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> Introduction:

The use of composite laminates provides an enormous advantage as compared to bulk
isotropic materials when stiffness to weight ratio must be maximized. Composite materials are
becoming more important in the construction of aerospace structures. Aircraft parts made from
composite materials, such as fairings, spoilers, and flight controls, were developed during the 1960s
for their weight savings over aluminum parts. New generation large aircraft are designed with all
composite fuselage and wing structures, and the repair of these advanced composite materials
requires an in-depth knowledge of composite structures, materials, and tooling. The primary
advantages of composite materials are their high strength, relatively low weight, and corrosion

resistance.
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Laminated Structures Composite materials consist of a combination of materials that are
mixed together to achieve specific structural properties. The individual materials do not dissolve or
merge completely in the composite, but they act together as one. Normally, the components can be
physically identified as they interface with one another. The properties of the composite
material is superior to the properties of the individual materials from which it is constructed. An
advanced composite material is made of a fibrous material embedded in a resin matrix, generally
laminated with fibers oriented in alternating directions to give the material strength and stiffness.

An airplane fuselage can be simplified and modeled as an eccentrically stiffened circular
cylindrical shell. The circumferential stiffeners, also known as ring stiffeners or frames, could be on
the outside of the shell unless not permitted for aerodynamic or hydrodynamic reasons. The axial
stiffeners are the one that are place on the inside of the shell. They are also known as longerons or

spars.



» Problem Statement:

A simplified shape of an airplane fuselage consists of a composite shell and many radial stiffeners

as shown in figure 1.

Fig. 1 Stiffened Circular Cylindrical Shell

e The shell has five layers of composites (60/-60/90/-60/60) and is 40 feet long.

e The inner diameter of the fuselage is 10 feet.

e The fuselage is pressurized and is subjected to a bending and torsion loads.

o The fuselage is subjected to 10 psi internal pressure and 20,000 pound distributed load on the
outer surface of the top half of the shell.

e Assume one side of the fuselage is fixed and the free end is subjected to 10,000 ft-1b torque.

» Design Constrains:
Design the materials, dimensions and number of stiffeners such that the structure does not deflect
more than 5 inches vertically at the free end and does not rotate more than 5 degrees at the free end.
The modeling and finite element analysis of the stiffened shell will be done in Solidworks

and Ansys Finite Element Analysis Software to find out optimum design.



> Material:

Properties in Material Co-ordinate

Properties in Global Co-ordinate E, E, E, Vo Vy vy, Gy G, Gy,
Geometry to be modeled as Material co-ordinate 1, 2 and 3 aligning with X, Y and Z co-ordinates.
Therefore,

Properties in Global Co-ordinate E,

Values 45GPa 16GPa 1Pa 027 0 0 4GPa 1Pa 1Pa

Table 1. Material Properties of Lamina in Principal Direction

Outline of Schematic C2, D2, E2, F2, G2: Engineering Data v o x

A B8 c D

1 Contents of Engineering Data E b3 | Source Description
2 ateria

3 % Epoxy_EGlass_UD ] | c:\ro

4 % lamina [} @ C:\Use

= Click here to add a new material

Properties of Outline Row 4: lamina X
A B c D |E

1 Property Value Unit (=l
2 |E 4 Orthotropic Elasticity 0

3 Young's Modulus X direction 45000 MPa = B
4 Young's Modulus Y direction 16000 MPa = |B
5 ‘Young's Modulus Z direction 1 Pa = [
6 Poisson's Ratio XY 0.27 O
7 Poisson's Ratio YZ 0 ]
8 Poisson's Ratio XZ 0 O
9 Shear Modulus XY 4000 MPa = |3
10 Shear Modulus YZ 1 Pa = (B
11 Shear Modulus XZ 1 Pa = B

» Solid Modeling:
Simplified Geometry:
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> Mesh:

0.000 10.000 20.000 (ft)
5.000 15.000
Details of "Mesh" 3 Details of "Mesh"
Physics Preference Mechanical A Min Size 1.0in ~
Relevance 0 Max Face Size 10.0in
| Sizing Growth Rate Default
Use Advanced Size Function | On: Curvature Minimum Edge Length 188.50 in
Relevance Center Coarse [+ Inflation
Initial Size Seed Active Assembly [+/| Patch Conforming Options
Smoothing Medium 1+ Patch Independent Options
Span Angle Center Coarse & M“"““’f‘
Curvature Normal Angle | Default (30.0 %) & "“9
Min Size 10in Sl satistis |
Max Face Size 10.0in Nodes 1862
Growth Rate Default Elements 1824
Minimum Edge Length 188.50 in Mesh Metric None .
~
» Laminate Modeling:
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
Orientation 60° -60° 90° -60° 60°
Thickness 1 mm 1 mm 1 mm 1 mm 1 mm

Laminated Composite for Cylindrical Shell

COMPOSITE PRE-ANALYSIS IN ANSYS ACP-PRE:
1. Fabric created with given engineering constant of material with 1mm thickness.

% Fabric Properties — O X

Name: [Fabric.1 ]

ID: Fabric1 Polar Properties

General | Draping Coefficients | Analysis | Solid Model Opt.

General

,,.,Xh:-s\e+o4

Material: | lamina v

Thickness: |1.0
Price/Area: (0.0

‘;,fxé:3‘3e+5‘47

“225e+04

Mass/Area: 0.0

Post-Processing

Ignore for Post-Processing: []

0K Apply Cancel



2. Laminate stack created with five layer [60/-60/90/-60/60]

@ Stackup Properties — O X
Name: |Sta:kup.1 | .
0 Sckup Polar Properties
Genersl | Draping Coefficients | Analysis | Solid Model Opt. | '
Fabrics
Symmetry: @ No Symmetry (O Even Symmetry (O Odd Symmetry
Layup Sequence: () Top-Down (®) Bottom-Up
+ B
Fabric Angle
Fabric.1 -60.0
Fabric.1 90.0
Fabric.1 -60.0
Fabric.1 60.0
Stackup Properties
Thickness: 5.0
Price/Ares: 0.0 |
Weight/Area: 0.0
[ ox [ Ay ]| conce
3. Fiber co-ordinate created
ACP Model
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4. Ply Direction
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> Simulation Results:

-213.01 Min

0.00 150.00 300.00 (in)
L SSaSaa—  SSS—
75.00 225.00

Figure: Vertical displacement at free end.
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Figure: Angular displacement at free end.
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Figure: Von-Mises Stress at top of all 5 layers

The observed maximum vertical displacement is 213 inch and maximum angular
displacement is 111 inch. These are large displacement and model has failed totally.

» Laminate Re-modeling with axial stiffeners

0.000 15.000 30.000 (ft) Z/l\ A
| ISEaSaaaa— S

7.500 22,500

0.000 5.000 10.000 (ft)
]

2,500 7.500

15 of 40 ft. long axial stiffeners added



> Mesh:

0.00 100.00 200.00 (in)
50.00 150.00
Sizing
Use Advanced Size Function On: Curvature
Use Fixed Size Function For Sheets | No
Relevance Center Coarse
Initial Size Seed Active Assembly
Smoothing Medium
Transition Fast
Span Angle Center Coarse Sta‘ﬁstics
Curvature Normal Angle Default (30.0 %)
Min Size 1.0in Modes 21292
Max Face Size 50in
Max Size soin Elements 8448
Growth Rate Default H
Minimum Edge Length 0.1250 in MESh MEt"c Nﬂne
» Laminate Modeling:
Fuselage
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
Orientation 60° -60° 90° -60° 60°
Thickness 2 mm 2 mm 2mm 2 mm 2mm
lamina > Orthotropic Elasticity
Young's Young's Young's
Modulus X| Modulus Y| Modulus Z| Poisson's| Poisson's| Poisson's Shear Shear Shear
S S S ) ; ) Modulus| Modulus| Modulus
direction direction direction| Ratio XY| RatioYZ| RatioXZ
XY MPa| YZMPa| XZ MPa
MPa MPa MPa
45000 16000 1.e-006 0.27 0 0 4000 1.e-006 1.e-006
Stiffener
Layer 1 Layer 2
Orientation -45° 45°
Thickness 5 mm 5mm
Epoxy_ EGlass_UD > Orthotropic Elasticity
Young's Young's Young's
Modulus X| Modulus Y| Modulus Z| Poisson's| Poisson's| Poisson's M Osdr:ﬁfsr M osdﬁ?; M osdtlﬁ?sr
direction direction direction| Ratio XY| RatioYZ| RatioXZ XY MPa  YZ MPa  XZ MPa
MPa MPa MPa
45000 10000 10000 0.3 0.4 0.3 5000 3846.1 5000




COMPOSITE PRE-ANALYSIS IN ANSYS ACP-PRE:
1. Fabric created with given engineering constant of material with 2 mm thickness.

% Fabric Properties

— 0 X
Name: IFabric.1 ‘
ID: Fabric.1
General | Draping Coefficients | Analysis | Solid Model Opt.
General
Material: [ lamina v
Thickness: \2.0
Price/Area: [O.D
Mass/Area: 0.0
Post-Processing El .
G12 \ / #5e404
Ignore for Post-Processing: [] E2 [ \E
Y | /3370404
’ T e N
. [225er0d
l‘,,l'z'eJegT"‘l“\‘[
e
[
. \ /‘ -
2. Fabric created with Epoxy E-glass material with 5 mm thickness.
i %F:—b c Properties O X
Name; \Fabric.z
ID: Fabric.2
General ] Draping Coefficients | Analysis | Solid Model Opt.
General
Material: | Epoxy_EGlass_UD v
Thickness: |5.0 .
| Polar Properties
Price/Area: [0.0 e
Mass/Area: 1e-02 - FARE R e
G12 2 / 4:5e+04
Post-Processing “\
Ignore for Post-Processing: [] 1/ 3.3\?6-&-04{-’\:‘
2aseros

OK Apply Cancel



3. Laminate stack created with five layer of lamina @ [60/-60/90/-60/60] orientation for fuselage shell.

E Stackup Properties

O s
Name: [Stackupj
ID: Stackup.1
General | Draping Coefficients | Analysis | Solid Model Opt.
Fabrics
Symmetry: @) No Symmetry (O Even Symmetry (O Odd Symmetry
Layup Sequence: (0) Top-Down (®) Bottom-Up
+%E
Fabric Angle
Fabric.1 -60.0
Fabric.1 90.0
Fabric.1 -60.0
Fabric.1 60.0
Stackup Properties
Thickness: 10.0
Price/Area: 0.0 l
Weight/Area: 0.0

ook [[apey ] cance

4. Laminate stack created with two layer of Epoxy E-Glass @ [-45/45] orientation for stiffeners.

a Stackup Properties

— O >
Name: IStackup.Z l
ID: Stackup.2
General | Draping Coefficients | Analysis | Solid Model Opt. |
Fabrics
Symmetry: @) No Symmetry (O Even Symmetry (O Odd Symmetry
Layup Sequence: (@) Top-Down () Bottom-Up
+FE
Fabric Angle
Fabric.2 45.0
Stackup Properties
Thickness: 10.0
Price/Area: (0.0 I
Weight/Area: 2e-02
oK || Apply | Cancel




» Re-design Simulation Results:

081158
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Figure: Vertical displacement at free end.
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Figure: Angular displacement at free end.

For a re-designed model of the fuselage with 2 mm thick lamina making a stack ply
laminate at [60/-60/90/-60/60] orientation with 15 X 5mm thick lamina making a stack ply
laminate at [-45/45] orientation axial stiffeners made of Epoxy E-Glass, the observed maximum

vertical displacement is significantly reduces 18.2 inch and maximum angular displacement is 15

inch, i.e. tan~1 (%) ~14.63°,



» Laminate Re-modeling with L — shape axial stiffeners

0.000 5.000 10.000 ()
2.500 7.500

15 of 40 ft. long axial stiffeners added

> Mesh:
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» Re-design Simulation Results:
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Figure: Vertical displacement at free end.
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Figure: Angular displacement at free end.

For a re-designed model of the fuselage with 2 mm thick lamina making a stack ply
laminate at [60/-60/90/-60/60] orientation with 15 X 5mm thick lamina making a stack ply
laminate at [-45/45] orientation “L-shape” axial stiffeners made of Epoxy E-Glass, the observed

maximum vertical displacement is significantly reduces 1.1 inch and maximum angular

displacement is 1.8 inch, i.e. tan™! (%) ~1.71°

[t is important to notice that there is not a trivial solution for structure design when
designing structure with laminated composite materials. However, the design and material
selection will depend on factors that possess a greater significance to the entire design solution.
Factor such as reducing weight, ease of manufacturing, or increasing weight to strength ratio are
important factors to be consider when solving a design problem in composite. A simple structure
can be modeled and using FEA solver such as Ansys, Abaqus or other commercially available FEA
software we can accelerate design process before testing and validating by prototyping.



