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Quest for the 3 Million DN Bearing—A History

By Erwin V. Zaretsky

Rolling-element bearing technology has evolved over 4000 years to the present time. The use
of ball bearings in the pedal bicycle in 1868 started the bearing industry. By 1920 most of the
bearing types used today were in production. In the 1950's, the NASA Lewis Research Center
began a research program to increase the temperature and speed capabilities of aircraft jet
engine mainshaft ball and roller bearings. This program was in response to the projections by
the major United States aircraft turbine-engine manufacturers. At that time, it was projected that
engine bearing speeds would reach 3 million DN and temperature to 316°C (600°F) . On June
29, 1973, the first successful 3 million DN bearings were run. This paper reviews the history,
research and developments leading to this technological breakthrough.
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Multi-roller bearing, described by L. da Vinci;
material (wood) circa 1490.

02 1490000000000COOOODOobOCb
0oooo0oooooooooo
Conical pivot bearing, described by L. da Vinci;
material (wood) circa 1490.
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Grubin's model of elastohydrodynamic contact
(a) Hertzian conditions  (b) Elastohydrodynamic conditions
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Cage/shaft speed ratio versus thrust load per ball
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Rolling-element fatigue life as a function of total content
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(a) NASA five-ball fatigue tester data at 66°C (150°F)
(b) 120mm-bore, angular ball bearings at 316°C (600°F)
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Bearing inner-race temperature and power loss with dual-

orifice jet lubrication as a function of speed for varying

thrust loads and lubricant flow rates.

Bearing type: 120mm-bore, angular ball bearing

Lubricant jet type: dual orifice

Number of jets: 2 per bearings

Oil-inlet temperature: 120°C (250°F)

Contact angle: 20°
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operating at 3 million DN caused by inner-race spalling at

induced defect.
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