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Table 1 Description of the uncertain input parameters

Input parameter Description

E. Elastic modulus of the wing

" Poisson’s ratio of the wing

o0 Mass density of the wing

E, Elastic modulus of the vertical tail

M, Lumped mass of the connection between
the fuselage and the vertical tail

My Lumped masses located at the winglets
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Table 4 Updated results of natural frequencies

Tnitial Updated
Mode No. Test data/Hz O\

Frequencies/Hz Error/ % {\“ ,Frcqucncics/Hz Error/ %
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3 34. 88 31.322 3 \\‘¥T<> 20 34. 875 1 —0.01

'
4 35. 36 31,402 0 4y \\ 47 1119 35.079 3 —0.79
Q)
5 36.71 36. 098, 6 \) —1.66 37.068 4 0.98
Y
6 50. 09 6y }51‘ 5) —7.86 50. 270 0 0. 36
Gy
7 50. 72 \\xg.‘sfa 5 —1.88 51.085 1 0.72
3 4
L 4
8 56. 44 \ 53.109 7 —5.90 59. 050 7\\ 4.63
Y

9 65. 14\‘{) 60. 587 2 —6.99 70}‘3‘) —0.60

10 \6{9\? ¢ 69. 746 2 0.15 \Q\}YS 5 —1.32
Absolute mean/ % 7.36 ) 1. 47

£ -
Initial N \ '+ Updated
Mode No. Test data/Hz Nl

Frequencies/Hz Er}%)Q( Frequencies/Hz Error/ %

11 105. 47 101.770 7 (‘33\0 102.736 0 —2.59

12 134. 68 127.137 7 \{ WJ 60 128. 386 3 —1.67

A /

13 145. 87 135.9 \\\ —6.79 147.614 4 1. 20

14 155. 82 145. 068 .58 156. 146 1 0.21
Absolute mean/ % 62 2.17

\"

‘\\’

0.95

0.85F

w

E /(10"Pa)

0.75F

0.65 . . . . .
0 5 10 15 20 25 30
Iteration number
(a) Variation tendency of £

u, M/kg, M /kg

5 10 15 20 25 30
Iteration number
(b) Variation tendency of u, M, and M,

© =2 igm%Est  http:/hkxb.buaa.edu.cn



B ) A A T RELARE S5 RS A 1 GARTEUR #8842 1E -5 80 BT 5

2763

3.1 0.71
0.70
o 209] =
£ £ 0.69
o S
= 4
% = 0.68
< 27
0.67
25 : - : . - 0.66 - ' - - '
0 5 10 15 20 25 30 0 5] 10 15 20 25 30
Iteration number Iteration number
(¢) Variation tendency of p (d) Variation tendency of E,
K6 i ASE R & ‘{\,
Fig. 6 Variation tendency of the input pas‘agqgters
A\ b
7.0 18
6.6 e O\
N\ 17}
O i 1661Hz ]
6.2 s\ e
N 4
s < N
T = 16
= 53 N <
15
5.4
0590 15 20 25 30 o3 10 15 20 25 30
Iteration number [teration number
(a) Variation tendency of f, (b) Variation tendency of £,
N\ - N\ e
39 52
”~\ W - T —— -
T el RN
........ o ———
— 6
- .f;
10 15 20 25 30
Iteration number Iteration number
(c) Variation tendency of f&-f5 (d) Variation tendency of /.-,
61 72
TO b mmiomimtmms oo, 0904 HE
591 i S i i
68
N =
Jan L RS
S TS 36 3
e
S551E
53 0 5 10 15 20 25 30 600 5 lb 1‘5 2.0 2I5 30
Iteration number [teration number
(e) Variation tendency of f, (f) Variation tendency of -f,,
B7 T 10 B[ A A5 0 AR b il 2k
Fig. 7 Variation tendency of the first ten order natural {requency
© =2 igm%Est  http:/hkxb.buaa.edu.cn



H}

2764 i

¥

Dec. 25 2013 Vol. 34 No. 12

2.4 M EHEE TN

FHESH I 4 B [ A 50 58 D B R4 Sy A 78 £
EMPEM AR . & 4 hiB 4l T GARTEUR 45
P 11~ 14 By A SR A WIZE . A6 4 W)
AR e RIREN —6.79% . e /NREN
—3.51 % - Xt iR 25 R 5. 62205 & 1E J5 (1 45
RAY e KL B/ LB 3 4 IR 25 4y Bk
—4.67%,0.21%.,2. 17 % , x £ W& I 5 B9 A KR
TR XS F 5 4 B [ A7 45023 35 3] 1 ] 2 32 i 1)
K

FERLRYAE T 19 WF 5 T s 45 R 04 4R Y JR) R
VLA R MR AT R Y A AR . T s
TR A 1 11 JR) 38 1L Ak ik B ol JEC A 2R 504 6

SO GO Sy

Mode 1: 6.28 Hz Mode 2:16.41 Hz  Mode 3: 34 89 Hz

Lo

Mode 4: 35.08 Hz

S

Mode 7: 51.09 Hz

BRI

Mode 5: 37.07 Hz

&Z"”"?f‘"

Mode 6: 50.27 Hz

i

Mode 8 59.05 Hz Mode 9: 64.75 Hz

Mode 10: 68.72 Hz Mode 11: 102.74 Hz  Mode 12: 128.39 Hz
Mode 13: 147.61 Hz Mode 14: 156.15 Hz

(a) Analytical mode shape .

(4

Mode 1: 6.4 Hz

Mode 10: 66.5 Hz

Mode 13: 141.4 Hz

R B BRI Y AR 1E 5 3l g I (B B AR
i 225 o SR AS ] B R B 1 A AL B 2 AR A
FEAS 5 B (Modal Assurance Criterion, MAC)
KA 8

(ol
(p/o) (plp)
Kb o Flo, 4351055 ¢ Bk B A4 05 (8 5 il 5
NI AE . SR, BT N B SCHR TG k1S F
GARTEUR %544 i S 4k 25080 . 1 8 25 i 718
TE 5 A AL A 4R A P 5 SRR LT e 52 00 235 4 i Y 4]
f0F FERCRE b R 95 3.4 B DL 6.7 Bir

MAC,; = (14)

b T AR A » LI A L 15070 3 4 15 4
*%ﬁ CAROR LB HET . [ 8 WA B T A A

‘}E’”E’Ji‘ﬁ{ﬂl 5 10 WL i T R A — B

;,QAT_/%

Mode 2: 16.1 Hz Mode 3: 33.1 Hz

D& =E O S

Mode 4: 33.5 Hz

Mode 5:35.7 Hz Mode 6: 48.4 Hz

S

Mode 7: 49.4 Hz Mode 8: 55.1 Hz Mode 9: 63.0 Hz

T S S~

Mode 11: 102.9 Hz Mode 12: 130.5 Hz

Mode 14: 151.3 Hz

(b) Test mode shape !'"!

8 GARTEUR 54 i KR 7T 07 EL4R U 5 S 4 B %k b
Fig. 8 Comparison of analytical mode shape and test mode shape "'} of the GARTEUR structure

2.5 MEHMBTELEERHTMNER

TRt R AR IE A A BR T B i ) &
P 9 [ A7 [ B A2 B 9 W1 98 A B fE GARTEUR
CHLRFEAEI N T 0.92 kg WL R, I &
I T IE R A AR B X 2.3
B IE G YA BROCARE B 7 45 R R 34 [ A 48 Bl
A 22 3 HAB B AMME 1E W% AR SR RE % T 18 ok

IR DR o £ d
5 T 2R R M ZE I L KD
HAEH . WIRBERL A B R 22 O —13. 7000, Jie /iR
2R L6900 PRI R IER 7.59% . BIEJGH
TR f) T 352 2 Fe KA — 4. 04 % . Fe /N R — 0. 084,
SR LE R IR 2E R 11300, AR R AR A B
GARTEUR 45 #47 FROTAE R 2 51 5 =20k

HEDU A 25K L B ﬂgﬁﬁﬁb&ﬁ AL B LS BRARRE
© 22 G $H: #E  http://hkxb.buaa.edu.cn



Ve w06 A B T BEALAAE 5 BE B I ) GARTEUR A BUE 1E 5 8 A BF5Y 2765
R 5 @%EJ/5 GARTEUR ¥ #EBEKKBUARFELE
Table S Test and analytical data of the GARTEUR structure with modification
Initial Updated
Mode No. Test data/Hz
Frequencies/Hz Error/ % Frequencies/Hz Error/ %
1 6. 54 5.644 2 —13.70 6.276 0 —4.04
2 13.94 12. 657 9 —9.20 13.765 1 —1.26
3 32. 36 30. 823 8 —4.75 31.878 8 —1.49
4 35.09 31.391 4 —10. 54 35.063 1 —0.08
5 35.52 31.960 1 —10.02 35.199 2 —0.90
6 38.10 38.744 2 1. 69 \ 38.049 1 —0.13
7 48. 68 46.128 4 —5.2¢ ¢ N »” 48.747 8 0. 14
8 50. 17 46.635 7 *7;\%\\ - 50. 279 3 0.22
9 56. 46 53.020 3 %.)09' 57.247 7 1. 40
1~ =4 {'\ =
10 58.16 53.717 6 A ‘;\:‘)f7 64 59.106 1 1.63
Absolute mean/ % e\ e 4 59 1.13
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Stochastic Model Updating and Validation of
the GARTEUR Structure Based on Random
Sampling and Distance Discrimination

Bl Sifeng, DENG Zhongmin *
School of Astronautics , Beihang University , Beijing 100191, China

Abstract. A stochastic model updating (SMU) method using distance discrimination analysis and random sampling technique
is proposed and subsequently applied to the updating process of the GARTEUR b\eth'mark structure. In contrast to the tradi-
tional deterministic model updating procedure in which parameters are calibrate& by'sensitivity and optimization analysis, the
proposed SMU method takes into consideration uncertainties which are\&e\e}al‘ in the modeling as well as test processes.
Uncertainty propagation is performed by Monte Carlo sampling methé?y“\'ﬁhich a large scale stochastic sampling process is
proposed to describe uncertainties from parameters to feature§\b|\}ta‘nce discrimination analysis is presented to quantify the
degree of similarity and dissimilarity between analytiQaI aq}ife’s't data. Input parameters are calibrated to the test data
through an iterative procedure integrating the aboKe unci inty propagation and quantification methods. In order to reduce
calculation cost, a metamodel is constructed using r{a aT basis function with an acceptable precision. The relative PCL pro-
gram of MSC. Patran is employed to submit rx:\bi{i’p}é?inite element (FE) analyses and to extract information for subsequent a-
nalysis. An application is performed'gn %A‘RTEUR structure and the updating results are assessed by the widely accepted
3-steps validation criteria. The updak\a validation results show the proposed SMU metho&l&}alid and effective in engi-
i \\‘Y\\) - \ o

D, %y \\ 3o

Key words: model updati{ngr model validation; uncertainty; Monte Carlo methodf@s&éﬂce discrimination analysis; GAR-

neering application.
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