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Background

Simulation in stamping process:

PRODUCT DESIGN > STAMPING PROCESS & DIE SURFACE DEVELOPMENT > DIE STRUCTURE & TOOL DESIGN > TRYOUT >
One-Step Simulation Incremental Forming Simulation Manufacturing Automation Tryout Verification

O Early Feasibility Study O Multi-Stage Simulation U Press-Line Simulation O Simulation Correlation

O Blank Size Evaluation QO Springback Prediction U Panel Drop-off Damage Detection QO Trouble Shooting

O Material Utilization O Die Surface Compensation U Scrap Shedding Simulation O Issue Solving

e LS-DYNA has been used in stamping simulation since early has 1990s

* LS-DYNA is the technology leader and has built a strong reputation in accuracy, especially in springback prediction.

» ~20 patents in stamping simulations
» Many ideas were initiated in LS-DYNA, such as smooth contact, modified Yoshida Model, springback

compensation, formability index...
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Objectives

Ansys Forming simulates metal stamping tasks through an end-to-end workflow that
allows you to perform the entire die process in a single platform, easy to use GUI, with

the fastest solve time.

Intuitive GUI - easy to perform
stamping simulation analysis

Ansys Forming
Easy set up for complicated
Objectives forming process

Accurate and consistent
results
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Ansys Forming Solution

Ansys Forming will provide solution for modeling and simulating entire forming process.

Fully Integrated Platform

Process-based Workflow

Ansys Forming Delivering an

: Intuitive Graphic Interface innovative product
Solution of high quality

Dedicated Post-Processing

Accuracy and Efficiency
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Fully Integrated Platform

* In 2022 R1 release, Ansys Forming provides a unique platform which has a seamless
fully integrated GUI with pre-post processing and uses LS-DYNA as a solver.

* Benefits of Ansys Forming:
- Easy to setup multi-stage forming simulations
- Customizable template-based method allows user to easily define different forming processes
- A job-submitter allows user to run the job easily
- User can seamlessly evaluate simulation results when the job is running

Pre-Processing Job Submission LS-DYNA Solution Post-Processing
Model Setup Job Runner New Forming Keyword Features Analysis
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Process-based Workflow

During process design/verification, engineers must perform the simulations of drawing and
secondary operations, such as trimming, flanging and restriking, as well as springback.

Process-based workflow is the key n
to analyze and optimize all the PPy rEear Pre-processing i
operations of a stamping process. o G i oy < Pt 38

Straightforward Operation Definition
Easy to use: ADD, DELETE & EDIT

Definition of Process Operations

5 ;iyé"""xr\ ‘. (':r’.jv‘rcgress-.'e_ZJ:e-demo/:-”«rog_fl:eAde.mo dbx* St ra ightfo rwa rd
s b o T— S Easy to add, delete and edit
29

< BlankOnly ~ 8-05 T-I

Formang process settng

— Create process OFs
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Preset/User-Defined Process Templates

Convenient to set up a typical process
Guidance for new forming users
Easy to edit for a complicated process

Drop down for a preset or user-defined process template

D-10 = B
Setup - Positioning

CrashForm(2pcs)

Double_Action(3pcs_ToggleDraw)

(
Single_Action(3pcs_AirDraw)

‘1 .........................
import .. Import/export a user-
Export ... defined process template

Binder Stationary Drv by Die

Punch Fixed on Bed Fixed on Bed

=

Preset Process Templates

Draw operation

CrashForm(2pcs)
Gravity
+Tool Drawing
Die Cls to Punch
<

Punch Fixed on Bed

< Single_Action(3pcs_AirDraw)
Gravity
+Tool = Closing Drawing
Die Cls to Binder Travel->Pos: 0
<
Binder Stationary Drv by Die
Punch Fixed on Bed Fixed on Bed
= Flanging(3pcs)
Gravity
«Tool = Closing Forming
Pad Cls to Post Stationary

Flg1 Stationary Travel-»Pos: 0

<

Post Fixed on Bed Fixed on Bed

Flanging/Restrike

v Double_Action(3pcs_ToggleDraw)
Gravity
+Tool = Closing Drawing
Punch Stationary Travel->Pos: 0
Binder Cls to Die Stationary
<
Die Fixed on Bed Fixed on Bed
FormTrim
< FormTrim(dpcs
Gravity
+Tool = Closing Forming
Pad Cls to Post Stationary
Fig1 Stationary Travel-»Pos: 0
**CutTool1 | Drv by Fig1 Drv by Fig1
<>
Post Fixed on Bed Fixed on Bed
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Innovative Tabular Tooling Setup

* Flexible to define complicated tool motion

: : * No limitation on total tool number
Flexible, easy and straightforward

* Easy to manage the tools and accessories

Preview/adjustment of tool positioning * Integrated with gravity and springback options
— <Tool = , ,
p-10 - B | Drop down from ‘+ Tool’ and
)] Setu - Positionin +Cut‘t|r'|g Tool . ( ’
P 9 click ‘+ Phase’ to add a new
Click ‘+ Tool’ to add a new tool > Single_Action(3pcs_AirDraw) s motion phase
Gravity
i I e e The first row is the motion phase list
Die | ClstoBinder | Travel->Pos: 0 specifying the tool motion phases in
O .
The first column is the tool list eaer | stat . current operation stage
inder ationary Drv by Die
(e.g., a binder-closing phase and a drawing phase for a
Punch Fixed on Bed Fixed on Bed 3-piece air draw process)
b Options
[_| Springback
Guide Pins Drawbeads
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Breakthrough of Simulating ‘FormTrim’

* In the real processes, secondary operations of flanging
or restriking are always associated with piecing or

Solver innovation to represent the real process _
scrap cutting.

* With the newly added features, Ansys Forming can

Interaction between GUI and LS-DYNA solver have multiple cut/trim at different times in one single
simulation.
= FormTrmidpcs
Gravily * Accurate modeling of actual FormTrim process
e Reduce the simulation time cost
<Tool Closing Forming
Pad Cls to Post Stationary
Forming Flg1 Stationary Travel->Pos: 0
Trimming **CutTool1 | Drv by Fig1 Drv by Fig1
&
Post Fixed on Bed Fixed on Bed
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Intuitive Graphic Interface: Tipping

A process-based GUI with user-friendly functions is extremely important to forming users.
Ansys Forming is oriented to industry engineers, and it is very easy to use.

Automatic Tipping of A Process-Design Model
Very convenient for a multi-stage simulation with varied tipping angles
Directly utilize process-design data from user w/o any manual conversion
The model will be tipped automatically in each forming stage

A process-design model is generated Automatically tipped into current stamping position

in the car-design coordinate system. _

That is, the model is located at its car
position.




Auto-Meshing of Blank and Tool Geometry

Suitable for product designers and process engineers This strategy distinguishes Ansys Forming from
any FEA-based GUI which needs user’s manual

o . . gy E
Minimize prerequisites of FEA background editing on FE meshes.

B e famieg - CoFmgrese Uie-gemoibig_ Die-cem ot
on ?
Bi B B - Frecen | Blank | Opeioes ¢

P B B Sk v oD . A
mpart Fapert :u.|_ ; 9 i

- wdd Dwign-
= Wark Orky -+
s O

CPO5-trim lirecr

|« Eoundary Lhedt

Blahk Auto-Meshing

..... " R v 1
* No need for users to edit/repair any element. L
e Although the forming contact algorithm requires e
mesh normal consistency, a new forming solver

feature has been implemented to achieve
automatic normal adjustment.
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One Click for Gravity or Springback

Straightforward and flexible to activate the option
Default with an Auto-constrained springback algorithm

Gravity loading
simulation

Springback
prediction

D-20 = B
S Setup - Positioning
= Single_Action(3pcs_AirDraw)
¥| Gravity
+Tool Closing Drawing
Die Cls to Binder Travel->Pos: 0
<
Lifter Cls to Punch Stationary
Binder Stationary Drv by Die
Punch Fixed on Bed Fixed on Bed
b Options
[»] Springback
+ Accessories
Guide Pins Drawbeads

©2022 ANSYS, Inc.

e Solver implemented algorithm with auto-

constraints for springback prediction

* Suitable for product designers and process

engineers

Springback
= Constraint type

(®) Automatic

() Points

O Lower tool(s)
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A Critical Function ‘Blank Pre-bending’

Convenient for user to create a draped blank shape

A draped blank shape is a MUST for a large-size

blank to get an accurate gravity-loading result. Flat
blank
Positioning
<<
¥| Blank Prebending Blank Prebending
Tools Auto w n (O Bend Up (®) Bend Down
Die Manua ~ | 500 N Bend Angle 13
< Auto ~ -9.33 v Width of Bend Range 1000
Lifter  Manua v | 125 O Bend Axis | 3580,1047.61,1252.6 ...
Binder Manua ~ | 260 Reset

Punch Fixed on Bed |

Close
Recalculate

— \nsys
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Animated Tool Motion Check

Preview of Tool Animation and Adjustment of Tool Position

E Ansys Forming - C:/Progressive_Die-demo/Prog_Die-demo.dbx* = (m] X
B8 B B - process Blank  Opetions  Analysis Opel’ations \
@ @ & Boover- B Q¢ ¢ @ o i @& eI @ ®ee % EHOE ¥
Import Export OF:)a‘g“ < Blank Only ~ B-'Di T-'ID [).vzo F-Eo F.;y;, F-'SD Runner Tvansjcrm Meavsure @ Tz:p Levft Fninx lso. Fy @~ @ La out D LT.] Opt'uon

Positioning
<< [ Blank
[m] S135
Tools Auto v () M Tools D-ZO
Die Manua v | 70 & :Ie %
I g
UP_Clamper | Manua v~ | 10 ‘ =l B DraW|ng
o Auto v E 6
Binder Manua v~ | 25 \ o Punch
.
Lov:ucr:(h Elxejon:e: . B ea 1. Holder Clamping
BT - et 2. Binder Closing
Recalculate LOW_Clamper :
3. Drawing to Home
< States W 512
° oooo [ Pins
[0 Drawbeads
' ' Frame: 1
Tool Positioning:
>> Automatic or Manual
>> Preview of Tool Animation
z w
Y %A",\’ V\L{U
= G Prog_Die-demo.dbx™ X

— \nsys
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One Click to Submit Multi-stage Job

Auto start sequential jobs stage by stage

N
N = I IR

po wemw-acoeee p JODsubmission : e esoss

insform Measure @ Top Left Front Iso,

Blank Operations Analysis

S B
B

Import Export  Part <& Blank Only ~ B-05 T-10 D-20 F-30 F-40 F-50

On/Off - - - - -
F-50 = B
£ Setup - Positioning 0O Ws135
Tools
< Flanging(3pcs) Pad
Gravity OP40-up_pad
<Tool - Closing Forming N Piercing
OP40-Piercing_tools
Pad Cls to Post Stationary
Post
Piercing Travel->Pos: 0 Stationary

**CutTool-hole | Drv by Piercin¢ Drv by Piercin¢

Edge_Cuts Stationary Travel->Pos: O

**CutTool-edge | Drv by Edge_C Drv by Edge_C

LOW_Clamper
M S110

O CutTool-edge

O CutTool-hole

[ Pins
[0 Drawbeads

UP_Clamper | Travel->Pos: 0 Stationary

= Options

[v| Springback

(b Prog_Die-demo.dbx X ¥
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Dedicated Forming Post-Processing

ﬁ Ansys Forming - C;/Progressive_Die-demo/Prog_Die-demo.dbx = O x
28 B~ ro Blank Operations | Analysis P t . \
Q Intuitive GUI e gem=-m+ 3 8 5 o POSLPIOCESSING | = o sassse aemozy
O Special forming . V
modules
O Integrated post- "
: : 0000 0000
processing of multi- v
stage jobs

O Easy multiple-window
management

O Up-to-date graphic
rendering

O High software stability

(b Prog_Die-demo.dbx X ~
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Forming Limit Diagram (FLD) [

H Ansys Forming - C:/DEMO/60P-test.dbx

w8 8-

e @

Import Export  Part
On/Off

Process Blank Analysis

Operations

QV 23 Show Tools ~ |:| # q Q‘}S

< Blank Only FLD Thinning SErdeg:h

e | it Value
(®) Pick Blank

91, T= 0.085022
92, T= 0.085523

CircleGrid Skidmark Draw-In Material Tonnage Contour Vector

PP e = 4 7

Measure SectionCut Top Left Front Iso. "
Line - - - - -

Pick a location on the panel to find the
corresponding point in FLD plot.

() Pick FLD

93, T= 0.086021

94, T= 0.087022

# 95 7= 0.088022

| Window || Polygon ||Freehar1d|

96, T= 0.088023

Input by ID:

Undo

<« FLD Option
blank-mesh
n= | 021 | =
Default
__J Engineering Strain

_J FLDEPS

< Component Option
Layer Middle v
) Smooth Resuilts

List WValue

= Strain Value and Path
List Value

Create Path Clear Path

v Setting
FLD Curve Setting FLD Window Setting

Close

() Pick Blank

The label of any listed value can be
picked manually for reposition.

Apply 1:40.0175,0.0541> .

Clear

—
|

)

\

oy *}“ :{

blank-mesh

= "

Pick a point in FLD plot to find the

. . 1.00
corresponding location on the panel .

(®) Pick FLD

2:<-0.2451,0.3956>

| Window " Palygon "Freehand|

Input by 1D:

Undo

Apply Adjustable FLD Plot Window
Position: pick and move

Size: drag window frame

Clear

a ® 0008§se-
Q

iy

True Strain, n=0.210, t=1.000, fld0=0.209

State 96 T= 0.088023
FLD, middle surface

Cracks
Risk

of cracks
Severe
thinning
Safe
stretch

Inadequate
stretch

Safe
compression

Wrinkling
tendency

Severe
wrinkle

19
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Thinning =

Three contour options
» Total thinning (%)

» Current thinning (%)
» Thickness

Thinning

< States

) | Time v

v 2
(] 0000
] ¥ Fame 3

= Component

totalthinning(%)

cument = IhmmniA =)

 Component Option
I Smooth Results
 Contour Value
List Value
Contour Setting

Close

20
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P30 v Time v

] W reme 23

P
thickness

= Component Option

@) Smooth Results

Total thinning

-12.7863

List Value
Contour Setting
Close
Thinning

» Compenent

total thinning(%)
thickness
= Component Option
¥ Smooth Results
= Contour Value
List Value
Contour Setting

Close

5

/

@ Demodbx v %
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Edge Stretch

21

Edge Stretch
- States
OP30 v || Time v

18, T= 1.127100
19, T= 1.127597
20, T= 1.128098

21, T= 1.128599
22, T= 1.129099
23, T= 1,129948

(vl A

&
c 0000
' ' Frame: 23

~ Reference State
Frame: 1 T=1.083548

= Contour Value

List Value
Contour Setting

Close

Blanks
B Fender-1 forming_blk

[0 W Die
0 M Punch
O oP10
[0 W Binder
O M Die
0 M Punch
[ OP20
[ oP30
OM Flgl
O W Flg2
O M Flg3
O M Pad
[ M Post
[ OP30:spbk

i

65.2277

—37.3335

-13.8949

OP30
State 51 T= 1.129948
Edge Stretch (%)

-

15| ‘ @) Fenderdbx v X
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Circle Gri
Circle Grid Mode Strain Vector Mode

= Options = Options

Diameter 200 Diameter 0.0

Default Apply Default Apply

[v] Show Blank Show Blank
Show Circle [_] Show Circle
True Strain True Strain
[_] Plot Contour Plot Contour

OP10 ‘ OP10

State 26 T= 1081547 bt R State 26 T= 1081547

Circle Grid ¢ / ] Circle Grid

True Strain

0.2666
0.2056
0.1446
0.
0.

0836
0226
.0384
.0994
.1604
.2213
pLYE}
.3433
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Skidmark

Skid Mark

« States

0OP10 ~ | Time v

=]
c 0000
' ' Frame: 23

- Options

[¥] Show Begin
(¥] Show End
[¥] Show Trace

< Mapping Method
Select Project Direction
= Operation
Select Contact Lines
Output Lines

Close

Blanks
B Fender-1_forming_blk
O Too
O] OP10.grvt
O M Binder
O W Die
OO0 M Punch
[ OP10
ﬁ Binder
O W Die
O M Punch
[ OP20
[ OP30
O M Figl
O M Fig2
O M Flg3
0O MW Pad
O MW Post
I OP30.spbk

OP10
State 26 T= 1.081547
Skid Mark

Begin
position

End
position

Trace
position
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Draw-In 7

24

Edge Draw-in
- States Blanks
0P10 +||Binder - M Fender-1_forming_blk
Dis. To Home = 5.000175 N [ ools
Dis. To Home = 4.001179 [J OP10.grvt
Dis. To Home = 2.988678
Dis. To Home = 1.989677 om BI.HdEI
Dis. To Home = 0.995178 0 M Die
Dis. To Home = 0.000000 v O M Punch
= Al @ [ OP10
0000 T
(m
' TR O M Punch
= Options [ OP20
M x vy @Bz ] 0P30
[ Perp. to Edges O M Flgl
[ History Path O M Flg2
- Reference State O W Fg3
Frame: 12 Dis. To Home = 139.999481 OB Pad
' OO0 M Post
O OP30.spbk
< Contour Value
List Value
Contour Setting
Close

L= 45.6072

Y T

L= 53.3609

L= 80.1159

JE=

32.6568

OP10
State 26 Binder: Dis. To Home = 0.000000
Edge Draw-in
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Tonnage [Z

Tonnage :
Diny 0 MHame

> D-10.grvt A B D-10vEinder
) ol . - 104 De 3g+056
Bansther M B 0-10Punch | [ '

w D-10 I I
= |
Binder 2e+06 .
Pusich Walues

= E-40 Diisp. to Home Farce ~ i

) 01T TTEA TS50
:; 24000 1731020000 resoe
- 23002 17512515000 — T =
T 20003 17667685000 <
SRR 18005 17935040000 g .
16006 1817691000 B
14007 1B41478.5000 ud i |
ent -1.2009 1865783, T500
Plot = Close 0010 18521586250
0.79%4  1915018.1250 I
05995 TO4ET43.TH00 N
03996 19816883750 e .
01938 2024532.6250
00000  2090613.8750
"
Man Ferce 00000 “2e+0G : 4 | ; . |
200 “150 “100 =50 il
Max Force SUH261 58750
Displacement to Home (fim)
Cllgrte
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Contour

Contour of LS-DYNA
Component Results

= Component

Categary Forming

Stress
Strain
Thickness

minor strain
total thinning(%s)
current op thinning(
thickness

bending strain

Layer TTCrETE

Average Simple

GAIL B IS Bl A Gar, AT

©2022 ANSYS, Inc.

A \ector

Contour of LS-DYNA
Component Vectors

= Component

Category

Layer

principal stress in-plane | Strain

M

Middle ~

s @ 969 @ Bonve @ g

@ Top

Fiwon ~ o gy Lot
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Accuracy and Efficiency

Ansys Forming takes full advantage of LS-DYNA state-of-the-art technologies to achieve

accuracy and efficiency.

Material Library

==

Dedicated Material Library
Management

v' Advanced LS-DYNA Material
Models for metal forming

database

v Easy to define/modify new material

~ DDQ

v Project Material

CR180BH_TKS-FLC

~ AnsysForming Library

Mates

M125_DP980ssc
5 980_NUM2008
37_Curve_DP980_DFEP

v Extendable forming material

rials

'780sscrv_NUMI2008

rv_ASPrai

DP590_NUMI2011_BM3

DPE00_NUMI2005 Xmibr,
0_NUMR2014
DP600_NUMI2014
0_NUMI2008
P600_NUME2014

M37_NLP_Curve_DP600_NUMI2014

v' Nonlinear FLD (Formability Index) o

D Material Editor [Unit: TON,MM,S,N,MPA]
Name CR180BH_TKS-FLC

Altern.
Comment

= Material Ty

Type Steel

< Bas I

Densit; 7.85000E-09
Young's Modul 07000E +0:
P n Rati

v | Criterio

ative names: BHZ180, 180BH, HX180BD, HC180B, Source: Tiwa Quest

< Yield Function
n @ Barlat'sd
ROO 1,70000
R45 1,55000
R90 2,10000
M 3.33000
eld
1.5
1
.5
0.5
-1
1.5]
1. 1 0.5

hhhhhhh

v | Method

| Tensile Strength

Total Elongation (%)

Reference Thickness

Thickness (blank)

ThyssenKrupp Steel
330.00000
40.00

1.00




Accuracy and Efficiency

* Formability Index improves accuracy of formability by considering non-linear strain path effect

Contour
< States

F-40 v Fig v F-40
Dis. To Home = 5.0 A State 15 Flg1: Dis. To Home = 0.0

Dis. To Home = 4.0
Dis. To Home = 3.0
Dis. To Home = 2.0
Dis. To Home = 1.0

formability index, maximum

at node #804701 max = 1.1051, at node #248348

¥ 1.1051
) Al .9999
Q000 0.8946

0.7894

' Frame: 15 0.6841

< Component 0.5789
Category Forming v 0.4736
current op thinning(%) P 0.3684
thinning(%) base on thickness-strain 0.2631
t‘:r:;lc(i?ne;sstrain 0.1579
0.0526

mean stress

formability index N
Layer Max v
Average Simple

v Component Option
(¥| Smooth Results
< Contour Value
List Value
Contour Setting

Close
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Smart Adaptivity

Efficient refinement approach for faster solution

* In stamping simulation, users tend to use initial coarse mesh and refine elements through
adaptivity.

* Original mesh refinement is based on contact, which depends on the mesh quality of rigid
body.

- It tends to refine more elements than necessary.

T
1T I T T
i 1 T

* New mesh refinement ‘Smart Adaptivity’

- More accurate in mesh refinement

SIS SIS IS
SIS
e

SO

T
i

mmu

T

INENEBINNINERTEN]

T
H
HH
H

T

T

mm:
T

- Only refines very necessary areas

- Less element number and faster

S SO S SO S
S

o
et et
OSSR SIS
OSSO
SIS
S

o.,‘ 5.

o
<> %%
SIS ISS
95,0565 % 950 %%,
[0 0% % e % e
> SOSSTIRIS

'.’

e S

SRS
SIS SIS
OSSR
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|mmsmman

T T

S8
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New Automatic Contact Move for tool positioning

Efficient strategy to reduce simulation time

* In stamping simulation, the initial tool position is not always close to the blank
- Users prefer actual process setting, which may lead to large gap between the tool and the blank in

initial starting position
- Simulating the actual tool travel to close the gap is time consuming and computationally wasteful

- Ansys Forming is enhanced by this new feature in solver to close the gap automatically

L First move Second move Third move



New ‘Cushion Stroke’ Algorithm in Solver

Just need to

Dramatically simplify the tool setup and positioning position the die

Only one-phase

Suitable to complicated tool motion (e.g., pad motion)

setup if needed Positioning
50Ton D-20 = R __| Blank Prebending
Upper Auto v
. — Die S SE‘tup - l'ﬂs'rtic:ning Tools uto
blnder v /\,‘ ‘F\\/—‘—/_\_\_,_//—/_/_\t 80mm } Die I a0
= 5 "'.]I':_;_tli_"':::_ :_._L rDraw) *Upper_Binder Autc 320 ]
< Auto v | -4 v
T — Blank —_— W Gra'-,'it}r = o
150mm unc ixed on Be ]
Lower Inner Pad | 150mm I Tool D ) *Lower_Binder |Auto S( &
i +Too v rawin B
binder 60T PunCh 20Ton 9 *Inner_Pad = Auto 50 ]
o Dije Travel-=Pos: 0 Recalculate
Attached To v Die v
DI Cushion 80 I *Upper_Binder Drv by Die — <) [ 500000
e
<
Cushion Attached To vl | Punch = Punch Fixed on Bed
' 3 : : Force Control v| | 600000
force Stroke Cushion 150 | "LGWEF_EIHEIET Drv by Die orce Contro Ld
Attached To v Punch v
E f i IO
Upper binder Cushion 150 . Inner_Pad Drv by Die | Force Control ¥ | U000
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New ‘cushion stroke’ Algorithm in Solver

* New ‘cushion stroke’ algorithm in solver can
simulate complex tool motion coupled with
three force-controlled tools.

D-20

State 1 Die: Dis. To Home = 400.0

* Automatic contact move of upper tools for
force-controlled binders to close

* Upper binder remains stationary until the f«fq‘w

die approaches

- (Upper binder can not push the lower binder down —_— —
because its force is smaller than lower-binder
force)

* Die keeps moving and drives force-
controlled lower binder and pad to home
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In-core Adaptivity

Efficient algorithm to save MPP solution time

* Traditional out-of-core adaptivity requires too much |I/O, especially for large models.

* In-core adaptivity has the following advantages

- 1/0 cost associated with restart can be avoided. For a model with 1 million elements, up to 70% of
the total time is wasted for |/O purpose.

- It also dynamically re-balances the load for each core
- Significantly improves the performance 1
- The speed continues to scale up; No saturation point is observed

Scalability In-Core and Out-of-Core

® Out-of-Core In-Core

SSeiaaiEsansees

12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
# Cores

Speed-Up Scale Factor
o =2 N W s~ OO0 N ©® w O
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Future Roadmap

Die Surface Compensation, Clamping
(Springback Compensation)

Forming Process Management

Hemming

Roof Assembly Clamping - Static Implicit
(*CONTROL_IMPLICIT_FORMING)

Thermal Distortion

L] L]
Dle Fa Ce DeSI n * Load178N on each of 14 Clamps
g * Maintain contact among all parts
* Retract all 14 clamps after reaching full loads
* Check for permanent sets (plastic deformation)
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