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FELyX - The Finite Element Library Experiment
provides:

m Object oriented structure implemented in C++

m Free availability under GNU license > http://felyx.sourceforge.net

m All relevant elements for static structural analyses.

m Profile / bandwidth reduction algorithms based on graph library of Boost:

— (Reversed) Cuthill-McKee bandwidth minimization.
— Sloan profile minimization algorithm.

m Efficient matrix storage schemes using the Matrix Template Library (MTL):

— Envelope/skyline storage scheme for direct solvers
— Sparse storage schemes for iterative solvers

m Efficient solvers:

— Direct skyline solver
— Interface to the Iterative Template Library (ITL) and its conjugate gradient solvers

U N Interface to exchange models with ANSYS
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Motivation for FELyX

The main motivation to write FELyX was to have a free and object oriented
Finite Element code that is numerically efficient and allows to access the
Finite Element calculation at any level.

The need for this arised within our ongoing PhD thesis in the field of
Structural Optimization at the Swiss Federal Institute of Technoloqy Zurich
(ETH Zurich) in the group Structures Technology (IMES-ST). As numerical
optimization methods we mainly use Genetic Algorithms and sometimes
Gradient Methods. This means that we typically have to evaluate thousands
of similar Finite Elements Models (therefore efficiency is definitively a point).
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Elements implemented in FELyX

2-Node-Spar
(Link1)

2-Node-2D-Beam
(Beam3)

8-Node-2D-Solid
(Plane183)

6-Node-2D-Solid
(Plane2)

4-Node-2D-Solid

(Plane182)
8-Node-Shell
(Shell93)
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8-Node-Brick
(Solid185)

20-Node-Brick
(Solid186)

2-Node-3D-Beam

2-Node-3D-Spar
(Link8)

10-Node-Tetraeder

(Solid187)
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Procedure of
a FELyX run
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Read ANSYS model

Node reordering algorithm

Link DOF’s of nodes to GSM

Initialize GSM and force vector

Evaluate element Stiffnesses
and assemble them to GSM

Apply boundary conditions
will

Solve

Save results
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Structure of FELyX
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Node

Node
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Node
Node
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abrwn =

CoordSys
CoordSys
CoordSys
CoordSys

BC List
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Boundary Condition
Boundary Condition
Boundary Condition
Boundary Condition
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Material
Material
Material
Material
Material
Material
Material
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Element data objects in FELyX

I fe_basa::Elemernt |

fe_base::Beam3 |

fo_base:Beamd |

Te baser Linkl | A4 Mhstract hase class for all elewents
— ff o instances of "Elewment™ can he created
zla=z Elementi{

fie_base: Links | public:
fAf Data mewbers

&LhmexPMHﬂﬁll e
Node** NodePtr: /¢ Pointer to the first node
Materisl*® MaterialPtr: 44 Pointer to material

Tiﬁmﬁ:HMWIﬁal Property3et® PropertiesPtr: /¢ Pointer to properties

fe_base:Plane2 |

ﬁLhmﬁxmwnqﬁl

fe_base:Solid 185 |

fe_base:Solid 186 |

[ L L]

fa_base::Salid187 |

N
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Node data object in FELyX

didata-struct for a single node
cla=s=s Node!

public:

A4 Data menbers

£ e

double Cx; ffd—coordinate

double Cy: A y—coordinate

double Cz; ffz—coordinate

NodeCoordiys *NodeCoord3ysPor: A4 Pointer to nodal coordinate system
A4 (Pointer is set to MNULL, if nodal coord sys = global coord sys)

BoundCon *BoundConPtr: A4 Pointer to the boundary conditions of the node
A4 (Pointer is set to NULL if no BD are present)

const static int NodelofWecCount = 6;

DofSet HNodeDofSet: A4 bhitset<6> containing the information which nodal degrees of
A4 freedom are activ. [(ux, Uy, WE, rX, £y, EEz]

unsigned IdxZ2Gsm: A4 integer giving the position of the first active DOF in the

£

\)

Flobal Stiffness Matrix [(GSHM)
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Contents of performance tests for the direct solver

m Test problem 1: Small sized 3D structure composed of 5 element types

— Solving test problem in ANSYS

— Solving test problem in FELyX without any reordering strategies.

— Solving test problem in FELyX using Reversed Cuthill-McKee bandwidth minimzation and
banded GSM

— Solving test problem in FELyX using Sloan’s profile reduction algorithm and envelope
storage format for the GSM

m Test problem 2: Moderate sized 3D structure with 10-node tetraeder

— Solving test problem in FELyX using Reversed Cuthill-McKee bandwidth minimzation and
banded GSM

— Solving test problem in FELyX using Sloan’s profile reduction algorithm and envelope
storage format for the GSM
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Test problem1 : Small 3D-mixed structure

m # element types involved: 5
m # elements: 718
m #DOF’s 6796
m  ANSYS runtime: cads
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Solving test problem in FELyX without any
reordering strategies

Structure of GEM, model=felyx-3d-mixed-718; bwalgo= ncnhe

®m Memory needs for the GSM
— Storing lower triangle of matrix | | |
— Double values < 8 bytes 5
-> ca 185 MB @é
® Runtimes iigw ____________ \ S R B i
- > 600s Z
o T o oo SRS B ]
i é N i

@ Structure of the GSM

b e e e s e s e s s s s e s e e e e e e e e e e
i ﬁ‘_l E s " FELyX Overview Mai 2002
ImeTemgTy ¢

MicHimear Svavimi



ZURICH -’net

Solving test problem in FELyX using Reversed
Cuthill-McKee bandwidth minimzation and banded
GSM -

&

- .\
| Half bandWIdth: 51 3 Q§ \/ Structure of GSM; model=felyx—3d-mixed-718; bwalgo= reversed uthill ckee
O

N
m Profile: 1.20 x 1076

m Memory needs for the GSM
— Storing lower band of the matrix
- ca 28 MB

m Runtimes
- ca 10s

i i i i I i N
»ﬁi Structure of the GSM \

e
i ﬁ‘_l E 5 12 FELyX Overview Mai 2002
Micnimcs, Sraveis



ZURICH ohet

Solving test problem in FELyX using Sloan’s profile
reduction algorithm and envelope storage format
for the GSM

| H alf ba ndWi dth . 1 1 92 Structure of GSEM; model=felyx—-3d-mixed-718; bwalgo= sloan

m Profile: 117 x 1076
= Memory needs for the GSM e o |
— Storing lower envelope of the
matrix L RPN —
- 9 MB
S S PO P RSP P PRSP “‘.“ .................................................. -
® Runtimes IS S S S SR i i
- ca 3.5s .

»ﬁ Structure of the GSM
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Test problem 2 : Moderate 3D structure

m 10 node tetraeder model
m # elements: 12839
m #DOF’s 67629

m ANSYS runtime
using direct solver: ca 120s

MAY 17 2
17:37

HAY 17 2882
LTe%:i 1N

CAD Part could be used by courtesy
of Tribecraft AG, Zurich
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Solving a larger model with 3D tetraeders

Using reversed cuthill-mckee and band matrix

- Half bandwidth: 3960
_ e - Profile 63X _1_0_,\6 _____ ]
Memory needs: 2080 MB Using sloan algorithm and envelope matrix
' Runtime: - ! ‘ | ‘
LD _Half bandwidth: 8637
| Profile: 5.3 x 106
Memory needs: 379MB
| Runtime: 5 min
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