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Analytical Evaluation for Lubricating Condition Considering Spin
on Angular Contact Ball Bearings for High-Speed Machine Tool Spindles
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Spin on the contact surfaces between two elements occurs in such diverse machine elements as angular contact ball
bearings. We experimentally and analytically studied the effect of spin on lubricating oil film thickness on angular contact
ball bearings for high-speed machine tool spindles. Qil film thickness was measured under different spin angular velocities

for constant rolling velocity and different contact loads using optical interference. We clarified the effect of spin on
minimum and central thickness of oil film and film shape and analyzed thermoelastohydrodynamic lubrication (TEHL)
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considering spin under experimental conditions. Analytical and experimental results agreed well.
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Schematic view of experimental apparatus
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Spin angular velocity of steel ball
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Entraining velocity of lubricant and
maximum spin velocity
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Effect of spin velocity on minimum oil film thickness
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Effect of spin velocity on oil film shape
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Machine tool specification for calculation

HE BR M-H 4 B
_ (=i (mm) 400 X 400
F—7N
LS (mm) 1°2 & X360 {7 iE
X & (mm) 650
F T 7 o Y (mm) 560
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BEENEE Y, Y, Z# (mm/min) 40000
Ed IEESd (min™") 200~20 000
FESBE S (30 5 ER) (kW) 25
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BREE (kg) 10 500
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Minimum oil film thickness
and / value

BAMBE S (xm) 0.82
A& 7
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p WERES  (Pa)
q . BWE (W/md)
Ry R, HPEOEMEE (m)
T, . Bk OmE (K
T M#EoBEE (K)
w, w . BEWEROKEERE (m/s)
vs - AL VHEE  (m/s)
W fiE (N)
a FESEERE (m?/N)
7 L EEME  (Pa-s)
7 - RREZ BT 2EBWMEE  (Pa-s)
7 = a— L RO LKEE  (Pass)
A, L B RO BRER [W/(m-K)]
A L EETOBEERE  [W/ (m-K) ]
oo - ERYROEE  (kg/m?)
% - RIS (Pa)
T, . YARIEH (Pa)
ws . A AMEE  (rad/s)
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