CONTENTS

PREFACE Cix
AUTEOR’s PREFACE TO ENGLEH EDITION xi
TRANSLATION EDITOR’S PREFACE T0 ENGLISH EDITION xii
INTRODUCTION
1. Evoluation of the problem of clastic stability i
2. Longitudinal bending of an axially compressed bar 5
3. Bar under the action of a “follower™ force. Euler’s method 7
4. Stability with respect to small disturbances 9
5. Critical value of “follower™ force 1
6. Critical value of “follower™ force {continued). System with two
degrees of freedom 12
7. Discussion of results. Potential of external forces 15
8. Range of problems covered in the book 18
CuapTER 1, General Principles . _
1.1, Introductory remarks 25
1.2, Finite strain 28
13. Equilibrium equations and boundary conditions - 30
1.4, Geometrical interpretation of results 13
" 1.5, Relation between stresses and strains 36
1.6. Curvilinear coordinates : 36
L7. Equations of the non-linear theory of elasuclty in an arb:trary system
of curvilinear coordinates 41
1.8, Formulation of the stability probiem: Variational Equations - 43
1.9, Various cases of load behavior ' 47
1.10. Static boundary-value problem 49
L11. Oscillations about the equilibrium position and Euler’s method 55
1.12. Reduction to a system df ordinary differential equations 58
1.13. Evaluation of coefficients for certain particular systems 63
1.14. Tnvestigation of stability - 72
1.15. Example, System with two degrees of freedom 75
1.16. Effect of dissipative forces on stability : 7%

v



Vi CONTENTS

CHAPTER 2. Stability of equilibrium of elastic systems in the presence of

follower forces _
2.1. Historical background i 86
2.2. Problem of the stability of a bar compressed by a tangential force 90
2.3. Influence of mass distribution . 93
2.4, Approximaie solution of the problem : 95
2.5, EBffect of damping on stability 98
2.6. Problem of the stability of a bar compramed by a force with a fixed

Iine of action 100
2.7. Stability of the plane form of bending (derivation of the equations) 104
2.8, Some numerical results 111
2.9. Some further problems 115
2.10. Equations of equilibrivm of a bar in compression and torsion 119
2.11, Stability of the rectilinear form of a bar in compression and torsion

(Euler’s method). Classification of the boundary conditions 124
2.12. Bar with a concentrated mass at the end. Method of small oscillations 131
2.13. Effect of the distributed mass of the bar and of damping 134

CHAPTER 3. Stability of flexible shafts with controlled speed of revolutlon

3.1, Introduciory remarks 139
3.2, Equations of motion of a flexible shaft 143
3.3, Viscous internal friction. Instability cansed by internal fnchon 146
3.4. Friction independent of velocity 150
3.5. The case of arbitrary dependence of friction on frequency 155
3.6, Generalization of the problem to the case of unequal principal stiff~
nesses and an infinite nomber of degrees of freedom 157

3.7. Non-lincar problem 161
3.8. Steady asynchronous precession 166
3.9, Ezxamples of amplitude relations 171
'~ 3.10. Friction caused by macroscopic thermal diffusion 176

3.11, Effect of frictional forces in the case of components shrunk on g shaft 184
3.12, Instability of rotors due 1o the effect of an oil layer in the bearings 186
3.13. Instability in centrifuges incompletely filled with liquid : in
3.14. Instability of rotors in & magnetic field 194

CHAPTER 4, Stability of elastic bodies in a gas flow
4.1, Short historical introduction : 199

4.2, Flutter of a wing as a non-conservative problem of elastic stability 203

4.3, QGeneral formulation of problems of stability of elastlc bodies in poten-
tial gas flow 208



CONTENTS vii

4.4. Stability of an elastic cylindrical shell in compressible gas flow 214
4.5. Case of an infinitely long shell. Various types of flow 218
4.6, Determination of critical flutter and divergence velocities 223
4.7. Stability of elastic plates in potential gas flow 23

4.8. Determination of aerodynamic forces in the case of high supersonic
velocities. Law of plane sections 236
4.9, Stability of clastic plates at high supersonic velocities 242

4.10. Application of Galerkin’s variational method. Effect of damping and
of forces in the middle surface _ 247

4.11. Limits of application of Galerkin’s method. Explanation of a paradox
in the problem of membrane flutter _ 257

4.12. Non-linear problems in the theory of aeroelasticity. Effect of geometric’
and aerodynamic non-linearities ’ 265

4.13. Derivation of the equations of non-linear flutter of a shallow shell
at high supersonic velocities. 274
4.14. Approximate method of solution of the equations 280
4.15. Panel supported over its entire contour 285
4.16, Non-linear flutter of a flat panel. Solution by trigonometric series 290
4.17. Small-parameter method for investigation of non-linear flutter 298
4.18. Analysis of results 306
CoNCLUDING REMARKS., Suggested directions for future research 313
AuTHOR INDEX 319

SusiecT INDEX 321



