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Example Based On

Lecture - 48
a Finite Rectangular Plate (Part-11I)

Hello, welcome to Advanced Composites. Today is the last day of this course, for the

current week that is the 8th week and yesterday, we just developed a solution for out of

plane deflection of a composite plate, which is laminated symmetric plate, rectangular

plate, and the plate is simply supported on all the four sides.

(Refer Slide Time: 00:29)

=

. TH7 o5

O Gues Waw =

oS EmEn T S

S -4

@ veshy (B o

@ im0 o 3

(‘..) ™, = o o % T B, %" to
- he - 22
= b, b
Gy R o s
F& -3, =
T"\J = “Bn 3 ol T’
netha T asgamed £ g‘%“ REE
2Lt

P"-III

fz‘éungﬁ“___}‘-Sn“_—j < ,/

iz -

2 = b, &




(Refer Slide Time: 00:34)

s s e e e e s

] D [(fH7-2-S« M- EEEEEEET = B

WE Salve euf--j--fluu fnﬂ:ltm.

™y L LV ?’.'_“3‘.; = -4
= >y s

- _ > ¥ =
™, == 33 A
x
e _op W
L= ot L }h""‘ﬁ"'
L]
My = A Ut

'R

uos W

" ' D =

3 Fat 1@11“'13“’) e T
1 oxM

L owq e oy g & & ST
lamieaks WD an specialy

ar Prabrepie” :
& ¢
(Refer Slide Time: 00:38)
N dkdw  (ZR7-2-5+ 3 EEEEEEES = ®
@ Nermor Uit Fofm L ;'Mtg: f-:’;'ib‘

sed. 1S SymmeTRw:

(e 1pL. ORTHOTREPIC
A o md:d'
y % [#])=° (Pu M W
€n, MY
1er? fwp Ve v, wt fardiew %
futeT
=i
@ N My, May oy -~
INg sy - p T o
= v
o
= @ Py, My, Mo m\lr de-lJ @)
My 4 P W ! Ced= Ced
ar 1 ,
3t 'g',’:‘:L + 1 =0 Out - - Randé  Ow
™ L .
g%;; = an3y Nl ia-punwe Palems ard

So, this is the definition of plate and the other thing about this plate is that it is
transversely loaded by a uniformly distributed load of q Newton’s per square meter. So,
the way we solved this problem was that we assumed the solution and then we tried to
show whether that this solution satisfies all the boundary conditions and also the

governing differential equation.



(Refer Slide Time: 01:16)

] Sk fH ¢ -o-S= -3 AEEEEEE s - @
O P D.. ¥ =
et 4 3 (D aDy) TR -+ 1 T $e
D, arxat b1

%

fnn ad gw]s.wﬁuy,\.n‘gj
w o D, W' o ;(nla.-zb‘*) (:_!')_,'bhka
2?“"[ uf_ﬂ_)r_ﬁ,,_ﬂ__t—d—ﬁ

man = L

Senies Reep %1
M‘:——_—__J_—’ ‘lmﬂ =4 unkKnawni.

3 (a TAE JSin °5F
§ g &= 3
- % ¥

"

g =L

Y

;1

This procedure for solving for symmetric especially orthotropic plate, which is simply
supported on all four sides is fairly general, because if we know q naught then we can
always resolve that q naught in terms of its Fourier series expansion and if the Fourier
series expansion has only sine terms, not cosine terms then this approach works out
pretty well. So, then it solves our problem. So, we can solve the problem, but if the
Fourier series expansion has sine terms and cosine terms then we cannot use the solution,
because on the left side of the equation, we end up with as you see here only sine terms,
but if on the right side, you have sine as well as cosine terms then you cannot compute w

m n.
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So, this is something important to understand. I will also, like to talk a little bit about
convergences in context of this plate. So, what we mean by convergences how accurate
are solution is and our solution becomes more and more accurate as we in keep on
increasing the number of terms in our solution, but then I want to discuss this a little bit

further. So, this is m is equal to 1 to infinity and this is n is equal to 1 to infinity ok.
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So, we will spend next 5 10 minutes about one convergence and this discussion is fair

has significant implications not only in context of this particular plate problem, but in



general about whenever we end up with finite element analysis or series solutions for any

complex problem. So, let us look at the load.

So, the load in this plate was what, q naught and we said that q naught is equal to ¢ m n
sin m pi x over a sin n pi y over b and of course, there is a double sum here and what was
q m n? q m n we had defined was 16 q naught divided by pi square m n and these m and
n should be odd, if they are even then this q m n is 0. So, this is equal to 0 if m and n are

cven.

So, once again as I keep on increasing the number of terms in the Fourier series, the
overall value of left side of this equation, right side of this equation will become closer
and closer to q naught, but how fast does it become close to q naught. So, let us look at
so, q 1 1 is equal to 16 q naught by pi square times 1 square q 3 3, which is the second

term in the series or the, or the fourth term in the series.

This is equal to 16 q naught by pi square times 3 square of course, there will be cos terms
also q 1 3 q 31 one, but I am just going when m and n are of the same value. Let us talk
about the 20th term. So, that will be q 39 39. So, this will be 16 q naught over pi square
times 39 square. So, what we see is that q series, it converges approximately as 1 over m

square right.

So, as m increases it converges in a 1 over m square fashion, because we have 1 square 1
square 3 square 39 square and so on and so forth. So, so, it is not like 1 over m
convergence, but it is faster than 1 over, 1 over m square convergence. So, this how load

convergence. So, load convergence in a 1 over m square fashion in this problem.
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Now, let us look at deflection. So, deflection is w naught x and that; so, let us look at the
w m n term. So, what is w m n? We have seen that it is 16 q naught divided by pi square
times m n. So, it is equal to 16 q naught divided by pi square m n d m n and what is d m

n. So, let us write down this 16 q naught over pi square m n times D 1 1.

This is the long expression m pi over a this is to the power of 4 plus2 D 1 2 plus2 D 6
actually it is 4 m n over b pi square this whole thing square plus D 2 2 n pi over b 4. So,
this is the d m n right this is d m n ok. So, we have expanded this. So, essentially what it
means is so, you; so, what willbe w 1 1, w 1 1 will be something, will be proportional to

1 over 1 square 1 to the power of 4.

No, I am sorry, it will be one over 1 to the power of 6. Why I, why did I say 1 to the
power of 6; you have one m another n. So, 1 1 then you have m to the power of 4 right.
So, it is 1 to the 6 w 2 2 is proportional to roughly 2 to the power of 6 w 3 3 is

proportional to 1 over 3 to the power of 6 ok.
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So, which means that w naught, it is convergence is over 1 to the power of 6 power of m.
So, it is much faster, much faster convergence for w naught relative to q naught relative
to q naught. So, if you are trying to solve a problem and you are interested in finding w
naught, then maybe you need to use only few terms, but if you are trying to get a very

good representation of q naught then you need more terms in the solution ok. So, will
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look at some other things also curvature.
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So, what is curvature let say it is del 2 w over del x square suppose, this is there. So, it is
a second derivative. So, when we have second derivative then it means and so, this is
equal to del 2 of w m n sine m pi X over a sine n pi y over b del with respect to del x
square and I have to sum it on both the indices ok. And when I differentiate it twice
essentially what I get is m pi over a whole square and w m n and then sign m pi x over a
sine n pi y over b and of course, there is a negative sign here and this entire thing

summed twice. So, that is curvature in the x direction right.

Now, w m n convergence is 1 over m to the power of 6, but I also have this term. So, this
is in the numerator. So, convergence of curvature is proportional to m square over m 6.
So, that is 1 over m to the power of 4 ok. So, curvature can convergence faster than load,

but less faster than deflection 2, more things stress ok.
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So, what is in a symmetric laminate what is the stress sigma is equal to k x. So, let us say
sigma X is equal to k x curvature times D 1 1 and other terms also right sigma x. No, [ am
sorry. So, sigma x for a particular layer is q bar 1 1 k x plus Q bar 1 2 k y plus and so on
and so forth right.

So, these curvatures have a 1 over m 4 convergence. So, sigma it converges in a 1 over m
to power of 4 sense moments similarly, you can show that this is also converges in 1
over m to the power of 4 sense and then the last one is shear out of plane shear and that is

related to partial derivate with respect to x of moments or partial derivative.



So, of moments; so, it is partial derivative with respect to a space term. So, this
converges in a 1 over m cube sense. So, very quickly we will compile all this. So, w it
converges as 1 over m to the power of 6, then we have curvature, they have 1 over m to
the power of 4, stress is 1 over m to the power of 4. What is do we have? Moments,
moments is 1 over m to the power of 4 and shear is 1 over m to the power of 3 and

finally, we have q is 1 over m to the power of 2.
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So, just the fact that are solution is converging in one parameter does not mean that we
have a good solution for other parameters, this is very important to understand. So, we
should have some understanding of how fast convergence happens on different
parameters and accordingly if we are using finite element method, we have to increase
the number of elements or if we are using a series solution, we have to increase the

number of series solutions accordingly.

So, that concludes our discussion for today. We Will continue this discussion for finite
plates in the next week also and may be in the week after that also, because this is a very
wide area and I would like you to have some idea as to, how to negotiate finite plates,
because these are realistic plates, in context of composite laminates. So, that is the plan
for next couple of weeks and then if we are done with these plates then will move to

some other topic.

So, thank you very much and I look forward to seeing you in next week bye.



