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Direct Design Sensitivity Analysis of Frequency Response Function
Using Krylov Subspace Based Model Order Reduction
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Abstract

In this paper a frequency response analysis using Krylov subspace-based model reduction and its design sensitivity analysis
with respect to design variables are presented. Since the frequency response and its design sensitivity information are necessary for
a gradient-based optimization, problems of high computational cost and resource may occur in the case that frequency response of
a large sized finite element model is involved in the optimization iterations. In the suggested method model order reduction of finite
element models are used to calculate both frequency response and frequency response sensitivity, therefore one can maximize the
speed of numerical computation for the frequency response and its design sensitivity. As numerical examples, a semi-monocoque
shell and an array-type 4x4 MEMS resonator are adopted to show the accuracy and efficiency of the suggested approach in
calculating the FRF and its design sensitivity. The frequency response sensitivity through the model reduction shows a great time
reduction in numerical computation and a good agreement with that from the initial full finite element model.

Keywords : model order reduction, frequency response function, design sensitivity analysis, moment-matching
method, direct differentiation, optimal design
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Arnoldi process:

orthonormal v, vo,*+, vy such that
span{vi, Vg, ,vi}=spanir, Ar,-,

vi=r/ |1 |2

for k = 1, 2=+, n-1
Vil < AVk

endfor

Given a nonzero starting vector r(=K 'F) and a matrix A(=K '"M), the algorithm produces

AN} for k=1, 2,++, n

(new vector generation)

forj =1, 2, k (orthogonalization)
hjk < VJ R
Vik+1 € Vk+1 hjij

endfor

hiere < | vien || 2

Viern < Vil / hieg (normalization)

1%l 1 Calculation of matrix V by Arnoldi process
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12l 2 Finite element model of a semi-monocoque
shell problem
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13 3 Freqguency responses
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12 4 True errors according to the order of reduced
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(a) bs:
120
—= 100}

80

60

40

20F

0
-20

thickness of the longer stiffeners

Initial (N=31,051)
-------- MOR (n=30)
————— MOR (n=20)

|du_/db,| [mm/mm]

0 100 200 300 400 500
Frequency [Hz]

(b) bz: thickness of the shorter stiffeners

30

i Initial (N=31,051)
-------- MOR (n=30)

200 by MOR (n=20)

|du /db, | [mm/mm]
S @&
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0 100 200 300 400 500
Frequency [Hz]

(c) bs: thickness of the plate

1%l 6 Comparison of FRF design sensitivities of u, at
output1 between initial full-sized and reduced models
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Initial (N=31,051)
MOR (n=30)
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Frequency [Hz]

(a) bi: thickness of the longer stiffeners
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(b) baz: thickness of the shorter stiffeners
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(c) bs: thickness of the plate

12 7 Comparison of FRF design sensitivities of u, at
outputz between initial full-sized and reduced models
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12l 8 Finite element model of an array-type MEMS
resonator problem
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0.0 : :
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Frequency [MHz]

12l 9 Frequency responses
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12l 10 Deformed shape around 638 MHz
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(c) bs: width of weak horizontal beam
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i 1 Comparison of elapsed CPU time for the
semi-monocoque shell problem

Initial FE Reduced models
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% AHH=(DOF) 31,051 10 20 30
454 A (sec) - 52.9 74.9 94.9
Zyll0o. A}
FHSE A 479.9 0.078 | 0.500 | 0.562
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FRFSH VAL
A2 (sec) 893.8 5.1 8.8 9.0
3# 2 Comparison of elapsed CPU time for the 2x2

MEMS resonator problem

Initial FE Reduced models
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= A5=(DOF) 15,768 10 30 50

459 A (sec) - 7.8 16.1 24.9
=i Al

FHEE A 294.1 | 0.062 | 0.109 | 0.937

(sec)
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