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Motivation

¢ Old college assignment

— [Lack ofi 1-Dimensional finite element
capable off anisotropic material
property Input

¢ Possible research tool for balloon
structural analyses

—Closed form solution eliminates
SiRgUIartIes enceuRtered With
traditional shell elements




¢ Geometry Considered

Thin walled cantilevered cylindrical
tubes

Length, L
Radius r

Generalized coprdinate, (I, 0) pair

9 Leading

Leaded at firee end via seme Kind
Off relniercemenit system

Shiearoads;, Vi & Vg
ViemeEnts; VI & Vg
Jierguesi
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Constitutive Equation

¢ Assumptions
— Wall' bending stiffness neglected

— Shape of cress-section maintained during defermation

— Reinfercement system (spar, web,...) for proper load
distribution

¢ Resulting Analysis Model
— Circumiferentuiall strains, disappear:
— \Wall considered membrrange in plane: stress

— State i sStiress at any. peint en the Wallfcan be expressed as
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Constitutive Equation

¢ INn terms of stress resultant

.~

— N: “tension flew”
— @: shear flew
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Constitutive Eguation

¢ Inverting

& (0)z): elastic constants; N generaiwillvary.
Withndiane ;- bt assumed constant ere
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The n-Ply Symmetric Laminate

¢ Laminate Stress Strain Relationship

@ (G = InEplanerglelal stifin eSS nmaitiix
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The n-Ply Symmetric Laminate

¢ Expand
¢ Solve
¢ Compare




Wall Displacement

¢ In-plane
— Displacements
— Rotations
— Small displacement theory

¢ OUt: off plane

— [DISplacemenits) & roetations
assumed! te be ofi ferm

Assume k=1 for this work
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Stress-Displacement
Relationship

¢ Linearized stress-displacement relationship




Displacements & Twist

& Substitute for u(é,z)

¢ Extract differential eguations & natural

poeundary conditions
— Derive Total Potential Energy (I') of beam, system
— Minimize: the TTPE
requires Iits; filrst variation olfr=0

9 Selve DEQSI applying prescrikved hoelncar
CONAIIGRNS




Displacements & Twist




¢ Wall: QUADA Elements =+ Capped Free end:
s 586 nodes; 574 Elements’ -~ |

¢ z axis used for orientation reference [

_ QUADA4 with high stiffness

» Membrane and bending coupling
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Results

¢ Tube Geometry

¢ r=0.8In ¢ Loading

¢ =0.041n ¢ V/x=Vy=10.0Ib
¢ L =14.0in ¢ Mx=My=60.0in-1b
¢ Tube wall ¢ 1=123.0in-1b

o AL2024-T4 ¢ P=480.01b
— 1 [Sejte)0)[¢
— Homoegeneus

¢ Layered Composite Laminates

— E-Glass/Epoxy [(0/2=45/90)].
— J1300/5208 GIH/E [(+:20/~70)5 1.
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Results —AL2024-T4

AL2024-T4 Cantelever Tube

X(z) for Vx=10lb All:O476 A22:O476
A,=0.157 A,=0.0
A,=0.0 A,,=0.160

AL2024-T4 Cantelever Tube
Y(z) for Vx=10Ib

1.0E-10

Z/L 5.0E-11 -

—e—Theory —e— NASTR| 0.0E+00

-5.0E-11

-1.0E-10

-1.5E-10

-2.0E-10

-2.5E-10

-3.0E-10
Z/L

—o—Theory —¢—NASTRAN

EEMCIF 2006 Oct 25 & 26EENIC1 2006 Oct 25 & 26




AL2024-T4 Cantelever Tube
Y(z) for Mx=-60in-Ib
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AL2024-T4 Cantelever Tube
®(z) for T=123in-Ib A.,=0.476 A,,=0.476

A,,=0.157 A,,=0.0
A.=0.0 A..=0.160

AL2024-T4 Cantelever Tube
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E-Glass/Epoxy Cantelever Tube
X(z) for Vx=10Ib

A,,=0.233 A,,=0.233

A,,=0.054

A..=0.090

E-Glass/Epoxy Cantelever Tube
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0.0E+00

E-Glass/Epoxy Cantelever Tube
X(z) for Mx=-60in-lb
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E-Glass/Epoxy Cantelever Tube

®(z) for P=480Ib A11:O'233 A22:O 233
A,=0.054

A..=0.090

E-Glass/Epoxy Cantelever Tube
®(z) for T=123in-Ib
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T300-5208 Cantelever Tube
X(z) for Vx=10lb

A, =0.408 A,,=0.408
A,=0.107 A,,=-0.102
A=0.102 A,.=0.155
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T300-5208 Cantelever Tube
X(z) for Mx=60in-Ib
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A,=0.107 A,,=-0.102
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Results — T300/5208

T300-5208 Cantelever Tube
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Conclusion

» \Work In progress — no
major coenclusiens

» Pessible path te developing
a 1-Dlinite element wWith
aRISeLepPIC materal
PHOPEFIES




