grinding surface morphology
for different materials under various grinding methods.

% Commercialization Readiness
In recent years, the precision machining of hard alloys and specialized materials has become a critical
industrial bottleneck. Ultrasonic vibration-assisted cutting has been shown to effectively enhance
machining performance and has attracted significant investment from advanced economies. The patented
low-energy, high-efficiency UVAG system developed in this study has completed both prototype design and
commercialization. Its modular plug-in architecture allows seamless integration with a wide range of
grinding machines without the need for additional dedicated equipment, substantially improving the
machining performance of existing tools for hard materials. Experimental validation in grinding applications
for Ti-6Al-4V, SKD11, and S50C confirmed significant reductions in grinding force, temperature, and energy

Optimal Combination n the Amplitude Experiment

Figure 2. Optimized vibration amplitude design: performance enhancement and experimental validation.
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Figure 11. Industrial engagement with the developed green
manufacturing technologies and equipment.

Figure 10. Prototype of the ultrasonic
vibration-assisted grinding system.

Figure 3. Comparative analysis of simulated and measured vibration amplitudes at selected positions.




