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Abstract

In this paper, vibration characteristics in terms of the airfoil cross—sectional shape was examined by using the EDISON
co-rotational plane beam-transient analysis. Assuming aircraft wing as a cantilevered beam with a constant cross—sectional shape,
natural frequencies of each airfoil shape was compared while varying airfoil maximum thickness and maximum camber length, using
Fast Fourier Transformation(FFT). When the airfoil maximum thickness was varied, natural frequency showed peak value at 18%
chord, and decreased afterwards. When the airfoil maximum camber length was varied, natural frequency either increased or
decreased at 6% chord, while at 8% the natural frequency showed its maximum. Applying such trends to B-737 wing airfoil, an
improved B-737_mod airfoil shape was obtained with regard to the vibration characteristics.

Keywords - FFT, Co-rotational plane beam element, vibration, natural frequency, airioil

.M B S ZFrha A sk
2 =EdAME= CR-beam= |83 dlojxd o 3=
g7, FFTEE, AesAt T o8 A FES A 71 9jFEo| tiste], T ) pigle] w2 2o Wy
st oA B4 T e 724 e A I} Aok W] ek AEF B Ale]H S st ofelg
st=dl ol wi§- Fadk aaelth 73S W et WEEAdo] JIdE B-737_mod Al xd &
53] @719 @Y A4S o 15, w5, % £= = AASHAT
5ol wel et AeeAd wEH vgusie uel d
el ZleliAle 28] 7k Fa7t I i Faol 2. 2 E
LAY GAsHl 2B A @l Aad F2AH &4
o] WA & i} wgbA FFF7] clojxd FAEA 3 o] FllME CR/IEE ol&d oIH Ry &=z
ofx 1f FI] Wt e AFHoR mEofof 9 ANSYS9R] ARE, Fabe Goelxe] A3 vns F
g avo|t}, sto] CR <2 mde] S gugth tgor oo
7] e AE5 #Hs] Swalwell (2003) Id o ) gl w2 Wy nfFus Wsld oig
NACA0021 ol o] W57} wslo] me Fapr &4 o # A& aolde gRlEta ol s Wi JiHE

g ATE FPston, Snyder (2011)2 EYl Eo]=9] B-737 dlolxd 3= AAgt.
71skek] W7t afrFulre F dFd B3 A7 FAS
53 Beol= o] AARMET) 2EA9 AFREd o 2.1 o]2A wA

_37_

203



M52 HE AtO| ¢

2.1.1 Euler-Bernoulli beam °©]&

AqFEE AV} gle A kot digste 8 Al

m_ 7F AHrgel 98 e U 7P A o] 2l
TRFIEEE A 2ol B8 & gled, Hel BAX

g &l A k 94 7 ¢ Sioh

W,y = , k= (1)

T3, 2 e F8 A% 4 (2),3)=
ATk (1714 a & AEA A2RE B U AolA9

A A BEg o] AsE vehin)

3EI ET El
Megr = 75 2 Wepy = 042\/ =a, (2)

L’ weff pAL "V mL?
3EImL® _ 3
Mg = L3 4E[ gm (m =beam mass) (3)
n

wehx EEE 2] (4)¢ 2o 12 AT FEHE U
Bhd 4 3l
me”i +kr=20 (4)

o7|1A He] Afdel 23} 7S M ZWEk(transverse
direction) 2.2 w=tly Azbeld 2 (5)Z Jelhd 4= A
glo] HEA0] o]2AS ek 2= 9}

m g+ ko = Fysin (wt) (5)

2.1.2 CR-beam =4

Co-Rotational Beam =@ 7|318t4 B]HdE Ass
AAAFT T2 T A2 EYHo Pre] g
th. FHE Q40N Euler-Bernoulli ©]& 74k ZHAdsi&o]
TAE WYE dSsta, FAAFAE Fd E o]
AxrEtH(Battini, 2011).

Fig. 13 o] HoJd 949 x|} #AHd| <
3 7Pdde] #ARZ CR-beam =9e WS 4 (6)3
ol vehd 4 it

Ma+ Cat Kz = F(t)

5ol 78 5

HHEDISON) X Z 95t AZICH 3

Deformed
frame

Deformational motion

Motion separated to

Co-rotated deformational and rigid

frame
Rigid body motion /

Undeformed
frame

Global frame

Fig. 1 CR-beam

2.1.3 A A=

Fig. 2& A-&Z2733 ANSYSE %3 a4 thidgolr}
CR-beamdl|r] 7Fga wdlo] that Ax= Aezz o]
ANSYSe| ZAztel Hlm EBAsk] 214
Table. 1 |

EEBER EEREEIEREREEIE

Fig. 2 Analysis model

Table 1 Numerical information of the analysis model

Numerical Value
Area(m?) 0.6879
Length(m) 5
Young's Modulus(GPa) 3.4
Density (kg/m*) 1100
Moment of inertia(m*) 0.037662
Force(N) 307.072cos(11t)
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ANSYS E¥ d4& B nfFI5E 9.0965Hz,
CR-beam A& B3t nf/FarE 9.125H0H A
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Fig. 3 Analysis flow in frequency
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Table 2 Natural frequency of the analysis model

ANSYS CR-beam
Natural frequency(Hz) 9.0965 9.125
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Fig. 4 Natural frequency by using FFT
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Fig. 5 Airfoil cross-section
Table 3 Numerical information of airfoil (ex. NACAQ012)

Numerical Value

Chord(m) 1
Length(m) 5
Area(m?) 0.0822
Young's Modulus(GPa) 3.4
Density (kg/m®) 1100
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Fig. 6 Tip deflection comparison with thickness
modification in time phase
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Fig. 12 Tip deflection comparison in time domain
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