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Why Cryogenic Machining?
Environmentally sound.
Higher production rates
Greater tool life

Hogouts



What is Cryogenic Machining?

 Using liquid nitrogen (In2)as a coolant for tools.




Liquid Nitrogen
Temperature -196 C -321 F
Colorless
Inert, doesn’t react with other materials
Non toxic

Readily vaporizes into gas.



Keeping Tools Cool

Hardness at Temperature

Carbide tools at room temperature -1600 -1800 kg/mm~2

Carbide at 500 C — 1000 — 1100 kg/mm~"2

Carbide at 900 C - 600 — 500 kg/mm~*2

4.86

4.93

Ti-6Al-4V

4.99 5.06

Temperature
1270

512 5.18




Tool wear at 70m/min @ feed of .20
mm/rev
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Project Icefly

e Commercialized cryogenic process.

— Collaboration between Air Products and Hardinge
machine tool builder. In 2003.

— Developed specifically for turning.

— Team experimented with some milling.



ICEFLY Focus Areas ®

Hardened Steels and Irons
(Bearing steels, Tool steels, Roll Steels, Ni/Cr Irons)

Powdered Metals _
(Sintered, Heat-treated, Sinterhardened)

o

Hard Metal Matrix Composites
(Carbides, Ceramics Thermal Spray Coatings, Weld Overlays)

Medical Materials
(CoCr)

Polymers

Acrylic-based, silicone, polyurethane, PEEK
(Acry poly recoull e




Machining of Stellite Coatings (55 — 58 HRc) _@g

Part: Ring

Work Material: Stellite

Operation(s): OD Turning (Roughing, Finishing)
Tooling: RNGN 43T (WG300) Whisker Ceramic
Depth of Cut: ~0.040" (Rough) 0.013”" (Finish)
Feed: 0.007" /frev. (Rough) 0.005" (Finish)
Speed: 400 SFM

Surface Roughness: 6 micro-inches

Total cut time: 2.5 min.

* Current machining time is 20 min./part With ICEFLY, the entire machining
was completed in 2.5 min.

= With ICEFLY, the part was machined with whisker reinforced ceramics, with
significant reduction in tooling cost/part, over conventional PCBN tooling.



