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Table 1  The model parameter errors of each component

booster

substructure parameter initial updated
elastic modulus 0.67% 0.46%

stage 1 density 1.64% 0.27%
thickness 3.45% 0.07%

elastic modulus 2.91% 1.21%

stage 2 density 1.91% 0.29%
thickness 7.14% 0.04%

elastic modulus 0.92% 1.04%

fairing density 2.60% 1.97%
thickness 20.00% 0.00%

elastic modulus 1.96% 1.08%

booster density 1.87% 0.44%

thickness 3.23% 0.55%
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R2  UIRERSORIRIA IR s An AL i BEEL
Table 2 The original/reduced model DOFs of each component

substructure original reduced ratio
stage 1 225 888 2 164 0.96%
stage 2 192 960 2 020 1.05%
fairing 38 340 480 1.25%
booster 221 484 2 436 1.10%
stage 1 stage 2
80 80
E M ipitial ™ test m updated E M initial ™ test m updated
%60 - 60
~ <
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2 40 S 40
=3 =
o (]
B B=]
= 20 = 20
E g
] 5]
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1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
modal No. & modal No. &
fairing booster
< 320 « 120
T M initial ™ test m updated T M initial ™ test m updated
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<240 < 90
= =
Q Q
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2 160 g 60
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E 80 T 30
g g
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1 2 3 4 5 6 7 8 910 1 23 4 5 6 7 8 9 10
modal No. k& modal No. k&
B2 LhRERRAT 10 B A A
Fig. 2 First 10 natural frequencies of each component
£33 AT 10 B EA R
Table 3 First 10 natural frequencies of the whole launch vehicle
order test initial error direct error fixed error free error
k AP /Hz A, /Hz &, /% A /Hz & /% AN/He e /% AMC/Hz o el /%
1 1.691 1 1.712°5 1.27 1.695 3 0.25 1.695 3 0.25 1.696 3 0.31
2 1.904 3 1.923 6 1.01 1.909 2 0.26 1.909 2 0.26 1.909 5 0.27
3 1.904 3 1.923 6 1.01 1.909 2 0.26 1.909 2 0.26 19116 0.38
4 3.346 6 33193 0.82 3.358 3 0.35 3.358 3 0.35 3.363 0 0.49
5 10.008 9.945 5 0.62 10.070 0.62 10.071 0.63 10.073 0.65
6 10.008 9.945 5 0.62 10.070 0.62 10.071 0.63 10.088 0.80
7 12.344 12.748 3.27 12.367 0.19 12.367 0.19 12.504 1.30
8 13.991 14.274 2.02 14.005 0.10 14.005 0.10 14.135 1.03
9 15.662 15.706 0.28 15.663 0.01 15.663 0.01 15.683 0.13
10 15.662 15.707 0.29 15.663 0.01 15.663 0.01 15.801 0.89

B DB R AR R TG TE JS R A AT 10 [ [ A7 45 56 (01 45 S0 15 T i 06 e B0 1 L
BANE 2 Fr7s il LA AR SO i AR e 7B IE A BB AT AR ORGSR 3 45 i T LR
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Model Updating for Large Structures Based
on the Modal Synthesis Method

PIAO Siyang', QI Feng’, ZHANG Yahui'
(1. State Key Laboratory of Structural Analysis for Industrial Equipment
(Dalian University of Technology) , Dalian, Liaoning 116024, P.R.China;
2. Beijing Institute of Astronautical Systems Engineering, Beijing 100076, P.R.China)
( Contributed by ZHANG Yahui, M. AMM Editorial Board)

Abstract ;. A synthetic technology for substructure test modeling was developed based on the fi-
nite element model updating theory and the modal synthesis method. During the substructure
model updating, the fixed interface component modal synthesis method was adopted to reduce
the substructure model, improve the computational efficiency and thereby promote the overall
efficiency of the substructure test modeling. The steps of the design parameter method in model
updating and the corresponding formulas based on the reduced model were given. With a launch
vehicle model as the example, and by means of the secondary development of ANSYS, the pres-

ent method gets verification of effectiveness.

Key words: finite element method; model updating ; dynamic substructure method ; modal syn-
thesis method
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