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Introduction to

ANSYS Forming
B Fh Emm T AR

Stamping Simulation

Patrick Hung

33F., No. 447, Sec. 3, Wenxin Rd., Beitun'Dist., Taichung City 406, Taiwan
Tel: +886 04 2296 6080
Fax: +886 04 2296 6071

Lead your company into the next generation of Simulation-Driven Product Development.
Visit www.ansys.com and www.cadmen.com-for more information or contact.
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What is Metal Forming?

o> e

Stock sheet metal Cut out sheet metal blank Forming Formed metal part
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Major Applications for Forming
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Introducing ANSYS Forming

An end-to-end tool for Sheet Metal Manufacturing Process Simulation — ANSYS Forming

88 B B v Process Blank  Operations  Analysis \

Import Export  Part Option

* Accurate, Fast, Easy e
No compromise

F-40.spbk

e Streamlined UX

One software for all metal :
stamping needs

* Trusted Solver
LS-DYNA solver is already used for
Metal Stamping solutions
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Typical Capabilities of Forming Simulation Software

Gravity Loading
Simulation

Formability
Analysis

Clamping
Simulation

Spring back
Prediction and
Compensation

Press and
Roller
Hemming

Part Transfer, [
Hydroforming, |
Tube Bending

Assembly
Simulation and
Scrap Fall

Note: Some of these capabilities are part of 2022 R1 and other are in the product roadmap
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Features available in ANSYS Forming 2022 R1

Multi-Stage Forming Process LA .. .............. .
o L3 ° an E 3 Analvs \
Valldatlon' @ N B B = ¢ B e a s a ® J0@8s2 ©¢ B ¥
import Export ru-" & BlonkOnly » FLD Thinning |"x CircleGrid Skidmark Draw-In Material Tonnage ontour Vector "'s'q--‘rt 's-"-:'r\ st -» r-i ‘r—.-- s0. Fy & - 8 @ av at f.-r_c--

Material Data library and management

- Process definition

- Tool setup & preview
- Draw bead definition
- Multiple Lancing operation

- Stamping specific post processing (FLD,

Formability Index, Wrinkling, Skid mark = G -

etc.)

\nsys
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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.

e 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

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

TO!
.....
| 1 i =", i
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Technology Application
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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

~ Project Materials

CR180BH_TKS-FLC

~ AnsysForming Library

Management

v DP780
M1

v Advanced LS-DYNA Material wimeomOne

Models for metal forming

~ DP600

v Extendable forming material

37_Curve_DP600_DFEP

Curve. DP600_NUMI2005Xr

database

v' Easy to define/modify new material

M125 |

25_DP780_NUMI2008

M125
M37._C

7_Curve_DP590_NUMI2011_BM3

125_DDQ_NUMI2008

v" Nonlinear FLD (Formability Index)

125_HSLAS0Ksi_NU

_NUME014
22_Swift_DP600_NUME014
125_DP600_NUN
6_Swift_DP600_NUME01
37_NLP_Curve_DP600_NUMI201

MI2008

mbr

4

[\ Material Editor [Unit: TON,MM,S,N,MPA]

Name CR180BH_TKS-FLC
Comment
Material Typ
Type Steel
Basic Prope
Density [ 7.85000€-09

Harden
Barlat'89 Rule
1.70000 Data
1,55000
= Harde
60

.A\temati\e names: BHZ180, 180BH, HX180BD, HC180B, Source: Tiwa Quest AG, Biaxial: 0.93, UniformElongation: 0.21, TensileStrength:330

. Method

w Tensile Strength

Total Elongation (%)
Reference Thickness

Thickness (blank)

ThyssenKrupp Steel v
330.00000

[40.00

1.00
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Auto-Meshing of Blank and Tool Geometry

Suitable for product designers and process engineers

Minimize prerequisites of FEA background

* No need for users to edit/repair any element.

* Although the forming contact algorithm requires
mesh normal consistency, a new forming solver

feature has been implemented to achieve
automatic normal adjustment.

©20? Confidential
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This strategy distinguishes Ansys Forming from
any FEA-based GUI which needs user’s manual

editing on FE meshes.
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i Dwign

Detisee Elaink by Curve

| By Curve By Mies

nis

A

gooooano

Urieced
[ CPO5S-trim lirecrw
[ blank-outline 1 cry

Blahk Auto-Meshing

Fick Upbaons
Cursoe m Polygos Frezhand
0

2l Displayed Reverse

Undo Redo LClear
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One Click for Gravity or Springback

Straightforward and flexible to activate the option * Solver implemented algorithm with auto-
Default with an Auto-constrained springback algorithm constraints for springback prediction
* Suitable for product designers and process
D-20 = B ;
B engineers
S Setup v Positioning
= Single_Action(3pcs_AirDraw)
Gravity loading V| Gravity
simulation | *Tno_l - Closing Drawing |
l Die Cls to Binder Travel->Pos: 0
| < Springback
Lifter | Cls to Punch Stationary ¥ Constraint type
® Automatic () Points (O) Lower tool(s)
Binder Stationary Drv by Die
Punch | Fixed on Bed Fixed on Bed
Springback ¥ Springback
pred|ct|on = Accessones
Guide Pins Drawbeads
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.

* New mesh refinement ‘Smart Adaptivity’ |
- More accurate in mesh refinement  eeeee B Fa EnEaEE e S
_ == i gl 4 ; T
- Only refines very necessary areas - B
- Less element number and faster 1 o LR
é Gt R H g




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

= First move Second move Third move
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Post-processing
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Forming Limit Diagram (FLD)

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

88 B v Proces Blank

e @

On/Off

91, T= 0.085022
92, 7=0.085523
93, 1='0.086021

94, T= 0087022
#95,7=0.088022

96, T= 0.088023

« FLD Option
blank-mesh ~ FLC by mat. v
n= (021 | = [15m] = [1 ]
Defauit

Engineering Strain
FLDEPS

< Component Option
Layer Middle v
) Smooth Resuits
= Strain Value and Path
List Value
Create Path Clear Path

v Setting

FLD Curve Setting FLD Window Setting

Close

Import Export  Part <& Blank Only ¥

3 o X

pertatior Analysis
W B~ [ ot § B & o E 4 7 e ® 0090 8ce- @& BED
FLD Thinning Edge CircleGrid Skidmark Draw-in Material Tonnage Contour Vector Measure SectionCut Top Left Front Iso. "y @ v 8 @ Layout Om Option

Stretch Line

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

State 96 T= 0.088023
FLD, middle surface

ot | ist Value
(®) Pick Blank () Pick FLD

| Window || Polygon ||Freehar1d|

Input by ID: I:l Apply 1:20.0175,0.0541> « The label of any listed value can be Cracks
i picked manually for reposition. Risk

Die Undo Clear of gracks
Punch

Severe
thinning

Safe
stretch
Inadequate
| stretch
Safe
compression
Wrinkling
tendency

Severe
_wrinkle

blank-mesh
True Strain, n=0.210, t=1.000, fld0=0.209
1.00

Pick a point in FLD plot to find the

: corresponding location on the panel .
List WValue

| O Pick Blank (®) Pick FLD

| Window " Palygon "Freehand|

B et by ID: Adjustable FLD Plot Window
Unde Position: pick and move
Size: drag window frame

2:<-0.2451,0.3956>
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Three contour options

» Total thinning (%

» Current thinning (%

> Thickness

“Thinning

0950 | Time v

T =
] 0000
] |

totalthinning(%)

curent = IhmnmiA =)

> Component Option
) Smooth Resuhs
List Value
Contour Setting

Close

Thickness

29017333 max = 1.1278

Total thinning

current op thinning(%)
thickness

-12.7863

= Component Option
¥} Smooth Results
List Value
Contour Setting

Close

. XTI

@) Demodbx v X

& Bla
@ blank-mesh

Current thinning

2
(] 0000
] W reme s

total thinning (%)
thickness

= Component Option
(¥ Smooth Results

= Contour Value

@ Demodbx v X

R R \NSsys
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Edge Stretch

20

S

Edge Stretch
- States
0OP30 v || Time v

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

21, T="1128599
22, T= 1.129099
23, T= 1.129948

(v A 2
© 0000
' ' Frame: 23

~ Reference State
Frame: 1 T=1.083548

= Contour Value
List Value
Contour Setting

Close

Blanks
B Fender-1_forming_blk
[ Tools
[ OP10.grvt
O M Binder
O M, Die
O M Punch
O oP1
3. W Binder,
O M Die
0 M Punch
[ OP20
[ oP30
O/M Flgl
O M Flg2
O M Fig3
O M Pad
O M Post
= [0 OP30.spbk

65.2277

-13.8949

—37.3335

OP30
State 51 T= 1.129948
Edge Stretch (%)

LEl ‘ @) Fenderdbx v X
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Circle Gri

Circle Grid Mode Strain Vector Mode

= Options = Options

Diameter 200 Diameter 200

Default Apply Default

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

OP10 : OP10
State 26 T= 1.081547 ot
Circle Grid

State 26 T= 1.081547
Circle Grid

True Strain

0.
0.
0.
0.
0.
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Draw-In [

Edge Draw-in
 States Blanks OP 10
oP10 | [Binder % M Fender-1_forming_blk State 26 Binder: Dis. To Home = 0.000000
Dis. To Home = 5.000175 N C L= 53.3609 Edge Draw-in
Dis. To Home = 4.001179 [J OP10.grvt
o2 T 2o o o
Dis. To Home = 0.995178 0 M Die
v O W Punch
Oan =) 0 0P10
0 o ° 0 ﬁ Binder
(m
' e O M Punch
= Options [ 0P20
VI x 207 oz I 0P30
[l Perp. to Edges O W Figl
[_] History Path O M Flg2
- Reference State 0O | Fg3
Frame: 12 Dis. To Home = 139.999481 OB Pad | L= 32.6568
] O M Post
< Contour Value s
List Value
Contour Setting
Close

L=:45.6072

L ‘T | ‘T T ‘ L= 80.1159)
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Contour A \ector

= Component

Contour of LS-DYNA Category
Component Results

Forming

Contour Of LS-DYNA = Component
Component Vectors Category

Stress
Strain
Thickness

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

bending strain

principal stress in-plane | Strain
Ndv

Layer TPTTEIITE f Layer Middle W
Average Simple
TR ——— =
L) Bk " ’ S
P A FAD L ¢ 96 @ '~ @@ ACC W MELL SN 4+ 58 B A FAD @ » G BOF @ U= ge ACC |
S oo mot Gl G it G Ve G i o L et o - . o coe i { o ek ot b B - ) @ o

ometrc. [ il Window  + tnoun New Open impon xport Pt & Bank Oy = LD ke Stoning CirceGrid Skdmark  Drewn. Edge
@@ T v s - oo

@ Fendecdin v %
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Operating
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ANSYS Forming Future
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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)

&
x

\nsys
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4 6 =) Ansys Mechanical #EF5 R _Fi kiR L&
0-14:40 (Meshing ~ Reinforcement & Structural Optimization)

4 / 6= Ansys LS-DYNA %i i@ L 5T st @
0-

15:40 (LS-DYNA Solver & Contact Enhancements)

Ansys LS-DYNA Fi#ili 4R LI &
(Implicit Frequency Domain Analysis)
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