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Heat Generation Characteristics of Ball Bearing for
Operating Conditions

Yoon-Seok Jang, Hee-Hyeong Na and Yoon-Chul Rhim*

Graduate School, Yonsei University
*School of Electrical & Mechanical Eng., Yonsei University

Abstract—The heat generation of the angular contact and the deep groove ball bearing is studied ex-
perimentally and numerically. The temperature variation of the inner and outer races and the tem-
perature increase distribution are measured for the shaft rotational speeds, preloads, viscosities of the
lubricant and lubrication methods. The measured temperature distributions are used as the input data
of the numerical simulation to estimate the heat generation rate at the bearing. The temperatures of
the inner and outer race increase more rapidly and approach faster to their steady values as the ro-
tational speed increases. The optimal viscosity of the oil to minimize the heat generation is 8~10 ¢St
at 40"C when the oil-air lubrication method is adopted. The heat generation of the bearing increases

with the rotational speed and depends more on the lubrication method than on the preload variation.

Key words—heat generation, ball bearing, preload, oil-air lubrication.
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Fig. 2. Full bridge circuit of strain gages.
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Table 1. Viscosity and density of oil used in experi- 300
ment
128 128
Viscosity (cSt) Density
40°C 100°C (kg/m') f
Oil #1 4.051 1.013 884.9 ’
Oil #2 8.307 2.228 878.8 E 2
Oil #3 12.02 3.176 865.8 - - - - -
Oil #4 16.05 3.878 858.6 Fig. 3. Sectional view of test shaft.
Grease 0.276 Pa-s  0.028 Pa-s 1220.
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Fig. 4. Temperature variation of races at 3,000 rpm (An-
gular contact ball bearing, preload 420 N, viscosity 8.3
cSt at 40°C).
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Fig. 5. Temperature variation of races at 7,000 rpm (An-
gular contact ball bearing, preload 420 N, viscosity 8.3
cSt at 40°C).
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Fig. 6. Temperature variation of outer races w.r.t. time
for different preloads (5,000 rpm, viscosity 8.3 ¢St at
40°C).
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Fig. 7. Temperature variation of inner races w.r.t. time
(for different viscosities (5,000 rpm, preload 420 N).
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Fig. 8. Temperature variation of races w.r.t viscosity
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Fig. 9. Load variation w.r.t. time for different rota-
tional speeds (preload 330 N, viscosity 8.3 ¢St at 40°C).
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Fig. 10. Temperature variation of inner race of deep
groove ball bearing w.r.t. rotational speed for different
preloads (oil-air lub. viscosity 8.3 ¢St at 40°C).

Temperature increase('C)

8000
Rotatlonal Speed(rpm}

8000

Fig. 11. Temperature variation of inner race of deep
groove ball bearing w.r.t. rotational speed for different
lubrication methods (preload 300 N).
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Fig. 13. Estimation of heat conduction rate of bear-
ings w.r.t. rotational speed (preload 300 N).
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Fig. 14. Estimation of heat generation of bearing w.r.t.
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40°C).
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