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Motivation

* Many structures best modeled with plate elements

— More accurate for “plate-like” structures

— Significantly less computationally intensive — still important for
optimization, dynamic analysis, small business

 Presence of fillets, however, requires A7
solid modelling ZN\\7/ /",
— Automeshing thin-walled '\\" : ,’,':-,", ,,-"';I
structures with solids problematic =N A\ / & /
TN

— Manually meshing fillets with \\ —
solids not trivial | g

« Can i1gnore fillet frequently, but not always

— Significantly underpredict stiffness for thin-
walled structures
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@ Solution & Methodology

* Goal: Generate simplified technique for modeling fillets for
use 1n design, dynamic analysis.

» Literature search performed on analytical methods for natural
frequencies of plates with variable cross section.

» Evaluated several options * Decided on “Bridge

— NASTRAN “GENEL” Element” method.

explicit element
Node 1

— “stepped-up thickness”

Element 1 (bridge):
method

Thickness t,, Length L,

i “Wall”
( thickness
t

“Colinear” non-filleted
section

Element 2 (“plate”):
wall Thickness t, Length L

@
Node 2

Node 4

Element 3 (bridge):
Thickness t,, Length L,

Node 3
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Theoretical Development - Bridge

 First recognize that “wide-beam” theory allow use of beam
equations for plate deflection under plane strain:

E

wide—beam - 2
l-v

* Generate Stiffness matrix partition for node 4 of bridge

configuration:
(E,t, L B EC Byt EC
K], =4[ N2. 20042 L 2032 2L
YL o 28, EC
! g W2 3

» Equation for rotation at node 4 in form of coefficients of load P
and moment M 1n terms of unknowns t, and E, .

0, = f(E,E, t,t,,t. ,1)* P+ f(E,E, t,t,,t. . 7)*M

b2 wall ® b2 wall ®
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Theoretical Development — plane fillet

For actual fillet, express rotation at tangent point as

*k
0, = [W g ¢
El,

Where

t bt}
hy =r—x(2r-x) tf:25+hf I, =—-
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Applying boundary condition, obtain nonlinear expression

for rotation at tangent:

0, =f(EEyt,t,,t,.,,7) P+ f(E,E,tt,,t,,,")V*M

b2 “wall > b2 wall ®
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@ Equations for E, and t,

» Equate the coefficients of P & M 1n each expression for 0

e eb th3 L ebib
(H tvxéall) 2\/2( twall) \/2
( 2,6 eb th3 13 eb th 3 eb2 th0 eb? th? ) twall )
€ + + = + + +
le( twall) 3\/2( twall) 3\/2( twall) 24(r+ tv&éall )4 3(r+ tvxéall)zj(r 2 )
( \\
6\\8r2\/4r+tt3/2+2r\/4r+t15/2+12r3\/4r+t\/t+37rr2(2r+t) + 672 2r+p*tan! \/ \/ )}
4 r+t

eP22r+ 0 @r+1d2

e ebth?
2+ 051) 2y 2 (. ol
e2 6 eeb th3 3 eeb th 3 L2 wd o eb? b \( N twall)
L 12(r+ tvsgall) 3 \/ ) ( twall) 3 \/ ) ( twall) 24 (H tv;all )4 3 (H tvs;all )2 J 7

6(4(r2)3/2\/4r+tt3/2 +4r3\/4r+t13/2+r2\/4r+t15/2+8r4\/4r+t\/;+8r3\/r2 Var+t \/;)

eP22r+tn@r+nd?2

* Solve for t,/t and E,/E using Mathematica™ 4.1
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Results

Surface fit for each generated to fit data for easy implementation:

E, 0.9782601242110346  0.7149708253246347  1.9678245005077897  1.4899111209264795

— - - + +
E x2 x3 x4 x5
0.045579223088219975 0.7522289111879881 2.088608970319005 3.898702480893012
+ + + —
y Y X2y X3y
0.34762995889834863 1.5284136218083295 1.5528800000806626 0.784033948805702
2 B B 2 M *
y x )2 x2 )2 »
0.8445177307299556  0.6771296045396015 0.19714890087642176 0.08229688966201235
— + —_
x )3 » » x

= -0.000704997 x> — 0.00390799 yx+ 0.316686 x — 0.00362814 ); + 0.200802 y — 0.297332

/t
Matrix of exact results also generated for E,/E= f(1/t,t,/t), t/t= {(1/t,t,/t).

where x=r/t and y=t

wall

For accurate dynamic analysis, pseudo density of bridges also calculated:

142
P r(4_7z_)pf
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Validation — Sub-Component Level

e “Wide-beam” and plane-strain
assumptions validated with f.e.
models.

 Fillet tangent rotation equation
using beam theory compared
with f.e.; 7.8% error




M Validation — Structural Level

* Representative thin-walled
structure fabricated, modeled,
modal tested.

* Dense solid model, plate
model with “bridge” fillets,
plate model ignoring fillets
altogether.
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Excellent Correlation, 90% DOF Reduction

* Mode shapes consistent

* Error of “bridge” plate model same as solid model
« Error of plate model ignoring fillets substantial.

e Solid model - 257,600 dofs

 Plate “bridge” model 22,325 dofs

free-free plate element plate element
mode test freq's frequency model with model

number (baseline) solid model error "bridge" fillets =~ error  without fillets| error
7 484.0 487.6 0.8% 494.6 2.2% 449.1 -7.2%
8 540.0 534.3 -1.1% 541.0 0.2% 467.6 -13.4%
9 632.0 627.4 -0.7% 633.8 0.3% 547.1 -12.8%
10 1012.0 999.7 -1.2% 998.7 -1.3% 1000.7 -1.1%
11 1412.0 1403.4 -0.6% 1408.8 -0.2% 1282.2 -9.2%
12 1900.0 1903.6 0.2% 1921.8 1.1% 1687.7 -11.2%
13 2320.0 2290.8 -1.3% 2322.4 0.1% 1992.3 -14.1%
14 2810.0 2792.6 -0.6% 2806.6 -0.1% 22901.4 -18.5%
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Conclusions & Future Work

* Methodology developed that uses plate instead of solid
elements for modeling structures with 90° fillets

* Technique uses plate “bridges” with pseudo Young’s Modulus,
thickness, density.

* Verified on typical filleted structure
— accuracy better than or equal to a high-fidelity solid model
— 90% reduction in dof’s.

« Application of method for parametric design studies,
optimization, dynamic analysis, preliminary stress analysis

* Future work: extend theory to fillet angles other than 90°,
multi-faceted intersections.
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