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Vibration Characteristics of Composite Wing with Tip Mass

Jung-Jin Lee” and In Lee™”

ABSTRACT

The analysis of vibration characterstics including the natural frequencies and modes
for various shaped composite wings with tip mass and engine has been performed using
the finite element method based on the shear deformable theory. The present analysis
preseflts the effect of sweptback angle, fiber orientation and aspect ratio of a composite
wing on vibration characterstics. The wing is composed of graphite”epoxy laminate
with symmetric stacking sequence. In case of [8./°0], composite wing, bending-torsion
modes are highly coupled in the range of 15°— 30° for fiber orientation 8. As 0 increases,
the lowest mode, which can always be characterized as first bending, reduces due
to the decrease in spanwise bending stiffness. The present finite element method which
uses 8-node quadrilateral elements give very accurate results.
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Table 1. Material Properties (a) [62/0)s laminate
Properties | Aluminum | E-giass/Epoxy H.8.
Graphite/Epoxy
~ 60
£1(psi) 10.0x10° 5.6x10° 18.6x10° =
E2(psi) 10.0x10° 1.2x10° 1.6x10°8 E
B Q
G 2(psi) 3.8x10° 0.6x10° 0.65x10° S
Gialpsi) | 3.8x10° | 0.6x10° 0.65x10% Fon 40
Gz s(psi) 3.8x10°% 0.6x10° 0.222x10°8 é’
Viz 0.3 0.26 0.25 5
) g 4
{1b/in®) 0.1 0.092 0.055 .% #th mods
5 g $
g 20 md mode
el
B0 P without tip maoas 4 8 M
—~~ v — with tip mass = 1 ’}
6 ‘—We._? 12t mode
gu) 50 0 1 s s
S 0 30 60 g0
o
3 40 fiber orientation
o
E {(b) [+6/0]s ltaminate
5 30 - Fig. 3 Variation of frequency parameter (A)
S on fiber orientation of graphite/epoxy
7 20 k- & unswept-rectangular wing (4=0°).
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Fig. 2 Variation of frequency parameter {A)
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Table 2. Natural Frequencies fo Rectangular

Cantilevered Plates {(Unit=Hz)

Laminate Mode No. P?Eslant* ' — Crawiey{?}i ' P;%ﬁ\int* _ (frawleiy['i}ie ]
I FEM A#EH FEM | AEH

1 149.28 | 151.9 | 153.0 |  36.43 3781 376

2 368.22 | 369.7 | 367.1 | 159.37 180.8 | 158.3

Aluminum 3 919.85 | 9377 | 9225 - 231.53 234.4 | 2348
4 1222.68 | 1193.0 | 1213.0 | 522.20 523.3 | 518.8

5 1346.37 1356.0 | 1336.0 |  ©65.04 662.5 1 658.1

1 261.25 261.9 | 234.2 64.84 85.37 | 58.3

2 364.0 363.5 | 382.0 | 137.02 137.5 | 148.0

[0./+30)s Gr./Ep. 3 788.40 761.8 | 728.3 | 406.63 408.3 | 362.7
4 1636.30 | 1662.0 | 1449.0 | 527.63 525.6 | 508.0

5 1766.12 1709.0 | 1503.0 | 587.37 588.3 | 546.0

1 223,37 2243 | 196.4 55.20 55.58 | 48.5

2 422,79 421.8 | 418.0 | 174.74 175.4 | 169.0

[0/£45/390)s Gr./Ep. 3 1050.4 1012.0 | 960.0 | 344.50 345.3 | 303.0
4 1412.9 1426,0 | 1215.0 | 593.64 591.8 | 554.0

5 1721.3 1722.0 | 1550.0 | 836.44 820.1 739.0
1 136.27 139.8 | 1312 31.84 31.90 | 31.30

2 500.97 499.5 | 472,01  191.06 191.3 | 185.8

[£45/345)s Gr./Ep. 3 783.48 805.0 | 790.5 | 227.92 228.2 | 214.0
4 1329.9 1326.0 | 1168.0 | 568.74 565.3 | 533.0

5 1654.9 1648.0 | 1468.0 | 710.59 708.0 | 653.0

*, **: For Aspect Ratios, They are R=1 and R=2, respectively.
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