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Lubrication Characteristics of High-Speed Ball Bearing
with Qil-Jet Lubrication

Kitae Kim
Samsung Aerospace Engine R & D Division

Abstract—The lubrication characteristics of high-speed ball bearings have been investigated em-
pirically using 45Smm bore split inner ring ball bearings employed in small industrial gas turbine en-
gines with oil-jet lubrication method. For the close structural simulation, experiments carried out with
bearing mounting supports of real engines, such as bearing housings and oil nozzle assemblies with
squeeze film dampers. Thus the results of tests can be directly applied to the design and the de-
velopment of gas turbine engines. Testing was done by varying operating speeds, axial load on bear-
ings, and lubricant flow rates. During testing, the temperature of bearing at outer-ring face, the power
consumption of the driving motor, and the rotating resistance of the bearing were measured. From
this study, the representative factors for lubrication characteristics at high speed was found, and the
most important one was not operating speed but axial load up to 1.95 million dmN speed and 2969
N axial load. Furthermore, the detailed variation of the rotational resistance of the bearing could be
visualized by measuring the change of the radial load under the bearing supports. The rotational resis-
tance consists of the frictional resistance and the bearing-cavity oil resistance.

Key words—ball bearing, gas turbine, oil-jet lubrication, operating speed, axial load, lubricant flow
rate, power consumption, oil resistance.
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2-1. High-Speed Bearing Tester
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Fig. 1. High-speed bearing test apparatus.
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Air Supply
Unit

Table 1. Major properties of Jet Oil I (MIL-L-
23699C)

Kinematic Viscosity, cSt

@ 38°C 27.6
@ 99°C 5.1
@ 204°C 1.3
Pour Point, °C -54
Flash Point, °C 260
Fire Point, °C 285
Autogenous Ignition Temperature, "C 404
Specific Heat, Btu/1b/F @ 38°C 0.447
Specific Gravity, 15.6/15.6°C 1.0035
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2-4. Test Procedure
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3-1. Effect of Speed.
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Fig. 3. The effect of speed on the ball bearing tem-
perature (823 N axial load, 121 N radial load, 2.13 10"
m’/min, 0.35 MPa).
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Fig. 4. The effect of speed on the power consumption

of the driving motor (823 N axial load, 121 N radial

load, 2.13X 10" m’/min, 0.35 MPa).
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Fig. 5. The effect of speed on the change of the radial
load under ball bearing support (823 N axial load, 121
N radial load, 2.13X 10" m’/min, 0.35 MPa).
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Fig. 6. Lubricant transmissibility with speed and
viscosity.
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Fig. 7. The effect of axial load on the bearing tem-
perature at 27000 rpm (121 N radial load, 2.13X10”
m’/min, 0.35 MPa).
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3-3. Effect of Lubricant Flowrate
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Fig. 8. The effect of axial load on the power con-
sumption of driving motor at 27000 rpm (121 N radial
load, 2.13X 10" m’/min, 0.35 MPa).
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Fig. 9. The effect of axial loads on the change of ra-
dial load under ball bearing support at 27000 rpm (121
N radial load, 2.13 10° m"/min, 0.35 MPa).
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7 [ Mode 4(1715N)
el a—m—
X
§ s - e S )
s L Mode 1 (823 N)
3k
2
3 ! B
o} 1 i 1 i 1 1 J
18 19 20 21 22 23 24 25

Oil flowrate (<10 3r3pmin )

Fig. 11. The effect of oil flowrate on the power con-
sumption of the driving motor at mode 1 (823 N axial
load) and mode 4 (1715 N axial load), (27000 rpm, 121
N radial load).
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dial load under ball bearing support at mode 1 (823 N
axial load) and mode 4 (1715 N axial load), (27000
rpm, 121 N radial load).
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