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Transverse Vibration Analysis of Axially Moving Composite
Thin-Walled Beams "
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Abstract Dynamics of axially moving laminated composite thin-walled beams is studied in the paper.
Based on the variational asymptotic method (VAM) for the composite thin-walled beams, and using the
Euler-Bernoulli beam model and Hamilton’s principle, the dynamical equations of the composite thin-
walled beam are established. The free vibration of the thin-walled beam is analyzed by the assumed mode
method, and the accuracy of the modeling approach is verified by comparison to the other approaches.
Then, the transverse vibration equation of the axially moving composite thin-walled beams is derived,
which is solved numerically by the fourth-order Runge-Kutta method. Lastly, the effects of various fiber

lay-up techniques and uniform velocities on the tip displacement response are investigated.
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Table 1 Natural frequencies of different laying methods of composite thin-walled beams

Natural frequency/Hz

Lamination Mode ANSYS Ref.[17](Relative error) Present (Relative error)
First flapping 2.4491 2.5 (2.08%) 2.4391 (—0.41%)
Second flapping 15.1196 15.1 (—0.13%) 15.2855 (1.10%)
[02/905/45,/—455 ], First sweeping 2.4493 2.5 (2.07%) 2.4391 (—0.42%)
Second sweeping 15.1206 15.1 (—0.14%) 15.2855 (1.09%)
First torsional 48.6767 49.2 (1.08%) 49.3989 (1.48%)
Second torsional 146.0425 147.5 (1.00%) 148.1967 (1.48%)
First flapping 2.0974 2.1 (0.12%) 2.0829 (—0.69%)
Second flapping 13.0323 13.1 (0.52%) 13.0533 (0.16 %)
[45/—45]s First sweeping 2.0976 2.1 (0.11%) 2.0829 (—0.70%)
Second sweeping 13.0332 13.1 (0.51%) 13.0533 (0.15%)
First torsional 56.3028 57.0 (1.24%) 57.4248 (1.99%)
Second torsional 168.9226 172.0 (1.82%) 172.2744 (1.98%)
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Fig.7 The tip displacement of axially moving composite
thin-walled beams with different fiber laying methods

4.4 ANEEIEENHEIZEEE S M EERRR
i 7 B9 % M

WSS SRR G2 1 B0 52 bR BE SR AE
RIS 246 1o 7 A [ 3o JBE A /I X il S AR S 37 7% 1) 5%
Wi Bl JZ= A B2 R [0/45/ —45/90], .8 JRAF R 1.

TSR ANIE 8 Bz, T LAk BAE 45+ R il
BE SR Al i) 5 39 R T R 4 2o R TP, A () R /N X
AR SR A U] A 2 0 B T A Al i) 2 3 R T i
P, B I 6] R HEAS L MR 9 4 R 720 4 L 22

====1=0.5m/s
—v=0.1 m/s

Tip displacement /mx10-

t/s

() R
(a) Extend

Tip displacement /mx10-

L L L
0 0.5 1 1.5 2
t/s

(b) g
(b) Retraction

T8 AT B T i 1) 2 ) 52 b sk R R o (o2 7%
Fig.8 The tip displacement of axially moving composite
thin-walled beams with different speeds

K Y AR 2 5 R AR G WIBE As d  A2 AL L Ik 3
W AR T WU /DN 5 R i i Bl 57 7 32 i 1 R AE 2T L
A 1L AR BE A I )R HEAS L A B Y R T T ek
7N o 3R B 1 25 I A S IR B0 5 o T

5 B

15 A

AR SO S A5 R R G [ AT R PE AT TSR i
THE L X m] ik i 3 20 525 i i BE B2 F O A i 4
W REREAT T B0 72 0 B ARGE T S AR R

(1) A2 5 4R BE B2 2 1 A2 L A 384 s 9 1)
YR 3 25 I Sl L IR S0 1 [ A5 R )
e A 25 7 A A LU AR I A 25 A T B

(2 JOf o i 1) 25 i [ A 400 3 1L 4% 11 A
RN TR Bl B A S B R R R ) 4IR B 5RO L
T [E5] A R A ARG o (EL i [T A 000 4R 0 G 5L 5
A Y 22 AR AT 22 s AN

(3) G MBI BE Rt B LU I R 2
f [0 A0 3 R 1] [ A 03 328 T 4 I T 11 5 1

(4 S A5 R 1 % 7 o % AR A 4 ok A s G
IR B WA 52 B 25 4 G 3 7 2R AR 0 R AR
SN 52 T 5 A 14 DR/ IN e 2 1) 4 20 91 3R M IR M 5
M AR K

2% ik

(1] RS ARH . % 805 U) A2 TE e i 38 3 5 & b1 kL il
BEGRI )y R vE (1], TAR O3 2%, 2014, 31(7):
215—222.

REN Y S. DAI Q Y. Dynamic analysis of rotating



32

8 %

5 &

E

2024 45 22 4

[2]

(3]

(4]

[6]

[7]

[8]

(9]

composite thin-walled beams with shear deformation
[J]. Engineering Mechanics, 2014, 31(7);: 215 —
222. (in Chinese)

LEE ] W, LEE] Y, LEE D M. Free vibration anal-
ysis of axially moving beams using the transfer ma-
trix method [ J]. Journal of Mechanical Science and
Technology. 2021, 35(4): 1369—1376.

o, i [ ok, £ e . il 1) 78 0 3 25 oty 22 Y A
PRSI ]. TR 1%, 2015, 32(2): 37—44,
CHEN Q. YANG G L, WANG X F. Analysis of
the natural frequency of an axially moving beam with
non-uniform velocity [ J]. Engineering Mechanics,
2015, 32(2): 37—44. (in Chinese)

XN R S ARG, b1 5z Sl D BE A B SRR ) AR
Sla] B PR S5 R A L], 8 1 2 5 45 ] e 4
2022, 20(6): 101—105.

LIU T, ZHOU Y X, HU W P. Structure-preserving a-
nalysis on transverse vibration of functionally graded
beam with an axial velocity [J]. Journal of Dynamics
and Control, 2022, 20(6): 101—105. (in Chinese)
AL-BEDOOR B, KHULIEF Y. An approximate an-
alytical solution of beam vibrations during axial mo-
tion [ J]. Journal of Sound and Vibration, 1996, 192
(1): 159—171.

2R W F BB b e R R TR S S B
WP T] WA R M A ARLE MO . 1996, 36
(10): 37—42.

L1J F, WANG Z L. Attitude dynamics of a space-
craft with deploying appendages [ J]. Journal of Ts-
inghua University (Science and Technology). 1996,
36(10): 37—42.(in Chinese)
TG, T AR, 22 R 0. T KR i bk R A R 5l ) 2%
FRrE SO A (7], B A g 2% 2% 4, 2001, 22(1):
104—110.

CHENG X D, WANG Z L, LIJ F. Numerical anal-
ysis of deployment dynamics of flexible beam of a
spacecraft [J]. Acta Mechanica Solida Sinica, 2001,
22(1): 104—110. (in Chinese)

X GkAR , B4 M. M4 S MR BB R AR &
P I 2 A R AR LD, 3h 2k g A 2 A
2014, 12(1): 24—29.

LIU Y. ZHANG W, WANG D M. Nonlinear dy-
namics modeling and numerical analysis of telesco-
ping-and-translating composite laminated cantilever
beam [J]. Journal of Dynamics and Control, 2014,
12(1): 24—29. (in Chinese)

WANG L H, HU Z D, ZHONG Z, et al. Hamilto-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

nian dynamic analysis of an axially translating beam
featuring time-variant velocity [ J]. Acta Mechanica,
2009, 206(3): 149—161.

PARK S, YOO H H, CHUNG J. Vibrations of an
axially moving beam with deployment or retraction.
ATAA Journal, 2013, 51(3): 686—696.

PIOVAN M, SAMPAIO R. Vibrations of axially
moving flexible beams made of functionally graded
materials [ J]. Thin-Walled Structures, 2007, 46
(2): 112—121.

BANICHUK N, JERONEN J, NEITTAANMAKI
P, et al. On the instability of an axially moving elas-
tic plate [ J]. International Journal of Solids and
Structuress 2009, 47(1): 91—99.

EHRCRIE. TR KE BT ANCF # 4 @ ff
JEBRERIRSN M. Jesh 5 b, 2019, 38(3):
186—191.

WANG Z M, WU L G. Vibration analysis of axially
deploying cantilever beam based on ANCF with length-
varying beam element [ J]. Journal of Vibration and
Shock, 2019, 38(3): 186—191. (in Chinese)

B B IR TR L A RIS L
WA E A R RS LT 3 1 S
2023, 21(6): 39—46.

GAO SY, MAO XY, DING H. et al. Free vibra-
tion analysis on supercritical viscoelastic pipes con-
veying fluid in thermal environment [ J]. Journal of
Dynamics and Control, 2023, 21(6): 39 —46. (in
Chinese)

BERDICHEVSKY V, ARMANIOS E, BADIR A.
Theory of anisotropic thin-walled closed-cross-sec-
tion beams []J]. Composites Engineering, 1992, 2
(5/6/7): 411—432.

ARMANIOS E A, BADIR A M. Free vibration analy-
sis of anisotropic thin-walled closed-section beams [ ]].
AIAA Journal, 1995, 33(10): 1905—1910.
SARAVANOS D, VARELIS D, PLAGIANAKOS T, et
al. A shear beam finite element for the damping analysis
of tubular laminated composite beams [J]. Journal of
Sound and Vibration,2005,291(3) :802—823.

PRI, DL R4, 4R 5, 55, e Al oz 3 2 P B N A R
WIN — ZWM G o] R 5,
2018, 37(2): 91—101+107.

CHENG S, SHEN Z X, CUI T, et al. Rigid-flexible
coupled dynamic analysis for a spacecraft with an axially
moving flexible beam [J]. Journal of Vibration and

Shock, 2018,37(2):91—101+107. (in Chinese)



