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Abstract

The research explores the efficacy of transverse vibration suppression in a laminated composite
beam. A lever-type nonlinear energy sink (LNES) is positioned at the beam’s midpoint to facilitate
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this suppression. The dynamic equations of the coupled system are derived in conjunction with
Newton’s second law of motion and generalized Hamilton’s principle. The governing partial diffe-
rential equations of the coupled system are truncated by the Galerkin method. The approximate
numerical solutions obtained by the Runge-Kutta method verify the approximate analytical solu-
tion obtained by the harmonic balance method. The transient responses and steady-state res-
ponses of the coupled system were observed. It was found that the LNES exhibits a significant vi-
bration suppression effect. Comparing the amplitude-frequency response curves of the coupled
NES system reveals. The LNES exhibits a superior vibration suppression effect than NES under the
same amplitude excitation. Furthermore, the impact of a single parameter change of the LNES on
the amplitude-frequency response curve of the system is demonstrated. The results indicate that
the LNES has a significant effect on suppressing transverse vibration in laminated composite
beams.
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Figure 1. The laminated composite beam coupled with LNES
E 1. AR MEEMNEAMRBERASR

1 JB7R T WA AL B 4R 28 1 B & [ (Lever-Type Nonlinear Energy Sink, LNES)HIE &1 Kl E & %2
I DIRR . ZEEMEEERIKEN L, A b, FER A, RANKER, A4 mERERN
[0, —0] s FFRYISIINEAEE AT LR T30 . LNES A% R ik b 26 1tk s 38 A 28 M FH B 38 Rk i%e
BB AT ES, JREE AR A S B E SR AL E B LNES AR o RoRKE
AC 5 AB ZIAIIHUAE . o, Ko C#1my 435378 LNES RUARZR LSS 157 7 WIBE . 2RV BHJE 28 1 BELJE
FIB 0 ot S R ) o &

M BRHL - 058330 7 M B S A RHE SR B IR R . RAE x 178 z 77 [n) A% 25 &

RN
B o aw(x,t)
i(x,z,t)=-z S (D
ﬂ/(x,z,t) = w(x,t) 2)
o () S A T OB L <
MR - RITJUARAR I ES, NASFIN R 2 (AR R, RIBUWT:
g, :a_”+l(@j 3)
ox 2\ ox
#5001 )FI A QYA B G T F
1(owY *w
E(a_j e @
1E x Ji 1A LR EMENZEERRINEE k EMEIRN J - RAR R R N:
ol =0z, )

Hoeh s k2RI QW )T AR A

DOI: 10.12677/0jav.2024.122006 65 R 5RE)


https://doi.org/10.12677/ojav.2024.122006

O = cos* 00, +sin* 60,, +2sin> Ocos® (0, +204, ) (6)
E E v, E
0, :—1’Q22 = 2 0, = — O =Gy (7
1-vv,, 1-v,v,, 1-v,v,,

R x ol (et 172 77T BRSO

M=1FMJE—§¥A ®)
T 2\ ox ox
P x Bl S HE AT ASRIR N
A@=lﬁyj4—§¥ﬁ ©
2\ ox ox
Hrp
B = Q11 bZ(zk+1 Zk) Jy = Q11 bZ[ZkHZ J 1, _Qll bZ{ZkH:% ZEJ (10)
R Xgsdm A3, o] PLR1§HE LNES FIE &4k ZE &R miRshiEs e, Rk
[*(6T-6U+6W)dt=0 (11)

Horbr 6T NENRERIALAL, oU NHBERIAZLL, oW NS FT I e, i BRI NE Dy 1 B 1.
ARG EBNRE I RIB AN

x=L
6 o*w *w w
5 T = Swdxds —— 5w |dr
J' J- [ 26 ? 1 a ] J. |: xatz W:| =0
- - (12)
+I (GWJ mla—w5w dx
8x6t ox ot .
Hop
h i
my =b[? pdz = pbh, m, =b|?, pz*dz = épbif (13)
2 2
REMEHAREMNRIEA:
x=L
5] Ui _—j’z[( My —aMXJMO—Mj(%H dr
¢ Oox Ox ’ Ox
x=0 (14)
2 2
j (aN Mo,y M, O A;[Xjé'wodxdt
Oox 6x ox Ox
B EAN T R T Fik O
L ow
SW =j0 (F+FL —é‘gjé'wdx (15)

Hopr ¢ RRBEROMCREG T HWRESRIOHER T, FRESRITZNATEIE, F, 2 LNES
RUZ G2, TR HITF

F:E,sin(wt) (16)

F=(1-a) K (%, ~(1- )(M¢W+CQL(1a)(m¢»pu_M) (17)

ot Fo AT o 43 31l 2 35040 T 0 IRTRAE AR o & J& 0K $7 58 = A BREL, xy A& LNES P INTE 22 _E 47 B AL AR,
x; 7& LNES I #% .

DOI: 10.12677/0jav.2024.122006 66 R 5RE)


https://doi.org/10.12677/ojav.2024.122006

Eiff

BAKA2). AXAHFAKAS) AR AXAD)HFA1F:

o*w o'w  ON. ow 0° wo 0? M.
s o, O N oW oW _F+ ——F -0 18
WM T e o ae e Lt (18)

K ARG~ AR(13)HAZIARA8) T, EEMEZESE Eﬁ*ﬁfm%}&zﬂaﬁiiﬂ#ﬁﬂ PR LLR IR A
*w o'w ow o'w S(GWJ *w
M=y —— st Gt~ = 2
ot Ox“Ot ot Ox ox ) ox
~(1-a)| K (3, = (1= @) wlxyot)) +C (s, = (1= @)iv(xy0)) [ (v 2,) =0 (19)
my i, +[K(xL ~(1=a)w(xy.1)) +C (%, —(1—a)W(xN,t))] 0
TERNSHUREN T

P- Fsm( )

w Xy, — X, — Xy —
It Y =, _9t = 20
L LT L \\m, 20
NEE&MEEEEB ARSI TR TTENE AR R T
ow _ o'w  —ow o' 3_(5»7}2@%
— M t+&{—+ ——r = | =
ot ox’ot*? or ot 2 \ox) ox?

~(1-a)| R (%, ~(1-a)#(%,.1)) +C (%, ~(1-2)#(%,.7)) [§(7-%,) =0 @
5, +| K (%, ~(1-a)9(%,.7)) +C(%, ~(1-a)i(%,.7)) | =0

W=—,%, =

- Fsin(a)t_)

Hrp
_ PL2 _ 2 _ FL3 _ 2 _ 6
phl G g Le p AL &  LC p K- o _m (22)
1, m L JIm, 1, Im, I m
3. B A&

3.1. 1T & & EE

F TS b5 2 SR 0 T R AR 2 1) — L 7 B 5 R IT eIk 3¢
IR B BUR . TSI - SR IR S B
B S A b RLZ & BRI B RED 85 (9

W(T.7)= ch (%)q,(7) (23)

Horb, n ARTEEE | IEBAL @, (X) NRIVHREL ¢, (7) MFRRERAIRSIE) SR KA K(23)
W ATTFE(21), AT LAfRH]:

§q>,- (¥)d,(7)- nzzl o!(%)d, () + ggq)i (#)d (7)
+30" (%)g,(7) —%ﬁ@cb, (%)a, (,—)jz (2@;(5)% (7)] ~ Fsin(ar)

i=1

7,5, +(1_a){1?[@ _(1_a)(iq>,. (%0)a, (7)])3 +5(;L _(1_a)(§;q>,. (%0)d, (7))]] -0

DOI: 10.12677/0jav.2024.122006 67 R 5RE)


https://doi.org/10.12677/ojav.2024.122006

BT HAEMEE S R 6 OB R, IS s 0] DU %
@, ()_c) = «/Esm(mx) (25)

Table 1. Composite properties of the graphite/epoxy material
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Figure 2. Convergenceof different Galerkin truncation orders
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