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The vibrations problem of thin orthotropic skew plates of linearly varying thickness is analyzed using
the small deflection theory of plates.

Using dimensionless oblique coordinates, the deflection surface can be expressed as a polyonmial
series satisfying the boundary conditions.

For orthotropic plates which is clamped on all the four edges, numerical results for the first two
natural frequencies are presented for various combinations of aspect ratio, skew angle and taper
parameter.

The properties of material used are one directional glass fibre reinforced plastic GFRP.

The results obtained may be summarised as follows:

1. In case of the first mode vibration of plates with increase in the skew angle, the natural frequen-
cies of plates decrease.
2. As the aspect ratio decrease, the natural frequencies of plates decrease.

3. For the identical skew angle, natural frequencies of plates increase with the taper parameter of

thickness.
of orthotropic plate of uniform thick-
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2a, 2b : Dimensions of plate D, : Cross-rigidity of orthotropic plate
Apn . Coefficient of series representing E,, E,,Gry : Material constants of orthotropic plate

deflection h : Thickness of plate with taper
B, : Element of mass matrix hy : Thickness of plate without taper
D0 : Element of stiffness matrix ik,m,n . Positive integers
D,, D,, D.,: Variable rigidity parameters of M,, M,, M.,: Moment resultants

orthotropic plate Py, m, . Parmeters relating rigidity cons:iants
D., : Echy /12(1-vsyvys) Qs Qy . Transverse shears in x and y directions,
Dy, 1 Eyh, /12(1-veyvy:) =Rigidity constants respectively
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t : Time
w : Deflection of plate independent of time
w : Lateral deflection of vibrating plate
x,y : Cartesian rectangular coordinates
Xy : Dmensionless oblique coordinates
a : Taper parameter
Y : a/b, aspect ratio of plate
[’ . Skew angle
&7 : Oblique coordinates
v : Poisson’s ratio of isotropic material
vay, vy:  : Poisson’s ratio in orthotropic directions
P : Mass density of plate material
w . Angular frequency of plate
by : (wa*/n2)(ph,/Dy,)¥, Dimensionless

frequency parameter

M =

# o= A}t FRP 2 3 £33 A4 Sof ko] 5

st glolA] o)A AAR FZ2EE BE 9 T
ZFi Mol A ATEol Ed] APz Y,
olzgl FRP sto 2 g F2EH AFH A6 gl &
Az SR Ao FYAel hizge Adel,
538 S A HREA] HE 27 2
(skew plate)e] o gk AuwiubgAle] B A7t &
AEA Formg HAAAEY F4F astA sk
2| 2o A FAC AT U F oA A
28] A58 ¥ 3k(skewed flat plate)e] =% &) Ao
u] 8Fed v] A= R o] E(small-deflection theory)g& =
L3 =E50] wWEE 3 gltl. Kaulsk Cadambed)=
AAzA] AZ & AEE A T €3
¥ YA 2% 2-435TE Tl Rayleigh
uly]-g, Hasegawa® = 143 3¢ 3 nRAFF
E 348 d Ritz vy &, Duvasula®= $# 7} &
9 S04s 239 Bol Wakd 18614 6874
TFAFFE M43t ¢ Galerkin Wi & o] £3k¢]
, Kumarg} Pandalai’ 2 moeluld] ~F3te] o
AFT sHAde] dste] LI uk ek
£ =1 X']f sladFe] dolvtis 470] A H
€ 2t HyAdE st dsld, zA
n] 4] A o] Z(small-deflection classical

A gael Al aom 4¢ =iz,

W

TH

a7k FA
Hql el
plate theory)g

F8 & 7FA st Galerkin wly] o, IFAEFTE
Fahe Tzad g Agaked 44 1 e sk
4ede] mASa, shd FAE e A ol A

29 AfA A g 2o AH4e &
ol3}7] $13te Dokainishe} Kumar®e] AlAl 7 e}
Hla FEsiged, Axdez yd Am olW4de
2 AT F A #2 F2 QUFg 2 A
FRP 1] A& FAe A-gsted B H4l, &
F7 % A Wl oY AAEE nas e

ol =
Fig. 1¢ %8l 8ol Agstt 43 ZHUE=d
vehiz gieh. AR Aol Avin AR Z
Zulgkozol o HFPkgAL g3 3k
b 4
'
Mx
| &
w2
dx i MHx = L
: 4
o BT My
Mx -
! "'i"o’ Mxy o—”b hyﬁ,
L >
. %Sy
h2 / / u,?—"la.
/ nym
X dx
Fig. 1. Forces and moments_acting on the plate
element,
(an)dxdy-i-(aQ’)d}dx_ph dxdy~, a::, )
%3} y&o] R womlE FHPurg4l e
oM, _aM,,
Q: ~_ax ay 0‘{
@
Q __a_M_’E’—é%_o
T Tax ey
2 H3, Amolwtd e A4S 2oe AL
Thgsh ek
4 ZW
M=~ S5+ ayz)l
2w W
My=— DJ( ::'—a—x{) &)
32w
M,y=—2D,, 0y
o 7] A
D,=E.h3/12(1~vzy vys)
Dy=Eyh3/12(1—vsy vys) | @

D,,:G,,hs/IZ



R FAE

Tk S = oo o7 (DA Ao ol £ dr-dy

E b3 (DA% D4 Aol Aesd g
3} 7o

32 2w 2w a2 2w 2wy
L U )

52 W
+4<axay) [ D

[

£37 aizalj/]‘f‘Ph otz =0 (5)

()0l Alztel skl zshdel AF Zerhw
st AAgeE el 2ol vebd 4 g

W(x, y,t) =w(x, y)eiot 6)

@4 A6l AAskel Felaka kg3t ek

02 2w 32w 02 92w 2w
P+ 5y) )+ o Do gy o) )+

4((%y)[u,,a%]—phw2w=o &)

[ FAE AYAon wWasd, FA k5
3 e

h=ho(1+a3/b) @

Q714 hosh ak 4ol o,
@A (A9 19 484

Sabdd o3t el Ak
Dx:Dzo(1+ay/b)3
Dy=Dy(1+4ay/b)? ©))
D.y=Dsoy(1+ay/b)3

714 Dso, Dyoy Droso & A50] 5}
®4% @OAE (DA As

F7 BAAE o)

o Peo a3/ 02 T s )]+ 55 Dot -+’
92 V2w
(B 02 )t ] Dot /5 (5z35)]
—phow?(1+-ay/b)w=0 (10)
2 =z, 1042 Helsd 99 Jygugae o
&3 7ol 2ot
(1+ay/b)’[ zo(

dw *w tw
FI7) +y"8x26y2)+ _vo( oyt +"”axzay2

2w
+4 Dyozoaxga 2]+(sa/b)(l+ay/b)2[D¥0(—_'vT+ny
PBw
axzay)+2 2050 5xzay]+(6a2/b2)D,o(l+ay/b)( 5

an

Fig.2 & 5t A 2334 (%, y)e 2 A3 54 (€, 1)
vehiiz Qeh A zmHA A AAEEA 2be] g

A4

02
+vxya—:;) —pho?(1+ay/bw=0

o

x=E+ncos §, y=n sin @

(12
ol#, (1D4& (DA ol &stx, fde] ¢!/DypE

e ERRGE FIESY 1Y EhiED B

0 x.E

X=tla;§="/b

Fig. 2. Coordina‘es of the plate.

.
H

Aelepd v 2

e

3k
[P§1n4+2P mc((cot 073 —2cot 8 cosec 6 Frrm

cosec? 0—

= +(cott 0 S —4cot3 8 cosec § =+
62372 35"

838

6cot? 4 cosec? 07

&%t —4 coté cosec3 d

s~3+

o4
cosect 6‘;—“:)]@’ + (Ga/b)fg[( —cot? 4 %’4—3 cot2 g

cosec 0“826 — 3cotf cosec? 05&9 -+ cosec® 4

33 w)+P mo(—COt 7w + cosec 0.2

33 & g )]‘14‘1‘(5‘12/172)

fo[aezu,y + cot26—2 cot § cosec 8. 8 +cosec §

%Ja‘:n‘k‘fow
3714
Po= /Dao/ Dy, 5= (D142D1046)/ /Dioye, D 1/ D3
=vay, Dif/Dig=vss, fo=[1+0a(n/¢)sin 6Jo] e},
Fig. 21 4 A AR A (8, 7)E T34 & 2A4(X, )
Z gEd F #3249 A4 b2 2ok
x=E/a, Yy=q/b (14
049 AL BEAE ADA] Agad Y
3 FYYRAE AT et 2ol 24

2 =T
Hw dtw o‘w
3 C3
f°[C'W G tC ox5ye
2
—A{C

W

afzay )
+fo[cloax2 C“E):'_C'y + Clzayz
714,

Ci=P,242Pym, cot? §+coté §

as

w otw
“5%0y° “55"]
a3w

65=3

33w 6%:]
crE

faxayr oyt

] AN ow [¢5))

Ca=Y(4 Py, cot § cosec 844 cot? f cosec )
C3="72(2Pym, cosec? 846 COt2§ cosec? )
Cy=73(4cot § cosec® §)



O OE-x # oA

Cs=74 cosectd
Ce=71(Pymy+-cot2 §) 6a cotf
C;=72(Pymy+3 cot? d) 6 a cosec d
Cs=7%18 ¢ cotd cosec? §
Cy="%6 ¢ cosec3§

Ciy=72 (ury+cotzd) 6 a?

Ci="7% 1202 cot @ cosec§

Ci,=74 éa? cosec?f

w=0, %=0 (16
oleh. A n& 2 AR e|el A o gy AL vEE
W

Fig.29] AAREAdA 29 shaate] AARE
FRaEAz2 dehd

T=+1, y==1 a7)

o] t}.
o] AAzAL nHHd AgFE 483 2
o] F4¥uz AT ¢ 3l

w(E P=U-FA=IPE T A E"F* (18)

A7 Ans ¥ BA S0l 2.

(844 A9 vg ADA AYgsid Hes
Ze Aoz FHr

Fo(%, )~ NFy(F, ) =0 (19
o A$el mns) FRAY 2aFo] Aol 2
2 W A949 B exel Aok

o 2AAS} e dwel AT AA WY L
A4 B E olgagenE AALE 0] o
ojof e B

§L | @ p—rer@ ;r0udzay=0 (209
o1,

Al sue Hesh 7o,

5“’=5“%%5Aoo+a—%’:—131401+ """ +%3Aik+"‘(21)
(20)A & Galerkin 8}g 6 24, (21)8 (o)Al o

il HEag et 2L B Feish Aok

-
DI
m=0,1 n50,1

Amn[Dmx(“)_”‘szmn(“)] =0 (22)

(t:O, 1y 2ee0eee s k=0’1,2, _____ )
DAY WAL BEHE FAY
%e Taid A

ZHAET A

& x| A At

e TS 2 Amely B EFYRA
AA 275 Galerkin w3 & - gahud el A FEL
shsh o] (@4l Hw, o] AelA FAY mAA
B4 A%E Fobdl Asted Teade A4 e
A el BEEE Fig. 35 b,

DAL FIAY ABAE F Ao Ao Ao

o] 2gd AYA FARRAE FYT Vo2 v
ehbdl, (min)el A4(EF), 2 2G+H7L =
F AFEDL ASlE FAY 22 F A%2
S E4ze A dE 5 Utk

A Akl g4 HAEr

START

INPUT DATA

2FFre #4

PO, MO, GAMA, ALPHA, Vxy , N

:

CALCULATION OF NUMERICAL INTEGRATION ]

1

CALCULATION OF ELEMENT OF STIFFNESS

AND MASS MATRIX

CALCULATION OF DETERMINANT

ROOT TRACKING BY LINEAR INTERPOLATION

METHOD

STOP

PO, MO : Parameter relating rigidity constants
GAMA : Aspect ratio of plate

Vxy : Poisson’s ratio in orthogonal direction
N : Order of the system matrix

ALPHA : Taper parameter
Fig. 3. Flow chart.
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Fig. 4. Dimensionless frequency parameter of isotropic parallelogramic plates with variable

tuickness for skew angles.
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