wliblas )l JJUT (sl s wlisliel (g9 S8
oirod (Sl st H3l caxs ous (Slod yus

uﬁh&) 0 (udigs ‘ad\.i saly J;;c.‘.a_m‘ S.a‘:r.w
EISY (s paduily oleasls
de s 3 al€isly (SolKe o L
e S 2lSe sigs Ay o2t

S9N 9 58 o 503 AT ALOND o il gf S tiial BT 155 g9 2990 U] A0 b o S o oLilalf WL ot 30
a0 5090 Sl 28 (b ph IR Ahld BN L d a3 s (st (lguils 39 9 08 1305 g o0 Jnfge 3 poaes Wlpuss
W3l 3292 WIS Goke 390 il 30 BT Ao b o DR LaullS 93120 o3 DO (50 Suid 311y 395 Jiel o (5l (5899
O 390 & &5y (ol 3T A 1 1T 503 (ML i) BT o i (e dr 1 o35 3148 ) M 535 339 poam 3125 &7 30 3500
wodyF B30 WIS 50 fos S JRb g g &) s 00D, 31

& sl 00 g skl o il (53 gAS. P 85 S0 13 L pows St AklD U g0y ATl 9 AT b aé Wllao A0 cf 30
Jofge Jilio o sl 0 S LALIRET (5590 3 Uikl U Jolo &3lan s il o0 Duffing dolze o3 (51l o ilej Jin
ettt (SlguilS 35 Sl e OO e (513905 33 Lol QIS § ol A85)F 4138 (539 0598 ssmb (510 LIS 1 B0
N B duglio v U B g o (o LS (g (SO il b § ol gu Ilge o5 o0 30 L o (50 56 LIRS

CAVI LT PN (g
‘s&o.'r )g’wzf bt 6)3;3 i'as sfydod ‘,sbé }}é OWL?S)'

Application of Perturbation Theory to the Non-linear
Vibration Analysis of a String Including
the Bending Moment Effects

S. Esmaeilzadeh Khadem M. Rezaee
Associate Professor Ph.D. Student

Mechanical Engineering Department,
Tarbiat Modarres University

Abstract

|  In this paper the large amplitude and non - linear vibration of a string is considered. The-;
| initial tension, lateral vibration amplitude, diameter and the modulus of elasticity of the string |
| have main effects on its natural frequencies. Increasing the lateral vibration amplitude makes
the assumption of constant initial tension invalid. In this case, therefore, it is impossible to use
the classical equation of string with small amplitude transverse motion assumption. On the
other hand, by increasing the string diameter, the bending moment effect will increase |
| dramatically, and acts as an impressive restoring moment. '
Considering the effects of the bending moments, the nonlinear equation governing the |
l large amplitude transverse vibration of a string is derived. The time dependent portion of the |
governing equation has the from of Duffing equation. This equation is solved using the
| perturbation theory. The results of the analysis are shown in appropriate graphs, and the |
| natural frequencies of the string due to the non-linear factors are compared with the natural l
: Jfrequencies of the linear vibration of a string without bending moment effects. :
|
I

| Keywords |

Non- linear vibration, wire, string, perturbation theory, Bending Moment.
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