Contents

1 Problems and Examples ............ ... .. .. .. .. .. ... .. 3

1.1 Vibrations of Perfectly Flexible Rods ...................... 3

1.2 'Torsional vibrations iof PoUs . c..e.mimmvimimasms @t omsmemommems 16

1.3 Extensional vibrationsof rods.............. .. .. .. ... ..., 17

1.4 Bending vibrations of rectilinear rods ...................... 25

1.5 Vibrations of rectilinear and curvilinear rods ................ 33

2 Answersand solutions ............. .. ... .. .. i 43

2.1 Vibrations of Perfectly Flexible Rods ...................... 43

2.2 ‘Torsional vibrations of 1ods s« :siwssvinsanspisreninsssasms 87

2.3 [Extensional vibrationsof rods................. ... ... ... 91

2.4 Bending vibrations of rectilinear rods ...................... 112

2.5 Vibrations of rectilinear and curvilinear rods ................ 130

RETETENICEE.: o s 3162 55s 15 5545 v 508 5 55 08 5 3 0 o 4 0 S 0 B B BB 0 S BB B 48 3 179

A Statics of rods: basic equations .............. .. ... ... .. ... 181

A.1 Derivation of nonlinear equations of rod equilibrium ......... 182

A.2 Transformations of base vectors ............. .. ... .. ...... 184

A.3 Derivatives of base vectors with respect to arc coordinate s ... 189

A.4 Equations relating a&; to angles ¥ . .................. ... ... 192

A.5 Vector equation of displacements of points of the rod axial line 194

A.6 Equation connecting the vectors M and ®.................. 195

A.7 System of nonlinear equations of rod equilibrium ............ 196

A.8 Reduction of equations to dimensionless notation ............ 197

A.9 Boundary conditions ........... ... .. . i 198

A.10 External load and its behaviour under rod loading process . ... 199
A.11 Vector nonlinear equations of rod equilibrium in the bound

CoOrAdINBEE BTN i ms 05 bt 015655 b 50 0 bus 1500 0 6 05 5 548 18 08 6 16 & 201

A.12 Equations of rod equilibrium in projections onto bound axes .. 202
A.13 Special cases of equilibrium equations .. .................... 203



Contents

Basic equations of rod kinematics.......................... 209
B.1 Time derivatives of vectors of the base {€;} ................. 209
B.2 Absolute and local derivatives of a vector with respect to time 211
B.3 Velocity and acceleration of a point of the rod axial line . ... .. 212
Basic equations of rod dynamics ................... ... ... 215
C.1 Nonlinear vector equations of motion of three-dimensional
CULVILIHCAR FOUS .0t 1 sk s sivhs mesns pofiss B0 o0 S8 s ammpbems € mn oius 215
C.2 Reduction of equations to dimensionless form ............... 218
C.3 Equations of small vibrations of rods (linear equations). . ..... 219

C.4 Equations of small vibrations in projections onto bound axes. . 221
C.5 Equations of small vibrations of a rod whose axial line in the
unloaded state is a plane curve .. .......... .. ... ... 222

Exact numerical method of determining the frequencies

and modes of rod vibrations ......... ... ... ... .o L 225
D.1 Determination of eigen values (frequencies) ................. 225
D.2 Determination of eigen functions for conservative problems . .. 228

Approximate numerical determination of frequencies at
small vibrationsof rods . ............... .. ... .. ... ... .. ... 231

Approximate solution of equation of rod forced vibrations . 237



