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* Matlab code for influence coefficent method
+ Stodola's method and Rayleigh ritz method

The third program is influence coefficient method program we also did a problem of the
same kind in the last lecture in influence coefficient method, but we derive the influence

coefficient matrix directly in the last lecture.
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INFLUENCE COEFFICIENT METHOD 15

MATLAB code:
Y 1 for finding [requency and mode shape using Influence Cocflicient Method
% Enter dof
- * The Inputs given for calculating the frequency and
dof=3; I )
mode shape of MD( m are
e

%Enter Mass matrix recs of Freedom

M={100;010:001]; % mass in kg

%Enter Stiffness Matrix
o Stiffiness in Nim

A-inv(K);

fprintf ('Mass Matrix\n')

disp (M);

fprintf (‘Stiffness Matrix\n')

disp (K);

fprintf{'Influence Coeflicient Matrix:\n')

disp(A);

So, the mass matrix and stiffness matrix are again given an input, so it is standard for all
the programs. It inverts the mass matrix sorry the stiffness matrix and gets the influence
coefficient matrix one can directly also get the influence coefficient matrix which we did
in the last lecture. I think you can verify back the solution procedure in the last lecture.

For the completion sake let us try to do that in this example.
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So, this is the coding for the classical Eigen solver which I just now showed you. So, the

complete coding it continues from here, the coding continues after this it continues here.



I am sorry for the alignment of the code because it cannot come on the same page. So,
please continue the code from here to here after this line this is the next line please
continue the code. Sample input is given sample output is also known and you can see

here the plot which has been just now discussed.
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Similarly, the coding for Dunkerley is also shown on the screen now we have already
explained different segments of this code and we also have the sample output which is

been plotted from the screen.
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Now the influence coefficient method coding is available, but I am interested to estimate
the influence coefficient matrix without inverting the stiffness matrix. This code actually
inverts the stiffness matrix it inverts the stiffness matrix to find the influence coefficient
matrix, but I can directly find the influence coefficient by the first principles which I am

going to do now.
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So, this is the problem let us write down the problem this is m and these are all k. The
degrees of freedom are this is x 1, this is x 2 and this is x 3. So, influence coefficient is
nothing, but the flexibility. So, flexibility is give unit force and find the responses. So, I
say k alpha 11 where alpha is the influence coefficients in the given matrix and this is
going to be k alpha 11 minus 21. Similarly, for the next the arrow is reversed and this
spring is going to compress which will be k alpha 21 minus 31 and again this arrow will

be reversed. So, one can notice very well here.

The second subscript in all will be one indicating we are given unit force in the first
degree and we are getting the first column of the flexibility matrix. Let us do for the
second case to give unit force here so obviously, this spring will try to pull it back. So, k
times of alpha 22 minus 12 and there was reversed and this is going to be k times of
alpha 12 and this spring will try to compress therefore this is going to be k times of alpha

22 minus 32 and this spring is reversed.



Similarly, for the third degree unit force, so this is opposing k of alpha 33 minus 23
which will be reversed with this spring this will try to pull the mass back which will be k
times of alpha 23 minus 13 which will be reverse here and this will try to pull this back
again which is k times of alpha 13. So, once this is d11 can write the equations and try to
solve and get the influence coefficient matrix for example, let us do for the first two
degree. So, I am referring to this figure. So, I am writing it as 1 is equal to k alpha 11
plus k alpha 11 minus 21 I can also write k alpha 21 k alpha 21 minus 31 is equal to k
alpha 11 minus 21, k alpha 21 minus 31 is 0, so this implies that k cannot be 0 therefore,
alpha 21 minus 31 is 0 which implies alpha 21, alpha 21 is actually equal to alpha 31.

Substituting this back in the second equation the left hand side will become 0 which says
that alpha 11 is also equal to alpha 21, substituting that back in the first equation you will
see that alpha 11 becomes 1 by k which are now true for all the cases. So, alpha 11

therefore, alpha 21 is also 1 by k and alpha 31 is also 1 by k. So, that is the first column.

One can similarly do for the second column and third column which we did in the last
class last lecture please see that. So, the alpha matrix can be simply said as 1 by k of 1 1
1 that is what we got the first column 1 2 2, and 1 2 and 3. So, let us see what did we get

from the computer program.

(Refer Slide Time: 08:17)

SAMPLE OUTPUT

% MATLARB coding gives only the
fundamental frequency and the mode
shape.

So, one can see here for giving a mass matrix and stiffness matrix I get the influence

coefficient matrix as 1 by k multiplier is anyway out. So, 1 by k is anyway here. So, first



column is as same as what we got second column and third column. So, the matrix

exactly is same as we obtained from the program.
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INFLUENCE COEFFICIENT METHOD - contd
x~ones(dof,1);% assumed modal matrix _

XO0=X;
foru=1:10000

y=A*M*xo;

16

d=x0-xn;
ch-l
if abs(d)<ch

X=Xn;
wal=sqri(1/y(1));

fprintf{'Fundamental frequency and mode shape: wn = %6.3f rad/s \n x = \n';wnl);
disp(x);
break
else
Xo=xn;
end
Elend

So, once we know this then this coding estimates the fundamental frequency and mode
shape and the fundamental frequency now is 0.445 and the mode shape is first mode

shape is this value which closely compares and agrees with the previous methods.
The next is a Stodola’s method which we also solved a problem in the last lecture.
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STODOLA’S METHOD 19

MATLAB code:

% Program for finding frequency and mode shape using Stodola’s Method
cle;
clear;

% Enter dof
dof=3: mu'dt shape of MDOF system are

+ The Inputs given for calculating the frequency and

ter mass values

m-[111];%inkg 8 Mass values are given in *kg”and stiffness
values in ‘N/m’

% Enler stiflness values

k=[11'1]; % in N/m




We maintain the same degree of freedom, mass value and stiffness values as entered in
this case, but please note here the entire mass matrix and stiffness matrices need not be
given, you want to give only the value of m 1, m 2 and m 3; then k 1, k 2 and k 3. We do

not have to give the mass matrix and k matrix.

Please note in the earlier case we are supposed to give the mass matrix completely and
the k matrix completely row wise. But in this coding it does not require you to give the
mass matrix and k matrix you are to only give the mass values and k values with a space

bar in each row.
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STODOLA’S METHOD - contd

%% Stodola's Method if d<ch

ad=ones(1,dof);% Asssumed deflection
ado=ad;

for u=1:10000

ad=r;
wn2=sqrt(sum(r)/sum(cd));

{printf(‘Stodola method:\nFundamental

=0/

frequency and mode shape: wn = %6.3{ rad/s \n

fi=m.*ado; % Inertia force {
x = \n',wn2);

fe=flin(c in(fiN): %snrine force
fs=flip(cumsum(flip(fi))); %spring force disp®);

sd=[s./k; % Cumulative deflection
break

cd=cumsum(sd); % Cumulative deflection I
else
r=cd/cd(1);%ratio -
ado=r;
d=abs(ado-1);

ch=1¢-6.*ado;

end

This is the mass value this is a k value once you do this the code actually identifies and
computes accumulated deflection finds the mode shape plus iteration and then from the
iterated value it picks up omega n square the fundamental frequency and then also picks
up the mode shape. Let us see the sample output what we got from this code it is 0.445
and this is my vector. You can see this value closely agrees with what we have in

influence coefficient method.
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SAMPLE OUTPUT

Stodola method:
Fundamental frequency and mode shape: wn = 0.445 rad/s
x=

1.0000

1.8019

2.2470

% This method gives only the fundamental
[requency and the mode shape.

Prof. Srinivasan Chandrasekaran

We have 0.445 and the vector is 1, 1.8, 2.25 you can see here, this is again 0.445, 1, 1.8,

2.25. So, the values are exactly matching and surprisingly you will also notice we add

exactly obtained the same values close to this by hand calculation in the last lecture. So,

you can compare them. So, the computer program what we explained to you is exactly in

the same line as the computer methods what we discussed by hand in the last lecture.
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RAYLEIGH RITZ METHOD

MATLAB code:

% Program for finding frequency and mode shape using Rayleigh’s Method
cle;

clear;

“handrasekaran

23

% Enter dof % The Inputs given for calculating the frequency and

dof=3;
% Enter mass values
(1 11]; % inkg

% Enler sliflness values

k=[1'11]; % in N/m

mode shape of MDOF system arc
% Degrees of Freedom
lues
ucs
values arc given in ‘kg’ and stiffness
values in ‘N/m’

The last one is the Rayleigh Ritz method which we also explained in the last lecture we

solved a problem using Rayleigh method. Similarly please note friends in this method



also we have to give the value of m 1, m 2 and m 3 similarly k 1, k 2 and k 3. In this
problem all ms that is m 1, m 2 and m 3 are actually equal to m, so they are taken as
unity. Similarly k 1, k 2 and k 3 in this problem are taken as k and we have entered 1 1 1.
You do not have to give the mass matrix and k matrix as an input for this problem, you
have to give only the values of independent stiffness and mass the row wise as you see

the screen here.
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RAYLEIGH RITZ METHOD - contd

ifd<ch
ad=r;
ado=ad; fro=fr.*r;
for u=1:10000 slro=sum([ro);
fr=m.*ado; mro2=m.*r.*r, -
cd=zeros(1, dol); smro2=sum(mro2);

wn2=sqrt(sfro/(scd*smro2));

fprintf('Rayleigh Ritz Mcthod:
and mode shape: wn = %6.3[

for i=2:dof
disp(r');

break

clse

sfr(i)=sum(fr(i:dof));
od()=(str)/k@)) Hed(i-1);
ond

do-r;
sed=cd(1); ot

] end
r=cd./scd; %mode shape -

d=abs(ado-r);

o ch=le-6*ado;

Once you do this it assumes an initial mode shape here because we are looking for a

fundamental frequency all are taken as positive.

Then it calculates the mode shape then it calculates the fundamental frequency let us see
the output. So, you get 0.445 and this is the vector, so eigen vector of the first mode
shape which is exactly same as we obtained by the previous methods and this value also
matches with what we have worked out by hand in the last lecture. This is the coding for
Stodola method, which is shown on the screen now there is a sample output and this is
the coding for Rayleigh Ritz method which is shown on the screen now and that is the

sample output.
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We have compared the results and they were all in good agreement.
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So, let us make the summary. So, the summary says we learned computer methods of
determining natural frequency and mode shape of multi degree freedom system models.
In dynamic systems the methods learnt where classical Eigen solver method, Dunkerley
method, Influence coefficient method, Stodola method and Rayleigh method. We picked

our sample problems, we also gave you the computer coding, we showed you the sample



outputs and they were found to be in good agreement with hand calculations what we

showed in last lectures.

I think friends now if I am able to obtain the mass matrix for offshore structural system
and stiffness matrix for offshore structural system I should be able to obtain omega and
phi for the dynamic system in all degrees of freedom. That is the outcome of this
particular set of programs what we did for dynamic systems. In the next lecture we will
start discussing about the damping matrix which is also one of the important issue as far

as offshore structures are concerned.

Thank you very much.



