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ABSTRACT

Present paper aims at the correlation of modal characteristics of folding fin between test and

analysis using an optimization theory. Folding fin is composed of a movable fin, a base fin, and many

functional components related to the folding mechanism. Joint parts of folding fin in FEM are initially

modeled as rigid elements resulting some difference between test and analysis in modal characteristics.

Therefore, some equivalent springs representing joint parts are introduced to improve the FEM model.

The springs were set as design variables, while the frequency difference between test and analysis was

set as the object function. Bayesian procedure was ujsed for the minimization.
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Table 1 Design variable of lower fin

Design Variable Initial Final Design Variable Initial Final
variable name value value variable name value value
1 Area 1.9818 % 10° 1.5880 % 107 31 Area 1.5804 % 10* 1.5758 < 10*
2 111 3.1255x 1% 3.3164 < 10° 32 111 3.0645x10* 3.0644 < 10*
3 122 3.1255% 10° 3.3031x10° 33 122 4.3123%10% 1.7578 < 10*
4 J 6.2510 x10° 6.2506x10° 34 J 1.7129 x10* 1.7066 x10*
5 Area 2.8368 x10° 1.1566 % 10° 35 Area 1.9141x10" 1.9076 x 10*
6 111 6.4038 % 10° 6.7078 x 10° 36 111 3.6270x10* 3.6270x10*
7 122 6.4038 x 10° 6.4552 x 10° 37 122 3.5103 X 10 6.3128 %102
8 J 1.2808 < 10* 1.2804 x10* 38 J 1.6229x10* 1.6802 % 10*
9 Area 5.7277x10% 3.0613x10% 39 Area 1.8538 < 10* 1.9127 x 10*
10 111 2.6106x10* 2.6356 < 10* 40 111 3.4767x10* 3.4766 x10*
11 122 2.6106x10* 2.6321x10* 41 122 3.7055%10* 6.1990 % 10?
12 J 5.2213x10* 5.2210x10* 42 J 1.8121x10* 1.8695 < 10*
13 Area 1.1217x10% 2.1742x10* 43 Area 1.8581 x10* 1.9140 < 10*
14 111 3.2387 %10 3.0934 % 10 44 11 3.6701x10* 3.6700x10*
15 122 4.3259x10% 4.2589x10? 45 122 3.7055x10* 4.9587 X 10%
16 J 3.6713x10° 3.6738%10° 46 - J 1.8121x10* 1.8412x10*
17 Area 2.9926 % 10° 5.1062 % 10% 47 Area 1.8581 x1¢* 1.8865 x 10*
18 111 9.8272x10° 9.6830 % 10° 48 111 3.6701 x10* 3.6687x10*
19 122 5.4799 x 10° 5.3176 x 10° 49 122 3.6471x 102 4.6722 %107
20 J 1.5307 x10* 1.5308 x10* 50 J 1.7776 x 10* 1.8069x10*
21 Area 2.7099 % 10* 1.9629 x 10° 51 Area 1.8568 x10* 1.8853 x 10*
22 111 9.7636 <10 9.6675x 10° 52 111 3.6344 % 10* 3.6329x 10*
23 122 5.4163%10° 5.3602 % 10° 53 122 3.6471x 102 1.7440x 107
24 J 1.5180 % 10* 1.5228x10* 54 J 1.7776 % 10* 1.873x10*
25 Area 4.2868 % 10° 2.0421 X102 55 Area 1.8568 x10* 1.9157 x 10*
26 111 1.7363x10* 1.7272 % 10* 56 111 3.6344 < 10* 3.6327x10*
27 122 1.5831x10* 1.5761 x 10* 57 122 3.7621 x 10! 8.0261 x 10
28 J 3.3194 x 10* 3.3223x10* 58 J 3.6780x10% 4.5358 < 10*
29 Area 3.9367 % 10% 1.7032 <107 59 Area 3.5950 x 10" 2.6981 x 10"
30 111 1.4841x10* 1.4778 x10* 60 111 4.0375 % 10? 3.1373x10%
31 122 1.5804 x 10* 1.5758 x 10* 61 121/ T? 1.0000 0.86006
AEAEUL, [22), BEF ZA4() 2 Fi. & 3 tHEF 50% =bolal d}ahgt 0.59F AHgrzt 1.58 F
2] #AM33¥ 2ulE v (bending moment of inertia Sra=
ratio) (121/£%) ole},  sherdolel] olg AAMFS FAGS FA G e EFAL ol
Table 1o wpehiiglon, Asbdrie) diat dA S Fig 394 034 Yoo dw sy 24xs
Table 2o vjefpiglony, dAW4 9z Fig. 69) 4o 7] gl s AT iy FAL};
el ek AAESd] AREAS el o] g B RS o)t wAse] FAS uAEs] 9
MSC/NASTRANef 2 o] dAMs A ghof] gt F7hstsdch
271 gt(default value) (5}3F gHAIgk: —1.0x10%, Ask/ahel e SEAYel e e Al /a4
248 AL 1.0x10%) & Bekslr] e xjolv, Az HAA] AAWMGS Fig. 39 g3 odedo)

/ste dAle] Wl 2o e aiAA ez
0.001% F132, 4IZA g2 10°¢ Faich 2
ey ZAlE vl hY SAIRS 2713 1000 o)

3, o] _EIL_?_]_Q] _‘i‘_}g—iﬂ, qALS ¥ g 47



Table 2 Design variable of upper fin

Design Variable Initial Final Design Variable Initial Final
variable name value value variable name value value
1 Area 3.7177 X 10% 4.1464 x 10" 23 Area 1.8195%10* 3.0725> 10
2 111 1.8365 % 10* 3.3809 % 10* 24 111 3.5898 x 10* 3.4237 %10
3 122 1.8344 x 10* 3.3997 x 10* 25 122 2.9516x 10* 1.0743 % 10?
4 J 3.6709x10* 4.4851x10* 26 J 1.4791 < 10* 2.4656 % 10*
5 Area 3.5146 x 10 1.7149 % 10° 27 Area 1.1016x 10" 2.3049x 10*
6 111 1.6833x10* 3.1141x10* 28 111 2.5807 % 10* 2.3706 % 10"
7 122 1.7642 %10 3.3315x 10 29 122 2.9516 % 10° 3.6223x 10"
8 J 3.4475%10* 1.7096 < 10* 30 J 1.4791x10* 2.5090 % 10*
9 Area 3.7177 X 10° 1.7838 x 10 31 Area 1.1016x10* 2.1568 < 10*
10 111 1.8365 x 10* 3.3195x10* 32 111 2.5807x10* 2.4163x10*
11 122 1.8344 x 10 3.3195x10* 33 122 2.1457 x 10° 1.2279 X 10?
12 J 3.6709>10* 1.8878 % 10* 34 J 1.1918 X 10* 2.1105x 10
13 Area 3.8768 X 10 4.4313x10° 35 Area 5.2343 % 10° 1.3340 x 10*
14 111 1.9602 % 10* 3.5343 % 10* 36 111 1.7152%10* 1.4932x10*
15 122 1.8365% 10" 3.4492 % 10* 37 122 2.9940 % 10° 5.0649 % 10°
16 J 3.7967 x 10* 2.3747x10* 38 J 1.2872x10* 6.5091 x10°
17 Area 4.7250 % 10 8.7213 %10 39 Area 6.1885x10° 2.4139x10°
18 111 2.2465x%10* 3.8942 % 10* 40 11 1.9060 %10 2.0793 %104
19 122 2.1227x10* 3.9729x10* 41 122 1.8476 X102 1.1393 % 10
20 J 4.3693x10* 6.7409x10* 42 J 8.8887 x 10° 3.7223x 10°
21 Area 3.6704 x10% 5.1268 x 10 43 Area 1.6677x10° 7.4236 % 10°
22 111 1.7703 < 10* 2.8867 < 10* 44 111 1.0556 X 10* 1.3008 % 10*
23 122 1.8195 % 10* 3.0725x10* 45 121/T? 1.0000 0.84758
Table 3 Design variable of folding fin
Design .. .
. DOF Initial value Final value
variable
D.V.1 Translation of Z axis 1.0x 10°(kgf/mm) 3.9939 x 10° (kgf/mm)
DV.2 Translation of Z axis 1.0x10°(kgf/mm) 5.3914 % 10° (kgf/mm)
D.V3 Translation of Z axis 1.0x10%(kgf/mm) 5.2405 % 10° (kgf/mm)
D.V.4 Translation of Z axis 1.0x10%(kgf/mm) 4.8933 x 10° (kgf/mm)
DVs5 Rotation of X axis 1.0x10°(kgf/mm) 4.8691 x 10° (kgf/mm)
D.V.6 Translation of Z axis 1.0 108 (kgf/mm) 4.4284 x10° (kgf/mm)
DV.7 Rotation of X axis 1.0x10°(kgf/mm) 5.0656 X 10° (kgf/mm)
Y wAE uE AAEFE ASA o714 3 AANSE sl AMSNNE FAT 5 e WE
Bade] U BHEEY ZulE 0SS AAESR 4 o WBLAE HAY & gle 24X (NASTRAN
P93 o) g wxo g wdaldl 89A4AF W g4 JHAR)E HAEY 2HE vE ol&3idrh A
olojx= H@as AzA Ba (fillet) #91% Ao A3 Bayesian]she] xjo]ge AAMS (B4
2 7bzsr) die FRsA RdHA] FAE AE g A3t 4e] e AR, olfw ¥ vl
3] veld 4 9la, w3 NASTRANE o] &3}y oAl AAMSE 2] Al g seEA o=
g e Hgg s dsl FA g8 A FAE wt el 7] o)},
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(b) Design variable(D.V.) of lower fin

Fig. 6 Position of design variable for upper/lower fin
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Table 4 Result of test/analysis correlation of lower fin

Frequency (Hz)
Mode Test result Analysis result Error (%)
No. Freq. Damping Before After Before After
(Hz) ratio Correlation Correlation Correlation Correlation
1 3748. 0.00221 3823. 3744. 2.0 -0.1
2 i 4501. 0.00185 4156. 4495. 7.7 —0.1
3 6333. 0.00257 6018. ‘ 6335. —3.0 0.0
4 6956 . 0.01578 7930. } 6958. 14.0 i (.0
Table 5 Result of test/analysis correlation of upoper fin
Frequency (Hz)
Mode Test result Analysis result Error(9%)
No. Freq. Damping Before After Before After
(Hz) ratio Correlation Correlation Correlation Correlation
1 982. 0.00614 031. 985. 5.0 0.3
2 1098. 0.00508 1214. 1100. 10.6 0.2
3 1636. 0.00363 1531. 1632. —6.4 0.3
4 ‘\ 2428. 0.00272 2270 2432. —6.5 0.2
Table 6 Result test/analysis correlation of folding fin
Frequency (Hz)

Mode Test result Analysis result Error (%) Mode
No. Freq. Damping Before After Before After Shape
(Hz) ratio Correlation Correlation Correlation Correlation

1 644. 0.01972 705. 679. 9.5 2.4 Fig. 7
2 1081. 0.00267 1131. 1124, 4.6 4.0 Fig. 8
3 1282, 0.02791 1362. 1328. 6.2 3.6 Fig. 9
4 2224. 0.00853 2175. 2173. —2.2 —2.3 Fig. 10
S 2311. 0.00432 2315. 2314. 0.2 —-0.1 Fig. 11
6 2843. 0.00283 2788. 2788. -1.9 —1.9 Fig. 12
7 3074. 0.01715 3105. 3091. 1.0 0.6 Fig. 13
312 /312 2T ETes|X| Al 6d Al 3E, 1996
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(b) Analysis Result

Fig. 7 Test and analysis mode shape of folding fin(1st)
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[b) Analysis Result

Fig. 8 Test and analysis mode shape of folding fin
(2nd)
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(b) Analysis Result

Fig. 9 Test and analysis mode shape of folding fin
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[b]) Analysis Result

Fig. 10 Test and analysis mode shape of folding fin (4th)
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{b) Analysis Result
Fig. 11 Test and analysis mode shape of folding fin (5th)

/ (b] Analysis Result

Fig. 12 Test and analysis mode shape of folding fin (6th)
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(b) Analysis Result

Fig. 13 Test and analysis mode shape of folding fin (7th)
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