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An Adjoint Variable Method for Eigenproblem Design Sensitivity Analysis of

Damped Systems
Tae Hee Lee, Jin Min Lee, Jung Hoon Yoo and Min Uk Lee

Design Sensitivity Analysns( A9 7+ 3} 4), Adjoint Variable Method(}.Z&
Complex Eigenproblem(% 4= 31X & All), Damped Systems(Z4] 7l)

Abstract

B,

Three methods for design sensitivity analysis such as finite difference method(FDM), direct differentiation
method(DDM) and adjoint variable method(AVM) are well known. FDM and DDM for design sensitivity

analysis cost too much when the number of design variables is too large.
adjoint variables from the simultaneous linear system equation, the so-called adjoint equation.

An AVM is required to compute
Because the

adjoint equation is independent of the number of design variables, an AVM is efficient for when number of

design variables is too large.

In this study, AVM has been extended to the eigenproblem of damped systems

whose eigenvlaues and eigenvectors are complex numbers. Moreover, this method is implemented into a
commercial finite element analysis program by means of the semi-analytical method to show applicability of

the developed method into practical structural problems.
verified its accuracy for analytical and practical cases.

The proposed_method is compared with FDM and
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Fig. 1 2-DOF spring-mass-damping system
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Fig. 2 Real part of 1¥ eigenvalue sensitivity with
respect to the amount of perturbations
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Fig. 3 Imaginary part of 1% eigenvalue sensitivity with
respect to the amount of perturbations
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Table 1 Eigenvalues design sensitivity analysis of 2-
DOF spring-mass-damping system

oleh3) - ol -

Ist ~ 4th FDM Error (%) Semi-AVM Error (%)
Part Re Im Re Im
dA, /db | 6.4604E-05 | 69763E-06 | 1.0326E-07 | 1.0279E-07
dA,/db | 64604E-05 | 69763E-06 | 1.0326E-07 | 1.0279E-07
dAy fdb | 5.1343E04 | 3.4964E-06 | 1.0327E-07 | 1.0279E-07
dA,/db | 51343E-04 | 34964E-06 | 1.0327E-07 | 1.0279E-07

L=100mm

b, =50mm

b, = 40mm
by = 30mm
b, =20mm
t=2.5mm

Table 2 Eigenvectors design sensitivity analysis of 2-
DOF spring-mass-damping system

Fig. 4 Configuration and finite element model of
cantilever beam structure

Table 3 Material properties of cantilever beam

Young’s modulus (GPa) 200
Poisson’s ratio 0.3
Density (kg/m’) 7800

1st ~ 4th FDM Error (%) Semi-AVM Error (%)
Part Re Im Re Im
du, 3.8873E-06 | 3.1015E-06 | 1.0276E-07 | 1.0281E-07
ab 1.5187E-06 | 5.7690E-06 | 1.0265E-07 | 1.0282E-07
du, 3.8873E-06 | 3.1015E-06 | 1.0276E-07 | 1.0281E-07
db 1.5187E-06 | S5.7690E-06 | 1.0265E-07 | 1.0282E-07
du, 8.7249E-06 | 1.1287E-05 | 1.0281E-07 | 1.0272E-07
“db 4.4661E-07 | 8.2348E-08 | 1.0285E-07 | 1.0282E-07
du, 8.7249E-06 | 1.1287E-05 | 1.0281E-07 | 1.0272E-07
db 4.4661E-07 | 8.2348E-08 | 1.0285B-07 | 1.0282E-07
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Table 4 1* eigenvalue and eigenvector design sensitivity
analyses of cantilever beam

SEN FDM AVM
dA;/db | -3.1103+277.51 | -3.1104+277.52i
0 0
0.1124-0.1124i | 0.1124-0.1124i
2.0035-2.00351 | 2.0034-2.0034i
0 0
-0.0045 +0.00451 | -0.0045 +0.0045i
du, 37607 +3.7607i | -3.7609 + 3.7609i
b ) 0
-03624+03624i | -0.3624 +0.3624i
34642+ 3.4642i | -3.4645 +3.4645i
0 0
-0.7042 +0.7042i | -0.7042 +0.7042i
-3.4020+ 3.4020i | -3.4024 +3.4024i
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Fig. 5 Percentage error of 1* eigenvector sensitivity of
cantilever beam

Table 5 Material properties of 25 bar truss and

flat shell
Young’s modulus (GPa) 210
Poisson’s ratio 03
Density (kg/m®) 7800
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Fig. 6 Configuration of 25 bar truss

Table 6 1% eigenvalue and eigenvector design sensitivity

analysis of 25 bar truss

SEN FDM AVM
dA;/db | -67.874 +8622.1i | -67.875 + 8622.3i
-0.3070 + 0.30701 | -0.3069 + 0.30691
-0.0071 +0.0071i | -0.0070 + 0.0070i
0.1532-0.1532i | 0.1531-0.1531i
-0.3280 +0.3280i | -0.3279 + 0.3279i
0.0326 - 0.03261 | 0.0326 —0.03261
0.1986 —0.19861 | 0.1985 - 0.1985i
-0.3156 + 0.3156i { -0.3155 +0.31551
0.0582 —-0.0582i | 0.0582—0.0582i
% -0.1805 + 0.18051 | -0.1804 + 0.1804i

-0.3260 + 0.3260i

-0.3259 +0.32591

0.0120 - 0.0120i

0.0120 - 0.0120i

-0.1590 + 0.15901

-0.1589 + 0.1589i

0.1245 - 0.1245i

0.1244 — 0.1244i

-0.0725 + 0.0725i

-0.0725 +0.0725i

0.1953 - 0.1953i

0.1952 - 0.1952i

0.1256 — 0.1256i

0.1255 - 0.1255i

0.0026 — 0.00261

0.0026 — 0.0026i

-0.1894 + 0.1894i

-0.1894 + 0.1894i




1532 SEE

O Real
8 Imaginaty

Error (%)

Degree of freedom

Fig. 7 Percentage error of 1* eigenvector sensitivity of
25 bar truss

Fig. 8 Sketch of flat shell structure
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Table 7 1% eigenvalue and eigenvector design sensitivity
analysis of flat shell structure

SEN FDM AVM
di, /db -1.4331 +3785.51 | -1.4332 +3786.01
0 0
0 0
5.6458 - 5.64611 5.6462 - 5.64621
12.499 - 12.5001 12.502 - 12.502i
-58.700 + 58.7051 | -58.694 + 58.694i
0 0
0 0
6.9010 - 6.90111 6.9020 - 6.90201
2.8801 - 2.87771 2.8811 -2.88111
du, -64.839 + 64.8421 | -64.858 + 64.858i1
db
153.46 - 153.461 153.48 - 153.481
-6.9798 + 6.9870i | -6.9557 +6.955T1
-178.54 + 178.54i | -178.59 + 178.591
0 0
0 4]
151.82 - 151.82i 151.85-151.851
-9.0563 +9.06631 | -9.0585 +9.05851
-179.22 +179.20i | -179.26.+ 179.261
0.5
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Fig. 9 Percentage error of 1¥ eigenvector sensitivity
of flat shell structure
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