Droplet-Free High-Impact Coating
Breakthrough | Huasheng S1 Coating for

Micro-Diameter Tools

In the fields of 5G communication, high-end medical devices, and aerospace
precision manufacturing, micro-diameter cutting tools play a vital role in
determining the accuracy and quality of final products. As a core enabler for
performance improvement, coating technology has always been a key competitive
area in the cutting tool industry. However, the limitations of traditional coatings on
micro-diameter tools have become a bottleneck that restricts the upgrade of
advanced manufacturing.

Huasheng Nanotechnology’s independently developed S1 coating, powered by
integrated cathode technology, introduces a revolutionary coating solution that
redefines high-end cutting tool performance standards and drives a new wave of
coating innovation.

Micro-Diameter Cutting Tools: Extreme Requirements for Coating

Performance

Micro-diameter tools, typically with a diameter of <1 mm and a length-to-diameter
ratio exceeding 10:1, are exposed to severe mechanical and thermal stress during
high-speed cutting. This imposes extremely high demands on the coating’s
protective properties.

Conventional coating technologies have struggled to meet these challenges.
Traditional coated tools often suffer from edge wear, coating peeling, and short tool
life, leading to frequent tool changes and reduced productivity. When machining
titanium alloys and high-temperature alloys, poor anti-adhesion performance
results in built-up edges and chip clogging, reducing surface finish quality and even
causing tool breakage and lower product yield.

More critically, droplet defects and high porosity in traditional coatings increase
surface roughness, making them unsuitable for semiconductor components, optical
molds, and other applications that demand ultra-high precision. These pain points
have left many manufacturers trapped in a dilemma — striving for higher precision



but being limited by coating performance — which highlights the urgent need for
next-generation coating technology.
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Five Core Advantages: S1 Coating Becomes the First Choice for Premium

Tool Coatings

To overcome the performance limitations of coatings on micro-diameter tools,
Huasheng Nanotechnology precisely targeted these industry challenges. The S1
coating was specifically engineered for the “small size, high load, and high precision”
characteristics of micro tools. Through innovations in material composition and
coating architecture, S1 addresses the inherent weaknesses of traditional coatings
and delivers superior all-around performance.

Droplet-Free, Ultra-Dense Coating Structure —

Utilizing innovative integrated cathode technology, S1 achieves a high
ionization rate and a droplet-free surface, with droplet size controlled below
1 um. The coating withstands temperatures above 1200 °C, providing
uniform and robust protection at tool edges. This eliminates local coating
failure caused by droplet defects in conventional coatings.

Advanced HIPIMS Technology —

Compared to traditional magnetron sputtering or arc ion plating, HIPIMS
enables flexible and controllable ion energy, allowing hardness, toughness,
and stress to be finely tuned. This adaptability ensures optimal performance
for titanium alloys, stainless steels, and hardened steels (HRC48-65) under
various machining conditions.

TiAIN/TiSiN Composite Structure —

The composite design enhances hardness up to 40 GPa while leveraging
interface sliding effects to absorb impact energy. This increases crack
resistance by 42%, effectively protecting micro tools from instantaneous
shock during high-speed cutting.

Si Element Doping for Anti-Adhesion and Smoothness —

Precise silicon doping refines grain size, reduces the friction coefficient to
below 0.18, and dramatically improves anti-adhesion properties — ideal for
machining sticky materials.



Ultra-Smooth Surface for Precision Machining —

With surface roughness Ra < 0.03 um, the S1 coating significantly reduces
cutting resistance and prevents chip clogging, ensuring dimensional accuracy
in deep-hole drilling and precision milling.

In real-world applications, S1 demonstrates over 40% less wear and 30% longer tool
life than other high-end coatings, achieving zero edge chipping. It has become the
benchmark coating technology for advanced manufacturing.

Future Outlook: Customized Coatings and Smart Production as the Next

Frontier

Looking ahead, the development of coatings for micro-diameter tools will follow two
key trends — customization and intelligent manufacturing. Huasheng
Nanotechnology will continue to advance its S1 coating technology, optimizing
composition ratios and process parameters to deliver customized coating solutions
for various industries and challenging materials.

As more innovative coating technologies are implemented, micro-diameter cutting
tools will play an even greater role in the evolution of precision and high-end
manufacturing, further enhancing productivity and product reliability across
industries.
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