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Lecture - 57
Semi Analytic Method (Contd.)

Hello, welcome to the Numerical Ship and Offshore Hydrodynamics. Today is the

lecture 57.

(Refer Slide Time: 00:20)

CONCEPTS COVERED

*Ship Hydroelasticity using Semi Analytic Method
*Solution of ODE

A

Now, today we are again going to discuss the ship hydroelasticity using semi analytic
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method. So, today we are going to discuss about the how we can solve the that ODE and
find out the structural deflection that amplitude of the structural deflection, ok. And this

is the keyword that you have to use to get this lecture ok.
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7 Our next task is to evaluate the pure excitation force e combining of

Froued-Krylov and diffraction forces, arising from potential theory. It is
assumed that the exciting force acts as an impulsive point load at helL l ;L
CG of the vessel. This excitation force can be represented as, e

F e =/j/;,~(\r>()'(,?— ) 1)
[\_4_. e / =

:
b

» The time dependent component /.(f) can be found using Fourier
transformation from the frequency domain solution as,

\_rﬂ(«?)z jlx‘(r)< “dr } (2.13)

» The absolute value of /,(¢) is the amplitude of the exciting force and
argument of /(¢ is the phase angle of the exciting force. |4

/
/
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Now, here actually we stopped in the last class. Now, we discussed about how we can
get this f, (t) right, we discussed how we can get this f_(t) right and, but then we really
did not discuss about the second part. Now, this is you as you know that this is kind of
Direct delta function now, what is we are assuming that if the exciting force actually it is

kind of hammering that each cross section.

Maybe there is not much mathematical base to approximate this, but here the physically

what we assume that suppose we have the shape and then wave it is hitting like an
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impact force in all sections ok. So, that is how actually we thought of right. And then

here this is the way I can get frequency domain exciting force.

Of course, that is actually it is required when you write this impulse response functions

with method always you record the data from the frequency domain. Now, this f (w)is

the frequency domain exciting force. So, when you have this, you can get this f_(t)
using the Fourier transformation right. Now, assuming that you have this you have the

Fourier transformation you get this f (t)and you write this expression

f ¢ =f (t)6(X—X,) to write the exciting force.
(Refer Slide Time: 02:33)

» Similar to the Radiation force, multiplying exciting force by the m" mode
shape and integrating along the length of the body, we get,
/1 y,.‘@\“ﬂ‘)
[ EFw, ds = £,0W,(5) (214
Sjv\\\\cb 1”)
» Now, summing up equations (2.10) and (2.14), the RHS of equation (2.4)

wM.-JMoL« =0 -

is obtained as,

™

/ /
,/ ‘
[ £, ()ds =K [, W7, () + £, (%) (219

r

So, then if you integrate along the length | and then this frequency the exciting force is
looking like _[F‘*“Wm(x)dx: f. (W, (X,) . Now, this is the property of the & function
right. So, if you integrate this F™W_(x)then if you replace this F™as

f, (t)o(x—X,)dx right. So, let me write it little bit bigger way.

It is if you write itas f (t)o(x—x,)dx, then definitely you will get this quantity. So, it is
the physically it is that each section actually you can as if it is coming as a hammer, |
mean as | said there is not much mathematical backup for this particular thinking, but

somehow this works ok. Now, you substitute this 2.14 into the original the equation,

where you have the radiation force and the diffraction force.
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So, if you substitute there. So, this is how actually you can write the total the right-hand
side of the equation right that right hand side of the that beam equation. So, now, as you

know that we are going to use the property of the orthogonal property of W, (x) and

W, (x)and where we use that and we ignore the cross-coupling termright.

So, therefore, when m=n it is 0, then when m=n we have now if you make it

orthonormal, then this becomes equals to one otherwise you have the same values right.

(Refer Slide Time: 04:37)

.
Coupling of Fluid & Structure

» After some mathematical implementations and setting the boundary
conditions, equation (2.4) can be transformed into a second order linear
non-homogeneous ordinary differential equation for / as,

P.(1) @16

4, (1) +o,q(t)=
pA(t)" .

where, P ()= I‘f'(.\‘,t)li"n(.\')d\' is known as the generalized force.

h

» Many numerical t iques are available to solve such ODE. However,

a semi analytical technique using Duhamel integral is applied in order
to get the solution of equation (2.16).

00

So, this is well known to everybody. So, therefore, if you do this and use this orthogonal

1
P (t), then
RO

n

property then finally, actually you can arrive at ¢, (t)+o,q(t) =

actually this all the spatial coordinate actually you can remove right. So, when this n not

equal to m. So, let us take the let us this is up to you how we are writing this W, (x) and

W_ (x) if you write it in orthogonal way.

So, then this when _[WnWmdx:O, when n=m. And then it is equals to some value k or

1 it depending on whether it is you are using orthonormal mode shape or orthogonal
mode shape anyways. Now, this is the part of the structural and I really know I know that
you all know this very well and we do not have much time to discuss all these things

very elementary right.
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So, we can skip it and but if you use this property definitely you will get this equation

i} 1
qn (t) +wnq(t) - pAa)

n

P,(t). Now, here the idea is how | solve this differential equation

i} 1
qn (t) +a)nq(t) - pAa)

n

P (t). Now, numerically you know there are lot of numerical

methods are available like you can use the Euler method then Newmark Beta method and

then so many methods I mean Adams Moulton method, Predictor Corrector method.

So, many methods are there right, Runge Kutta method, but here we did not use any of
these methods, where you are using some of some kind of semi analytic technique using
the Duhamel integral. Now, what is again Duhamel integral we are not discussing here
you can just browse and you can get the get the knowledge about the Duhamel integral it

is very well known. Now, how we use here that is the question.
(Refer Slide Time: 06:54)

# the final expression for the normal coordinate is obtained as,

= I IP(r)sinm,(r—r)dr 2.17)
pdo, " !

0

q,(1)

7 Once the displacement and velocity are obtained, corresponding
forces can be determined from equation (2.15) and thus the fluid-
structure coupling is made,

r

o)

Now, here if you apply this Duhamel integral, then your displacement actually looks like
in this fashion. Now, as | said we first of all we have not much time to discuss how
applying Duhamel integral we are getting it. So, we can ignore at this point it is really

not that necessary, necessary is try to find out this q,(t) that the value for the
displacement right. Anyway, or how to  solve this  equation

1
pA,

g, (t) = an(r)sinwn(t—r)dr.
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7 the final expression for the normal coordinate is obtained as,

q,(1+A0) Lj‘ P (r)sina,((-1)dr 217
e PO,

7 Once the displacement and velocity are obtained, corresponding
forces can be determined from equation (2.15) and thus the fluid-
structure coupling is made,

Indian Institute of Technology Kharagpur

t
Now, here this q,(t) = IPn(r)Sina)n(t—r)dr we actually solve in semi analytic
0

n

method. Now, how we solve this semi analytic method, let us see this. Now, here if you
solve this actually that we are getting the velocity in the next time step based on the
force. Now, if you look at here the force is this P, (t)is nothing but the generalized force
which is the combination of the radiation force diffraction force and sometimes it is the
combination of the radiation diffraction as well as the hydrostatics is depending on how

we are how you are actually writing the external force ok.
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7 the final expression for the normal coordinate is obtained as,

P, (r)sin @ @1

\

» Once the displacement and velocity are obtained, corresponding
forces can be determined from equation (2.15) and thus the fiuid-
structure coupling is made.

Now, in this particular case we are only taking the exciting force and the radiation force
ok.

(Refer Slide Time: 08:25)

7 the final expression for the normal coordinate is obtained as,

1
q,((+A)= Lj.i’,,(r)sin o,((-1)dr 2.17)
pAa,

" 2

7 Once the displacement and velocity are obtained, corresponding
forces can be determined from equation (2.15) and thus the fluid-
structure coupling is made.

So, now this P,(z) is nothing but the total generalized force right and then @, is the
frequency and then A is the sectional area and o is the density right density of the

structure ok.
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7 the final expression for the normal coordinate is obtained as,

1

q, 1+Ar) Il’(r)sxn(u (t- r)dr (.17
T e
8= ! P, (¢)sina ~o,7)dr
Y | !
q',_,‘i j~»=A-t)=_pA(z),, J; P r)[snTl(utcosa) - smwfff)i_“gj

n

So, now how | solve this q,(t+At) = IP (r)sinw, (t—7)dz we are writing this

no

sinw,7 s (o,t—w,r) and then | just write into the sin and cos term right. So, now here
you can see in 2.7 this g, (t+At)actually having two components. Now, here if you see

that this integration is about the 7, this integration is not about the t.

(Refer Slide Time: 09:29)

Semi analytical integration technique to obtain
structural velocity and deflection

» The solution procedure of equation (2.17) has been briefly discussed in

this section: ‘
» Writing i for /ﬁ'g equation (2.17) becomes, e -\\‘
)
/"\_)K\ ’ 4 =100
q,(r+Ar) ——Iﬂn(u ——lhcosal ) (2.18)
mo, , \\ oma, = pleAVE
Where, I = jl’ (r)cosardr 7 Q14
- ~
1 :jl’,,(r)sin ordr 7 Quy 7 - v

<
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So, therefore, actually this equation g, (t+At) . Ilsina)nt—i I,cosa,tand also
me, ma

n n

it is not that difficult to find out right. Because, you see here nothing like you just write

this sin a cos b minus sin b cos a and then you can see here it is the cosw,r term is
there, which is actually involve the integration, but this sin, (t) is independent of the

T.

And similarly in this expression also you can see this should be involved into the
integration, but this is actually outside the integration term. So, therefore, and also you

can if you write the pA=m. So, therefore, g this equation. Now, our major job how I

t t
could do this integration I, :J'Pn (r)cosw,rdrand 1, ='|.Pn(r)sinconrdr Right.
0 0

Now, here also now see that what is P,(z)? P,(z) is nothing but the force term that you
are getting from 0 to the previous time step. Now, if | draw this a graph and let us say
now, | am trying to calculate let us say t is equal to I mean some 100 second let us say ok
and let us take your delta t equal to let us say 1 second. So, | have the data from 0 to 100
and then I try to approximate about the q at you know 100 to 101 second that is actually |

am going to do.

So, but | have the data; | have the data till this much right. Now, therefore, | can draw
this graph right and therefore, actually this integration | can again think of you know
always as | said that the best way to deal with the assume everything to be linear or
straight line. So, then 1 just split the whole thing in small, small, small, small, small the

time interval right.

And then | can assume that it is a straight line the force term is a, behave like a straight

line in between the time interval.
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» The time interval |0,/] has been sub-divided into N. number of intervals,
each of equal length A, i.e., Ar:r 5 (2.20)

» Assuming P(r) is varying linearly between the interval [r T, allows

us to write =)

] /—_—__*‘T&
[ B~ b ; ; -\\_ k- P.~1 Jé-
| P@)=P A2 "\r-r) |, /A8, 221)
\ T~ 0| L=t 1

N\ 7 e ‘Jv_"-ﬂ-" N /

I= Z“I’ +AS(r-1, )]cosn rdr W S e
Z. e Pautl

A

¥,
I, ZHP +AS (r-1,)|sino,rdr
=1

I

So, the moment I do that. So, the moment | do that | can write the general force as a in a

in this fashion right, whether this you can see the slope and I can make it as a AS, right.

Now, you see like the idea is that things are fairly complicated. However, we are using
some kind of approximation some kind of you know what you say that ignoring some
crucial I mean ignoring some non-crucial thing and then so, that | can approximate the

solution is little bit simpler way.

So, that I can get some values or some realistic values, right. So, here what | did we
assume that now what is the assumptions? The assumptions are that again over the time
interval it is the force is not abruptly changing with time. Now, if force does not abruptly
change with time so, therefore, definitely this curve | can approximate as a sum of the
straight line. So, therefore, at any interval | can write this equation
P(t) = P+P'+1 '(r 7,) right.
i+l

Now, you see that remaining part is now how to do this right because we have done it
before also right. So, here what | do is suppose | assume there is a N° number of
segments. So, therefore, | can sum of each segment right and then I substitute this P(t)
for each segment | multiply with the cos omega n tau and then | can do the analytic

solution right.
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So, you know this is that is what we do for in case of a when you discuss the rigid body
solution for IRFs for IRF based method. That time also we use the same technology here

also we are using the same technology.

(Refer Slide Time: 14:51)

l,=L:ZL\S',{[cos(w,,.i.A__)—cos((uw(i—I),A:)]}+LP(r,,)sin((z),,.;\"__,A_,) 2224
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Now, once we use it then actually this is the  equation

NT

|, = %ZASi {[cos(@,iA,)-cos(m,(i-1).A, ]} L P(z,)sin(w,.N_A_)and
i-1 @,

equation

l, = éiASi {[sin(a)n.i.AT)—sin (0, (i —l).A,]}+win{P(0) —P(z,)cos(w,.N_.A)}

you are going to get this expression. See now see, why | am not doing it here right now
simply because this has been done for many times right before also in initial each and
everything that actually we have discussed and we know that how to do this.

So, you should be able to get this expression
1 & : : 1 :
l, = ;;Asi {[COS(a)n.I.AT)—COS(a)n(I —1).AT]} +Zn P(z,)sin(e,.N_.A) and

|, = %iASi {[sin(@,iA,)=sin(am,(i —l).A,]}+win{P(0) —P(z,)cos(w,.N..A)} if

you follow the previous classes. Now; however, one way is to that Brute force so, as |
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i+1

said like you can take this jl _ZI right and this I, = I P(z)cos(w,r)dzr . So, this is

one way it is called the Brute force way to do that right. And then each time you define

this as a straight line and then you know that how to split up into the constant term and
the linear term right and then how we can find out the expression for I,. So, we know

this part.
(Refer Slide Time: 16:36)

L= P(r\)cosm rdr 2

t
|
0
{P(r) cos @, 7dr - (P(T)) €0S @), Tdf} ] _,“l

AR(7)

1 L
=—P (r)smaw, 1| -—
o : |° (uj At

n n0

sinw,rdr

1 : 1 (AP i
=—P,,(!)sm(u"H—,(Jcosw”r) 7
o, o\ Ar o

v

0

Now, the same thing actually we can do that little bit more sophisticated way also it is

we will suppose here what we do is this we do this is the integration by parts now and
then we are taking this P, (t) as a the first function and this is as a second function. So,
as arule it is P (t) and then we integrate this one and then minus again 0 to 2, if we

differentiate the first term and then integrate the second term that is what we do.

Now, if you do this now we can see that here you can get this differentiation AR®)

which is nothing but my AS; and multiply coswcosw,7 is sinw,z. So, iis coming

n
here. Now, here also I am writing O to tau now if you see here when | do that for O to t.

So, since sin 0 equal to 0. So, we are only having the final term.
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So; that means, we are integrating from O to t if | do that since the sin 0 equal to 0. So,
we are only having the final term right and then if we and again if you do this integration
right. So, now, here also you have to do this integration so, again this omega n square is
coming and then this much you have to do 0 to t. So, this is the fundamental idea of the

integration by parts right.
(Refer Slide Time: 18:38)

-

The time interval [0,] has been sub-divided into N, number of intervals, each of

equal length Atand hence, calculating the value numerically, one can obtain:

[ AL
/L i
0 by,

: X\ [P,-P,
1!=—1‘Pn(fn)Sm((‘)n"\y:'AT)*L‘ZH_U ""l}.:cos{w,,.(l—l).Ar)-cos((z)".(I—2).Ar):}
o, o S| 1-14 ol

N, i
=L P(e )sinfa, N, A, )+ A8, {[cos(e (-1, )-cos(ey -4, )]
o, (l)"- 1= ) s e

N o) 1 N 1 \
S (Ca wexy P ») ‘:;\) (oY
A S S 7

0 I\ ) = o —
Q] INdyi™
J—1

Now, the fun is that. Now, if you now discretize it in N, number of segments. Now, if

you discretize the N_ number of segments now this is actually you can get from the

second term, because you have to do this integration into each segment. However; you
can see the first term is basically the last term. Why? Because when you do this
integration from O to t, now when you do this integration from 0 to t thensin O is always

equal to 0. So, always we are getting the final term.

Now, that can be verified very easily right if you make a segment let us say 0 to t, and

then again another segment t; to t,. So, if you do that and we can see that because this
part is 0 and then this part and this part is cancelled out so; that means, what I try to say

is that suppose, you have [0,At] and then you have [At,2At]and inso on.

And then it is [(N—1)At,nAt]. You have this number of segments, now since this part

equal to 0, now the second integral because this is coming in the second integral and in
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the next time step if it is a first integral. So, these two will cancelled out. Similarly, 2At

here and 2At here will cancelled out. So, all these things will cancel out.

So, here also (n—1)At will cancel out with the next (n—1)At and only we are leaving

with this nAtright. So, this way also we can arrive the same equation ok. So, now, we

understand how to find out the value of I, similar way you can find the value of 1,also.
(Refer Slide Time: 20:47)

~

Therefore, after computing J; and I, the solution is obtained as,

v/ E)
& -
. <. B - by
——5 ) = F A
/ . 1 N, ~ ""7';\ 4 \ ,/ -
(q.(t+0f) s —[I Sinw t<I]kos f A
q, i e, )
\ ) M@, = S

g,(t+d1) L[IlcoswnHL sinaf|
“ m, S T

00
So, then once we know that value of I, and we know the value of 1,. So, we can get the

. . . . 1 . .
total displacement in this equationq, (t+5t) =—[I,cosw,t+1,sinat]. Now, if you
m

n

differentiate with respect to t and remember | am differentiating with respect to t. So,

therefore, 1, and I, you know it does not affect.

So, therefore, it is only sufficient to differentiate this sina,twhich is nothing but the
cosw,t and if you differentiate the cosw,t you will get the value for the sina,t right
and so, this is how I can get the solution for g, and solution for ¢, . Now, once we know

the solution for ¢, | know the solution for ¢, . So, I know the entire solution at time step

(t+At) right.
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So, now in the next level we use this g, (t) again to figure out my that f(xt), the total
external force which is combination of this plus combination of the radiation force. So,
when you calculate the combination of the radiation force. So, that time again you have

to use the value for g, (t) right.

So, now, this is how actually you can do the fluid structure coupling and you can get the
solution for the deflection and then you can calculate the shear force the bending

moment everything using the semi analytic method.

(Refer Slide Time: 22:46)
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Now, let us see that some results on this semi analytic method and let us see that how

good this result is with comparison to the finite element bound element coupling method
ok.
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The first 4 free-free beam modes.

Now, if you see that this is the results for the different modes that we are getting it using
the modal superposition method.

(Refer Slide Time: 23:10)

rsqgh)

comparison of non-dimensional radiation impulse response function for
the first deformable mode between Kara (2015) and the present IRF code.
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And then you see that here we are comparing the impulse response function which is
matching very nicely. So, now this is the result of the non-dimensional shear force and
bend and | think the second one is the bending moment and we can see that this it is
absolutely matching very well with the public results and this Kara actually using the

that it he uses the time domain solution.

However, the structural solution is similar he uses the structural solution using the modal
superposition that is how he solve the structural problem; however, he uses the time
domain panel method to calculate the radiation force diffraction force etcetera ok, but
now you can see that even if we see we are telling that this is a simplistic method or
maybe semi analytic method, but the results are matching very well.
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And also, you can see that the results are very stable and also you can see that is how we
can get the stress shear force and the bending moment right this is the shear force and
bending moment dynamic when actually I can have the maximum bending moment at
the mid ship. So, at that time we are calculating the shear force and when the wavelength

is equals to the ship length ok.
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So, now and also, we are just showing that how the flexibility actually plays a significant
role if we change the flexibility, you can see that when it is more flexible than we can
have the less shear force and bending moment of course, it is possible when it is which it
is more flexible definitely the it absorbs the more energy. So, therefore, the deflection or
the bending it should be less right.

(Refer Slide Time: 25:21)
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Now, here that is a interesting result that this is the IRF; IRF stands for this Semi
Analytic method and then the TD it is stands for the time domain method that we
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discussed in the previous class and you can see that TD is much sophisticated method

compared to this one, but; however, when you see the result S =102 it implies more or

less the structure is made of steel is a dimensionless quantity.

Now, idea is that we can see that though we are saying this IRF is bit simplistic method,
but quality wise the results are as good as the sophisticated. So, called sophisticated
panel method I mean that FEM-BEM based panel method right. So, that is the idea like.

So, this is the that major advantage of this particular method.

Only thing that we required is the beforehand we have to have the added mass and
damping of the frequency domain data code the frequency of added mass frequency of
damping frequency of exciting force for flexible structures this is the only thing that we

required. So, we can say that is the only disadvantage of this particular code.

But if it is available to you and if it is given in some literature. So, definitely this is a

very powerful tool to capture the flexibility of a large floating structure ok.
(Refer Slide Time: 27:20)
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Again, you can see that all the results are matches quite well. So, definitely we can see

that these results are really good using the semi analytic method.
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Now, this is the references that we like to use that. And then I would recommend you to
see this paper and, in this paper, actually you can see that all these frequency domain
data are available right and also this also this paper you can get lot of results. So, these
two actually all are very important; however, these two actually it is very useful for our

particularly this course ok.

So, with this we stop this semi analytic method and from the next class we are going to
start that discuss some of the basic thing about the slamming and then green water and
then how we can use this slamming green water, | mean the impact of slamming on
green water into this semi analytic code as well as the time domain method code those
things we are going to discuss from the next class.

Thank you.
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