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Mechanical Core

Expanded Imported Load Support
Line Body Treatment
2D Contact Normal Display and Flipping
Editable and User Defined Cross Sections




Expanded Imported Load Support

* Imported loads in a 3D analysis can now be scoped to shells with 2D dimension
behavior

[:Iutline R I]. D x
Mame » | Search Qutline |» L e e
- ey Iy Slot 2D ~ - 4[& Commands (APDL)
B Part 2 -] Imported Load (A2)
-y By FirTree_2D . [P Imported Pressure
- 1y FirTree_20 . @ Imported Force
(- Materials ,» ;l‘.tll.lt' BG
[ 242 Coordinate Systems B ion (B6)
&5 Connections el 5 Solution Information w
[, o ':E Mesh = n - i I e e e e e e e e e ke e
B &8 Named Selections y Details of "Imported Pressure"” @it it ~ 1 0OX
= 5c
Details of "FirTree_ 20" @t b i b i e I]. O X = GP_E -
Graphics Properties Scoping Method Mamed Selection
= Definition Mamed Selection Edges_20_EBody
Suppressed Mo Shell Thickness Factor 0.
Dimensian 20 = Definition
Stiffness Behavior Flexible Type Imported Pressure
Coordinate System Default Coordinate System
- Apolv To Elements
Reference Temperature | By Environment
20 Behavior Plane Stress




| R EEE————
Line Body Treatment

e JUnveE [F]

e Line bodies now have

Mame w | Search Outline | ™

access to the Treatment B roject

b Model {A4)

property in the Ul T e

- (8 Materials
o g Cross Sections

w5t Coordinate Systems
;‘fi Mesh

% Named Selections
Bl Static Structural (A5)
g B analysis settings

{T) Solution Information

Details of "Line Body" =

Graphics Properties
[=]| Definition
Suppressed Mo

Stiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment
Cross Section Rectl
Offset Mode Refresh on Update
Offset Type Centroid
Treatment MNane

[=I| Material
Assignment Structural Steel
Manlinear Effects Yfes
Thermal Strain Effects | Yes

Bounding Box

Properties

Statistics




2D Contact Normal Display and Flipping

For edge contacts on 2D surface bodies, there is
a new “Display” category that includes the
property “Element Normals”. This property
displays the normal direction of the elements for
each edge in contact

This display feature works in combination with
two additional new properties of the “Geometric
Modifications” category: Flip Contact

Normals and the Flip Target Normals. These
properties enable you to invert or flip the normal
direction of the edge elements in contact

. Contact Region (Contact Bodies)
. Contact Region (Target Bodies)

Scope

Scoping Method

Geometry Selection

Contact

Target

Contact Bodies
Target Bodies

Shell Thickness Effect

1Edge
1Edge

Mo

Protected

No

Definition
Disnla

=Lt a Ledl
Geometric Modification

Contact Geometry Correction

MHone

Target Geometry Correction
Flip Contact Normals

Hone
No

Flip Target Mormails

MNo




Editable and User Defined Cross Sections

 Mechanical now supports creating, editing and duplicating cross sections

C Channel Section

Lt H OOE T L L L O

4 Wz - l
| Section Rectangular Circular Circular Channel Z Section L Section T Section  Hat  Recangular User +
Tube Sedion Section Tube Integrated
Cross Sections T
t2
Insert P & Named Selection
Solve &l Part Transform El| Definition
Type HREC
Clear Generated Data Construction Geometry  # Import Type Manual
Rename F2 E Cross Sections P |E | section = | Dimensions
Refresh Materials @0 Virtual Topalogy B Redangular W1 0.1 m W3
Update Geometry from Source B symmetry @ Circular w2 0.4m
Disable Filter @, Remote Point @ Circular Tube {H m
IE Channel Section tz O0.m
2[ Static Structural (A5) & Fracture SR 3 0.m
v /[T Analysis Settings @ Mesh Edit . Lad o
= Solution (A6) ) L. L Section Phvsical Properti
"5 Solution Information @ Mesh Numbering L Tsection [=I| Physical Properties
Beam Section | Rectangular Tube
J: AM Process IL  Hat Section i o
& Solution Combination O Rectangular Tube y o i t1
Fatigue Combination e User Integrated 1z 0. n-mt l
h
- 13 T

F 3
¥

Wi




External Model




Support Nonlinear Springs from ABAQUS (SPRING2 with table)

{. Project
& Model (B3)
------- -@ Irnpork Surnmary
-, T8 Geometry
[ B Materials
[ 23 Coordinate Systems
Connections
Bl Imported
: ‘/5 Spring Connectors(External Model)
....... v T3 Mesh
H- {8 Named Selections
£ Boundary Conditions
4[4 Static Structural (B4)
‘/IZEH Analysis Settings
‘/ﬁ Frictionless Support
- Solution {B5)
) Solution Infarmation
‘/Q Directional Deformation
0 Tokal Deformation

*Spring, elset=3prings/Dashpots-3-spring, nonlineard

1
.10E+10,
L20E+03,
.90E+09,
. 10E+08,
.BOE+03,
.BOE+03,
.OOE+03,
.70E+08,
.BOE+08,
. 10E+08,
O0E+00,
10E+08,
SOE+08,
TOE+0S,
O0E+09,
SOE+0S,
SOE+09,
10E+03,
S0E+09,
ZOE+09,
10E+10,

A A T

LI R R

ANSYS

2020 R1

0.035 0.070(rn)

(K] 0.053

Tvpe | (] | Modes | Grounded node | Stiffness | Damping | Coordinate System | Location | Location Coordinate System A
Single daf {Spring) 26 nodes26{3, 64} 64 kzz = 1.e+012M]m czz = 0LM'sfm MfA MfA MfA
Single dof (Spring) 27 nodes274{7, 65+ 65 kzz = 1.e+012N/m czz = 0LM's/m MiA MiA MiA
Single dof (Spring) nodesza4{9, 66} kzz =1, e+012N,|’m czz = D I s,l’m N,I’A N,I’A N,I’A
Single dof (Spring) nodes30427, 36} Mone Tabular N,I’A N,I’A N,I’A N,I’A
Cimala AaF fSrrinAt 21 radac1010 200 AT Tahuolar LAY LAY LAY LAY v
>

DJetails of "Spring Connectors(External Madel)" = » 0 O X
-|| Definition
Suppressed

|No

-/ Graphics Properties

Messages | Worksheet | Graph
Spring Connector

Graph
Grounded Spring Connector

Show |15

Showing 1- 16 of 16 Previous | Page |1 Next | v

Tabular Data -
Displacement [m] ||7 Force [MN]

* Q1 Ox

Show Rowes |Fr0m Current Page 11000000000.00

H000000000.00 —

| Transfer Properties

|A2::Externa| hodel
|\‘es

Saurce
Read Cnly

A000000000.00 —

0.00

-4000000000.00 | .

-5000000000.00 — -

-1.e-003
-9.e-004
-5.e-004

-1.1e+010
-5.2e+009
-5.9e+009
-4, 1e+009
-2.8e+009
-1.5e+009
-1.2+009
-5.7e+0058
-2.56e+0058
-1.1e+005
Q.

-11000000000.00
-0.00

1.1e+008

oo 2.8e+008

=[a 3]

5.7e+008

| [ | [ [ [ [ | [ | e =
BERERMPEPEE]

o

1.6+009




N
Support Theta Field from NASTRAN CQUAD*/CTRA*/CTRI* Cards

= Mame | Search Uuthne |» _

[. Project

B Model (B3)

Impark Summary

T Geometry

..., Tmported

"% Shell Thicknesses{External Model)
‘/W,; Elerent. Orientations{External Model)

oo B Surface Body 1{External Model)

B Materials

54 Coordinate Systems

Connections

&P Mesh

& Mamed Selections

§ Elements <SECTICH=ELEMENTS>
COULDE, 1,2, 1,3,29,28,
CQUALD4,2,1,3,4,38,29
CQUAD4,3,1,4,5,47,38 ¢ %
COUADE, &,1,5,2,7,47
CQULD4,5,1,26,29,30,27,30.]

Jetails of "Elerment Orientations(External Model}" o
-|| Definition
Suppressed |N0

1| Graphics Properties 0.000 2500 5.000(rm)

Showe Rowes |Fr0m Current Page 1.250 3750

| Transfer Properties
Saurce AuExternal Model
Read Only | Yes

Wiorksheet

Element Orientations(External Model)

CheckjUncheck | (] | Element Set | Coordinate System ~
1 Element set 0 {count = 1} Coordinate SystemsiExternal Model):: 1
2 Element set 1 {count = 1} Coordinate Systems{External Model)::2
3 Element set 2 {count = 1) Coordinate Systems(External Model)::3
4 Element set 3 {count = 1} Coordinate Systems{External Model): 4 v
< >
A Contidential ALY

© 2019 ANSYS, Inc.




| ..
Support ABAQUS *CONTACT INTERFERENCE and *CLEARANCE

* These are shown in the columns « Interface Treatment » (« Offset Only, No Ramping » and
« Offset Only, Ramped ») and « Offset »

©Mame | 3EATCA UUTHNE |

T Project

Model (B3)

— @ Import Summary

/T8 Geometry

‘(@ Materials

24 Coordinate Systems
g Connections

E‘"'VD Imported

#,, Rigid Remote Connectors{External i

o B, Contacts(External Madel)

ﬁ EBalt Pretensions{External Madel)

ANSYS

2020 R1

-

|

*CONTACT PAIR,
ROD_5, BODY_1
ROD_z, ZIG Z

INTERACTION=fric, TYPE=node TO SURFACE, SMALL SLIDING

v
T8 Mesh

% Named Selections
Boundary Conditions *CLEARANCE, MASTER = BODY 1, SLAVE = ROD_S5,
L4

*CLEARANCE, MASTER = ZIG 2, SLAVE = ROD_2Z,

VALLUE =
VALUE =

0.35
0.35

w-E
[

0.00

200,00

200,00 ()
< >

100.00 300.00

Details of "Contacts(External Model)" -
- Definition

Suppressed | Mo

=l| Graphics Properties

eef

Contacts(External Model)

Showe Rows | From Current Page
| Transfer Properties

CheckfUncheck | i) |

Saurce |A2::Externa| todel
Read Only |Ves

Source Target | Type | Fricki... | Behavior | Faormulation | Ther... | Mormal Stiffness I Mormal Stiffness Value | Intetface Treatment | Offset |
1 ROD_S(External Model) BODY_1{External Model) Frictional  2.e-002  Asymmetric  Augmented Lagrange 0. W/*C  Program Controlled (0T Offset Only, Mo Ramping  -0,35 m
2 ROD_2Z(External Model) ZIG_2(External Model) Frictional 2.e-002 Asymmetric  Augmented Lagrange 0, W/*C  Program Controlled WIS Offset Only, Mo Ramping  -0.35 m
3 ROD_1{External Model) ZIG_1{External Model) Frictional 0.2 Asymmettic  Augmented Lagrange 0, W/°C  Program Controlled (T Offset Only, Mo Ramping  0.m
4 Z1G_3{External Model) REAR_1{External Model) Frictional 0.z Asymmettic  Augmented Lagrange 0. W/*C  Program Controlled (13 Offset Only, Mo Ramping  0.m




| R EEE————
Allow Importing Beam Elements without Cross Sections Assignments

 Beam elements without cross sections assigned to them can now be imported (previously
blocked)

* Cross sections can later be assigned to them (on line bodies) using the new Cross Sections
objects @

. Model {(B3)
-@ Impork Summary
GEOmELY s Mame | earcn UUting | v

-9 % Line Body 2(External Madel) i. Project*

1] Materials = B

i Coordinate Systems In Insert
Conneckions i

@

Mamed Selection

[

@ Mesh L:_l """ ‘_}& =] - -
v ; al Rename F2
- 8% Mamed Selections IJ &l Part Transform
@7 > Refresh Materials Construction Geametry
- M . )
Hoy g a Tf Dizable Filter E Cross Sections 5 | Section
oy 5% Export CAERep Files (Beta o Symmetry B Rectangular
Hogiid O .
J o Showe Graph Connedivity [Beta] #,  Remote Point O Circular
-0 Mesh . Bl Fracture & Circular Tube
B 88 Mamed Selections E Channel Section
@ Condensed Geametry
L Zsecion
F Mesh Edit
L Lsecion
2 Mesh Mumberin
- £ AL Tsection
A AM Process I Hat section
Details of "Line Body 1(External Moglel)" sttt v 1pOx
+| Graphics Properties n Rectanollagiube
=I| Definition g User Integrated
Suppressed Mo
ID [Beta) 0
Stiffness Behavior Flexible
Coordinate Systern Default Coordinate System
Reference Temperature | By Ervironment
Cross Section
Offset Mode Refresh on Update
Miffrat o Cantraid




Drag&Drop into Mechanical Standalone

e Launch Mechanical standalone

M Mechanical 2020 R1

* Then, “drag&drop” one of the supported External Model files into the Mechanical window




File/Import and Drag&Drop into Mechanical Standalone Journalin
(Beta) and Scripting

* New python Apis to import mesh files using Mechanical Scripting feature

[ - Mk Context E : Mechanical Model - Mechanical [ANSYS Mechanical Enterprise] - & X
“ Home  Model  Display  Selection  Automation Q ~ D e
I
® o ®
Run App Saripting | Manage
Generatar | Macra.. Store  Help
Taols Mechanical Support User Buttons
Qutline ~1ox :@QaQq @., & S-% Q@ @ @ Select " Mode~ i B Fclipboard~ [ Empty ] ¥ Mechanical Scripting > x
Name e utline [~ Editor E] 5 [ ]
[ Project* =
5 B vodel (59) ANSYS Mew Script : Description
B tmport Summary 2020 R1 1 #region-Set-camera properties
0@ Geometry Graphics. Camera.FocalPoint = Point([2.5eeeee, -1.752508, @.250000], 'm")
T Materials 3 Graphics.Camera.viewector = vVector3D(@.577350, @.577350, - 0.577358)
2k Coordinate Systems 4 Graphics.Camera.Upvector = vVecter3D(@. 002022, 1.000000, - 0.200002)
5 Connections S Graphics.Camera.SceneHeight = Quantity(5.630673, 'm")
%D Mesh & Graphics.Camera.Sceneliidth = Quantity(4.287719, 'm')
% Wamed Selections 7 .
{5 Boundary Conditions : #endregion
10  #region -Hiscellansous -comands
11 ExtAPI.Application. ImporthMesh( 'D:%\\ANSYSDev! imcelikbatiprojetstidata_files'\3dhertz_nastran.dat')
12 #endregion
13
14
Details of "Model (B3)" = w O R
= Lighting
Ambient 0.1
Diffuse | 0.6
Specular 1
Colar Shell @ 3 il =
=] Filter Options
ER
Control |Enabled

0500 1.000(m)

0250 0730




Workbench Post & Graphics




Geometry and Connections

2D Edge Contact Display and Modification



| R EEE————
Display of 2D Edge Contact Normals

* A new “Element Normals” display

property has been introduced for :
contact regions that contain 2D edge ﬁew}

scopings & < v
S
: EI ..... y ﬁ"&,mﬁ
B
* The option enables or disables the - Jrisbonied
display of the normals for a 2D e
edge’s expanded mesh element faces “‘“‘“
- Arrows appear in-between mesh e

nodes (and mid-side nodes, if
present)




Re-orientation of 2D Edge Contact Normals

* The new annotation for 2D edge normals can help identify improperly oriented mesh
elements, which can lead to improper results from the solver

* Using the newly added “Flip Contact Normals” and “Flip Target Normals” properties
of the contact region, improperly oriented mesh elements can be corrected as they

are being sent to the solver

= Mame

[ project*

B Model (A4)

@ Transforms
v

Scope
Definition
Display
Advanced
(=]




Loading and Boundary
Conditions

Convection Load with Fluid Flow Display




| R EEE————
Convection Load with Fluid Flow Display

 When you specify reference temperature using the “Thermal Fluid” property of a “Line
Body”, and you set the “Fluid Flow” property of a Convection or Imported Convection
Coefficient objects to Yes, there is a new display property: “Display Connection Lines”.
This property enables the display of connection lines between the centroid of each
element face/edge of the convection surface(s)/edge(s) to the corresponding closest
node on the fluid flow scoping

=|Scope

Scoping Method Geometry Selection
Geometry 1 Edge
[=]| Definition

ID (Beta) 50
Type Convection

Film Coefficient 0.2 W/m**C (step applied)
Convection Matrix 'ngtam Controlled
Suppressed [ Mo

=|| Fluid Flow Controls

Fluid Flow [ ves

Scoping Method Geometry Selection
Fluid Flow Scoping 1 Node

Display Connection Lines | Yes




Graphics: Creating Section Planes




| R EEE————
Creating Section Planes

 Section Planes Tool allows you to now create more than six “Section Planes”. However,
if six planes are active (“checked”), any additional planes cannot be viewed until you
have deactivated (“unchecked”) an existing plane and then activated the desired

plane. Once you exceed six, unchecking an existing plane enables you to activate any
defined planes greater than six

Section Planes * 1 OXx

| X "

Section Plane1
Section Plane2
Section Plane3
Section Plane4
Section Plane5
Section Plane6

[ section Plane

-




ACT API

Querying Results with PlotData



Result Extraction using PlotData

e Contour results for an evaluated result
can be accessed in ACT via PlotData. The
result is represented in a table format
with “Independent” and “Dependent”
column variables

e Depending on the type of result (nodal,
elemental, elemental nodal, path
results), the independent variables can
be nodes, elements, both or x,y,z
coordinates. The result value
components are dependent variables for
the tabular result

Shell @ B

-+ result = Model.Analyses[@].Sclution.Children[&]
s2= result.PlotData

»r 52

Node

e 1
1 2
2 3
34557 8269
34558 8278
34559 8271
+» 52.Independents
Node

e 1
1 2
2 3
34557 8269
34558 8278
34559 8271

-+ 52.Dependents
Values

(Pa)

a -8.846819
1 -8.14894
2 -8.29478
34557 @.11835
34558 8.891473
34559 @.818163

Element Values
(Pa)
; _?ééij:;i :» elemental = Model.Analyses[@].Selution.Children[a]
:» elemental.PlotData
3 "0.29478 Element Xy ¥7 %7
(rad) (rad) (rad)
122 8.11835 o 1 P o o
121 8.891473 1 3 P o o
133 8.818163 2 3 @ @ @
Element 573
574
1 575
2
3
122 +»» nodal = Model.Analyses[@].Sclution.Children[9]
121 -»» nodal.PlotData
133 Node X Y v kA YZ XZ
(Pa) (Pa) ... (Pa) (Pa) (Pa)
8 1 -@8.8853892 -24,883 8.8854423 @.844763 8.18838
1 2 -@.11291 -24.712 v @.83598 -@.825587 @.859832
2 3 -8.26545 -24.788 v @8.12777 -8.869434  -5,88844115
8278 8279 @.818829 -22.875 @.875221 @.888281 -8.8839558
8279 32880 8.815398 -24.,733 8.813573 -8.812347 -8.8858252
32380 3281 @.8828731 -8.847386 -8.12531 -8.8849456

> path = Model.Analyses[®].Solution.Children[11]
> path.PlotData

X Coordi... Y Coordi... Z Coordi... . Xy YZ XZ
(m})/{m) (m)/{m) (m})/(m)

a 1 1 1 -2.9161E-11 8.3858E-18 4.8314E-18
1 1 8.97917 1 ... =2.618E-11 7.1473E-18 4.,2688E-18
2 1 8.95833 1 - -2.32E-11 5.9888E-18 3.7862E-18
45 1 8.841667 1 -1.5884E-11 2.98BE-18 -3.9257E-18
47 1 8.828833 1 -1.8781E-11 3.6569E-18 -4.3135E-18

48

-2.1598E-11 4.3278E-18  -4.78B4E-18

a




Cross Sections

Profile Option




Display a Cross Section using the Profile Option

* Enabling the “Profile” option of the “Cross-Section Context” menu displays a cross section
with its dimensions. Any modifications made to the Dimensions in the Details of the cross-
section object will show in this “Profile” view

L 0 OO E 1TL L IIL O &£

| Section Rectangular Circular Circular Channel Z Section L Section T Section Hat Rectangular User

Tube Section

Cross Sections

Section Tube Integrate:

Details of "Hat1" =i - IO K
[=]| Definition
Type HATS
Import Type | Manual
/| Dimensions
Wi 5.e-003 m
W2 S5.e-003 m
W3 1.e-002 m
Wi 1.5e-002 m
t1 1.e-003 m
t2 1.e-003 m
t3 1.e-003 m
t4 1.e-003 m
t5 1.e-003 m
[=I| Physical Properties
Beam Section | Hat1
A 4.6e-005 m*
lyy 1.3478e-009 m*m*
Izz 1.05532-009 m*.m*

Profile

View

— Wl

Geometry | Profile

W3

t2

—w2—r T



Smart Select

Default Now




B
Smart Select

* The Graphics toolbar option, “Smart Select”, is now the default geometry picking option

& Extend~ 9.5

W " Select or highlight vertices, edges and faces on the model depending on
F the mouse position, Use the Ctrl butten or hold the mouse button to

select multiple entities of the same type. Triple-click to select parent body.

(i) Press F1 for help.




Solution Combination

Envelope Calculations




Envelope Calculations for Solution Combination Results

e “Solution Combination” results now have additional
options to choose the type of calculation:
o Combination (default): /B Soton Combinaton

-8 Equivalent Stress

Specify a desired combination for result evaluation 0 Touloetamtion:-asover canbo
o Maximum/Minimum Over Combinations: - T.Z::M:”m:mv -
Each node, element, or sample point is swept e
through the combinations to find its _posaney
maximum/minimum result o3 'Eﬂ:“:?; :
o Combination of Maximum/Minimum: O
Each node, element, or sample point is swept =

through the combinations and the combination at
which the maximum/minimum occurs is reported




Post-processing
Reinforcement Elements




Results for Reinforcement Elements

 When you have reinforcement elements (REINF263, REINF264, and REINF265) in your
model, you can now view results for these elements using the “Result File Item”
scoping method for result objects

ANSYS

2020 R1

1 0.001683
1 0.0012631
m 0.00084325
0.00042336
3.4639%e-6 Min

0.000 ' 0.300 {rm)
[ a—— ]
0.150




B
Results for Reinforcement Elements

 The Material and Element Type Information selection of the Solution Quantities and
Result Summary worksheet page allows you to quickly create and view results on these

Worksheet
Solution Quantities and Result Summary
O Available Solution Quantities
® Material and Element Type Information
O Solver Component Names
Details of "Equivalent Elastic Strain" «orie - [ O X O Result Summary
[=]| Scope L
Scoping Method Result File [tem Collapse Consecutive IDs
Pasition Ta F'.-"Bﬂttﬂm Material IDs I Element Mame IDs I Element Type IDs I Number of Elements
: MAT_1-16 SOLID185 1-16 11904
ltem Type Material |Ds MAT 18 SHELL 181 13 121
MAT_19 CONTAC174 19 6649
Solver Component [Ds | 210000 MAT 20 TARGE 1D 0 P
o MAT_21 SURF154 21 3458
=I| Definition MAT_22 TARGE170, CONTAC174, 22, 23, 335
MAT 24 TARGE170, CONTAC174, 24, 75, 122

Tvpe Equivalent Elastic Strain a7 2
| _



Mechanical Architecture




| R EEE————
Mechanical Scripting

Mechanical Scripting

ACT Console replacement i DG B BB ==

* Maximize real-estate o

3~ for geoid-in - ExtAPI.SelectionManager.CurrentSelection.Ids

. . . e . 4 geoEnti‘tyl= DataModel.GecData.GeoEntityById(geoid)

e Scripting editing and execution B ek e, Gecdody:

7 type-=-"volume”
. . 8- if geoEnti‘ty.T:guf[:le.== GeoCellTypeEnum.GeoFace:

* Integration of button editor PR i
1?' if gzﬁgﬁtity?:’;;e == GeoCellTypeEnum.GeoEdge:
12 sum-+=-geoEntity. Length
13 type-=-"length”
14

15 #-values-are-reported-in-the CAD-unit-system-so-get-that
16 unit-= Model.Geometry.LengthUnit

17 print("Total selected-"+ type-+-" is: +-str(sum) -+

+-str(

L= Wil LAaprray STITLLIUTI HuLwaedn

) O

1 Scripting App  Scripting | Manage
[l

IS

Store Help
Mechanical Support User Buttons
A —
| Seripting Shell @ il v
- = The Mechanical Scripting View exposes

= [~ | toolsthat you can use to develop scripts
. and interactively test out commands,

metry

mriala




Thermo Mechanical Fatigue Material Models

* Nonlinear Isotropic Hardening
(Power Law and Voce Law)

* Chaboche Kinematic
Hardening with Static
Recovery

e Exponential Visco-Hardening
(EVH) Viscoplasticity

* Perzyna and Peirce
Viscoplasticity

* Multilinear Isotropic
Hardening Static Recovery

« Hill Yield, f(T)

INTAKE

COMPRESSION COMBUSTION EXHAUST

: ';‘ ‘Al ""::f:iié 1 A; i '
-lt-—l' " ----- |’Il|||m||ml.-’il~lg;»,
\«

N\

"qQ"nullw'-- 2
Ll . | | | I |
Air Inlet Compression Combustion Chambers Turbine Exhaust
l : | | : |
Cold Section Hot Section

https://www.sciencemuseum.org.uk/



Composites




Selection Rules Based on Rosettes R =S
Mame: | Cylindrical5electionRule
 “Selection Rules” can now be defined | e
relative to Rosettes. When enabled, the Use Globsl Coordinste System: (] Rosete; | IR
origin and directions of the Selection Rule Origin: [ (15143,-00445,00472) |
are relative to the selected Rosette instead D":::IE;“'“] I
of the global coordinate system. This |

improves associativity, makes the modeling
more accurate and more convenient.

oK | Apply Cancel |

e This feature is implemented for the Parallel,
Cylindrical and Spherical Selection Rule




Python and other Third-Party Software Upgrades

* The ACP user interface is now based on Python
3.7.4. In addition, many third-party software P PUthOﬂ
packages have also been upgraded. For this
reason, the handling of the Python Shell used for \v 4
scripting and the appearance change slightly. /17«

C
* Note that when you are using the Python scripting > ENTHOUGHT

capability of ACP, you must ensure that your scripts

are compatible with Python 3. wxPython

o I

Cross-Platform GUI Library




Level-set and Density Based
Topology Optimization



N __________________________________________________________________________________
New Topology Optimization Validation Workflow

e Goes directly from tessellated optimal shape to mesh and validation

e Automatic re-scoping of boundary conditions

- A - B
W = static Structural 1
2 @ Engineering Data ", e—————f ] Q Engineering Data ¥ 4
3 m Geometry W — m Geometry ¥
4 @ Model  e— G Model v 4
EﬁSEmp v”,/ﬁﬁﬁemp v 4
B Salution ¥ 4 & Solution ¥ 4
7 | @ Results v 7 | @ Results —
0 edie.
Static Structural Topology
n Edit in Read-Only Mode. . - B - '
|n Transfer to Design Validation System. .. 1 4 T Static Structural
N e Q Engineering Data v 2 @ Engineering Data  +"
3 m Geometry v A m Geometry ¥ 4 Pk @ Model v 4
4 @ Model VR4 @ Model v ./ 4@ sewp 7 .
5 @ setup v . 45 @ setup v 5 Solution F o4
] Solution v — 6 Solution v 4 6 @ Results 7 4
7 @ Results v 4 7 @ Resuts ¥ 4 Static Structural
Static Structural Topology Optimization




From Topology Result to Validation

2. Define and solve your

topology optimization problem

1. Define youra naIy5|s (via density or level-set methods)

at stake

(I Project*
= Model (C4, D4)
-, B Geometry
w @ SYS-2iSalid
oy @ SYS-2\Solid1
w @ SYs-2\5old1
[ Materials
-3 Coordinate Systems
-, Connections
B Mesh
w21 Static Structural (C5)
I Analysis Settings
- B, Fixed Support
@ Displacement
B~ Solution (C6)
1[5} solution Information
S 8 Total Deformation
-1 ,[7] Topology Optimization (D5)
1 Analysis Settings
B, Optimization Region
w8 Objective
~ 41, Respanse Constraint
. Commands (TOPO) (Beta)

=] Solution (D6)
53 solution Information
-2 Topology Density
-+ smoothing
3. Create and export a model
Project® . . .
B eieora via the smoothing object
@ SYS-2\Solid
e (69 4. g
@ Geometry 3-8 namms
@j Materials % jé E::z:::ssvsfems

@ Mesh
/{1 Static Structural (C5)
/] Analysis Settings
+@, Fixed Support
/@ Displacement
=& Solution (C6)
-+ Solution Information
/@ Total Deformation
/] Topology Optimization (D5)
I Analysis Settings

% Patch Independent
H /@ Body Sizing
B[] Static Structural (E4)
Jﬂ Analysis Settings
@, Fixed Support

AN, /B, Optimization Region
i~,8. Displacement "\":‘a‘& :6 Objective
B '/. Solution (E5) v‘? /i) Response Constraint

[ Commands (TOPO) (Beta)
=& Solution (D6)
o oo e
=/ B8 Topology Density
/F smoothing

5} Solution Information
/%8 Total Deformation

Details of “Smoothing" ~a0Ox
[=/| Definition

Move Limit B

File Name D:\AnsysDev\X17Testing\threePile..,

Export Model Yes




Reaction-Force Constraint

* Besides compliance or displacement criterion, the RF is a stiffness criterion that is very
convenient, especially in the context of prescribed displacement

Minimize volume
st reaction force constraint

The reaction force is minVol (Q)
computed over Q

The FACE A
(ie prescribed disp)

st:RF (Q) = [ 4,ds > 22kN
A




B
Reaction-Force Criterion

min compliance st volume (20%)
(the clamped parts (B) are not crucial so they
have been disconnected)

(a) min compliance st vol and RF
min compliance(Q)
FACE A vol (Q) <20%, RF, <5kN

(this constraint aims to limit the force that
goes through the face A)

(b) min compliance st vol and RF
min compliance(Q)
vol (Q) <20%, RF; >5kN

(by contrast, this constraint aims to have a
minimal force that goes through the faces B)

P
(@)
m
(7
or)
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User Defined Criteria

* Support of Primary and Composite Criteria: available with static system, independently of
topology optimization

e Can be used in constraint or as objective in both level-set and density-based topology
@) pt| m |Zat| on Details of "Primary Criterion” =+ w IO X

[=]| Definition
EJE Static St tural [AE} Base Result Displacement
- o H:H Analysis Settings Suppressed No
@ Fi [=]| Results
i M8 Fixed Support
: Value 1.4784e-004 m
b @ Force o[ Scoping
- ¥ @ Solution I_:Aﬁ} ) Scoping Method | Mamed Selection
"""" 4 E Solution Inform.ahun Mamed Selection | Upper Points
------- &0 Total Deformation =I[ Load Step Selection
------- &0 Directional Deformation Step 1
------- T8 Deformation Probe 1 Vector Reduction
------- > @ Primary Criterion Coordinate System | Modal Coordinate System
------- > @ Primary Criterion 2 Wector Redudtion | X
o o E{ Composite Criterion I=I| Spatial Reduction 00 ace 20%0¢m)
Spatial Reduction | Average —— s
Method Discrete
B R e TD 0 _I'I'IiZﬂt—IﬂI'I 2 CE
Worksheet = JE ﬂ?nnﬁ::ﬂgp;;tﬁngs (C5) Details of "Response Constraint 2" e w [0 X
e —
i Definitiol
e E-] Optimization Region = nien -
L Type Response Constraint
| & Add | | Eﬂ | | ‘ E*} ete Al | Y ,-.G);I Objective Response Criterion
Delets Delete o i
*""ll-_é'_Jl Response Cnnsra?nt Criterion Compaosite Criterion
il e — Initial Value | 5.4384&-005 m
Primary Criterion Selection Coeffident E-yim) Sol n _[CE} ) Free .
----- L5 Solution Information Upper Bound |0, m
Primary Criterion 1 e W m Topaology Density Suppressed | No
v v, ﬁ Displacement Topology Optimization
Primary Criterion 2 -1




Level-set
Topology Optimization



Multi-Objective: Standard versus Normalized Weighted Sum

Standard Normalized

: : : Automatic scaling by the
Summation without any scaling & DY

Description initial value 3
Zai']i Zai ‘J_klzo‘
Remarks Relevant when it comes to Relevant to sum different
aggregate the same quantities sort of quantity

1st static linear analysis: F=1.00°5 N

2nd static linear analysis: F=0.25%5 N

Result for the
example

The first load (i.e. the most The 2 loads now receive the
important) naturally gets more same amount of material (no
material matter their magnitude)




Y
Miscellaneous

* Reaction Force: lower/upper limit
o Available both for density and level-set methods

* User Defined Function
o UDF aims to pave the way to a more generic formulation of optimization problem
o More complex criteria can be created and then used as objective and/or constraint
o Available both for density and level-set methods

e Overhang
o Improvements have been made to consolidate the method

» Storage: less space is necessary to perform an optimization

* Multi-objective optimization
o Standard or normalized formulation is available
* Discovery Live

o Modal analysis and multi-analysis are now available
o Max thickness and bi-directional pull-out constraints are also linked




+ Bi-directional pull out constraint

Discovery Live

Minimum compliance
st volume, max thickness and pull out
constraints

Minimum compliance st volume

\\
"

+ Maximum thickness constraint

2019 ANSYS, Inc. ANSYS Confidential m




Density-Based
Topology Optimization



B
Bolt Pretension

* Density-based topology optimization now supports “Bolt Pretension” with multiple load
steps, where the state is changed from Load to Lock

 Limitation removed for Lock load steps

B[] Static Structural (A5)

- ] Analysis Settings

-, Fixed Support

- 40 Displacement

....... v 8 Farce

o w Bolt Pretension

% Solution (A6)

- s2) Solution Information

Details of "Bolt Pretension” ~iOx Details of "Baolt Pretension” *40OXx
-|| Scope - [ Scope
Scoping Method | Geometry Selection Scoping Method | Geometry Selection
Geometry 1 Face zeometry 1 Face
S| Definition -1| Definition
ID (Beta) 72
. ID [Beta) T2
Type Bolt Pretension .
Type Bolt Pretension 3.000 m)
Suppressed Ma — .
Define By Load Sup.pressed Mo
Preload 1.e+006 N Define By Lock
- Advanced -|| Advanced

Solve Behaviar | Combined Solve Behavior | Combined




Extrusion with Less-restrictive Meshes

e Extrusion manufacturing constraint is less-restrictive in rejecting meshes that do not satisfy
extrusion

© 2019 ANSYS, Inc. \NSYS Confidenti:



Center of Gravity Constraint (Beta)

* Density-based topology optimization supports restricting the center of gravity (already
supported by the level-set optimization)

E-,[Z Topology Optimization 2 (F5)
------- J [ Analysis Settings
------- | [-3 Optimization Region
------- & Objective
....... v ' Response Constraint
------- E Manufacturing Constraint
....... ” i*1] Response Constraint 2
=& Solution (F6)
----- o] Solution Information
- » B Topology Density

Details of "Response Constraint 2" sttt w O ¥
[=I| Scope
Scoping Method Optimization Region
Optimization Region Selection | Optimization Region
[=I| Definition
Tvpe Response Constraint
Response Center OF Gravity
Minimum Yalue 1.25m
Maximum Value Free S
Suppressed Mo . . . .
| Location and Orientation Optimizer puts material on the right to
Axis X Axis

satisfy the CoG constraint




Moment of Inertia Constraint (Beta)

* Density-Based topology optimization supports constraints on the Moment of Inertia
(already supported by the level-set optimization)

- ,[=] Topology Optimization 2 (ES)
....... v [H] Analysis Settings
------- » [-3 Optimization Region
------- & Objective
------- » E‘ Response Constraint
------- E Manufacturing Constraint
------- %] Response Constraint 2
- %) Solution (EG)
----- i) Solution Information
o » & Topology Density

Details of "Response Constraint 2" s w [ O] %
]| Scope

Scoping Method Geometry Selection
[=| Definition

Type Response Constraint

Response Moment OF Inertia

Define By Absolute Range

Minimum Value | 1,52-002 kg-m®
Maximum Value | 1, kg-m?®

Suppressed Mo

[=| Location and Orientation

Coordinate System | Coordinate System
Axis X Ais




Advanced Filter (Beta)

* A new non-linear filter is available to help the optimizer to obtain better defined shapes

* Turn Beta on from WB Project Schematic and then turn on the dedicated beta feature

Details of "Analysis Settings” =

[=I| Reload Volume Analysis
A Options Reload Volume Fraction | Off
]| ¢ ProjectManagement |'1‘“"'“‘ T e i e [=l| Definition
- Appearance Maximum Mumber Of [terations 500.
- Regm'_“ala"d"a”_g”ageomms ) " . ” Minimum Normalized Density 1.e-003
Graphics Interaction Parallel Processing Se | ect Non'Ll nea r a S Convergence Accuracy 0.1% Region of AM Overhang Constraint | Exclude Exclusions

- Journals and Logs

- Project Reporting

- Solution Process

- Extensions

- Mechanical APDL

| G- Design Exploration

- Distributed Compute Services

™ Limit Number of Cores for Data Mapping and Post-Processing

Maximum Mumber of Cores
2

Beta feature selection

filter in
“Analysis Settings”

Initial Yolume Fraction (Beta)

Program Controlled

Penalty Factor (Stiffness)

3.

Region of Manufacturing Constraint

Include Exclusions

Region of Min Member Size

Exclude Exclusions

Region of AM Overhang Constraint

Exclude Exclusions

- Repostoy ¥ Topology Optmization - E dvanced d filter opti
(I 1 chanical F¥" Topology Optmization - Expose advanced density fier option Filter (Beta) Program Controlled
- Meshing I Load Case Manager [=]| Solver Controls
- Engineering Data
Microsoft Office Excel I™  Allow Body Grouping Control for meshes from External Model Solver Type Program Controlled
. T
} TurzaSystem ™ Allow Element Scoping for Material Assignment Nonlinear Controls
- Geometry Import Qutput Controls
Analysis Data Management

[=]| Solver Controls

Mon-Linear

Defaullt, Iineér filter Noh—lineaf filter



Node-Based
Shape Optimization
(Beta)




| R EEE————
Capabilities of the Node-Based Shape Optimization

Area Concern Features

Element type in the optimizable region |3D elements (only tetra) - Linear or Quad

Geometry Element type for the non-optimizable No restriction
region
Geometric Analysis Criteria Mass, volume, Center of gravity, moment of inertia
Boundary condition Fixed displacement, prescribed displacement
Loads Nodal force, surface force (pressure), volume (gravity, acceleration, rotational accel)

Static Linear Analysis Thermal load

Generalized compliance
Displacement-based criterion
Reaction force

Criterion
(available for any BC/load)

_ Boundary condition None, fixed displacement
Modal Analysis — :
Criterion Eigenfrequency
Pull-out Not yet
Manufacturing
Constraints Overhang Not yet
Maximum thickness Not yet
Objective Single objective. Minimum or Maximization. Any criterion can be selected.
Optimization Constraint None, one or many. Any criterion can be selected.
Design variable Manage multi DV
Miscellaneous (ON) Windows, Linux, RSM




Example: Bull

Optimizable faces in blue

W
=
o

o

Remarks:

e Static linear analysis

e Only the blue faces are optimizable
* The optim problem reads:

min compliance(Q)
st :vol <50%
Result:

* Large mesh deformation
* Smooth shape




Topology versus Node-based Shape Optimization

Topology Node-Based
Optimization Shape Optimization

* |Immersed boundary method: i.e. the shape is

approximated thanks to a density-field or a level- Body-fitted method: the shape is exactly defined

Description The mesh is not fixed anymore, nodes location will
set method chanee
* The mesh is fixed &
: * No shape approximation
 Manages topology changes (nucleation, merge, ..) : -
Strength | * Easy setup: crude design domain, nothing to e Accurate computation of local quantities (stress,
- ’ strain, thickness, etc.) on the boundary
parametrize . .
e Easy setup: just select the optimizable faces
 The shape is approximated
. * No topology change
Weakness °* Local quantities are not accurately computed at e 8

e — Moderate deformations are expected




Contact, NLAD, Fracture




B
Contact Enhancements in Mechanical

* “Advanced Analysis Settings” now supports a new setting, Contact Split (DMP), that
allows for better solver performance in distributed mode. When turned on, the solution
process of models involving large number of contact elements speeds up. This is achieved
by distributing the contact calculations across specified number of cores and improving
the load balance ratio. The default for Contact Split (DMP) option is set to off.

Details of "Analysis Settings” =00
Large Deflection On
Inertia Ralief off

+ Rotordynamics Controls
+| Restart Controls

+|| Nonlinear Controls
Cantilever Beam Model with number of contacts =228

= Advanced
Inwerse Option Ho Solution time with 12 cores, without contact splitting
off -
= Output Controls Frogram Controlled CE Time (sec) = 15.766
Stress un Elapaed Time {(3ec) = 24.000
Surface Stress Ho
Back Stress No sclution time with 12 cores, with contact splitting, Number of maximum splits per contact= 12
Strain Yes 25 % less Elapsed Time

CP Time {gec) = 14.0682
Elapsed Time (3ec) = 15.000




B
Contact Enhancements in Mechanical

* Symmetric Contacts Similar Characteristics

o The “Contacts” for which the Behavior is specified as Symmetric in Mechanical, the
contact will now keep the same contact characteristics for symmetric pairs (KEYOP(8)=1)
as opposed to previous behavior, where each contact pair had its own contact
characteristics. This helps the users with much better results for symmetric contacts

DEtallS. D_F "':I:Iﬂtaft REQIDH Ell e Il_ D H
Scope
=& Connections = ;’;"“h" o
- ,8) Contacts
= / > . Scope Mode | Automatic
/\ . Contact Region Behavior Symmetric
" ’\ Contact Regnon 2 Trim Contact | Program Controlled
Trim Tolerance | 1.4802e-005 m
Suppressed Mo

Advanced
Geometric Modification




Contact Enhancements in Mechanical [ ———
* Mechanical now supports a new option for contact region (Each Iteration, i Toranc Mierscam
Exponential) in “Update Stiffness” = toman —
* This option is only valid for Frictional/Frictionless contact with Pure Penalty
formulation ol Siiness - [Progam Conrle
* This option will update contact stiffness based on exponential pressure-penetration s e
elationship e e
Figure 3.13: Pressure-Penetration Relationship
* Once this option is selected, two more properties com Pressure At Zero Penctration | Value
appear: i Cesance e
o Pressure At Zero Penetration = PZER in MAPDL e i
o Initial Clearance = CZER in MAPDL A
Initial Clearance Factor
-- Factor 2.e-002
* Both the properties have three dropdown options:
1. Program Controlled (default): Solver computes the default
values
2. Value: User can define any positive value Update Stiffness Each teration, Exponential | | Program Controlled  +
3. Factor: User can define the factor of solver computed default :E:;itr:::: Penetration E:ZE::: EZ:::Z:::Z 3“‘ il




B
NLAD Enhancements in Mechanical

* Mechanical now supports Non-linear Adaptivity Region with Large Deflection off

* This can be useful in situations where deformations are not large, but structural errors are
large and can be corrected by adaptively refining mesh

e Mechanical will now also overwrite restart files in NLAD, after maximum number of files
reaches 999




* “Preserve During Solve (Beta)” in 2020 R1

o Mechanical now allows to preserve named selections during NLAD
solve. This can help a user to evaluate results on the elemental
named selection region, which was defined before the adaptive
refinement

=)

=

0 project

NLAD Enhancements in Mechanical e

Model (B4)

J!Ei Geometry
-5 Materials

¢:$: Coordinate Systems

El-{& Connections
. E-xfd Contacts

x"'_\ Contact Region
x\l\ Contact Region 2
i Bl Contact Region 3

5 e

E| Q Mamed Selections

L BB prelems

&,/ Static Structural (B5)
Jﬂ Analysis Settings
v;l'.i' Fixed Support

i/ Displacement

,'ﬁ; Nenlinear Adaptive Region
=& Solution (B6)
- 5] Selution Information
‘,ﬁ Equivalent Stress
% Structural Error
M8 Equivalent Stress 2

Details of "prelems" D R B B D IR B L L L L e ]]. O x
Scope
Scoping Method Geometry Selection
Geometry 30 Elements
Definition
Send to Solver Yes
Wisible Yes
Program Controlled Inflation | Exclude
Preserve During Solve (Beta) |Yes
Statistics
Type Manual
|| Total Selection 30 Elements
Suppressed 0
Used by Mesh Worksheet Mo




Fracture
 SMART crack growth now supports multiple load steps

Name v Ve
:. E = l
=2 Model (83)
#-- % Geometry
@ {8 Materials
#--3% Coordinate Systems
s (%) Connections
Current 5tep Number |2,
- B3] Fracture
5tep End Time 1.25% E) Pre-Meshed Crack
Auto Time Stepping | Off _'g%
- B £2 Named Selections
Define By Substeps &0 Static Structural (84)
Mumber Of Substeps | 3. Ui Analysis Settings
@ Nodal Displacement
v
[=| Solver Controls @ Nodal Displ t2
Saolver Type Program Controlled +®_ Nodal Force
X =& Solution (B5)
Weak 5prings Off /) Solution Information
Solver Pivot Checking | Program Controlled @ Total Deformation
. =) Fracture Tool
L Deflect Off v
arge Deflection /&) Hntegral OINT)
Inertia Relief Off ~2) J-Integral (JINT) 2
- ~/2) Jntegral (JINT) 3
Rotordynamics Controls "8 Equivalent SIFS Range
Restart Controls @ Equivalent SIFS Range 2
@ Equivalent SIFS Range 3
[=1| Fracture Controls ﬂ Jintegral (JINT) Probe
Fracture on 28, )Integral (JINT) Probe 2
SIFS No 20, JIntegral (JINT) Probe 3
/28, Crack Extension Probe
J-Integral Yes 28, Crack Extension Probe 2
Material Force Mo 2, Crack Extension Probe 3
28 Total Number of Cydes Probe
T-Stress Mo 2B Equivalent SIFS Range Probe
Nonlinear Controls 28, Equivalent SIFS Range Probe 2
23, Equivalent SIFS Range Probe 3




SMART



Distributed ANSYS for Fracture Parameter Calculations

DMP SCALING PERFORMANCE

=—4—2020R1 -——2019R3

250

200

[uny
w1
o

SOLVER RATING

—
o
o

e 2.2 million DOF; PCG solver
» Static analysis with fracture calculation
e Linux cluster
o CPU: 2x Intel Xeon E5-2690 v4 2.6GHz,35M v .
Cache,9.60GT/s QPI,Turbo,HT,14C/28T
(135W) Max Mem speed 2400MHz 0
o Ethernet speed: 10Gbps ’ -  vaen o conee e e
o 0S: CentOS release 6.7




SMART Crack Growth Enhancement

e Robustness Enhancement

o Continued solver and meshing improvement in
remeshing handling

Substantially reduce number of elements in the remeshing
Improvement in the remeshing success rate

Improved remeshing with crack growing into corner
Improved remeshing with crack growing cut through part
Improved remeshing with crack growing cut through edge

o Continued improvement in solver solution

Fracture parameters calculation
Crack direction prediction
Crack extension prediction

Problem Description:
Center cracked tension panel subjected
to remote tension pressure load
Elliptic surface crack
Fatigue crack growth with Paris Law

ANSYS

2020 R1




B
SMART Crack Growth Enhancement

* Tabular stress ratio for fatigue crack growth *dim,rtable,table,6,1, TIME ! R ratio table

. . table(1,0) =0
o Define tabular table for stress ratio as rtable(1,0) ~
rtable(1,1) = 0.3

function of time rtable(2,0) = 1.0
rtable(2,1) = 0.3
rtable(3,0) = 1.0001
rtable(3,1) = 0.5

CGROW,FCG,SRATIO,%rtable%

o Complex loading pattern can be modeled rtable(4,0) = 2
by using tabular load and tabular stress rtable(4,1) = 0.5
ratio table

R

time




Linear Dynamics




Linear Dynamics Enhancements in Mechanical

* The Linear dynamics features enhancements in 2020 R1 release of mechanical are as
follows:

o Top down CMS model reduction method for Response Spectrum analysis
o Volumetric Force Density transfer from Maxwell

o On Demand result calculation for Mode Superposition (MSUP) harmonic and
transient analysis




B
CMS Enhancements in Mechanical

* Top down CMS based method for generation of super elements is now supported for
Response Spectrum analysis

B Model (A4, B4)

..... v, @ Geometry

----- v, m Materials

----- /5% Coordinate Systems
=& Connections

....... v E Contacts

= v E Ioints
..... ﬁ\ Revolute - 2e onderdeel\Shoulder To BTop
----- /%" Revolute - Multiple To BTop

....... v ﬁ Mesh
by @ Condensed Geometry
ise [ Condensed Part
------- /[E Condensed Part 2
g & condensed Part 3
fe 15} Solution Information
- Q Mamed Selections
g “ Modal (AS5)

....... ~T=0 Pre-Stress (None)
....... v ﬂ Analysis Settings
....... » E” Fixed Support
....... », ﬁ” Fixed Support 2
[ Solution (AG)
=l Response Spectrum (B5)
....... T=0 Maodal (Modal)
....... v Hﬂ Analysis Settings
....... v 1 RS Acceleration
- Solution (B6)

....... ” E Solution Information

- v 59 Total Deformation

m...I+




|
CMS Enhancements in Mechanical

* When “Trim Contact” option of On is selected, then the master degrees of freedom is also
trimmed at the contact interface during generation pass. This leads to a reduction of the
master degree of freedom and will improve the solution times of the generation pass

Details of "Contact Region 2" * 1O
Type Bonded L
Scope Mode Automatic
Eehavior Program Controlled
On -
Trim Tolerance Program Contralled
Suppressed off
= | Advanced |Face Based (Beta)
Before Trim After Trim
= Interfaces
, (Mumber of Interfaces | 2,
= < lm! : e; - 5 Mumber of Master Nodes |80,
umber ; | . | |
Namber of Matter Nodes [ _mutamatl.c | E.unded - rectbar3 To rectl:l..._
_Autl:umatn: | Fixed Support
[=|| Statistics

Mumber of Master Modes |80,




Volumetric Force Density Transfer from Maxwell

» Support frequency varying body force density in FULL harmonic

* Applications: Electric Transformers, Electric Motors

- " Harmonic Response 3 (F3)

------- »T=0 Pre-5tress/Modal (Mone)

------- » H] Analysis Settings

....... », @ Fixed Support

....... B Fixed Support 2

El""'.,.-f'E' Imported Load (A4)

..... » * Body Force Density

..... *B Body Force Density 2
b » IEI Solution Information
- /™% Total Deformation
- IF ERP Waterfall Diagram
- JIF ERP Level Waterfall Diagram
- . " Total Deformation 2




On Demand Result Calculation in MSUP

* To improve performance, expansion pass can be skipped in
MSUP harmonic and transient analysis by using Skip
Expansion setting under “Analysis Settings”

* Displacement, Velocity, Acceleration, Stress, Strain and ERP
can be evaluated on demand in this case saving solution
time and I/0O

e Residual vector are supported

» Using Skip Expansion option, the solution times and I/Os can
be highly improved as shown below (numbers obtained with
medium size model)

Modes Frequencies Time Standard Time Skip Expansion 10 Standard 10 Skip Expansion
100 100 245 94 13.2 5.4
100 200 402 97 20.9 5.4
100 400 729 100 36.4 5.4
100 1000 1669 101 82.7 5.4

1000 1000 6073 867 130.2 52.9

nitiahzing

| Step Controls

Multiple RFrAZ

| Qi

Frequency Spacing
Rarige Klinimum
Range Maximum

Cluster Muember

Lser Defined Fréquendies

Solution Method

Imclude Residusal Veckar

| Clyster Reults

Mo

Limear

0. Hz

B0, Hz

4

off

Mode Superposition
Mo

L o]

Skip Expansion

s

.| Rabdrdynamics Controds
| Qurtput Controls
.| Damping Controls

| Analysis Data Management




Coupled Field Analysis




| R EEE————
Coupled Field Analysis in Mechanical

* In 2020 R1 release, Mechanical supports these additional features for Coupled Field Static
and Coupled Field Transient Analysis

o Apply Imported Temperature as Initial Condition

o Supporting External model for Coupled Field Analysis
o Spot welds

o Constraint equations and coupling conditions

o Global temperature Tracker




Coupled Field Analysis in Mechanical

* Mechanical supports option on “Imported Temperature” load to apply it as Initial
Condition or Boundary Condition. The default is to apply it as Boundary Condition. The
“Imported Temperatures” were applied as Boundary Condition in prior releases when this
property was not exposed.

Details of "lmported Temperature" @i

[=1| Scope
Scoping Method MNamed Selection
Mamed Selection elbow

[=I| Definition
Tvpe Imported Temperature

Initial Condition
Tabular Loading Boundary Condition
d

[=1| Beta Options (Beta)
Show Body Wireframe (Beta) | Mo
[=]| Settings

Mapping Control Pragram Controlled
Mapping Profile Preserving
Weighting Triangulation
Transfer Type Yolumetric

[=1| Graphics Controls

Display Source Points Off
Display Source Point 1ds Off




| R EEE————
Coupled Field Analysis in Mechanical

e Users can now import CDB, Nastran and Abaqus files into Coupled Field Analysis.
Remote point degrees of freedom are picked based on the user selection or physics
type of the participating nodes. The missing properties are automatically made invalid
to get user’s attention (contact thermal conductance)

= (@ Model
) Import Summary
[+ /Q Geometry
& {8 Materials
B % Coordinate Systems
=) Connections
D Mesh
2 Named Selections
+5) Boundary Conditions
/B Constraints(External Model)
2 Nodal Loads(External Model)
/@, Surface Loads(External Model)
e = - =~ [& Coupled Field Transient
/i3 Initial Conditions
76 Initial Physics Options

0@

R [T R e ,21 ::d.yssRSew.‘
i /@ Physics Region
Remote Point degrees of freedom - :

-2 {7 Solution Information




Coupled Field Analysis in Mechanical

* The users will be guided by displaying appropriate warnings when any of the imported
objects are not supported by the physics type of the body

ulest] 1.00
| EE— |
0500
ANSYS Workbench - Warming X
M ~*3Ox
Scoped entities on the imported object are on a body scoped s
Nl { Dy physics region with 3a invalld physics definition. R with an s Prosect> Model> Coupled Fiedd Statsc> Solution
z this Object and the Cormesponding physics region. his may fea: Project> Model» Coupled Fledd Statscx Solution

s are not vi Propect > Model> Counled Fiedd Static> Solution

o]



Coupled Field Analysis in Mechanical

* Mechanical supports spot welds for
structural only and thermal only contacts in
coupled field analysis. It is chosen automatically

based on the physics




| R EEE————
Coupled Field Analysis in Mechanical

e Constraint equations can be used to couple the degrees of freedom between remote
points

0 = -1000000 (1/m) * Remote Point(X Displacement) + 1000000 (1/m) * Remote Point 2(X Displacement)

Coefficent | Units | Remote Point | DOF Selection |
-1000000 1fm Remote Point X Displacement
1000000 I/m RemotePoint2 X Displacement




Coupled Field Analysis in Mechanical

* Global minimum and global ; " ; .
maximum temperature tracker are |

now automatically added in a Coupled
Field Transient analysis

Temperatwe ('C)

Qutine : *310x 0Q Qe % C-rQARQA SkakMi- TERDABRDE TP I

‘,@ [retel Concitors 1
v Inital Phyacs Optors - —
<R Analyss Settngs = e
/B Pryscs Regon
/B Foed Support e
/P4 Terperanse -
/9§ Temperatire 2 28 =
= . Solution (C6) -
8- A e
S -
i .
= s o
2.3
-~
o2
R2IR
00 200 000 000 4000 $000,



Coupled Field Analysis in Mechanical (Beta)

* Newton-Raphson Residuals for Heat and Moment can be added by setting them to Yes on
the Solution Information Tool. Fracture with crack is supported on coupled field analysis if
structural physics is selected on the bodies with cracks on it

= 8 static 2(CS)
s Il Physics Optiors
U5 Analyss Settrgs
/B Physcs Regon
/B Physics Regon 2
O, Pastic Heating
o Frictioniess Support
B, Remote Deplacement
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Advanced Mechanical
Features




Advanced Features Supported in Mechanical

 The advanced features supported in 2020 R1 release are
o Direct pressure without creating surface effect elements
o Application based transient solution settings for Transient Structural Analysis
o Output controls for Euler Angle and Volume and Energy




Direct Pressure without Surface Effect Elements

* The direct pressure loading is supported in Mechanical for 3D solids. It will not create any
new surface effect elements for applying pressure loads. Instead, it will apply the loads
directly to the solid element faces. It is developed using the SFCONTROL command
exposed in MAPDL. It applies to Pressure (Normal To/Vector/Components), Force and
Hydrostatic Pressure based loading in mechanical.

* Direct pressure option is exposed using “Applied By” property which can be set to Surface
Effect (default) and Direct. Surface Effect creates surface effect elements which is the
default behavior in prior releases

Details of "Pressure”

[=]| Scope
Scoping Method | Geometry Selection
Geometry 1 Face

[=]| Definition
Type Pressure
Define By Vector
-

Magnitude 1.e+00& Pa [ramped)

Direction Click to Change
Suppressed Mo




B
Direct Pressure without Surface Effect Elements

* The implementation uses element faces of SOLID elements instead of nodes to avoid
issues with shared edges/nodes with other element types and is only applicable for 3D
solids in the current release. Multiple loads applied on same scoping and same direction
will not have cumulative effect as the last one will overwrite the previous ones. Direct
pressure is not supported in presence of Cracks, SMART crack growth, NLAD, CMS and

Cyclic Symmetry features
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Application Based Transient Solution Settings

* The “Solver Controls” group under Analysis settings of

Full Transient Structural Analysis now make it easier e oo e R B
for users to instruct the program to choose the best T
solution settings based on the intended application of o o
the transient simulation, which could be numerical e
integrations scheme, integration constants etc. Minimun Tne Step_[01
* The supported application options include Impact, [ Solwe Controls
High Speed Dynamics, Moderate Speed Dynamics, Low — fwesrs ot
Speed Dynamics, Quasi-Static and User Defined. When — peeermmmm o speed symanic S
User Defined option is selected, the user is instructed omines contos
to specify value of amplitude decay factor setting, Aol fiom Spees Dynamic

User Defined

[+ [+

Damping Controls
Analysis Data Management

which was exposed as numerical damping value under
“Damping Settings” in prior releases

[+




Workbench Mechanical

Acoustics & NVH
ANSYS Motion
Discovery Live & Autodesk Fusion 360 conversion to Mechanical
External Study Importer




Volumetric Force Density Transfer from Maxwell

e Support frequency varying body force density in FULL harmonic

* Applications: Electric Transformers, Electric Motors

=-,/4. Harmonic Response 3 (F3)
------- »T=0 Pre-StressModal (None)
------- 1 Analysis Settings
------- 2, Fixed Support
------- 2, Fixed Support 2
=R IEI Imported Load (A4)
----V-! Body Force Density
"'"«f'.- Body Force Density 2
=% Solution (F4)
e oA3) Solution Information
- /#5 Total Deformation
- /[IF ERP Waterfall Diagram
- A ERP Level Waterfall Diagram

/%% Total Deformation 2
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On Demand Result Calculation in MSUP

To improve performance, expansion pass can be skipped in MSUP harmonic and transient
analysis

* Displacement, Velocity, Acceleration, Stress, Strain and ERP can be evaluated on demand
in this case saving solution time and /O

e Residual vector are supported

e “Skip Expansion” option shows solution times and 10s can be highly improved (numbers
obtained with medium size model)

nitiali?_ing .....................................................................................................................................

[uy]

Step Controls

Multiple RPMs Mo
|| Options
Modes Frequencies Time Standard Time Skip Expansion 10 Standard 10 Skip Expansion Frequency S.pa.cmg Linear
Range Minimum 0. Hz
100 100 245 94 13.2 5.4 Range Maximum 80, Hz
100 200 402 97 20.9 5.4 Cluster Number 4
100 400 729 100 36.4 5.4 User Defined Frequencies | Off
Solution Method Mode Superposition
100 1000 1669 101 82.7 5.4 Include Residual Vector Mo
1000 1000 6073 867 130.2 52.9 Cluster Results fes
Skip Expansion Yes I

Rotordynamics Controls

Output Controls

Damping Controls

Analysis Data Management




ANSYS Motion ACT App

* An integration of the Ansys Motion solver technology into the ANSYS Mechanical GUI
* Compatible with ANSYS 2019 R3 upwards

* Provides the power of the ANSYS Workbench and Mechanical Environments to
facilitate the pre-processing of Ansys Motion models.

T project*
= Model (B4)
B/ Geometry
(S| i - @ Geom\Driving
ANSYS Store : -y @ Geom\Belt
' ~x @ Geom'\Driven
‘ -~ @ Geom\Bearing
Back to Apps -8 Materials
- 3 Coordinate Systems
@, f8) Connections
-,/ @ Mesh
-l ANSYS Motion (BS)
(2 Initial Conditions
- 41| Analysis Settings

ANSYS Motion
v2019.3

ey *X T
) - X Torque
Support ANSYS: 2019 R3
Target Application: Mechanical "% RJ
& Revolute
-~y & Translate

-# RScalar Properties
= 'V Solution (B6)
- 4{5) Solution Information
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ANSYS Motion - ElastoHydro Dynamic (EHD) Bearing

e Purpose of development
o EHD is crucial to modelling many mechanical systems
o Engine, Shaft in a ship, HDD and lots of application requires
EHD capabilities
e Application
o Crank Shaft — Connecting rod in Engine, High-speed
compressor and so on

o Drivetrain toolkit is required for the element
< EHD bearing >

* Properties:

« .o FLUI
Characteristics

- Qil film pressure depend on eccentricity & speed

Basic
- Surface roughness

BOdy type - ngld, FE (NOdaI, MOdaI) FILM PRESSURE/

Output - Oil pressure force display

(il prossure
Adjustabla mechanism af
laad to e piakon

#
/ %
4 2
Conmectng rod =  Optical fiber
BANSOrS
Buppart bearing :
(s T
.
N Shafl Bearing
i@s :
I gupay Tt 77777

I

< Appl

i atiom 0l precours
EEUDE

ications >
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ANSYS Motion - EHD Bearing

* Crank Shaft & outputs
o Drivetrain toolkit support the EHD element

oy Bawe G Conmess. Feus Base Geometry (Beanng)

it PO SE|C E
&5 v Kclion Guoinelny Clacsoadl
s o o . e . - . . -
B ———— FormEHDBearing 644
Base Postion o
Name EHDBearing_01
210537
Base Z-axrs Characteristic  Geometry
Définition of Base Geometry
e Geometry JFACESET_01 eal
Position [ 1[-45.471556. 3.65568665. | [=
Action Postion : Z Dirsction [o.0.1 e
X Direction .00 7] 0.842148
Action Z-acs Definition of Action Geometry
Geometry JFACESET 02 feal 0421074
Action X-ax's Position [ 1[-45.471556. 3.65568665. | [=
Supported results _
Z Dirsction oo v
Base Radivs 0.0 X Direction .00 |
Acton Radivs 00 .
Dimension
Whdth 00 Bearing Radius [L] 10
Name EHDBeating_02 CEImEL FRILE(L] 9 = Frame:  1/1501
= Time: 0
[ Show Propedy Dialeg width L] 0 = State: 1/1501
EHD Solver Mesh
v g x Circumferential 200 =
Axial 30 -
Frmven H
Enable
& Q. Aoply Cancel

Pressure pattern Force & Stress




Medify Simulation Case

ANSYS Motion - Modal Data Export e ]

Relative error 0.0005

[1 Use FDM Jacobian for a flexible bady

) P u rpose Of d eve I O p m e nt Treatment of non-contact entity lgnore in chained system

Skip Analysis MNone i
o In order to calculate sound pressure, surface acceleration must be recovered | r.coeosesssien Wite y
o The size of recovered data in the time domain is too big to use Plosult ype ofEF Model Body Mo -

Y

Ll £ DAFUL Postprocessor - EasyFlex_Housing

o An alternative way to calculate these data was required

—
File View Tool Window Help

] MNew Ctrl+N m@@@-"%|&®@@§a|..’_

L[ Open ctri=0

M M window! = Window2  Window3
* Application :
Save Ctrl+S
Export »I@ Record Frame

o Sound Pressure Calculation S it

Mumeric data
Settings 4

o Other applications that need to use surface position, velocity or acceleration

Contour Min/Max

2 Beam_.dfps Wz EnSight Format

3 DAFUL Postprocessor.dfps |, Contact Result

¢ O p e ra ti O n CO n C e pt LR AL ESLE J» FE Body Result

7 Close lg UNV Format
. . . . . Exit w5 Modal Body information
o After activating an animation window, you can access the export menu e T .
o File 2 Export 2 Modal Body Information Bl
) Housin !lL IM—IM’) Expert Modal Infermation X

e Remark -
o Before the simulation, make sure that you are using the “Modal” option for result type

r Name
O /eo_oot

o If you know all the below information, you can save disk space by turning off the option

Option

. . . . [Aindude Geometry
*  “Include Geometry” > Node & connectivity information.
° ”lnclude Mode shape" 9 Mode Shape data Pt [GIAFL. Tedhmical Supports 1. DAFUI verion 20198 0. ormror®] | .




Scil Interaction

ANSYS Motion Links Toolkit - Soil Interaction

Characteristic  Geometry
Definition of Base Entity

Soil Interaction Entity Name /FACESET_001 2]
L I o X a—|

* Purpose of development N ‘ it

List of Action Entity

. e, o . Soil Type [sandyLoamiMc 22%) v
o Soft soil conditions must be considered for s R

Shape AearL AearW No.L No.W *
Coefficient of Dynamics Sinkage 0.2047 = » [+ Ni
tracked vehicle operation environment S § oo T o0 : 2
v
p Exponent of Pressure Ratio 10 = ;’T ck 00.. B2 2 800 }2 2
Mrack_00... [P |~|25 600 |2 2
B k k ) f I o o Expanent of Shear Displacement 05 = o 0. ERIY 2 % b >
ekker’s formulation is used
O Normal Pressure | Shear Pressure Mrack.00.. (ERER25 1600 |2 2
Mrack_00.. [P |v|25 600 |2 2
Normal Pressure Bekker
Mrack_00.. [P |¥|25 600 |2 2
Cohesive Coefficient 0.00256 = [rack 00, [P~ |25 S 5
Friction Cosfficient 4.312E-05 = |Track_01... [P |v|25 600 |2 2
L] L] =
Y A p p I I Cat I O n S e 02 = |mrack 01.. [P Ivl2s  Jeo0 [2 |2
wiidth = Preview Update
ate Cu

o Tracked or wheeled vehicle drive on soft —.: ==
ground condition B T

SandyLoam({MC:22%) A4
Export RDF File 1) Cancel

Clayey(MC:38%)

* Theory & Operation concept == N R e
o Contact forces with soil can be calculated by WC‘[’]
HeawClay(MC:40%)

Bekker’s normal pressure and Wong’s shear fasiietoigch

LeanClay(MC.32%)

LETESand(MC:0%)
pressure Loam(MC.24%)
o SandyLoam(MC:15%)
o Soil property and road contact are supported SarcLoan(MC 22%)
. . . . SandyLoam({MC:23%)
with soil interaction SandhLoam(MC 26%)
SandyLoam(MC:32%)
SandyLoam(MC:43%)
SandyLoam(MC:51%)
Snow(US)
Snow(Harrison)
Snow(Sweden)
Concrete

User Defined
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ANSYS Motion Links Toolkit - Soil Interaction Example

* Example models

o Tracked vehicle: Penetration pattern is different between two model
o Wheeled Vehicle: Front wheel is made of “cylinder type” and rear one is “planar type”

Tracked vehicle Wheeled Vehicle

‘HHWWWWWWHWHWW b b .
A o W a3y - \ A g
52 CHORORORORO Eug
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ANSYS Motion - Electro-Magnetic (EM) Force & UNYV file

e Purpose of development
o Consideration of electro-magnetic force for the motor driven power transmission mechanism
o An electro-magnetic force variation is a key for the NVH analysis of the motor-based system

* Operation concept

o Motor structure model in MAXWELL - Export electro-magnetic force pattern to Universal file for each
stator & rotor

o Import the file into DAFUL for each RPM (EM force)
o DAFUL Solver apply these force while a dynamic simulation

* Application

3D Force by using EM Force

o A system which needs to be considered an Electro-Magnetic force
e e

-

Maxwell Model
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ANSYS Motion - EM Force

* Motor Dynamics

o A FE nodal or modal body should be set to create force. Select “stator” and “rotor” body
o Can conduct a dynamic analysis considering the electromagnetic force and flexibility of the motor

| 1077447 ey T
| Name [Motor_Skew!
Characteristic  Connector ROtor force
Reference of Rotational [ RI_Moton 9632.26 143
UMY Properes Stator force
Depth [e75 740 -
No. of Layer [s
UNY for Geometry PSS §
| Stator Rotor
|
JU - Motor_UNVatSkew 14t Skew1_Stator_M.unv D:#Motor_UNVi#Skew1%Skev1_Rotor_Mauny
| 616021 122
|
UNVfor Forcs
RPM Stator Rotor
D:#Motor_UNVH¥Skeur #Skew 1_Stator_4600rpm_F.unv D Motor_UNV#Sken #Sken1_Rotor_4600rpm_F.unv 300286 115
4800 | D:WMotor_UNV¥#Skew ! Skew 1 _Stator_4800rpm_F unv D-4Motor_UNV¥#Sken 14#Skew_Rotor_4800rpm_F.unv
5000 | D:#Motor_UNVH#Skew1%#Skew1_Stator_5000rpm_F.unv D-4fMotor_UNV¥#Sken 14#Skew_Rotor_5000rpm_F.unv
5200 | D#Motor_UNVH#Skeu1¥#Skew 1_Stator_5200rpm_F.uny D-4fMotor_UNVH#Skew 14Skew1_Rotor_5200rpm_F.unv eSS 108
5400 | DHMotor_UNVHSkew1¥Siken 1_Stator_5400rpm_F.uny D Motor_UNYV#Skew 14#Skew1_Rotor_5400rpm_F.unv
5600 | D:¥Motor_UNVHSkew¥Skew1_Stator_5600rpm_F.un D:WMotor_UNV¥#Sken 14 Skew1_Rotor_5600rpm_F.unv
5800 | D:#Motor_UNVH¥Skew#Skew 1_Stator_5800rpm_F.unv D-#WMotor_UNV##Sken #Skew1_Rotor_5800rpm_F.unv 26516 101
5000 | D:##Motor_UNVHSkew1%Skew1_Stator_B000rpm_F.unv D-4Motor_UNV¥#Sken 14#Skew1_Rotor_6000rpm_F.unv
5200 | D:#Motor_UNVHSkeu1%Skew 1_Stator_6200rpm_F.unv D-4fMotor_UNV¥#Skew 14Skew_Rotor_6200rpm_F.unv
1530.81
| 5400 | D:HMotor_UNVHSkew1¥Sken 1_Stator_6400rpm_F.uny D-WMotor_UNV¥#Skew 14#Skew1_Rotor_6400rpm_F.unv 94
6600 | D:HMotor_UNVHSkew!¥Skew1_Stator_8600rpm_F.uny D:WMotor_UNV¥#Skew14#Skew1_Rotor_6600rpm_F.unv
|
| 37346 a7
Display Scale Proview
Frame: 17100 7@380
Enabl
| [ Enatle Time 0100577 %
@ i Faply Cancel State: 3018/30000 -0.07 004 o015 026 037 047 ose 062 0.80 091 1.02

Property dialog Motor Dynamics Vibration Color Map




° ° ° General Contact
ANSYS Motion Stiction Improvement
c:j::te”sm — Standard Contact Force w
e Purpose of development L )
o Stiction model of contact friction had been developed in the previous version, but Seepee b8
it had a problem to solve a slip phenomenon if a sliding distance exceeds the "Max -
. . . . Boundary Penetration 0.01 =
Stiction Deformation" distance
o The algorithm has been improved to resolve the stick/slip problem i | | |-
Dynamics threshold =
[ ] Operatlon Concept ‘C;Dal\:ilz;::Defﬂrmatinn ,2005—|: I
o Same as before and need to be careful to set the value e e 8
Buffer Range Factor =
P Appl |Cat|0n Maximum Stepsize Factor =
[ode Only Option
. . . Point Check Action Points Only ~
o Bolt locking simulation. 2 rr s -
o Slip stop simulation by friction on the slope =
Bolt-Washer Lancel
Contact
Ground-

Washer-Nut Fix

Bolt Locking
Torque
Washer
Assemble

oy

2019 R1 2019 R3

§E

Bolt-Nut
Contact

gxz
£33
52

H]

 Torque
S F EE
-

Locking Torque
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ANSYS Motion Special API for Roller-Coaster

e Purpose of development
o Designed for building Roller-Coaster model

o SPECIAL APl has been supported to
assemble a series of bodies on the curved
path

* Application
o Roller-Coaster assembly or similar

application which must be assembled on
predefined curve

e Remark

o Refer “Links 3D APl.pptx” for detail
operation

rarme;

State: 1,/10001




Discovery Live Add-In for Mechanical Export

 Add-in added to Discovery Live to export the

-t Solution @
database: B
. . . . & (Defaul))
o Geometry, materials, studies, joints, 4 Fixed Suppor

Mt Pressure

boundary conditions, loads

+ & Force
- 72 Moment

[
[+
2% Displacement
[+]
§

ICEGEE

File Design

+ ,-"" Rotational Velocity
B 5% Thermal 1 (Static)
- /4 (Default)
E Ambient Temperature

* Exported file can be imported using External "

& Convection in Air

Study Imported ACT App Mechenicd

* Double-clicking on the “Exported File” runs

the Mechanical import

Mechanical Export

3 Temperature

if> Heat Flow
I Heat Flux
13 Insulated Face

g .
& Convection

= WA Modal 1

& (Defaulf)

Z¢ Displacement
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Autodesk Fusion 360 Generative Design Export

e Autodesk Fusion 360 allows Mechanical Export for

Generative Design: e g L LB

i Yo o | /AR =
o Geometry, materials, load cases, boundary Ak 22= 0N .

conditions, loads

MANAGE » RESULTS » INSPECT SELECT™

és Pre-check

= Solve
Solve Status
B Generate Mesh

r“ Send Study to Ansys Mechanical

o Solve Details Send to Ansys Mechanical

Send geometry, loads, constraints and outcome
material of the Generative Design Setup to Ansys

* If Mechanical is installed conversion is launched, —
otherwise a file is exported

e Exported file can be imported using External Study .. .. .. _
Imported ACT App

* Double-clicking on the “Exported File” runs the
Mechanical import




| R EEE————
External Study Importer Mechanical App

* Create and pre-install ACT App to import Discovery Live and Fusion 360 studies

e Conversion is also done automatically by clicking on the exported files

1

5[\5 External Study Importer ANSYS J{a)

External St p=——y

ETE External Study Importer ANSYS sy

External Study Importer Study Type | Fusion 360 Simulation vl = Model (A4)
File ToImport | D'\DevelopmentExtemalsudyimporteravoc g @~~~ . /T8 Geometry
----- L Materials
----- i Coordinate Systems

Help - @ Mesh
A B M Named Selections
El--{ 1 Static Structural (A5)
Import a Fusion 360 Simulation study in your Werkbench Project. AUTODESK

FUSION 360" WS | o Hﬂ Analysis Settings
------- 5 Rotational Velocity

....... v, @ Fixed Support

Press "Import" after file selection to run the conversion.

Notes:
------- . Pressure
* Select a sdz file format. Only Fusion 360 .sdz formats are supported. g oSS ﬂ F
+ Use the Import wizard to import the Fusion 360 Simulation study into the W b Foree
current Workbench session. ~ _«f . . o ﬂ Moment

» Double-click on the .sdz file fo open it in a new Workbench project.
= You can export a study directly from Fusion 360 to Workbench, if both

------- B Displacement

licati installed on th h . : i
Exit Wizard applications are installed on the same machine A\ AuToDESK El_f Solution (AG)
e lEl Solution Information
For mare information, please see the Documentation. v

Exit Wizard Bac
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Component Mode Synthesis (CMS) — New Method

Objective:

Obtain better convergence and improve performances when the master nodes are defined at locations
other than the interfaces.

Example: observation nodes where the displacement solutions are requested without expansion pass.

Feature:

For the free-interface CMS analysis (CMSOPT,FREE), by issuing “SUPPORT = ON” on the M command,
pseudo-constraints are specified on some master nodes to enforce constrains during the mode-
extraction analysis done in generation pass.

Command option:
M,NODE,Lab1,NEND,NINC,Lab2,Lab3,Lab4,Lab5,L.ab6,SUPPORT

Note: This CMS method is also called mixed method




N
Component Mode Synthesis (CMS) - Equations

DOFs partition
* Master DOFs: m = [m; m,]
e Slave DOFs: s

Component modes are normal modes obtained with:
* FIX method: all master DOFs in m are constrained (fixed)

(0]
®] =
& (D]

* FREE and RFFB methods: all master DOFs in m are unconstrained (free)

(D]
D] =
a [[CDs]

* FREE method with SUPPORT = ON applied on m, DOFs

m, DOFs are constrained, m, DOFs are unconstrained
(0]

(D, |
(D]

(@] =
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Component Mode Synthesis (CMS) - Example

M2

M1

M1

M2

Modal analysis with DOFs of m, constrained

MODE

g
(=R =R R N s R I SN RE N N

CMS

FREQUENCY (HERTZ)

use pass

0.9971905778302

[ ReaWe W W W I Sl ol

010560003321
627142147610
.443753809167
479559213616
. 387669504940
. 718158942417
.3613B1730613
471946425180
. 961885916441

LO7222771454
72991726365
. 38170060619
. 81447941803
.19534007751
.47085906064
. 51194745337
64473712268
. B18B0E94079
.46612557674
. 73978755578
. 05480025529
.B8231560301
37473404422
.BO574458328

FULL analysis
MODE FREQUENCY (HERTZ)
1 0.9971905870709
2 1.010560012418
3 1.627142153559
4 4.,443753810965
5 5.479559215506
6 5.587669506946
7 5.718158944216
8 6.361381731923
9 6.471946426605
10 8.961885917475
11 11.57222771526
12 14.72991726419
13 17.58170060666
14 17.81447941842
15 18.19534007798
16 18.47085906115
17 18.51194745368
18 22.64473712306
19 25. 81880894109
20 31.46612557710
21 32.75978755601
22 33.05480025552
23 34.88231560332
24 36.37473404440
25 36. 89574458346

of
!Ml!a‘-l-l!!!!!!!!on
M2, all

.plate,2
,free,25
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Solutions Comparison Tool — RSTMAC Enhancements

e Degree of Freedom (DOF) selection: 1 DOF or a combination of DOFs
o New MACOPT, DOF

e Support non-structural DOFs for coupled-field analyses:
o PRES, VOLT, CONC, MAG, TEMP, and AZ

e Support node matching based on node number
o For morphed mesh or translated/rotated model applications
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Solutions Comparison Tool —= RSTMAC Example

Based on VM282

* Two different meshes of Piston-Fluid System
using FLUID30

 Comparison of coupled-field modal solutions

Enlarged View

**%444 VMATCHED SOLUTIONS ***#x+

oo e Substep in| Substepin| MAC value
. FILE1 FILE2 |MACOPT,DOF ,PRES
1 1 0,999
2 2 1,000
3 3 0,998
4 4 0,998
5 5 0,998
6 6 0,998
7 7 0,998




MAPDL Elements
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List of New Features

* Current technology 3D 3-Node Cable Element : CABLE280

Support of incompressible materials with Inverse method

Pure displacement-based formulation for SOLID285

General distributed load for SOLID and SHELL elements
Current technology 2D thermal element PLANE292/293
User-Defined Material Models for 22x Coupled Field Analyses
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3D 3-Node Cable Element CABLE280

NODAL SOLUTION

* Suitable for analyzing

SUB =1

Stranding
Winding :

TIME=.100E-02

moderate to extremely I
slender cable structures

SMX =.317468

* Computationally efficient
with only translational DOFs

* Mixed Displacement / Force
formulation for superb
solution accuracy and

queins.com/en/solutions/stranding/

One cable is placed in the center, a second layer

] CE—
69.024 138.04 207.07 276. o e . . .
robustness 34.5122 103.537 172.561 241.585 310.61 containing six cables is stranded around it.
° H H H . NODAL SOLUTION NODAL SOLUTION
Wide range of applications: Pulley and Cable =
M M TIME=.05 TIME=
offshore, civil, and o v
hanical = e
=.182E-04
mecnanica Sk~ coen-o3
z
0 ) 7.77778 o 15.5556 23.3333 31:111% ~ —QJ _USUN
CABLE280 Geometry Shlihl dLG 00 SR Sl 2 1B2E0R osass 0%%%T% o13z0 V"% oza1es U2 oanoze °P™° Lo3cses

}


http://www.queins.com/en/solutions/stranding/
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Inverse Analysis

* It supports Solid185 B-bar formulation (keyopt(2)=1)
* It supports Solid186, Solid187 and Solid185(B-bar) with mixed u/P (Keyopt(6)=1,2)
* New supports large deformation with incompressibility, such as biomedical applications

* An aortic lumen under 80 mmHg blood pressure is the input geometry
o The calculated “deformed” geometry is the zero-pressure geometry

© 2019 ANSYS, Inc. \NSYS Confidenti:



Results when blood pressure increases to 120mmHg
...Diameter increases significantly

Change in diameter with further loading (120 mmHg)
is shown with given cross-section at 80 mmHg
loading.
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Pure Displacement Formulation for Linear TET SOLID285

* A linear tetrahedral element with displacement as DOF only: SOLID285
(KEYOPT(1)=1)

o Efficient and robust for problems without significant bending and incompressibility

C: Twist
Equivalent Total Strain

Type: Equivalent Total Strain
Unit: mm/mm
Time: 0

D 0 Max
0 Min




General Distributed Load for SOLIDs and SHELLs

Tangential distributed |
load on 3D element
faces

e General load options: normal, tangential,
user defined, tapered, projected, and more

* Asingle new PREP7 command SFCONTROL
to define general load properties

* Eliminates the need for surface effects
elements for most cases

 All current technology 2D/3D SOLID and
SHELL elements are now supported

o 3D/2D solid elements
(185,186,187,190,285,182,183)

o 3D/2D shell elements (181,281,208,209)
o 3D/2D coupled-field elements (226,227,222,223)

User defined line load
on 3D element edges

* Enable imaginary distributed loads for the E.
harmonic analysis

e
[Shetofe)
[errieioioiong




Enhanced 2D Thermal Elements PLANE292/293

N ® PLANE293
@ 2 ° ©)
° /N
(or aX|aI)
I S I M J I

(Triangular Option)

(or radial) y @ Degenerated triangle 6 d{j)dt' |
PLANE292 (o il KEY OPT(1) =0 (Y OPT(1) =1
X {or radial)
PLANE293
* Capable of simulating o
adiation +
complex thermal problems convection
* Proper handling of -
. . Radiati
nonlinear thermal load with o space

consistently linearized
element stiffness

 UPF support ( UserMatth.F )

Thermal
contact

Temperature distribution

Radiation
to space

Stove with heat generation, PLANE292




User-Defined Material Models for 22x Coupled Field Analyses

* Coupled-field elements SOLID226 and SOLID227 now support the “UserMat” and
“UserMatTh” subroutines for customizing structural and thermal material behaviors,
respectively.

o To define a custom structural material model (UserMat), e |

specify user-defined structural properties via TB,USER with 22x Coupled-Field Element
TBOPT = NONLINEAR, LINEAR, or MXUP. j

o To define a custom thermal model (UserMatTh), specify user-
defined thermal properties using the new THERM option | [UserMat o, oAo }
(TBOPT = THERM) with TB,USER. 0A¢

Deformation u
Plastic heat
Viscoelastic heat

Temperature T
Thermal strain

oq
[UserMatTh g, aVT}

e Application example:
o Manufacturing process simulation

...............................................................................................




Contact Features




Defining Preload in a Fastener Undergoing Large Rotation

“PSMESH” can now define “MPC184” joint elements for B T ———
applying a preload to a bolt undergoing large rotation or large ' PN RloCT
deformation \‘

The joint element supports large deformation and

the bolt axis follows the local coordinate system defined A ———lohteisment
at the joint node

You can apply torque and rotation about the bolt axis (FJ and
DJ, respectively)

Bolt Sleeve Model Undergoing Large Rotation:

PSMESH cut the

v

bolt in two surfaces

e

Force distributed surface based constrained on
surface 2 with pilot node

0.062439 Min

z

.
\\
\\
\\‘ .
Bolt axis b


https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v201/en/ans_cmd/Hlp_C_FJ.html
https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v201/en/ans_cmd/Hlp_C_DJ.html

Technique with PRETE179

Time =2

Stress changes after rigid rotation

NODAL SOLUTTON
STEP=2
SUB =13
TIME=2
SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.734729
SMN =7.04641
SMX =489.197
3.3436
60.527
o
B0 174.894
B 535,077
B 59,26
C 346. 442
L 4103.627
B0 460.811
B ;o

AVRES=Mat

DMX =280.224
SMN =2.72483
SMX =478.846

I0CCRECEN

New Technique

Time =2

NODAL SOLUTION

STEP=2
SUB =13
TIME=2
SEQV (AVG)
PowerGraphics
EFACET=1
AVRES=Mat
DMX =.4114
SMN =7.125
SMX =490. 658
3.3436
[ IPTRPS
[ T
0 172.892
B 535,077
Bl 559,06
C 346.442
L1 403.627
B 460.811
B - ooy

NODAL SOLUTION
STEP=3

SUB =14

TIME=3

SEQV (AVG)
PowerGraphics

3.3436

60.527

117.71

174.894
232.077
289.261
346.444
403.628
460.811
517.994

R000NEEIN

Technique with PRETE179

New Technique
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New Interference Fit Modeling Technique

* A new method for solving interference fit ramps the normal and tangential contact
stiffness (FKN, FKT) as well as the friction coefficient (MU) from near-zero up to actual
values. The ramping method is active during a load step or a time period that you specify.
The time period can be within one load step or span across several load steps. Unlike the
other interference-fit methods, initial contact engagement is not required

3D Radial Shaft
Seal Ring
Circular Spring

Plate Springs

2D Axisymmetric :
_ Hooked Spring 2D




Exponential Pressure - Penetration Relationship

* The exponential pressure-penetration relationship (KEYOPT(6) = 3 on contact elements) can make contact
behavior smoother. While the default settings of pressure at zero penetration (real constant PZER) and initial
contact clearance (real constant CZER) work well for most contact models, some cases require non-default

values to achieve convergences. You now have the option to define PZER and CZER as scaling factors.
Previously, only absolute values could be input for the real constants

In addition, the maximum cut-off contact stiffness FKN,,,,, used in the exponential pressure-penetration
relationship has been revised to prevent ill-conditioning of the global stiffness matrix

ANSYS

R Pressure-Penetration Relationship

Contact Pressure




Tangential Fluid Pressure-Penetration Loads

* The 2-D and 3-D surface-to-surface contact elements (CONTA172, CONTA174) and their corresponding target
elements (TARGE169, TARGE170) now support tangential fluid pressure-penetration loads. In prior releases,
only normal fluid pressure-penetration loads were considered

* Example: Viscous shear in thin film of fluid between plates dominates resistance to relative plate movement

B Project*
= f@ Model (84)
- Geometry
@B Materials
@/ Coordinate Systems
& Symmetry
@& Connections

ANSYS

2020 R1

0.000 4.000 £.000(mm)
L SE— SS—
2.000 6,000

| ¥
< >
Natsile af "Blibbinta Calartina® - nrmy Oreph v 3 O X Tabular Data *31Oox . x

Contact Status

Tangential Fluid Pressure
3



https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v202/en/ans_elem/Hlp_E_CONTA172.html
https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v202/en/ans_elem/Hlp_E_CONTA174.html
https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v202/en/ans_elem/Hlp_E_TARGE169.html
https://ansysproducthelpqa.win.ansys.com/Views/Secured/corp/v202/en/ans_elem/Hlp_E_TARGE170.html

Enhanced Force, Moment, and Displacement Convergence
|

* Predictor, Force & Displacement Convergence Checks Existing - H .
e | :
o Linear, quadratic predictor, Predictor off for transient. criterion 1.e-4 - \"“‘\ \W&Mﬂﬁj i I
Bisection due to large displacement increment \M\N-iv" T ‘\
o Current non-linear convergence check Reference values suffer ——

several drawback N
Reference too low- problem will never converge AR L P
Reference too high- problem converges to wrong solution o

] Automatic Force
New “Convergence Reference” logic aimed to provide b conVergence Ref

. . .. . . ' " «teo low- problem
accurate solution with minimal user intervention

will not converge
o The changes improve the robustness and accuracy of the
solution, and nonlinear problems with no external loads (such [ B
as initial penetration resolution for contact and free thermal New - D
expansion) experience enhanced convergence. criterion 1.0 |\ /\ f\ f\

|

‘ New Automatic
e FOrCE convergence

IR 22
0 160.162 320.325 480.487 640. 649 N e
80.0812 240.243 400.406 560.568 720.73 wem Ref




APDL Solver



Distributed ANSYS Enhancements

* New features

o New —rcopy argument to specify remote file copy command on clusters (defaults to scp)
o Added logic to detect SIGKILL/SIGABRT signals and provide relevant message to user
* Improved scaling
o Significantly reduced memory requirements at higher core counts
o Improved Block Lanczos scaling performance at higher core counts
o Faster performance for fracture parameter calculations
®

Faster performance in sparse solver when running in the out-of-core memory mode on
systems, which use the Microsoft Windows operating system




Distributed ANSYS Enhancements

e Significantly reduced memory usage (BGA model)

Memory Usage Comparison
2 000 - .
7 Solder g 42019 R1
ball < 1600 -
alls @ M 2020 R1
B0
> 1200
-
£
e 16 MDOF; sparse solver g 800
* Nonlinear transient analysis E
c . . ]
involving creep and nonlinear £ 400
- =
geometric effects
e Linux cluster; each compute node 0 -
contains 2 Intel Xeon Gold 6148 32 cores 64 cores 128 cores 256 cores 512 cores 896 cores

processors (40 cores), 384GB RAM,
SSD, CentOS 7.6




Distributed ANSYS Enhancements

 Significantly reduced memory usage (EPD model)

Memory Usage Comparison
2500 -
= 2019 R1
£ 2000
) M 2020 R1
o0
%
= 1500
-
o
* 10 MDOF; sparse solver ;E, 1 000
e Nonlinear static analysis E
involving plasticity g
: _ = 500
* Linux cluster; each compute
node contains 2 Intel Xeon
Gold 6148 processors (40 0 -
cores), 384GB RAM, SSD, 32 cores 64 cores 128 cores 256cores 512 cores 896 cores

CentOS 7.6
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Distributed ANSYS Enhancements

* Significantly reduced memory usage (Engine model)

Memory Usage Comparison
1500 -
o 2019 R1
A
o H 2020 R1
& 1000
D
-
* 9.1 million DOF; sparse solver g
* Nonlinear static analysis é’
involving contact, plasticity and = 500
gasket elements §
* Linux cluster; each compute
node contains 2 Intel Xeon Gold
6142 processors, 384GB RAM, 0 -
SSD, CentOS 7.4 32 cores 64 cores 128 cores 256 cores 512 cores

e Mellanox EDR Infiniband




Distributed ANSYS Enhancements

* Significantly reduced memory usage (ECU model)

Memory Usage Comparison

5000 -
4500 + m2019R1
4000 +——

®m 2020 R1

9.7 MDOF; Block Lanczos
eigensolver

* Modal analysis requesting 100
modes; includes expansion step

* Linux cluster; each compute
node contains 2 Intel Xeon Gold
6148 processors (40 cores),
384GB RAM, SSD, CentOS 7.6

Total Memory Usage (GB)

32 cores 64 cores 128 cores 256 cores 512 cores 768 cores




Distributed ANSYS Enhancements

* Improved scaling for Block Lanczos eigensolver (ECU model)

9.7 MDOF; Block Lanczos
eigensolver

Modal analysis requesting 100
modes; includes expansion step
Linux cluster; each compute
node contains 2 Intel Xeon Gold
6148 processors (40 cores),
384GB RAM, SSD, Cent0S 7.6

Solution Speedup

3,5

3,0

2,5

2,0

1,5

1,0

0,5

0,0 °

DMP Scaling Performance

—e—R19.0

——2019 R1

—e—2020R1

Increased performance over time

//o/ T B

—

\\

32 64

128 256 512

Number of Cores
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Distributed ANSYS Enhancements

* Improved performance for fracture parameter calculations (gear tooth)

DMP Scaling Performance

8,0
7.0 —e—2019 R3
Increased performance over time
—e—2020R1
o 6,0 —
S L J
© /
o 5,0
o
(Va] /
C
S 40 &—
5
©
n 3,0

e 2.2 MDOF,; sparse solver

* Linear static analysis involving 2,0
fracture parameter calculations

e Linux cluster; each compute
node contains 2 Intel Xeon E5- 00
2690 processors (28 cores), ° o 3 o 128
128GB RAM, SSD, CentOS 6.7 Number of Cores

1,0 & =% * * »




Distributed ANSYS Enhancements

* Improved sparse solver performance using Windows 1/O functions

Model 1

4.4 MDOF; sparse solver, out-of-
core memory mode

Nonlinear static analysis

Windows workstation containing
an Intel Xeon E5-2687W processors
(12 cores), 64 GB RAM, 10k RPM
hard drive, Windows 10

Model 2

9 MDOF; sparse solver, out-of-core
memory mode

Nonlinear static analysis

Windows workstation containing
an Intel Xeon E5-2687W processors
(12 cores), 64 GB RAM, 10k RPM
hard drive, Windows 10

Solution Speedup

2,0

Solution Performance Comparison

42019 R3

1,5

H 2020 R1

1,0

0,5

0,0

Model 1
(2 cores)

Model 1 Model 2
(8 cores) (2 cores)

Model 2
(12 cores)




Miscellaneous Enhancements

* Database file compression (sparsify)
o Activated by default via /FCOMP,DB,SPARSE
o Can be deactivated via /FCOMP,DB,0
o Achieves roughly 20-50% database file size reduction for most models
* Includes .rdb database files used by the multi-frame restart procedure
* Slightly longer times to save database files




Miscellaneous Enhancements
Technology Demonstration Manual

e Database file compression (sparsify) B e Ve e

measuring database file size right
before solution

Database File Compression
1,4

42019 R3 (Uncompressed) 45% file size reduction on average
1,2
42020 R1 (Compressed)

TR

Variety of simulations from Technology Demonstration Guide

Compression Ratio




Miscellaneous Enhancements
e Database file compression (sparsify)

Customer models run on Linux
server while measuring database
file size right before solution

Database File Compression
1,4

02019 R3 (Uncompressed)

1’2 o o o o
42020 R1 (Compressed) 35% file size reduction on average

1,0
0,8
0,6
0,4
0,0 II

Variety of simulations obtained via ANSYS customers

Compression Ratio

N
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Miscellaneous Enhancements

* Upgraded to the Intel 2019 Update 3 FORTRAN/C/C++ compilers
o Includes similar updates for the Intel MKL and DAAL libraries




NLAD
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2020 R1 Developments in NLAD

* Current Developments in 2020 R1:

NLAD with NLGEOM=0OFF

Nonlinear Stabilization with NLAD and Rezoning

Mixed Remeshing

“KEEP” option for maintaining and updating element components in NLAD
Support for Tabular input of nodal temperatures and heat generation




__J
NLAD with NLGEOM=OFF

§ B: With NLAD

B: With NLAD Equivalent Stress

Structural Error Type: Equivalent (von-Mises) Stress
Type: Structural Error Unit: M

Unit: m) Time: 0

Time: 0

D 0 Max
0 Min

NLAD with NLGEOM=OFF
Energy criterion used to refine mesh
* Automatic improvement of solution accuracy
e Reduction of structural errors

B: With NLAD
Structural Error
A: Without NLAD Type: Structural Error
B: With NLAD Unit: m)
ctural Error

A: Without NLAD
Equivalent Stress
Type: Equivalent (von-Mises) Stress

: Equivalent Stress Tirme: 1
:m .V\;‘Pa Type: Equivalent (von-Mises) Stress
ime: Unit; MPa 90.529 Max
69755 Max 816.03 Max Time: 1 80471
62114 25.37 70412
82476 M,
54472 63471 73420 . 60353
6831 4405 je 50204
30190 453.38 co13a 40.235
31548 362,72 6256 30177
23007 272,06 20118
16266 18139 5733 10,059
2624.4 00,73 2m192 . §
983.07 Min 0.068743 Min 19144 0.00029172 Min
10097
1049.2 Min

Without NLAD — Stresses Without NLAD — Errors With NLAD - Stresses With NLAD — Errors




Nonlinear Stabilization with NLAD

SUB =
TIME=.457094

ANSYS
ELFMENT SCLUTICH 2019 R3
STEP=1 PLOT NO. 1

NLAD without stabilization:
Analysis fails due to instability

Key Features:
Hollow cylindrical tube subjected to bending load

NLAD with MESH and ENERGY criteria

Activate global stabilization

Stabilization included during MAPSOLVE in

NLAD/Rezoning

ELEMENT

STEP=1

SUB =1

TIME=.1
EPTOEQV
DMX =.0
SMN =.3
SMX =.9

SOLUTION 2019 R3)
SEP 6 2019
14:32:26

(NOAVG)
1164
32E-05
40E-03

D—
332E-05 .211E-03 .419E-03 .628E-03 .836E-03
.107E-03 .315E-03 .523E-03 .732E-03 .940E-03

ELEMENT SOLUTION 2019 R3|

STEP=1
SUB =5

TIME=.4525
EPTOEQV (NOAVG)
DMX =.032988
SMN =.921E-04
SMX =.006865

NLAD with stabilization

W soew
.387E-04 167245 .334452 .501659 . 668865

ANSYS|

.083642 .250849 .418055 .585262 .752468
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Mixed Remeshing

* Achieve remeshing due to distortion and refinement-based criteria at the same time!

a
Equivalent Total Strain
Type: Equivalent Total Strain
Unit: mm/mm

Time: 0

D 0 Max
0 Min

Plastic cap

Rubber seal
=,
0.000 5.000 10,000 (Friee)
#%% LOAD STEP 1 SUBSTEF 14 COMPLETED.  CUM ITER = 73 Key Features:
#%% TIME = 0.303125 TIME INC = 0.506250E-01
*** AULO STEE TIME: NEXT TIME INC = 0.50625E-01 UNCHANGED * Initially coarse mesh refined using the mixed
#%++ REGENERATE MESH AT SUBSIEF 14 OF LOAD SIEF 1 BECATISE OF remEShing Capa blllty

NONLINEAR ADAPTIVE CRITERIA L. . .
e Leads to smoother contact conditions during solution

FREFARING DATA TO REMESH......

REMESHING REGICHNS ARE CREATED; GENERATING NEW MESH......

BEMESHING WITH BOTH DISTCRIICN AND REFINEMENT REGION ... . . . . .
@MSYS Mechanical Solver Mesher),Graph based ANSYS Meshing EXED_> Solutlon Output now ShOWS Wh|Ch method is belng trled




“Keep” Option for Maintaining And Updating Element Components in NLAD

 Element components for which NLAD is NOT defined are now updated based
on mesh changes using the “KEEP” option CM, Cname, Entity, KEEP

EEEEEEEEE

.1 Initial Components Setup




Extended Post-processing




History Variables

 New options for the “History Variables” by default : set to “No”
* When itis set, WB LS-DYNA sets automatically the number of history variables, it
calculates the maximum depending on the material and on the type of bodies available in

the model
* Neiph is for solid
o . QOutput Format Program Controlled
o NEIpS IS fOr She” _Binary File Size Scale Factor ‘?U
. Stress Yes
* The results are available through the worksheet Strin No
 plactic Strain |yec
History Variables 'No
“Calculate ResuNts At :Program Controlled
| Stress File for flexible parts |No
- — Y
= neiph neips naxint strflg =igflg ep=sf lg rltflg engf lg SHELLHIST_1 Element Nodal Scalar
: i g 0 0 1 1 0 0 SHELLHIST_2 Element Nodal Scalar
= - beanip docomnp shge stssz n3thdt ialemat SHELLHIST_3 Element Nodal Scalar
P 0 0 0 0 0 0 SHELLHIST 4 Element Nodal Scalar
$ nintsld pkp_=en =clp hydro mnsscl therm intout nodout SHELLHIST_5 Element Nodal Scalar
i i 0 0 0 0 2 0 SOLIDHIST _1 Element Nodal Scalar
SOLIDHIST _2 Element Modal Scalar
SOLIDHIST_3 Element Nodal Scalar
SOLIDHIST _4 Element Nodal Scalar

SOLIDHIST 5 Element Nodal Scalar




Additional Results - History Variables

 The backstress for the bilinear isotropic hardening is now available through the worksheet

BACKSTRESS Element Nodal Scalar X E

Fatigue Data at zero mean BACKSTRESS Element Nodal Scalar ¥ E

4 Structural Steel NL ~ g o e g BACKSTRESS Element Nodal Scalar z E

Table 5-110.1 BACKSTRESS Element Nodal Scalar XY E

> Click here to add & new material BACKSTRESS Element Modal Scalar YZ E

BACKSTRESS Element Nodal Scalar XZ E

BACKSTRESS Element Nodal Scalar 1 E

BACKSTRESS Element Nodal Scalar 2 E

BACKSTRESS Element Nodal Scalar 3 E

“a Eppehalivaes . - n -

BACKSTRESS Element Nodal Scalar EQV E

L £ < L BACKSTRESS Element Nodal Tensor VECTORS E

1 Property Value Unit 1] BACKSTRESS Element Nodal Scalar MAXSHEAR E

2 %8 Material Field Variables 4 Table

& E penstty 7850 kam”3 ;I B *MAT_ 003 1 back stress component xx 1 back stress component xx
4 i 1sotropic Elasticity O 2 back stress component yy 2 back stress component yy
10 {8 Biinear sotrapic Hardening O 3  back stress component xy 3  back stress component xy
13 %4 spedfic Heat, Cy 434 Jhg™-1... ;l ] 4 back stress component yz 4 back stress component yz
5  back stress component zx 5  back stress component zx




B
Additional Results - Thickness

* The thickness evolution during the calculation is available as a new postprocessing item

Type | Data Type | Data Style | Component | Expression
5 Element Nodal Scalar XY
s Element Nodal Scalar YZ
5 Element Nodal Scalar XZ
S Element Nodal Scalar 1
5 Element Nodal Scalar 2
s Element Nodal Scalar 3
5 Element Nodal Scalar INT
S Element Nodal Scalar EQV Ayo%v,a
] Element Nodal Tensor VECTORS
s Element Nodal Scalar MAXSHEAR
EROSION Elemental Scalar
EPS Element Modal Sralar
| | THICKNESS Element Nodal Scalar |
BACKSTRESS Element Nodal Scalar X
BACKSTRESS Element Nodal Scalar ¥
BACKSTRESS Element Nodal Scalar Zz

0.000 0500 1.000(m)
[ Eaaa— ES—

0250 0.750
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Additional Results - Probes

* The following three probe types are now available within the Mechanical environment
o Joint Probe
o Spring Probe
o Beam

Insert b Deformation ]
: & Clear Generated Data Strain k
[ Rename F2 Stress
i 9 Group All Similar Children R ’
= t Tool
£S5 Open Solver Files Directory Stress Too
(E*  Worksheet: Result Summary Frobe b @9 peformation
¥ W User Defined Result o)
5) o, st
Contact Mormal Pressure RS
Information - ]
= @& Contact Shear Stress =
«* 0 0O: :
& HNodal Contact Force =
T
Solve Process Settings
| velodty
Done W Acceleration
8 Joint
tta) Program Controlled o _
B, Spring
Pragram Cantralled
Mo ¥ Geam
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Spring Probe

ANSYS

2020 R1

NN

AN

Details of "Spring Prob@" oo e 0 I'.l 0:
=|| Definition
Type Spring Probe
Boundary Condition | Spring
Suppressed Mo
=/ Options
_Result Selection -AII 1,000 (m)
Display Time End Time
+ Results
=/l Maximum Value Over Time
Elastic Force 49022 N
Damping Force 0. N Graph » 3 O X | Tabular Data L e e s w QL (O
- S Anwmats > m ¥ Time [s] H: Spring Probe (Force) [N] ||7 Spring Probe (Elongation) [m] ||7 Spring Probe (Velocity) [m/s] “7 Spring Probe (Damping Force] [N] ‘
Elongation 4,9039¢-002 m rimation 14 » (W] o1 (0] @ W il 5 & o .
. T - 2 |4,9972-003 | 1,224e-002 1,22256-004 4,8072¢-002 0.
Velocity 0.97972 m/s 3 |9.9943¢-003 4.8983¢-002 4,9005€-004 9.9183¢-002 0.
N 4 [1.4999e-002 0.11029 1.1036e-003 0.14571 0.
Velocity 1 0. 5_|1.9996e-002 0.196 1.9611¢-003 0.19686 o.
| 8 T 6 |2.4993e-002 0.30626 3.0639¢-003 0.24496 0.
Velocity 2 0. 7 |2.9998¢-002 0.4412 2,4132¢-003 029373 0.
T
- N 8 [3.4995.002 0.60043 6.0061¢-003 034411 0.
Damping Force 1 0. T 9 |3.9992¢-002 0.78416 7.8437¢-003 039098 0.
| - T E 10 [4.4997e-002 0.99269 9.9204¢-003 0.44211 0.
Damping Force 2 0. 3 11]4.9994e-002 1.2255 1.2257e-002 048967 0.
12 |5.49992-002 1.4831 1.4834e-002 053934 0.
13 |5.9996e-002 | 1.7649 1.7652e-002 058895 0.
14 |6.4994e-002 2.0711 2.0714¢-002 0.63637 0.
15 |6.9998e-002  2.4023 2.4027e-002 063751 0.
16 |7.4995e-002 | 2.7574 2.758e-002 073483 0.
0. 25¢2  S5.e2 75e2 01 17 |7.9993e-002 3.1371 3.1377-002 078466 0.
18 |8.4997e-002 |3.5418 3.5427-002 0.83385 0.
=] 198.9995¢-002 3.9704 3.9714-002 0.88162 0.
1 | 209.4999e-002 |4.4244 4,4254¢-002 093266 0.
219.9996e-002 4.9022 4.9031e-002 0.97968 0.




Beam Probe

n H v Context Multiple Systems - Mechanical [ANSYS Mechanical Enterprise PrepPost] = = x
“ Home | Resut = Display  Selection  Automation  LSDYNA Post jick Launch ~D
| % g = g‘l:: n ection E Commands @Images' 1.0 (True Scale) - [ = g [EProbe @ — Py ement E B
2 Coordinate System [JComment E.Sediun Plane oped Bodie B Maximum —* Uniforr T2 Grid A ignec Line F p! A
) Show Reduce ectors
Duplicate Q | Solve | Analysis 5 ootepomt  ifChat  [PAnnotation | v Large Vertex Contours CCOMStY Contours Edges | pp L Show Reduce — SolidForm 1,7 Axis |jsoanbed, | Views
Qutline Solvers Insert Display Beta Vector Display
Outline viO0x | Qalee& % Q@ @ @ Select KMode- FTHEE BB M W = [FlClipboard~ [Empty] @ Extend~ 9 SelectBy~ -@ Convert~
Name v |Sea e |V,
: -‘_.«Hjl Analysis Settings ~ AN Y
'----,/9., Fixed Support s s
-+, Fixed Support 2 2020 R1

B ‘,@ Solution (A6)
[ Solution Information
e _/Q Total Deformation
+ /% Total Deformation 2
- Q Total Deformation 3
--_,Q Total Deformation 4
i ,/Q Spring Probe
- /%@ Directional Deformation
; ,/Q Directional Deformation 2
B- ,,ﬂ Static Structural (B5)
H;ﬂ Analysis Settings
- 4<% Standard Earth Gravity
,,9., Fixed Support
- /@ Fixed Support 2

=,/ Solution (B6) v
S Z
Details of " Bearmn Probe” «*Qlpox
= Definition | o Graph v 0 O X Tabular Data *10Ox
Type | Beam Probe | * Animation | > Iil | m f Time [s] “7 Beam Probe (&xial Force) [N] “7 Beam Probe (Torque) [N-m] |F Beam Probe (Shear Force At [} [N] “7 Beam Probe (Shear Force At J) [N] A
Boundary Condition | Circular - Solid To Solid 1.0055e-5 E 2,2853e-006 | 0. 0. 0 0.
Suppressed Nao R N 7_|2.9709e-006 | 0. 0. 0. 0.
= Options 8 |3.4279e-006 | 0. 0. 0 0.
- 5 [3.885e-006 0. 0. 0. 0.
Result Selection All .8 10 43426006 0 o 0 o
Display Time End Time N 11 4.7991e-006 | 1.8028e-009 1.0757e-022 3.4356e-017 3.4356e-017
+ Results [] 12 [5.4847¢-006 4.909¢-008 2.8389e-021 1.1882e-015 1.1882e-015
= Maximum Value Over Time E 13 [5.9417e-006 | 3.2968e-008 1.7372e-021 9.0457e-016 9.0457e-016
‘Axial Force 4.909¢-008 N - 14 |6.3988e-006  -2.8492e-008 -1.7915e-021 1.6476e-015 1.6476e-015
Toraue 12.83896.021 Nom 15 |6.8559e-006 | -1.5485e-007 -8.9677e-021 2.6114e-015 2.6114e-015
k. : 2 16 [7.3129e-006 | -3.3382e-007 -1.9011e-020 5.3075e-015 5.3075e-015
Shear Force At | | 6.8755e-014 N | 17 | 7.9985e-006 | -7.209e-007 -4.0626e-020 1.654e-014 1.654e-014
Shear Force AtJ | 6.8755e-014 N 0. 25e-6 5Seb 1.0055e-5 18 | 8.4556e-006 -1.0647e-006 -5.9777e-020 2.6864e-014 2.6864e-014
Moment At | 1.7975e-016 N-m Is] 19 |8.9126e-006 -1.483e-006 -8.3052e-020 3.9247e-014 3.9247e-014
Moment At J [1.79756-016 Nem 20 [9.3697¢-006 | -1.9759e-006 -1.1042e-019 5.2298e-014 5.2298e-014 v
1 | 71 | Q RIRTaNNA | D BE10NNA -1 4730..110 R RTERa.N14 R ATEEa.N14
=/| Minimum Value Over Time v <

8% No Messages  No Selection & Metric (m, kg, N, 5, V, A) Degrees rad/s



Joint Probe

n El v Context Copy of Workbench L5-DYNA - Mechanica SY e nical Enterprise PrepPost] - & X
“ Home Result Display Selection Automation LSDYNA Post aunch ~ 3D
|D cut X Delete My Computer - g EH ®namedSeletion [F Commands (@ Images~ 11 |=: E ¥ Tags 7 Manage Views &' Print Preview &1 Manage ™
B copy Q Find Distributed Bl *i Coordinate System CJComment [ Section Plane L = 0leard selection Information i Report Preview Ll user Defined~
is 4 . its Worksheet
Dupll(ate B paste IF'l'_.Tree‘ Core SO'I“ Anavlyﬂs ¥, Remote Point iin Chart @Annotatlan Ur:rts e A'(,‘e-,v,:‘?t%e“ Bihow Errors mmf Unit Converter Ed Key Assignments 5:,!:"'” OReset Layout
Qutline Solve (] Insert Took Layout
Outline *3iOx Q@ IE‘y & | % 4 Q @ @ @ Select ™, Mode- T 1) TERR® E? [ Clipboard~ [Empty] &Extend~ 9@ SelectBy~ - Convert~ _
© Name v | Sea e V.
B[ Workbench L5-DYNA (C5) ~

/=4 Initial Conditions
/1] Analysis Settings
"8 Displacement
B /&) Solution (C6)
] Solution Information
%8 Total Deformation
% Total Deformation 2
- /& Total Deformation 3
'/Q Total Deformation 4
- /%0 Directional Deformation
- /%0 Directional Deformation 2

- /%8 Joint Probe v
Details of "Joint Probe" ~QlOox
I=I| Definition || Graph socsimmnmnm “w B OX  Tabular Data «~lOx
;y::ndary omation j:::: Probe Animation |4 B @ 1| I @ | 20 Frames . : Time [s] |[\7 Joint Probe (Total Force X) [N] HF Joint Probe (Total Force Y} [N] |[7 Joint Probe (Total Force Z) [N] ‘[7 Joint Probe [ A
| | 1o 0. 0. 0. 0.
Orientation Method | Joint Reference System 1.0001e-3 2 |4.9877e-005 -0.63221 0.65887 7.8349¢+006 7.8349¢+006
Suppressed No 1.5505e~7 3 |9.9828e-005 -0.27927 -0.56035 -1.5905e+007 1.5905e+007
| Options ; 4 [1.4993e-004 0.60341 0.93433 -7.8958e.+006 7.8958e.+006
5 |1.9995¢-004 -1.5651 -0.76465 -1.7247¢+006 1.7247e+006
Resuft Type _ fTotal Force Tes7 6_|2.4997e-004 2.0049 25805 4.9993e+006 4.9993e+006
Result Selection | All 7 |2.999¢-004  -2.1867 -2.9023 1.1614e+007 1.1614€+007
Display Time | End Time | S5.e+6 8 |3.4993e-004 -0.47019 21179 2.6081e+006 2.6081e+006
[+/| Results. 9 |4.e-004 0.98243 -1.0271 -5.4862e =006 5.4862e+006
= Maximum Value Over Time z o 10 |4.4998e-004 -0.34966 -1.7887 -1.57212+006 7.5721e+006
X Axis 24148 N 1 11 |4.9988e-004 -2.4063 10.592 -4.5e+006 4.5e+006
- - 125.4987e-004 -1.4944 -0.1106 5.2191e+006 5.2191e+006
¥ Al [l . 5.6 13[5.998¢-004 | 2.6631 -5.2003 7.3799¢-006 7.3799¢+006
Z Axis 1.1614e-007 N 14 | 6,4996e-004 -0.92475 4.9014 3.5198e+006 3.5198e+006
Total 1.5905e+007 N 1.e+7 15 | 6.9996e-004 0.64969 -0.27874 -2.396e+006 2.396e+006
- Minimum Value Over Time 16 |7.49850-004 24.148 7761 -7.2034e+006 7.2034¢+006
X Axis 59345 N 17 |7.9995e-004 -8.1493 17.216 -4.1237e+006 4,1237e+006
= -1.5905e+7 18 | 8.4988e-004 -17.8 63.704 2.4114e+006 2.4114e+006
¥ Aois -T161N 0. 2.5e4 S.e4 1.0001e-3 19 5.999e-004 | 1.4842 0.45211 5.4225e+006 5.4225¢+006
Z Axis | -1.5905e+007 N | 20 |9.4984e-004 0,14456 -3.1033 4,2838e+006 4,2838e+006
Total 0.N [s] 2119.999e-004 -59.345 198.58 -1.0504e =006 1.0504e+006
#| Information [ 1 | 7(:' 1.0001.003 .52.411 195.34 -9.11de =005 Q.114s+005 - ~?

4.1 Message No Selection & Metric (m, kg, N, 5, V, A) Degrees rad/s Celsius
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Imported Stresses with LS-DYNA Implicit

* Springback can now be solved with the LS-DYNA Implicit solver. It is provided as an
alternate to the MAPDL Solver for the implicit part of the calculation. It enables a greater
compatibility in terms of materials laws and formulation between the explicit calculation
and the implicit calculation

85.566 Min 4 ™ 1000.00 (mm)

**Stress at the beginning of the calculation
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Imported Stresses with LS-DYNA Implicit

B Project*
= (& Model (B3, C3,D3)

e This property is hidden by default (when they are no = et ey

&% Geometry

imported stresses in the tree or when they are deactivated E'“Pj‘.:,’:;i,.mdmesmm,mde,)
i 7] | BRI B Initial Stresses(External Model)

and set to “yes”) |y Surface Body 1(Exterml Mode)

(% Materials

~s % Coordinate Systems

,/@ Symmetry ,

* When it is set to “No”, the “Implicit Controls Menu” appears | L e

R

- (8 Named Selections

-9l Static Structural (B4)

=1 Workbench LS-DYNA (C4)

Step Controls - /i23 Initial Conditions
End Time 1 - -yl Analysis Settings
Time Step Safety Factor 0.9 ' L B4@ S(éluhon (CS) :
Maximum Number Of Cycles 10000000 =4 Solution Information
Automatic Mass Scaling Mo
CPU and Memory Management Implicit Controls
Memory Allocation Program Controlled ' Type Implicit
Number Of CPUS 1 Initial Time Step 0.1
Processing Type Program Controlled ' Line Search 0
Solver Controls Displacement Convergence 0
Solver Type Program Controlled . Stabilization On
Solver Precision Program Controlled ---Scale Factor 0.001
P ————————YYT . Start Time 0
r:xplicit Solution Only MNo End Time 0
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Explicit Dynamics Summary

* Scoping to a mesh-based selection

o Both Node and Element Face mesh-based selections can be used in applicable boundary
conditions

* Drop Test Wizard

o Rotate Geometry object in the Drop Test Wizard has been replaced with the native Part
Transform object

e Reaction Probes
o Force and Moment reaction probes are now supported
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Scoping to a Mesh-Based Selection

* Both Node and Element Face mesh-based selections can be used in “Fixed Support”
boundary conditions

T QQ IEI v Oy O Q@ @ @ Select ™ Mode~ ERRRER®E - 3
& Mame w | Search Qutline | » _ Fixed Support_Nodes
1 project*

[ Model (A4)

..... oo ANSYS

----- /5 Materials 2020 R1

----- /2% Coordinate Systems
o I Mesh
- 88 Named Selections
------- 1 MNodal Selection
....... E ElemFace
Excplicit Dynamics (AS)
[ Initial Conditions
------- ” [ Analysis Settings
d/& Standard Earth Gravity
------ 8 Fixed Support_Nodes
------ B Fixed Support_FlemFace
(S Solution (AG)
------- L] Solution Information
b 80 Total Deformation

ANSYS

2020 R1

T Project*
B Model (A4)
----- T8 Geometry
3 Materials
----- w3k Coordinate Systems
..... v 5 Mesh
B & Named Selections
[ T MNodal Selection
[ vl a ElemFace
B[ Explicit Dynamics (A5)
----- Initial Conditions
------- v EEH Analysis Settings
% Standard Earth Gravity
0.00 I[r'l"l m:l wor j @ Fixed Support_Nodes
] | I B, Fixed Support_ElemFace
50.00 =& Solution (A6)
- 5] Solution Information
i BB Total Deformation

ANSYS

2020 R1




Drop Test Wizard

* Rotate Geometry object in the “Drop Test Wizard” has been replaced with the native Part
Transform object for better compatibility

o Upward compatible with older projects (Rotate Geometry object will be migrated to Part

Transform)
0 project
B B Mod 1. D4}

----- : Transforms
: b simll Part Transform

T Tl GEOmETy

----- 15 Materials

= /L Construction Geometry

- /@1 Drop Test Ground Plane
-3 Coordinate Systems

------- /54 Global Coordinate System

Drop Test ALYl ACT

: : Target Rotation 20 deg
i e iid Coordinate System 2 a
- ¢ 34 Collision Paint Drop Rotation () | 45 deg
b 244 Rotation Point , d
....... /%] Connections Drop Rotation {¥) | O eg
....... /@ Mesh Drop Rotation (Z) | 0 deg
H- 8 Named Selections ;
=11 Explicit Dynamics (A5) Define By Crop Height -
----- J@ Initial Conditions Drop Height 1000 mm

------- ) [l Analysis Settings
- /8, Fixed Support
&) Solution (A6)
------- 5] Solution Information




Reaction Probes

* Force and Moment reaction probes are now supported for the following boundary conditions

o Fixed support
o Displacement

o Remote Displacement

S e e e e

|_—_| %M Explicrl: Dynamics 2 (B5)
[+ Initial Conditions

------- 1] Analysis Settings

------- B Remote Force

....... v 8 Fixed Support

------- v 8, Remote Displacement
------- B Displacement

* Direction and size of
force and moment can
be animated

* Resolution based on

result output frequency

e On demand after
solution

Outline

& Name - | Search Cutline |
: -

<

[ /{5 Connections
....... -/ 0 Mesh
By E Explicit Dynamics (A5)
----- Initial Conditions
----- /11 Analysis Settings
/08 Fixed Support
------- /B, Pressure

----- /%) Solution (A6)
-5 Solution Information
------- /0 Total Deformation
------- 0 Total Velodity
------- » &3 Total Deformation 2
------- v &3 Directional Deformatior
------- /8 Total Deformation 3
------- /8 Equivalent Stress

------- , E Force Reacﬁon

------- v EH Analysis Settings
sl Fixed Support
----- B, Pressure
-, ®, Remote Displacement
C . Solution (D6)
w5 Solution Information
o Total Deformation
- /T8 Force Reaction
e /G Moment Reaction

M _Fl Cacnbicit Masnoaoins 7 fECY

Details of "Moment Reaction” = * 1l Ox

=]

Definition [

Type Moment Reaction

Location Method Boundary Condition

Boundary Condition | Fixed Support

Orientation Global Coordinate 5.,
summation Centroid

Suppressed No

Options

Result Selection All W

O .;. Q @ @ @ selet " Mode- ERERRD®E Elclipboard~ [Empty] &3 Extend~ 9 Select By~

ANSYS

2020 R1

[N-m]

*
0.2004m)
0.150
[Tabular Data * 0 x
Time [s] ||7 Moment Reaction (X [N:m] ||7 Moment Reaction (Y] [N.m] ||7M ~
| |1.1755e-038 |0. 0. 0.
j |5.0002e-003 | 9.192e-010 -1.5295e-009 9.512e-
b | 1.0003e-002 | 1.1451-009 -4,183%-009 3.8007e
L |1.5003e-002 4.9662-009 5.3377e-009 8.3655¢
b | 2.0002e-002 | 1.1421e-008 1.5486e-009 1.4976e
b |2.5001e-002 | 1.0898e-009 1.1812e-009 2418e-
i |3.0001e-002 | -7.8225e-000 3.59e-009 34717e
B |3.5e-002 -1.633e-008 6.757e-009 4,527
P |4.0003e-002 | -1.9737e-008 2.753%-009 5.6204e
10 |4.5003e-002 -7.9218e-000 -1.291e-009 6.8524e
|1 |5.0002e-002 | 1.5789e-009 -6.5076e-009 8.2167¢
2 |5.5001e-002 | 1.1026e-008 -1.739%-008 9.803e- ¥

>
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Transfer of Internal Tank Pressures to Static Structural System

Display of “Internal Tank Pressures” in
Hydrodynamic Diffraction system:

o Select Wave Frequency/Direction/Amplitude

o Display by Phase Angle/Maximum/Minimum values

o Interpolated Pressures or Panel Pressures

o Radiated and/or Hydrostatic-Varying pressure components

New “Internal Tank Pressure” object
in AgwalLoadMapping ACT extension

Internal Tank definitions and pressures read
into Mechanical (Static Structural) from
AQWA backing files (.RES/.TPC)

Internal Tank elements represented by
SURF'154, pressures written to ds.dat
as SFE...PRES. ..

ACT extension accounts for any difference in
axis systems, unit systems, and position of
Agwa combined CoG vs Mechanical structural
CoG

A1 Hydrodymamic Defraction [ANSYS Mechanica Enterpriz SrepPost]
fle Hip G| ¥ DAe | AETRR(SHFrQAAQAAEACTAN G- 0B

==

BS+RAREAQALEN @ 0B8

Hydrodynamic Diffraction

40 1840

S Rapt Prevea]

Seedtion

ok 7a

Internal Tank
Pressure
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Calculation of Hydrodynamic Pressure in Time Domain

 Computing time domain

pressures on the external hull ~ =Jne teerenee Fressureounte
and internal tanks Output St Tme 205 | ResultSelection | N
Output Time Step 05s Display Pressures At Multiple Time Steps (Animation)
 Running irregular or regular Outpt Frieh Tme LT e N T T
waves Number of Steps 2M Export Panel Pressures to CSV Filg Select CSV Fils...
Export at Time: als
* Valid for single or Pressure calculation/output definition

hydrodynamic interaction
structures with internal tanks

e Use of parallel processing

e Selecting and visualizing
pressure at specified times

* Qutputting pressure
distribution at specified time in

.CSV file Nonlinear hydrodynamic pressure on external hull and internal tank




AQWA Availability on Linux Operating Systems

e Available functionalities: .
o Agwa-Librium / Agwa-Line / Aqwa-Fer
o Agwa-Drift / Agwa-Naut SRR ecem oty e |
o External users force as a dynamic library (.so) p—

* |nstallation porevar | (5 Oﬁ )
o GUI: under the Offshore item
o Silent with command line: ./INSTALL -silent —

agwa sy s 34568

Disk Space Available: 4.6 GB

* Installation location
o <root install>/ansys_inc/v201/agwa
o bin: executable, wrapper, example of external
user force lib
* Agwa runs using the script ./agwa.sh
o Sets the library path and the user stack limits
o Input DAT file (upper case only) anays.4nc/ 261/ aqua/bin Linxb4/aqun.sh AKALYSIS DAT o

o Runs as a command line (flag compatible with
Windows call option)

o Binary results files compatible between Linux & Visualize on
Windows Windows

Run on Linux




Additive Manufacturing
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Additive Prep

Tree Support
O GeneralParams  SuppodParams - Tree Support

W Smooth the support edges

ANSYS

2020 R1

* Tree supports

B

—

*  Write build files e
1

o SLM | i

o CLI-EOS S 2

* Modify power, speed, and = 4

focus parameters for
different vector types

* Modify scan order

® (Cost estimator R

0_PASB_engraved

* Licensing option

g | ©2019ANSYS, Inc. ANSYS :



ANSYS Additive (Print/Science)

® EOS build files available (Beta)

* AISi10Mg for all simulation types
O Microstructure
O Single Bead
O Porosity
O Thermal History
O AP all modes

® User controlled laser beam diameter

® Log icons to assist in finding log information
® J2 Plasticity threading

® J2 Plasticity beta removed

® Build size increased to 1m”3

®* Disable support optimization

®* Meltpool Reference Width

® Additive Print to Workbench Additive
Workflow

O Cutoff




Workbench Additive

* Inherent Strain Method
* SSF Available for Calibration

* AMCONNECT Macro for connecting |
Layered Tet part and voxel support |

* Wizard Updates

O Inherent Strain
O Materials Automatically Loaded
O Sequential Progression for Cutoff

* Print to Workbench for Cutoff

* Smaller Result File

* Conformal Voxel Part and Support
(Beta)

°* |mprovements to Blade

Interference (Beta)



Workbench Additive




Inherent Strain Option Added

* You may use an inherent strain approach with Workbench Additive
o Isotropic or orthotropic stains may be input
o These are the same strains as would be used with Additive Print
* The same calibration process can be used to generate the values

o Restarting is supported, so you may perform the build first and restart to investigate
cutoff sequences and/or heat treatment




Supports from Additive Prep

e STL supports generated in Additive Prep can be represented as voxel (Cartesian) meshes
o Knockdown factors are also generated and used as in Additive Print
* These factors account for support build material contained within each voxel

 Thermal and structural material properties are adjusted by these factors, including the
plasticity and creep behaviors




Supports from Additive Prep

 An MAPDL command macro may be used to connect voxel supports to parts meshed with layered
tetrahedral

o The command generates constraint equations tying the support nodes to the part elements

* To use, insert a Command Object under the analysis object (to both the Transient Thermal and Static
Structural objects) and add:

amconnect, partlID, supportlD

o
o Where partIDisthe matID of the part and supportIDisthe matID of the support voxels 70—
s
o
.
%%%ﬁ =
gl B
S e
i %%%@ o -
o . o
. %%%% . B —
Bottom of a layer showing = =\
mEgaE e
CEs generated to connect e N
support voxel nodes(O)to I A0 [
o
layered tetrahedral %%%%2%% - %@%%%%
elements [0l
. e
i g i
G i
. . %@@%@
Left: Tet-meshed part with voxel-meshed support .

Right: Close-up of the CEs connecting the two
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Voxel Mesh Both Part and Support (Beta)

* Both the support and part can be meshed with a voxel mesh
o Also generates knockdown factors for both

o Quick workflow, avoiding layered tetrahedral meshing and connecting of the
support and part

o Uses same voxelization as Additive Print




Additive Print to Workbench Additive Workflow

e Simulate build in Additive Print, simulate cutoff and heat treatment in Workbench Additive
o Use powerful and easy-to-use Additive Print to perform the build simulation

o Use robust and feature-rich Workbench Additive to perform the downstream cutoffs
and/or heat treatment

* Ability to perform a prescribed cutoff sequence
* Ability to cutoff supports

* Extensive heat treatment material library
o Automated wizard available to automate the transfer of data and the cutoff steps

- B
e — .
. External Model I8 = Static Structural
2 ﬁ Setup L T -2 @ Engineering Data  +"
External Model —®3 @ Model v 4
4 ﬁ Setup # P
3 Solution 7 4

6 @ Results 7 4
Static Structural
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Additive Wizard Updates

* Inherent strain available as an option
* Progressive base/support cutoff available as an option

e Automatic population of AM Materials in engineering data




N
Miscellaneous Enhancements/Corrections

* Result file size has been optimized to output only quantities for additive
* For STL supports scoped to a STL file, the file is now maintained in the project

e Restarts are now supported for USER steps and inherent strain simulations
o For example, can perform a bolt pretension user step first then restart to perform the build

* In a thermo-mechanical build simulation, you can apply a scaling factor to the thermal
strains generated in order to reduce (or increase) the obtained distortions
o The as-supplied material properties available for Workbench Additive are average values obtained from
literature, and scaling those values is sometimes required to match actual distortions

* Block supports now knockdown the thermal density to obtain more realistic heat
dissipation
o Will now match the equivalent methodology using knockdown factors

* For the first layer, Tmelt is not applied to the bottom layer nodes
o Eliminates spurious hot spots in the build plate and excessive plate deformation




Material Designer




Y
Honeycomb Structures

* Material Designer now supports
honeycomb structures as an
additional predefined RVE type

e Extruded or expanded honeycombs

* The cell angle can be varied. Thus, Y
you can also model over expanded L.
honeycombs




Combining Several Materials from Material Designer (Beta)

You can now transfer the materials from several Material Designer Systems to a single
Engineering Data cell

“f) Material Designer I8 . Engineering Data

[ N |

@ Engineering Data  +" 4 H,.-___le @ Engineering Data  +"

@ Material Designer  +" Engineering Data

Material Designer

1 Material Designer

2 @ Engineering Data  +"
3 @ Material Designer  +

Material Designer

Allows you to combine several materials from Material Designer in a macro-scale
analysis

 Touse it, you first need to activate “Workbench Beta Options” and then enable
"Unlimited MatML connections” under Tools > Options > Engineering Data




Sherlock
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ANSYS Integration Elements

* FEA Solver: Sherlock has been updated to

EH W ANSYS, Inc. Products

use ANSYS MAPDL as the default FEA o Decorery
engine. Calculix is no longer available or ® | Explct Dynamics
used for FEA analysis other than for Thermal [
Mechanical analysis s 1 offshore
L2} Structural Mechanics
* Results Processing: Processing of ANSYS FEA s e
e W ANSYS Sherlock

results has been updated to process ANSYS e
result (.rst) files directly for both the results L I ANSYS Geometry terfaces
and the model import

* |nstallation: Sherlock is included in the
Structures Unified Installer e e




B
ANSYS Sherlock Enhancements

* Application Settings: All settings have

B sherlock Settings x

been consolidated into one form for ease
of access

Part Libraries: The Sherlock Part Library no
longer requires Internet access and is
included in the Sherlock distribution. The
ability to configure multiple part libraries is
also available

Parts List: More capabilities to copy and
add parts from various sources

Project Management: Added functionality
to view, search, manage categories of
projects

Failure Rate Module: This feature has
been removed since it is no longer
necessary

Advanced Settings
The following properties control parts list and layer processing settings for all projects.
Project:

Please see the Project Management user guide section for more information about relocating the project to the new
default location "<homes /Documents/Sherlock/projects” or other custom location.

Default Project Directory: C\Users\nhernand\AppData\Roaming\Sherlock\projects Browse

Part List:

Show Parts List Sources: @
Parts List Confirmation Status: @
Import Parts List Source: @
Check Component Overlap: @
Unused Part Properties: L@]

Layer:

Calculate Image DPI: DISABLED | =
DISABLED | =

ENABLED | ¥

Convert to Image File:

Fine Arc Definition:

Trace Modeling:

Fine Trace Arc Definition: ENABLED |=
Polygon Optimization: ENABLED | =
DISABLED | ¥

Convert Circles:

l Apply J l Reset J l Restore Defaults J

l Apply & Close J l Cancel J
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Distributed Compute
Services



Distributed Compute Services - Introduction

 ANSYS introduces a host of new services that enable
the distributed evaluation and management of
simulation workflows:
They are called DCS, the Distributed Compute
Services.

“ < Fluent 2D Cooling
ervie Configuration Desi

* As a part of this, Design Point Service (DPS) allows
the robust and distributed evaluation of tens of SR

thousands of Design Points, starting from a standard : i
ANSYS Workbench simulation project

eeeeeeeee

failed

aaaaaaa




Open, Modular, Service-Oriented Architecture

Clients
Arbitrary clients can interact
with the Design Point Service.

Parametric Workbench Model
PPy — - o x|

Design Points

Other Design Exploration
systems (DX & others)

Other optimizers

Transfer of simulation
project, model
parameters &
Design Points
_

«—

Import of Evaluated
Design Points

DC Services

Manage simulation workflows.
Handle data transfers and file
storage.

Design Point Service

“ < Bicycle-Wheel
Overview :

Compute task
pulled by Evaluator
_

4—
Output parameters &

Design Point files
are passed back

DC Evaluators

Can run on arbitrary compute
resources. Query the Design
Point Service for tasks to
evaluate based on their
capabilities.

DC Evaluator 1
Linux workstation

DC Evaluator 2
Windows workstation

DC Evaluator 3
Linux cluster

DC Evaluator 4
Cloud resource

DC Evaluator ‘N’
Arbitrary compute resource
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Key Points

Evaluate geometry updates on Windows only and

- Handle large number of Design Points (10’000s) solve model on Linux or Windows

robustly

- Open and extensible
o Supporting arbitrary batch capable simulation
workflows

Scenarios o Connect arbitrary design exploration systems
o On single user desktop

o On group of workstations

o On clusters/HPC resources, connecting to queuing
systems
On private or public cloud resources
On heterogeneous systems with different capabilities

< | Compare Design Points
Maximum Significant Digits: 8

- Distributed evaluations
Seamless support for many usage / compute

- Minimal network footprint - HTTPS only

»»»»»»

nnnnnnnnn

rrrrrr

c Workbench Workbench ‘Workbench Warkbench
[

~ [ Output Parameters (2)

maxtemp 7082 376,383 2.4 382.33 2.3 84.723 (1.8

meen 3 ez 1T 85 2.0 338,617 2.0 347 198 (0.1 AN\\'\‘



Testimonial - BMC

* “The results of this project were
imperative for the success of the
brand.”

Stefan Christ, Head of R&D at BMC
Switzerland AG

* The bicycle manufacturer BMC
benefitted from DCS Technology
recently. Their flagship road bike, the
SLRO1, was optimized with the help of
DCS and went on to be very popular on
the market
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DCS — What’s New

* Improved scalability for evaluating large numbers of
design points on many parallel evaluators

* New DCS Python Client

Providing an easy-to-use and powerful scripting interface to
interact with all DCS components, such as projects,
configurations, design points, and more

# ANSYS DCS Python Client Docs » Python Client for ANSYS DCS

Python Client for ANSYS DCS -,

ANSYS Distributed Compute Services (DCS) is a family of applications that enables you to

distril simulations on a variety of compute resources. As part of this, design

point ) fa s the robust solution of tens of thousands of design points spread
across clusters, networks and operating systems.

ansys-dcs-client brings ANSYS DCS to your Python application. Wrapping around the DCS REST
APIs, it allows you to:

 Extended workflow definitions
o Modify parameter definitions

» create new projects and modify existing ones
« monitor and manage design points

run your own design exploration algorithms
« retrieve simulation results

User Guide

o Define number of attempts for running a process step
o Define success criteria

e Tighter integration between DesignXplorer and DPS

 DPS Web App enhancements

o More unified look and feel, evaluation times, last modified
dates, and the ability to open text and image files in the
browser

http://storage.ansys.com/mbu-assets/dcs/v201/dcs python/index.html

* Run DCS as system service on Linux



http://storage.ansys.com/mbu-assets/dcs/v201/dcs_python/index.html
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Sign up for an ANSYS Event near you!

ansys.com/about-ansys/events

Filter on “Webinar” under Events to sign up. A Structures 2020 R1
update webinar will be available in late February.

ANSYS Events

ANSYS hosts major conferences around the world to gather our customers — and potential customers — to discuss and demonstrate the latest developments in
engineering simulation technology. Our engineering experts will be on hand to help you develop solutions to your toughest simulation and product development
challenges. You can also learn from technical presentations given by colleagues in your industry. In addition, we hold seminars dedicated to single industrial sectors, and
webinars for easy online participation and learning. Check for upcoming events in your region or industry!

Refine Search

By Region - Webinar -
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