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Square plate

Young’s modulus: E = 2-10° MPa
thickness: t =2 mm

uniform pressure: p=0.2 MPa

L= 100 mm
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FDM discrete model I Symmetry plane
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FDM discrete model I Symmetry plane
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FDM discrete model
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Partial differential equation of a plate:

0w o*w  d*w  12p(1-—v?)

— 1+ 2
ox* * 0x?0y? * dy* Et3

Finite difference equation of a plate:

A*tw , A*w  A*'w 12p(1 —v?)
Ax* T Ax2Ay? Ayt Et3

[= 100 mm




Woo Wj3 Wiy
C L O
Ay
y W31 W32 W33 W34 W35
C {> > O
T_, Ax
X
Wy» Wy3 Wy
@ . 4
I Ws3
1
At (W31 — 4w3, + 6wsz — 4wy + W3s) +

2
t AxzAyZ (Waz — 2wy + Wpy — 2W3p + 4wsz — 2W3y + Wy — 2Wyz + Wyy) +

12p(1-v?)
Et3

1
A (W13 — 4w,z + 6W33 — 4w,z + ws3) =




Woo Wj3 Wiy
C L O
Ay
y W31 W32 W33 W34 W35
C {> > O
T_, Ax
X
Wy» Wy3 Wy
@ . 4
L
Ax = Ay = 3 | ws3

(W31 — 4wsy + 6wzz — 4wz, + wis) +

+ 2(W22 — 2W23 + Wogs — 2W32 + 4W33 — 2W34 + Wyo — 2W4_3 + W4_4_) +

+(Wy3 — 4wy3 + 6wz — 4w,z + ws3) =

_12p(1 —v?)L*
 4096FE¢t3
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W3y W35 =

1-wyz+
+ 2wy, —8-wy3+2-wy, +
+1-w3y—8-ws3, + 20-w33 —8-w3y +1- w3+
+ 2 -Wyp —8-Wyu3 +2- Wy, +

+1'W53

_ 12p(1 =)L

° 4096Et3

Differential scheme
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12p(1-v2)L*
4096Et3

1-a+2-0-8-0+2-0+1-a—8-04+20-a—8-b+1-c+2-0—-8-b+2-e+1-c

12p(1—-v2)L*
4096Et3

P40

22-a—16-b+2-c+0-d+2-e+0-f+0-g+0-h+0
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—8

-a—16-b +2

-a+ 23-b—8

-a—8-b+22

a+2-b-16

-a—16-b +4

a+3-b-—8-

a+0-b+4-

ca+0-b+2-

a+0-b+0-

ca+0-b+0-

_y2\4
-c+0-d+2-e+0-f+0-g+0-h+0-i+0-j:%
. . 12p(1-v2)L*

2 \14
c—8-d+2-e—8 f+2-g+1-h+0-i+0 =20

_2\14
c+21-d+0-e+4-f—8-g+0-h+1-i+0j="2 ")

_y2\74
c+0-d+20-e—16-f+2-g+2-h+0-i+0-j =20

_y2\14
c+2-d—8-e+23-f—8-g—8-h+3-i+0 j="0")

12 (1—vH)LH

c—8-d+2- = :
4096

e—16-f+20-g+4-h—-8-i+1-j

12p(1-v?)L*

c+0-d+2- :
4096

e—16-f+4-g+22-h—-16-i+2-j =

_ 12p(1-v3H)L*

c+1-d+0- = :
4096Et

et+6-f—8-g—-16-h+25-i—8-]j

_ 12p(1-v3)L*

c+0-d+0- = :
4096Et

e+0-f+4-g+8-h—-32-i+20-j
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22 —-16 2 0 2 0 0 0 0 01 (% 1
-8 23 -8 1 -8 3 0 0 0 0||P 1
1 -8 22 -8 2 -8 2 1 0 01]c 1
0 2 —-16 21 0 4 -8 0 1 0]]d a1
2 -16 4 0 20 -16 2 2 0 o0[Jel_12pA=v)L ]q
o 3 -8 2 -8 23 -8 -8 3 0l|f 4096E 3 1
0 0 4 -8 2 —-16 20 4 -8 1]]9 1
0 0 2 0 2 —-16 4 22 —16 2 ||~ 1
0 0 O 1 0 6 -8 —-16 25 -g||i 1
0 0 O 0 0 0 4 8 —32 201 \jJ (1
Point a b C d e f g h i j
w (mm) | -0.014|-0.033 | -0.046 | -0.051 | -0.077 | -0.110 | -0.122 | -0.158 | -0.175 | -0.194
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Deformation of a square plate: Finite Difference Method and
FEM solution (4 node SHELL 181)

FE model, 2500 FEs.

w (mm) \
0

FE model, 16 FEs.

-0.05
FE model, 64 FEs.

-0.1
FDM, FDM,
015 NpOF=3 NDOF = 10
-0.2
-0.25 X (mm)
0 10 20 30 40 50 60 70 80 90 100
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Bending moments

B Et3 82M7+ 0%w
T = T —ve)\oxz U ay2
B Et3 0%w N 0%w
T TR —v)\ ey T oxz

Normal stress components on the top layer (z = J4t)

S 6m, _ oo om,,
X tZ ’ y t2 Wi,j+1
®
A
Curvatures: Y
Wi—l] Wl,] Wi+1,j
. 4 @
aZW _ Wi+1,j — 2Wi,j + Wi—l,j Ax
2 2
0x AX y
W...
2 | R ij—1
W Wy jy1 — 2w+ Wi X J
dy? Ay?
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Stress SX component on the top layer: Finite Difference Method
and FEM solution (4 node SHELL 181)

SX TOP (MPa) FE model, 2500 FEs.

150 \

100

N

50 FE model, 64 FEs.

FE model, 16 FEs.

100

-50 ~ FDM, NDOF =3 FDM, NDOF = 10

-100 >t X (mm)
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Stress SY component on the top layer: Finite Difference Method

and FEM solution (4 node SHELL 181)

SY TOP (MPa)

-100 g

FE model, 2500 FEs.

FE model, 16 FEs.

X (mm)
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