Table of Contents

Preface . . . . . . . . . . ...

INOEHCIAUTE: . & s o 5 6 50 51 5 8 58 8 5 5 5 8 5 6.3 & 5 506 85 6 6.8 5885

Chapter 1. Parametric Sensitivity of Damped Systems . ... ... ... ..

1.1. Parametric sensitivity of undamped systems . . . . . .. ... ... ...
1.1.1. Sensitivity of the eigenvalues . . . . ... ... ...........
1.1.2. Sensitivity of the eigenvectors . . . . . ... ... .........

1.2. Parametric sensitivity of viscously damped systems . . ... ... ...
1.2.1. Sensitivity of the eigenvalues . . . . ... ... ...........
1.2.2. Sensitivity of the eigenvectors . . .. : ¢ s s w5 e ws o o0

1.3. Parametric sensitivity of non-viscously damped systems . . . . . . . ..
1.3.1. Sensitivity of the eigenvalues . . . . . ... .. ...........
1.3.2. Sensitivity of the eigenvectors . . . . ... .............

14 SUMMALY 5 s s s o5 @55 8838 S8 306 F 856600 ES

Chapter 2. Identification of Viscous Damping . . ... ... ... ... ...

2.1. Identification of proportional viscous damping . . . .. .. .. ... ..
2.1.1. Damping identification using generalized proportional damping .
2.1.2. Error propagation in the damping identification method . . . . . .
2.1.3. Numerical examples . . . ... ..... ... .. ..........
2.1.4. Experimental results . . . ... ... .. ... ... ...
2.5 SVIOPSIS e s sz B E P R B DE D ® P RS BE S 8

45



vi  Structural Dynamic Analysis with Generalized Damping Models

2.2. Identification of non-proportional viscous damping . . . ... ... .. 69
2.2.1. The theory of damping identification . . . . . ... ... ...... 71
2.2.2. Numerical examples: : : « s v e5 s s s o s s s mew s @smss s s 75
223 . Erroranalysis : » . scs s sssmis s ans miBERF IR E DB 88
224.SYNOPSIS « .« v i e e e e 90

2.3. Symmetry-preserving damping identification . . . . ... ... ... .. 91
2.3.1. The theory of symmetric damping matrix identification . . . . . . 91
2.3:2. Numerical examplesi = : c s s s s 536 sapiasasamsms s 7s 97
233.SYN0OPSIS . . . i e e 104

2.4. Direct identification of the damping matrix . . .. ............ 104
2.4.1. The modified Lancaster’s method . . . ... ... ......... 105
24.2. Numerical examples « : « ¢ s s s s sm s s m s w s @55 8 5@ 8@ 111
243.8SYN0PSIS . . v o i e e e e e e e 117

25 SUMMATY. v v 6 o o v v s m wia moo v e e e e e e e e e e 118

Chapter 3. Identification of Non-viscous Damping . . . . . . ... ... ... 121

3.1. Identification of exponential non-viscous damping model . . . . . . .. 123
3.1.1. Background of complex modes . . . . .. ... ........... 123
3.1.2. Fitting of the relaxation parameter . . . . .. ... ......... 125
3.1.3. Fitting of the coefficient matrix . . . ... .............. 140
314 SYNOPSIS .+ o 6 o 6 5 8w b s s S s R R RS A D@ 149

3.2. Symmetry preserving non-viscous damping identification . . . . . . . . 151
320 TheOIY : v 1 s s s w i mem s msw b emesmoawemswsmwe o s 151
322, Numeticalexamples = : « s s s s s sv ws s smmswsmsanams 155
323 .SYNOPSIS s ¢ & 3,6 65 G m BB E MBI E R HIRE A G 159

3.3. Direct identification of non-viscous damping . . . . ... ........ 160
3.3.1. Lancaster’s method for non-viscously damped systems . . . . . . 161
3.3.2. Numerical examples . : = s s s s s we ss o s asmsmsmss s s 165
333, 8YN0OPSIS & ¢ v sos 5 s P RS B HEE BB ES SR 167

34.Summary ... .. 168

Chapter 4. Quantification of Damping . . . . . . ... ... .......... 169

4.1. Quantification of non-proportional damping . . . . . ... ... ... .. 169
4.1.1. Optimal normalization of complex modes . . . . . ... ...... 171
4.1.2. An index of non-proportionality . . .. ............... 182
4.1.3. Alternative normalizationmethods . . . . ... ... .. ...... 187

414 SYNOPSIS s v 6. 6 s G ww i G E® s 83 BHEETEEDHBES B 193



Table of Contents  vii

4.2. Quantification of non-viscous damping . . . ... ... ... ... ... 193
4.2.1. Non-viscosity indices . . . ... ................... 195

4.2.2. Numerical €Xamples s v vz s v ss sosgu e s s a6 @ aessn s 203

423 BIforanalySisi c w s s s s s s 65 56 s s v i mms e ss 5 &a s s 208

B2 4. SYNOPSIS & 6. 6 & & 505 5 58 o a w0 w0 6w e e 8 e & S 211
43.8Summary ... ... 211
Bibliography . . . ... ... ... ... 213
AuthorIndex . .. ... ... ... ... ... ... 243



