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A Study on Updating of Analytic Model of Dynamics for

Aircraft Structures Using Optimization Technique
Ki-Du Lee*, Young-Shin Lee** and Dong-Soo Kim*

ABSTRACT

Analytical modal verification is considered as the process to provide an acceptable
description of the subject structure’s behaviour. In general, results of original analytical
model are different with actual structure results to uncertainty like non-linearity of material,
boundary and modified shape, etc.

In this paper, the dynamic model of glider’s wing is correlated with static deformation
and vibration test results by goal-attainment method, multi-objects optimization technique.
The structural responses are predicted by using finite element method and optimization is
carried out by using the SQP(sequential quadratic programming) method which is widely
used in the constrained nonlinear optimization problem. The MAC(Modal Assurance
Criterion) is used to modify the mode shapes and quantify the similarity.
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Fig. 2. Ground vibration test of glider's wing

Table 1. Measured wing frequencies and
mode shape of glider's wing
Mode | f(Hz) mode shape
1 1225 | 1% bending mode
2 18.28 lead-lag mode
3 65.18 | 2™ bending mode
4 145.38 torsional mode
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Table 2. Used properties and dimension of
5 subpart for initial solving
position thickness” elasticityz) density?’)
(m) (variable) | (variable) | (variable)
3.0 2.8 5.7
(skin_1t) (skin_1e) (skin_1y)
0'9 (spa6r'v§/_1 1) (spazr\'/f/lj e) (Spa7ri/\7_1 y)
0.45 (spg'r(f)_ﬂ) (speéllr'f2_1e) (spa7r'f9_ 1y)
Fig. 3. Ground static test of glider's wing 5.0 4.2 79
(sparr_1t) | (sparr_1e) | (sparr_1y)
i . 4.0 2.1 6.7
A2 FEEEy old wa g A} I (skin_2t) (skin_2e) | (skin_2y)
sHes @n W= FHCIE leadlagw st 045 (spa7r'v6\3/ 21) (Spa1r\'/3 2e) (spa?iz 2y)
18.28 Hzol A 22} R=z sttt 3x& 23t ~ 50 57 57
FIARETL BAFG o, 4x1REE G HA 7} 0.60 (sparf_2t) | (sparf 2e) | (sparf_2y)
HEo A E HEH w7l 14538 HzollA A 6.0 2.7 87
SR R=N (sparr_2t) | (sparr_2e) | (sparr_2y)
Fig. 32 A#stE: APEEFS HAFT ok (sk?hEiSt) (ski2n's_93e) (ski7r£3y)
2he] Aoddk 0.2, 048, 0.83, 1.115, 1.310mol 0.60 7.6 } 8.7
AR 5749) B3} whipple treeE ol &3] S e dseer Sel dspen By
978.6 N9| 355 Fosti Gl & FEFEd 0.84 (sparf_3t) | (sparf_3e) | (sparf_3y)
A AL =AsA =, 0.036 mE e AT 7.0 29 8.7
(sparr_3t) | (sparr_3e) | (sparr_3y)
3.2 fete4s nd =M 12.0 15 12.7
(skin_4t) (skin_4e) (skin_4y)
AAGANE ZE=7F 020 m, = 2l Zo 0.84 79 22 85
7} 156 m2 23 Weko = 4o 7oz 1} - (sparw_4t) | (sparw_4e) | (sparw_4y)
o 23 @ e BAE Yelstel, Ha) 156 | (spait 40 | (sparrde) | (spart 4y)
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0.84, 4jL7J :~ 1.56 m)C& u}%oi_ zyzyo] 37k root solid (ro%t%e) (ro%tiy)
oAl EW(skin) ¥ ZT}(spar)el Wit FA, & ' 64
pin (bar pin) 2.10e+11 7.85e+3
mass 4.5(mass_pt1) 4.5(mass_pt2)

Fig. 4. FEM model of glider's wing
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Fig. 5. Dynamic response results of glider's
wing with correlation of frequencies
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Table 3. Optimization results of design
variables and object functions
(glider's wing)

with with with
Design*) Initial onl Freq’ Freq’
Variable Value Frey’ & Disp’
9 | Disp | MAC
skin_ef 2.80 4862 | 4.301 4703
skin_eb5 1.70 2267 | 2.077 | 2.565
skin_t1 3.00 5.016 | 4.402 | 5.023
skin_t5 5.70 6.465 | 6.335 | 6.449
skin_y1 5.70 5746 | 5739 | 5.904
skin_y5 6.70 7.164 | 7.147 | 6.856
sparw_ef 2.40 2303 | 2.370 | 2.399
sparw_e4 2.20 2208 | 2.191 2.199
sparw_t1 6.50 6.532 | 6.583 | 6.764
sparw_t4 7.90 7.791 7.795 | 7.849
sparw_y1 7.70 7733 | 7.728 | 7.813
sparw_y4 8.50 8.424 | 8.384 | 8.351
sparf_e1 4.20 5948 | 5.012 | 5.192
sparf_e4 1.80 1.051 1.440 1.909
sparf_t1 5.00 6.578 | 5732 | 6.243
sparf_t4 8.40 8.106 | 8.030 | 8.086
sparf_y1 7.90 7957 | 7.950 | 8.092
sparf_y4 9.10 8.957 | 8.825 | 8.842
ribs_e 2.10 2137 | 2129 | 2.199
ribs_t 7.50 7.531 7.504 | 7.684
ribs_y 3.70 3.728 | 3.680 | 3.753
root_e 3.20 2793 | 2509 | 2.156
root_y 8.70 8699 | 8700 | 8.712
core_e 2.00 2216 | 2.136 | 2.393
core_y 3.70 3.895 | 3.896 | 3.801
bar_pin 6.40 4785 | 4.249 | 3.939
mass_pti 450 4.691 4104 1.621
mass_pt2 450 4715 | 4.152 1.754

SRS
Freq’ 1225 | 9426 | 12.249 | 12.253 | 12.424
(Hz? 18.28 | 18.026 | 18.280 | 18.281 | 18.243
65.18 | 77.703 | 65.202 | 65.317 | 65.914
14538 | 132.61 | 14535 | 14579 | 144.31

Disp’ |Al & x|
(m) | 0.036 | 0.042 | 0.028 | 0.036 | 0.037

Nt ix 1073 m, ‘e’ 1< 101 Pa, !

y' 1< 103 kg/m®
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Table 4. MAC results of glider’'s wing with
correlation of frequencies, static
deformation and MAC

object Analysis
function 1 2 3 4
1| 0.948 | 0233 | 0.244 | 0.000
with 751 0091 | 0.965 | 0.138 | 0.051
ﬁgg 3| 0190 | 0.064 | 0.949 | 0.020
4| 0025 | 0.009 | 0.057 | 0.835
with 1] 0.966 | 0.234 | 0.281 | 0.209
freq | 2| 0106 |0.960 | 0.149 | 0.109
and 3| 0191 | 0.060 | 0.950 | 0.186
diso” | 4 | 0018 | 0.009 | 0.052 | 0.229
with 1] 0972 | 0230 | 0207 | 0.002
freq. | 2| 0.119 |0.965 | 0.160 | 0.001
disp’ & | 3| 0211 | 0.064 | 0.987 | 0.037
MAC | 4| 0017 | 0.001 | 0.040 | 0.965
1.00

——with freq', disp’ & MAC
—&— with freq' & disp’
—— with only freq'
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