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On the Natural Frequencies of Circular Rings Subjected to Radial Load Sets

Teruaki Hipaka and Nobuyuki SuciMoTo

Abstract

The frequencies for free rings have been studied by many authors.  But there appear few literatures which
deal with the vibrations of rings considering any stiffened conditions.  Present report developed experimens-
tally the natural frequencies of circular rings subjected to radial load sets.

Forty-six steel rings were investigated; whose rim cross sections were rectangular; ratio of rim thickness
to radius of curvature of center line of rim A/r 0.029~0.128; width of rirn b 8.1 ~100.0 mm. These samples
were stressed in tension subjected to radial two or three loads and were vibrated by shaking apparatus. Then
their natural frequencies of rings werc measured. Increasing tension loads, the natural frequencies of rings
were larger and larger. So the relationship between tension loads and the natural frequencics of rings were
expressed by one experimental equation.
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= (1 wl)_\/ Egl ~K, \/ Egl 1) Table 1 Ring shapes
yni+1 At rdr! Ring Mean Rim Rim
1 . . .
7L o o PR MAEA R name xadlusv thickness width h/r
7 mm| h mm b mny
E : FMBHH O R R i 54.23 4.47 9.95 | 0.082
g : BEAMME 9 53.42 6.10 10.05 0.114
I : MEREE KE— A b 3 53.04 6.78 10.00 | 0.128
§ 4 54.24 4.61 19.95 | 0.085
7 ARHACKER 5 | 5341 622 | 2000 | 0.116
A BRI R 6 53.04 6.80 20.05 0.128
ro: B EEER 7 54.28 4.59 30.05 0.085
S 8 53.40 6.14 30.10 | 0.115
. — F‘! E 0) .
" FECCHIRME Lo RBY 9 53.05 6.78 30.00 | 0.128
%U 10 54.23 4.56 40.05 | 0.084
Ky: #fe— FITX 2588 11 53.41 6.21 40.10 | 0.116
LT (1) RERFAMBREEINL. Ch ;; 32(233 22‘; ggig gégg
. N . o 54. . 9. .
AL THBEORAMER R REEE2EE L7z 14 53.40 6.14 60.10 0115
LT, X2, B) ALEoR»Hs. INoOHAH 15 53.05 6.78 60.05 0.128
R & B H W 24 5 M E O K EA BB 1| 66.92 4.26 10.05 | 0.064
. . s 2 65.91 6.34 10.00 | 0.096
LIRD S B LR - DIETHREI 1,
Hﬁ’?w ? ‘T THEE L IRAR O ) gt 3 65.11 7.90 10.10 | 0.121
B IEEESH R L EERTHILLENA S, 4 66.94 4.98 20.10 0.064
FEHE—F n=2 RU n=3 [TV TER*FT5 D 5 65.90 6.33 20.05 0.096
<, HEDEHE— 1 LUBEAROFAOME%Y Fig. g) ?2;(1) 1‘29‘5) gg;g 8(1)2}}
) s - § £ 1 sk X ST 6. . . .
Limbie, Sk RRIIORO AR = M 8 | 6588 6.40 30.00 | 0.097
- i, () KTRDFHEME Fig.1 0 S1,S20D 9 65.09 7.89 30.15 0.121
2 OO KL FBHIE L, ©OMMA S| L. 10 | 66.94 4.28 40.00 | 0.064
11 65.87 6.40 40.00 | 0.097
12 65.11 7.86 40.00 | 0.121
13 66.90 4.25 60.05 | 0.064
14 65.89 6.34 60.00 | 0.096
15 65.10 7.86 60.05 | 0.121
1 104.62 3.09 8.10 | 0.030
2 105.43 4.00 8.10 | 0.038
3 | 104.61 3.06 11.95 | 0.029
4 1 105.65 4.00 12.15 | 0.038
5 | 105.19 6.03 20.10 | 0.057
6 | 102.80 9.21 20.05 | 0.090
. = =5 7 | 102.32 11.25 20.00 | 0.110
Strain Strain L 8 104.97 5.94 40.00 0.057
< Time S1 Time 9 | 103.12 9.19 40.00 | 0.089
\/ \\V4 10| 102.29 11.18 40.00 | 0.109
1 105.02 5.95 60.05 | 0.057
, AN VANANS 1210233 | 1127 60.00 | 0.110
S2 Time S2 Time
VvV J 13 | 105.09 5.99 80.05 | 0.057
14 | 102.34 11.27 80.05 | 0.110
(@) n=2 (b) n=3 15 | 102.29 11.20 | 100.00 | 0.109
16 | 103.17 9.23 100.00 | 0.089

Fig. 1 Mode shapes and phase.
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Fig. 3 Measuring apparatus diagram.
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Fig. 5 Comparison of theory and experiment.
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Fig. 6 Natural frequency in radial two direction load
sets (for n=2).
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Fig. 7 Value of K in radial two direction load sets
(for n==2).
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