2 AL AR A FEEER L B

E, E, Gy, ) = b, h,
(GPa) (GPa) (GPa) ? (MPa) (m) (m)
146.503  9.223 6.8356 0.306 2.028
5e-2  2.1e-3

(0.723%)" (1.189%) (3.158%) (0.189%) (2.303%)

T %P Gk

F4-2 SBELAI E PR A B2 B RS

Edge support siggf:t Natural frequency A
Layup Method
k., ky ke 1t 2ond 3d 4h S5h 6h T
Present .
- 2 a0 5 SVCipT 2895 2068 4889 57.18 6102 6311 6993
(MN/m?) (N) (kNM) - \Kisvs ‘2390 2046 4853 57.00 6084 6305 6976
Present
a5 k Nl(;?n 2 1,80 kNl,m CLPT - 1760-2293 2895 3133 3759 3979 4458
(kN/m’) (N) (kNIm).. ANSys 4749 2283 2889 3124 3757 3072 4455
Present
CLp 1395 2176 3364 5121 5579 6399 6698
Masoud and
0 0 ‘pemepeq) B® — — — — — —
Reddy[6l] 1348 — — — — _— __
[0/90/07] o Zﬁ?f‘rt 2590 3333 4050 6039 7404 7479 8485
20 0 Masoud and 2591
Pierre [60] . T T T T
Péel_sﬁt 3124 3864 5573 8294 8451 8381 9934
20 0
Masoud and 3124
Piere[eo] 7

* Material property and definition of normalized natural frequency for the analysis :
E, =200GPa, E, =10GPa, G, =6GPa, v,, =0.25, 1 =,/ phw’a’/ D,, D, = En* [[12(1—-v,,V,,)]
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2430Q) BEAHL S EHEMA B [00/90°) 2 % - B p 2RAEF

Natural frequency 1

Method \ h/b
0.01 0.02 0.04 0.05 0.08

Present FSDT 6.603 6.541 6.321 6.174 5.652
Liew [26] 6.606  6.549  6.338 6.193  5.667
Reddy and Phan [62] 6.578 6.475 6.330 6.196 5.708
Present CLPT 6.625 6.625 6.625 6.625 6.625

(b) SE{E L 41258 & HEFHR B (h/b=0.03)2 p R4E F

Natural frequency 2
Layup dge Method
support fst ond 3rd  4th  5th
PFrgs[)e$t 5560 8.205 13.818 14.143 15.473
[0°/90°/0°]

ANSYS 5.593 8.251 13.870 14.156 15.509

K, =10° N/nf PFrSSS? 5510 8.712 12.927 13.631 16.655
[30°/—30°/30°] R =100N
ANSYS 5530 8.742 12.968 13.646 16.688
PFrgs[f? 5.525 9.576 13.280 13.710 17.911
[45° /—45° | 45°]
ANSYS 5544 9.598 13.296 13.741 17.943

Material property and definition of normalized natural frequency for the analysis :

E,/E, =40, G, =G, =3/5E,, G,, =1/ 2E,, v, =0.25,1,, =0.00625, A=\ phe?a’/ Dy, D, = E° [[120-V,13,)]
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% 44 AP L HEZ PisE L

L

h Natural frequency (Hz
Material Layup c  Edge Method quency (Hz)
mm  support st 2nd 3rd  4th  5th 6th
Present 23.1 44.2 699 795 899 1236
A”‘[ié%t]'ca' 23 44 71 80 91 126
Experimen
- — 45 69 78 92 125
| [OO/COFG/Oo] 635 Simply  tal [63]
supported ZE?‘;qud 233 445 712 78.8 916 125.1
Khare et
ol [65] 235 450 725 806 934 1282
ANSYS 234 449 705 804 91.4 1259
Present 709 1163 1448 1661 2022 2215
£ el 778 1293 1509 — — -
30, /core JS Waraha et
dpe 732 97w - - -
o ANSYS 759 1233 1510 1743 2103 2308
Present 733 1268 1405 1790 2069 2263
) VeoMigs2 1312 1527 — - —
[03 /core ]s Watargheet
e 716 1240 1414 - - -
ANSYS 743 1292 1434 1829 2114 2308
I Clamped
Present | 611 1082 1182 1585 1734 1925
Measoud and
. 642 1170 1273 — —  —
[ e,
) 616 1106 1204 — — —
.[66]
, ANSYS 625 1107 1208 1633 1766 1953
Present 694 1110 1384 1655 1744 2151
- Nenday 716 1167 1497 — @ —  —
| /900 roore | Bl
ANSYS 700 1119 1399 1672 1755 2170
Present  668.9 11008 15690 1834.7 18488 23821
[0,/00re/0]
0" 5 E—mN ANSYS  673.1 1117.7 15963 18649 18732 24239
Present  665.0 12123 1497.3 1730.1 21280 23140
[30, / core/30;]
ANSYS  670.1 12271 15247 17549 21665 23518

Material | : a=1.83 m, b=1.22 m, hy=0.41 mm, E;= E,=68.95GPa, v1,=0.33, 2 1 =2768kg/m°,

Gx.=134.5MPa, G,,=51.7MPa, and £~ =121.8kg/m°.

Material Il : a=0.45 m, b=0.3 m, h;=0.375 mm, E;=105GPa, E,=8.74GPa, G1,=4.56GPa, v,=0.327,
P =1600kg/m?, G,,=103MPa, G,,=62.1MPa, and P.=16kg/m°.

Material 111 : 8=0.3 m, b=0.3 m, h;=0.5 mm, E,;=150GPa, E,=10GPa, G,,=6GPa, G,3=2GPa v,=0.3,
P =1550kg/m®, E;=100MPa, G,=38.46Mpa, and 2. =50kg/m°.
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% 4-5 L H[(0/90'), rcore | A P E B fo K2 B
AP IR

b Normalized natural frequency A~
¢ 1st 2nd 3rd 4th 5th

05 14.19 17.07 25.82 29.77 31.83
1 1 5.28 10.82 10.86 15.3 22.19

. 2 385 4.93 102 1028  11.26
05 1422 1787 2622 3051  32.49

106 1 5.3 1213 1219 1656  22.66

2 386 588 1101 1159 1251

05 2448 2859 3536 434  48.16

1 1 1202 1895 1914 2435 2812

0 2 881 1002 1357 1706  17.94
MPa 05 2469 2881 3559 4381 4831
106 1 1224 1921 1955 2459 2831

2 9 1056 1407 1735 1825

05 275 3384 4268 5268 5459

1 1 1566 2514 2592 3258  36.12

. 2 1192 1532 2006 2299  24.94
10 05 2781 3408 4278 528 54.74
10° 1 16.16:10002528 2612 326 36.23

2 1247 15647 2031 231 2501

05 1605 1 2233 |- 5854 6848 7247

1 1 552 1647 1652 2818 705

. 2 402 580 1602 1862  19.62
05 1612 3126 |- 987 9993  107.76

10° 1 553 573 - 2736 4177 9753

2 403 802" 2683 2708 2922

05 4769 '1'5257 8755 9558  102.77

1 1 1663 2747 275 3868 7456
Lera 10 2 1212 1344 2327 2494  26.89
05 4945 5745  109.85 11994  127.05

10° 1 172 3396 34 4785 9961

2 1254 1463 295 3184 3381

05 12243 1623 24053 32365  341.12

1 1 494 11278 1129 15587 2075

L0 2 3528 4683 7231 10547  109.37

0.5 174.14 213.37 284.02 358.4 375.3
10° 1 77.85 144.05 144.16 190.98 234.97
2 56.64 68.79 93.97 130.28 132.55

T 4= wb? p.H /D, H=2h +h D,isbending stiffness in x direction.
K=K, xa*/D, =K ,xa’/D, =K ,xb’/D, =K ,xb*/D,,;and R=R,xa/D, =R, xa/D, =R, xb/ D, =R ,xb/ D, -
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% 4-6 2L I [@5 1 45) /0o | A PR B o B M2 B R

7 A /J_‘ -:—:1‘:
L p PO S

E K R alb Normalized natural frequency A~

¢ 1st 2nd 3rd 4th 5th
0.5 4.25 7.35 9.91 13.66 17.79

1 1 2.28 3.73 6.38 8.61 9.09

1 2 13.52 15.77 22.99 28.62 30.16

0.5 4.26 9.01 10.95 14.4 18.94

10° 1 2.29 4.67 8.2 9.61 9.92

2 21.84 24 29.23 36.51 44.17

0.5 9.79 13.7 17.18 20.33 21.64

1 1 6.04 7.59 11.14 11.28 12.86

10 4, 2 22.03 24.29 29.86 37.26 44.29
MPa 0.5 9.99 14.29 17.4 20.65 22.22
10° 1 6.23 8 11.68 11.79 13.33

2 24.57 30.02 37.86 46.68 49.38

0.5 13.61 21.77 23.23 28.91 31.6

1 1 9.95 13.35 17.8 19.63 21.71
2 24.97 30.11 38.06 46.83 495

10%°
0.5 14.24 22.04 23.45 29.13 31.82
10° 1 10.75 13.82 18.12 19.89 21.98
2 4.25 7.35 9.91 13.66 17.79
0.5 15.72 17.9 40.14 57.35 75.19
1 1 4.47 9.66 15.86 27.63 41.47
1 2 2.38 4.83 9.05 14.93 18.95
0.5 15.78 20.85 54.79 95.78 107.67
10° 1 4.48 14.51 26.46 38.84 54.59
2 2.39 7.09 14.36 20.28 26.07
0.5 46.42 48.29 61.66 94.01 96.99
1 1 13.46 18.16 25.47 34.17 45.25
1GPa 10 2 7.19 9.23 14.13 18.47 21.02
0.5 48.15 50.56 71.61 116.11 120.2
10° 1 13.91 20.71 31.87 42.98 56.75
2 7.44 10.44 17.36 22.58 27.23
05 119.18 14544  190.75 25228  306.61
1 1 44.34 79.74 111.89  127.85  150.35
109 2 24.12 40.63 66.43 66.69 81.7

05 15911  181.32 22214  279.95  331.72
10° 1 64.37 101.08  135.07 150.4 173.39
2 36.13 53.83 81.22 84.21 99.27

*

A=wb? p,HID, ; H=2h +h; D,isbending stiffness in x direction.

K=K, xa'/D, =K ,xa/D, =K ,xb*/D, =K ,xb’/D,; andR=R,xa/D,=R,xa/0,;=R,;xb/D, =R ,xb/D,-
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261 HEMEREFERHEFT R PR LR - BFFERR

v , = R R B R %R

e S S S S W
Al [0, 0.195 0.195 7.5e-4 1523
A2 [0°/90°/0°]y  0.195 0.195 7.5e-4 1541
A3 [45/-45/45)  0.195 0.195 7.5e-4 1551
B1 [0°]; 0.205 0.205 le-3 1538
B2 [0°/90° ], 0.205 0.205 1l.e-3 1540
B3 [45' /45, 0.205 0.205 1l.e-3 1540
Cc1 [0°],, 0.215 0.215 1.5¢-3 1556
C2 [0°/90°/0°],,  0.215 0.215 1.5¢-3 1539
C3 [45/45/45], 0.215 0.215 1.5e-3 1551

%262 FEMPHEFGHEFILHIE pBREFFTRHRE

e pOARHE S B (Hz)
Al 108 164 270 360 400 418
A2 107 232 3235 408 4685 595
A3 126 261 301 444 523 554
Bl 120 187 311 417 467 490
B2 122 281 364 469 574 710
B3 149 321 357 540 624 646
C1 1635 2455 410 5545 610 650
C2 163 378 482 618 764 920

C3 193 415 456 680 795 820
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£ 6-3 ML HH IR EL AR T R L

LR A 5 E: E, G Ee
# P (GPa) (GPa) (GPa) . (MPa)
4 141.180*  9.610 6.190  0.30000  2.300
(-3.63%)° (4.20%) (-9.45%) (-1.96%) (13.41%)
0] c 141.914  9.520 6.860  0.28900  2.090
6 (-3.79%) (3.22%) (0.35%) (-5.56%) (3.06%)
6 140.807  9.157 7.419  0.30374  2.076
(-4.54%) (-0.72%) (8.53%) (-0.74%) (2.37%)
4 146.715  8.590 6.600  0.30000  1.980
(-0.53%) (-6.86%) (-3.45%) (-1.96%) (-2.37%)
[0°/90°/0°], e 147.350  9.560 5.960  0.30000  1.980
(-0.10%) (3.65%) (-12.81%) (-1.96%) (-2.37%)
6 145.402  9.933 6.701  0.30003  1.976
(-1.42%) (7.70%) (-1.97%) (-1.95%) (-2.56%)
4 139.128.411.9.940 4750  0.30000  2.000
(-5.68%) (%:71%) (-3051%) (-1.96%) (-1.38%)
(45|45 /457, e 138:929  9.160 7.160  0.30000  2.000
(-5.17%)  (-0.68%) (4.74%) (-1.96%) (-1.38%)
6 139521, 79053 7.054  0.30004  1.998
(-5.41%) (-1.84%)." (3.19%) (-1.95%) (-1.48%)

TR ARSI B AR

/7L YV

SERE
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%+ 6-4 ﬁﬁ-'fﬁ_i%ﬁ@iiﬁ%g{g O AR A fP#cp 4E 52 F 8

%, %] = ;\; 'H;E -3‘ El E2 GlZ Ee

B P (GPa) (GPa) (GPa) 5 (MPa)

4 137.060°  9.940 6.140 0.29700 2.000
(-7.08%)b (7.77%) (-10.18%) (-2.94%) (-1.38%)

[0°] 5 137.724 9.640 6.730 0.30000 2.000
8 (-6.63%) (4.52%) (-1.55%) (-1.96%) (-1.38%)

6 137.108 9.436 7.064 0.30029 1.997
(-7.05%) (2.31%) (3.34%) (-1.87%) (-1.53%)

4 139.541 8.840 6.840 0.30000 2.000
(-5.40%) (-4.15%) (0.06%) (-1.96%) (-1.38%)

[00/900 . 5 139.725 8.820 6.820 0.30000 2.000
(-5.27%) (-4.37%) (-0.23%) (-1.96%) (-1.38%)

6 138.505 9.207 7.207 0.30002 1.998
(-6.10%) (-0.17%) (5.43%) (-1.94%) (-1.48%)

4 142.441 9.093 7.094 0.30003 2.000
(-3.43%) (-1.41%) (3.77%) (-1.95%) (-1.38%)

[45°/—45° I 143.218 8.720 6.720 0.30000 2.000
> (-2.91%). - (-5.45%) (-1.70%) (-1.96%) (-1.38%)

6 143.212 3.704 6.704 0.30002 1.999
(-2.91%) “/(-5:63%) (-1.93%) (-1.95%) (-1.43%)

CE AT E AR E

N T
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%65 BPAFHAEF ALk R A RERPFEFLFY

'ﬁ'%} = ;\; 'H;E -3‘ El E2 GlZ L Ee

e p (GPa) (GPa) (GPa) 8 (MPa)

A 152.091*°  9.938 6.788  0.29600  1.874
(3.11%)° (7.75%) (-0.71%) (-3.27%) (-7.57%)

0] c 148.824  9.690 7.100  0.30400  2.120
12 (0.90%) (5.06%) (3.86%) (-0.65%) (4.54%)

6 148.901  9.704 7.048 030679  2.117
(0.95%) (5.22%) (3.10%) (0.26%) (4.39%)

s 139.281  9.710 7.710  0.30000  2.400

(-5.57%) (5.28%) (12.79%) (-1.96%) (18.34%)
[0°/90°/0° ], 138.377 9798  7.798  0.27165  2.598

> (-6.19%) (6.23%) (14.07%) (-11.23%) (28.11%)

. 14373 9573 7188 0296  2.044
(-2.56%) (3.79%) (5.15%) (-3.27%) (0.79%)

. 143.866:1°°9.3101,. 6.840  0.30000  2.000

(-2.47%)(0:94%) ' (0.06%) (-1.96%) (-1.38%)

(4545 /45, 143:833  9.590 7430 0.29600  1.950
> (-2.49%). | (3.98%) (8.69%) (-3.27%) (-3.85%)

144:11 79297 7.419  0.30024  1.96

0 (-2.309%) 7(0:80%) (8.53%) (-1.88%) (-3.35%)

CEASTEHE R DR EELFAVNERLE

# 66 A & HHEAE R R (0] 1 F R b

\4

R ]

Solution
AL ¥ B 1 2 3 4
Start Final Start Final Start Final Start Final®

E.(GPa) 32.606 140.807 27.762 140.807 146.355 140.807 36.945 140.807
E,(GPa) 1.273 9.157 19.728 9.157 19.249 9.157 14.256 9.157
Gi(GPa) 0.145 7.419 4309 7.419 8391 7.419 3.609 7.419

V12 0.070 0.304 0.291 0.304 0.261 0.304 0.352 0.304
Ep(MPa) 0.743 2.076 5.877 2.076 6.593 2076 3.906 2.076
¥ 9 9 10 9
TREE] E
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267 MALA A R s - kLR

P E: E, G o Ee %k
S (GPa) (GPa) (GPa) o (MPa) =#

AL 140807 9157  7.419 030374 2076
(-4.54%)° (-0.72%) (8.53%) (-0.74%) (2.37%)
Ap 145402 9933 6701 030003 1976
(-1.42%) (7.70%) (-1.97%) (-1.95%) (-2.56%)
A3 139521 9053 7054 030004 1998
(-5.41%) (-1.84%) (3.19%) (-1.95%) (-1.48%)

THEPM KBS NGRS RN RRERZ A VELE

26-8 it A Ak b A A A2 F B

e = E3 Gy, v Ee SR
S¥E (GPa) (GPa). .(GPa) “ (MPa) =#
B1 137.108* 9.436 7.064 0.30029 1.997
(-7.05%)" (2.31%) (3.34%) (-1.87%) (-1.53%)
B2 138.505 9.207 7.207 0.30002 1.998 12
(-6.10%) (-0.17%) (5.43%) (-1.94%) (-1.48%)

gy 143212 8704 6704 030002 1999
(-2.91%) (-5.63%) (-1.93%) (-1.95%) (-1.43%)

=S

THEPMKELF NGRS RRERZFAVELE
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£6-9 MU L HFAAFABL - k2 F Y

o E: E> G o Ee o
¥ (GPa) (GPa) (GPa) “ (MPa) =#
c1 148.901 9.704 7.048 0.30679 2.117 6
(0.95%)* (5.22%) (3.10%) (0.26%) (4.39%)
c2 143.73 9.573 7.188 0.296 2.044 10
(-2.56%) (3.79%) (5.15%) (-3.27%) (0.79%)
144,11 9.297 7.419 0.30024 1.96 9

(-2.30%) (0.80%) (8.53%) (-1.88%) (-3.35%)

TN EE L F BRSSP RRER AV EALRE

#.6-10 4F & MR M AE B IR L 2 p RS 7

Natural frequency (Hz)

Layup
1st 2nd 3rd 4th 5th 6th 7th
[0°]; 143 183 310 418 474 549
[0°/90° ], 145 284 367 467 582 707 781
[45 /45 /45°], 158 270 309 458 534 575 677
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2611 B4 ¢ wBE R [OLMEEE 0 @ A D FRI2FE

ml:act)s:u%d Starting Identified mechanical property
natural point - Stage Number of

frequencies Ei(GPa) EAGPa) GpGPa)  vie  E(MPa) ke(NMM) jiorations

Initial 72.738 10.611 10.343 0.23114 6.272 15.033
Final 136.34 8.563 5.59 0.3 3.061  3.643
Initial 394.832 34915 7.625 0.37145 15.168 6.887
Final 136.343 8.563 5.593 0.3 3.058 3.644
Initial 278.223 8.977  18.075 0.31906 7.187 16.213
Final 165.22 6.164 1925 0.29764 1951 18.007
Initial 272.79 38.101 4.232 0.39451 8.252 10.868
Final 136.343 8.563 5.593 0.3 3.058 3.644
Initial 23.313 21975 8.017 043736 4.375 12574
Final 136.342 8.563 51592 0.3 3.059 3.644
Initial 315.04  7.485 17158 -0.14178 9.933  2.138
Final 136.343 - 8.563  5.593 0.3 3.058 3.644

Global ~ 136.343 - 8563 5593 =03  3.058 3.644 Probability
minimum  (-6.94%)” (=7.16%)(=18:18%) (-1.96%) (50.79%) (-5.72%) 0.9959

Initial 175.047 2218 13.979 0.31602 14.829 11.284
Final 138.492 8.625 6.625 0.3 2.118 3.811
Initial 294.196 15.885 7.743 0.29797 1583  0.695
Final 138.495 8.626 6.626 0.3 2118 3.811
Initial 146.693 26.308 18.35 0.16604 15.901 15.63
Final 138.492 8.625 6.625 0.30001 2.118 3.811
Initial 245.851 1.123 13.69 0.24554 6.003 17.796
Final 138.491 8.625 6.625 0.3 2119 3811

Global  138.492 8625 6.625 0.30001 2.118 3.811 Probability
minimum  (-5.47%) (-6.48%) (-3.09%) (-1.96%) (4.44%) (-1.40%) 0.9921

8

1

THEPMKELF BRSO RRERZF AV ELE
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£6-12 B¢ wBF L2 FAE > B TR T F %

Identified mechanical property

Layup
Ei(GPa) Ey(GPa) Gp(GPa) Vio E«(MPa)  kc(N/m)
0 /90°] 142.181  8.76 6.439 0.3 2.126 3.834
2 (-2.95%)° (-5.02%) (-5.81%) (-1.96%) (4.83%) (-0.80%)
o, 147149 9.927 6.833 0.3 2 3.777
(4545 /45,

(0.44%) (7.63%) (-0.04%) (-1.96%) (-1.38%) (-2.28%)

THEME L F BARE LN %R A RAE

2613 47 & M AR IEERTNL B2 § R F R

Support Natural frequency (Hz)

Layup  Geometry .
condiion {5t 2nd  3rd  4th  5th  6th

A 154 361 436 611 660 765
[0/90/0),  square
B 161 373 476 578 702 720

A 177 378 435 596 655 818
[45/-45/457,  square
B 178 404 451 668 716 787

A 152 241 386 416 601 616

[0°],, square
B 158 244 405 535 561 600
[0°/90°/07 ], 110 245 327 435 467 606
rectangle C
[45/45 /45, 253 347 394 514 578 253
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P
I"

46-14 Gr/ep[0°/90°/0°]28 AN IR L 2 p R IR

Young's  Spring constant Natural frequency (Hz)
modulus of

elastic pad
MPa) K N K (N) st ond  3rd 4th 5th 6th

1.0 2.38095 4.96032 151.3163 340.3899 391.3919 575.7812 592.2373 653.2147

15.0  35.7143 7440476 170.972 394.3665 499.4967 663.1584 786.6243 990.3991

#.6-15 Grlep[0°/90°/0° | AZI5% #1582 4 #H E,=1 Mpa 2 Z %4

F X
Starting o System parameter ‘No.of
point no. Ei(GPa) En(GPa) Gi(GPa)  vi,  Eo(Mpa) 'erations
. Iniial 104538 08490096519 021825 4433 n
Final 1465032  9.2231 /961836 - 0.306 1.0
, Iniil 224703 17,862 0225~ “041863 13719 0

Final  87.7715 3:3359 3.0379 0.4682 19.7024
Initial  234.44 22.888 16.971 0.19005 4.258

3 Final  146.503 9.2232 6.836 0.306 1.0 e

4 Initial  251.766 22.601 7.614 0.10768 14.206 1
Final  146.503 9.223 6.836 0.306 1.0

5 Initial  165.37 17.196 3.731 0.09233 10.058 7

Final  87.7696 3.3364 3.0385 0.4682 19.7025
Initial  163.239 35.29 16.643 0.01602 7.718
Final 146.5037  9.2218 6.8358 0.3061 1.0
Initial  62.819 20.423 7.079 0.26991 12.009
Final  87.7599 3.3384 3.0404 0.4682 19.7024
Initial ~ 52.512 17.035 17.208 0.02261 17.514
Final ~ 87.7607 3.3382 3.0403 0.4682 19.7024
Initial  196.172 25.595 11.252 0.01915 13.345

9 10
Final 146.5032  9.2231 6.836 0.306 1.0
- 146.503 9.223 6.836 0.306 1.0 Probability
Global minimum i
(0%) (0%) (0%) (0%) (0%) 0.9923

“Values in the parentheses denote percentage difference between identified and actual data
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#6-16 Grlep[0°/90°/0° | A% 3¢ 3% i sBi% 4 4 E, =15 Mpaz L% 47

2S

F £ B

Starting Stage System parameter No. of

point no. El(GPa) Eg(GPa) Glg(GPa) Vi, Ee(Mpa) iterations
1 Initial 194551 21.895 16.967 0.13555 7.055 12

Final 146.5032 9.2231 6.8361  0.306 15.0
Initial 175.037 25.389 14534 0.27722 8.494

: Final 146.5034 9.2231 6.8364 0.3059 15.0

3 Initial 48.043 25.994  3.448 0.25919 8.535
Final 146.503  9.223 6.836 0.306 15.0

4 Initial 299.286  9.985 8.23  0.37452 19.554

Final 146.503  9.223 6.836 0.306 15.0
146.503  9.223 6.836 0.306 15.0 Probability

Global minimum B
(0%) (0%) (0%) (0%) (0%) 0.9921

“Values in the parentheses denote perceritage difference’between identified and actual data.

%6-17 Gllep| 07/90°/ 0" | “TAI 5 36 R £ 52 f AR Lk

2S

Young’s  Spring constant Natural frequency (Hz)
modulus of
elastic pad K,
MP) g (D 1t 2nd 3 4th 5th 6th
m

1.0 2.38095 4.96032 87.91181 208.9391 235.5438 344.3321 384.733 428.8373

15.0  35.7143 74.40476 101.7888 236.4288 272.623 382.7989 466.449 557.0408
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%6-18 Gliep[ 0°7/90°/0°] A7 28 i 342 & 1SR HF 5 2 F B

2S

A No-of Average System parameter

Case E. (MPa) starting no. of

points iteration

E1(GPa) E»(GPa) Gi(GPa) Vv, E.(Mpa)

1 1.0 7 8  435(0%)" 11.5(0%) 3.45(0%) 0.27(0%) 1.0(0%)

2 150 8 10 43.5(0%) 11.5(0%) 3.45(0%) 0.27(0%) 15.0(0%)

“Values in the parentheses denote percentage difference between identified and actual data.

#6-19 Grfep[ 0°/90°/0° || AZIF#% b 3L £ 4F 11 F S F 2 K ¥

2S

Starting Stage System parameter No. of
point no. E«(GPa) Ex(GPa) Gu(GPa). V., E.(Mpa) iterations
1 Initial 44.645 - 34.586 4881  0.42941 5.985 g

Final 141.164 - 8.982°~ 6982 /030002 2211
Initial  160.933 0.683  17.640- 0.37422  3.853
Final 141.162 8.982 7776983 030001 2211
Initial  238.425 0.880  19.186 0.03901  4.472
Final 141.158 8983  6.984 030001 2.211
Initial  55.035 16.731 17.782 0.03920 16.305
Final 109.693 5521  3.529 0.30015 18.005
: Initial 51.864 7.121  0.005 0.17907 6.870 0
Final 141.167 8981  6.982 030001 2211
Initial  213.219 36.831  9.558  0.33293  1.689
Final 141.171 8980  6.981 030002 2.211
141.167 8981 6982 0.30001 2211 Probability
(-3.64%)" (-2.62%) (2.14%) (-1.96%) (9.02%) 0.9959

5

Global minimum

“Values in the parentheses denote percentage difference between identified and measured data.
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#6-20 Grlepig 14 # I A V3058 L 3 F A S 2 K

g
¥

Identified system parameter

Support
Layup diti
condition £ (Gpa) E(GPa) Gu(GPa) v,  E«Mpa)
0/90/07, 141.896* 0.041 7.045 0.30035 1.984
(-3.14%)" (-1.97%) (3.06%) (-1.85%) (-2.17%)
A 148.425 8.505 6.506 0.30002 1.992
(1.31%)  (-7.78%) (-4.83%) (-1.95%) (-1.78%)
[45/45 /45 ]
5 144.040 9.853 6.994 0.29998 2.021
(-1.68%) (6.83%)  (2.31%) (-1.97%) (-0.35%)
A 148.983 0.817 7.005 0.30015 1.965
o] (1.69%)  (6.44%) (2.47%) (-1.91%) (-3.11%)
12 5 143.770 0.447 7.499 0.30421 1.901
(-1.87%) (2.43%) (9.70%) (-0.58%) (-6.26%)
142.187 7 6.355 0.29751 2.144
0/%w/0ls  c Bigy
(-2.95%)  (5.71%) = (-7.04%) (-2.77%) (5.72%)
54545, c 143608 9,326 6.199 0.29996 1.996
(-1.98%) (1.12%)  (-9.32%) (-1.97%) (-1.58%)

“Values in the parentheses denote percentage difference bétween identified and measured data.

2621 AF PR A BRI L 2 p A F R %

Natural frequency (Hz)

Plate
1st 2nd 3rd 4th 5th 6th Tth
[0°]60 32 242 468 850 1365.3 1727.3 2428.3
[07790°] = gg 258 1107.6 1296 1878 2403 2854
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#6-22CrlepGllep 41 H:f MM L 2 p A F LA B

Natural frequency (Hz)
Plate

1st 2nd 3rd 4th 5th 6th Tth

Griep[0° ] 33463 260657 485637 940953 1481512 1942108 2478084
Gllep[o-/90'] . 30373 179833 706198 872672 1014772 1553637 2102837

2.6-23Grlep[0'] A HIF B B4 L 2 A S 2 F ¥

Starting System parameter No. of
point Stage it ot._o
no. E E, G, G,s K, k, lterations

(GPa) (GPa) (GPa) (GPa) -2 (MN/mD) (N)

1 Initial 240.951 7.1317 7.785-—4867 0.148 0.923 9.618 1

Final 146.503 9.223 %.836 1.123 .0.306 0.200 1.000

5 Initial 176.399 33.017 19.164"'5.988 0.414 0.676 3.285 97
Final 147.224 9.226 6.782 0.773 0.042 0.849 1.000

3 Initial 315.448 13.891 15.921 1.343 0.452 0.347 4.959 13
Final 146.503 9.223 6.836 1.123 0.306 0.200 1.000

4 Initial 212.761 26.673 9.967 0.553 0.462 0.984 0.223 21
Final 146.503 9.223 6.836 1.123 0.306 0.200 1.000

5 Initial 236.916 25.043 8.280 2.866 0.280 0.684 3.213 10
Final 146.503 9.223 6.836 1.123 0.306 0.200 1.000
Initial 207.711 20.402 7.439 5.396 0.187 0.014 4.420
Final 146.503 9.223 6.836 1.123 0.306 0.200 1.000

Global ~ 146.503 9.223 6.836 1.123 0.306 0.200 1.000 Probability
minimum  (0%) (0%) (0%) (0%) (0%) (0%) (0%) 0.9959

20

“Values in the parentheses denote percentage difference between identified and measured data.
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% 6-24 Gl/ep[ 0’ /90"]153 MHFE B AR AE R FE

Starting System parameter No. of
point Stage ito ot._o
no. E, E, G, G, K k, lterations

(GPa) (GPa) (GPa) (GPa) 2 (MN/) (N)

1 Initial 17.719 20.155 14.522 9.597 0.231 0.309 2.725 17

Final 43.500 11.500 3.450 1.100 0.270 0.200 1.000

5 Initial 149.719 32.706 7.236 6.218 0.448 0.264 6.781 14
Final 43.500 11.500 3.450 1.100 0.270 0.200 1.000

3 Initial 237.142 4.124 14.110 5.717 0.066 0.327 9.706 15
Final 43.500 11.500 3.450 1.100 0.270 0.200 1.000
Initial 53.421 24.312 5411 3.046 0.208 0.521 1.813
Final 43.500 11.500 3.450 1.100 0.270 0.200 1.000

Global 43.500 11.500 3.450 1.100 0.270 0.200 1.000 Probability
minimum  (0%) (0%) (0%)_ . (0%) (0%) (0%) (0%) 0.9921

25

“Values in the parentheses denote pereentage difference between identified and measured data.

2625 FH AT BWEL A HEFLF B

Identified system parameter

Plate
E, E, Gy, Gy, . < K,
(GPa) (GPa) (GPa) (GPa) ¥ (MNImY)  (N)
0], 145.620 8.6 6.164 1.0 0.291 24 885

(-0.6%)"  (-6.75%) (-9.38%) (-1.19%) (-4.9%)

135.008 8603 6300  1.203  0.307
(0790 ] 94.161 1189.2
(-7.85%) (-6.72%) (-7.84%) (18.89%) (0.34%)

140.314  8.602 6.232 1.102 0.299
Average 84.081 1037.6
(-4.22%) (-6.74%) (-8.84%) (-1.91%) (-2.29%)

“Values in the parentheses denote percentage difference between identified and measured data.
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3.6-26 B L FGrlep= P iotr 2 p AR F

/A
1B

Natural frequency (Hz)

Layup
1st 2nd 3rd 4th 5th 6th 7th 8th
207° 329 475 518 552 687 741 770
[03/°°re(')/03] 209.27° 32757 476.96 53507 549.82 700.38 749.36 783.96
-1.08%° 0.44% -0.41% -3.19% 0.40% -1.91% -1.12% -1.78%
227 439 501 635 704 724 819 838
[0° 190° 10" / core(l)
1019010 22747 44454 47259 610.07 702.25 740.2 817.86 836.14
-0.21% -1.25% 6.01% 4.09% 0.25% -2.19% 0.14% 0.22%
263.5 407.4 694 761.9 842.8 1038.8 1082.8 1292.3
[o;/core(u)/o;} 257.67 399.86 678.54 737.72 816.77 1004.14 1053.78 1246.45
226% 1.89% 2.28% 3.28% 3.19% 3.45% 2.75% 3.68%
273.9 614.8 713.8 920.5 1094.6 1223.3 1301.9 1361.5
[0“ 190° 10" / core(ll)
1019070 ] 268.34 603.82 699.51 ,898.51 1076.56 1203.19 1274.79 1339.94
207% 1.82% 2.04% 2.45% 1.68% 1.67% 2.13% 1.61%

# Experimental natural frequency

® Theoretical ratural frequency
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#6-27 SEIE L HGriep| 0 /core(1)/0; | = P i e v i 5 2 F

Starting System parameter

) No. of
point - Stage S E2 G2 y E. L Ee  iterations
no. (GPa) (GPa) (GPa) L (MPa) ¢ (Mpa)
Initial 172.2333 1.7197 1.8401 0.3956 67.3468 0.4880 0.0487
1 23

Final 146.5030 9.2230 6.8360 0.3060 27.6504 0.3000 2.0280
Initial 219.5101 33.7476 8.3422 0.3833 83.8477 0.2117 1.0114
Final 129.5830 8.1650 7.9054 0.4811 97.0487 0.3066 0.3368
Initial 369.7264 19.4123 0.9951 0.2674 38.7409 0.1706 8.7940
Final 146.5030 9.2230 6.8360 0.3060 27.6504 0.3000 2.0280
Initial 14.6463 10.7449 4.9484 0.4198 50.1803 0.4227 0.2273
Final 146.5030 9.2230 6.8360 0.3060 27.6503 0.3000 2.0280
Initial 186.6666 13.7427 16.8817 '0.1155 89.6623 0.3149 5.2605
Final 146.5030 9.2230+ 6.8360  0.3060 27.6504 0.3000 2.0280
Initial 294.1296 2.3754 '1.5370 0:2186 80:2237 0.1777 9.3716
° Final 146.5030 9.2230. 6.8360 70:3060 27.6504 0.3000 2.0280 #

. 146.5030 9.2230 6:8360.0.3060 27.6503 0.3000 2.0280 Probability
Global minimum .
(0%)  (0%) (0%) (0%) (0.001%) (0%) (0%)  0.9959

“Values in the parentheses denote percentage difference between identified and actual data.
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Edge

Core Natural frequency (Hz)
support
Layup Ecore E
MB 1st 2nd 3rd 4th 5th 6th 7th 8th
(Mps)
10 1 137.760 248617 289.078 360512 396309 450950 476.802  503.603
[O;/core/og]

2000 50 249747 468066 712232 846992  886.014 1215907 1382185 1472517

10 1 145433 276220 282657 377141 430243 434084 500883 512625
[45' /45 145 [core

145145 200 50 277753 600628 637.175 984942 1150070 1164418 1494390 1600.772
#.6-29 E {4 L IFCllep= P intr MBI F 2 F &
Edge
Core ’ No.of Average System parameter
c support .
Layu core starting no. o
yiP E, .|g o B Eo  Gp y E. y Ee
(MPe) points lteralion — ~ps)  (GPa) (GPA) . (MPa)  ©  (MPa)
Mpe)
38.6001 8.27 4.14 026 9988 02985 10
10 1 6 11
Q6e4%)* (0%) (0%) (0%) (012%) (05%) (0%)
[O;/core/O;]
385964 82684 41391 026 20022 030 50.0004
2000 50 4 13
(-001%) (002%) (002%) (0%) (0.11%) (0%) (8e-4%)
38.6 8.27 4.14 0.26 999 02086 10
10 1 7 16
(45 /45145 core %) (%) (%) (%) (01%) (047%) (0%)
45°/-45' /45" |
385951 8.2732 4.1403 02601 19996 030 50.0054
2000 50 4 13

(-0.01%) (0.04%) (0.01%) (0.04%) (002%) (0%) (0.01%)

“Values in the parentheses denote percentage difference between identified and actual data.
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#6-30 EE L :}‘?Gr/ep[oglcore(l)logji s MR RIES2F B

Startin
_ g System parameter No. of
point  Stage . .
E; E> G2 E. , E. iterations
no. (GPa) (GPa) (GPa) '*  (MPa) ©  (MPa)
. Initial  40.801 13.805 7.861 0.2307 71.168 0.3894 2.015 »

Final  150.208 8.669 7.430 0.3004 26.978 0.2999 2.153
Initial  297.168 9.511 7.943 0.1310 96.603 0.2893 1.986
Final 150.205 8.668 7.430 0.3003 26.976 0.3000 2.153
Initial  21.834 15.872 0.017 0.2817 38.429 0.4310 2.009
Final 150.209 8.668 7.430 0.3001 26.981 0.3000 2.153
Initial  40.801 13.805 7.861 0.3073 71.168 0.2894 2.015

4 15
Final 150.208 8.669 7.430 0.3004 26.978 0.2999 2.153

150.205 8.668 7480 0.3003 26.976 0.3000 2.153 Probability

Global minimum .
(2.53%) (-6.02%)-(8.69%) (-1:85%)(-2.44%) (-0.01%) (6.18%) 0.9921

“Values in the parentheses denote percentage difference between identified and measured data.

#6-31 EE L FCriep= P s R HRA F2F &

No. of Average System parameter
startin

Layup - no. (.)f E, £, 6o e E,
s ieration oo ey @Pa) "% MP) " (MPa)

[0°190° 10" fcore(t) s ,, 153893 8194 6285 02984 28007 03073 2184
10190 70°] (5.04%)" (-11.16%) (-8.06%) (-2.47%) (1.29%) (2.43%) (7.71%)
150549 9100 6738 03015 4457 03684 2239
(-217%) (11.07%) (7.21%) (-1.48%) (13.12%) (-3.04%) (2.52%)

[0°/90°/0" /core(l) 18 157930 8599 6.559 0.3010  3.455 03701 2.084

o 150/0'] (490%) (-552%) (-2.67%) (-0.17%) (-12.31%) (-2.60%) (-6.93%)

[O; Jcore(il)/ 0;] 4

“Values in the parentheses denote percentage difference between identified and measured data.
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