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A Suggested Analyticabolutionof Isotropic
Composite Platevith Crack Effect

Prof. Dr. Muhsin J. JweegAsst. Prof. Dr. Ali S. Hammood and Muhannad AWaily™

Abstract- The existence of a defect like a crack will leads to
change in natural frequency of the plate and enlargement of
the crack will also lead another change in natural frequency
with the change of the size or position of the crack. So this
study focuses on fiding the natural frequency for isotropic
composite plates with crack considering the size of the crack
(crack length and depth through plate thickness) ancrack
position in the plate in X, y directions, also slant of the crack.
The natural frequency is studied for composite material
strengthen by powder, and short fiberswith the effect of crack
size and position, plate thickness, aspect ratio, the type qlate
fixing where three type of fixing used (SSSS, SSCC, SSFF).
Two methods are used to find the natural frequency of
composite plate: First method is supposed analytical solution to
solve the equation of motion considering the effect of sizend
position crack on the natural frequency of the composite plate.
Second method is finite element solution using ANSYS (ver. 14)
program. A comparison made between théwo methods and
the error percentage is not exceeds of 3.5%.

The results shows that the naturalfrequency decreases as
crack size (length or width) increases. The natural frequency
decreases when the crack in the middle of the plate over any
position of the crack. The effect of crack when it reaches the
mi ddl e is higher t haates.Wheeaural t
frequency is decreases as plate width increases, (aspect ratio
and plate thickness).

Index Term- Plate Vibration, Crack Study, Composite Plate
with Crack Effect, Crack Plate Vibration .

. INTRODUCTION
Damage detection of orgimensional structures by
vibration analysis, is a new technique in fd@structive

In 1972 J. R. Rice and N. Levypresented an elastic
analysis for the tensile stretching and dieg of a plate
containing a surface crack penetrating fhrough the
thickness. The treatment is approximate, in that the two
dimensional generalized plane stress and KirchRof§son
plate bending theories are employed with the-ffadugh
cracked setion represented as a continuous line spring.

And in 2000 S. E. Khadem and M. Rezaes,
introduced a new functions named 'modified comparison
functions” and used for vibration analysis of a simply
supported rectangular cracked plate. It is assumedthbat
crack having an arbitrary length, depth and location is
parallel to one side of the plate. Elastic behavior of the plate
at crack location is considered as a line spring with a
varying stiffness along the crack.

Also in same year S. E. Khadem and M. &zaeeb,
established an analytical approach to the crack detection of
rectangular plates under uniform external loades by
vibration analysis. The damage is considered as eovaell
partthrough crack parallel to one edge of the plate.
Avoiding nortlinearity, it is assumed that the crack, at all
@yhaniical cénbBifonL is Hpei. P!

And in 2008 Asif Israr (2008) concerned with
analytical modelling of the effects of cracks in structural
plates and panels within aerospace systems such as
aeroplane fuselage, wingnd taitlplane structures, and, as
such, is part of a larger body of research into damage
detection methodologies in such systems. This study is
based on generating a-salled reduced order analytical
model of the behaviour of the plate panel, within whi

evaluation methods. The conventional nondestructive testingfaCk With some arbitrary characteristics is present, and
methods unlike the vibration analysis methods are expensivihich is subjected to a force that causes it to vibrate.

and timeconsuming. Severalesearchers have worked on

In this study, a suggested analytical solution to

the influence of cracks on the natural frequencies and mod#iVing the equation of motion for a given set of boundary

shapes of structureS, E. Khadem and M. Rezaee (2000
b).

conditions governing the brations of composite plate with
crack effect. In addition to study the effect alf crack

Machines and structural components potentially requir®@rameters and plate geometry on the natural frequency for

continuous monitoring for the detection of cracks aratk

different types of composite plate.

growth for ensuring an uninterrupted service in critical

installations. Cracks can be present in structures due to THEORETICAL STUDY

various reasons such as impact, fatigue, corrosion and To model a crack with a finite length in a cracked
external and environmental factors like temperature, relativeectangular plate, a rectangular plate may be considered as
humidity, rainfall and the general properties of structures.shown inFig. 1; the crack is 2C in length and runs parallel
Complex structures such as aircraft, ships, steel bridges, seéth one side of the plate.

platforms etc., all use metal platés,Israr (2008).
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computational effects. Therefore, by using the following
equationS. E. Khadem and M. Rezaee (2064),

| -, QaQ 4)

Where,C is the dimensionless function of the relative crack
depth, And is deéfied as,S. E. Khadem and M. Rezaee
(2000b),

Q x pBwCE xx pRRX ¢y

C ™ ®)

The method for the choice of suggest to identify
with the value of atw @ Q& & Wi & WOR.
Rice and N. Levy(1972)

A function representing dimensionless bending
compliance coefficient is directly suggested as a function of
dimensionless coordinate, which is free of the above

; ; mentioned difficulties, as followsS. E. Khadem and M.
j_ Crack direction Rezaee (2000,

oz 1 Q *? (6)
Fig. 1 Rectangular Plate with a Pafirough FiniteLength Crack. One may suggest the variation of the nominal

The coordinates of the crack center are representdending stress on the hypothetical boundary as tenfag
by @ andw. Using nordimensional parameters &8, E.  new functionS. E. Khadem and M. Rezaee (2064),

perpendicular on crack

Khadem and M. Rezaee (200@), oz, " . Qz ()

CO — A1 NOM Od @I Where"Q~z is the 'crack shape function' and is defined as,

X — Ol OO GO0 WRENIQE 6 Qi Qz Q #* ®

. _ B On the other hand, the slope discontinuity at both
i O@EE 0 V¥ £¢1 QQE OFINi sides of the crack location due to bending moments is

. > . . . . proportional to bending compliance of the crack and
Where,& wand Orepresent dimensions of the platednw  ominal bending stress, and is given ByE. Khadem and
and q directions, respectively, ari@ represents the crack 1 Rezaee (200@),
depth at its center.

When the plate is only subjected to the bending— < n 9)
moments, the Formula or nominal bending stress at the The governing equation for the free vibration of a
locaion of the crack with a finite length becomes, E.  rectangular plate is given b, E. Khadem and M. Rezaee
Khadem and M. Rezaee (200@), (20004a),

" () onuv aG— m (10)
Where, 0 ahudd ,n is the bharmonic operatord is the

Where, A is the nominal bending stress at the crackmass per unit area of the plai®, is the plate flexural
location and on the surface of the plate, at tnack

direction,, is the nominal bending stress at the Iocation”g'd'ty_ _ . _ .
of the crack with an infinite length and on the surface of the ~ USing the separation of variables technique to
plate, at the crack direction, is the nomdimensional SOlVing Eq. (4.25), as,
bending compliance coefficient at the crack center, ansl, Y Wud @ o 8Yo (11)
the Poisson ratio. Then,

If the shape of the crack is considered as asemiY 1 Y mandl w 1 —w 1 (12)
ellipse, in Cartesian coordinate system, then the function Transformation Eq. (12) in terms of dimensionless
representing the shape of the crack will Be E. Khadem .4 ordinatesz and— as,z - h— —.Then,
and M. Rezaee (200@),
Qw0 3 %0 E %o E — _w Tm (13)
- n hQem o o 0 Where_ 1 —@ ,% -
o p — FOQé b & O O 6 To solving Eq. (4.31) using boundary as simply
. . . supported along the edges 1A | @ and arbitrary edge
V3 n hOe i o0 o @ condition at- T® & @ the solution of Eq. (4.31) may be

(3 expressed in the formd,. C. Ugural (1999)
For vibration analsis of the plate having a crack ¢y - B ®» — OE4 “ ~ (14)

with a finite length, relation Eq. (3) can be expanded as a By substitution Eq. (14) into Eq. (13), get,
sum of sine and cosine functions in the donmin ® @

; . — ¢ a"“ % — a“% _ ®
by Fourier series. =
However, the application of this method may be(15)
inefficient due to time consuming and ingive To solving Eq. (15) using of linear differential
operatorsH. Anton et. al. (2002)get, for_ a“n
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w - U Free Supported Edges,
o Al OE- 6 OEFTE- 6 AlT10- In this case both bending moment and vertical shear
o OET - (16) force zero. Hence,
Where] a“n _ — " %o — n
f _ a“n .
By applying Eq. (4.33) to two regions of the cracked—— € %60 7 n
plate shown inFig. 1, one may require eight boundary
conditions. The boundary conditions are applied to regions " %o mn
(1) and (2), respectively, at m®dE ® and to a
hypothetical boundary separating the two regions. Because— G %60 n (21)

of the form of the plate supports at two edges sympl
support, the boundary conditions at & @ for two
regions are satisfied by Eq. (148, E. Khadem and M.
Rezaee (200@). Then, Eq. (14) for two regions become,

z

By using boundary conditions in Egs. (19) to (21) for

each case and boundary conditions along the crack, in Eq.
(18), get the general solution of Eq. (1®pr _

Y a“n | as,
"(?j Al G 5 OET B U Simply Supported Edges,
ST .. OEd“ z By substitution boundary conditions in Egs. (19) and
0 AIfO- 0O OFIl - (18) into Eq. (17), get,
ROLN S | " QzOET E-
& A © A 0z OB -
0 Al OE- 6 OETF E- s N
6 Aifo- o Ofi - OF"7 o A
Q¢ - - p "Qz OEF E- OIAE Al QOE-
(17) Qz OFT — OAT AT(O -
The boundary conditions along the crack-at — - - p
are,S. E. Khadem and M. Rezaee (20068), (22)
. - ‘ = o o Where
zh Zh- — QPPN . ~ A EL
@Ay @ H+pz ., 00 Wz OEd“z,Qz "YOEd":z
" %o — " %o Qz YOEd“z,Qz "YOE4d*“:z
z
® — ¢ % — — For,"Y
C " %o > “Y
_— =z — T (18)
For usingA. C. Ugural (1999) ny
. — — " %o —
N o For, o
Then— 2z Qz — %o S Q OEIE- ,Q OFIl -,
Then,fourthboundary condition in Eg. (18), become, 0 . Q ET E-
— Qz — % — n , OAT EAI OE- ,
z Q OFEl - OAIl AITO- Q
The boundary conditions at mT®¢ @ for regions OET E- a“ % ,
(1) and (2), respectively. C. Ugural (1999) are, Q OFl - t a“ %o
U Simply Supported Edges, . OET E- T
At the simply support considered, the deflection andQ OAj EAT GE- ! a o0
bending moment are both zero. Hence, Q og - OA1T AT10- 7
® MHs M % n G %
Q Al OE- T a“ ¢ ' %of
© s m,— %o T Q AlTO - 7 a“ ¢ ' %ol
. Al OE- -
(19) ?  o6AjEOEfE- | 97 ¢
0 Clamped Supported Edges, " %o
In this case both the deflection and slope must Aio - O OB - |
vanish. That is, 6% ¢ ' %ol
w0 s no,— T, Q 1 Al ®E- Qz OET E- 1
) . ('x 13 L %0
W A3 m,— u (20) Q 1 Aitd- "z 0BT - 1
('x 13 L %0
Q I AT OE- OAJ EOET E-
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Q r AT10 - OAT OET - Al OE- 1 C " % a“ 1
Q —AT0O- 7t ¢ % G T
And the value of can be evaluated from the characteristicsg, OEI*TA - r ¢ " %o & T
equations, as, OE E- 1 ¢ ' % & f
[ Q Q Q (o)
Q Q Q Q Al OE- ,
0 Q Q o (23) Q ocgﬁ e T ¢ kAt

Q Q Q 0

0 Clamped Supported Edges, ’QA! o- ¢ " G" T
By substitution boundary conditions in Egs. (20) ,O Er.l. . r ¢ " %o G T
and (18) into Eq. (17), get, QATTO -
. . ., Mz OEtE- —OB - QOEY E- 1T ¢ ka” T
w 0 ) L o I Al OQE- f AlTO -
Qz AIrO—T[AI(DE— _ OET E- 1 Q' %
(:o Zﬁ— QZ OEFT - T r d ) ' %0_
G0 7 OET E’— Q:AI QOE- [l [ NO"EFI’ - I OET E-
5 . QOoEl - o) oy AT OE- 1 a“ %o
U AlTO - "Q'AAI OE- y AlTt0- 7 a“ ' %o
u QOB - U Q 1 AT OE- 1 QOETE
- - P [ QAT0 - . 3
(24) 0] I QOETE- [ QAI[O-
Where, r OB -
Qz OEd“z,Qz “YOE4d“:z And the value of can be evaluated from the characteristics
Qz “YOE4d“z,Qz °“YOEd*“:z equations, as,
_ T 0 T 0
And,Q , T 0 T 0
, 2D D o (25)
Q — — D 0 0 0
) U Free Supported Edges
Q — ' By substitution boundary conditions in EQ1L)
and (L) into Eq. (L7), get,
0 — w .
o o OET E- §]
_ Lo oL 122 OFT - &
For, Y ——=———=—=—=——=——= 6 " S .
- - - - - = - = 11 Al O - 1
- - - - - - _-_ 1 "Qz e ]
N - - u — Al OE- 0
-~~~ . __ 3 - m -
- - - - -- w o
v oo o vy,  OETE- ..
- - - - - - , Al dE- QOFHT - -
~ L (0] 1 . o
ForR OEf E- —OFEl - | o) T ATTO —
0 OET E- QAI OE- QOET - -~ P
D AijO- QAT OE- QOEI - _ (26)
OET E- 1 a“ " %o Mz OE4d“z,Qz YOE4d“:~z
Q OFEl - 1 7t a“ "’ %o — Qz “YOE4d“z Qz YOE4d“:z
AT OE- 1 a“ " %o Ad, Q@ ——— Q@ ——— 0
AT10- 1 a* "% 52 5 5 -
OETE- 4« % o L
Q QAl OE- For,Q Al DE{ ‘7 %
_QOBT - 1 a4 "% 0 OEf B G %
O - , 0 0BT a* ' %
QAl OE- | a“ " %o
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Q OEf Ef G ¢ 7 %l

Al DET a“ ¢ %o

Q OEIl 1 a“ ¢ %ol

or__ar_ o %

For!_Y = = = = = = = =

;Y = = = = = = = =

;Y = = = = = = = =

B OET E-

For,Q OFT -

n  AlO- Al OE-

_ OET E-

o) — — .

Q Al QE- Q OET -

- AT10 -

o) — —

Q Al QE- Q OFET -

o)

OET E- 1 a“ " %
OFET - 7 a“ " %o
O ATo- 7 a“ "’ %o
r G "% Al QE-
OET E- 1 a“ " %

(o) Q Al OE- 1 G %o
QOET - a“ " %
Aio- 7 d“ %

(o) Q Al OE- 1 G %o

g ogl - d“ %
3 Al OE- 7 G ¢ ' %ol
i a“ ¢ ' %l AlTr0-
(o)
ol - G ¢ ' %ol
1
ET E-
~ O,"r an c ’ %OT
Al OE- 7 G ¢ ' %ol

(o) Q OET E- 1 G ¢ ' %ol
QATIO- 1 a* ¢ %l
ol - a“ ¢ ' %ol

o) Q OEF - 1 G ¢ ' %ol
Q AiO- 7 a“ c %ol
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11 r AT10 - M
_ 1l L X
D . OETE- 1 a' "% g
1. 1
lle ’ 1
u OBl - 1 a* "% U
oy [ OFl - 0l
_ 11 T OE’I\[ E_ 1
Q 11 o 1
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WZr ar % Al GE- O
T Al QE-
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Qo Ai0-

And the value ol can be evaluated from the characteristics
equations, as,

(27)

Plol g g

ollelleolle]

DI 1 g

gl gl gl gl
=]

For vibration analysis of the plate having a crack
with a finite length, relation Eqs2®), (24), and £6) can be
expanded as a double Fourier series in the domam
- pWEQP =z p.

The differential equation ofqilibrium for bending
of thin plates,J. S. Rao (1999)

c »o—0 (28)
Where, for rectangular plate without cragk, C. Ugural
(1999)
0 o
o . aa (29)
o > ] T
0

And, for rectangular plate with crack ig direction,
Fig. 1,

i o i w0 &

U ~ A

0 ~ A

U ~ Tt A (30)
v a ., ez aQé

T
o o

For,, _— 7 —
T _— (31)
And,
» " " . Qz , Q27 (32)
ForQz p 60Q *°
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3. Natural frequency with different boundary conditions of
5 plate, as,
S a. Simply supported along all edges, SSSS.

Then, by substitution Egs. (31) an@2) into Eq. b. Simply supported along edgez=0, 1) and clamped
supported along edgels<0, 1), SSCC.

(30), gives, ;
N o i . o0 , c. Simply supported along edgeg=(Q, 1) and free
v —  — v 2 T supported along edgels<0, 1), SSFF.
0 Op ' — (33)
Then ,by substitution Eq. (33) into Eq. (28), gives,
%o %0 C ' Q z Q z —
P4 z
— T (34)

Then, by substitutionc zA- into Eq. (34), then
by using orthogonal methodd. Jeffrey (2002) by pre
multiplying the result by @ Zf+ and integral withzh-
for m z phm s p, get the natural frequency of
rectangular plate with crack effect at any location and s
of crack in zdirection, as,

— 1 00 ™ (35)
where] is the natural frequency of plate with crack effect
defined as,

Select the boundary conditions ¢
composite plate, as,

U Input (1), simply supported.

U Input (2), clamped supported, SSCC.
U Input (3), free supporte SSFFE

Input the mechanical properties ar
dimensions of composite plate, leng

— & and depth of ch
|

N
PR RNe]

ey
N

Q
Q

Evaluation of}l, as,
U Eq. 3 for simply supported plate
U Eq. @5) for clamped supported plate

Cr~ N fAav fran ciinnaviad rnlata

(36)

Computer Program

Fig. 2 shows the flow chart for computer program for
dynamic analysis of isotropic composite plate with streng
different crack size and location effect. The results are
natural frequency of isotropic composite plate supported a;
simply supported along edgesralel to crack and other
ends as simply , clamped, and free supported of plate,
strength crack, and simply supported plate for oblique cr
study. In addition to study the effect ofack size (length
and depth)and crack location on the natural foeumcy of
isotropic composite plate.

Evaluation ofo ¢h- ho e @ ¢h-, as,
U Eq. (22) for simply supported plate.
u Eq. (24) for Clamped supported plate.

Evaluate of Fourier series consta

The program requirement the following input data, 5 M= D -M—M—m—FRo—.

1. Crack information, crack length, eack depth, and
position of crack.
2. Plate propertiesnodulus of elasticityPoisson raticand
density of plate
3. Dimensions of platedength of plate width of plate
and hickness of plate.
And the output of natural frequency get fro
program are with different parameters as,
0  Natural frequency with different crack variable, as,
1. Natural frequency with different location of crackan
direction.
Natural frequency with different location of crackhn
direction.
Natural frequency with different crack length.
Natural frequency with different crack depth.
Natural frequency with different plate variable, as,

Natural frequency W!th d!fferent ae_pt ratio of plate. Fig. 2 Flow Chart ofNatural Frequency Computer Program of Composite
Natural frequency with different thickness of plate. Plate.

Evaluate the natural frequency ¢
composite plate, Eq. (36) for streng
crack effect

Write the values of natural frequency ¢
composite plate with different crack siz:
andlocationeffect.

N

NP oA
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Figs. 5 and 6illustrated the effect of the cark positionZn
[l RESULTS ANDDISCUSSION andh-directions on the natural frequency for aspect ratio (1,
The results are the evaluation of the naturall.5, and 2) with (SSSS, SSCC, and SSfpportedl of
frequency of composite plate typeshort and powder different composite plate types (powder and short),
composite plate made of polyester resin and glass fiber witfespectively, for( v®i i,¢# ¢d [, x 7§, and
(" =30%, Gas=30 Gpa, Goyesterl.4 Gpa, Ngas0.25, | @ 1 PThe Figures showed that thatural frequency of
Npolyester 0.4, Eas95 Gpa, Foyester3.8 Gpa, r4ass2600  composite plate for each types decrease with crack near to
kg/n?, I polyester1350 kg/m),with crack effect of plate, the middle location of plate because the move of crack near
included the effect of composite materials types, crack sizehe middle location of plate cases the decrease of stiffness of
crack location, and otheparameters of composite plate plate, then decreasing of the natural frequencyoaiposite
types. Where the properties of composite plate types anglate.
parameters studied are shows in Trables 1and 2. And,  Figs. 7 and 8illustrated the effect of the cark size as depth
the method studied to evaluated the natural frequency @nd length of crack on the natural frequency for aspect ratio
composite plate types with crack effect are, theoresicaly (1, 1.5, and 2) wit{SSSS, SSCC, and SSFF supportafd)
and numerical study, by using ANSYS Program Versiaon 14different composite plate types (powdeand short
reinforeement fiber), respectively, for( uv®Ii I,
TABLE | z mhh T ,and! o 1 bThe Figures showed that

PROPERTIES OFCOMPOSITEMATERIALS TYPESOF COMPOSITE PLATE H
M. J.0WEEG ET AL (2012) the natural frequency of composite plate for each types of

- - plate decrease with increasing of the crack size as depth or
_ Reinforcement Fiber Types length because the increasing of crack céiseslecrease of
Properties (GlassPolyester) stiffness for plate, then decreasing of the natural frequency
Short Fiber Powder of composite plate.
E (Gpa) 15.86 71 Fig. 9illustrated the effect of the plate size as thickness and
G (Gpa) 5.62 267 plate width (aspect ratio) on the natural frequency with
Density (kg/n?) 1288 1600 (SSSS, SSCC, and SSFF supporidiiifferent composite
Poisson. 0411 0375 plate types (powder and short reinforcement fiber) with
crack effect, foc # ¢t |, x 1T, z ™hHh ™,
TABLE N and ! o b The Figures showed that the natural

DIMENSIONS AND INFORMATION OF CRACK AND PLATE STUDIED IN .frequen_cy Of. corlnposite. plate for each t.ypes of plate
THEORETICAL AND NUMERICAL STUDY OF VIBRATION COMPOSITE increasing with increasingf the plate thickness and

PLATE. decreasing with increasing of aspect ratio of plate because

Position of Crack through the the increasing of plate cases of increase the stiffness of plate

z-direction (%a) 0.1t0 0.9 and increasing of width of plate cases decreasing of stiffness
— plate and increasing of plate mass, tHecrease the
Position of Crack through the| j . ' g frequency due to increase aspect ratio and increasing with

h-direction (%b) increase of plate.

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) 35,565,9

Boundary Conditions SSSS, SSCC, SSFF

Fig. 3 shown the natural frequency of short composite plate
type with aspect ratio (AR=1, 1.5, and 2) {&SSS, SSCC,
and SSFF supportedpr composite plate, with different
crack position inz-direction, forh 1, (  L®I I,

¢# ¢t i,x m and! o mbThe figure showed
that the good agreement between the theoretically and
numerical results, where the percentage of discrepancy
between the theoretically and numerically results are about
pOk b.

Fig. 4 shown the natural frequency of short composite plate
with aspect ratio (AR=1, 1.5, and 2) f(8SSS, SSCC, and
SSFF supportedfor composite plate, with different crack
position in h-direction, forz 1, (  V®Ii 1, ¢ #

¢t I,x m& and! o 1 bThe figures showed that
the good agreement between the theoretically and numerical
results, where the percentage of discrepancy between the
theoretically and numerically results are abqud o® b .
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SSSS SCC SSF
20 0 3500
-ttt B | gttt
w0 2600 A0 ettt
180 _ 100 -
i Ttk | § 29 § o
A %‘1600 goretical War %,2000 :";
IR=|= == umerical Work = 1800 = 200
i g8
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1400 . 1500
1200 00 == Numerical Work == Numerical Work
1000 1000 1000
02 04 06 08 0204 06 08 02 04 06 03
g g g
1600 1900 1900
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W " 1]
A |3 80 3 § s
[R=| < 5 0 £ 140
15 RV 8 13m0 == Theoretical Work 8 130
) == Theoretical Wark 100 e Theoretical Work
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Fig. 3.Compare Between Theoretical and Numerical Work of Natural Frequency for Short Composite Plate with Different Crack fRediiion-E
Direction with Different Aspect Ratio and Boundary Condition Platetfef).5, 2C=24 mmx=0.7.
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Fig. 4.Compare Between Theoretical and Numerical Work of Natural Frequency for Short Composite Plate with Different Crack fRedditioh-E
Direction with Different Aspect Ratio and Boundary Condition Plateze®,5, 2C=24 mmx=0.7.
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Fig. 5.Natural Frequency (rad/sec) of Powder Composite Materials Plate Types with Different PogitiominDirections Effect, with Various Aspect
Ratio and Boundary Conditions of Plate for, H=5.5 mm, 2C=24 x#@.7, 0 Crack Angle, and =30%.
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Fig. 6.Natural Frequency (rad/sec) of Short Composite Materials Plate Types with Different Positamdim Directions Effect, with Various Aspect
Ratio and Boundary Conditions of Plate for, H=5.5 mm, 2C=24 x#@.7, 0 Crack Angle, and =30%.
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