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Multidimensional ultrasonic milling processing 
 

 Multidimensional ultrasonic milling processing (MUM) is an advanced manufacturing process that 
combines the principles of ultrasonic machining and milling to achieve intricate and precise machining of 
hard and brittle materials. This process offers several advantages and unique capabilities that make it 
suitable for a variety of applications in industries such as aerospace, automotive, medical, and electronics. 
Here's an overview of MUM processing and its key aspects: 
 

1. Working Principle : 
 

MUM processing combines ultrasonic vibration with a rotating milling tool to remove material from the 
workpiece. The ultrasonic vibrations generated by a piezoelectric transducer are transferred to the milling 
tool through a waveguide. This vibration causes the tool to oscillate at high frequencies, typically ranging 
from 20 kHz to 40 kHz. The milling tool, rotating at a controlled speed, engages with the workpiece, 
abrasively removing material through a combination of ultrasonic impact and cutting action. 
 
2. Advantages of MUM Processing : 
 

- Enhanced Material Removal : The ultrasonic vibrations superimposed on the milling process significantly 
improve material removal rates, especially for hard and brittle materials that are difficult to machine using 
conventional methods. 
 

- Reduced Cutting Forces : The ultrasonic vibrations help reduce cutting forces, minimizing tool wear and 
enabling high-precision machining with fine surface finishes. 
 

- Improved Surface Quality : The ultrasonic vibrations promote better chip evacuation, resulting in reduced 
tool clogging and improved surface quality compared to conventional milling. 
 

- Reduced Thermal Damage : The high-frequency vibrations and the intermittent contact between the tool 
and the workpiece minimize heat generation, reducing thermal damage to the workpiece and preserving 
material properties. 
 

3. Applications of MUM Processing : 
 

- Aerospace Industry : MUM processing is used for machining complex parts made of difficult-to-cut alloys, 
such as titanium and Inconel, in aerospace applications, including engine components and structural parts. 
 

- Automotive Industry : MUM processing is employed to machine intricate components in automobiles, 
such as fuel injectors, valve seats, and transmission parts, made of hard materials like ceramics and 
hardened steel. 
 

- Medical Industry : MUM processing enables the machining of medical implants, surgical instruments, and 
dental prostheses made of biocompatible materials like titanium and ceramics, ensuring precision and 
surface quality. 
 

- Electronics Industry: MUM processing is utilized to machine electronic components, such as 
semiconductor wafers and circuit boards, with high accuracy and minimal damage to delicate structures. 
 



4. Limitations and Challenges : 
 

- Complex Tool Design: Designing MUM tools with the appropriate vibration characteristics and wear 
resistance can be challenging, requiring specialized expertise. 
 

- Material Compatibility: Not all materials are suitable for MUM processing. Brittle materials can be prone 
to chipping or fracture, while ductile materials may experience excessive smearing or plastic deformation. 
 

- High Equipment Cost: The cost of MUM equipment, including ultrasonic generators, transducers, and 
specialized tooling, can be relatively high compared to conventional milling machines. 
 

5. Recent Advancements and Future Prospects : 
 

Ongoing research and development in MUM processing are focused on improving process efficiency, 
expanding material compatibility, and enhancing automation and control systems. The integration of 
advanced sensing and feedback mechanisms is enabling real-time process monitoring and optimization. 
Additionally, advancements in tool design and materials are leading to improved tool life and performance. 
 

In summary, multidimensional ultrasonic milling processing (MUM) is a versatile and advanced 
manufacturing technique that combines ultrasonic vibration with milling to achieve high-precision and 
efficient machining of hard and brittle materials. MUM processing finds applications in various industries, 
including aerospace, automotive, medical, and electronics. While there are challenges associated with tool 
design and material compatibility, ongoing advancements are addressing these limitations and expanding 
the potential of MUM processing for future manufacturing applications. 


