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ABSTRACT

The existence of a defect like a crack will leaglghange in natural frequency of the plate andrgataent of the
crack will also lead another change in naturaldesty with the change of the size or position ef¢hack. So this study
focuses on finding the natural frequency for ontbyitc composite plates with crack considering tlze ©f the crack
(crack length and depth through plate thicknesgrack position in the plate in x, y directionsatlant of the crack. The
natural frequency is studied for composite matesti@ngthen by long, and woven fibers with theatftd crack size and

position, plate thickness, aspect ratio, the tyfjpelate fixing where three type of fixing used &5 SSCC, SSFF).

Two methods are used to find the natural frequaficpmposite plate: First method is supposed aicalyolution
to solve the equation of motion considering the@fbf size, and position crack on the naturalfesgy of the composite
plate. Second method is finite element solutiomgANSYS (ver. 14) program. A comparison made betwthe two

methods and the error percentage is not excee®lS%uf.

The results shows that the natural frequency deeseas crack size (length or width) increases. ridtaral
frequency decreases when the crack in the middibeoplate over any position of the crack. Theaffe# crack when it
reaches the middle is higher than when it's indter places. The natural frequency is decreaspltswidth increases,

(aspect ratio and plate thickness).
KEYWORDS: Plate Vibration, Crack Study, Composite Plate W@tack Effect, Crack Plate Vibration

INTRODUCTION

Damage detection of one-dimensional structures ibyatron analysis, is a new technique in non-desive
evaluation methods. The conventional nondestrutisgng methods unlike the vibration analysis mdthare expensive
and time-consuming. Several researchers have warkeithe influence of cracks on the natural freqiesnand mode
shapes of structureS, E. Khadem and M. Rezaee (2000-b)

All efforts to predict crack growth and fatigue ancomposite laminate are affected by the unique camaplex
manner in which cracks can grow in a laminate. K¥aend to grow in the matrix parallel to the f&erThus, if a crack is
cut parallel to the fibers, it will grow in a ditéan parallel to itself, i.e., in a self-similar m@er. However, if a crack is cut
at some angle to the fibers, then the crack willlgiow parallel to the fibers and not parallelitself, i.e., non-self-similar
crack growth. Then, because a composite laminatertaamy layers at various orientations, a crackrcatlaminate results
in crack growth that is locally sometimes self-$aniand sometimes not. Globally, crack growth is-gelf-similar, so

predicting the effects of many kinds of damage dghoww very difficult, if not impossibleR. M. Jones (1999)

In 2000 S. E. Khadem and M. Rezaee-introduced a new functions named 'modified coisparfunctions™ and

used for vibration analvsis of a simnlv siinnortectanaular cracked nlate. It is assiimed that thekdnavina an arhitra
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length, depth and location is parallel to one sifithe plate. Elastic behavior of the plate at kiacation is considered as

a line spring with a varying stiffness along thaab:

Also in same year S. E. Khadem and M. Rezaee-bstablished an analytical approach to the crackctieh of
rectangular plates under uniform external loades/ibyation analysis. The damage is considered asllaover part-
through crack parallel to one edge of the platecidimg non-linearity, it is assumed that the craak.all dynamical

conditions, is open.

S. S. Kessler et al. 20QJpresented part of an experimental and analysigaley of candidate methods for in-situ
damage detection of composite materials. Experiah@asults are presented for the application of hawmve techniques
to quasi-isotropic graphite-epoxy thin coupons aaddwich beams containing representative damagesnaacluding

delamination, transverse ply cracks and througlkesol

Also in 2004 L. Wang presented an exact solutions of dispersive oglatin a composite lamina and composite
laminate are first deduced from three-dimensior3aD) elasticity theory. The dispersion relationsiteining infinite
number of symmetric and anti-symmetric wave modesnamerically solved. Then, to make dispersive evaolutions

tractable in composites, a higher-order plate th&oproposed.

And in 2008 A. Israr (2008) concerned with analytical modelling of the eféeof cracks in structural plates and
panels within aerospace systems such as aeropiselade, wing, and tail-plane structures, anduels,$s part of a larger
body of research into damage detection methodaogiesuch systems. This study is based on gengratiso-called
reduced order analytical model of the behaviouhefplate panel, within which a crack with someteaby characteristics

is present, and which is subjected to a forcedhases it to vibrate.

In this study, a suggested analytical solution tivimg the equation of motion for a given set ofubdary
conditions governing the vibrations of orthotropmmposite plate with crack effect. In addition tody the effect of all

crack parameters and plate geometry on the ndtecplency for different types of composite plate.
Theoretical Study

To model a crack with a finite length in a crackedtangular plate, a rectangular plate may be dermil as shown

in Fig. 1; the crack is 2C in length and runs parallel witle side of the plate.

2-direction of plate

"¢

— Y- 1-direction
of plate

y
/ Crack direction
n

Fig. 1:Orthotropic Plate with Crack
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The coordinates of the crack center are represdmted, andy,. Using non-dimensional parameters &s,E.
Khadem and M. Rezaee (2000-a)

2c = za_c crack relative length

h . .
é= ;” crack relative depth at its center

X,

S)

So=

crack center — coordinates D
No=

SN

Where,a, b andH represent dimensions of the platexiny andz directions, respectively, and, represents the crack

depth at its center.

When the plate is only subjected to the bending ems) the Formula or nominal bending stress atottetion of

the crack with a finite length becomes,

Jh
0 —
o, =

7 )
1+ 3(3+v21)(1—v21)(26—l’/bl.1)

Where, sy, is the nominal bending stress at the crack logatiod on the surface of the plate, at the craction, g, is
the nominal bending stress at the location of tiaelcwith an infinite length and on the surfaceha plate equal to stress
in 2-direction of orthotropic plater{), at the crack directiormy,, is the non-dimensional bending compliance coeffitiat

the crack center, and,is the Poisson ratio.

If the shape of the crack is considered as a sHips® in Cartesian coordinate system, then thectfan

representing the shape of the crack will®efE. Khadem and M. Rezaee (2000-a)

0 for0< x < (x,—C)
21/2
h(x) = { n, [1_(%) ] for(x, — C) < x < (x, + C) ()
0 ,for(xo+C)<x<a

For vibration analysis of the plate having a cradth a finite length, relation Eq. (3) can be exgad as a sum of

sine and cosine functions in the domaig x < a by Fourier series.

However, the application of this method may be finieiht due to time consuming and intensive comiporal

effects. Therefore, by using the following equatiBnE. Khadem and M. Rezaee (2000-a),

h
App = %fo g5 dh (4)

Where, g,, is the dimensionless function of the relative krdepth, And is defined a§. E. Khadem and M. Rezaee
(2000-b)

gy = £72[199 —247 £+ 1297 & — 2317 & + 24.80 &] (5)

The method for the choice af), suggest to identifgy, with the value ofx,, atx = x, (center of crack), J. R. Rice
and N. Levy (1972)

A function representing dimensionless bending caanpk coefficient is directly suggested as a fuomctof
dimensionless coordinaté&, which is free of the above-mentioned difficultias follows,S. E. Khadem and M. Rezaee
(2000-a)
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(0 = afy, e1(E) e]’/(20)2 o

One may suggest the variation of the nominal bendiress on the hypothetical boundary as the faigwew
function, S. E. Khadem and M. Rezaee (2000-a)

0,(0) = Ob,, — (O-bw - Ug)f(o (7

Wheref (¢) is the ‘crack shape function' and is defined as,

F(Q) = e l(cg)el /e .

On the other hand, the slope discontinuity at beittes of the crack location due to bending momésts
proportional to bending compliance of the crack andinal bending stress, and is given By,E. Khadem and M.
Rezaee (2000-3)

12(1-v2
gslop(o = %Gb App 9
The governing equation for the free vibration afatangular isotropic plate is given I8, E. Khadem and M.

Rezaee (2000-3)

DVw+mZ2=0 (10)

Where,w = w(x,y,t) , V is the biharmonic operatof; is the mass per unit area of the pldeis the plate flexural

rigidity=

EH
12(1-v2)’

Using the separation of variables technique toisgliq. (4.25), as,

w(x,y,t) = W(x,y).T(t) (11)
Then,
T+ w?T = 0, and V*W — w?ZW = 0 (12)

Transformation Eq. (12) in terms of dimensionlez®odinates; andn as,{ = E , = % . Then,

4 4
29w , 2*w

*w 4 _
$r oI+ 27 S+ S = AW = 0 (13)
Where1* = w22 p* P = b
D a

To solving Eqg. (4.31) using boundary as simply sutgal along the edgeg'= Oand 1, and arbitrary edge
condition atyp = 0 and 1, the solution of Eq. (4.31) may be expressedérfanm,A. C. Ugural (1999)

W(Em) = E5=1 Ym(n) sin(m 7 &) (14)
By substitution Eqg. (14) into Eq. (13), get,
4 2
r2[mr g+ [(mr )t~ 24y = 0 (15)
To solving Eg. (15) using of linear differentialesatorsH. Anton et. al. (2002) get, forA? > (m m 0)?,

Y (n) = Ay cosh(B,, ) + By sinh(B, m) + Cp, cOS(¥y, 1) + Dy Sin(ys, 1) (16)
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Where,B,, = /((m 7 9)2 + 12),
Ym = V(22 —(m 7 0)?).

By applying Eqg. (4.33) to two regions of the cratkaate shown inFig. 1, one may require eight boundary
conditions. The boundary conditions are appliecewons (1) and (2), respectively,;at 0 and 1, and to a hypothetical
boundary separating the two regions. Because dbtine of the plate supports at two edges simplypsup the boundary
conditions at= 0 and 1 for two regions are satisfied by Eqg. (18),E. Khadem and M. Rezaee (2000-ayhen, Eq.

(14) for two regions become,

Ap,, cosh(B,, n) +
By, sinh(B,, n) +

w, (&) = Cyr. COS(ypm 1) + sin(mm &)
Dy, SIN(Y3 1)
for (n=0—1,)
Ay, cosh(B,, n) +
W,(C) = By, sinh(B,, m) + sin(m 9

Cm,, COS(¥in M) +
Dy, sin(y, 1)

for(n=mn,—1)
7L

The boundary conditions along the crack at n, are,S. E. Khadem and M. Rezaee (2000-a)

2w, 2 0%W; 2w, 202w,
= = —3 = +
W1(§,U)|nu Wz(g’n)lnn d Mln Mzn an? vo ac* o an? v a¢? o
awy 5 33wy 3w, 5 %W,
= =3 + — _— = ——+ — -
i, = Ve, an? @2-v¢ actonl, o’ @-v¢ acoml,

aw _ _ow
an gslop(o an o

=0 (18)

For using,A. C. Ugural (1999)

a’w
act

_ EH (02W

= - —+ v 2
0 2 b2 (1-v2) \ 9n? ¢

)

2 2
Then,0,0,(4) = £.(0) (T;V+ v $? a;:)

Op,

Then, fourth boundary condition in Eq. (18), become

=0

oWy (02W1 2 azwl) oW,
—1 _ + —1) - —==
a ROGE Ve TE) -5

The boundary conditions gt= 0 and 1, for regions (1) and (2), respectively, C. Ugural (1999) are,
» Simply Supported Edges,

At the simply support considered, the deflectiod banding moment are both zero. Hence,
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2w, 2w,
Wl(g’n)|"=0 =0 ’W;-‘- ve? 0621 n=0 0
2w 2w
W2(§,U)|n=1 =0, 01]22 tv ¢2?22 n=1 =0
(19)
» Clamped Supported Edges,
In this case both the deflection and slope musiskiaThat is,
_ owy _
W1(§:n)|n=0 =0 , an =0 =0,
a
Wo(Gm)ly=r = 0,52 =0 (20)
n =1
» Free Supported Edges,
In this case both bending moment and vertical sfoeee zero. Hence,
%w, 2 82wy _
an? tve ¢ 1o =0
3w, _ 5 83wy
R G yr n=o
%W, 5 0%ws _
an? ve IS M =0
3w, _ 5 33U, _
T G R (21)

By using boundary conditions in Egs. (19) to (2dr) éach case and boundary conditions along the&,cracq.
(18), get the general solution of Eq. (1Fyr A2 > (m m @)2, as,

» Simply Supported Edges,
By substitution boundary conditions in Egs. (19 éb8) into Eq. (17), get,

B £1(& sinh(By, 1) +
A Bml[ £(Q sin(y, 1)
(n=0-n,)

(Q(sinh(B,, n) —tanh B,,, cosh(B,, 1)) +]
ﬁ}(é/)(Sin(}/m TI) —tan Ym COS(Vm TI))

Wz(én) = Bm1 [f3
(77 =MNo — 1) (22)

Where,

£i(Q =sin(mm ) ,£() =S5, sin(mn Q)

£ = S,sin(mn Q) ,£,(8) = Sysin(mn Q)

[(99 e16—e12 e13)(es e7—e3 98)—]

(eg eg—es es)(egp e15—eq1 €16)

[(92 eg—eg eq4)(e12 e15—e€11 915)—]
(e10 e16—e12 €14)(eq e7—e3 eg)

For,S; =




A Suggested Analytical Solution of Orthotropic Commsite Plate Structure with Crack Effect

[(99 e1q—eip e13)(eg ez —ey 95)—]
(e1 e6—es ez)(e16 e10—€12 €14)

Sz = [(93 eg—e7 ez)(e16 €10—€12 914)—]
(e11 e14—e1q e15)(eg ez—ey €g)
[(99 eis—e1; e13)(eg e3—e; 97)—]
S. = (e1 e7—es e3)(e1s e11—€10 €15)
3 [(94 e7—e3 eg)(e14 e11—€10 915)—]
(e12 e15—e€11 e16)(es €3—€7 €7)
For,
ey = sinh(B,, m,) , € = sin(yy, 1),

— Sinh(ﬁm no) -
€=~ <tanh B c0Sh(Bm no))

&S
I

= —sin(y, 1,) (Y2 + (m m)?v ¢?)

— Sinh(ﬁm 770) - 2 2 2
&=~ <tanh B, cosh(B,, no))(ﬁm —(mm*v ¢*)

= (sin(yy, 1,) — tany,, cos(y, 1,))(va + (mm)?v ¢?)

= cosh(B, 1,) (B — (M m)*(2 = v) 2 By)

)
o
|

()
@
|

&
I

e1p = —C0S(¥i 1,) (¥ + (M m)%(2 —v) $% 1,y,)

- _< COSh(ﬁm no) -
tanh Bm Sinh(ﬁm Mo

J) (B2 = (m (2 =) ¢ B,)

e1; = (C0S(ym 1,) + tany, sin(yim, 1)) (1, + (M m)3(2 —v) ¢2 3,)
€13 = [ﬁm COSh(ﬁm no) - fe(o Sinh(ﬁm no) (Brzn - (m T[)ZV ¢2)]
e1s = [¥m €os(yim 1) + £:(8) sin(ym, 1,) (v + (m m)2v ¢2)]

= —B(cosh(B, n,) —tanh B, sinh(B,, 1,))

[\
i\
5

|

€16 = —}/m(COS(}/m no) + tan Ym Sin(}/m no))
And the value of can be evaluated from the characteristics equatas)

€1 & €3 €4

€s € €; ¢€g
€ €10 €11 €12
€13 €14 €15 €6

» Clamped Supported Edges,

By substitution boundary conditions in Egs. (20) &b8) into Eq. (17), get,

£(&) (Sinh(B ) —’;—:sin(ym n)+

Wi (¢&m) = Bml[
£, (&) (cos(y;, n) — cosh(B,, 1))

(n=0—n,)

= _(Sin(}/m no) —tan Ym COS(}/m no)): es = Sinh(ﬁm no) (ﬁrzn - (m T[)ZV ¢2) ’

47

(23)
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A0 <sinh(ﬁm 1) +d, cosh(B,, n) +) N

B d, sin(y, 1)
WZ(QT]) =B ( <COS()’m n)+d3 COSh(ﬁm n) +)
(9 d, sin(y, 1)
(7] =M — l)
Where,

fi(Q = sin(mm Q) , f,(¢) = S, sin(mm Q)
£(9 = S,sin(mm 9, £,(Q = Sysin(mm Q)

And' dl _ (tanym+‘8—mtanh ﬁm)

(1—‘8—mtanh Bm tanym) '

d. = Bm (tanh B, sinh fm —cosh )
27 v (cosym—‘g—mtanhﬁmsmym)

_ (tan yp, sin ym +cosym)
da - Bm K '
(cosh Bm—y—mtanym sinh ﬁm)

(Bm tany,;, —tanh ﬁm)

d4 - (1—‘8—mtanhﬁm tanym)

(€9 e16—€12 €13)(€s87-C3 Es)—]
For E (_91_98 _95_94)(912 €15—211 €16)
1= [(92 eg—es e4)(€12 €15—€11 €16) — ]

(e10 e16—€12 €14)(es €73 €5)

[ €9 €14—€10 913 (egez—e4e6)— ]
(e186—esey)(€16€10-€12814)

[( 3€6—€7 €2)(€16 €10—€12 €14)— ]
(e11€14—€10 €15)(eg e2—€4 €6)

[ €9 €15—€11 913 (es €3-€27)— ]
g — L(e1&;—e5e3) (€14 €11—€10 C15)

[( e, e;—ez eg)(e14€11—€10 €15)— ]
(e12 €15—€11 €16)(€g €3—€3 €7)

Forg, = (smh(ﬁm No) — sm(ym no)), e, = (cos(¥m, 1,) — cosh(Bi, 1,))

e = —(sinh(B,, n,) +d4 cosh(B,, m,) + dy Sin(y,, 1))
e, = —(coS(¥pm 1,) +d3 c0Sh(B,, n,) + dy SIN(¥im 1,))
B sinh(Bn, n,) (B, — (mm)?v ¢?) +

% = [sin()’m 00) (B Y + (m m)2v ¢2i—:)]

3 = — cosh(Bm 10) (B — (mm)?v ¢2) +

coS(¥im 10) (Vi3 + (m m)?v $?)

sinh(B,, 11,) + 5 o s
= — <d4cosh(ﬁm no))(ﬁm —(mm*vg?) -

dy Sin(Ym 1,) (v + (m )2V ¢2)

COS(}/m no) + 2 2 2
eg = <d1 Sin()’m Tlo)) (ri + (mm)*v ¢%) —

ds COSh(ﬁm no) (ﬁrzn — (mm)?v ¢2)

(24)



A Suggested Analytical Solution of Orthotropic Commsite Plate Structure with Crack Effect

_ COSh(ﬁm no) (ﬁr?z - (2 - V)¢2(m T[)Zﬁm) +
I c08(m 1) (1 + (2= V) $2(m ) 13)

_ [sin(ym no) (¥3 + (2 =v)p:(mn)?y,) —
07 Isinh(B,, 1,) (B3, — (2 = v) p2(m m)2B,,)

Ell == <d4Sinh(ﬁm no)

cosh(Bom 1o) + ) (ﬁ?n —(2=v)¢2(m T[)Zﬁm) _]
dy C0S(¥in M) (¥, + (2 = V) p2(m m)%y,,)

d; cos(¥p, 1,)
| dssinh(B, 1,) (B3 — (2 —v)¢p2(m )2 B,,)

€12 =

<Sin()/m 1) _)(y% + (2—=v)p2(mm)?y,,) +]

B 0SN(Brn 1) — Bom €08(Yim M) —
€3 = ( sinh(B, n,) (B7 — (mm)?v %) + )

sin(}/m no) (Bm Ym T (m T[)Zv ¢2 i_:)

o (10 B )

[ Ym Sin(}’m no) + ﬁm Sinh(ﬁm no) -
514 -
cos(ym 10) (v + (m m)?v $?)

515 = _[ﬁm COSh(ﬁm no) + Bm d4 Sinh(ﬁm no) + Ym dz COS(}/m no)]
516 = _[ﬁm d3 Sinh(ﬁm no) + Vm dl COS(}/m no) ~Vm Sin(}/m no)]
And the value of can be evaluated from the characteristics equatas)

e e e; e,
es € e; eg

€9 €10 €11 €12

€13 €14 €15 €16

» Free Supported Edges

By substitution boundary conditions in Egs. (219 &b8) into Eq. (17), get,

sinh(B,,, n) +
W,(Cm) = B o 72— g7 SN (P 1)
1.6 1 mq COS(}/m n) + )

00 et o

(n=0-—n,)

sinh(B,, ) +
() <a11 cosh(B,, n) + a9 sin(¥y, 77)> *

cos(¥m 1) +
#:(9 <E12 cosh(B,, ) + a10 sin(yym, 77))

Wy(&m) = B,

(n=n,—1)
£(0 = sintmm 9, £() = 5, sin(mm &)

(9 = §2 sin(mm & f,(Q = §3 sin(mm ¢

49

(25)

(26)
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And 4y = Eltedd g o LBl g - (3,

= s drdsds) 110~ (Geas—deds) M1
For,d, = coshB,, (B2 — (m m)2v ¢?) ,
d, = sinh B, (B7, — (m m)%v ¢?)
dy = = 00S Yy (1 + (mm)*v ¢?)

dy = —siny, (y3 + (mm)?v ¢?)

d d.
=+ 2
dy  dq

Muhsin J. Jweeg, Ali S. Hammoo@& Muhannad Al-Waily

)1312 = _(3105_4"' é)

di  dq

ds = sinh B, (B3, — (m m)2(2 —v) $2B,), dg = cosh B, (B3 — (m)2(2 —v) ¢2B,,)

d; = sinyy, (v, + (M m)*(2 = v) $?1,,), dg = = COSYyy, (v, + (M T)*(2 =) $2¥;)

[(59 Z16-212 513)(54 e—23 gs)—]
For ? - (gl g—es 54)(512 g15—e11 g15)

(52 eg—eg 54)(512 €15—€11 515)—]

1
(910 €16~ €12 914)(94 €7—e3 98)

(59 €14—€19 513)(58 ex—€s 55)—
(51 €6—€s Ez)(Em €10—€12 514)

2= [(%3 %2)(%15%10-%12%14)-]

~

ol
=}

||

157€11 913)(95 €3—ez 97)—
5 53)(514 €11—€10 515)
[(94 e7—es3 Es)(EM €11—€10 515)—

(512 €15—€11 515)(55 e3—e; 57)

~
|
i
o
~
|
o]

= ( Sinh(ﬁm no) +
FOI‘,El = (ﬁ%_(m”)z(z_v)¢'2ﬁm) .
(Y +(mm)2(2-v) p2ym) Sln(}/m Tlo)

= i +(mm)2v 92
7, = (cos(yy n) + LX) cosh(g,, n,) )

= < Sinh(ﬁm no) + )
=7 a11 cosh(B, 1,) + a9 sin(¥m 1,)

_< COS(Vim 7o) * )
a12 cosh(B,, 1,) + a10 Sin(Ym 1,)

[N

[
5
1

(B —(mm)?(2-v) $?Bm)
(Vi +(mm)2(2-v) $2ym)

[ sinh(B,, n,) (B2, — (m m)%v ¢2) —

_ [—cos(ym 1o) (v + (mm)?v ¢?) +
(¥4 + (mm)?v ¢?) cosh(B,, 1,)

ol
o
|

a11 cosh(B,, 1,) (B — (mm)?v ¢?) —
do Sin(ym 1,) (V2 + (m m)%v $?)

ol
N
|

[ sinh(B, n,) (B2 — (m m)?v ¢?) +

Sin(ym M) (vim + (mm)?v ¢2)]
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_ — C0(¥in Mo) (v + (mm)2v $?) +
€g = — a12 COSh(ﬁm no) (ﬁrzn - (m T[)ZV ¢2) -
a10 SiN(¥im 1) (v + (M m)?v $?)

= [cosh(Bm no) (B — (m m)*(2 = v) $*Bn) —]
? (ﬁrsn - (m 7.[)2(2 - V) ¢2Bm) COS(}/m 770)

€10 (ﬁm

Sin(yim 1o) (v, + (M m)2(2 —v) p%yy) +
l I (Ym+mn V¢2)Slnh(ﬁm o) *

(m )2 (2 —-v) ¢2ﬁm)

[ cosh(B,, Tlo)<( m)? (ﬁzm— v) ¢2ﬁm)

€11 = ~(4 A -
dy1 SINh(Bm 1) <(m m)2(2—v) ¢Zﬁ’m)

Ldy COS(vr, 1,) (3 + (M )2(2 = V) $2y,,)

[ sin(y, 1,) (v + (m@)2(2 —v) ¢2y,,) +

I B~ -
2., = —| di2sinh(By, 1) <(m m)2(2 —v) ¢2Bm)

Ldyo COS(¥im M) (V3 + (mm)2(2 = V) $%y)

Bm cosh(B,, n,) +

(B —(mm)2(2-v) $2Byn)
(v +( mn) (2-v) @2y, )ym COS(}/m no) -

613 = Slnh(ﬁm 770) (ﬁm - (m T[)Zv ¢2) -
ﬁa(o (ﬁm )2(2-v) ¢ ﬁm)

(ym+ mn) (2-v ¢'2Ym)
SiN(¥im 10) (v, + (M m)%v @)

~¥Ym Sin(}/m no) +
. L By sinh(fy 1) —

5 = (BZ,~(mm)2
—COS(Vm no) (v + (mm)?v ¢?) +
£(9) [ (v + (m m)2v ¢2) cosh(Bp, 1,)

[ Bm cosh(B,, n,) +
€15 = — dllﬁm Sinh(ﬁm no) +
dy Vi €OS(Vim 1)

—_ —Vm Sin(ym no) +
216 = — |diz B SINN(B,, 1) +
L dyo Vi €OS(V 1)

And the value of can be evaluated from the characteristics equatas)

e e e e,
s € €7 € |_
€ €10 €11 €12

€13 €14 €15 €16

51

27)

For vibration analysis of the plate having a cragth a finite length, relation Egs. (22), (24), a(@b) can be

expanded as a double Fourier series in the dofrdins n < 1) and (-1 < ¢ < 1).
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And for orthotropic plate respectively ofwith v,;.

The differential equation of equilibrium for bendiof thin plates,). S. Rao (1999)

oMy | oMy O°My Pwlxyi)

0x2 dox dy dy? at?

Where, for rectangular plate without cragk,C. Ugural (1999)

MX
H/2

1-1/2
Mxy
And, for rectangular plate with crack it direction,Fig. 1,
1-1/2
H/Z [ y] zdz —
M,
M _ Plate thhout Crack

<

M, HH/;2 [( 0, — o )f(o] zdz

Crack Effect

For,D. Gay et al. (2003)

a%w
Ey Va1 By Pyl
x

Ox 1-v12 V21 1=V V21 92w

Oy | = —z| Va1 Ea E —

y O ayz

Txy 1-vi2 V21 1-V12 V2 et
0 0 Gipll2 22
dx 0y

And,

Op = 0y — (ay - Gf)f(é)) = ay]?el(é/)

Fonfel(o = (l _Ee e‘[(C—CD) e]z/(ZC)Z)

3(3+v51)(1-vyq)

—_ C
5 - (2/)
1+

3(3+v21)(1-v32q)

(ZC/ )

Then, by substitution Egs. (31) and (32) into B@)( gives,

Eq H3 v,
M, = —7[ ]
x 12 (1-v12 v21) 2" Va1 oy
a2 w 2w
My =~ i e (9 (57 + v 552)
y 12(1 —V127V21) f91(o V12 dx?
H3 a%w
My, = -2 [26,, 2=
xy 12 12 dx oy

Then ,by substitution Eqg. (33) into Eq. (28), gives

o) (2 7.0 () e T 0

1-v12 V21 1-v12V21 1-v12 V21 (1-viavaq)’ €

(28)

(29)

(30)

31)

32

(33)

L2ob10%w _ 5 (34)

HZ 9t?
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Then, by substitutior(W(g,n)) into Eq. (34), then by using orthogonal methéd, Jeffrey (2002) by pre
multiplying the result by(W(g,n)) and integral withg,n for 0< <1, 0<n <1, get the natural frequency of

rectangular plate with crack effect at any locaton size of crack i direction, as,

22w(t)
ot?

+wyw(t) =0 (35)

where,w} is the natural frequency of plate with crack efféefined as,

E a*
¢'4(1—v1; VZI)T;W(Q”) +

( v21 Eq )+ .
folfol 2| _ 1—312;21 a WZW(CJ?)‘*‘ ¢ dn
Foy (O (L) 4461, 75 2
_ E; = *w
w2 = (1-vip V21)f91(Oa714W(g'n) a5)
p 12p b*

L Jo o W(cmw(&m))dsan
Computer Program

Fig. 2 shows the flow chart for computer program for dyi@analysis of orthotropic composite plate wittesgth
different crack size and location effect. The resuare natural frequency of orthotropic compositepsupported as
simply supported along edges parallel to crackathdr ends as simply , clamped, and free suppoftpthte, for strength
crack, and simply supported plate for oblique crstidy. In addition to study the effect of crackes{length and depth),

and crack location on the natural frequency ofrggat and orthotropic composite plate.
The program requirement the following input data,

1. Crack information, crack length, crack depth, aositon of crack.

Plate properties, modulus of elasticity, Poissdio @nd density of plate

w

Dimensions of plates, length of plate, width oftpland thickness of plate.
And the output of natural frequency get from progre with different parameters as,

Natural frequency with different crack variable, as

Natural frequency with different location of craokZ-direction.
Natural frequency with different location of crackn-direction.
Natural frequency with different crack length.

Natural frequency with different crack depth.

Natural frequency with different plate variable, as

Natural frequency with different aspect ratio dtpl

Natural frequency with different thickness of plate

w NP Y M O®DN P Y

Natural frequency with different boundary condisaof plate, as,

a. Simply supported along all edges, SSSS.

b. Simply supported along edges=0, 1) and clamped supported along edge®( 1), SSCC.
c. Simply supported along edges=0, 1) and free supported along edgesQ, 1), SSFF.
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Select the boundary conditions of composite
plate as,
Input (1), simply supported.
Input (2), clamped supported, SSCC.
Input (3), free supported, SSFF.

\

)

Input the mechanical properties and
dimensions of composite plate, length and
depth of crack.

Evaluation ofa, as,

» Eq. (23) for simply supported plate
» Eq. (25) for clamped supported plate
» Eq. (27) for free supported plate

)

i
/
|
|

Evaluation of, (&,n),and W;(¢,n), as,

» Eq. (22) for simply supported plate.

» Eq. (24) for Clamped supported plate.
» Eq. (26) for free supported plate.
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Evaluate of Fourier series constant
AOOIAHOIAOH:AW:BW:CW:DW-

v

Evaluate the natural frequency of
composite plate, Eq. (36) for strength
crack effect.

v

Write the values of natural frequency of
composite plate with different crack size,
and location effect.

v

Fig. 2: Flow Chart of Natural Frequency Computer Program of Composite Plate

RESULTS AND DISCUSSIONS

The results are the evaluation of the natural feegy of composite plate types, long and woven caibpplate
made of polyester resin and glass fiber witherB0%, Gjas=30 Gpa, Goyesterl.4 GPa,vgiass0.25, Veoyester0.4, Eyjass=95
Gpa, Boyester3.8 Gpa,pgiass=2600 kg/rﬁ, Prolyester 1 350 kg/rﬁ),with crack effect of plate, included the effe€composite
materials types, crack size, crack location, artterofparameters of composite plate types. Wherepthperties of
composite plate types and parameters studied aressim theTables 1 and 2 And, the method studied to evaluated the
natural frequency of composite plate types witlckraffect are, theoretical study and numerical gty using ANSYS

Program Version 14.

Fig. 3 shown the natural frequency of long compositeeptsipe with aspect ratio (AR=1, 1.5, and 2) for $8$
SSCC, and SSFF supported) for composite plate, diffrent crack position ig-direction, forn = 0.5, H = 5.5 mm,
2C= 24 mm, £ = 0.7, andv;= 30%. The figure showed that the good agreement bettreetheoretically and numerical

results, where the percentage of discrepancy battiwetheoretically and numerically results areualob to 2%).

Fig. 4 shown the natural frequency of long compositeeplaith aspect ratio (AR=1, 1.5, and 2) for (SSSSCE,
and SSFF supported) for composite plate, with iiffe crack position im-direction, for{ = 0.5, H= 55mm, 2C=
24 mm, £ = 0.7, andVv= 30%. The figures showed that the good agreement betwhee theoretically and numerical

results, where the percentage of discrepancy battieetheoretically and numerically results areualob to 3.5%).
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Table 1: Properties of Composite Materials Types oc€Composite Plate, M. J. Jweeg et al. (2012)

Reinforcement Fiber Types
Properties (Glass-Polyester)
Long Fiber Woven Fiber
E; (Gpa) 31.16 18.25
E, (Gpa) 5.34 18.25
G2 (Gpa) || 1.96 1.96
Density
(i) 1525 1420
V12 0.355 0.355

Table 2: Dimensions and Information of Crack and Pate Studied in Theoretical and numerical Study of Ybration

Composite Plate

1%

Position of Crack through th

{-direction (%a)

[0.1t00.9

1%

Position of Crack through th
n-direction (%Db)

0.1t0 0.9

Crack Depth h(%H) 10%, 30%, 50%, 70%
Crack Length (cm) (%a) 5%, 10%, 15%, 20%
Plate Length, a (cm) 24

Plate Width (cm) 24, 36, 48

Aspect ratio (b/a) 1,15,2

Plate Thickness (mm) 3.5,55,9
Boundary Conditions SSSS, SSCC, SSFF

Fig. 5 shown the effect of the crack positiontrdirection on the natural frequency of differentrgmsite plate
types long, and woven reinforcement fiber), witffedent aspect ratio (1, 1.5, and 2) and boundandition of plate as
(SSSS, SSCC, and SSFF) for plate thickiess 5.5 mm, crack lengti2C = 24 mm, crack depth ratid = 0.7, middle
crack position in_-direction = 0.5, volume fraction of reinforcement fibet.= 30%, and G crack angle. From figures
shown that the effect of crack position more effgtciiddle location of plate ig-direction. From figures shown that the

effect of crack position more effect at middle looa of plate inn-direction.
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Fig. 6 shown the effect of the crack positiongsirection on the natural frequency of differentrgmsite plate
types (long, and woven reinforcement fiber), witfiedent aspect ratio (1, 1.5, and 2) and boundandition of plate as
(SSSS, SSCC, and SSFF) for plate thickiess 5.5 mm, crack lengti2C = 24 mm, crack depth ratid = 0.7, middle

crack position im-directionn = 0.5, volume fraction of reinforcement fib&t,= 30%, and 0 crack angle. From figures

shown that the effect of crack position more efgganiddle location of plate ig-direction.

Fig. 7 shown the effect of the crack length on the natinemuency of different composite plate types ¢oand
woven fiber), with different aspect ratio (1, 1amd 2) and boundary condition of plate as (SSS&C5%nd SSFF) for
middle crack position in; and n-direction n = 0.5,{= 0.5, plate thicknes#{ = 5.5 mm, crack depth ratict = 0.7,
volume fraction of reinforcement fiber,= 30%, and O crack angle. From figure shown that the naturafjdency

decreasing with increasing of crack length.

Fig. 8 shown the effect of the crack depth ratio on theiral frequency of different composite plate tyfesg,
and woven fiber), with different aspect ratio (15,1and 2) and boundary condition of plate as (SSS£C, and SSFF)
for middle crack position i andn-directionn = 0.5,{= 0.5, plate thicknes#l = 5.5 mm, crack lengtli2C = 24 mm,
volume fraction of reinforcement fiber,= 30%, and O crack angle. From figure shown that the naturafjdency

decreasing with increasing of depth.

Fig. 9 shown the effect of the plate thickness on themhfrequency of different composite plate typlesd, and
woven fiber), with different aspect ratio (1, 1amd 2) and boundary condition of plate as (SSS&C3%nd SSFF) for
middle crack position i§ andn-directionn = 0.5,{= 0.5, plate crack depth rati®é= 0.7, crack lengtl2C = 24 mm,
volume fraction of reinforcement fiber,= 30%, and O crack angle. From figure shown that the naturafjdency

increasing with increasing of plate thickness.

FromFigs. 5to 9 shows the following effect of the crack and platethe natural frequency of plate with crack

effect,
Effect of Crack Position (£ and n-Direction)

The natural frequency of composite plate typesabsing with move crack position near the middlation plate,
since the stiffness of plate is decreasing with nimving the crack to the middle plate location,ntlieceasing of the
natural frequency of plate, as shows-igs. 5 and 6with different composite plate types, aspect rdimundary condition,

and crack orientation effect.
Crack Size Effect (Length and Depth)

The natural frequency of composite plate is deangasith the increasing of the crack size as lengjtierack or
depth since the crack cause decreasing of theestgfof plate, then cause decreasing of the ndtacalency of plate, as

shows inFigs. 7 and 8with different composite plate types, aspect rdimindary condition, and crack orientation effect.
Plate Thickness Effect

The increasing of plate thickness cause an inergadithe stiffness of plate more than the incregsif plate mass,
the increasing of plate thickness cause increaptatd frequency due to increasing of plate stiéffnas shown iRig. 9 for

different composite plate types, boundary condgjand aspect ratio of plate effect.
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Effect of Boundary Condition of Plate

The natural frequency of plate at SSFF more tharS8CC and SSSS since the deflection of plate 88RF
supported more than deflection of plate with SS@@ 8SSS and frequency of plate with SSCC conditione than
frequency of plate with SSSS, the stiffness of SBlaEe more than for other supported and stiffridsSSCC plate more
than for stiffness SSSS plate as showBigs. 5 to 9for different composite plate types, aspect ratiack position, and
crack size effect.
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Fig. 3 Compare Between Theoretical and Numerical W& of Natural Frequency for Long Composite Plate wth
Different Crack Position Effect in £-Direction with Different Aspect Ratio and Boundary Condition Plate for,

n=0.5, 2C=24 mm£=0.7
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Fig. 4 Compare Between Theoretical and Numerical W& of Natural Frequency for Long Composite Plate wth

Different Crack Position Effect in n-Direction with Different Aspect Ratio and Boundary Condition Plate for,
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Long Reinforcement Fiber Woven Reinforcement Fiber
Composite Plate Type Composite Plate Type
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Fig. 5 Natural Frequency (rad/sec) of Orthotropic Long, Woven) Composite Plate with Different Crack ®sition in
n-Direction Effect with Different Aspect Ratio and Boundary Condition Plate for, £=0.5,£=0.7,v=30%, H=5.5 mm,
2C=24 mm, and 0 Crack Angle
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Fig. 6 Natural Frequency (rad/sec) of Orthotropic Long, Woven) Composite Plate with Different Crack ®sition in

¢-Direction Effect with Different Aspect Ratio and Boundary Condition Plate for, n=0.5,£=0.7,v=30%, H=5.5 mm,
2C=24 mm, and 0 Crack Angle
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Long Reinforcement Fiber Composite Woven Reinforcement Fiber
Plate Type Composite Plate Type
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Fig. 7 Natural Frequency (rad/sec) of Orthotropic Long, Woven) Composite Plate with Different Crack length
Effect with Different Aspect Ratio and Boundary Cortdition Plate for, n=0.5,£=0.5,£=0.7,v=30%, H=5.5 mm, and
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Fig. 8 Natural Frequency (rad/sec) of Orthotropic Long, Woven) Composite Plate with Different Crack pth
Ratio Effect with Different Aspect Ratio and Bounday Condition Plate for, n1=0.5,£=0.5, 2C=24 mm,\y=30%,
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Long Reinforcement Fiber Woven Reinforcement Fiber
Composite Plate Type Composite Plate Type
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Fig. 9 Natural Frequency (rad/sec) of Orthotropic Long, Woven) Composite Plate with Different Plate hickness
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CONCLUSIONS

The main conclusions of this work for dynamic bebawf orthotropic composite plate types with cradfect are

listed below:

1.

The suggested analytical solution is a powerful tocevaluate the natural frequency of orthotropienposite

plate with crack, by solution the general differahequations of motion of plate with crack effdmt using

separation method for differential equation.

2. A comparison made between analytical results fraggssted analytical solution study with numeriegutts
from ANSYS program shows a good approximation wileeebiggest error percentage is about (3.5 %).

3. The position of crack in the plate near the midofethe plate has more effect on the stiffness aatliral
frequency of plate from the other positions (neathe ends of the plate), i.e. frequency of platemvthe crack in
the middle position it has a lower frequency ot@haith respect to the cracks near to the endipasit

4. The crack in the plate has an effect on the s&fn& the plate, this will affect the frequencytied plate. So, with
increasing of the crack depth or length (crack)stbe stiffness of plate will decreased, this widuse a
decreasing the natural frequency of the compotite.p

5. The plate thickness is increases the stiffnesslatt pand increasing of the natural frequency ofeplénd
increasing of the aspect ratio decreases of thealdtequency of composite plate.

REFERENCES

10.

11.

12.
13.

Ansel C. Ugural 'Stress in Plates and Shells' Mc@rdivBook Companies, Second Edition,1999.

Alan Jeffrey 'Advanced Engineering Mathematics'ddart/Academic Press, 2002.

Asif Israr 'Vibration Analysis of Cracked Aluminulates' Ph. D. Thesis, Engineering Department of
Mechanical Engineering, University of Glasgow, 2008

Daniel Gay, Suong V. Hoa and Stephen W. Tsai 'Caiitgpdaterials Design and Applications' Book,
CRC Press LLC, 2003.

Howard Anton, Irl Bivens, and Stephen Davis 'CalsuAnton Textbooks, Inc, Seventh Edition, (2002).

J. R. Rice and N. Levy The Part-Though SurfacelCna an Elastic Plate' Journal of Applied Mechanic
Vol. 3, pp. 185-194, 1972.

J. S. Rao 'Dynamics of Plates' Narosa Publishingskl01999.

Lei Wang ‘Elastic Wave Propagation in Compoisted laeast-Squares Damage Localization Technique'
Master Thesis, Aerospace Engineering, North Caadfitate University, 2004.

Mana Afshari and Daniel J. Inman ‘Continuous Critsdeling in Piezoelectrically Driven Vibrations of
an Euler-Bernoulli Beam’ Journal of Vibration andr®rol, Vol. 18, No. 10, 2012.

Muhsin J. Jweeg, Ali S. Hammood, and Muhannad Al{Wd&xperimental and Theoretical Studies of
Mechanical Properties for Reinforcement Fiber TypeS€omposite Materials’ International Journals of
Engineering and Sciences, Vol. 12,No. 4, 2012

P. Frank Pail and Mannur J. Sundaresan ‘Space—-Wmlmtuand Time—Frequency Analysis for Damage
Inspection of Thin-Walled Structures’ Structuraldtte Monitoring, Vol. 11, No. 4, pp. 452-471, 2012.
Robert M. Jones 'Mechanics of Composite Materialspise Edition' Book, Taylor and Francis, 1999.

S. E. Khadem and M. Rezaee-a 'Introduction of MedifComparison Functions for Vibration Analysis of
a Rectangular Cracked Plate' Journal of Sound aicition, Vol. 236, No. 2, pp. 245-258, 2000



66

Muhsin J. Jweeg, Ali S. Hammood& Muhannad Al-Waily

14. S. E. Khadem and M. Rezaee-b 'An Analytical ApprofactObtaining the Location and Depth of an All-
Over Part-Through Crack on Externally in-Plane LleshdRrectangular Plate Using Vibration Analysis'
Journal of Sound and Vibration, Vol. 230, No. 2, p81-308, 2000.

15. Seth S. Kessler, S. Mark Spearing and ConstantinosisS'Structural Health Monitoring in Composite
Materials Using Lamb Wave Methods' Technology Labany for Advanced Composites, Department of
Aeronautics and Astronautics, Massachusetts Ibst@fiTechnology, 2001.



