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Field meta models:
Statistics on Structures
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SoS for ANSYS Mechanical

e Plugin in ANSYS Mechanical
- Create random fields for geometric imperfections
— Create free-form variation fields for geometric imperfections

— Export Mechanical result data and mesh to SoS for FMOP

e Toolbar
JSGS IE:EI]mpurt - If;ECreate - Iﬁl Export -
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ANSYS Mechanical

e Preparation of model: Distinguish 3 types of boundary:
— Fixed support (not changed)

— Boundary subject to loading (directly changed by SoS / used for
parameterization)

— Free boundary (used to interpolate between the other two)
e Create Named selections:

- Fixed boundary Parameterized boundary

Statistics on Structures (SoS) ¢ FMOP and Random Fields 4



© DYNARDO e dynamic software & engineering

ANSYS Mechanical
1. Define random field model

e Chose “Create” - "Synthetic random field model”
— Used to create random variations !

— Statistics: mean, stddev, correlation length

dynardo

Qutline ? Details von "Synthetic random field (SoS)" n
J Filker: Mame - [=1| Boundary to be parameterized
J @3 Lo Q ;l Scoping Method Mamed Selection

Mamed Selection

Eoundary_to_be_morphed

[&] Project

B @ Model (B4) [=]| Fixed boundary

v“ Geometry Scoping Method Mamed Selection
,(.?-‘i Coordinate Systems Mamed Selection Boundary_to_be_fixed
. Remote Points [=I| Mesh part to be exported to 505
,,% Mesh Scoping Methaod Mamed Selection
; E Mamed Selections Mamed Selection MS_Solid
B[] Static Structural (BS) =1/ Definition
{1 Analysis Settings Desired variability [3] 90
vfﬁ-@' Fixed Support Maximum number of parameters 10
j% E‘f:::;:::;eﬁaﬁm = Correlation length (eg. ~20% of total length) 0,005 [m]
. 'J:&:' Generate variations (505) Standard deviation of geometric variation 0,005 [m]
Ié| J@ IMean geometric variation 0 [m]
Solution Infarmation 51| Visualization
Jﬁ Total Deformation Wisible variation shape index [J=mean) |C|
- M Equivalent Stress - 1 [=l| Advanced options
«ﬁ Equivalent Stress - 2 Use mesh stabilization True
- M1 Manimum Principal Stress - 1 Test on mesh distortion False
E zla’dm”t: Principal Stress - 2 Move nodes along Boundary normal
ompute mass -
::u:_;u Export results (505) one | Solver options
= Mumber of CPUs used by 505 [0=all) 4]

A Export results (SoS) two
- Internal directory

505_SynthRF
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ANSYS Mechanical
Synthetic random field model

e Visual feedback on variation shapes:
e Shapes 1,2,3,4: wave like shaped variation patterns
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ANSYS Mechanical

2. Define Free-form variation model

e Chose “Create” — “Free Form Variation model”

e Used to create localized variation patterns (for creation of random
geometries, for optimization or sensitivity analysis)

Details of "Free-form variation (505)"

Outline 11
JFiIten Name o

IBa=a s

= Project

= [ Model (B4)
''''' /B Geometry
..... A Coordinate Systems
..... #, Remote Points

= [=] Static Structural (B5)
....... » Zji Analysis Settings
- J3, Fixed Support
js_,. Remote Force
%) Free-form variation (S0S)
(%) Generate variations (SoS)
C
~~~~~~~ Solution Information
- /M3 Total Deformation
------- /& Equivalent Stress - 1
------- & Equivalent Stress - 2
/M3 Maximum Principal Stress - 1
- /M3 Maximum Principal Stress - 2
------- B> Compute mass
------- /%) Export results (SoS) one
------- /&) Export results (S0S) two

[=1| Boundary to be parameterized

Scoping Method

Mamed Selection

Mamed Selection

Boundary_to_be_morphed

[=]| Fixed boundary

Scoping Method

Mamed Selection

Mamed Selection

Boundary_to_be_fixed

[=1| Mesh part to be exported to So5

Scoping Method

Mamed Selection

Mamed Selection M5_Solid
[=]| Definition
Support points Auto
Mumber of auto-parameters 20
Magnitude of free variation [if scale factor=1) | 0,005 [m]
[=I| Visualization
Visible variation shape index [>=1) |1
[=1| Advanced options
Constant variation Do not use
Use mesh stabilization True
Test on mesh distortion False
Shape of variation patterns MNormalized

Move nodes along

Boundary normal

[=1| Solver options

Mumber of CPUs used by 505 [0=all}

0

Internal directory

So5_FreeForm
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ANSYS Mechanical
Free-form variation model

e The variation shapes are always positive with a single maximum around the
support point(s)

B:Static Structursl
Free-form varistion (505
Tirw: 2.4

Statistics on Structures (SoS) ¢ FMOP and Random Fields




© DYNARDO e dynamic software & engineering dunor\do

ANSYS Mechanical
Free-form variation model

e It is possible to define manually selected support points

e You can also select edges or faces in order to affect the shape of the
associated variation
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ANSYS Mechanical
Free-form variation model

e The variation shapes are always positive with a single maximum around the
support point(s); Here with mixed automatic and manually defined shapes:

Statistics on Structures (SoS) ¢ FMOP and Random Fields
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ANSYS Mechanical

2. Vary shape parameters

dynardo

e Define shape scaling parameters (parametrization or values)

e Get visual response on applied variation

i AL Free-torm variation (So5)

(WM Generate variations (So5)

Details of "Generate variations (50%)" n
[=1| 508 simulation data location
Source item (internal) 505_FreeForm
Simulation data path (internal) 505_Generate
=) Solwer options
Number of CPUs used by SaS5 [0=all} |2
[=I| Input parameters
505 input ident amp_model__node__shape_1_
P Value -1,516096024 20301
505 input ident amp_model__node__shape_2_
P Value -2
505 input ident amp_model__node__shape_3_
P Value 0,138171074358871
505 input ident amp_model__node__shape_4_
P Value -2
505 input ident amp_model__node__shape_5_
P Value -2
505 input ident amp_model__node__shape 6_
P Value -2
505 input ident amp_model__node__shape_7_
P Value -2
S5 input ident amp_model__node__shape §_
P Value 40,0905465028254047
505 input ident amp_model__node__shape_9_
P Value 40,354549554909201
S5 input ident amp_model__node__shape_10_
P Value -2
505 input ident amp_model__node__shape_11_
P Value 4,18834754523605E-05

Outing. s
T e = B Static Structural
Bat-®a 8l Time:2,3
Project .| i
= S s
-k Cootinate systems: 1 By
A, Remote pans 3 30518
B e L0
- G Mamed Solections 20301
= /2] Statie Structursl (85) “1ar
" st 1351
i A s 156430
2 oo form o) IR0
) Gemesate varistors (505) - 20,2270 Win
Details of *Generate vanations (SeS)' »
505 simutation daa location
| Source Aem Gntemall Sa5_FreeForm
| Simulation dsts path fmtemall Sa5_Generste.
= Solver options
[Tmbes o P wd by S B3 2
= Input parameters
508 input adent amp_model_nods_shape 1_
[P vae imsossssizen
508 ingut ident amp_model_node_shape 2.
P vakue 2
505 ingut igent amp_moel_node_shape 3.
P vane 0371074358871
so5 ingut i0ent amp_mooel_node_snape 4
P vale 2
565 input igent Bmp_model_node_shape 5_
P value 2
565 ingut ident amp_model_node_shape 5_
P vae
5o ingu ident dei_node_shape 7.
P vaue
5o ingut ident amp_medei_node_shape 8_
TP vaie D 0S0MES0ZEZSH04T
508 ingut ident amp_modei_node_shape 3
P Value 0364549554900 200
505 ingut igent amp_model_node_shape_10_
P vabue 2
505 inpul ident  amp_model_node_shape_11_
P Vae 4 1BE3ATSAS23605E 05
S0 ingul ident amp_model_nnde_shape 11
P vabue
S0 inpu ident dei_node _shape 13_
) Vaiue = [ 038
o8 insutdent amp_model_node_shape1s [ =
P vahe 25,00
{508 input adent amp_madel_node_shape_15_ |
[ vaoe i |
505 inpulident amp_model_node_shape 16_
P Value 3 e
505 ingut igent amp_model_node_shape_17_
P vabue 2
505 input ident  amp_model_node_shape_15_
P vabue 2
SoS input ident amp_model_node_shape_19_
P vaiue 2
S5 inpu ident omp_medel_node_shape. 2|
P vah 2
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ANSYS Mechanical
3. Solve and display solution on deformed mesh

J Fiter  Name . B: Static Structural
Equivalent Stress - 1
J 2 P el 4l Type: Equivalent {wvon-Mises) Stress
-V(&) Free-form variation (505) - U.mt: MPa
--J(&j Generate variations (505) Tirne: L
B 13112017 09:09
: Solution Information
N Total Deformation 193,1 Max
150
.,Q Equivalent Stress - 2 138,57
JQ Maximum Principal Stress - 1 107,14
A Maximum Principal Stress - 2 L 25,714
& Compute mass r 64,296
92’ Export reslts (S05) one 42,857
2 Export results (So5) two - 21,429
0,12759 Min
Details of "Equivalent Stress - 1" 1 0
[=| Scope
Scoping Method | Geometry Selection
Geometry |AII Bodies
[=| Definition
Type Equivalent [von-Mises) Stress
By Time
Display Time 1,5
Calculate Time History |Yes
Identifier If2
Suppressed Mo
[=I| Integration Point Results
Display Option |Averaged
Average Across Bodies |Nu
[=]| Results
Minimum 0,12259 MPa
P Maximum 1931 MPa
Minimum Oceurs On | Geomi\5olid
Maximum Occurs On | Geom\5olid
[=I| Mini Value Over Time
Minimum [0,12258 MPa
Maximum |0,16883 MPa
=] i Value Over Time
Minimum [136,38 mPa
Maximum |193,1 MPa
Information
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4. Export field results to SoS

< N Export results (So5) one

e Stress, displacements, etc. 7% Exportreads (505) twe ,
e Export for different load cases T o e
_ H [=I| Mesh part to be exported to 505
e Export to SoS-GUI for creation of FMOP etc. e nietod N
. Mamed Selection M5_Solid
e FMOP needs: 5 General options
. . Element types of mesh | Criginal
- 50-200 design points osdstep O [T
. [=1| Data to export
- From one DP it choses the reference Displacements Node values
Stress tensor Mo
meSh Stress [principal) Mo
. . . ress [von Mises) Mode values
— From all DP it imports the field data e
aSS|gned tO thIS meSh Internal directory |Sus_|-:1cpurt
— The ACT plugin exports mesh and data Export options:

o . . - Mechanical (U, stresses)
- For FMOP it is sufficient to export linear - Thermal (Temperature)

elements (saves CPU time + RAM) - General (Any single result from

e Then open SoS-GUI, import all data and RST/RTH)
create FMOP
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Example:
Minimize mass while keeping stress

B: Static Structural

Maxirmurn Principal Stress - 1
Type: Maximum Principal Stress
Unit: Pa

Tirme: 1

08.05.2018 11:10

3,1317e8 Max

136588
L1744
782017
3,9146e7

With 20 parameters
(20 automatically defined points)

Statistics on Structures (SoS) ¢ FMOP
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Example:
Minimize mass while keeping stress

B: Static Structural !
Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: Pa

09.05.2018 17:33

1,6039¢8 Max
1,4259¢8
1,2479¢8
1,07e8
2,9198e7
7180167
5,3604e7
358077
1,8009e7
212155 Min

1,8376e7
5,5409e5 Min

With 11 parameters (5 edges and 6
automatically defined points)

Statistics on Structures (SoS) ¢ FMOP and Random Fields
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Software demonstration

Statistics on Structures (SoS) e FMOP and Random Fields
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