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Multidimensional ultrasonic grinding processing 
 

 Multidimensional ultrasonic grinding processing is an advanced manufacturing process that utilizes the 
combined effects of ultrasonic vibrations and multidimensional motion to achieve precise and efficient 
material removal. This technology has gained significant attention due to its unique advantages and wide 
applications in various industries. 
 
Here are the key aspects of multidimensional ultrasonic grinding processing: 
 
1. Ultrasonic Vibrations: 
 
- Ultrasonic vibrations are high-frequency mechanical oscillations typically ranging from 20 kHz to 100 kHz. 
- These vibrations are generated using piezoelectric transducers or magnetostrictive materials that convert 

electrical energy into mechanical energy. 
- The ultrasonic vibrations are transmitted to the grinding tool, causing it to oscillate at the same frequency. 
 
2. Multidimensional Motion: 
 
- Multidimensional motion refers to the movement of the grinding tool along multiple axes simultaneously. 
- This can include linear motion, rotary motion, or a combination of both. 
- The multidimensional motion provides better control over the grinding process and enables complex 

surface geometries to be achieved. 
 
3. Material Removal Mechanism: 
 
- In multidimensional ultrasonic grinding processing, material removal occurs due to a combination of 

mechanical abrasion and ultrasonic cavitation. 
- The ultrasonic vibrations generate high-frequency stress waves in the workpiece material, causing 

micro-cracks and fractures. 
- Simultaneously, the abrasive particles on the grinding tool physically remove material from the workpiece 

surface. 
 
4. Advantages of Multidimensional Ultrasonic Grinding Processing: 
 
- High Precision: The multidimensional motion and ultrasonic vibrations enable precise material removal, 

resulting in high-quality surface finishes with tight tolerances. 
- Reduced Force and Wear: The ultrasonic vibrations reduce the cutting force required, leading to less wear 

on the grinding tool and improved tool life. 
- Brittle Material Machining: Multidimensional ultrasonic grinding processing is particularly suitable for 

machining brittle materials such as glass, ceramics, and semiconductors, which are difficult to process 
using conventional methods. 

- Complex Geometries: The multidimensional motion allows for the creation of complex surface geometries, 
including intricate shapes and sharp corners. 

 
5. Applications of Multidimensional Ultrasonic Grinding Processing: 
 
- Aerospace: Manufacturing turbine blades, compressor components, and other aerospace parts with 

complex geometries and high-quality surface finishes. 
- Automotive: Machining engine components, transmission parts, and brake rotors with precise dimensions 

and reduced noise. 



- Electronics: Fabricating semiconductor wafers, circuit boards, and microelectronic devices with 
sub-micron precision. 

- Medical: Producing surgical instruments, dental implants, and orthopedic devices with high sterility and 
biocompatibility.  

 
Multidimensional ultrasonic grinding processing continues to evolve as an innovative manufacturing 

technology, offering unique advantages for high-precision machining, complex geometry creation, and the 
processing of various materials, including brittle and hard-to-machine alloys. 


