Numerical Ship and Offshore Hydrodynamics
Prof. Ranadev Datta
Department of Ocean Engineering and Naval Architecture
Indian Institute of Technology, Kharagpur

Lecture - 35
Numerical Computation of IRF Based Method (Contd.)

Hello. Welcome to my Numerical Ship and Offshore Hydrodynamics. Today is the
lecture 35. So, today is the last lecture of this particular topic. So, today what we are
going to show you that MATLAB code that actually | have prepared to show you that

how I can get the response of the | mean of the vessel, ok.
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So, actually I got some input, it is a rectangular bar. So, I we have some frequency
domain data for that. So, I am taking those data for my input parameters, and then we run
the code and will show that how does that the b tau that function should look like, ok and
then how the response will get through this. So, all this discussion we are going to have

today, ok. And this is the keyword that we have to use to get this lecture, ok.
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So, further, let us not waste any time and let us just jump into the code.
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1 © axis manual main Irf

2 % hold on Please Enter the maximu o |
3 7 grid on please suggest the no of (i I
1

5 % Tp = input('Please Select the Time period ')

6-  Tm = input('Please Enter the maximum Time *);

7-  ntt = input(‘please suggest the no of division per period -);

8

9 %Tp S91011 1213 1415 16 17 18 19 20
10- Tp = 1034

12— fid = fopen('fileout''wb');

13- filename ='Dampdata txt';

14-  param =I;

15— [w0,bw] = ReadData(filename param);
16— filename ='A33Data txt";

“ 17— |wlaw| = ReadData(filename param);
18
i 19— filename = 'ExcitingForceRigid txt";
20—  param = 2;
|'7‘ - [w? fwl — RoadDatalfiloname naram) : !
- [ |
n D Yyperere 1o sach ] ) Y w 2@ ] (] - L

Now, here initially, here you can see that I am using as | said in last class that maximum
time step what is the time step that | asked, and also please suggest the number of
divisions per period. So, this is the value you need to enter, right when you run the code.
Then, | have those data over here. Now, you can see this is the list of this added mass

data.
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1 i main_Irf

2 157075 23076513 2179.4608 11505946 SIS1120750 Pz Burer the nacisii iR
312566 19710165.75 1863 43155 2092 507775 8828372150 s siggiit e o of
4 1.047166667 30082192  2840.046425 -654.81469 7538364550
5 0897571429 24724230  122.97499 -330.91469 6219054250
6

i

8

0.785375  22211309.25 694.55968 1526.9056 9727326875

0.698111111 23839829.25 1216.8103  512.8572125 11934526000

0.6283 28772764.75 1149.101875 -2061.8531 11901223750

9 0571181818 32618134.25 2064.371525 -1807.207225 1148881500

10 0.523583333 33647890.25 1406.633125 -3088.0544 11119200000
11 0483307692 33198448.25 2158 206175 -2098.9663 10845832500
12 0448785714 32381974.25 1558.755425 -2303.74695 10652292000
13 0418866667 31290574.75 2170.63635 -1241.7506 10461662500
14 0.3926875 31003656.75 2888.94405 -355.4893725 10415927000
15 0369588235 30538552.75 487.7340525 -2849.6271 10342578000
16 0.319055556 30193353.25 612.210155 -2039.9796 10286756500

S5 L7 0:330681211 29939112.25 1203.066075 -1837.721475  1024324935( |22
18 0314152752183 1216.903575 -1757.761225 10208602800
Shoh 19 0299190476 20614669 165351975 -1399.339225 10180519350 [
PO 0.285500909 20513132.5 2020.950475 -997.9222675 10157364600 |52
Al 1 973173013 20437807 5 _94N5 [N SRR NNTAA_1013700R90N0 i
2 o Rl |
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So, here this code is not single degrees of freedom, it is in fact, coupled heave and pitch
data. So, we have the list of data for that.
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7 0698111111 5772489.67 400.0719134 -2395.103964 2066747438
8 06283 6180684.235 378.689741 -1832.560694 8694790338
9 0.571181818 4281747.094 477.2090891 -1247.15331 362668315.6
10 0.523583333 2303238.62 303.429071 -414.6127798 1535203862 | . »
11 0.483307692 1092443.298 183.9582654 -223.4229459  66336834.7 L

12 0448785714 476285.4067 105.6826428 -23 6482452 29323906.3 o
13 0418866667 114395.0952 33.30972085 -74.70847644  9278817.126 ‘NA
14 03926875 61342.47913 20.95105324 -7.357290607  6110910.692
5 0.369585235 12948 14.64044979 42 85411531 2862788.735

| 16 0.319055556 265.3958843 6.435295033 34.92813674 1355863695
s “7 0330684211 294247908 -2.767788656  10.9220113 645345.6798
18 0.31415 1120931982 2.900889923 -19.71949677  306230.0743

19 0.209190476 20581.79583 1.623017275 -1.521592227  143626.614
R0 0.285590909 29099.16567 -1.951427617  -60.35500489  65417.22 .
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127 i main_Irf
__ 2 157075 1278015.305 13373812.55 Please Enter the maximu
i 312566 2484539.311 38704329.23 please suggest the no of
41047166667 1304843.491 11582618 29
5 0.897571429 1079305.115 107223243 1
6 0785375  3544978.941 1473171574
7 0698111111 5876805.151 130739994.4
8 0.6283 7059089507 103770676.1
9 0.571181818 6738414.022 795727834
10 0523583333 5612395.639 60041325.58 y
11 0.483307692 4350791 855 4500975654 —
12 0448785714 3208227 318 33701236.17 ™
13 0.418866667 1802730.948 21890154.41 fis
14 03926875 1408465702 18974060.77 fim
15 0.369588235 711665.0461 14263116.49 B
16 0.319055556 118343.5603 10716468.07 fivn
peopietes o |17 0330684211 390488 5264 8029277 86 ]
18 0.31415 830532.0513 5978639.352 fha
S 19 0.299190476 1213655.986 4404137836 Ba
20 0.285590909 1519227292 3188700.872 e
21 0273173913 1844819.498 2245976 618 Jis
: Ty e
n Y Per——
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1.57075 -166.4409 -105.8059 Please Enter the maximi®)
1.2566 -19.4227  101.1019 please suggest the no of
1.047166667 16.26788  81.35059

1
2
3
1
o s | 5 0897571429 162.5362  -122.0843
tetns 6
7
8

0785375  145.3569 -107.7796 I

0.69S111111 145.7087  -99.96393

0.6283 154.006 -96.77019

9 0571181818 163.521 -94.57963

10 0.523583333 170.491 -93.53157 . »
11 0483307692 174.7558  -92.54301 &
12 048785714 1772178 -91.83249
13 0418866667 179.0762 -91.1335
14 03926875 179.4193  -90.96937
15 0.369588235 179.8751  -90.72253
16 0.319055556 -179.8365 -90.54581
“|17 0330684211 0.2451224 -90.40291
18 031415 03128734 -90.3208
19 0209190476 0.3391186 -90.25278
20 0.285390909 0.341277  -90.20405
21 0273173913 0.3299468 -90.16674

,,
-
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And also, we have this the damping data, ok. And then, you have the exciting force data,
the frequency domain data, and also, we have the phase data. So, these are all are my

input, right.
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5 % Tp = input('Please Select the Time period ) Please Enter the maximu
6= Tm = input('Please Enter the maximum Time *); please suggest the no of (8
7-  ntt = input('please suggest the no of division per period '); fx

B

e 9 “Tp S91011 1213 141516 17 18 19 20
10- & Tp=1034:
11
12— fid = fopen('fileout''wb'):;
13- filename ='Dampdata.txt';
14-  param =I; _ ::' -
15-  |w0.bw] = ReadData(filename param) ] i ~
16—  filename ='A33Data txt";
17-  |wlaw| = ReadData(filename param);
18
19— filename = 'ExcitingForceRigid txt'
20— param = 2
21— [w2.fw| = ReadData(filename param);
- 22

23— filename = 'PhaseRigid txt'
24— Iw? nhl — ReadDatal

n 2 pe " )y Y w oa@ ° . ®

Now, here you can see that, of course, actually this also | should ask from the user, but.

Here 1 am just writing it some Tp = 10.34 second. So, you can see here, it is the time

period, I actually it is listed from 8 to 20 because we do not have much time to run all

this frequency. If I run all this frequency then at the end we should get the RAO, right.
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filename = 'PhaseRigid txt";
[w3.ph| = ReadData(filename param);

g =98I,

rho = 1025;

M = 18726.75*1000:
87.08.

Iyy = 12395000%1000; % M*ky "2

%19973.51%1000

%o ky

vol = M/rho: % 19187 58
Y gmL = 165.5,

7 figure(1)

% plot(w1*sqrt(120/9.81) A33/(M*9.81))

% hold on

RS a——
main_Irf

Please Enter the maximu

please suggest the no of (s

n P ——

Y9 v e a0 x

Now, here | just; so, initially is I am reading all this data that what is this damping data,

the added mass data, the exciting force data, the phase, ok. And here | transferred into
this A33, A35, A53, A55. Actually, you know if you solve this coupled equation of
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motion, then you need all these 4 data because the heave, we have to, here we are not
using the single degree of freedom equation of motion, we are using coupled equation of

motions, ok.

So, let us see that when | say the coupled equation of motion that what actually I am

talking about.
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Now, here if you just because it is required to understand the code better way, here we
have the coupled heave and pitch. So, we have heave and you can you make index the
heave is 5, and then if you have the pitch, you can say the index of the pitch is 5. So,

heave is 3 and pitch is 5. So, then how I can set the equation motion.

6 0

So, if you remember as | said it is Y [ M + A7 K, +_fBij(r)>'<j(t—r)+cijxj —F, when i
= 0

also going for 1 to 6. So, this is my coupled equation of motion using IRF.

Now, here I am using only 3 and 5. So, if I put 3 and 5 how I can write it? Now, here in
instead of j, this j having only two index which is 3 and 5, ok and then A 5 also having

two index which is 3 and 5. So, let us solve for i equal to 3. So, the equation

(M +A33)X3+TBSS(T)X3(t—T)dT+= F,.
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Now, | amdoing 5. So, 5 actually here | do not write 5. So, it is, but it acts with this here.
So, | write plus A535<3+_[Bs3(r)>'<3(t—r)+C53x3. Now, this is the, so this actually this
0

equation of motion corresponding to heave. Now, you can see to get this equation you
need A33, you need B33, you need C33, A53, B53, C53.

(Refer Slide Time: 07:28)
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Similarly, if I do the same thing with respect to pitch, right, so then it should be I,

because | indicate the that moment of inertia what this lyy.

(1 + A%+ | Bugr)Xe(t=7 )b + Cuxe= .

So, first I did the 5, right and then now | am doing the for the 3. So, it should

Ay + [ By (1) % (t—7)d7 +Cyg X, = .
0

Now, you can see if you want to solve this equation, if you want to solve this equation,
there you have to have this A55, B55, C55, A35, B35 and C35. So, then you have you
need 4 data, one is A33, then A53, then A35 and A55. And similarly for the B also you
need B33, B53, B35 and B55. Similarly, you need C33, C53, C35 and C55. And
similarly, you need F3 and Fs. So, these are the data that you required from your vomit,

right, ok.
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Now, let us coming back over here. Now, here, now that is why that is why you can see
here | have this 4 data A33, A35, A53, A55 and similarly I also the B. Now, here | use g =
9.81, p=1025 kg per meter cube, M is the mass, it is 1 x1000 because it was earlier it

was in tons, so | need to change to kg. So, all this is their water plane area | calculated.

So, volume | get m
o

(Refer Slide Time: 10:30)
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main_Irf
= ¢33 = 5200.75*1025*9.81; % rho*g*awp Please Enter the maxim 01
¢35 = -0.19934E+06; please suggest the no of (i
¢33 = -0.19934E+06;
¢35 = 69260.8%1025%9.81*165.5: % rho*g*vol*gmL
k = length(Tp)
n water data
50-  wvang = pi:
- wvamp=1;
xp = 69.2
=43
b=4

for j = L:length(Tp)

“| 59
60— dt = Tp(j)/ntt
61

§
62 e L
63— Itan ht33] — CotTrfiwh hwl- 1) At « [Ee

v ol

=
npy,r.-mwm R EEEEE ) [

And then we have this the C33, and then this we have the C35 as | said, we have C53 as |
said, and then we have C55. These 4 already it is my input. So, you can see here, and of
course, is lyy also it is also input, ok and water plane area, this volume, all these are the

input values, right.

So, wave angle, heading angle, that I missed that time. So, it is 7, so it is a head waves
and also, I am using this wave amplitude is equal to 1. Now, this actually xp, fo, b, right
now it is not required because this code is actually telling you that what is the advantage
of writing this time domain code. That definitely we are going to discuss after this, end
of this class here. This is required to you know taking the effect of the green water into

the IRF code. So, that is basically the advantage.

In frequency domain code, everything is assumed to be harmonic. But you know the

green water loading or the slamming, these are not the harmonic phenomena, right. So,
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you have to solve you have to have a time domain code where actually you can

incorporate this green water effect or this slamming effect.

These things actually discuss at the end of this course. So, | am | do not want to discuss
right now. But you know these 3 parameters required to you know estimate that also. So,
here this code is written that including the motion and taking care the green water effect

on the motion, ok.

(Refer Slide Time: 12:15)
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main_Irf

Please Enter the maximu

for j = 1:length(Tp) please suggest the no of (i

dt = Tp(j)/ntt;

[tao0 bt33] = GetIrf(wO.bw(:.1).dt):
[taol bt35] = Getlrf(w0.bw(:.2) dt);
[ta02,bt33] = Getlxf(w0.bw(:.3) dt):
[tao3.bt55] = GetIrf(w0.bw(:4).dt):

t=[; A

fex = [|; i

fexd = [|: i

w = 2%pi/Tp(j): : E‘

p— 13 Btao lia
74— figure(2): I . ‘

75— platltand ht33) . [
. : - - o (o I

Now, here you can see that this entity that | ask as the input, so I just select this dt as
that. Now, here this is how | can calculate that, IRF, ok. So, I just called, it isa function.
So, it gives you know this B(w)data, | am giving, for each mode | am giving this At, so
because that is required, right. And then | just calculate this, this B(z), so B(z) 33, B(z)

35. So, these are my output.
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1 function [dt.btau| = GetIrf(w bw dtau) B main_Irf

2 Please Enter the maximu 0:
3= k=20 please suggest the no of (i
4-  btau(l) = (2/pi)*trapz(w.bw);
5- dyl)=0;

1= [fori=2k

8- dt(i) = (i-1)*dtau;

9- btau(i) = getInte(w bw.dt(i)):

10~ ~end

12— “end
L3 function [int _value] = getInte(w bw.dt)

5=  n = length(w):
16—  sum=0:

18- | fori=1ln-l ’f
po- value = getValue(i,bw,w dt): e T ‘
p1- sum = sum + value: o T‘:‘

So, now if I look into this Getlrf this code, you can see at t equal to 0, | am using the
trapezoidal rule. And then, here as I mentioned the previously when you write the code,
this code should be written very neatly. I mean we do not need to write because if some

unknown person will see your code, he should able to understand.

So, I really did not use any MATLAB feature as such here. I am writing everything from
the scratch, so that you can understand better way because | hope that not MATLAB if
you want to do in industry level writing. So, you have to write the code in C, C++, C#

sharp in this language. So, better write in little bit structured way and neatly.

Now, here | actually if you look at this code, I really do not use very big code. | just used
very small cluster. So, here you can see | call another function, this get integral, right.
So, this function get integral is calculating this integral value at each time. Now, you see

that this is get integral is nothing, but as | mentioned in your in our lecture which is just

tell you like we have solved this B(r):ZIi . So, this I, is nothing but that function

i
i=1

which is great, that is written over there, ok.
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o
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B
it u—‘d :

for i = In-1

value = l,b\\'.\\'_dl).

sum = sum + value;
end
sum = (2/pi)*sum;
int_value = sum;

end

I
function [out|= getValue(i.bw.w dt)

dw = w(i+1)- w(i);
dbw = bw(i+1) - w(i):
dm = dbw/dw;

main_Irf
Please Enter the maximu 0
please suggest the no of (i

[« [CRE—

So, now let us see that what is written here. Now, you can see here also | again the value
again | just passed another function, right. So, this value, this entire thing will do the

process and finally, I multiply by that 2/ pi, right.
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main_Irf
Please Enter the maximu

B2 function [out|= getValue(i.bw,w dt) please suggest the no of (i

dw = w(i+1)- w(i);
B5—  dbw = bw(i+1) - w(i):
B6—  dm = dbw/dw;

B8—  a=bw(i)- dm*w(i);
0- il = (a/dt)*(sin(w(i+1)*dt)-sin(w(i)*dt)):

1= 2= (dm/dt)*(w(i+1)*sin(w(i+1)*dt) - w(i)*sin(w(i)*dt));
2= i3 = (dm/(dt*dt))*(cos(w(i-+1)*dt) - cos(w(i)*dt)):

3
Ha-  value = il4i24i3;
5
6-  out = value;
7
fr—— 8- “end

- g o e ok

[ o [CR—

Now, here you can see this value I calculate here, right. So, you can see that d(w) |
calculate, then this db(w) is nothing but the db and then this is the slope dm and this is

the constant a. And then | have, you remember in my last class if you, last to last class |
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think | there you can have 3 integrals. So, here | just calculate 3 integrals, | just add it

and just returned it, right.

So, you can see that writing this code, if you write in small part and then it is really if
some unknown people looking at your code, really he will understand what actually you
have done in your code. So, here I call all these B(z) values and then this @ that is my
that is my input because | just input here the time period, right. If you remember, my
input is not frequency, my input was the time period here. So, | need to change that to

frequency because it isa cos(at) is the thing, right.
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[taol bt35] = GetIrf(w0.bw(:.2) dt): = main Irf
[tao2,bt53] = GetIrf(wO.bw(:3).dt); Please Enter the maximu o
[ta03,bt35] = Getlrf(w0.bw(: 4) dt); please suggest the no of (i
t=|:

69— fex=|:

70— fexd= |

1= w=2%i/Tp(j):

72

i3 © Btao «

74— figure(2); —

75— plot(tac0,bt33): o

76— hold on: o

m % pause

78

i3

80

81

ey 82— [t fex| = GetExcitingForce(w2.fw(:,1).w3.ph(:.1).w.Tm, Tp
83— |t fexj| oxcitingForce(w2,fw(:,2).w3,ph(:.2) w,Tm, T fie 0 ‘
R4 0 (9 Int (4 fov) - [/
a- c=mfovennu,) B e ieccsu W

556



(Refer Slide Time: 16:28)

Yt Tk Onkip W oy

Ddde rAA29¢4- Q00 80

[ o [CRE—

So, now here after, ok after making this omega, | just the, here I just give a plot of B33.
So, here already | have plotted this value of B33 if you look at it. Now, you can see that
this plot it going to 0, right. Like as the time progress, it started with a very high values

and then it starts oscillating and then it is actually going to 0 almost, right.
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13 t Btao i main_[rf

74— figure(2): Please Enter the maxim 0 i
75-  plot(tao0,bt33); please suggest the no of (s
76— hold on;

| Rss— | 17 o paust

82— [t fex| = GetExcitingForce(w2.fw(:.1).w3.ph(:.1).w.Tm, Tp

83— |t fex5| = GetExcitingForce(w2.fw(:.2), w3 ph(:.2) w.Tm, T} | 2w

84 % (2 lot(t fex) ™ pe
85

86

gs (R=];

88- x3=|);

[ o R

And then, here | just this use the external force, | just called another function get external

force. So, then I have this code get, yes. So, let me show you that get exciting force.
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|amp, eps| = getData(w2.fw.w3.ph,w):

rad = (pi/180)*eps;

1

fori = 1:Tm

t(i) = (i-1)*dt;
if (t(i) < Tp)
ramp = (1/2)*(1 - cos((pi/Tp)*t(1))):
ramp = 1.0
else
ramp = 1.0;
end

out(i) = 5*ramp*amp*cos(w*t(i)+ rad):

end

et ¥ X[ i 1+ __|
function [t, out] = GetExcitingForce(w2 fw w3.ph.w. Tm, Tp,

e A
main_Irf
Please Enter the maximu
please suggest the no of (i

[« [p—

So, this is the function. So, | just changes this the radian from the pi and then I have this

data. And here you see that I am using the ramp function, right, is it not. So, and then I

generate this ramp function over here, ok.

(Refer Slide Time: 17:46)
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out(1) = 9"ramp~amp~cos(wt{i]+ rad); wain_Ixf
Please Enter the maximu
i please suggest the no of (s
p2~ end
24 function [data datal] = getData(w2 fw,w3,ph,w)
25
p6- k=1,
27= —while (w2(k)<w)
8 I b8
p9- k=k+1; B :
30 s
1- end o
B2 b : ¥
— B3~ data = fw(k-1) + ((fw(k)- fw(k-1))/(w2(k)-w2(k-1)))*(w-w2(k i g
i B4~ datal = ph(k-1) + ((ph(k)- ph(k-1))/(w2(k)-w2(k-1)))*(w-w2 i
© jetsiad b ol A 35 y
86
B7- end fie L I ‘
a:-

And then, this is the function, this gets, ok. So, | understand this get data that function, it

will be actually try to find out that force, that the linear interpolation I am talking about,

right. So, this is the linear interpolation, ok. So, this is how actually | give the exciting

force.
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Now, again coming back to the main code. So, if you write the small function like this,
so then people will understand actually what actually, how you are logically approached

to the solution, ok.

(Refer Slide Time: 18:13)

3 | Gbsiomm ¥ Sabis ) G ]y ] =i | N "] Brgets X1 % [ ———
" pause # main_Irf
Please Enter the maximu
= please suggest the no of (i
3=
v3=;
x5 =
vh=|;
grPr = [|:
x3(1) = 0;
v3(1) =0; «
(=0 | g
vi(l) =0:
grPr(1) = 0:

for i = 1:Tm-1

temp33 = GetDampV
tomn3A — (lotNam

0 I LT

e(bt33, tao0, v3.idt):
(B35 tanh vAidt)

FREE Tty LT eE

Ese
7

Now, these are something that the parameter | define because my ultimate aim to get x3,
v3, X5 and V5, right.

(Refer Slide Time: 18:25)
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grPr(1) = 0; main_Irf
Please Enter the maximu
please suggest the no of (s

for i = 1:Tm-1

temp33 = GetDarapValue(bt33, tao0. v3.dt):
temp35 = GetDampValue(bt35, tac0, v5.idt);
temp53 = GetDampValue(bt53, tao0, v3idt):
temp35 = GetDampValue(bt5, tao0. v5.idt):

1t3(i) = fex(i) + A33(length(A33))*w"2*x3(i) - temp33 - T.
v3(i4+1) = v3(i) + (ft3(i)/M)*dt;
x3(i+1) = x3(i) + v3(i)*dt:

N 14
e 15- ft5(i) = fex5(i) + A55(length(A33))*w"2*x3(i) - tempd5 [
16- vB(i+1) = v3(1) + (ft5(i)/Iyy)*dt: e
17- VA1) — vAli) & Al 3 7& LM ‘

O TR N

So, now here the time marching algorithm starts. And then, you can see here, | am asking
for the get damp data. Get damp data is nothing but as | said the function. So, here | am
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as asking this b3 b(zr) values and then this v3 the velocity, and then present time say i,

and also dt.

(Refer Slide Time: 18:55)

Sdaiogonn’ ¥ talmivha 7] Gain % gihin X|saie | fullain oo
1 function [out| = GetDampValue(bt33. tao, v.idt) main_Irf 4
2 Please Enter the m:mmu ]
3-  iffi<= size(tao)) please suggest the no of (i
4- mb =i fx_
5
6- Y ('l\'l' <
= mb = size(tao) -
8- end
)

10- sum=0

12— ' for k = I:mb-1

4- sum = sum + bt33(k)*v(i-k)*dt

15 v <
16— end w
17 - ) S
© Gttt e - i

18-  out = sum; - g
9 o \
1

So, let us see that the get damp value here. Now, you see | just really do nothing. I just
simply using the trapezoidal here, right. | did not do anything. But here is the catch is
that size because you see here in your, if you able to you know just only one thing you
need to remember with this code that you have to be little bit careful because your

summation is here, yours.

(Refer Slide Time: 19:21)
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If you do the trapezoidal your summation is B(z)x(t—z). Now, zis having let us say
some 80-step let us take, I mean that n, n; that means, you know n is let us say your 80

second because your summation then runs from i =1 to 80. Because remember that B(z)

that time step your final time step it catches n= 80, let us see.

But now your t is let us say initially it is although, your total time frame t maybe you are
doing for the 200 steps, but initially when your time marching algorithm starting from 1
in case of a MATLAB, it will 1. So, then x dot, if you now if you make here some i=1
to 80 that is how to do the trapezoidal, ok. Let us do one thing, these two indices make it
different, ok.

(Refer Slide Time: 20:40)

So, let us do one thing because this will confuse you. So, | am here in this particular
function what | need to do? I do very simple thing I just add some i =1 to some N. And

this N, how I compute? This N.At at this you know the B(z), at you know B at that

time N.A 7, atthattime it is really approaches to 0.

So, in that way | can extract the value of N. So, | know that, that | need that this is my i
versus B(i) and this actually I have this N data, so i =1 to N, ok. Now, | need to sum this,

B(z)X. Now, I just write t minus i, just make the two-index different. So, I am summing
over i and this is my present time step. Now, if this present time step t < i, so then after

some time (t — i) become negative, and then your program will collapse, right.
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t-1
So, we have to take care this part that, so that actually you should do ZB(r))‘((t—i)dt.

i=1

This you need to do, right; till your t <N, right. And then once t>N that time actually

N

you can do ZB(T))'((t—r)dr when t> N. So, this is the only catch. This is the only
i=1

catch nothing more, ok.

So, that is why if | look at here then you can see that; | have taken care of these things.
So, mb is the size, this is the size of tau I find out, right. So, here 1 just do the sum. And
if you look at it; this is let me, check actually that check may be before that. Yes, here if i
is which is the present time step with the less than that size of size of tau, so mb becomes

I. So, that means, here | just taken care that fact that what I told you.

This is what | told you here that it should be here, | just say that when it is less than N, so

this should be 1 to (t-1). So, that is what actually here also in this code, the same thing |

am | have done. So, if i <N, then mb = i, otherwise mb equal to the size ofthe 7.

And then, | simply do this trapezoidal. It is called the one-point trapezoid rule. | did not

do much. I did not use this conventional way. | just simply use this value b3 and then

(v. —k)At, ok. Very simple, very simple. | make it very simple, ok.

So, now again, let us go back now here, the main code here. Now here so, | have this
damp data 33, 35, 53, 55, everything is there and after that | calculate the total f(t) as |
said, right, ok.
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(Refer Slide Time: 25:17)
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main_Irf
Please Enter the maximu 0
please suggest the no of (i

1gth(A33))*w"2*x5(i)-temp35-c35*x5(i): 7+ grPu(i)*h
2ngth(A33))*w"2*x3(i)-temp53-c53*x3(i). 7% + grPr(1)*b*xp
rm— i
i N 20 »
21= "
22— A35(length(A33))*w"2*x5(i+1)- GetDampValue(bt35, tac0 |iia : / ‘
93— - B> R

So, | just writing. So, now, here you can see that right now, actually I am this green
water pressure thing that actually, I right now | make it inactive. But in this right-hand
side that is the fun part of using this IRF code. Whatever the non-linear force you want to
add always you need you can add at the right-hand side of the total force, ok. So, this is

how actually one should write.

So, this is the main advantage of writing this IRF based code. You can add all the non-

linear forces at the right-hand side.

(Refer Slide Time: 25:52)
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09 i main_Irf
10 Please Enter the maximuJ
11= t3(i) = fex(i) + A33(length(A33))*w"2*x3(i) - temp33 - please suggest the no of (&
8 12- v3(i+1) = v3(i) + (ft3(1)/M)*dt;
13- x3(i+1) = x3() + v3(i)*de;
i 14
15— ft5(1) = fex5(i) + A55(length(A33))*w"2*x3(i) - temp55
16- vh(i+1) = va(i) + (ft5(1)/Iyy)*dt:
17- x5(i41) = x5(i) + vi(i)*dt:
18
19 g
20 i -
21- temp33 = GetDampValue(bt33, tao0, v3.i+1dt); lj;;fr -
2= ft3c = fex(i+1) + A33(length(A33))*w"2*x3(i+1) - temp, i:‘ KA
23- v3(i+1) = v3(i) + (ft3c/M)*dt: 198 ont)
24— x3(i+1) = x3(1) + v3(i+1)*dt: ] i
[P S——— % i
26 B 2)
21= ftoe = fexd(i+1) + A55(length(A33))*w2*x3(i+1) - Get [E
28- vB(i+1) = v(i) + (ftde/lIyy)*dt; e / < ‘
29— VA1) — VA 4 vAGLT VA o i
3 = Ry |
a:-
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So, then if it is a total force, then now, you cansay next step it is the v3(i) by fby M d t.
So, that you know is the Euler scheme. And then | did, | do that for the pitch mode also,
right. Now, here what I do this, it is we discuss later on it is, actually it is one can say
that predictor corrector scheme, right. So, here, let me explain it here. This is actually to

make the code numerically more stable.

(Refer Slide Time: 26:36)

ﬂ\t)w . V(”

-
M

EVORIRE

(&

O C-HC-0 8 6

o - -

.
So, what we make that t =t+Atand then we get the V (t+At) :FT(t)AHV(t), right.

And then | getactually x(t+At) =V (t)At+x(t) . So, this is how | am getting.

Now, this velocity at the next time step and then this displacement also in the next time
step. So, with these two, again | recalculate my force at time. So, now, this is called the

explicit scheme where actually | using this functional value at this point.

So, now, having getting this acceleration and then the velocity and the displacement in
the next time step, | calculate the total force also in the next time step. So, everything |

have, right, I have the value for

F(t-At)= F(t+At)+w2A°°x(t+At)—Cx(t+At)+JB(r), here  amnow | am | need to
0

calculate this integration, it is for the next time step where actually everything is same,
the only thing that this v now I am putting this v have the information of V (t + At). So,

therefore, this function only needs to change.
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So, what | do is | calculate, | estimate the force in the next time step and now | am using
F'(t) - o
V (t+At) =TAt+V(t). So, this is now called the implicit scheme. So, then actually

with making this small thing your code become little bit more stable, ok so, that is what |
do over here.

(Refer Slide Time: 29:40)
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124- x3(i+1) = x3(i) + v3(i+1)*dt i main Irf

125 Please Enter the maxim 0.
126 please suggest the no of (g
127- ftoe = fexd(i+1) + A55(length(A33))*w2*x3(i+1) - Get fx

128- vi(i+1) = v5(i) + (ftde/lyy)*dt:

129- x5(i41) = x5(i) + vi(i+1)*dt:

131= |gpr] = GetGreenwaterPr(i,wvang wvamp xp.w x3(i) x
132 grPr(i+1)= gpr:
133
134
135- -end
136= | j; 1
137-  x(j) = getRao(x3):
138-  omega(j) = 2*pi/Tp(j)
139
“ 140 plot (t.grPr
141 /
142 ddd = input('press a
143
Jas Rocnanes

npmw-,m R EEREE [ °

if you use this; so, you can get here this ft, the next times | mean that is | calculate these
two you can see that this (Refer Time: 29:48), now, again | send, I recalculate that total
force in the next time step. And again, | am using the implicit scheme to get the velocity
and the displacement, right. And then finally, again actually 1 again go back. So, here

you can see this is how | can write the time marching algorithm, right.

So, again just very quickly let us go through again. Here it starts with (Tm-1) and then |
calculate temp, I calculate the total force, the velocity, use the time marching algorithm
to get the velocity displacement. Again, | calculate the force, next time steps, and use the
implicit scheme to get it, and I calculate the green water because green water, ok let us
not discuss this. And then | just plot this graph, ok.
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(Refer Slide Time: 30:56)

So, let us see that how this graph looks like and how it comes, so I calculate here also.
Now, you can see here. | can give very nice, very nice the response of the vessel. And it

is very meaningful, it is you can see that it is very realistic, right, ok.

So, today, we have we have shown you the MATLAB code, and the numerical technique
or that we actually | use to find out the response of the vessel. So, we stop this topic

today. And from the next class we are going to start the Strip Theory.

Thank you.
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