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THE UNIVERSTTY OF

ARIZONA.

Plane Quadrilateral Bilinear Element Q

Q The 4-node quadrllateral element is the simplest
four-sided two-dimensional element

o1

Spring 04 AME 46’3
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e UNavensny OF

ARIZONA.

Bilinear Displacement Field (cont’d) 9]

0 Writing these expression more concisely and
performing the usual operations we obtain

Xa=u a=X"u
u(x)=X(x)X"u=N(x)u

where N(x)=N(x,y) is the shape function matrix for the
the plane quadrilateral bilinear (PQB) element

N(y) 0 N(xy) 0 N(xy) 0 Nlny) 0
0 N, (x,y) 0 I\VI2 (x,y) 0 N, (x,y) 0 N, (x,y)

Spring 04 \ AME 463 | 25
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ARIZONA.
TUCSON ARIZONA

PQB Strain-Displacement Matrix

)

Q The strain in this element can now be computed from

where

Spring 04

ON,
ox

0

& =0u(x)= ON(x)u=B(x)u

0

oN,
oY

0

oN,
oy

ON,
ox

0

ON, oN, oN, N, oN, N, OoN,

0

oN,

oy
oN,
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ox
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ox ox

0 ON, 0
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THE UNIVERSITY OF

ARIZONA.

PQB Strains ‘ N
0 Note that because of the assumed displacement field
£, =£(y)
,=¢&,(x)
Yoy =72 (1Y)

" O This strain distribution may be unsuitable for some
applications |

Spring 04 ' - AME 463
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The UNavERSTTY OF

- ARIZONA.

TUCSON ANZONA

PQB Stlffness Matrlx o | Q

Q Using this matrix the stiffness matrix for a constant |

thickness h PQB element can be computed

8x8 - ¥max Ymax 8x3 3x3 3x8

k=h | [B"EBdxdy

Xmin Ymin

0 The mtegratlon is complicated and is performed
using Gaussian quadrature

Spring 04 AME 463
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ARIZONA.

TUCAE ARITOMNA

POB Element in ANSYS ]

a The POB element in ANSYS is called the PLANE42
2-D Structural Solid

Element Coordinate
System (shown for
KEYOPT(1)=1)

T ¥ !
(or Axial) | (Triangular Option -

not recommen ded)
X (or Radial)

Spring 04 AME 463 - A
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ARIZONA.

TUESCR AREONA

Natural Coordinates ]

0 ANSYS (and most other FE programs) use natural
coordinates to define shape functions

._44._

K 5
|
y 5.1 /
L
I X.R,u
|
1
= —{(uw(f1-s8)(1-B)+uy (1+s)(1-1
4{1( )(1-1) +uy (1+s){1-1) =%[~.’|(‘I s) ... (analogous tou)
rue (14 8)(1+8) +u_ (1-9)(1+1)
AME 463 =
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Jﬁm§pmﬂ,
Natural Coordinates (cont'd) ]
O Natural coordinates for quadrilaterals are defined as
s=+1
t=+1

t

=42
2
Y o=l
f=+1
s5=+1
t=—1
== §=——
s=-1 o)
|

Spring (4 AME 463
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ARIZONA.

TLCSON ARITOMA

Natural Coordinates (cont’d) ]

0 This transforms the expression for the stiffness
matrix to

k=h lj' ]'BTEBdsdt

=1=1

0 Additional mathematical operations required to
transform strains and stresses from natural to global
coordinates

Spring 04 AME 463
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ARIZONA.

TiRcsrw Amrona

Example 1: Beam Model Using 2D Elements L]

0 A cantilevered beam 1 m long, 0.1 m wide, and 0.2 m
high is loaded by an end load of 1000 N. The Young’s
modulus for the material is 200 GPPa. Model a section
of the beam using PLANE2 and PLANE42 elements
and compare the maximum stresses produced with
the exact solution.

Spring (04

1000 N

T [~

-

> 0.1 m

1m

AME 463 36—
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Example 1 (cont’d) ]

O The maximum stress in the beam using “exact”
methods is

_ Mc _ (1000)(1)(0.1)

A . —1.500 MPa
! (01)(02)

x,max

0 The maximum deflection (at the free end) using
“exact” methods is

FI? (1000)(1)’

1

Dy = e = =25x10° m
3L 3(200x10°) - (01)(0.2)

Spring 04 AME 463
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Example 1 (éont"d) R

2 When the beam is modeled as a set of plane stress elements the
load at its end must be divided by its width to produce a load
per unit width; thus the load applied at the end must be
(1000/0.1 = 10000 N/ m)

0 Using PLANE2 elements and mapped meshing (with an
element side of 0.05 m) we obtain in ANSYS

48~

Spring 04 AME 463 : —38
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Tl Uparviiciite O

ARIZONA
Example 1 (cont’d) 0

0 ANSYS produces the following solution for this
model (contour plot of SX on deformed shape)

DMK =.259E-04
SEMN =-.165E+07
EMX =.168E+07

Spring 04 AME 463 230
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Example 1 (cont’d) %]

a The maximum axial stress predicted by this model is
1.68 Mpa, which is 12% higher than the exact solution

O Similarly the maximum deflection predicted by this
model is 2.59 x 105 m, which is 3.6% higher than the

exact solution

Spring 04 AME 463 40
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Example 1 (cont’d) R

0 Using PLANE42 elements and mapped meshing (with an
element side of 0.05 m) we obtain in ANSYS

|
|
Spring 04 AME 463 | A i
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Example 1(cont’d) R

O ANSYS produces the following solution for this
model (contour plot of SX on deformed shape)

1
DMX =.258E-04
SMN =--.151B+07
SME =.151E+07

—~ 5% -
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Example 1 (cont’d) ]

QO The maximum axial stress predicted by this model is
1.51 Mpa, which is 0.7% higher than the exact
solution

O Similarly the maximum deflection predicted by this
model is 2.58 x 10> m, which is 3.2% higher than the
exact solution

0 Note also that the x-direction stresses vary only in the
y direction in each element
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Example 1 (cont’d) ' ]

0 The PLANE42 element provides a better
approximation with fewer elements and DOF than
the PLANE2 element in this case because the stress
variation in the y direction is linear in the exact
solution

0 The PLANE2 element may provide a better
approximation in instances when the bending
moment varies quadratically or at a higher order in
the x direction
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