GENESIS — INTRODUCTION TO TOPOLOGY

First of all we need to generate our FE model from the CAD that we have. This model is a simple
cantilever beam with a load on the end.

Start Solidworks then open “cant_igs.prt”. The below model is imported;

This face /’ A force of 1kN
will be held Eu will be applied to
in 6 dofs this edge in the
downwards
- direction

We will assume that the block is made out of steel and we are going to use TOPOLOGY in GENESIS to
show us where the major loadpaths are so that we can ‘carve’ the most efficient shape out of the
solid block that is available to us in order to minimise the strain energy whilst only using 30% of the
available material to us.

1 - SET UP YOUR BASELINE

Mesh the part with FIRST ORDER tets made from steel of 20mm length.
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« R
Mesh Density A
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Mesh A
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() Curvature based mesh
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< [/] Draft Quality Mesh
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Options A

D Save settings without
meshing

|:| Run (solve) the analysis
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Constrain your model
Apply your force

Solve your model and check that the results are as expected;

won Mises (Nfm~2)
1.434e+006
l 1381e+006
L 12374006

- 11l4e+005

. 9.901e+005

_ B.686e+005
| Td3tesnns
L 61962005

L 4.381e+005

_ 3.725e+005

2,490+ 005
1.255e+005
1,987e+003

— ¥ Yield strength: £.204e+ 008

2- EXPORT YOUR DECK.

We are now going to export a NASTRAN deck of the simulation file (note that a nastran deck has the
file extension *.blk or *.dat)

SIMULATION>EXPORT

Choose to save as type NASTRAN and under options set this to Sl units and short fixed format.

Savein . temp_ksl_121115 - @ ¥ = R
D= Name ° Date modified Type
chelpt MNe items match your search.
Recent Places
Export Options - NASTARN =5 !
Offsets S
MNode Offset: 1} =CE
Element Offset: 0 LU_—HJ
Libraries
Format L
(") Long Free .omputer
@ Short Fixed o,
(") Long Fixed ‘&7 < I r
Network
OK ] I Cancel ] [ Help ] File name: cant_jgs-Static 1 -
\ Save as type: NASTRAN files(".dat) v] [ Cancel I
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Now open and examine the file you have just written in “Wordpad”

3 —IMPORT YOUR DECK INTO DESIGN STUDIO

Analysis
FILE>IMPORT>IMPORT DATA, now check the loadcase /

B3 Design Studio Viewport [cant_ksldsg) (modified) 0% Design Studio for Genesis 1 (2| &
Fle Eot Colr
o EE

“Gispiy [ ARSNSS | Topology | Design | Post | uges |
R -

ST 101 Toadcase 1

Loadcases

Highlight

-

<> @A) BT RECEY bldk PN Pl & (R 0|E

Fi=Pan | F2=Zoom | F3-Rotate

Note that F1 = Pan, F2 = Zoom, F3 = Rotate

4- RUN THE ORIGINAL MODEL IN GENESIS

Design Studio for Genesis EHEHE

File Edit Color | Genssis | Help

Display | Ana Model Summeary.. esign rpust |

Project Comments: :B

Cptions.

STAT ID=1 Check Data Loadease 1|
Single Analysis
Optimize:

Restart Optimization
Sel Restart Cycle...

Run Special b
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5—IMPORT THE RESULTS FROM THE *.pch FILE

Design Studio for Genesis.

Edit Color Genesis  Help

MNew Ct-N - [opology | Design

Post_|

Open cti-o
ases i
Save Ctrl-5

Save As..
Inpuit Data. .
Export »
Page Setup Design History Results
Frit Viewport CHip
Frirt to Image Fils

Preferences..

6 — ACCESS THE RESULTS

Cirl-l

Cil+ShiftR

Loadcase 1

Deform mesh

Post

B3 Design Studio Viewport [cant ksldsa) (modified) 2T 22 Design St for Geness 121 N e |
O I
=
| Ansvsis | Topuosy | Design | Post | Pugins |
form Weah/Coor Mesh L up,
|Cye 0 LC 1 DISP luﬂ.rm‘?e'\hn
Loadcase 1
i
e
. Solid Stress
CILuaacuse 1 Solid Stress Von Mises
<> DR BRI L P Jeeele %[0
B3 Design Studio Messages = Fna
B ossons__| [von vaes |52 et
: AL ‘

Now that we have assessed the baseline results we will do the topology run.
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7 — DEFINE OUR DESIGNABLE MATERIAL

File Edit Color Genesis Help il

Topology
Topok)gym r Plugins

Topology Regions p

Property ID k ]
SOLID 1

" Analysis

Topology regions

ool

PSOLID

0% Design Studic for

File Edit Color Genesis Help

(Disp\ay rAnaws\s ﬁ'Topoloqy rDes\gn Post | Plugins |

Design [Fpotegy egons [~

‘ < Bacl H Next > Finish H Cancel |

Edit Design Region : SetInitial Mass Fr:

Initial Mass Fraction

0.3

Finish

Apply to All Listed Groups

| Select | | Invert | | Deselect

| Deselect All | |

1 group selected
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8 — DEFINE OUR OBJECTIVE — minimise strain energy
oo R — |

Fie Edit Color Genesis Help

Analysis | Topology | Design | Post | Plugins |
Topology Objectives "_

Topology objective

5% design sudio for Geneaz O ==
[———_————-eeeeeeeee e

File Edit Color Genesis Help

New

Display | Analysis | Topology rDesign rPosl rPIugins |

Topology Objeclives =

| Mext = || Finish || Cancel |

ter Name and Type

Name: [Obi1]

Response Type

Strain energy

Find

__#fSystem Inertia

V! Buckling Load Factor

o Dynamic Displacement

o Dynamic Velocity

(o] Dynamic Acceleration

File Edt Color Genesis Help

) Synthetic Response

Objective Definition Switch

Display rAna\ysws rTopoloqy rDesign Post | Plugins |

) Max
Topology Objectives = | @ Min /

Weight:
‘ < Back H Next = ” Finish ” Cancel | o
Edit Topology Objective : Choose Loadcases N -
ext © utipty
STAT ID=1 Loadcase 1

= P s

Highlight your loadcase

Finish

Find. |

= [ ™
2
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9 — DEFINE OUR CONSTRAINT — we only want to use 30% of the material

D% Design Studio for Genesis

File Edit Color Genesis Help

[

Di y | Analysis rTopoIogy rDesign Post P\ugmsl

Topology Constraints | v ﬁ

New

Topology constraints

[ oeign sudio for eneez N ===
- R,

File Edit Color Genesie Help

Display I’Ana\yms rTopo\ogy rDemgn Post | Plugins ‘

Topology Constraints :

lext > ” Finish ” Cancel ‘

Mass fraction

Fin

el

Upper bound =0.3

Edit Topology Constraint © Enter Mame and Type

Name: [Cons1 |

Response Type
(" Strain Energy

() Frequency Mode Number:

(®) Mass Fraction |AII Designe@Groups

() Displacement

() Relative Displacement

) System Inertia |

{2 Buckiing Load Factor

) Dynamic Displacement

() Dynamic Velocity

() Dynamic Acceleration

() Synthetic Response

Constraint Bounds

Lower Bound.

bs |

Upper Bound

Bound Type ® Actual (2 Scale of Initial

Comments:

Finish

— S
= [ B 1 s

We have now defined the following

e We want to do a TOPOLOGY STUDY

e OUR DESIGNABLE REGION IS PSOLID

e INITIALLY WE WILL USE 30% OF THE AVALIABLE MATERIAL
e OUR OBJECTIVE IS TO MINIMISE STRAIN ENERGY FOR OUR LOADCASE

e OUR CONSTRAINT IS THAT WE MUST ONLY USE 30% OF THE AVALIABLE MASS

09:02

26/10/2011
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10 — before we optimise this structure we must increase the maximum number of iterations that
GENESIS can do.

11 — GENESIS>OPTIONS>DESIGN CONTROL> set this to 30

Waximum Design Cycles: 30| [] optimizer

D Prefer Topology Data over Design Data D Automatic Constraints:

12 — OPTIMISE THE STRUCTURE

Ana Model Summeary esign | Post |
Project Cormimerts. -
raints
Opticns
MASSFR UB=0.] Check Data T_1

Single Analysis

Restart Optimization
Set Restart Cycle

Run Special ]

Tin, EQ Ot Gonu o

B B2E

[ iotay | Anavis | Topoiogy | Design | ot | Pigns
[fopolony Constants | =]

YASSTR 0803 Cons1
]
Corectne Noematazd ctjscne
oor 11
Canaole el = o5
o8
6.28458-02 03
s 005 o8
o7
oot bl
om 05

H
N

M Constrant Viclabon (%)

Y [ e S e ===
T L B SN B 3
Cyc1eZ0 Loodcose 1 Solid Stress Von Mises l _ [#=="|
<l @R Bt Ry Bk PY (¥l (%[00

Fi=Pan | F2=Zoom | F3~Rotate

You should see something like the above. Note the following
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Genesis converged on a solution in 16 design cycles.
The normalised objective has fallen from 1 to about 0.1 —i.e. the structure with the mass
distributed as per iteration 13 has about 10% of the strain energy compared to the baseline
iteration when all elements had 30% of the material properties (the initial mass fraction)

3. The constraint is not being violated —i.e. we are only using 30% of that material as defined in
the constraint.

CLOSE THE ABOVE WINDOWS

13 - IMPORT THE RESULTS

Design Studio for Genesis
File | Ecit Color Genesis Help

Mt GulH (opology | Design | Post |
Cpen ko
ology Constraints
s s o9 Constains [ ]
Save Az T1 T
Import 3| Input Deta.. cti|
Export ¥ PunchiOutput? Results... Cti-R
Page Setup Design History Resuits... ClrieShiftR

Print Viewport...  CHlP

Print to Image File...

Preferences...

Quit (=)

Notice that GENESIS has generated a *DENS* file for each design cycle which shows the distribution
of the material. Import all of these;

D2 Import Punch/Qutput2 Results..

Look In: ||j temp

oo
MIEIEIEEES

[} cant_dsgoo.pch
[ cant_dsgo1.pch
[ cant_dsg02.pch
[ cant_dsg03.pch
[ cant_dsg04.pch
[ cant_dsg05.pch
D cant_dsg06.pch
D cant_dsg07.pch

[} cant_dsgos.pch
[ cant_dsgog.pch
[ cant_dsg10.pch
[} cant_dsg11.pch
[} cant_dsg12.pch
[ cant_dsg13.pch

[} cant_dsgDENS00.pch (e pemm—

[} cant_dsgDENS02.pch [ canl
[} cant_dsgDENS03.pch [ can
[} cant_dsgDENS04.pch [ can
[} cant_dsgDENS05.pch [ can

[} cant_dsgDENS06.pch
[} cant_dsgDENS07.pch

[y cant_dsgDENS01.pch [} cant_dsgDENS09.pch

*DENS*

4]

| »

File Name:

[cant_dsgDENS00.pch

Files of Type: |cant*:.pchl.op2|.DVG\.SHP}

Import Similar Results for All Design Cycles‘

Import similar results for all design cycles

Result Types: @ All ) Only [ | Displacement [ ]| Stress [ | Eigenvector [ ] ESE

Loadcases: ® All CJ Only |
® Al C only |

Modes:

m
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14 - VIEW THE DENSITY ISOSURFACES

Analysis

[

Deform Mesh

© st O osciste () Ramp

Cyc 0 LC 1 DISP [cant Whgge.pch]

Find]

Post

If you are still in the “DEFORM
MESH” mode you will need to

hit “up” to go back to the main
post menu

(o]

Save Animation.

Isosurfacs Wesh
T TODUTOOY RESUIC R
Cyc 0 Topology Result [cant_dsgDENS00.pchl m

DENSITY ISOSURFACE

Cyc 1 Topology Result [cant_dsgDENSOL.pchl
Cyc 2 Topology Result [cant_dsgDENS02.pchl
Cyc 3 Topology Result [cant_dsgDENS03.pchl Il
Cyc 4 Topology Result [cant_dsgDENS04.pch]
Cyc § Topology Result [cant_dsgDENS05.pchl
Cyc € Topology Result [cant_dsgDENS06.pch]
Cyc 7 Topology Result [Gant_dsgDENS07.pch]
Cyc @ Topology Result [cant_dsgDENS08.pch]
Cyc 9 Topology Result [cant_dsgDENS09.pch]
Cye 10 Topology Result [cant_dsgDENS10.pch]
Cyc 11 Topology Result [cant_dsgDENS11.pch]
Cyc 12 Topology Result [cant_dsgDENS12.pch]
Cyc 13 Topology Result [cant_dsgDENSL3.pch]
Find:

¥
c,st Topology Result

<> ([ BRI EY Wk PN Il @ (% 0@

Fi=Pan | F2=Zoom | F3=Rotate

_—

Scroll through the
design cycle results

1 DISF [canc_kal_dag00.pen]

Options | More Post Options.
L] Hide Elements Wah No Value

] Show Topology Region

Options

You should now get some idea as to the most efficient structure for this component

Genesis - intro to topology

Move
this slider

Page 10




15 - WE ARE NOW GOING TO OUTPUT A COARSENED SURFACE THAT WE COULD GIVE TO OUR

DESIGNER TO DESCRIBE THE MAJOR LOADPATHS OF THIS COMPONENT OR WE COULD USETO
GENERATE ANOTHER FE MODEL FROM

File | Edit Color Genesis Help

Pl cti-N - fopology r Design rpnst |

Open... Stk T
Save Ctrl-5

Save As.

— y flic (0 Oscilete ) famn

Expart B mput Data cti-E |

Page Setup | Coarsened Surfacs... Chl+ShittE

Print Viewport..  CHLF
Print to Inage Filz..

Preferences...

Quit Chil-o

X
Save In: ‘ﬁ kelin_lake "‘ @E

[ genesis_ex1a_meshSURF.igs

File Name:  [genesis_ex1a_meshSURF |
Files of Type: [|GES Files (*gs) =]
Surface File format; C BulkData~ ® IGES, F |GES
R
Surface Mesh:
Conrse Fine

This iges file can then be read into a cad package such as Solidworks and the design would then have
to be INTREPRETED from the results.
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