Table of Contents

ADVANCED THEORY OF VIBRATIONS 1: SYSTEMS WITH A FINITE
NUMBER OF DEGREES OF FREEDOM

Problems and Examples in Vibration Theory...................................... 1
1 Vibrations of Systems with a Single Degree of Freedom............................. 3
1.1 Free VIDrations .......c.oouiuionie ettt 3
1.2 Free Vibrations of Systems with Allowance for Resistance Forces........ 14
1.3 Forced ViIbrations. ...........ooueueiuiiuii e 19
1.4 Critical States and Vibration Stability.................oooiiiiiiiiiii, 36
1.5 Parametric VIDrations. ..........ouoiieiuieiiii e 43
1.6 Nonlinear Vibrations. ...........o.iueriitiuiniiriieine e 49
2 Vibrations of Systems with Several Degrees of Freedom......................... 57
2.1 Free VIDrations. ........oooveiiiuitiiiiini i 57
2.2 Forced VIDrations. ... ....ocvueuiuiuinineit i 72
2.3 Critical States and Vibration Stability... .............ccoceiiiiiiiiiinnn 81
2.4 Approximate Methods of Determining the Lowest Frequency............. 88
2.5 Random ViIbrations............ooevuiieiiiiiiei e 91
Answers and Solutions. ... 101
1 Vibrations of Systems with a Single Degree of Freedom......................... 103
L.1 Free VIDrations. ... ....eeuiiuintie i 103
1.2 Free Vibrations of Systems with Allowance for Resistance Forces...... 126
1.3 Forced VIDrations. .........o.euiuiiiiiiii e 136
1.4 Critical States and Vibration Stability...............ccoviviiiiiiiiiiiinnn, 162
1.5 Parametric VIDrations...........c.ocoeviiuininininiiiiiiinieiinen e 177
1.6 Nonlinear Vibrations. ...........cccoevuvuiuiiiiiniiniiiinniiiinenanae. ....188
2 Vibrations of Systems with Several Degrees of Freedom........................ 209
2.1 Free VIDrations. . ......oueiuieie e 209
2.2 Forced VIDrations. .........ouiuinie it 248
2.3 Critical States and Vibration Stability..............c..ooii 267
2.4 Approximate Methods of Determining the Lowest Frequency............ 287
2.5 Random ViIDrations. ........coevuiuiuininiiiii e, 291
REfOIENCES. ...ttt 314

APPENAICES. ..ttt 315



BASIC NOTATION

A

Iy I T

—~ S

<

M, M, M;
m

P, P(t)

Py, Py, P;
Px]r Px2u ij’
bi ;\/j

0
QI: QZ’ Q3

qi 492 43

9x1> 9x255 9x3

vibration amplitude;

bending stiffness of a rod;

bending stiffness of a rod with respect to the y axis (or
X, axis);

bending stiffness of a rod with respect to the z axis (or
X3 axis);

capacitance; capacitor; capacity;

coefficients;

bending stiffness; torsional stiffness; spring rate:
variance; diameter of a disk, cylinder, wheel;

internal diameter; wire diameter;

Young modulus;

cross-sectional area;

amplitude of a perturbing force;

perturbing force;

shear modulus;

free fall acceleration;

Heaviside function

electric-current intensity;

zero-order Bessel function of the first kind;

zero-order Bessel function of the second kind;

moment of inertia;

geometric characteristics of the rod cross section;
correlation function; Krylov function;

rigidity of an elastic base;

inductance;

length;

moment of force;

torque and bending moments;

mass;

force;

components of a concentrated force in the related coor-
dinate system;

components of a concentrated force in a Cartesian coor-
dinate system;

eigenfrequency (natural frequency); free vibration fre-
quency;

force; generalized force;

axial force and cutting forces, respectively; q
generalized coordinate;

components of a distributed load in a related coordinate
system,

components of a distributed load in a Cartesian coordi-
nate system;
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dissipative Rayleigh function; electric resistance; radius
of curvature;

radius;

spectral density;

kinetic energy; vibration period; tension; tension force;
time;

voltage;

velocity;

ultimate velocity; critical velocity;

transfer function;

linear acceleration;

displacements in the directions of x, y, z coordinate
axes;

Lalplace transform of an original;

coefficient of viscous friction; angle of attack;
logarithmic decrement; Dirac delta-function;
displacement of a point in the direction i under the ac-
tion of a unit force in the direction j;

small parameter; coefficient of dynamic viscosity; coef-
ficient of Coulomb friction;

potential energy;

density of a material;

normal stress; mean-square deviation;

time; tangential stress;

magnetic flux;

angular displacement;

angular velocity;

frequency of free vibrations; angular velocity;

critical angular velocity;

components of a concentrated moment in a related co-
ordinate system;

components of a concentrated moment in a Cartesian
coordinate system;
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