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DYNAmore GmbH

DYNAmore GmbH

Gesellschaft fur FEM-
Ingenieurdienstleistungen

Industriestrasse 2
70567 Stuttgart
Tel.: 0711 /4596 00 0
http://www.dynamore.de
http://www.dynaexamples.com

Facts

= /0 employeesin 2012
= headquarters located in Stuttgart/Vaihingen
= office in Langlingen, Dresden, Berlin, Ingolstadt
= on-site office in Sindelfingen (Mercedes passenger cars)
= on-site office in Untertlrkheim (Mercedes trucks)
= on-site office in Weissach (Porsche)
Your DYNA distributor and = on-site office in Ingolstadt (Audi)

more = Subsidiary companies in S and CH

= More than 200 customersin D, A, CH, E, I, ...
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Engineering Technology Associates, Inc. (ETA)

» Established 1983

» Engineering Offices
— Headquarters: Troy, Michigan USA
— Locations: Canada, China, India
— 300 Engineers

« Primary Business — CAE
— Software Development and Distribution

«eta/DYNAFORM
- eta/PreSys www.eta.com
— Engineering Services www.dynaform.com

* Virtual Validation www.etavpg.com




eta/DYNAFORM 5.9

» Pre- und Postprozessor fir Umformsimulationen
» CAD-Import und Export
» AutoSetup Prozessdefinition

» Materialdatenbank
» Jobsubmitter

» Kompensation

» Rohrbiegen

» Superplastisch

» |IHU

» Abkanten, Falzen ...
» Optimierung

o =

» Schachtelung

» Blechzuschnitt

» Modellaufbereitung
» Kostenkontrolle

» Machbarkeitsstudien im Einschrittverfahren

DS FACE

ENEINEERKINE

» Abfallbeseitigung
» Platinentransport

» Werkzeugkonstruktion

» Untersuchung der Werkzeuge




Integration in den Entwicklungsprozess

CAD Import

Bauteil
Design

,One-Step*

Herstellbarkeit

Blechzuschnitt

Schachtelung
REDESIGN ‘

SInkrementell”

O
A |

Risse, Falten,
Ausdinnung,
Rlcksprung,

REDESIGN

Optimierung ...

NC Qualitat

Werkzeugbau




eta/DYNAFORM 5.9 — Optimization Platform Module ._

4 )

FORMABILITY

SIMULATION

(& 4

Optimization




Forming Based Optimization Functions ._

 Drawbeads are designed to restrict the blank from wrinkling & splitting in a forming process

» Adjusting Drawbead Forces of a large/complicated Drawbead setup can be very
challenging, very time consuming to achieve a formable panel/part, take weeks

« Efficiently utilize the optimization technology with modern computing power for Drawbead
Forces optimization is practical to achieve a optimum configuration in a reasonable time

frame, take days




Optimization Based on (6) FLD Zones ._

Forming Limited Diagram
(FLD)

Zone 3( Split or Fail)

FLD, max %
i Zone 2(Marginal)
Zone 4 (Wrinkle Tendency) 00 PART: BLNEOOOO
}: ;
\m\: j S
080 N /
a0 o Rpa L

Zone 6 (Severe Wrinkle) %
e
R T A
1 <050 -0.30 -0.10 0,10

Define Constrain/Objective function as the ratio of
elements in a particular Zone # / total elements

NMORE
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Optimization Flow Chart .

FORMABILITY >

v

[ Optimization GUI ]

‘1’ I End I

Update Database with Best
} LS-OPT Formability Performance
Run LS-DYNA
[ eta/Post Extraction Scripts ]

v

Update Response

l




Test Case 1: Tooling Setup

¥ cta/DYNAFORM 5.9 - CUsers ents\Jeanne\optimization\default\blankl-default.df

PostProcess Option  Utiities View Help

o7 | O] Sl B[ Al (7 #]#] =1 =] ®

Punch
Binder
AutoSet QuickSetup
= Sheet Forming J [
£ A
— Tube Forming -
Rotary Bending
Roller Hemming
Superplastic Forming
Stretch Forming
LS-OPT Optimization
LS-OPT Viewer
/ Drawbeads
/j\ Die
X Y
ETA/DYNAFORM
MOVE MOUSE T6 TRANSLATE OBJECT Al _curenteor: NN rocet |
COMMAND COMPLETED " Lines I~ Shrink I Hidden
EE¥ I)é';SMEE'I‘!IV?IC VIEW 'j ™ Surfaces ™ Mormal I Fill Color
4| > ¥ Elements ¥ Nodes ¥ Shade
- Umforminfotag Attendorn, 12. November 2012 rDYNA
NMIORE



GUI of Optimization Overview

Sheet Forming Optimization

Source
Stages_(1_stages) Variable Type Range/Formula Easelinsﬂ
; ; =—forming_=single_action S1_Drawbd_1_V1| Contir = |[|5, 100 50.0
DeSIgn Va”ables — Friction — — | J
o .. ) S1_Drawbd_2_ W1 |f?..:‘.-ntir"llr 5,100 5
= AJ ReStralnlng Force cie i S1_Drawbd_3_%1 |C0r‘|tirv 5, 100 5
_ inti i unch = — 2 Z
> Friction Coefficient = Remﬂ'ﬂ'el §1_Drawbd_4_V1 [ Contir w |5, 100 5
-> Binder Force pinder = — ; -
—— Drawbead S1_Drawbd_5_%W1 |Cc-ntirv 5, 100 5
+—Drawbd_1 = S1_Drawbd_6_V1 |c::ntirv 5, 100 50.0 |
4| ik | » 51 prawhd 7 vl contir = s 400 50 0 fd
Crack Objective Option Mormalizing Factor < |
Wirinkl
Thri',r:mﬁg Add | Crack [Minimize |08
InsufficientStretch " PE—
hwpipaie Removel wWrinkle [minimize  w]jo.2 |
-
Deflne ObJeCtIVeS Constraint COption Limit Foed
and Constraints e C-Crack = a3
Removel C-WWrinkle |~== ﬂ 0.02|
-

Allowable Bending Strain  |0.500

Allowable Thinning(%) (20.0

Mumber of lteration 9

Strategy |Sequentialwith Domai|V| ﬁd\rancedl
vl W GSlobal

Mumberin Parallel 4

Optimization
Methods options

Metamodel |F’0I].-'norr1ial |‘1IZIUEIEI Drder|Linear vl

Point |D—Dptimal vl Mumber of Simulation Points{teration&Case) |13 Advanced |
Algorithm |G.-"—'-. ﬂ Fopulation 100 Generation [250
Soler _ setting |
Run | Exit |
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Test Case1: Splits Response

|| Project: eet metal forming

LBk © ° [ 8 | B T s nin ]
_ |

B 4

B Feasible
B Infeasible |

| Setup | Ranges | Points | Fringe |

Tterations L]
All = ]

Showr

|¥|Feasible

[¥] nfeasible

|| Predicted Optimum

"] computed Optimum
DFaiIed Runs on Surface
[ Points only

Functions

["] Project Points to Surface
[ 5how Residuals

Status (colors)

Crack

ol o Feasiblg Data Points

Tteration X

|1 3 = 20 40 60 80 100
- {J S1_Drawbd_1_V1
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Test Case1: Splits and Wrinkle Responses

L_-I Project: ee =
BRI Qe |E@a|%|w*mwww
- ook < 1000007
L] + Crack < 1.00e-
i Fols 3 + Wrinkle < 2.00e-002
Tterations 25 @ Feasible
4 B Infeasible
& = 3 M /
Showr /
|¥|Feasible 15
[¥] nfeasible = 1 o //
|| Predicted Optimum © 5 /
"] computed Optimum o 0.5
ClFailed Runs on Surface — Feasible| Data Poifts
["|Pareto Optimal solutions 0lg L] ] L o 4
Use reduced set of points 05 /
[ Points only
Functions -1 /
["Project Points to Surface ]
[ showr Residuals 10 20 30 40 50 60 70 80 90 100
Status (colors) 4w
L
’1
? L3
o
=
_"-—..__.__-__-‘-_-‘ L] n ; ;
—-—-_..‘_"{’té Feasible Data Points
1] - = -
=]
— ]
1 —
Tteration X
1 3 3 10 20 30 40 50 60 70 80 90 100
: U S1_Drawbd_1_V1
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Test Casel: Feasible Designs

8] Project: Sheet metal forming optimization LS-OPT Viewel @ X J
Emw [al A ;
LR BIER O e |6 & B [ i)
Surface x| .
—— el ‘ W @Feasible
ety @Il i
B Paint selection _ B Infeasible
Tterations 2l d=(=m B
Al Point Variables = Dependents Responses Constraints Objectives Multi-  Max Constr. I
D yrawbd_1_w1 drawbd_2_V1 Crack Wrinkle Thinning Crack Wrinkle Thinning Crack Wrinkle objective Violation
Show 2.1 40,932 40,932 0 0 90.165 0 0 90.163 0 0 0 0
Feaswble 4.2 41.8107 41.8107 0 0 89.9962 0 0 89.9962 0 0 0 0
Infeasible| I
[ | Predicted||(i3.2
[ comput:
3.4
[ Failed Ru 5.5
I:‘ Points onl

m

43 H |
Uptinzcu

o | ' o
compinaton-Cases

Functions
D Project Points to Surface 15
|| Show Residuals '
Status (colors) o o
: 1 ]
&)
oF
0.5
0—-. L = '
-0.5 /
-1 /
Tteration X
L = 3 20 40 60
S1_Drawbd_1_V1

=

11:34 AM
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Test Case1 - Baseline

blank1_bead
STEP 17 TIME: 0.015871
FLD, max CRACK
RISK
OF CRACK
1go PPRT: POOD0D4 SAFE
0.80 WRINKLE I
7 TENDENCY
0.60
WRINKLE
040 _| —
SEVERE
0.20 |
0.00 il .
-0 0.10
Z
% S ¥
ETA/POST
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Test Casel- Feasible Iteration ._

blank1_bead
STEP17 TIME: 0.015871
FLD, max CRACK
RISK
OF CRACK
PART: P000004 SAFE
10 X
o0 | WWRINKLE
TENDENCY
0.50 -~
s
1 \\\ - WWRINKLE
040 | T . T
\\ pa SEVERE
"~
020 | -~ WWRINKLE
e . INSUFFICIENT
0.00 : , STRETCH
050 0.30 010 0.10
ra
g
X Y
ETA/POST




Test Casel- Feasible lteration .

blank1_bhead
STEP 17 TIME: 0.015871
FLD, max CRACK
RISK
OF CRACK
PART: PO000D4 SAFE
1.00 X
080 WRINKLE
TENDENCY

0.60
WHRINKLE

040 |

020 |

ETA/POST




Test Casel- Feasible Iteration ._

blank1_bead
STEP 17 TIME: 0.015871
FLD, max CRACK
RISK
OF CRACK
PART: PO0D004 SAFE
080 | WRINKLE
TENDENCY
0.60
WRINKLE

040 |

020 |

ETA/POST




Test Casel- Feasible lterations ._

untitled
STEP 18 TIME: 0.014481 CRACK
FLD, max
RISK
OF CRACK
PART: COD1v0O01
00 SAFE
080 ] WRINKLE
TENDENCY
0.60 _|
WRINKLE
0.40 _|
0.20 |
0.00 .
-0.50
Z
)(/l\ v
ETAPOST




Test Casel- “Optimized” Drawbead Rates ._

untitled
STEP 18 TIME: 0.014481 CRACK
FLD, max
RISK
OF CRACK
PART: COD1vOD1
00 SAFE
050 ] WRINKLE
TENDENCY
0.60
WRINKLE
040 _|
0.20 _| l
0.00 : : , ;
-0.50 -0.30
z
)/L\ v
ETA/POST




Blank Outline Optimization ._

Blank Initial Shape(s)

Targeted Part Shape

Calculated
Blank Outline

ETA/DYNAFORM Calculated Part Shape




Workflow of Blank Outline Optimization ._

Input Initial Outline

b

< New lteration Input

New Blank Mesh Creation

1

Modification of Initial Blank Outline

AutoSetup

Comparison

Result/Target Difference




Blank Outline Optimization m

The Optimization function is integrated in Blank of AutoSetup.

i N

Sheet Forming

Setup Display Preview Job i Qutiline Optimization
| e = — Parameters .
formin.
lteration Mum.  [10]
General| Blanl-(| Tools| Drawbeads| F'rocess| Control| Talerance 150
— G i
eometry Mesh Size 16.00
Part Material Thickness Property
Target Line
B Buwwozs 25 | HRHsws [0 ELFORM=16 J J
. DK ‘ Cancel |
— Position
Position: [0.0 0.0 |97.0 -
— Symmetry
Symmetry type: |<N0ne> Define...

— Contact v

" Blank self-contact Advanced... | f Select Line

Select By Cursor

— Optimization

: : . --n
[ Outline optimizatiort ~ Setting... t + S>

Summary... Exit \ 4




Blank Outline Optimization

Parameters:
(MIlteration Num: Define the Iteration number.

~

Qutline Optimization

— Parameters

lteration Mum.
@Tolerance: Define the allowable maximum 1 DI
gap between Target line and the simulation
result boundary line of optimized Blank outline. Tolerance 1.50
(®Mesh Size: This parameter controls the Mesh Size 16.00
element size. (Same as Blank Generator)
_ o Target Line
@Target Line: Select Trim Line, or part
boundary line, or bead line as target line.
L Cancel
e
fbvna



Blank Outline Optimization .

New option “Outline Optimize” is added in the Job menu,
which is used to run blank optimization.

r R

Sheet Forming

Setup Display Preview | NI
LS-DYNA Input Deck...
| 10.forming Job Submitter... A |
Generall Blankl Toolsl Df II
— Geometry
Part Material Thickness Property
B sunkozs 25| HRHsws. |0 ELFORM=16 | [Sohver ot )
— Position LS-DYNA Control Parameter
Position: [0.0 0.0 |97.0 e JEE TA/Dynaform 5.8.1/Isdyna.ex
Memory: |4000 MB I auto
— Symmetry
Symmetry type: |<None> Define... l NCPU: [8
[ Use MPP
— Contact
Host List
[" Blank self-contact  Advanced Memory2= |0 B
— Optimization
F Outline opﬁmizalionf Setting...
Edit Host File Reload Host File
Summary... | Exit |

- J |

Ok

Cancel |

NMORE
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Blank Outline Optimization .

This optimization tool is independent of the solver; it works with
LSDYNA s.exe as well as LSDYNA d.exe.

(Solver Setting
LS-DYNA Control Parameter: [ eSS e
SN I TA/Dynaform 5.8.1/Isdyna. exeljil
*Solver: Set the type of Solver. e 5';; SRR
‘Memory: Set memory size for different stages. ::‘;” e
‘N CPU: Set CPU number. |
v Use MPP
— HostList
Memon2= [0 MB
Use MPP:
« Memory2: Set memory size for MPP.
« Edit Host File: Edit CPU config file.
* Reload Host File: Reload CPU config file.
Edit Host File... Reload HostFile |
Ok Cancel I




Blank Outline Optimization

......

Targeted
Trim Line

i =Y
:

Initial Blank

The simulation result of
Initial Blank Line




Blank Outline Optimization

lteration 2
Result

... |teration 1

“0RN

Result

SRR
R

lteration 3 L
Result
Result
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Result of Fifth /Final Optimization ._

t

e
m’“m“i
HERHE

v

ot

. X

lteration 5 Result 4
Simulation & Targeted
Blank Outlines Converged




Blank Outline Optimization .

Blank optimization provides an automatic method of modifying the blank outline
in order that final blank matches the target.

Target: Trim Line
Target: Trim Line

The simulation result of
initial blank

The simulation result of
Initial Blank optimized blank

Optimized Blank




Blank Outline Optimization

e

Initial Blank
Outline Result

Optimized Blank

Outline Result




AutoSetup — Drawbeads




eta/DYNAFORM 5.9 — Drawbeads

Sheet Forming

Setup Display Preview Job

| 10 forming

Bl

Stage: |1[J |f0rming =FORM= Delete | New...

Generall Ellank| ools | Drawbead5| Proc ss| Controll

ymmetry —7

e
|<N0ne> Define...

— Bead line = .

# Line Define...

& Beam P e

— Praperty

Tool attached: binder -
% Use property of draw bead: b

+ Use default property

— Parameter

< By distance 150

o New & Uniform 15
Delete # Chordal devi. [0.25 Max. length [5.0

Impart

Export Apply

-

Curve Editor

Summary...

Exit

— Point Position

O %

X Y:

Z

|aa.4u |20?.53 |3a.gu

— Free Curve
x:0.00 R |
dy:[0.00 Ang:|
dz[0.00 Len: |
< Linlock # Snap
< Straight & Cune
Add Pt | Remove Pt

Edit Tangent Direction

SelectLine

Empty

oK

._
~

5

FORMABILITY

\_ SIMULATION -




eta/DYNAFORM 5.9 — Drawbeads

i N

Curve Editor

(=)=Ne}

— Point Position
X b iy
|aa.4u |20?.63 |3a.gn

— Free Curve \

\
FORMABILITY

\SIMULATION )

dx:lm R: li

N

dy:10.00 Ang:

dzIU.UU Len:

& Unlock # 5Snap

< Straight < Cunve

AddPt | Remove Pt _ |

Edit Tangent Direction

\

Select Line

Empty Dffset

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

oK . Cancel

\

Free Selection




eta/DYNAFORM 5.9 — Drawbeads .

N

FORMABILITY
— Property
V1
Type: iead force
Restraining force: [477.08 [50.0 % \SlMULATIONj
Uplift force: IU.U |u.u 9%
Variable.. | Delete ‘ Advanced..

== Geometry bead

1477.98 (

SN

Y

[ ~

Drawbead Shape Library

37




GUI of Draw Bead Shape Library ._

—
Draw Bead Shape Library
- Bead Shape Library Al —  Shape
Material type ——=>[] Steel ~
H - lr T<=0.9 ; ‘ "
- — = & Redangl :
Thickness level H - R1[3.500 R2[3.500 ;
20.0 = | R3[3.500 R4[3500 -4
Shape type
300 H1[3800 Wifo000 - a
40.0 . |
Force percentage 50.0 CL[-1.104 | TH|0 800
60.0 .
200 w2[8.303 | H2[11.000 .45 i )
A RARE AL IULLE LS LN LN LA IR LN LN I B
800 -9 -5 -1 3 7 1
90.0
100.0 . :
Material: Steel w| Thickness: [T<=0.9 %
5 B 0.9<T<=12 | =l [
- &, Rectangle Force Percentage(%) [10.0
10.0
20.0 | | Add Modify

Default | Import




GUI of Draw Bead Shape Library ._

Diagram operation: T
6]
« ZOOM - Press the right mouse button and move up/down E
«  MOVE - Press the middle mouse button and move =
- Fit screen - double click the diagram area with left mouse -2
button E
-6
* Modify the parameters dynamically e
Double click the diagram area with middle mouse T = 1 g ?
button, the drag the control point or the shape edge T
] Frofile W e —
3 ! = =
] R'h.‘\ /-F"‘:I
IR H AT
: Nl |
-h 1
_-]I-1 1 I? 1 "_I3II 1 _II 1 é ] Iél &




Bead profile

Transition bead shape

round bead

|

w

>

Female side

=

Male side

40

bvnna

NMORE
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Blank Self Contact .

r 5

Sheet Forming

Setup Display Preview Job
10forming  25.springba. ¥
General | ‘ Tools | Drawbeads | Process | Control |
— Geometry
Part Material Thickness Property
B suanku 1 | DCO4 [0 ELFORM=16
— Position
Position: {0.0 0.0 |39.4003
— Symmetry
Symmetry type: =MNone= Define...
Contact \
[ Blank self-contact  Advanced .
M
’77 Qutline OPT Setting...
Summary... Exit
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New Control Page .

F |

Sheet Forming r .
Adaptivity Duration

Setup Display Preview Job

10 formin. 25 spring. > S1: drawing

Entire

General | Ellank| Tools | Drawbeads | Process ‘ ...... ontrol; SIALTIET
""""""""""""""" Rear Travel

— General

W Refining meshes Accuracy: L}

Adaptivity Boxes
W Selective mass scaling
— Boxes

Time step size (DTZMS): -4.2e-006 Advanced...

— Refining meshes p 1 a
p
Time steps (ENDTIMIADPFREQ). (40
Minimum element size (ADPSIZE). [1.0 q
Delete | Delete Al
Max. refinement levels (MAXLVL): 5
Max. level: 3

— Output ascii file IRV

W Tool interface forces  Interval - X [400  [le00

W Material energies ™ Interval 1 |'4['-D |4E|.E|

W Global data I Interval z |400 |40.0

W Sliding interface energy [ Interval ﬂ Select two points . |

Load...
0K Cancel |

Summary... Exit L

NMORE
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Blank Generator — New Mesher

-

Sheet Forming

Setup Display Preview Job

10 forming  25.springba.

General | Blank‘ Toals | Drawbeads | Process | Control |

F B

Blank generator

Operation QRS

Material Thickness Property
¢ Blank mesh
. Farts | Qutl ~ —
BLK O ‘/) 3«: [0 ELFORM=16 | & A
N_ —~—_ Outer © Disk mesh > [
— Position : pdate mesh
Position: 0.0 0.0 Jo.0 \ .
| Selectline...
— Symmetry \ Edit.. |
Symmetry type: |<N0ne> Define...
Create hole... |
— Create weld... |
[ Blank self-contact  Advanced.. o
Delete |
— Optimization m
[ Outline OPT Setting FromBsE.. | [ Mesh
Part mesh |
Exit

Summary... Exit




Blank Generator — New Mesher

B i T
i | Ty
|
s
4 i :
li' e ‘:’
.""'......{’:':. &
mmm ",'q%‘nl
Iy, '..I I iy
Ay oA
AT sl
i
Ko
(KA
[
! ]
|
|
|
- | o
L] —-] Lﬁ_ [ [

Blank Mesher Part Mesher

| oThickShell o Solid

Rl N
Alpha( W{nyL(n) )|2.00 “ \“““é‘" e

Beta( L(n+1)L(n)}|1.05
Major Radius(a)|22 63

Minor Radius( b)|32.84

Thickness W
Layers |3

OK Cancel I

Disk Mesher

NMORE
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Job Submitter 2012 R1 ._

35 Job Submitter 2012 R1 = | E
Solver: w | B
LS-DYMNA (S) | . | LS-DYNA Control Parameter:
LS-DYNA (D) | ... | Memory 500 MB © Auto
UTILITY BATCH | .. | CPU Mumberincpu=) |1
MSTEP | . | Pause between Jobs |2 Sec
INC SOLVER | | uep Not use MPP |
Bl B al| 4| | ool B IER G| SubmitJobs
Job Name | In Folder Solver MStages Memory | Statdg '\ Message | Summary | IForce | OtherParam a4
etd/R&&Verwaltung
F e
L License Settings
Group1
""""""""""""""""""""" —

Senver IP

QK Cancel




Ausblick




Walzprofilieren — Dickenverteilung gelocht

Walzprofilieren
STEP7 TIME: 0.022203
COMPONENT: Thickness

2.8E+00
2.8E+00
2.8E+00
2.8E+00
2.8E+00
2.9E+00
2.9E+00

.2 9E+00
7 296400
2.9E+00
3.0E+00
3.0E+00
3.0E+00
3.0E+00
3.0E+00
31E+00
31E+00
31E+00
31E+00
31E+00
3.2E+00
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Walzprofilieren — Plastische Dehnungen gelocht (Detail)




FADS INNOVATION WORKS

Superplastic forming @ EADS Innovation Works

Joachim Zettler, IW-MS
30.10.2012

: lNNW ”‘“
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Superplastic forming - Introduction

Page 51

Mainly used to form Ti6Al4V parts
Yield stress is reduced at elevated temperatures (~ 900°C)

Very high part accuracy is possible due to low residual
stresses induced during forming

High strain values for SPF (theoretically up to 1000% but
practically around 300 — 400%)

SPF state only at very low strain rates 1.E-5 < £¢< 1.E-3
- Very long process time

EADS



Superplastic forming - Principle

Page 52

Position sheet in tooling and fix it
Heat up to desired SPF temperature

Apply optimized gas pressure to reach
strain rates in the desired range

Apply calibration pressure if necessary

Po

Sheet

P1

Part

/

/
Tooling EADS




Superplastic forming — Example part

Page 53

EADS INNC ION WORKS

Part named “Nacelle”

Material Ti6AI4V

Thickness 3mm

Nacelle

Due to symmetry, 2 parts per forming step l

Part size 2000mm*400mm

4 parts per A380 engine needed



Superplastic forming — Simulation setup with LSDYNA

Page 54

Rigid die
Blank modeled with shell elements type 2

Contact between blank and die can efficiently only be modeled with constraint
contact formulations. Proposed choice is surface to surface option

*CONTACT_CONSTRAINT_SURFACE_TO_SURFACE

Constitutive law used is

*MAT_RATE_SENSITIVE_POWERLAW_PLASTICITY

Loading pressure control to account for a desired forming strain rate can be
used with the keyword

*LOAD_SUPERPLASTIC_FORMING

EADS



EADS INNC : "ION WORKS

Superplastic forming — Simulation setup with Dynaform

Due to symmetry only a
quarter is modeled

Page 55 E@ S



Superplastic forming — Simulation setup with Dynaform

Page 56

-

Superplastic Forming

Setup Display Preview Job

General| Ellank| Tools |P ss‘ Control |

— Phases

# One phase & Two phases

— Phase |

Contact tool: [die -

Pressure curve: 11 pnts Percent to terminate: [30.0

— Common

Desired strain rate (ERATE): |0.002

Advanced...

Termination time:  |1e+0086 Interval for d3plot:  |10.0
— Constraints
Single point constraints (SPCs): ‘{Nnne:} Define...

Summary...

Exit

EADS INN

ON WORKS

EADS



Superplastic forming — Nacelle simulation result

LS-DYNA keyword deck by LS-PrePost .

Time = 0, #nodes=43296, #elem=44757 Fringe Levels
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Superplastic forming — Nacelle simulation result for target
strain rate of 2.5E-4

= The simulation is mainly used to derive a strain-rate controlled
pressure amplitude and a realistic thinning prediction
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TRIMMINGS / UNTITLED
STAGE 9 LOCAL STEP 1
STEPO TIME: 0.008001

ETA/ROST
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