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The Effects of Geometrical Imperfections on the Dynamic
Characteristics of a Tapered Roller Bearing Cage
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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.

Keywords : Dynamic Characteristics, Geometrical Imperfections, Periodic Structure, Resonance, Tapered Roller
Bearing Cage
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Fig. 1. Tapered roller bearing cage
Table 1. Material properties of the cage
Mass Density 7750 kg/m3
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 17.3 21.1
H (mm) 4.0 37.8 46.2
7} 729 digte] Akel 15715 Table 4-6 ©l
el gltk w3 Ak o g zhzte] me AR Ay
B, F71EQ1 FaEllA 718tk EgAel oJste]
HAE S Qe AR AESE A Qlxte] W3l
Zo] #& 73404 mm)ol = BHE R ghgkon oA
ol Aol ] 2= FAK(Table 2)7} AT
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Table 4. Natural frequencies for the thickness variation 5 2 L2 Yl 7 Hz 7HA 7183k T4 Ak
1 S = o y
Mode No. Base (Hz) 10 % (Hz) | +10 % (Hz) o] 71Ekel W3k kel ZAhel e nHFl54 W
4 154.8 3544 1545 o] T de FrElshAl JEREA] @gkem, 1 ol
s 255.0 255.1 355.6 = Aol 7k A% SUetal, Aol 1ashd
. . — e BRE st F Q1A 23 WEY GXETY
W3l vheko] AdHA ¢ ol z]8}A] k7 ol Ao
10 774.9 775.5 7755 9:} it ] 23170 M7'” é ]0 ] s ] LEH_’_I_ Ao
detEch
1 885.4 884.0 884.7
12 885.7 886.2 887.1
Table 6. Natural frequencies for the height variation
13 1529.2 1527.1 1528.0
Mode No. | Base (Hz) | -10 % (Hz) | +10 % (Hz)
14 1529.6 1530.6 1531.9
7 354.8 346.6 3443
15 1784.7 1781.6 1783.9
8 355.0 349.7 347.3
16 1786.2 1785.5 1789.8
9 7747 786.4 778.5
17 1883.2 1881.8 1884.2
10 774.9 787.7 779.4
18 1886.1 1888.5 1890.6
1 885.4 872.5 865.0
19 2116.9 21144 21148
12 885.7 876.8 869.8
20 21182 21203 21205
13 1529.2 1514.8 1498.3
14 1529.6 1516.7 1503.2
Table 5. Natural frequencies for the width variation s 17847 1985.0 18942
Mode No. | Base (Hz) | -10 % (Hz) | +10 % (Hz) 6 17862 0193 20072
7 3348 346.1 344.8 17 1883.2 2150.6 21127
8 335.0 349.3 348.8 18 1886.1 2195.6 2173.7
° 7747 783.0 781.5 19 21169 22653 2239.1
10 7749 7874 7878 20 21182 2268.2 241.1
11 885.4 868.7 865.6
12 885.7 876.4 875.5 o
AlolA] el & Azt WE AW R, T zke] 74
13 1529.2 1504.9 1500.4 U i} .
FRUE AFdEe] Metge] o 2 2s & e
14 1529.6 15162 1516.6 _ i
o, 231 - 2lake] ¥slai(1.9 mm)e] FA Akl ¥
15 1784.7 1989.2 1885.6 =
stkRT; 27) gl ZAoR el Z <lzte] 9o
al e i o % gebiel washy Qe F nfAESrEe] 2o
17 1883.2 21582 2105.0 _ N
o] 7 1A o] WoiAn K& W57} FUHEE 1H
18 1886.1 2215.8 2163.6 9] ::‘E_o] %‘7]-'3}-—5— 7)3% %l_ _/l: gltl_ l?dtﬂ ISB‘IZZH =R=S
19 2116.9 2249.9 2244.9 HE p8A%Se] ‘55}%}:(100 Hz o];g_)o] - 7 A
20 21182 2577 2259.6 Aol A o] EEAH Wapr} o= Ao HolH, o)L
% Q1A o] Wisheke] wlawA AA 1z Rl S W
& S =] =] SO}
T Q4 Te| A9 Avun, Aqder way A Aes Legdeniy S 0§l
e .
(04 mm)e] HopH] mHRER wAPE Ao 4 Hz v HEE A & 5 26 Fig 3)

- % = 2 A} 3
gkol AL oF 2= ot} e} S olale] ZL ek Alo]A] el o] Q12 HE ¥, AAte] Wl
o s 71skatA Bebae] WAl net gy T RS Weh A eRE £ kel 2%
TGAEZ0] Balsl vl on ne i) =opar oF HISR AdE BRI s5o] QlAke] wiskg| ofsto]

467



B o] WAsHA gkol Ag-oF w7 R AgE
DAAFSIE Re)Ho) 1 kA0 Mol wE W}
F7185% 149 Fo| Z7kEnh Z ARl A9 )
ZHAR 15HA] RERE REo] B Wyt AA
A, AFFIEFY] Watgo] wfg- AR TRA ES
sto MAE 2S¢ 5 Uk

Parameter 15" mode shape

base
-10 %
+10 %

Fig. 3. 15" mode shapes for the width variation
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