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Agenda

e Partl:

— Prerequisites
* MPI —HP or Intel
» Hyperthreading and ANSYS

— How to Set up HPC
 The Remote Solve Manager (RSM)
» Solver Handler, Number of CPUs, SMP, and DMP
« ANSYS Mechanical APDL

— Handling of Large Models
« CAD Import
« Named Selections
* Tree Filter and Tags
* Object Generator



Agenda

e Part ll:

— Mesh Controls for Large Models
o Curvature and Proximity

— How to Cut Analysis Time
« Contact Settings
* Analysis Settings
— Evaluation of Results
* Results Tracker
 Newton Raphson Residuals and RSM
» Postprocessing Command Snippets
« Max Tag Adjust to Visible
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Prerequisites: MPI — HP or Intel

Create account g Log in
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The Free Encyclopedia From Wikipedia, the free encyclopedia

Message Passing Interface (MPI) is a standardized and portable message-passing
system designed by a group of researchers from academia and industry to function on a
wide variety of parallel computers. The standard defines the syntax and semantics of a
core of library routines useful to a wide range of users writing portable message-passing
programs in Fortran 77 or the C programming language. There are several well-tested
and efficient implementations of MPI, including some that are free or in the public
domain. These fostered the development of a parallel software industry, and there
encouraged development of portable and scalable large-scale parallel applications.
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Prerequisites: MPI — HP or Intel

 |IBM Platform (HP) MPI is a little more robust
than Intel MPI.

e |f both can solve, it seems Intel MPI is a little
faster (1% or 2%) than Platform MPI.

Unified Web Portal

Cluster Management

Workload Management

Manitoring &
Reporting

GPU Scheduling App Integration

MPI Library 0% Multibaot

Source: IBM



Prerequisites: Hyperthreading and
ANSYS

 Ansys doesn't do any distinction between
physical processors (e.g. 2xX Xeon processors on
two separate sockets) and virtual processors
(l.e. cores), and between virtual processors
(cores) and logical processors (if you have
Hyperthreading enabled, this would "double" the
cores you have).

e This might cause some troubles -> next slide



Prerequisites: Hyperthreading and
ANSYS

e E.g. running a job on 8 cores with activated
hyperthreading would results in the following
warning during the solution:

*** WARNING *** CP = 0.499 TIME= 17:04:40
The requested number of shared-memory processors (8) exceeds the number
of physical processors that are available (4). As the use of virtual processors is not

recommended, the number of processors used will be 4.

i windows Task-Manager ;lglﬁl
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How to Set up HPC — The RSM
+ Why RSM?

Limited Large

Resources <I—=» Models

\ 7/

Lots of
users



How to Set up HPC — The RSM

Client: Computer, used for Pre- and
Postprocessing

Job: Simulation

Compute Server: these are the machines on
which jobs are run

RSM (Remote Solve Manager, aka: RSM
Host): dispatches jobs to computing
resources

Queue: A queue is a list of Compute Servers
available to run jobs

10



How to Set up HPC — The RSM

e Efficient use of licenses

— Single license: one license can be used for
all tasks at a time

— Split license: split of the license in Pre-Post
and Solve-Batch. During solution the Pre-Post
license can be used to prepare the next
simulation or for postprocessing.
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How to Set up HPC — The RSM

 Different system configurations

' R ™y -
RSM
Manager Manager RSM
Sernvice Service Compute Server
Service
R3M
Compute Server
Service .
Compute
Server
Local Computer Local Computer
\ o A
' ™y I " R

RZM
Client

- ™y
RSM
RSM RSM Compute Sarver
Client Manager Service

Server g

Local Computer Local Computer
M N ~ A A

REM
Compute Server
Service




How to Set up HPC — The RSM

* Login as Administrator and change Dir to
Install folder ANSYS

Administrator: Eingabeaufforderung

Microsoft Windows [Uersion 6.1.TE01]
Copyright (c) 2009 Microsoft Corporation. Alle Rechte vorbehalten.

C:\>cd "Program Files‘\ANSYS Inc\ul453\RSM\bin"_

 Install Manager and/or Server service

C:\Program Files\ANSYS Inc\ul145\RSM\bin>AnsConfigRSM.exe -mgr -surg

13



How to Set up HPC — The RSM

e Start RSM:
ANSYS 14.5: Start > Programme > ANSYS 145 > Remote

Solve Mana

RSM Manager

Queues »

Compute Server

ger

"
»

= Queues
- =@ Local
L8 localhost
El . Campute Servers
L8 localhost
—iiy wie-hulk-desk

f}* ANSYS® Remote Solve Manager 14.5 — ol x|
File Options View Tools Help

| Al z0bs =

-,_:_|J My Computer _-Jcrb Status | Submi... | Owner | Priority | Server | Queue

14



How to Set up HPC — The RSM

e Setup R

SM:

f}* ANSYS® Remote Solve Manager 14.5
File Options View Tools Help

=] p.3

Submi...

Chwiner

Priority

Server

Queue

| At 30bs - | %[
|_:_|J ry Computer Eob Status
Em - Queues
=4 Local
: i lacalhost
= Compute Servers I
P Jﬂﬂiﬂﬂ’f‘ -
) . _# Properties...
------ i3} Wie—hl.JIlc:—de,.IF -

#  Delete...

Test Server...

RMB
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How to Set up HPC — The RSM

e Setup RSM:

h 1 T lr'l..l "’E SEWE[' Prﬂpﬂl’ﬁE

| puster | ssH |
Display Name |wie-beh-lap
Machine Name |wie-beh-lap

Working Directory Location |User Specified

Ei

Working Directory ID:\temp_RSM
== Less |

M Server Can Accept Jobs

Maximum Number of Jobs |1 3:

™ Limit Times for Job Submission

User must have all rig

hts for this Dir

Start Time |-

End Time |-

™ save Job Logs to Fie
M Delete Job Fies in Working Directory

|

(0] 4 Cancel Help

16




How to Set up HPC — The RSM

e Setup RSM:

GEMEr

Cluster Type

Shared Cluster Windows HEC

File Manageme

[Wore =& |

fi) Compute Server Properties

| Cluster | XSH |

Mone

L5F
FBS

Ecution Node Local Disk

Define Cluster Type

(0] 4 Cancel

Help

17



How to Set up HPC — The RSM

e Set your Password (your login)

f}} ANSYS® Remote Solve Manager 14.5 - o] x|
Fie Options View Tools Help

| A1 30bs - | 2[R

#

tatu RMB Br Priority | Server Queue

18



How to Set up HPC — The RSM

e Test the Server

ﬁ;’,‘ANSYS:E;r Remote Solve Manager 14.5 - ||:| |£|

Fle Options View Tools Help

inn Jobs o |E|E_

e My Cormputer Job Status | Submi... | Owner | Priority | Server | Queue
H- Queues
EIA Local
8 wie-beh-lap
= < Compute Servers I

L@ - :
------ 2 wiehuk-desk |2 FTOPErtes.. RM B
b ¢

Delete...




How to Set up HPC — The RSM

e Test the Server

ﬁ}ANS‘fS@ Remote Solve Manager 14.5 - ||:| |i|
File Options View Tools Help

lnn Jobs eyl

o My Computer Job Status | Submitted Owner
-4 Queues 7 wie-beh-lap/Testing wie-beh-lap Finished 21.09.2013 13:24:32 CADFE!
. =+ Local

E L8 wie-beh-lap

q | |
- Compute Servers
Yl Green check mark! ﬁ_

...... # wie-hulk-desk

EE B




How to Set up HPC — The RSM

« Add a RSM manager

i ANSYS@ Remote Solve Manager 14.5

Fie Options View | Tools Help

| Al 30bs

- L v Desktop Alert

=1k

S My
=N

B

Computer
QLeLes

Remove... Entf

Submit a Job...

Status

Submitted

Chwiner

& Local
L8 wie-behr-|

- Compute Servers

4 wig-beh-lap

------ = wie-hullk-desk

i im bl lmm Mmoo A b I T T U o e T s s I, e R |
ing w

Solve Managers:

localhost

Mame:

T AR

Deskiop Alert Settings
¥ Show Running Jobs

I Show Pending Jobs
¥ Show Completed Jobs

wie-hulk-desk

Delets Change

(] 4 Cancel

& Add

21




How to Set up HPC — The RSM

 Add a RSM manager
Set your Password (your login)

{1} ANSYS® Remote Solve Manager 14.5 - o] x|

File Options View Tools Help

lm Jobs A=l

=9 Local A| Job Status | Submitted Owine
8 wiehehrlap 7 wie-beh-lap/Testing wie-hulk-desk Finished 21.09.2013 13:33:34 CADF
= Compute Ser
L wie-beh-lap p | |
o (- .

B oueud & Properties...

: &4 Lod B4 Accounts...

~ ovoseei] RMB




How to Set up HPC — The RSM

« Add a RSM manager

i} ANSYS® Remote Solve Manager 14.5

File Options View Tools Help

(=P

| A30bs - | t[sa ]2
: ElA!! Local *l Job Status | Submitted Owner
Ll wie-beh-lap
=+ Compute Servers
) wie-beh-lap «| N
e wisshulk-desk _I
= Queues j
- -4 Local
= - Compute Servers J
LU
(# Properties... -
3 Delete...
Test Server...
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How to Set up HPC — The RSM

« Add a RSM manager

ﬁ} ANSYS® Remote Solve Manager 14.5 - II:I |i|

File Options View Tools Help

| A1 3005 - |t [
[ A

EIA Local Job Status | Submitted Owne
o wie-beh-lap 7 wie-beh-lap/Testing wie-hulk-desk Finished 21.09.2013 13:33:34 CADF

BE

EI - Compute Servers
L8 wiembeh-lap ﬂ%ﬁ I LI
H-ay wie-hulk-desk
5% s Green check mark! r
-4 Local

The following ports must be open for Communication between RSM components

ANSYS 14: 8140 and 9140
ANSYS 14.5: 8145 and 9145
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How to Set up HPC
Handler

e Setup solver handler

Fie Edit View Units | Tools Help
= % W T B write Input Fie...
£ I Fead Result Fies. ..

P Show Vertices %)

Environment Sk Inerte  Addins...
7% Options...

LE L golve Process Settings

Solve Process Settings...

J
J
| 8
J
|

JHter: MName -
Project
- (& Model (B4)

Run Macro...

Add Local |

Eigener Computer

— Solver

Define Solve Manager
Set Queue
Set License

X

— Computer Settings

Eigener Computer, Hint
wie-beh-lap_3 CPUs
‘wie-hulk-desk 8 CPUs

- Geometrv

Add Remote |

Solve Manager: |wie-hulk-desk

=l

Queue: I Local

Set as Defaultl

Rename |
Delete |

B

License: | ANSYS Mechanical

Advanced... |

oK J Cancel

25



How to Set up HPC — Solver
Handler

e Setup solver handler
X

Eigener Computer Add Local | - Computer Settings
Eigener Computer, Hint

DMP wie-beh-lap_3 CPUs |
‘wie-hulk-desk 8 CPUs Add Remote

Solve Manager: |wie—hu|k—desk
Queue: | Local -

Set as Defaultl License: IANSYS Mechanical = |
q .
= i EI _I Advanced... |

I Distribute Solution (if possible) _I oK | cancel |

Use GPU acceleration (if possible) I"“'Iﬂ'l'hE j

Max number of utilized processors: IB
™ Manually specify Mechanical APDL solver mem gs | #CPUs

VWorkspace: |':' B

Database: |':| MB

Additional Command Line Arguments:




How to Set up HPC — Solver

Handler

e Use the desired solve handler

M B : Static Structural - Mechanical [ANSYS Multiphysics]

| Fle Edit View Units Tools Help

|J @ | “/solve F 2/ Show Errors 7/ Review Mo

[ Wy -l W

m @® | &~ S < & & @ Egener Computer

J Al +~ ®@gelection v ¢ Visibiity v [Supprec  Eigener Computer, Hintergrund

| 7 Show Vertices &% Wireframe |

wie-beh-lap_3_CPUs

N Edge Coloring * A~ A~

| Environment @ Inertial v @ Loads v % Supports ¥ @ Condition

wie-hulk-desk_& CPUs

outine :
: B: Static Structural

|Fiter: Name « <] Static Structural

Project Time: 1,5

= Model (B4) 21092013 13:47
-, Gec-m;tw [ Joint Condition Swing: 0, ©
""-/"'1*‘ Coordlnqte Systems [B] Joint Condition Boom: 0, mm
.(Qf] Connections B Joint Condition Arm: O, mm
- /i MESh_ B Joint Condition Bucket: 0, mm
E|~/E| Static SLt"_‘Ct“"f“ (B5) Remote Displacement

The solver handler are saved in the file “solvehandlers.xml” which can be located
in %appdata%\ansys\programversion.
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How to Set up HPC — Mechanical
APDL

Start ANSYS product launcher

File Profiles Options Tools Links

Simulation Environment:
ANS

Add-on Modules
LS-DYNA (-DYN)
License: ANSYS DesignXplorer (-D

File Customizatio /
Management Preferences
Type of High Performance Computing {H
MNone
* Use Shared-Memory Parallel (SMP) — Number of Processors |2 Use GPU Accelerator Capability

Use Distributed Computing (MPP)

28



Handling of Large Models — CAD
Import

o Import/Attach feature now supports two options for target
geometry type:

— DesignModeler

» Full conversion to DM’s internal representation (Parasolid)
« Traditional behavior

— Workbench
» Light-weight B-rep
» Faster import from external CAD system into DM

> DM automatically converts entities during modeling, as needed
> Manual conversion with the new ‘Conversion’ Feature

Details View n B, Conversion
-l| Details of Importl
Import Importl
Source ChUsers\userdata\ski\dmb'..\cyl_head.prt
Workbench g
Base Plane Workbench
Operation DesignModeler 110 minutes 5 Minutes
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Handling of large models — Named
selections

e Named selections can used to:
— Filter items
— Group items
— Convert items

e This Is of interest for:

— Programming macros

— Fast selection of similar items used for Pre-
and Postprocessing

— Easier navigation through the model

30



Handling of Large Models — Named

Selections

e How to Insert a Named Selection item #1

M B : Static Structural - Mechanical [ANSYS Multiphysics]
|J @ | /solve v 2/ShowErrors 7/ Review Model (Beta) T@ ¢ » (@]~ Worksheet in

File Edit View Units Tools Help

=1olx|

P’ Show Vertices #2Wireframe | 1M Edge Coloring ¥ A~ A~ A~ A~ A~ A || IThicken Annotatio

|

%R "R &S AR QAEQCENE 8 ©
|

|

Model | ®Construction Geometry | @iVirtual Topology | @b Symmetry | 2. Remote Point | @ Cormections

n

Project
= &l Model (B4)

&, @B Geometry
% Coordinate Systems
/#8 Connections
/&8 Mesh
=11 Static Structural (B5)
....... > il Analysis Settings
------- /B, Remote Displacement
------- 2, Remote Displacement 2
------- /@ Joint Condition Swing
------- /& Joint Condition Boom
------- % Joint Condition Arm
------- /@ Joint Condition Bucket
= /& Solution (B6)
... /3] solution Information
8 Total Deformation
- M Equivalent Stress

Details of "Model (B4)"

|Fiter:  nName ~£I

ju|

Filter Options

Control [Enabled

Insert
Go To

- Export CAERep Fies (Beta)
-} Abandon RSM Jobs (Beta)

& Hide Body
& Hide All Other Bodies

Suppress Body

Suppress Al Other Bodies
Unsuppress All Bodies

@ Invert Suppressed Body Set

o Isometric View
= Set

37 Restore Default
@, Zoom To Fit

Cursor Mode
View
19 Look At

9 Selection of item

ha= Create Named Selection

Refresh Materials
Update Geometry from Source

Ann nn

AN O e

RINJ
R14.5

31




Handling of Large Models — Named

Selections

e How to Insert a Named Selection item #2

™ B : Static Structural - Mechanical [ANSYS Multiphysics] — |EI|£|

| Fle Edit view Units Tools Help ~/Solve » ?4/Show Errors 7/ Review Model (Beta) #@ (& & (@] v W uorkshest in

ARy R "R E @& STaqqaEQAaE " 8 © O

| 7 Show Vertices #3Wireframe | Wl Edge Coloring ¥ A~ A~ A~ A~ A~ A |s| I-IThicken Annotations “#Show Mesh & B Random Colors (e = —

| Model | ®-Construction Geometry | @iiVirtual Topology | 4 Symmetry | . Remote Point | ®Conrections | @ Fracture | @ Mesh Numbering | [l Soluti o] | #@Named Selection
ANSYS

|Fiter:  name v 2] @ R1b

Project

S T Nodc (04)

% Coordinate Systems

A8 Connections

B Mesh

-] Static Structural (B5)

....... 7 Analysis Settings

------- /2 Remote Displacement
------- d, Remote Displacement 2
------- /& Joint Condition Swing
------- & Joint Condition Boom
------- /% Joint Condition Arm

------- /& Joint Condition Bucket
= /6 Solution (B6)

- [3] Solution Information
A% Total Deformation
8 Equivalent Stress

Details of "Model (B4)"

=l Filter Options

[rantral TEnahlad

Insert to tree

32




Selections

e |nsert Toolbar for fast selection

File Edit | View Units Toolk Help

| @ | /solve v %

=4 Show ' Shaded Exterior

|
& + Shaded Exterior and Edges
|
|Named se  \Vireframe

m Graphics Options

| Fiter: | ¥ Cross Section Soids (Geometry)
Projec Thick Shells and Beams
5 g my ¥ Visual Expansion
B LY Ruler
S Legend
R (e Triad
_______ y:: | v Eroded Nodes
& gl ¥ Large Vertex Contours
&,  Display Edge Direction
7% Annotation Preferences

Outline

Windows

3

3

T IO O OO OO
------- @ Joint Condition Arm

------- % Joint Condition Bucket
EI---- Solution (B6)

T A8 R QA
AY /v AY A~ A

| Toobars '] Named Sekctins

Unit Conversion
v Graphics Options
v Tree Fiter
Joint Configure

Handling of Large Models — Named
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Handling of Large Models — Named

Selections

« \Working with the toolbar

M A : Static Structural - Mechanical [ANSYS Multiphysics]

| Fle Edt View Units Took Help | @ =i /sove v 2
[R5 RRRDE &S ¢ A aEa
J % mounts - QSelecﬁon "| ':;)VIS]bity - SUDDFESSDH -

| =’ show Vertices #%Wireframe | Wl Edg @ Hide Bodies in Group A
| Named Selection #©Named Selection st He=T

Project
= (& Model (A4) I me
Jﬁ Geometry
«)\ Coordinate Systems
/1 Connections
i FBR Mach

- Example: excavator.wbpz; helicopter.wbpz
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Handling of Large Models — Tree
Filter and Tags

e Tree Fllter:

— Users want the abillity to control the amount of
data shown in the Mechanical tree view.

— The Tree Filter allows users to show only
those objects which match some search
terms.

— The filter searches on object name or on
object tags.

35



Handling of Large Models — Tree
Filter and Tags

« Entering a search term, e.g. “bolt,” and hitting Enter
filters the tree to show only those objects with names
matching “bolt.”

E
| Filter: Name | bolt
/=] Project

= @ Model (B4)

= ﬁ Geometry
o

36



Handling of Large Models — Tree
Filter and Tags

« A similar search can be performed on object tags by
selecting “Tags” from the drop-down menu.

Qutline

JFiPter: Tag vl aluminium - {_‘1
Project

Details of "Multiple Selection”
Graphics Properties
[=1| Definition
Suppressed Mo
ID (Beta)
5tiffness Behavior Flexible
Coordinate System Default Coordinate System
Reference Temperature | By Environment
o =
Assignment Aluminum Alloy
Monlinear Effects Yes
Thermal 5train Effects | Yes
B ing Box
Properties
Tags
|J o % 0.00 150.00

aluminium 75.00 225.00



Handling of Large Models — Tree
Filter and Tags

« Multiple search terms are supported, so all objects with
“plate” and “gasket” can be found with “gasket plate ”
(case sensitive).

Jﬁﬂe:: Mame -« |plate gasket Qj
Project
& Model (B4)
- B Connections
= JiE8| Contacts

....... v :p& Bonded - plate steel To gasket
------- . B Bonded - gasket To plate steel
------- o :I,,\ Bonded - plate steel To gasket
------- . B Bonded - gasket To plate steel
------- & :IE Bonded - plate steel To gasket
------- . B Bonded - gasket To plate steel
------- & :l,,\ Bonded - plate steel To gasket
------- . B Bonded - gasket To plate steel
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Handling of Large Models — Tree
Filter and Tags

 When filtering is in effect, any object that is added,
removed, or renamed will not be affected until filtering is
manually refreshed.

Outline a
Filter: Tag - 1

=

| Model (B4)
& Jfﬁ Geometry
....... 1"'. Ei platE Steel

....... q"'. Ei gasket

....... 1"'. Ei I:"I:lE
o f_. Ei platE Steel
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Handling of Large Models — Tree
Filter and Tags

 The Tree Filter can be turned off under View - Toolbars
(Mechanical recalls last visibility setting on startup).

(%) B : Static Structural - Mechanical [ANSYS Muliphysic 8
| File Edit | View Units Tools Help | oo
J m |75haded Exterior and Edges . .
| Showy  Shaded Bterior - Example: tree_filter.wbpj
J Wireframe
E—— Graphics Options »
| Fiter: Tag_ Cross Section Solids (Geometry)
-Pm]ed_Th ck Shells and Beams
= @M ¥ Visual Expan
- M| v Ruler
v Le egend
v Triad
[ Eroded Nodes
v Lar arge Vertex Contours

Display Edge Directicn
% Annotation Preferences

Cutline

Windows

Toolbars 4

»

Mamed Selections
L Unit C

Details of "M

ultiple Selection”
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Handling of Large Models — Object
Generator

* Object Generator

— Users want the ablility to make multiple copies
of objects, scoping each to different geometry.

— The Object Generator allows users to use an
existing object as a template for replication.

— Almost any tree object that supports
“Duplicate” can be used as a template.
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Handling of Large Models — Object
Generator

e Typical Application:
— The user has many bolts in a model and
wants to apply a bolt pretension load to each

bolt N

» (@] - W workehiest  ix
GQEAQ R E B[O
A

[+l] I~ Thicken Annotations 7% tesh sk Show Coordinate Systems

Fle Edt View Uits Toos Hep || @ = | /sobe - @ mib [0

FAYR CEEEER &5 0 Q&
A

7 Show Vertices #RWireframe | 1 Edge Coloring ~ 4~ A~ A~ - A
Environment P Inertial = P Loads ~ %k Supports + Pk Conditions + B Direct € + | B
Qutine

@] Project

= [ Model (a8)

/B Geometry
A Coordinate Systems
A8 Connections

8P Mesh

/2| Analysis Settings
Solution (A6)

*-#{¥] Solution Information
t
7
= x
i= I
. z
Physics Type |5wmm‘ 0.00 50.00 100,00 (mm)
Analysis Type | static Structural 25.00 75.00
Ll Tabular Data

Solver Target | Mechanical apoL
=/ Options Geometry 4 Print Preview } Report Preview/
2.

Environment Temperature [ 22, °C
|Na

Generate Input Orly

4

[Metric (mm, kg, N, s, mv, mA) Radians radjs Celsius

.8/ o Messages o Selection

|Press 1 for Help



Handling of Large Models — Object
Generator
e Step 1.

— Define the tree object to be copied (optionally
define Detalls).

— (ol x|
Fie Edt View Units Tods Help || @ =i | -isove - t@ Wb [

RANE CERRE( @S5 ¢ A
A

J [ - .Workshaet ix
|

J 7’ show Vertices  @Wiireframe | Il Edge Coloring ~ A~ A~

|

#
QleamaaEngs |0
A A \

| [~) Thicken Annotations D?EShnw [Mesh ;}‘\Shm Coordinate Systems

Environment Tk Inertial ~ k Loads ~ Pk Supports ~ Pk Conditions ~ @ Direct FE -

El- (& Model (A4)
ﬁ Geometry
,/;«?\ Coordinate Systems

i JB) Connections
B Me

Scoping Method [ Geometry Selection 0.00 50.00 100.00 {mm}
Geametry [1Face 25.00 75.00

= Nafinitian
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Handling of Large Models — Object
Generator
o Step 2:

— Select the geometry to which the tree object
should be copied.

1ol x|
Fle Edit View Units Took Help || @ - | :fsove - M@ i Y [ - W voiches: i
RAYR CEREER S SCAaa A Mg 8 o 0

|
|
| A show vertices  §f8wirefiame | Wl Edge Coloring ~ £+ A+ A+ A+ A+ A || |-Ihicken annotations st viesh 2k Show Coordinate Systems
|

Environment 2% Inertial + L Loads » @k supports + @ Conditons « 1 DirectFE - | [

B (@] Model (A4)
(- B Geometry
_/;4“\ Coordinate Systems

wi Analysis Settings
¢ iy Bolt Pretension
=] Solution (A6)
_;‘m Solution Information

[=l| Scope fa Z
Scoping Method [ Geometry Selection 0.00 £0.00 100.00 (mm}

Geometry | 1Face 25.00

= Nafinitinn

75.00
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Handling of Large Models — Object
Generator

e Step 3:
— Open the Object Generator and click
“‘Generate”

M A: Static Structural - Mechanical [ANS s rium,. vsics] 1Ol x|
| Fle Edt view Units Tooks Help “ v ’-_45‘ e ~ T & (@] - Workstiest i
= & % m- % @ & -5 & & & & @ 6 O 5 /Mm@ s @ - &2annotaton preferences
J P Show Vertices  fRWireframe | WM Edge Coloring ~ A~ A~ A~ A~ A~ A [Pl |-l Thicken Annotations 35w Mesh ,%.ShuwCuordmabESystems Ef Random Calers
| Envirorment @k nertal + ¥, Loads + %, Supports + % Conditions + 2, DirectFE + | & |
n Mechanical Application Wizard 1 x

|Fiter: names
Project
El- [§] Model (A4)
ﬁ Geometry

3% Coordinate Systems
-/A8 Connections
/& Mesh
=] ,;E Stiltu:Structllral(AS)
/) Analysis Settings
m‘ Bolt Pretension
/. Solution (A6)

- #] Solution Information

[octots of ot Pretension’ N §
—

Object G
Select tree objects to use as a template, and select
geometry to be used as scoping.

Generate From: IW
ScwpeTo: | AdjacentEntiies =]
Ignore Original: I~

Name Prefix: I—
ApplyTag: |

New objects will be scoped to the selected
geometry Geometry can be scoped to individual
gups of adjacent entities.
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Handling of Large Models — Object
Generator
e Result:

— The original load was copied to all selected

geometry. All detalls from the original template
object are maintained.

Fle Edit Vew Lnits Tods Help ||

o [=[ |
J V] -ail isove - TE E & ] - W orketieet  dn
| R & T m-@lﬁnl%-\se*@al@ QA EP P8 |-
|
|

T Show Vertices il Wireframe 1l Edge Coloring ~ - - - - % [+ Thicken Annotations U3 5how Mesh L Show Coordinate Systems
B B g

Environment %k Inertial ~ "Bk Loads ~ "Bk Supports ~ Bk Conditions ~ @dD\rectFE ‘ [Es

Qutline

Project

£ & Model (A4)

ﬁ Geometry

J)\ Coordinate Systems

,/Qa Connections
-8 Mesh

[=--[=] Static Structural (AS5)
',/\ Analysis Settings
- '"ﬁ Balt Pretension
 Bolt Pretension 2
] Balt Pretension 3
| Bolt Pretension 4
] Balt Pretension 5

B //- Solution (A6)
/fm Solution Information

. Bolt Pretension 2: 10000
[E] Bolt Pretension 3: 10000 M
[BY Bolt Pretension 4: 10000 N
[E ot Pretension 5: 10000 N

Detais of "Static Structural (A" =
Rl
[=l| Definition ¥ Z
Physics Type |5uud1|ral 0.00 50.00 180.00 {rmm)
Analysis Type | static Structural 25.00 75.00

46



Handling of Large Models — Object
Generator

Task:

— Connection with many bolts,
axial forces in the bolts needed

ldea:
— Use Beams for easy postprocessing

Drawback:

— Multiple preprocessing actions needed, 1 bolt
pretension per bolt and 2 connections for each of
the beams

Solution
— Use object generator for convenience.

—> Example: object _generator.wbpz
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Handling of Large Models — Object

Generator

* Preparation:

— We need named selections
for the object generator. If
the pattern operation is done
In Design Modeler you can
define the component before
creating the pattern and use
propagate selection, so
you only need to click one
face.

—|| Details of Koppelflaeche

Mamed Selection Koppelflaeche
Geometry 22 Faces
Propagate Selection | Yes

Export Selection Yes
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Handling of Large Models — Object
Generator

e In ANSYS Mechanical

— Define the object you want to copy multiple
times.

Project
- [&§] Model (B4)
----- /Ef Geometry
----- » ;.L Coordinate Systems

=i Joints

- @1 Named Selections
-9/=] Static Structural (BS)
------- », :;’:‘3 Analysis Settings
=--lea] Solution (BE)
o fm Solution Information
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Handling of Large Models — Object
Generator

e In ANSYS Mechanical Object Generator

Select tree objects to use as a template, and

— ACtivate the Object - 5electgenmetr}rt|:i be used as5ncn:||::lir15|.J
l-l-: Reference: Startpunkt -
generator' Mobile: |K0ppelﬁaeche j
_ ASS|gn the named Distance: Between centroids
. Minimurmn: |l'.'l Frn
selections ":"1 ] o3 -
— Define a tolerance e
— Specify a prefix, so you can s =
eaSIIy See the generated UEjF}zrt_s;jmiilhecrea‘.c:dfsranj;:rfhairnf
Connectlons c;nnecti.n.nwhpuiedistancefallshehﬁeen
the specified lower and upper bounds,
— As a result you receive Generats |

multiple joints.
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Handling of Large Models — Object
Generator

« Now we can repeat the process
with the bolt pretension.
— Define first bolt pretension

— Use named selections with all line
bodies (tolerance not needed,
because there is a clear relation)

— Generate pretension for all 11
bolts.
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Mesh Controls for Large Models -
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Mesh Controls for Large Models -
Curvature and Proximity

e The curvature size function examines
curvature on edges and faces and computes
element sizes on these entities such that the

size will not violate the maximum size or the
curvature normal angle.

2 '546' =
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Mesh Controls for Large Models -
Curvature and Proximity
e Important: using curvature and/or proximity

usually results in very big models because
small details are densely meshed.

-> HPC might be important



How to Cut Analysis Time — Contact
Settings

 The key concept of HPC is domain decomposition
— Break problem into N pieces (domains)
— “Solve” the global problem independently within each domain
— Communicate information across the boundaries as necessary

Processor 1

Processor 4

SourceSmBiEe: ANSYS
Source: IBM
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How to Cut Analysis Time — Contact
Settings

When using contacts each of the contact pairs
nas to be analyzed in the same domain.

Large contact areas slow down the analysis.

Help: trim contact areas
APDL command: CNCHECK,TRIM



How to Cut Analysis Time — Contact
Settings

Example of socket with non-linear contacts

Meshing results (contact elements only)

o -
WB default o WB default & ;

241586

WB manual WB default & | L
optimization /g R ., i trim aggr :




How to Cut Analysis Time — Contact
Settings

Example of socket with non-linear contacts
Performance Analysis: ANSYS 12, INTEL Nehalem CPUs + Infiniband

interconnect
80 4 4x the performance
from 2007 with twice the =
HPC Licenses = —8— WB default
70 = WB default + trim
—&— \WB default + trim aggr
» —— WB man optimization

—+— WB man optimization + trim aggr

Rating (runs/day)
]

' twice the performance 7
from 2007 with half the
20 / HPC Licenses

worst result for 2009
> on tie with best result from
2007

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
# cores 59



How to Cut Analysis Time — Solver
Settings

D-ANSYS (DMP) vs. ANSYS (SMP)

— The entire SOLVE phase is parallel: including
element matrix generation, linear equation solver,
and element results calculation

— More of the analysis is performed in parallel

— Better scaling than SMP, between 2X to 7X
speedup on 2 to 16 processors!

— Memory usage also scales in most cases.

— Disk (I/O) usage also scales. Separate 1/0 files are
managed on each processor



How to Cut Analysis Time — Solver
Settings

e Sparse Solver (Direct Solver)

— Efficient when the resulting stiffness matrix is
unsymmetric (e.g. irreversible operations like contact
with friction, plasticity)

— Efficient when the resulting stiffness matrix is ill
conditioned (e.g. weak springs, numerous contacts,
plasticity with K->0, skewed elements)

— Can be used in contact analysis with Lagrange
Formulation

— Can be used for mixed u-P element Formulation
(hyperelasticity, plasticity)
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How to Cut Analysis Time — Solver
Settings

 PCG (lterative Solver)

— Efficient with very fine meshes of solid
elements

— Working with symmetric matrices only
— Takes less RAM than Sparse Solver

— Swaps between RAM and Disk -> SSD-Disks
no problem

— When using the command PCGOPT it can be
used when joints (MPC184 elements) are
present in the model



How to Cut Analysis Time — Solver
Settings

e Solver options that save analysis time
—bcsoption, ,incore for Sparse Solver

— dspoption, ,incore, ,, ,performance
for DSparse Solver

— pcgopt, lev diff:settings for level of
difficulty

e when using up to 4 cores stick with AUTO

* When using 8 or more cores then:
— If AUTO picks a Lev_Diff value =1, stick with that

— If AUTO picks a Lev_Diff value > 2, consider lowering Lev_Diff
value by 1



Evaluation of Results — The Result

e Check soluti

Tracker

on status during run using RSM

M A : Static Structural (AMSYS] - Mechanical [ANSYS Mec

| F

ile Edit Yiew Units Tools Help |J .ﬂ| ’SDWE |

J Solution Information 55 Result Tracker -

Ckline

----- Model {A4)
----- Bl Geometry

----- i ,-..1;_ Coordinake Svwstems

----- AFH Mesh

- {—] Static Structural (A5}
o 1% Analysis Settings

------- ,,ﬁl, Fixed Support
B, Force

- Solution (AB)

-------- _ Solution Information

Skop Solukion
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Evaluation of Results — The Result
Tracker

* Insert result item you like to track during
solution — has to be done before analysis

M B : Static Structural - Mechanical [ANSYS
Edit View Units Tools Help

| File

"V R R DR S
| & » *Cselection v 4 Vis
| = Show Vertices §2Wireframe | Il Edge C

| Solution Informaﬁui = Result Tracker v [Fr

Jﬁter: Mame = d
Project
= & Model (B4)

,,Aﬁ Geometry

win Coordinate Systems

.,%1 Connections

,,% Mesh

#- @ Named Selections

£-+2] Static Structural (B5)

£ Analysis Settings
=/l Solution (B6)
s kaf Solution Information

by

M B : Static Structural - Mechanical [ANSYS M

Fie Edit View Units Tools Help

L DA SR DR OGRS
= ~ ?Oselection v & Visib
7’ Show Vertices #55Wireframe | Il Edge Colorir
Solution Information ¥ Fetrie

| S | S— | S— | S—— | =
+,

i Deformation

JHter: Name FesHen

Project % Velocity

5 & Model (B4) 8 ACCERAD
,,fﬁ Geometr 5 Mom
,z)\ Coordin: i Total MV erage Veloct
&3 Connect i Contact Force

./% MESH i e
- @ Named| < |
=42 Static's !

A Anal }% Kinetic Energy

El Solt i Stiffness Energy
] L Total Energy

L% Tr#tnrmsl Craranr

Ed
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Evaluation of Results — The Result
Tracker

e Define Details

Cutline

. f’ P
Je;' _E:TE e 'ﬂ Details of "Number Contacting”
| Proj Pefirts
: LI
B i@:gdd (B4) G rTym Number Contacting
+-,p Geometry Cperessed—Hs
(-4 Coordinate Systems Scope
,,J%l Connections a E i\ lwll (= [0l Frictionless - plate steel To gasket
- M Mesh -Presgits
[ @ Named Selections Minimum
-+ Static Structural (B5) Maximum
/) Analysis Settings




Evaluation of Results - Newton
Raphson Residuals and RSM

 What are Newton Raphson Residuals

[KT{Au} = {Fe<} - {FI"}

Fext—
[KT] = Tangential stiffness matrix Fint|___
{Au} = Vector of displacement 1 |

increments {F&} = Vector of external loads
{Fng = Vector of internal loads




Evaluation of Results - Newton
Raphson Residuals and RSM

 Choose number of iterations for which you
like to see the Newton Raphson Residuals
. |

Jﬁrter:: Name =

N, (@] Selection :I
....... A Selection

=-/=] Static Structural (B5)

------- /4 Analysis Settings

....... ‘/Ef‘lv Fixed Support

....... ﬁ 1. Force

—-~%8 Solution (B6) J

El//ll'l Solution Information
@ Number Contacting

/M Total Deformation
P hd
< | | »

H| Solution Information

oS - Dutput
Newton-Raphson Residuals 5
Lpdate Intenyal 2Cc
Display Points Al

= FE Connection Visibility
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Evaluation of Results - Newton
Raphson Residuals and RSM

* |n order to evaluate the Newton Raphson
Residuals in case an analysis is not converging do
the following:

 Open the file:

— C:\Program Files\ANSYS Inc\v145\RSM\
Config\xml\Ansys Generic.xml

e Add the line:

— <file type="binary"
special="SolutionInformation">file.nr*</
file>



Evaluation of Results - Newton
Raphson Residuals and RSM

<?xm]l version="1.0"3>

<jobTemwmplate:
<gcriptrGenericdobCode . xml</scripts
<delug-FALSE</ delbug:>
<oleanup>TRIUE</ o leanups>
<inputs:
<file type="ascii"™ special="cancel">file.abt</file:>
</ inputs:>
<outputss

<l——=file type="3scii">*.out<, Ffile> Use this to get Fdditieonal] *.out files —-=
<file type="ascii™ special="ZFolutionInformation”>solve.out</file:>
<file type="ascii™ special="ZolutionInformation">file.gat</filex>
<file type="ascii™ special="3olutionInformation">file.nlh</filex>
<file type="ascii™ special="ZFolutionInformation">filef.gst</filex
<file type="ascii™ special="ZolutionInformation">filel.nlh</file:>
<file type="hinary” apecial="PostDuringIolve">file.rocn</filex>
<file type="ascii"™ special="PostDuring3olve">filel.nlh</filex>
<file type="ascii™ special="cancel”>filev.err</filex
<file type="ascii"™ special="cancel">solve.out</file>

type="hinary" special="SolutionInformation">file.n
</ outputa:
</ JobTenplate:
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Evaluation of Results — Postprocessing
Command Snippets

 During Postprocessing you can use your own
APDL routines to list items, plot results, and
do your own calculations.

/B, Fixed Support 2
+B: Commands (APDL)
+B: Commands (APDL) 2
/B SurfElemPlots
- /%) Solution (A6)
/4] Solution Information
/& Total Deformation 1
% Equivalent Stress 1
/& Total Deformation 2
/8 Equivalent Stress 2
- Ji Plot Collection
@ Post Output
@ Post Output 2

71



Evaluation of Results — Postprocessing
Command Snippets

 Check setting “Invalidate Solution”

| I 200 ANSYS Workbench Solution Status x|
@] Project
=l E Model (A4) Owerall Progress...
[+ ,ﬁ Gaametry I
= Coordinate Systems Executing Post Commands. ..
& Connections e |
@- Mesh
=) :; Static Structural (A5) Interrupt Solution Stop Solution
,,f“- analysis Settings
Fixed Support
‘/ﬁ Pressure

-] Solution (A6)

¥ Solution Information
; Jﬁl Tut;:d Deformation
i ommmands (APDL)
o e

! | File Mame Type
File Name | | post.dat DAT File
File Status |Fie ok Found
=1| Definition __ post.out OUT Eile
Suppressed Mo || solve.out QLT File
| l:ll-l-rhn 'ﬂ‘. -fﬁ.a'th Pr!ﬂx [
t Invalidate Solution | No
| Target | Mechanical APDL
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Evaluation of Results — Postprocessing
Command Snippets

 Check setting “Save MAPDL db” -> pre-used
variables and Named Selections can be used

Qutline

i

Figure
i Standard Earth
3, Fixed Support

Details of "Analysis Settings”

= Analysis Data Management

= =] Static Structural (A5)
------- /- Analysis Settings

Gravity

d, Fixed Support 2
------- /B Commands (APDL)

[

Solver Files Directory

D:\users\ub\aktuele...

Future Anahysis

Mone

—rStratciTSoiver-Fes Directory

Save MAPDL db

Yes -

o I—E
LJCICI.C L.II [l el iy | =

3L
| )

Manlinear Salfinn

Bl

! Plot eines Ergebnisses
! white background
/RGB,INDEX,100,100,100, 0O
/RGB,INDEX, B80, B0, 80,13
HRGB,IHDEE, 60, 60, 60,14
/RGB,INDEX, 0, 0, 0,15
[ resume , file, db IMAFDL-db einleser
Set,last T LeLczten Datensatz einlej
/SHOMW ,PNG ! Gibt alle folgenden Plof
l.. Bild-Einstellungen machen (Select]
esel ., = enane,,_BE,LE” ! nur SJ++:5

HTITLE Element

/SHOW, CLOSE !

ALLS

plescl,s,eqv | EI

Tl amant = + 1A — T
= 24 L L e L N
— —
R -~ 17 4+ —~ Sk aTs o
oo L UL P Lilivd ok
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Evaluation of Results - Max Tag Adjust

to Visible

e For large assemblies

|Fiter:  Name = 21
Projekt
= & Modell (B4)

G- & Geometrie

-k Koordinatensysteme

M- 4 Kontakte/Verbindungen

& 2] statisch-mechanisch (B5)
+74 Analyseeinstellungen
/%, Reibungsfreie Lagerung
AR, Verschiebung
- [, Fixierte Lagerung
=l-,/@ Losung (B6)
/3] Losungsinformationen
A Gesamtverformung
A Vergleichsspannung

B: Statisch-mechanische Analyse
Yergleichsspannung

Type: Equivalent (won-Mises) Stress
LIt MPa

Time: 1,

23.09.201309:41

2261,1 Max
ALtnmat

17t Edit

15C| v Automatic Yalle
12t
10C  Named Legends »
754
gz v Vertical
25z  Horizontal
19

v Date and Time
v Max, Min on Color Bar

B3 Equivalent Stress Logarithr_n'»c Sc.aLe_
Kontakt-Tool All Scientific Notation
Digits ’

Detais of "Vergleichssp ai Independent Bands  *
=l Scope _ - Color Scheme »

Scoping Method Geometry Selection ]

Geometry Al Bodies Semi transparency

Shel Top/Bottom Adjust to Visble |

Layer Entire Section
El| Definition RESCCA ]

T oemm M rmlmmd Frmem Blim s T e
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