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ABSTRACT

Forced vibration of a thin circular ring with a concentrated harmonic force is analyzed when the

ring is free and has only the in-plane motion. Using the unit doublet function for external force, the

governing equation is obtained and is solved by the use of Laplace transform. The exact solutions of

displacement components and bending moment are obtained. In order to verify the solutions of

analysis, finite element analysis is performed and the results shows good agreement. Then, frequency

response curves for displacement and bending

moment are obtained. In deriving the governing

equations and the solutions, nondimensional parameter of the exciting frequency and the magnitude of
exciting force are exfracted. As the displacement components are obtained, the remaining bending
strain, slope, curvature, shear force, etc. can also be derived. With the results of this work, the

responses of a free ring excited on multiple points with different frequencies can also be obtained

easily by superposition.
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Table 1 Data of a circular ring

Material Mild steel
Density 7800 kg/m’
Young's modulus 210 GPa
Radius, R 200 mm
Thickness, ¢ 9 mm
Width, d 10 mm

Table 2 Displacements and bending moments

(a) A=1.5
U (mm) M (Nm)
4 "ANSYS' | Analysis | "ANSYS' | Analysis
0° -0.0716 | —0.0719 5.7790 57778
90° -0.3149 | —0.3149 -27781 | —27772
180° 0.7405 0.7403 2.5277 2.5275
270° | —-03149 | -03149 | -27781 | =2.7772
360° | —0.0716 | —0.0719 5.7790 57778
(b) 2=3.0
U {mm) M (Nm)
0 "ANSYS' | Analysis | "ANSYS' | Analysis
0° -09410 | —09442 | -56325 | —5.6627
90° 0.8924 0.8951 8.7816 8.8111
180° | -08034 | —0.8064 | -9.1220 | —9.1507
270° 0.8924 0.8951 8.7816 8.8111
360° | —09410 | —09442 | -56325 | —5.6627
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Table 3 Bending strains at outer surface of a

ring
Bending strain ( x10%), A=25

¢ R =200 mm R=210mm
=8 mm|t=9 mm|¢=10 mm|+=8 mm|¢t=9 mm|+=10 mm
0°| 8415| 6649| ©5386| 8836| 6982| 5655
15°] 6479 5120| 4147} 6803| 5376| 4354
30°| 3288| 2598| 2104 3452| 2728| 2209
45°| -481| -380| ~308| ~505| —-399| -323
60°1-396.2|-3131| —-2536|-4161|-328.7| -266.3
75°|-6335|-5005| —4054 (-665.1{-5255| —4257
90°|-703.8| -556.1| —4505|-739.0|-5839| -473.0
105°|-5925| —-468.1| —379.2|-622.1|-4915| —-398.2
120°-3209|-260.7 | —2112|-3464|~-2737| ~221.7
135°| 155] 123 99| 163| 129 104
150°( 354.8| 2803| 2271 3725| 2943| 2384
165°) 6008| 4747 3845| 6308| 4984 4037
180°] 6905| 5455 4419 7250 5728| 4640

Bending strain ( x10%), A=30

0 R =200 mm R=210mm
t=8 mm{t=9 mm|t=10 mm{t=8 mm|/=9 mm|=10 mm
0° | —252.8] —199.7| —161.8| —265.4| —209.7] —169.9
15°| —300.3| —237.3| —192.2{ —-315.3| —249.1f —201.8
30°| —2199| —173.7[ —-140.7) —2309| —1824] -1478
45°| -500| -395| -320] -525| —-415 -336
60°| 1499| 1184 959 1574| 1243 100.7
75°| 3151 2490 201.7] 3309 2614 2117
90°| 3934| 3108 2517 4130| 3263| 2643
105°| 3592 2838 22991 3771] 2980] 2414
120°| 2207 1743 1412 2317 1831] 1483
135° 16.9 13.3 10.8 177 14.0 11.3
150°| —193.8| —153.1| —124.0] —2035| -160.8] —130.2
165°| —350.7| —277.1| —224.4]| —-368.2] —290.9] —2356
180°| —4085| —322.8| —2614] —4289| —3389] -2745
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Table 4 Shear force of a ring
P Shear force (N)
A=251A=26] A=27|21=28] A=2914=30
0° 500/ 500 500/ 500 50.0{ 50.0
15° | -1134|-206.7] 8156 86.0 29.6 8.8
30° | ~154.7/-316.3| 14545 1908 933| 572
45° | —161.4)—3479] 16969 2378} 1253] 838
60° | -130.4|-291.8| 1479.1| 2157 1183] 825
75° 1 —685/—-161.6| 861.0] 1317 756f 550
90° 9.3 95 96 9.8 99| 101
105°]  83.7| 1770 -8454[-1158| -59.5| —38.7
120°) 136.0| 297.4| —-1473.6(-210.1| —112.7| —-76.9
135°) 153.1| 3394| —1705.6{-246.8] —1344| —93.2
150°| 1308] 292.2] —14789|-2156| —118.3| —82.6
165°|  750| 168.2| —8544|-1250| -689] —48.3
180° 0.0 0.0 0.0 0.0 0.0 0.0
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