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Abstract — The lubrication characteristics of high-speed roller bearings at oil-starvation have been in-
vestigated empirically using the bearings employed in small industrial gas turbine engines. Testing
was done by simulating the oil-starvation conditions in engines, such as stopping the oil-supply to
the bearing during normal operating, starting without oil-supply at atmospheric temperature, and ac-
celerating with oil-supply at atmospheric temperature. During testing, the temperature of bearing, the
power consumption, and the rotating resistance of the bearing were measured. From this study, on
the contrary to the ball bearing, it was found that the resistance of the bearing was higher at the re-
gime of without oil-supply than that at the regime of with oil-supply, despite less power con-

sumption.

Key words — roller bearing, gas turbine, oil-starvation, power consumption, frictional resistance, oil

resistance.
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Fig. 1. High-speed bearing test apparatus.
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Fig. 2. Circulation-type lubrication system.
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Table 1. Major properties of oil (MIL-L-23699C)

Kinematic Viscosity, cSt 27.6
@ 38°C 51
@ 99°C 13
@ 204°C -54

Pour Point, °C 260

Flash Point, °C 285

Fire Point, °C 404

Autogenous Ignition Temperature, °C 1.87

Specific Heat, kJ/kg/"C @ 38°C 1.0035

Specific Gravity, 15.6/15.6°C

pm oil filterE E3}351A] filtering=|o] Wo]3] 0.
A-g-g ek
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Fig. 3. The effect of oil-stop during operation on the
roller bearing temperature (2.8X10° m’/min, 0.35
MPa).
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Fig. 4. The effect of oil-stop during operation on the
frictional resistance (2.8 X 10° m’/min, 0.35 MPa).
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Fig. 5. The effect of oil-stop during operation on the
variation of radial loads (2.8 X10° m’/min, 0.35 MPa).
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Fig. 6. The effect of oil-stop during operation on the
variation of radial loads at ball bearing (2.26X 10" m’/
min, 0.35 MPa) [5].
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Fig. 7. The bearing temperature during start-up with-
out oil-supply (from 0 to 15000 rpm).
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Fig. 8. The change of the radial load under the roller
bearing support during start-up without oil-supply
(from ¢ to 15000 rpm).
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3-3. Acceleration with Oil-Supply

Aol 2d-s FFahHA] 27000 ipm7tA] 403
Well 7442 stRid S5 B stgom 1 7
& Fig. 97} Fig. 109 el FFmotore] &
& 54 wE AR sk Alzke] oF 4127} 285
dorm 29l FFL oilpumpE AE ARt} FAlell
HAgstel A@S Szt Welgel Lxe o
41%& Fotol 8°CAHE Z7}5to] 26°Coll &3l 2 -3
€ 033 MPa2| el oF 1.4x10° m’/min ©] FF
Hgdeh. b4 Ale) LEAS L o 0.24'Chsec ]9
7hro] End o] F 27000 ipme] WA Fxofl A2 %E

40
35
rac:t:olcvmm period
o 30 F
e
= |
g *1000 rpm
B 2
S R
E- 15
.!_3 10 power consumplion (KW)
5 Oilflowrats(x107*m*/min)
o ;l; lA 1 T T J
0 25 50 7% 100 125 180 175

Time (seconds)

Fig. 9. The bearing temperature during acceleration
with oil-supply (from 0 to 27000 rpm).
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Fig. 10. The change of the radial load under the roller
bearing support during acceleration with oil-supply
(from 0 to 27000 rpm).
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