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Vibration
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Put in matrix form
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clc
clear
close all
fprintf(['\n\n\nStarting file >>' mfilename '<< at ' datestr(now,0) '\n\n']); 
format long
% HW  5.3
 
% x= Beta*L
syms B x l a b c d M E I w rho L A BL
 
W    = a*cosh(B*x)-a*cos(B*x)+b*sinh(B*x)-b*sin(B*x)
Wp   = diff(W,x)
Wpp  = diff(Wp,x)
Wppp = diff(Wpp,x)
 
% Evaluate at endpoint x =L
x   = L;
WL    = eval(W)
WppL  = eval(Wpp)
WpppL = eval(Wppp)
 
E1 = WppL
E2 = WpppL+w^2*L/L*M/(E*I)*WL
 
% Math Simplification - this is a guide you need to look at the problem on
% paper to realize how to use Matlab to simlify this....
 
E1 = E1;
E2 = subs(E2,w^2,(E*I)/(rho* A)*B^4);
E2 = expand(E2/B^3);
 
% get rid of B*L and replace with y
E1 = subs(E1,B*L,BL); 
E2 = subs(E2,B*L,BL);
 
E2 = subs(E2/L,B,  BL);
E2 = subs(E2, {M, rho, A, L}, {1, 1, 1, 1});
E1 = simplify(E1/B^2);
 
% Write as matrix pull out coefficents
BC11 = coeffs(E1,a);
BC12 = coeffs(E1,b);
BC21 = coeffs(E2,a);
BC22 = coeffs(E2,b);
 
% order from lowest to highest power- lowest is coefficient^0,
%highest is coefficent^1;
BC11 = BC11(2);
BC12 = BC12(2);
BC21 = BC21(2);
BC22 = BC22(2);
BC   = [BC11 BC12; BC21 BC22];
 
CE  = simplify(det(BC));
BL  = linspace(0,5*pi,10^4);
CEv = eval(CE);
 
% This CE does not have  plot that we can easily identify our iniitial

very cruel I asked
you toplot

to
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% guess
% In order to get initial guess we look at places where the is a sign
% change in the CE
[Val1, loc1] = find(abs(diff(sign(CEv)))==2); % This time loc1 is indices
% Initial Guesses
x0v = BL(loc1);
options_all=[];
% set your length L
L=1;
for i =1:5
    x0 = x0v(i);
    fprintf(['\n\n\n >> Mode' num2str(i) '<<  \n\n']); 
    % Fzero
    [xval, fval, exitflag] = fzero(@CEfunction,x0,options_all,CE);
    betaL(i) = xval;%This is Beta*L
    beta(i)  = betaL(i)/L; % THis is Beta
    
end
%Solve for Modeshapes
%solve fofr a constant
bsol=solve(E1==0,b)
%plug into W(x)
Wmode= simplify(subs(W,b,bsol));
pretty(Wmode)
%Plot mode shapes
x  =linspace(0,L,100);
figure
for i =1:5
    B  = beta(i);
    BL = betaL(i);
    a  = 1;
    WmodeP = eval(Wmode);
    Wmax   = max(abs(WmodeP));
    WmodeP = WmodeP/Wmax;
    subplot(5,1,i)
    line(x,WmodeP,'linewidth',2,'color','k')
    xlabel('x')
    ylabel(['W_',num2str(i),'(x)'])
    title(['\beta L = ', num2str(BL)])
    box on
end
    
 
function [F] = CEfunction(BL,CE)
% Pass the symbolic characteristic equation into a function
F =  eval(CE);
end
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b Two ways to do this you can directy
use equations
The boundary function UK C sin ntx

is the simplification of

ACA C sin ka Cacos Kx sinh Kx Cycosh lox

with boundary conditions

UCO UCC 0 No movement could stop

Axx01 Uxx L 0 No motion never

see example I 2,1
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d 1.21000 m 0.80m

I Td464 T 4,000 1
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A Tidy T 1.24000 4 1,0179 1013m

gA gTd 0.008481m

β T EIfL2 T 12.0 10 1.31 10 6 0,000523
600 0,80

fi Tsa 2.80 163 He

n nF Fn Flink

163,00 163.04 1,00026

2 326.00 326,34 1.00105

3 488,99 490.14 1,00235

4 651,99 654.72 1,00418

5 814,99 820,30 1,00652

6 977,99 987.16 1,00937



d 11 How does the bending stiffness shift the

higher overtones

EI 2492 4 restoring force that is

depend on the second derivative of the

curvature of the beam axe Modes

with higher curvature i.e more n give and
more restoring force This is seen in the percentage

deviation At higher modes becomeinharmonica

the frequency intervals are wider than perfect

integer multiples

2 Treble strings are long thin thus B is

reduced by d T L
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These strings are nearly ideal

The opposite is true of short thick brass string

add will lead to inharmonocity

3 The pinned beam has BC bloeowxxlo.IO

The clamped beam has BC 9 0,1
0 yxlo.co

It is generally a stiffer model of vibration



Wrapped Bass string
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is an approximation actually an over estimation

EIC 0,009817N m

EI 0,20358 N m

gAC 0,0807181m Bc 0,000252

gA 0,088 181m B 0.000523

f 163 Hz Fic 53,90 He

Wrapping increases mass without increasing

flexural stiffness and therefore lowers frequency


