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Steady-State Solutions for Forced Nonlinear Vibrations by the Formulation of
Two-Point Boundary-Value Problem

Ock Hyun Kim and Byung Ho Lee

Abstract

For the steady-state solutions of vibratory systems where the dynamics involves nonlinearity
and discontinuity, a method of numerical simulation has been normally used. This paper presernts
a new approach which may overcome some difficulties in the simulation method. This approach
is based on the fundamental assumption that the steady-state forced vibration is periodic, so that
the problem is formulated as a two-point boundary-value problem and can be solved by Waner’s
algorithm. This method is demonstrated through the solutions of a linear system, a system with
Coulomb friction and an impact pair. It is found that the method gives true solutions well both
for linear and nonlinear systems, which convinces us of the usefulness of the method.
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Fig. 1 Linear system having single degree of freedom.
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Table 1 Results of problem 3.1.

£=0.05, w.=100,

0:=0.1, v=0/w.=1

Initial guessing values Terminal values
L[] NIT
#0) | #(0) #(2m/0) i*(2r/w)
1. 0000 150. 00 . 727219 137.11 12. 895
1.0100 151. 50 . 734434 138. 21 13.293 2
Case 1 10201 153. 02 . 741721 139. 32 13.695
True solutions : x(0)=. 21032X 107" £(0)=.10000%x10°
100. 00 ‘ 900. 00 72.963 742.01 160. 29
101. 00 | 909. 00 73.693 749.16 162. 16 2
Case 2 102.01 918.09 74.430 756. 38 164.05
True solutions : x(0)=—. 13529%X107® £(0)=. 10000 X 10°
10000 €0000 7295. 8 71534, 3 18662. 7
10100 90900 7368.7 72249. 4 18849. 6 3
Case 3 10201 91809 7442.4 72971. 6 19038.3
True solutions : #(0)=—, 85932X10** £(0)=. 10000x 103
Analytic solutions; x(0)=0, %(0)==100
fos = |__ £ X
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Table 2 Results of problem 3.2,
£=0.05, w,=100, 0.:=0.1, v=1, £=0.08, £=9800

Initial guessing values Terminal values
L] NIT
L 2O #(0) #@aj) | #(w/w)
—. 01400 2. 7000 —. 01468 2.7180 .01797
—.01414 2.7270 —. 01475 2.7292 . 00224 3
Case 1 —. 01428 2,7543 —. 01483 2. 7405 . 01374
True solutions : x(0)=—. 01469 %(0)=2.7201
—. 07000 10. 000 —. 03030 7.4282 2.5721
—. 07070 10. 100 —. 03034 7.5037 2. 5966 15
Case 2 —. 07141 10. 201 —. 03038 7.5801 2.6212
True solutions : x(0)=—. 01469 £(0)=2.7201
—1.1000 15. 000 —. 54912 27.035 12. 048
—1.1110 15. 150 —. 55691 27.197 12. 060
Case 3 —1.1221 15. 302 —. 56478 27. 360 12. 071
Do not converge within the limit of NIT, set 50.
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Fig. 6 Steady state motion of an impact pair.
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Table 3 Results of prpblem 3.3,
m,=0. 2799, m,=0. 000545, r=0.028, A=0.189, ©=50

i Initial guessing values Terminal values
- HLI NIT
] 220) | 40 | %*0) @* x§(27r/w)] a‘ct(zfr/w)\ x4 2z /w)|44 (27 /@)
.16188 | 6.5203 | 10.372 |—.74856 | .17556 | 6.5226 | .16196 | 9.1426 | 1.2297
.16204 | 6.5268 | 10.383 |—.74931 | .17590 | 6.5292 | .16216 | 9.1404 | 1.2423
016220 | 6.5333 1 10.393 |—.75006 | .17623 | 6.5357 | .16237 | 9.1381 | 1.2549 11
Case 1 .16236 | 6.5398 | 10.403 |—.75081 | .17656 | 6.5423 | .16258 | 9.1359 | 1.2675
.16252 | 6.5464 | 10.414 |—.75156 | .17690 | 6.5489 | .16279 | 9.1337 | 1.2802
True solutions : x,(0)=. 14716, £,(0)=5.9275, x,(0)=x,(0) %.(0)=9.42%94, ¢=—.68051
61807 | 24.896 | 39.603 |—2.8581 | 3.4187 | 24.928 | 3.4052 | 22.981 | 17.085
62116 1 25.020 | 39.801 |—2.8724 | 3.4537 | 25.051 | 3.4434 | 23.691 | 16.599
62427 | 25.145 | 40.000 |—2.8868 | 3.4890 | 25.175 | 3.4812 | 24.421 | 16.096 25
Case 2 | go739| 25.271 | 40.200 (—2.9012 | 3.5245 | 25.300 | 3.5186 | 25.167 | 15.580
63053 | 25.397 | 40.401 |—2.9157 | 3.5603 | 25.425 | 3.5555 | 25.927 | 15.055
True solutions : #,(0)=. 14716, £,(0)=>5. 9275, x()=x.(0), £(0)=9.4294 ¢=—.68051
73580 | 29.638 | 47.147 |—3.4026 | 4.7703 { 29.665 | 4.7516 | 32.793 | 15.441
73948 | 20.786 | 47.382 |—3.4196 | 4.8120 | 29.813 | 4.7909 | 33.350 | 15.163
74318 | 29.935 | 47.619 |—3.4367 | 4.8539} 29.961 | 4.8296 | 33.970 | 14.829
Case 3 | 74680 | 30.084 | 47.857 |—3.4538 | 4.8959 | 30.131 | 4.8686 | 23.744 | 24.812
.75063 | 30.235 | 48.097 |—3.4711| 4.9380 | 30.261 | 4.9172 | 34.387 | 14.926
Do not converge within the limat of NIT, Set 50.
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