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E-09| 476 0.74 0.699 0.846
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# 4. 2 F(wing)z =3 % # 5. 2 ¥ (wing)H- s A ficot $4
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e h o b 2 U A - A I IO .,
| s 1 wmEa |ps W) |EEE] px P el g
IS AR B | FHz | F 23| (x2) MAC
- o (x,2) Hz s 0
AE 5 A5 0
Hz E-01 | 263 | F-01 | 157 [-40.30 (0,1) | 0.70
E-01 ' F-01 = 7 E-02 | 605 | F-07 | 83.74 | 38.41 | (2,1) | 0.32
1 <
26.3 | t,.“' A 15.7 _F_'h / - ol 070 F-08 | 92.3 [15256| (2,1) | 0.31
j | | M2l ey E-03 | 81.2 (0,2)
w3 i, S . S E-04 | 131 | F-06 | 80.6 |-38.47 (0,2) | 0.47
E-02 [ F-07 z E-05 | 175 | F-16 | 2675 | 52.86 | (2,2) | 0.42
‘ A 4 1
60.5 |, L_J =2 4 _/{ (x2) (22)+
.f ' Hz = *l=(21)0-32 F-18 |293.06(167.46| X- | 0.40
- . ) + bending
. e ——r E-06 | 220 | F-18 | 293 | 33.18 | (2,2) | 0.41
E-04 F-06 *
131 L,.._. [HH‘ |l 80.6 . / F-21 | 324.2 |147.36| (2,2) | 0.49
o i Hz | = = 7 F| ) 47 E-07 | 286 | F-26 | 464.4 | 62.38 | (2,3) | 0.39
A | S F-29 | 507.7 | 177.52| (23) | 0.35
T T E-08 | 424 (23)
E-05 F-16 - 7 E-09 | 476 | F-36 | 711.6 | 49.50 | (24) | 0.37
A -
B e o » _:“;f_ (x2) E-10 | 520 | F-36 | 7116 | 36.85 | (24) | 0.43
; z =l (%,
,‘ | : L e 0.42 F-39 | 758 |145.77| (24) | 0.41
R S . S E-11 | 567 | F-36 | 711.6 | 25.50 | (2,4) | 0.42
E 06 W =T - = F-39 | 758 |133.69| (24) | 0.42
¥ |
220 L"'*‘”‘j t"""" : 32H4.2 -x - — = (x,2) 0.49
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4 7. R ¥ (tail fin & tailplane) #-fi 4 #icrt ¥4

EMA
oA FEA #5C
2 N i e $
; L R e - = | MAC
HE % Hz
Hz
tail fin :
. — (x,2)
'S = (0,1)
E-01 1. ¥ Fo2 :
= T ¥ A Tail | 0.51
263 | . 42.02 plane
bl H(x2)
= (0,1)
- - tail fin :
E-02| » | q | FO05 rtlghd
60.5H] == == ) 73.93H plane 0.52
N (x2)
= (0,1)
- - tail fin :
iaid
E-03| & ) | gos
Al F-06 tail
[ o, &
81.2H| =, . 80.6Hz plane 0.67
Z # - ' (XlZ)
= (0,1)
o - tail fin :
E04) & | ¢ F-20 rtlg:?
131H | &= s “1 316.84 plane 0.63
z .’ Hz F(x,2)
=(21)
B - tail fin :
E-05| » 4 | FI6 rtlgllld
175H | == L ‘il 267.46 0.62
plane
|| (xa)
= (21)
B - tail fin :
E08) & | ¢ | F26 rtlg:ld
424H L._L_L_.__ 464.35 plane 0.32
z 2l ’ Hz F(x2)
= (0,2)
tail fin :
- — rigid
E-09) » | 4 F-29
476H ===~ 507.69 tail | 0.34
7 ‘L . Hz plane
) 1 (x,2)
= (0,2)
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EA FEA ) pA = | tail fin pT|:r|1|e HiA
- | FEA p |#mg | PAe
WL A Pk A }J—‘;{;“i' X - #ILE | FEA
Sl S A PN B R
Hz Hz | F£2% | (X, 2 (x,2)| JAC
E-01| 26.3 | F-02 [42.02] 59.77 | (0.1) | (0,1) |051
F-0350.24] 91.03 | (0,1) | rigid | 0.35
F-04 65.33] 148.40 | (0,1) | (0,1) | 0.32
E-02 | 60.5 | F-05 [73.93| 22.20 | rigid | (0,1) |0.52
E-03 | 812 | F-06 | 80.6 | -0.74 | rigid | (0,1) |0.67
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F-21 323'1 85.25 | rigid | (2.1) |0.66
local .
E-06 | 220 mode rigid
E-07 | 286 rigid | (0,2)
4643 —
£-08 | 424 |F-26 |*%%) 952 | rigid | (02) |0.32
E-09 | 476 | F-29 505'6 6.66 | rigid | (0.2) [0.34
% 8 5 B (full plane)z =3 ¥4 ;5 £
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+ 8. & HBEW(full plane)z &3 #4 5 %%
EMA FEA A2REFRNAFE 2 FHRE AT H- P
Bk o EMA 2 d kR T o RCR] BB T BCA SR IR EC
= N L s LELE FEdRA A MACH  $tE 2% 2 e » 7 H R T 7
fg WA 45 A ?% Wi 45 ) *%& F@ ;fflﬁ% $t i T H R
w5 A5 2_ MAC . & A F o470 1 A=t AP > B4
Hz Hz Eug ety bR RIS BT B %
E-01 [ i F-01 - N Wine EAES 5/ 3
26.3%1 L_j" J10. 7] & __dg v?;gw 0.50 2. K - WAL B L H oy
; '-I E i ’ . gl R FPEING 0 Flm R R s et
, | B T __*'{__(0’1) Bt AEEE
E-03 F-06 Wing : 3. AR IR - R R
81.2 80. 6 (x,2) RS TR
_ 4, FEHRWE AN A HEMRPBEAT
— N . -_(0,’1) %o AFEEEMGORKRSE LE > BT
t [ 4 t €| B s L IET SR ST
pa—Fmas_— X =z == " |0.58 AR B BRG] R 73 B A hE AL
: »-' .-«l r,}g',dl REFHZTH &
: e T — —-| 8l LA KL R T AR ERTe
plane : ?‘?%%*&il dORA A I B LS RP AR
(%2) FEA B S ARk B X B
=D ﬁ%%#@f??.%%o*p’ﬂi%ﬁ“Jﬁ#’?%ﬁjﬁ?“’é
E-05 F-21 tail Frrd b AR NG 2 P R Y
175 | - 324 " .| fin: B - j FAE GV R OEREIT RS NS
b | oo ETIEY
Bum Vlea® —s o = Tail | ( 99
plane : . k)
| i) '_' ; __i - __’:l_ (x,2) ) . 6}—"”7[;%
1. sEA 520000 T#r s SR A 17 0
=(2,1) T ¥ 5’5;‘—4 /ﬂ\ﬁq:/g?ébpﬁgm
v B FH o % 479-486 F
7 9. BB FWHECE A ot 1A 2. £ 0 2 2% > 2000 * AR BT &
EMA FEA e | | tail | Tail Rlcdp a3 WA R A2 E o P EAHS S
TR [P B s |ty | fin# | plane | o P STV EY R P T AN AR R
LAFe Lt PErY e et S X ) < %1 1-009 ¢
) | E |y, FARB N2 () R (x,2) 3. Spruit, M. J., Karsen, C. V., and Vilmann, C. R.,
2004,” Modal Tseting & Modeling Considerations
E-01]26. 3/F-01)15. 7)-40. 3| (0, 1) 0.50 for a Thin Simply Su%ported Plate?” Proceeding of
E-02)60.5 the 22th International Modal Analysis Conference,
E-03|81. 2|F-06|80. 6{-0. 74| (0, 2)| rigid| (0,1)]0.58 Dearborn, Michigan, Paper No.s38p03.
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Model Verification of a Model Plane in Free
Boundary

Bor-Tsuen Wang* , Chi-Ming Lin?
Department of Mechanical Engineering
National Pingtung University of Science and
Technology

Abstract

The validation of analytical model is crucial in
simulation. This work presents both finite element
analysis (FEA) and experimental modal analysis (EMA)
on a wooden model plane. The finite element model of
the plane is first constructed by shell elements and used
to perform theoretical modal analysis, and so forth
natural frequencies and mode shapes of the plane can be
obtained. Experiments are also carried out by using the
impact hammer and accelerometers as the actuator and
sensor, respectively, to extract experimental modal
parameters. Results show that the main wings and tail
wings reveal reasonable agreement of modal
characteristics between FEA and EMA, though the main
body of the model plane does not match well due to the
joint connection effect. This work layouts the analytical
and experimental approach to the verification of finite
element model that can be used for other further
analysis. A refined modeling, in particular, for the joints
can be of interest in order to obtain an appropriate and
accurate plane model for response simulation.

Keywords: model plane, FEA, EMA, modal parameter
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