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ABSTRACT

This paper presents the use of finite difference schemes to find the approximated numerical solutions
of the initial-boundary-value problem of the suspended string vibrating equation with the linear damping
term and the second power nonlinear damping terms. The results are compared with the suspended string
without damping term provided that the initial shape and velocities are all the same. The results show that
the vibration amplitude decreases and the vibration pattern demonstrates quite different from the initial
pattern in the nonlinear damping case. The vibration amplitude also decreases in the linear damping case
but the initial vibration pattern is still maintained. In addition, this work studies in detail the third power
nonlinear damping term how it affect the vibration characteristic as the same result as the second power
nonlinear damping term. The results are compared graphically and also summarized in tables. From the
result, we also find that the coefficient of the damping term plays a role in determining the vibration

amplitude.

Keywords : Suspended String Equation, Damped Vibration, Finite-Difference Method, Numerical Solution, Numerical

Simulation.
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The numerical simulation of the vibrating suspended string equation accounting for the
second and third power nonlinear damping cases under the same initial shape; i.e. sin(7x), and
the various values of «; i.e. «=0.5, 1.3, 2 are illustrated in Figs. 1 and 2, respectively. We
have found that the amplitude of vibration decreases rapidly in case of the second power
nonlinear damping accounted for especially when alpha is less than 1.2. It can be seen from
Fig. 1 that the frequency of the vibration is the same as the frequency of the initial shape. In
addition, the amplitude of vibration is greater than an interval of -1 to 1 when alpha is larger
than 1.3.

The solution of the vibration equation is quite different if the third power nonlinear damping
is considered as shown in Fig. 2. That is, the amplitude of vibration increases gradually with
time for every value of alpha, while the frequency of oscillation demonstrates both decrease
and increase when compared with the frequency of an initial shape. Moreover, the amplitude
of vibration decreases when alpha increase as shown in Fig. 2. To investigate how initial
velocity affects the solution, the initial velocity has been varied and assigned to equal to its
position; i.e. w(x) =0, 1 and x. The numerical solution shows that the vibration shape of the

suspended string with the third power nonlinear damping barely change as illustrated in Figs.

2-5.
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Fig.2 Graphical comparison of the vibration displacements with the third power nonlinear
damping term for different values of « and time (without the initial velocity; w(x)=0 m/s).
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Fig.3 Graphical comparison of the vibration displacements with the third power nonlinear
damping term for different values of « and time (with the initial velocity y(x) =1 m/s).
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Fig.4 Graphical comparison of the vibration displacements withlthe third power nonlinear
damping term for different values of « and time (with the initial velocity y(x) = x m/s).
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Fig.5 Graphical comparison of the vibration displacements with the third power nonlinear
damping term for different values of « (without the initial velocity; y(x)= 0 m/s).

Unlike the second power nonlinear damping term, the third power results in a increase in the
amplitude of vibration. As a consequence, the resonance can not be minimized by adding the
third power nonlinear damping force while the second power nonlinear damping term
prevents resonance from occurring under the defined coefficient of the damping term.

The stability condition of the finite difference scheme is given by 2mp <1 where p = k’h, h
= 0.1 and k = 0.05. The study can be further carried out by investigating various nonlinear
damping cases i.e. ¢ > 3 and the external forces are added to the string equation.
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Tuii 4 aantfudla’lia & &t directory Y99 MATLAB 1T 10 project SSS_GUI vi.2.1
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File Edit Debug Parallel Desktop Window Help
TS| %R0 oSl B | @ curentDiectory:  DAMATLAE vl @
Shorteuts [2] How ko Add  [2] What's Mew
Command Window
o Mew ko MATLAE? Watch this Video, see Demas, o read Getting Started.
fr o>
Look in: | ) MATLAB = -~ EmeE
@ [project_555_GUL_v1.2.1
tdy Recent
Documents
@
Desktop
tdy [:)ﬁwnts
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Yuh 6 aurbanani g “Main.m” 921/51ng 111199909 source code A3l

File Edit Text Go Cel Tools Debug Desktop Window Help u‘?' X

NEH|$RR2¢ (23 - hei (b -BRBRE BB|zw o | fi BB 0
| - t] x |HE|0,
1 Efunctiun varargout = Main({varargin) " d
2 -]% MAIN M-file for Main.fig ]
3 % MAIN, by itself, creates a ney MAIN or raises the existing =)=
4 3 singleton®.
5 %
] 5 H = MAIN returns the handle to & ney HAIN or the handle to
7 % the existing singleton?.
8 %
El % MAIN|'CALLEBACE' hObject,eventlata, handles,...) calls the local
10 % function named CALLEACK in MAIN.M with the given input arguments.
11 %
12 3 MAIN|('Property','Walue',...) creates a new MLIN or raises the
13 % existing singleton®. Starting from the left, property value pairs are
14 % applied to the GUI hefore Main OpeningFcn gets called. in
15 % unrecognized property nawe or invelid value makes property application
16 3 stop. Lll inputs are passed to Main OpeningFen via varargin. =
17 5 =
15 k3 *Zee GUI Options on GUIDE's Tools menuw. Choose "GUI allows only one =}
13 B3 instance to run (singlecon) ™. _
20 %
2l r% Zee also: GUIDE, GUIDATA, GUIHANDLES =
22 —
23 % Edit the above text to modify the response to help Main =
24 .
25 % Last Modified by GUIDE v2.5 20-Jun-2012 21:39:51
26 =
z7 % Begin inicialization code - DO MOT EDIT
28 - gui Singleton = 1: :
29 — gui_State = struct('gul Name', mfilensme, i
30 'gui_Fingleton', gui Singleton,
3l 'gui_OpeningFen', BMain OpeningFen, ... -
32 'gui_OutputFen', @Haln_Outputhn,
33 'gui_LayoutFen', [1 ,
34 ‘gui Callback', [11:
a8[= if nargin && ischar (varargin{l})
36 - gui_State.gui_Callback = str2funcivarargin{i}):
37 - end
36
39 - if nargout
4an - [varargout{l:nargout}] = gui wainfen(gui State, varargin{:}):
41 - else
42 - gui mwainfonigui State, vararging:}):
43 -  “end
44 % End initialization code - DO NOT EDIT
45 _
46
47 % --- Executes just before Main is wade visible.
48 Efunctinn Main OpeningFen(hObject, eventdats, handles, wvarargin)
a9 Cle Thiz function has no outrsne aro futnntEen ¥
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