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Finite element model updating considering the uncertainty of acceleration
frequency response function

PENG Zhenrui, ZHANG Yafeng, ZHANG Xueping

(School of Mechanical Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract; To overcome the lack of sufficient structural statistical information in practical application and obtain the
limit values of structural parameters and responses, an interval finite element model updating method based on
acceleration frequency response function is proposed. Firstly, the frequency response function is transformed by
wavelet transform with the low frequency wavelet coefficients extracted as the response characteristic quantity of the
model updating. The parameters to be updated and the response characteristic quantity are respectively input and
output to construct the radial basis proxy model. The whale optimization algorithm is used to optimize the variance
value of radial basis function model. Secondly, two objective functions for two-step solution of the parameter
interval to be updated and one objective function for synchronous solution of the parameter interval to be updated
are constructed according to the interval overlap ratio and Bhattacharyya distance, so as to evaluate the distribution
similarity and heterogeneity of the two samples. Then, the grey mathematics method is implemented to estimate the
interval of characteristic quantity predicted by the radial basis model, and the flower pollination algorithm is
adopted to solve the two-step synchronous solutions of the midpoint and radius of the parameter interval to be
updated. Finally, two numerical examples and one experimental example are provided to verify the feasibility of the
proposed method. The results show that the proposed interval finite element model can effectively update the
interval midpoint and radius of structural parameters, and prove to be robust to the parameter interval updating
under different test response intervals, thus effectively solving the problem of uncertainty model updating for small
test samples.
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Tab.5 Initial and updated parameters interval of space truss

structure (case 1)

E XA E,IX[H] dIX[a]  E,X[E] E, X[ d XA
BIESHL sy LV TR R R CHY
GPa GPa (kg'm™3) GPa  GPa (kg-m™3)
POEM 210 190 7 800 3 2 60
HMoTE 231 209 7020 — — —
BIEM 209.759  189.876  7795.322 2.971 1.897  62.655
AR
/00 0.115 6.526x10725.997 102 0.967 5.150  4.425

K6 TEMEEHEER . EEHXE(TR2)
Tab. 6

Initial and updated parameters interval of space truss

structure (case 2)

BIESE  E XE/GPa E,XI/GPa K[/ (kg - m™?)
B [204,216] [185,195] [7 600,8 000]

EIEIH [204.099,216.464 ][ 185.528,194.902] [7 609.196,7 997.666 |

AEXTIRZE/ % [0.049,0.215] [0.285,0.050] [0.121,0.029]
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Fig. 16 Interval convergence of FRF
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Tab.7 Parameters of simply supported beam after updating

BIESE E IX[ii]/GPa d X[/ (kg » m™?)
WA a] A, 205 7 850
BIE ) XA [186.706,194.2507  [8251.953,8 456.729]
X ] B IE S % 7.084 6.420
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Tab.8  Parameter values of simply supported beam structure
after updating
BIESEL E X[/ GPa d X/ (kg + m™)
FIIRDK AT P 205 7 850
IS IXTH] [187.668,196.964]  [8394.221,8 (42.139]
X[ R BIER % 6.187 8.512
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