A Center of Excelfence

Advanced Materials in
Transport Aircraft Structures

Basic FEA and Savin Solution
for Elliptical Holes

Notes prepared by:

Mr. Daniel Sasser
MSME Candidate

April 2015



A Center of Excelfence

Accessing Ansys for ME Students AMMS

Transport Aircraft Structures

 Then follow the access instructions, using your Netid and password
(same as MyUW)

 Open Ansys 16.0 (folder on desktop)

 Open Workbench or Mechanical APDL

» AA students should speak with Brian Leverson about access



A Center of Excelfence

Workbench Setup, Square AMTAS

Advanced Materials in

Panel Example using ACP

 Add ACP (pre) — drag and drop

Engineering Data - add material as needed (orthotropic elasticity, etc)
(units)

Geometry — Sketch desired shape (12" square) (units)

Be careful with placement
Import CAD file

» Create>Surface from sketch>Select sketch
 Generate

Model (units)
» Select surface body, apply thickness
* Mesh (can be refined, mapped, etc)
 Generate

Setup (units)

Fabric — ply thickness (0.007161 in)

Stackup — stacking sequence and order (top down or bottom up, symmetry or not)
Oriented Selection Set — elements to apply lay-up to and which direction to stack
Modeling Groups — number of plies and orientation (12 plies, O deg)



A Center of Excelfence

Workbench Setup, Square AMTAS

Advanced Materials in

Panel Example using ACP

« Static Structural — drag and drop on ACP (pre) through Setup

— BC’s, Loads, Output geometry (paths, probes, etc)
» Line pressure along top (stress resultant, 100 Ib/in)
» Displacement along bottom (y = 0)

— Outputs (normal stress, strain, deformation, etc)
— Solve

« Compare to CLT (Professor Tuttle’s code)
— Unidirectional panel — constant strain and stress

e £,=46x10° €,,=-15x10°
* 0,,=1163.7 psi 0,, = -7.88x107 psi
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AMIAS
MAPDL Setup, Square Panel kIR
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* Open Ansys Mechanical APDL

* Double click preferences
» Select Structural Analysis
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AMTAS
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« Select Preprocessor>Element Type>Add/Edit/Delete

* Add type Solid>Quad 183 (adds element type
PLANE 183) 6
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AMTAS

Advanced Materials in
Transport Aircraft Structures

Eile Select List Plot PlotCirls WorkPlane Parameters Macro MenuCtrls Help
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E Finish

Select Type 1>Options

Change element behavior to ‘Plane stress with
thickness’
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Advanced Materials in
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General Postproc
TimeHist Postpro
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el | Gancel |

* Real Constants>Add/Edit/Delete>Add — Thickness
« Created a surface model, then applied thickness to it, but
the model is still just a surface
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A Linear Orthotropic Properties for Material Number 1
Cefine Material Model Behavior
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aterial Models Available
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&8 Structural T
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Material Props>Material Models
» Structural>Linear>Elastic>Orthotropic
« Set material properties
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AMIAS

Create Geometry

Transport Aircraft Structures
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Preferences
B Preprocessor
Element Type
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Material Props
Sections
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= Create
Keypoints
Lines
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Arbitrary
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Meshing

Meshing>Size Cntrls>ManualSize>Areas>All Areas

Set edge length (0.1 results in mesh seen in blue)
This sets the size of the mesh, the next step will create it

Eile Select List Plot PlotCrls WorkPlane Parameters Macro MenuCtrls Help
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AMIAS

Advanced Materials in
Transport Aircraft Structures

 Meshing>MeshTool (window on far right)
» Select ‘Mesh’ button in red box
o Select the area, then click ok (window on left)
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Boundary Conditions and Loads

A Center of Excelfence

AMTAS

Advanced Materials in
Transport Aircraft Structures
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[DL] Apply Displacements (LLROT) on Lines

LahZ DOFs to be constrained All DOF
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|

Apply as |Constantva|ue

WALUE Displacement value

» Solution>Define Loads>Apply>Structural>Displacement>0n Lines

Select left edge (highlighted in purple), click ok
Constrain UX = 0 (cannot move to the left or right)
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AMTAS

Advanced Materials in

Apply>Structural>Displacement>On Nodes Transport Aircraft Structures
» Select lower left corner, click ok, set UY =0
* Will not solve unless you do this due to rigid body motion
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Parameters Macro MepuClrls Help
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B Preferences
& Preprocessor
& Solution
& Analysis Type
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ELEMENTS

Apply PRES an lines

[SFL] &pply PRES on lines as a !Constantvalue j

If Constant walue then:
WALUE Load PRES value

-1163.7|

If Constant value then:
Optional PRES values at end J of line
{leave blank for uniform PRES)

Walue

[ 1]

Apply Caricel Help

Apply>Structural>Pressure>0On Lines

Select right edge (in purple), click ok, load is N,,/thickness
» Negative because pressure is towards the object
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Solve

Eile Select List Plot PlotCtrls WorkPlane Parameters Macro MenuCtrls Help
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B Solve
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Solution is donel
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Close |
s ] Command
File

SOLUTION OPTIDNS
PROBLEH DIHENSIONALITY. . . .. .o vov oo w s 20
DEGREES OF FREEDOH. . . . . . UX

. .STRTIC (STEADY-GTRTE)
. .SWHHETRIC
OPTIONE
LOAD STEP HUHBER. . . . .. .....
THE AT EHD OF THE LOAD STEF. .
HUHEER OF SUBSTEPS. . .. . ...
STEP CHRNGE BOUNDARY CONDITIONG
PRINT OUTPUT CONTROLS . . . . .
DRTREASE DUTPUT CONTROLS. . . .
FOR THE LRST SUBSTEP
A Solve Current Load Step

[SOLVE] Begin Solution of Current Load Step

Rexvisw the summary information in the lister window
(entitled "“YSTATUS Command"), then press OK to start

the solution.

Cancel

e Solution>Solve>Current LS, click ok

« ‘Solution is done!” Window opens, click close

16



Post Processing
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2 |
B Element Solu
E Elem Table
ELine Elem Res
® Vector Plot
& Plot Path Item
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& List Results
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@ DOF Solution
& Stress
o Total Mechanical Stran
g -Componert of tatal mect
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Undisplaced shape key

Undisplaced shape key IDemrmed shape only

Scale Factor |~um Calculated

Additional Options

» General Postproc>Plot results>Contour Plot>Nodal

Solu>Total Mechanical Strain>X-component
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e Strain in x-direction = 46 microstrain

 Why is it constant?
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e Strain in y-direction = -15 microstrain
* Does this agree with CLT and Workbench? 19
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e Deformation in x-direction
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Deformation in y-direction 01



Savin Solution
Ansys AMIAS
Workbench

Tangential stresses
20 mm hole (.787402 in)

Polar Coordinate
System

0523
-397.53 Min'

Opmax = 12651 psi

(0° defined by Ansys,
90° defined by text)

8 ply, unidirectional,

fiber direction is global IL, x

y-axis (top to bottom) 0.000 4,000 8.000(ir)

2,000 6,000

Alternative CS (solution,
local, fiber, global)
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Stresses normal to the ANSYS
hole R16.0

Academic

Omax = 1745.6 psi

0.000 4.000 8,000 (i)
I ..

2,000 6.000
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SaV| n SO | u tl on, Transport Aircraft Structures
Circular Hole

E.; = 25.3 msi
E,, = 1.22 msi
G;, = .687 msi
v;,=0.32

Convergence Study

SCF max
O P N W b O O N 0 ©

Time taken to run also

Increases, topping out at 30
minutes Wlth 175 000 0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000

# of el t
elements orelements

SCF, . = 7.63

Holes program predicts 7.7
for these properties
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e Default mesh size
from Ansys
— O, = 2457
—SCF=14

e First mesh | used
—- 0. = 6393
— SCF=3.7
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90000 elements
~5 minutes to mesh
~5 minutes to solve

SCF, = 7.2

1500 elements around
circumference of hole
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AMIAS

Advanced Materials in
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[0] degree

40 60 80 100 120 140 160 180

[0] degree
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