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Introduction ElS|

A Obijective:

I Support modeling of aerospace structures & FEA
mesh generation in OpenVSP

A Features:
I Parametric modeling of full depth structural members

I Extension of sub-surface capabilities to structural
modeling

I Support for beam & shell FEA elements
I Key point identification of FEA nodes

I Export to NASTRAN, Abaqus/Calculix, & Gmsh FEA
mesh formats
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Development Overview ElS/
Structures v2 Capabilities: Structures v3 Capabilities:
A Maximum one structure per vehicle A Multiple structures on multiple
A Only wing geometries with ribs & geometries
spars . A 12 total FEA part types
A Shell elements only A Shell & beam elements
A No support for material & property A Materials & properties library
assignments A Mesh visualization tools
A Point mass not included in mesh A Point mass as fixed mesh node

B OpenVSP 2.3.0 - Wed 11/12/13 hd - [m] X

File Window View Geom Script Vorview Revert Help

L

SAMXcute_3/0penVVSP-2 3 0-win32/0penVSF-2 3 0-win32iwing_structvsp JpenVSP 2.3.0 : Vehicle Sketch Pac
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Structural Entities

Full-depth:

A Shell type of structure

A Extend completely
through skin

A Examples: rib, spar,
floor, pressure dome,
fully-closed bulkhead

Zero-depth:

A Beam type of structure

A Sub-surface edge or
intersection curve

A Cross-section properties

A Examples: stringer,
longeron, stiffener
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f 7Stringer

Reference:

| Bulkhead |

Key-points:

A Fixed FEA node

A Provide connectivity
to other structures

A Application of point
load or mass at
specific locations

https://www.faa.gov/regulations_policies/handbooks_manuals/aircraft/amt_airframe_handbook/media/ama_ch01.pdf

www.esaero.com
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VSP Terminology

Structure

A A collection of FEA Parts

A More than one structure allowed per geometry
A Only one geometry per structure

FEA Part
A A structural entity

A Includes full-depth, zero-depth, key-points, etc.

A FEA Element: A group of interconnected FEA Nodes
I Assigned element properties

A FEA Node: A coordinate point used to build FEA
Elements Shell FEA

i FEA Nodes can be assigned to multiple FEA Elements
I Fixed Point is a specific FEA Node

Element

A Shell: Triangular FEA elements (full-depth)
T NASTRAN: CTRIAG; Abaqus/Calculix: S6

\

Element ;

A Cap: Beam FEA elements (zero-depth)
i NASTRAN: CBEAM; Abaqus/Calculix: B32
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Typical Workflow

\ Add Geom ‘

¥

Analysis-> Optional Settings
FEA Mesjhe :
T Add Materials [e——p| Add/Modify
Properties
Add t t
Structure _
Vrim————p Adjust Mesh PR Specify
Settings Output Files
Add and
Modify Parts
‘ External Tools
f N
Run @ Mds, Visualize Post-Process Calculix
and Exp|or|t oResults and Analyze NASTRAN
Abaqus
I Gmsh l
N\, ')
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GUI Overview: Structur

Consistent Unit
System -

Geom & Surface Selection—_

Structure Name —{_

Features:
A Structures for all geometry
types except Blank &

e Tab

(1 - a X

( FEA Mesh )
Structure  Part| Material | Property| Mesh| Output| Display |

I Link to FEA Mesh Wiki Documentation |

}Llnk to Wiki

Unit System (Mass, Length) | SI (kg, m) B
. Structure Selection
NAME GEOM SURFACE
WingGeom_Struct0 WingGeom Surf_0

PodGeom_Structd

PodGeom

_ Structure

Browser
Geom [2PodGeom | 2| serisce |Surt 0 | Add/Delete
b Add Structure Delete Structure
Struct Name |PodGeom_Structd Structure
m | e | se | Display Degen

Preview

Hinge
A Multiple structures per
geometry

Exporting Files
Total Mass = §.255927
Finished

Status Window

Execution of

Current Structure | PodGeom_Structd |  ResetDisplay | Current
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Export CAD | Mesh and Export |

Structure
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GUI Overview: Part Tab

n - o X
( FEA Mesh )
Structure | Part| Material Prop-ny\nush\ Output | Display |
[ [&] Name TYPE — L 'CAP PROPERTY )
8T B R B || cean
FEA Part Reordering - RIS Aay_Out Rib, Amay X snsu};ggzg A - art
o1 Eeg P N Browser
oe Soecfcation & |Bl=es . wx s
ype Specification — Tyee  |Fixedpont 2| Adapan | Deeterar || FEA Part
Add/Delete FEA Pal’t Part Name |FixPoint_1 [ Edit Part | } Name &
. Genera "
FEA Element Type and Shell Cap Shell and Cap Edltlng
: { Property Shell_Property [
Property Assignment Cap Property Shell_Property E
— _— |~ FEA Part
A Selection & control of
multiple FEA parts
A Reordering for sub-surface | | coommgries =
overlap priority rr it
A Shell: triangle elements - 1 J
£ A >
A Cap: beam elements corentomons e e | e |
[ Export CAD | Mesh and Export |
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FEA Part: Slice

1. Slice
A Cutting plane defined by orientation, center location, & rotation
A Orientation: parallel plane for slice defined from body or absolute axes
A Distance specified as relative or absolute
i Relative: fraction of length
i Absolute: fixed location
A Slice can be full-depth, zero-depth, or both

] — O X
{ FEA Part Edit )

Part Name |SIiceArray1_SIice‘l

Orientation  |'YZ_Body i
Distance: |/ Relative |I” Absolute |

Location s | <0200 2500 0

I I

XRot 1 L: </0.000

YRot :>I L: =(0.000

ZRot = At =(0.000

[~ Shell " Cap " Shell and Cap
Property DefaultShell

Ak [4F

Cap Property [ DefaultBeam

()
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FEA Part: Rib and Spar

2. Rib (wing only)
A Slice defined from leading edge to trailing edge
A Option for perpendicularity to wing leading edge, trailing edge, or any spar
3. Spar (wing only)
A Slice defined from root to tip
A Option to constrain to specific wing section

Z7]
- - o x ﬁl " - o X
( FEA Part Edit ) [ ( FEA Part Edit )
Part Name |Rib5S r%v i Part Name i| FrontSpar_SecD
|’7. ; e
Edge Normal | None IE& J I Limit Spar to Section
I Limit i o Section | ot L satjed <1 >[>¥ Enjed<]1 >]>
Startj<< < | 1 > >3 Em: << < 1 > [>> N e e Distance: |/ Relative |I” Absolute J
Distance: | Relative |~ Absolute | = _ location [yl |j——g0250 0312 @
Location >|—||—:10.5no 4500 ft .y ‘ WjL %_} 1 ijn_unn
Rotation |5} 1! 40.000 E Ef:t " Trim to Bounding Box
" Trim to Bounding Box
_ I Shell I Cap | Shell and Cap
" Shell [ Cap [ Shell and Cap Property | DefaultShell s
Cap Property | DefaultBeam |5
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