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Abstract Tapered roller bearings are used widely in vans, trucks, and trains because they can support the vehicle
in a stable manner even under a heavy load. The cage of a tapered roller bearing maintains the gap between the
rollers, which prevents friction wear and suppresses heating. If the cage is severely deformed due to resonance, the
roller may not be able to roll smoothly and even leave the cage. Consequently, it is very important to analyze the
dynamic characteristics of the cage for reliable performance of a bearing. The cage essentially has geometrical
tolerance in the manufacturing process. In this paper, the effects of those geometrical imperfections on the dynamic
characteristics of the cage were investigated. As a result, natural frequency separation occurred near the natural
frequency of the ideal cage due to geometrical imperfections. In addition, the interval was proportional to the
magnitude of the geometric error, and the interval increased with increasing mode number.
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Fig. 1. Tapered roller bearing cage

Table 1. Material properties of the cage
Mass Density 7750 kg/m®
Young’s Modulus 2.2x10"" N/m?
Poisson’s Ratio 0.27

Table 2. Natural frequencies

and mode shapes

7% mode (354.8 Hz)

8" mode (355.0 Hz)

9" mode (774.7 Hz)

11" mode (885.4 Hz)

12" mode (885.7 Hz)
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13" mode (1529.2 Hz) 14" mode (1529.6 Hz)

15" mode (1784.7 Hz) 16™ mode (1786.2 Hz)

17" mode (1883.2 Hz)
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Fig. 2. Geometrical parameters of the cage

Table 3. Tolerance range of geometrical parameters

Base -10 % +10 %
T (mm) 4.0 3.6 4.4
W (mm) 19.2 173 21.1
H (mm) 4.0 37.8 46.2
7} 745-oll tiste] Al 2F71543= Table 4-6 ©f
LERL iy B ddwbe o Z47te) RE S A
BRI, F71H9] FaEelA 71eket aebd el ofstel
TS S gl FHAR] AESd A kel Wst
Fo] 2L 73904 mm)oli= A GFghom] o
Q1 Aol o] B= P4 (Table 2)7 FAFaFATE



Table 4. Natural frequencies for the thickness variation

Mode No. Base (Hz) -10 % (Hz) +10 % (Hz)
7 354.8 3544 354.5
8 355.0 355.1 355.6
9 774.7 774.1 774.1
10 774.9 775.5 775.5
11 885.4 884.0 884.7
12 885.7 886.2 887.1
13 1529.2 1527.1 1528.0
14 1529.6 1530.6 1531.9
15 1784.7 1781.6 1783.9
16 1786.2 1785.5 1789.8
17 1883.2 1881.8 1884.2
18 1886.1 1888.5 1890.6
19 2116.9 2114.4 2114.8
20 2118.2 2120.3 2120.5

Table 5. Natural frequencies for the width variation

Mode No. Base (Hz) -10 % (Hz) +10 % (Hz)
7 354.8 346.1 344.8
8 355.0 349.3 348.8
9 774.7 783.0 781.5
10 774.9 787.4 787.8
11 885.4 868.7 865.6
12 885.7 876.4 875.5
13 1529.2 1504.9 1500.4
14 1529.6 1516.2 1516.6
15 1784.7 1989.2 1885.6
16 1786.2 2023.8 1999.3
17 1883.2 21582 2105.0
18 1886.1 2215.8 2163.6
19 2116.9 2249.9 22449
20 21182 2257.7 2259.6
A AT A4S AvEY, AAHoR v
(0.4 mm)°] #fo}A] ivﬂ%¢ WS H o) 4 Hz v
W AE & vk e A Q1A ARl wsk
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Table 6. Natural frequencies for the height variation

Mode No. Base (Hz) -10 % (Hz) +10 % (Hz)
7 354.8 346.6 3443
8 355.0 349.7 347.3
9 774.7 786.4 778.5
10 774.9 781.7 779.4
11 885.4 872.5 865.0
12 885.7 876.8 869.8
13 1529.2 1514.8 1498.3
14 1529.6 1516.7 1503.2
15 1784.7 1985.0 1894.2
16 1786.2 2019.3 2007.2
17 1883.2 2150.6 2112.7
18 1886.1 2195.6 2173.7
19 2116.9 2265.3 2239.1
20 2118.2 2268.2 2241.1
Aol e & A wa AvuH, FA Q1] 3
Furhs aflEre] wgdel ¥ 2 A4S & 5 e
W, 1A 5 QlAke] WEkRK(1.9 mm)o] A Q1Ake] W
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