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ol (Exact Elasticity Solution)
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Modeling of 2D Elasticity Problems

= Finite element discretization of a planar surface

(a) (b)
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121 Finite element discretization: (a) Unstructured (free) mesh; and (b)
Structured (mapped) mesh.
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= UM HHE M2FH (Constant Strain Triangle): CSTEE T3

u=b+bx+by, v=b,+bx+by

e.=by, &,=by, v, =by+b;
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2A{(X2Y3 X 0,)+ (1, = y)x + (%, _xz)y}
1
2 2A{(X3J’1 x1y3)+(y3_y1)x+(x1_x3)J’}
1
3 :ﬂ{(xlyz =X, Y)+ () = y)x +(x, _x1)y}
I x y
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v NHEEA (natural coordinates)  (&,7)
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v gAst4(shape functions)=,
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v NS ZEA: TAEEA|(X, y), 22|20 XA (F4)ZHEA (S,7)

x=Nx +Nx, +Nx, x=x,6+x,17+x,
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=] 2Kt A28 Q4 (Quadratic Triangular Element): LST &£= T6
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u=b+bx+by+bx’+bxy+by’
v=b +bx+by+bx+bxy+b y

& =b+2bx+by
€, =b, +b,x+2b,y
7., = (b, +b,)+ (b, +2b,)x+ (2D, +b,)y
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v KIHEZEHEA|(natural coordinate) Ol A SAkst4
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24 (Linear Quadrilateral Element): Q4
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v M3iHQ| gl EaiM(traction)
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q(S) = (I_S/L)qA + (S/L)qB

v S7°| MY HIH
S| |2 1i]q,
1, 6|1 2]lqg,
v YAt ol CHel, CH Alat ZCt

At

l2

24





A







B







fA







fB







A







B







L







s







q







qA







qB












vEOHASH: o =<0

e Y

07| 0 =—=./(c,~0,) +(c,~0,) +(c,~0)

o = \/(O'x +0,)) -3(co,—1.)

MSDL o5

MULTIPHYSICS SYSTEMS DESIGN LAB.



-8.006 64.925 137.856 210.787 283.718
28.46 101.391 174.322 247.253

320,184

FE mesh (T6, 1518 elements) stress plot and deformed shape

Elem. Type No. of Elem. Total DOFs Max stress (psi)
Q4 506 1102 312.42
Q4 3352 7014 322.64
Q4 31349 64106 322.38
T6 1518 6254 320.18
T6 2562 10494 321.23
T6 24516 100702 322.24
Q8 501 3188 320.58
Q8 2167 13376 321.70
Q8 14333 88636 322.24
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Elements with distorted shapes

/N L]

Elements with normal shapes

B D

Improper connections (gaps along AB and CD)

MULTIPHYSICS SYSTEMS DESIGN LAB.

v 2 QA HEfo| £ME £=X|:
-T32tQ4: MY A9, & HIEN S
o]

- T6 2t Q8: 24t tHe|, MY HAE} S

v FOT ZH|of| choto] SHIE Q4 HES MH,
o|MAZR B 1A 24(T6 £= Q8)L O
O|Mlet HIAIE AL

27





Elements with normal shapes







Elements with distorted shapes
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ANSYS WorkbenchZ 0|28t Al|H

<ZHNEE> FZH|U|o| M #iX[= FFEKIE S7Lt =0|7| 2loi EIE HEol= G| AHEE[= HEleh SOIC,. Of2Hof| EAJE

AHQl2|A ZMZ 2SO H FH= 3 mmo|tt. FO{T 2E5HE 8 ZAH =0 Z|CHHEY 1t 8

HXl= &
S8 2EE ZHolet.

Material: Stainless Steel
W% 12 A E=193 GPa
l v=0.27
12 2'5] < > Boundary Conditions:
! V T \Z?\ Hexagon on the right end
is fixed on all sides.

12.5 " 10 - 40 '[ Pressurep=2 MPa

I von Mises

(All units are in millimeters.)
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