V-V amio [F oot 11F 098 /1FeY Jlo /Lao yLs g Laojles SCilso

P . / &
fub}fubuﬁ«%/

9 _ 3
II ' - q |— "
.fy HM DOI: 10.22044/jsfm.2024.14587.3861 b owe &
EYYA% - A2

390l pd Ao (49 1 g Ao (49,0 LIl Juloi g SO ylogife ] gy S &
aYoisy
TSNS (g yhrer (Axilian) 915y cyoww NS o 50l
Olt e Silgying (Simmo oSN (Sl mrtitpo 0SS (il ol y s
Il b Sl g (simiwo oSS (Sl mrditpn OUSLIIS (5 iS5 |

Ol el il yingd (cimiwo oIS (Sl mridigen 0SS « ybuitiils "
VEYT A Y oy go bV E Y- SIYY 16,550 o, eV E Y/ /YA wcdljo do b o Slidios coslosly

oS

S yragiianl iy 5l ookl b olssds iz ¥ b (jeeelS (slayd dmio (5 5 azmbio (9,0 SLELS,| Llow 4 dllie ()l
oalitl S tegiisnl by, JSb @y Glsie 4 pp @ls g Jsl e (hp IS i ()95 3l egmyp (nl 50 el Sl
o IS8 et SN oljen (Siomm (LAES g (Shanm oheS (SEAS- S Sl ShsS (n Slge Gl Sik S s e
Cawd 4wl b ol i G 2egiio sl (g, 3l oolainl b ol cows a4y zulis ailoads az8 )8 1las jo gl Sl s Slygo oyl
ol ar s canlonds acula K g P h oggy g, a5l ooliiul b lagwl ol Kes aijls Ll dag 5 050me sl5xl > 5l ao]
sz 5 2K 4 Sgama syl (B9 5| 2eS e 4 alaglall ol b ol oo S iegiisnl by, 50 4T 05 s eamlin i
095° e ()l 350 Loz (59) Culid & (258 Sod 15U 5 9lge (63, 0heeals (62 Cemd U L )3 o) JouB B

el 28,53y )90 (BT 9 Sp97e amio 3 g5 (phed i

Amio (59,3 Slals | o | )5 SLal Y sz (jenelS 15 5 wles (S tegiign] Jelos 1gualS SoledS

Employing the Isogeometric method for analyzing the in-plane and out-of-plane
vibrations of multi-layered composite beams

T. Shakib?, S. Sadripour?, R. —A. Jafari-Talookolaei®*
IMSc, Mech. Eng., Babol Univ., Babol, Iran
2 Ph.D, Mech. Eng., Babol Univ., Babol, Iran
3 Assoc. Prof., Mech. Eng., Babol Univ., Babol, Iran

Abstract
This research mainly presents the in-plane and out-of-plane vibration analysis of laminated composite

beams with arbitrary lay-ups using isogeometric approach. In this study, the first-order shear deformation
theory and NURBS basis functions are used to obtain the free vibration response of the structure. The
material couplings, i.e., bending-stretching, bending-twisting, and stretching-twisting couplings, and the
effects of shear deformation, rotary inertia and poisson’s effect are considered. The obtained results using
the isogeometric approach show excellent agreement with the results which are available in the open
literature. The convergence study has been done using three different refinement schemes such as h-, p-,
and k-refinement. It is observed that p-refinement has a faster convergence than h-refinement, and k-
refinement is more suitable than p-refinement due to the lower number of degrees of freedom. It can also
be concluded that using isogeometric analysis, the frequencies converged rapidly compared to the finite
element method. Finally, the effects of slenderness ratio, material anisotropy, and width to thickness ratios
on the in-plane, out-of-plane, axial, and torsional vibration modes in different boundary conditions are
studied.

Keywords: Isogeometric analysis; NURBS functions; Laminated composite beam; Out-of-plane vibration;
In-plane vibration.
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