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DISCLAIMER
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LS-PREPOST MAY NOT BE EXHAUSTIVE OR APPLICABLE FOR ALL ENGINEERING PROBLEMS, LSTC
ASSUMES NO LIABILITY OR RESPONSIBILITY FOR ANY INACCURACY OR DIRECT OR INDIRECT
DAMAGES RESULTED FROM THE USE OF THIS DOCUMENTATION AND SOFTWARE.
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Tutorial #F1 - Forming of a decklid inner with line bead

Interface Used: Applications > Metal Forming

Files required:

tool.k (tool mesh)

blank.nas (blank mesh)

mat_decklid.k (blank material properties)
bead.iges (draw bead center line)

fld.fld (FLD curve)
LSPP_smf_temp_cl.temp
LSPP_smf_temp_dr.temp

Step 1

Note: LS-PrePost 2.4 dated April 14”’, 2009 and later must be used for this tutorial. This tutorial
focuses on the set-up process of a metal forming analysis using the Explicit Dynamic method within the
Metal Forming interface. All components have been meshed previously.

1. Load meshed parts and open Metal Forming Interface

launch LS-PrePost

File - Open - LS-Dyna Keyword

open “tool.k”

File = Import - LS-Dyna Keyword

open “blank.k”; select ‘Import Offset’ option
File - Open - IGES File

open ‘bead.iges’

Shown in Figure 1 are all necessary components and their relative positions.

Application - Metal Forming
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Figure 1
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Step 2
2. Job Setup (refer to Figures 2 and 3)

click Job Setup in the side panel in Figure 2 (launches the Job Setup Dialog in Figure 3)
enter Project Name: decklid

specify Master Folder

set Units: L:Millimeter, F:Newton

— Job Setup
MNew
Job Setup Ao
Pref || Model Setup ——MMM —
Preparation
Info
Blank
Save Tool
Done Position
Drawbead
— Process
Process |

Figure 2
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. lob Setup e

*Project Name: Title

~
Master Folder:  C:\tutoriall EX3 )
A
pu—  —
[~ ~
Units: I'-‘Iillimeter, F:Hewtnn Unit Examples ‘

Forming Type: l_l

Figure 3
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Step 3

3. Define Blank (refer to Figures 4 and 5)

click Blank in the side panel in Figure 4 (launches Blank Assignment Dialog in Figure 5)

select “5 Blank” from the right hand list

click <<

select Element Formulation: 2-Belytschko-Tsay

enter Number of Integration: 5

enter Thickness: 0.9; must hit a carriage return.

click MD (launches Material Database Dialog shown in Figure 6)

'

Pref

Info

il

v

Done

— Job Setup
Job Setup

— Model Setup
Preparation

Tool

Position

Drawbead

— Process
Process

Figure 4
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.
Bjji Blank Assignment =HREaE X

Blank | Symmetry Constraint

Blank Name: Blank

— Define Material and Parts

Blank parts and Material *right click to return _ Add New Part
All part list Pick Part
Q 1 Punch {Matid: 0, Thickn Blank Mesh
3 Binder (M _—
D
Load Mesh
Translate

Mat Type: |

0.0
Mat Hame: J_|
Dc{®
Mat ID: -t @ Thickness: @ 0.0
A L ——

4 )iement Furmulation:@ﬂelvlschkn-TsaD - || Gravity Dir: E
umber of Integ ration:@ LocalCim: 0 Jj

7\

12
Coone)

Figure 5
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Step 4

4. Load material property for the blank (refer to Figure 6)

click . to go to current working directory (Figure 6)
click “mat_decklid.k”

click Preview

click OK

click Done (Figure 5)

LSPP Material Database

8
Public Directory v]

C:Ytutorial 143 _deddid_F1.dir\1_tutorial_input_Files. dir

.

= blark.k
C1 mat_decklid K o
| tol,

mat_decklid.k '

[MAT Files (*.mat;*.k; *.key) v] [ show hidden files Cancel

9

+*EEYWORD

*MRT TRRNSVERSELY ANISOTROPIC ELASTIC PLASTIC

F MID RO ER SIEY ETEN B HLCID
1 2.700E-03% &£.300E+04 Q.28 0.872 10

*DEFINE CURVE

10

0.0000,127.00

0.0001,133.30

0.0002, 13535

0.0003,128.81

0.0004,135_ 54

0.0005,141.65

0.000g,142 51 -

i
[ | »

Figure 6
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Step 5

5. Define Die (refer to Figures 7 and 8)

Click Tool in the side panel (launches Tool Assignment Dialog in Figure 8)

select the Die tab
set Friction: 0.125, hit a carriage return
select ‘4 Die’ from the right hand list (All part list)

click <<

keep Tool Position vs. Blank as: @ Above

set Draw Direction: [1 "]

activate [V] Contact Offset

enter: 0.99

set: Contact Type: [FﬂR.I'-‘I]HG_DHE_WA‘H’_SUR.FAEE_TG_SUR.FAEE

new | T Job Setup
Job Setup |
Pref ||~ Model Setup
Preparation
Info
Bk
sove ||~ Cron (1)

Done Position

Drawbead

— Process
Process

Figure 7

11
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. Toaol Assignment E@ﬁ

Forming Type:(Single Action/Air Draw)

Die Punch | Binder

Tool +/- |

7 \/\

2) nome: e

Friction: ®°

Die part list *right click to return _ add Hew Part
All part list Pick Parts |
1 Punch Load Mesh
5 3 Binder,

4 Die o

Translate
4' Offset
N

eol Position vs Blank:

Draw Directinn:‘ z { 8) bt

Local CID: ©

Contact Tvpe:@nnm_m_wm_ﬁunmcf_m_sunfm 2 9 } :

Done

Figure 8

12
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Step 6
6. Define Punch (refer to Figure 9)

select the Punch tab
enter Friction: 0.125; hit a carriage return
select “1 Punch” from the right hand list (All part list)

click <<

select Tool Position vs. Blank: @ Below

deactivate: [ Contact Offset

set Draw Direction: -

set: Contact Type: [FﬂR.I"‘I]HG_DHE_WA‘H’_SI.IR.FAEE_TG_SI.IR.FAEE b

Bjji Tool Assignment o5 e
Forming Type:(Single Action/Air Draw) Tool +/-

Friction:

Punch part list *right click to return _ Add New Part
All part list Pick Parts
Punch Load Mesh
3 Binder —_—
O
Translate
Offset

Tool Position vs Blank:

i e Draw Direction:‘I ( ) -

) Above ~

6 Local CID: © o+
(:Xj}::tntact Offset 1.1

Contact Type: (FORMING_ONE_WAY_SURFACE_TO_SURFACE 8 )~

See—

Done

Figure 9
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Step 7
7. Define Binder (refer to Figure 10)

select the Binder tab
enter Friction: 0.0
select “3 Binder” from the right hand list (All part list)

click <<

select Tool Position vs. Blank: @ Below

deactivate: [ Contact Offset

set Direction: [2 *]
set: Contact Type: [annmt;_onf_wm_ﬁuRfAcE_m_ﬁuancE -
click Done

. Tool Assignment

= [ [ G

Forming Type:{Single Action/Air Draw)

| *Die | *Punch ( Binder

Tool +/-

9

Binder part list *right click to return _ Add New

Mame: Binder Friction:
All part list Pick Parts
3 Binder Load Mesh
(XD T

Translate

Offset

Part

Tool -PGSIIZIGI'I vs Blank: - e Draw Direction:dza@_v‘
© sbon <
6 Local CID: 0 .+
ontact Offset 1.1

Contact Type: (FORMING_ONE_WAY_SURFACE_TO_SURFACE { §
—_— fhains S

77N

N\

Figure 10

14
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Step 8
8. Position components (refer to Figures 11, 12 and 13)
click Position in the side panel in Figure 11 (launches Tool Positioning Dialog in Figure 12)

activate M Blank as a movable tool
activate ¥ Die as a movable tool
activate M Binder as a movable tool
click Auto Position

set Punch Manual Move distance: 20

click - |

click Done
Shown in Figure 13 is the properly positioned forming system

— Job Setup
New
Job Setup
Pref ||~ Model Setup
Preparation
Info
Blank
Save Tool
.
Do“ e Pﬂsitiﬂll 1
Drawbead
— Process
Process |

Figure 11
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Bl Too! Positioning BEEIEE

— KManual Move Part Moved

.I.

1@ cf;
-

[] Blank Auto Tipping

Auto Position | Home |

Figure 12

Figure 13
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Step 9

9. Define Draw beads (refer to Figures 14 through 24)
click Drawbead in the side panel in Figure 14 (launches Drawbead Dialog box in Figure 15)

set RF: 288 (N/mm?) in Figure 15; (Restraining Force ‘RF’ = tensile x blank thickness x 1.2)
set Force: 0.55 (RF scale factor)

activate I CLabel

click Pick Curve

select Area (Figure 16)

click Top view

drag cursor with left mouse button to include curves with two rectangular boxes as shown (Figure 17)
(or, alternatively, highlight curves #1, #2, #7, #8, #17 to #24, #27, #28 in the curves list box)
click right mouse button to return to Drawbead Dialog

click New (Figure 18) to make these curves just picked in the areas as draw beads

click Pick Curve again (Figure 19)

select Area (Figure 20)

click Top view

drag cursor with left mouse button to include curves with two rectangular boxes as shown (Figure 21)
(or, alternatively, highlight curves #3, #4, #6, #9 to #16, #25, #26 in the curves list box)
click right mouse button to return to Drawbead Dialog

change Force to 0.50 (Figure 22)

click New to make these curves just picked in the areas as draw beads

highlight all beads in the left hand side box (Figure 23)

select Attach to: Binder

activate ¥ Show Drawbeads

click Project

click Done

Shown in Figure 24 is a local view of the beads projected onto the binder.

17
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L

Info

Save

— Job Setup
Job Setup

— Model Setup
Preparation

Blank

Tool

Position
7

Drawbead A

— Process
Process

Figure 14

18
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. Drawbead Dialog

Drawbead Definition:

Name: DBead

(L)welase)

rorce (055

MF: 0.001

1 Curvel
2 Curved B
3 Curvel

4 Curved

5 Curvel

6 Curveb

¥ Curved
New 8 CurveB

9 Curved
10 CurvelD
11 Curvell
12 Curvel2
13 Curvel3
14 Curveld
15 Curvel5
16 Curvelb
17 Curvel7
18 CurvelB8
19 Curvel9
20 Curve20
21 Curve2l
22 Curveld2
23 Curveld3
24 Curveld
25 Curvel5
26 Curvelt
27 Curveld7 e
28 CurvelB
Punch Boundarv

L3

m

Delete

Label ‘ Update ‘ Project All

None ‘ Rev

Attach to [die

v] Show Drawbeads

Modify Done

Figure 15

19
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@ In Entity Operation

Pick Ent Select all
Out Entity Type: Curve Keyin
@ Area Deselect All
@ Partial
Poly Whole Operation: @ Select Reverse
Pick Ent
@ Area
Poly
| Title | Off Tims Triad Beolr Unode Frin Isos Lcon Acen Zin +10 Rx ‘ Deon | Top Front Right Redw Home
Hide ‘ Shad View Wire Feat Edge Grid Mesh Shrn Pcen Zout 1 Clp All | Bottm Back Left Anim Reset
Figure 16

ve23)
: urvel? HCu

{Curved)

2(Curve12) Yaicurvets
O{Curve10) '
’ (Curve9)

fS(Curvezs) 6(Curve2s)

15{Curveld)
L e 1 Cuw-e%urve21]

__Blieurves) =7 (CirveT)

Figure 17
20
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. Drawbead Dialog

Drawbead Definition:

Name: DBead

RF: 288

Hew Curve ‘ New Beam ‘

Force: 0.55
Available entities: Clabel

MF: 0.001
Pick Curve | Pick Beam

:
2 Curved i
3 Curved
4 Curved
5 Curvel
& Curveb
8 CurveB
9 Curved
10 CurvelD
11 Curvell
12 Curvel2
13 Curvel3
14 Curveld
15 Curvel5
16 Curvelb
17 Curvel7
18 CurvelB8
Delete | |ppommiiy
20 Curve20
21 Curve2l
22 Curvel2

06

m

25 Curvel5
26 Curvelt

27 Curve2? —
28 Curve28
P

unch Boundarv S

Label ‘ Update

Project All ‘ Mone ‘ Rev

Attach to |die

v] Show Drawbeads

Modify Done

Figure 18

21
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. Drawbead Dialog SHACI X
Drawbead Definition:
Hew Curve ‘ New Beam ‘
Name: DBead Force: 0.55
Available entities: Clabel
RF: 288 MF= 0.001 @
@ Pick Beam
1 DBead1l (55,0n die) 1 Curvel -
2 DBead2 (55,0n die) 2 Curved
3 DBead3 (55,0n die) 3 Curved
4 DBead4 (55,o0n die) 4 Curved
5 DBead5s (55,0n die) 5 Curves
6 DBead6 (55,0n die) 6 Curved
7 DBead7 (55,0n die) 7 Curve?
B DBead8 (55,0n die) New B Curves
9 DBead9 (55,o0n die) 9 Curved
10 DBead10 (55,0n die) 10 Curvel0
11 DBead11 (55,0n die) 11 Curvell
12 DBead12 (55,0n die) 12 Curvell
13 DBead13 (55,0n die) 13 Curvel3
14 DBead14 (55,0n die) 14 Curveld c
15 Curvels 1
16 Curvelb
17 Curvel?
18 Curvel8
Delete | |19 Curvel9
20 Curve2
21 Curvell
22 Curveld2
23 Curveld3
24 Curveld
25 Curvel5
26 Curvelb
27 Curveld? e
28 Curvel8
Punch Boundarv i
Label ‘ Update ‘ Project All Mone ‘ Rev
Attach to [die v] Show Drawbeads
Modify Done

Figure 19
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e @ In Entity Operation Select all
Out Entity Type: Curve Keyin
@ Area Deselect All
@ Partial

Poly Whole Operation: @ Select KCa Reverse
Pick Ent Q
Poly

12
Title off Tims Triad Beolr Unode Frin Isos Lcon Acen Zin +10 Roc Deon Spart Top Front Right Redw Home
2/
Hide ‘ Shad View Wire Feat Edge Grid Mesh Shrn Pcen Zout 1 Clp All | Bottm Back Left Anim Reset
Figure 20

{Curved)

2{Curve12)
O{Curve10)
{1{Curyvel11)

S(Curve2s)

15{Curve15)

1\

P

24{Cur
rvel7)

3(9«:0‘
AHCurve3)
Vi

wan O e
e B r -

ve23)

8(Curve18)

(12 I

\(Curveﬁ}

B (C Urve28)

Figure 21

td(CurveM)
3{Curve13)
{Curved)

6(Curve26)

V.

6(Curve16)

23
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. Drawbead Dialog SHACI X

@ MNew Curve ‘ New Beam ‘
Mame: DBead ane:

RF: 288 NF: 0.001

Drawbead Definition:

Available entities: Clabel

Pick Curve ‘ Pick Beam

1 DBead1l (55,0n die)
2 DBead2 (55,0n die)
3 DBead3 (55,0n die)
4 DBead4 (55,o0n die)
5 DBead5s (55,0n die)
6 DBead6 (55,0n die)
7 DBead7 (55,0n die)
B DBead8 (55,0n die)
9 DBead9 (55,o0n die)
10 DBead10 (55,0n die) 10 Curvel0
11 DBead11 (55,0n die) 11 Curvell
12 DBead12 (55,0n die) 12 Curvel2
13 DBead13 (55,0n die) 13 Curvel3
14 DBead14 (55,0n die) 14 Curveld
15 Curvels
16 Curvelb
17 Curvel?
18 Curvel8
19 Curveld
20 Curve2
21 Curvell
22 Curveld2
23 Curveld3
24 Curveldd
26 Curvelb

27 Curveld?

28 Curvel8

Punch Boundarv i

Delete

Label ‘ Update Project All ‘ Mone ‘ Rev

Attach to [lie v] Show Drawbeads

Modify Done

Figure 22
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Bjji Drawbead Dialog | o P S
Drawbead Definition:
Hew Curve ‘ New Beam ‘
MName: DBead Force: 0.50
Available entities: Clabel
RF: 288 MF= 0.001
Pick Curve ‘ Pick Beam
.

1 uBeadl (55,0n die) G 1 Curvel -
2 DBead2 (55,0n die) 2 Curvel i
3 DBead3 (55,0n die) 3 Curve3

4 DBeadd (55,0n die) 4 Curved

5 DBead5s (55,0n die) 5 Curves

6 DBead6 (55,0n die) 6 Curvet

7 DBead? (55,0n die) 7 Curve?

8 DBead8 (55,0n die) New B Curves

9 DBead?9 (55,0n die) 9 Curved

10 DBead10 (55,0n die) 10 Curvel0

11 DBead11 (55,0n die) 11 Curvell

12 DBead12 (55,0n die) 12 Curvell

13 DBead13 (55,0n die) 13 Curvel3

14 DBead14 (55,0n die) 14 Curveld c
15 DBead15 (50,0n die) 15 Curvels r
16 DBead16 (50,0n die) 16 Curvel6

17 DBead17 (50,0n die) 17 Curvel?

18 DBead18 (50,0n die) Delete 18 Curvel8

19 DBead1? (50,0n die) 19 Curvel9

20 DBead20 (50,0n die) 20 Curve20

21 DBead21 (50,0n die) 21 Curve2l

22 DBead22 (50,0n die) 22 Curve22
23 DBead23 (50,0n die) 23 Curve23
24 DBead24 (50,0n die) 24 Curve2d
25 DBead25 (50,0n die) 25 Curve2s

26 DBead26 (50,0n die) 26 Curve2t
27 DBead27 (50,0n die 27 Curve2? =
2B CurvelB
Punch Boundarv i
All ‘ Mone ‘ Rev

Show Drawbeads @
Modify @@

Figure 23
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Figure 24
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Step 10

10. Define Process (refer to Figures 25 through 27)

click Process in the side panel in Figure 25 (launches Metal Forming Process Dialog box as shown in

Figure 26)

select Process Type: Forming (Figure 26)

activate Active Tool: M Die
select Die Action: Closure with
select Die Closure With: Binder
set Binder Velocity: v=1000 (mm/s)
activate Active Tool: M Punch
select Punch Action: Stationary
activate Active Tool: M Binder
select Binder Action: Stationary
click Control Tab (Figure 27)
activate M Adaptive

set Adaptive Cycles: 20

set Adaptive Level: 2

set minimum element size Minsize: 1.5

set Output States#: 8

Pr

Info

L

Save

Done

— Job Setup
Job Setup

— Model Setup
Preparation

Blank

Tool

Position

Drawbead

— Process

Cprocess Y 1

Figure 25

27
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I5f Metal forming Process = | B [l
Process Tv
Closing | Drawing
Active
Definition | Control
In put value
binder
Unit: (L:Millimeter, F:-Newton) Advanced
Preview Output Dyna | Done |

Figure 26

28
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I5f Metal forming Process = | B [l

Process Type: | Forming - ]

Closing | Drawing

[¥] Active
Definition ( Control X 11
Cvcla:“ Lew_-l:“ I'-'Imsme:“

| Output Adap. Mesh Curve Id:

Qutput Dynain:
Blank [ Tools

Output States#: Add... |

Preview Output Dyna Done |

Figure 27

29
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Step 11

11. Define Process — continued (refer to Figures 28 through 30)

click Drawing Tab (Figure 28)

activate Active Tool: M Die

select Die Action: Closure with

select Die Closure With: Punch

set Punch Velocity: v=5000 (mm/s)
activate Active Tool: M Punch

select Punch Action: Stationary

activate Active Tool: M Binder

select Binder Action: follow as

set binder to follow: Die

click Control Tab (Figure 29)

activate M Adaptive

set Adaptive Cycles: 30

set Adaptive Level: 3 (finer if more accurate results are desired)
set minimum element size Minsize: 1.5
set Output States#: 10

click Preview for tool kinematic animation

or * or *

click Animate

click Done

to animate tools (Figure 30)

click Output Dyna in Figure 29 (launches Dyna Input Decks Forming Dialog in Figure 31)

30
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P

ﬁ Metal forming Process El@
Process Type: | Forming v]
Active
In put value
Unit: (L:Millimeter, F:Newton) Advanced
Preview Qutput Dyna | Done |

Figure 28

31
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ﬁ Metal forming Process (o [@][==]
Process Type: | Forming v]
Drawing
— Active

Definition 'W‘ 11

Adaptive e

— \/
Cydles @@ Leure r-ﬁnsize:

Output Adap. Mesh Curve Id: o . | +|

Qutput Dynain:

[¥] Blank

[ Tools

Output States#: Add... |

Figure 29
[ . Toaols Animation Preview(Closing) @LJ
@ Time: “
=
State#: 0

Figure 30

32
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Step 12

12. Define Output Options (Figures 31 and 32)

click Advanced (Figure 31)

set Blank File name: blank.k (Figure 32); hit a carriage return.

Set Tooling File name: tools.k; hit a carriage return.

Set Drawbead File name: beads.k; hit a carriage return.
Set Dyna Input File name: sim.dyn; hit a carriage return.
deactivate: [] Dbead_As_Beam

activate: ] Dbead_As_Box

click Templates tab

. Dyna Input Decks(Forming)

oyoa Version:(Vo71_~|

Master Folder: C:\tutoriall

Process Sub-Folder:

Output Dyna

Figure 31

33
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. Templates And Preference &J

e~
/_ﬁemplahﬁj Prefenenoe| Output Options |

8 \- Qutput File Extensions

~—]

77 N\

i

Blank File:\g
Tooling File:
Drawbead File:\&
Dyna Input FileX

[ write all model to one Dyna input file

Fleld Hames Comments Parameter Names

Part Move [] Smooth Curve{velocity) DBead_Box °
T O

Templates path: — Load All Save All ‘ Done

Figure 32

34
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Step 13

13. Define Closing and Drawing Templates (Figures 33 through 38)

click Closing Tab (Figure 33)

click Load

browse to the working folder and select: LSPP_smf_temp_cl.temp (Figure 34)
click Drawing Tab (Figure 35)

click Load (Figure 36)

browse to the working folder and select: LSPP_smf_temp_dr.temp (Figure 37)
click Done (Figure 38)

. Templates And Preference &J
Templates | preference | Output Options |
T —
Grav'M Chﬁi"ﬂa Drawing | Trimming | SpringBack | Flanging I Hemming
(1)
Hew
2
Load
Save
*Control...
*Database...
*Parameter...
Remove

Templates path: - Load All save All ‘ Done

Figure 33

35
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|| bead.iges 156 KB
|® | blank.k 769 KB
|71 Ispost.cfile 0KE
|%| Ispost.db 0 KB
|7 Ispost.msg 0KB
T[LSPP_smf temp_cltemp > 1KB
|7 LSPP_smf_termnp_dr.temp 1KB
|®| mat_decklid.k 1KB
|®| tool.k 21,929 KB
Figure 34
. Templates And Preference &J
Templates |Preferem:e I Wpﬁmts|
4
Closing (Drawing)T Trimming | SpringBack | Flanging I Hemming

CONTACT_DRAWBEAD Hew

Load

Save

*Control...
*Database..
*Parameter...
Remowve
Templates path: - Load All save All Done
Figure 35
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. Templates And Preference

Templates | preference | Output Options |

| Gravity | Closing | Drawing | Trimming | SpringBack | Flanging | Hemming

Load

Save

*Control...

*Database...

*Parameter...

Remove

Templates path:

Load All

Save All

Done

Figure 36

37
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|| bead.iges 156 KB
|® | blank.k 769 KB
|71 Ispost.cfile 0KE
|%| Ispost.db 0 KB
|71 Ispost.msg 0KB
|7 LSPP_srnf_ternp_cltemp 1KB
T[LSPP_smf_temp_dr.temp> 1KB
|®| mat_decklid.k 1KB
|®| tool.k 21,929 KB
Figure 37

. Templates And Preference

Templates | preference | Output Options |

| Gravity | Closing | Drawing | Trimming | SpringBack | Flanging | Hemming

CONTACT_DRAWBEAD

Load

Save

*Control...

*Database..

*Parameter...

Remove

N\

Templates path: - Load All

et |

Figure 38

38



LS-PREPOST METAL FORMING APPLICATION TUTORIAL MANUAL
Step 14
14. Output LS-Dyna input decks (Figures 39)
In Dyna Input Decks (Forming) Dialog
click Browse to specify a file folder for output files
click Output Dyna
. Dyna Input Decks(Forming) &J

oyna Version: (1971~

Advanced... ‘

Master Folder: C\tutoriall

Process Sub-Folder:

Qutput Dyna

Figure 39
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Step 15

15. Run LS-DYNA and processing results

Run LS-DYNA - C:\LSDYNA\program\Is971_s_R4.2_win32_p.exe i=sim.dyn ncpu=2 memory=200M
The simulation takes about 1.5 hours on a Xeon CPU 5150 @ 2.66GHz. The actual memory used was
around 57 MW (million words), about 228 MB (megabytes).

Launch LS-PrePost
File > Open - LS-Dyna Binary Plot
Open “d3plot”

1) 3-D breakdown animation
select desired parts by clicking on SelPar as shown in Figure 40

click h to animate the forming process as shown in Figure 41

Dutput Trace Xyplot

Anno Light FLD
SPlane Setting State
Range Vector Measur

Find Ident ASCIT
Fcomp History Views
Appear Color Model First 1 Last 52 Inc 1 /| Loop
Group | Blank [C &IPaH@ _ ‘ < ‘ H ‘ @j\{; ‘ + n ‘
D 2|3|als][6[7]D 0 Q)
Figure 40

Figure 41
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2) 2-D section animation
click | 1 (Figure 42)
click | sPlane
click [[]Basend
click on the node location as shown in Figure 43
click mMormX | in Figure 42
click Cut
click  Project View |
click right mouse button and then left mouse buttonon  +10 |, Figure 44
set | to: 180
hit a carriage return
click Rx
click .” to animate the 2-D section; Sections shown in Figure 45.
— Section Plane
@ FieS () FieM Lagr
@ 1p+NL 7 N1-N2
71 3nds ) 2Nds+D
[IBasePt  [@(BaseNd 3>
0
23.3897
180.77299
Node
Output Trace Xyplot 5 MormX MNormY | MNormZ |
Anno Light FLD 0.0 0.0 1.0
@\'SPHHB Setting | State Centroid |  Reset
Range Vector Measur 7
Find Ident ASCII D Kpcuts  CIr
Fcomp History Views j —
Appear Color Model CG' Options Tl
Group Blank selPar Model Meas Line
1 D 2[3|/a|[s|6[7]0D Force Save Done

Figure 42
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Figure 43

Figure 44

42



LS-PREPOST METAL FORMING APPLICATION

TUTORIAL MANUAL

Figure 45
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3) Thickness variation contour

click Fecomp | (Figure 46)
click  Misc

click Shell Thickness

click Range

click @ user

set Min: 0.72

set Max: 0.9

set Levels: 20

click = |to move to the last state

Shown in Figure 47 is the blank thickness variation contour
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Follow Splitw Particle

Output Trace Xyplot

Anno

Light FLD

SPlane Setting State

Range Vector Measur

Find Ident ASCII

(]: Fcomp History Views
Appear Color Model

Group Blank selPar

1 2[3[a|ls5]6|[7]D

Md1

Stress

— Fringe Component

Ndv

Result

Yathickness reductic
hourglass energy

time step size

Infin
Green
Almans
5.Rate
Residu
FLD 1| m |
Beam — Shell Thickness
CFD [Thi[:lmﬁs Strain v]
LSPLOT Pick
User Thick: 0.0
Apply | I
= intpt 2
Frin. ¥ | iptpt 3

@ ) Show

Figure 46

SPlane Setting State
@ Range Vector Measur

Follow Splitw Particle

Output Trace Xyplot

Anno Light FLD

Find Ident ASCIT

Fcomp History Views

Appear Color Model

Group Blank SelPar

1 2|3[a|s5|e|7]D

— et Fringe Range

) Dynamic (") Static

(" Entire Model
(@ Active parts Only
(") Active Elements Only

Min:

Avo:
[ Reverse Colors

[ show region minfmax
[ 1dent Min [ | Max

Mo. min/ max entities 5

|:| Lower [Grav!lﬂl - ]

|:| Upper [Grav!lﬂ - ]
~

[] set Iso Range
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Time= 0.1546, #fnodes=211776, #elem=220883
Contours of Shell Thickness

min=0.697847, at elem# 380945
max=0.942106, at elem# 313177

Figure 47

Fringe Levels

9.000e-01
8.910e-01
8.820e-01
8.730e-01
8.640e-01 _

8.4608-01 _

8.1902-01
8.100e-01
8.010e-01
7.920e-01
7.830e-01
7.740e-01
7.650e-01
7.5602-01
7.4708-01
7.3802-01
7.290e-01
7.200e01 _|

8.550e01 _

8.370e-01 _
8.280e-01 _
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4) Mean stress contour

click Fcomp | (Figure 48)
click  Misc
click Pressure

select for shell mid-plane
click Range

click @ Dynamic

set Levels: 5

click = |to move to the last state

Shown in Figure 49 is the mean stress contour at blank mid-plane.
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Follow Splitw Particle Follow Splitw Particle
Output Trace Xyplot Output Trace Xyplot
Anno Light FLD Anno Light FLD
SPlane Setting State SPlane Setting State
Range Vector Measur < 5 Range Vector Measur
Find Ident ASCTI Find Ident ASCTI
‘ 1 Fcomp History Views Fcomp History Views
Appear Color Model Appear Color Model
Group Blank SelPar Group Blank selPar
1 2(3|a[5][6]7]0D 1 2[(3|a|[s5]|e][7]0
— Fringe Component — Set Fringe Range
Md1 [~ ™ . .
(I @ Dynamic () Static
temperature
=L=S internal energy 7 User ") Show
Hdw shell thickness
Yathickness reductic B
Result hourglass energy () Entire Model
Strain time step size i@ Active parts Only
- ) Acti me n
2 HEC) ) Active Elements Only
Infin Min: Assign |Maxx
Green 0.72 0.9
Almans
SRate Avg: [Nodal -]
Residu [ Reverse Colors
FLD ‘| 1 b ["| Show region min/max
Beam | Shel Thickness " 1dent Min || Max
CFD [““dmﬁs S ] Mo. min/max entities 5
Pick
=L [ Lower [Grav!lﬂ v]
User Thick: 0.0
|:| Upper [Gra\r!H]l v]
[] set Iso Range

Levels |10 v!;l-\l 6 )

PaIEttel I.lpdatel Done |

Figure 48
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Fringe Levels
9.728e+01
3.281e+01 ]
-3.166e+01
9613e+01 _|
-1.606e+02 __
-2.251e+02 :I

Time=  0.1546, #nodes=211776, #elem=220883
Contours of Pressure

shell integration pt#1

min=-225.076, at elem# 388126

max=37.2794, at elem# 332746

Figure 49
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5) Formability plot

click | FLD (Figure 50)

click @ File

click Browse

select FLD file: fld_true.fld

highlight file: fld_true.fld

dlick _set |

deactivate [ |FLD E'strain since FLD curve data provided is in true strain space

activate @ Part

set II'-‘IiddIe v]

click

set Allowable thinning: 0.2 (Figure 51)

set R-value: 0.672

select again (Figure 50)

shown in Figure 52 is the Formability plot of the blank
activate @ Area

click and drag the left mouse button to include the entire blank

click Plot

shown in Figure 53 is the entire blank elements plotted onto the FLD chart.
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Follow splitw | Particle Follow splitw | Particle
Output Trace Xyplot ) Qutput Trace Xyplot
Anno Light | FLD D Anno Light FLD
SPlane Setting State SPlane Setting State
Range Vector Measur Range Vector Measur

Find Ident ASCII Find Ident ASCII
Fcomp History Views Fecomp History Views
Appear Color Model Appear Color Model
Group Blank selPar Group Blank selPar

1 2[3|a|s]|e|7]D 1 2[3|a|s|e]7]D
— Forming Limit Results — Forming Limit Results

Calculated FLD Curve: Calculated FLD Curve:
t= 0.8 n= 0.21 t= 0.8 n= 0.21 Set )

t_n .\ @ ]@ “itn @ File Browse

default_file
i@ Point () Tracer

[7] FLD E'Strain

) Part Clr | Info |
() Area ]
] @ In
) Polygon Out
El#=, Node=,,, - El#=396918,
T=, %R= Node=371396,371775,371776
Major Strain: 369004
u=1= T=0.915, %R=-1.6
Minor Strain: E1=0.0113, E2=-0.0291
U=L= L i
Position: [Fiddle - Faae (9 ) |
Plot | New | Padd 15 JPlot > | New | Padd
Clear | Raise Pop Done Clear | Raise Pop Done
Marne ’ Date modified Type Siz
-‘| fld_true.fid 4/17/2009 10:29 AM  FLD File
Figure 50
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. Formability Diagram - FLD curve (true strain)
Limit % FLC: 0 Cracks
Safety margin % FLC 20 Risk of cracks
Allowable thinning: T
Essential thinning: 0.02 Inadenuate stretch
Allowable thickening: 0.01
R-val 1p
value Wrinkling tendency Wrinkles
Close
e
Figure 51
Time= 0.1545, #nodes=211776, #elem=720823
Contours of Formability: Mid. Surface Formahbility key
FLD curve: FLD curve {true strain}
Cracks
Risk
of cracks
Severe
thinning
Good
Inadlequate
stretch
Wrinkling
tendency
Wrinkles

Figure 52
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FLD curve {true strain)

0.3 \

0.25

4-\/

0.2
£ \
= i
? 0.15 by :
- 3
g AN %
O
2 0.1
) #
0.05 +
]
-0.05 . ; .
-0.1 0 0.1 0.2
Minor True Strain
Figure 53
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6) In-plane major/minor strain vector plot

click selpar |, Figure 54

highlight: S5

click =

click | vector

select |p. Inplane Strain -

activate @ Dynamic
key in SF: 0.02
activate @ part

pick anywhere on the blank

shown in Figure 55 is the in-plane major/minor strain vector plot.
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Follow Splitw Particle Follow Splitw Particle
Output Trace Xyplot Output Trace Xyplot
Anno Light FLD Anno Light A FLD
SPlane | Setting State SPlane SEI:I:in( 4 )tate
Range Vector Measur Range @a/ﬂeasur

Find Ident ASCII Find Ident ASCII
Fcomp History Views Fcomp History Views
Appear Color Model / Appear Color Model
Group Blank |@ : Group Blank SelPar
1 2|3|als][ef[7]0D 1 2|3|a]s]e]7]0
— Part Selection — Wector Plot
51
1D b 53 i {(P. Inplane Strain 5 -
Beam N
Shell 2 51 52 53
solid : ° . Y ,
Tshell BB
CNRB B9 Vector Range
Mass B10
; B11l .
0
Disc B12 i Mim
SBelt B13 =
Inerta B1i14 Max 0
Rsurf E iz
Sphnd g 47 ) Static
Fluid B18
_ B19 - -
@ Single B 20 ) User ) Show
") Area B21 °
) Poly B 22

B 23 B sF 1.0 v

B 24

Save
B 25 ["| Hidden line vector off
Load B 26

HE

E 27 [| Keep vector display e
e S GRS

@Rm (U Kp SortBy ") Area () ElfNode
All Mone Rev
Auto Apply Done Apply ‘ Clear ‘ Done ‘
First Last 52 Inc 1 [¥] Loop

<« m|»| o]+

Figure 54
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il i

_m_...@mﬁmmm"""”

Figure 55

T

S

7883\ |

SRR

had TS &) id
R Vecte =
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7) Mass increase plot

click | AsCIl |, Figure 56
highlight: glstat

click Load

select: 18-% Mass Increase

click Plot

shown in Figure 57 is the mass increase of the blank in percentage.
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Follow splitw | Particle
Output Trace Xyplot
Anno Light FLD
SPlane Setting State ||
Range Vector Heast( 1
Find Ident @
Fcomp History Views
Appear Color Model
Group Blank SelPar

1

2[s]a]pql7]0

1|

abstat |
Uload | rcforc
= ncforc
Raise | pwforc
noedout
Pop elout
secforc &
_ G
Plot |- RGWal id
HNew
PAdd
Al
Clear
Rev
Info
11-Eroded IE -

12-Eroded HGE
13-Eng Ratio w/o Eroded Eng
16-5tep Size

21-7-velocity bl
22-Resultant Velocitv g

m

i [ »

Figure 56
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Figure 57
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Tutorial #F2 - Forming of a cross member with physical bead

Interface Used: Applications > Metal Forming

Files required:

tool.k (tool mesh)

blank.k (blank mesh)

mat_xmbr.k (blank material properties)
flc.fld (FLD curve)

Step 1

Note: LS-PrePost 2.4 dated April 14™ 2009 and later must be used for this tutorial. This tutorial
focuses on the set-up process of a metal forming analysis using the Explicit Dynamic method within the
Metal Forming interface. All components have been meshed previously.

1. Load meshed parts and open Metal Forming Interface
launch LS-PrePost

File > Open = LS-Dyna Keyword

open “tool.k”

File = Import = LS-Dyna Keyword

open “blank.k”; select ‘Import Offset’ option

Shown in Figure 1 are all necessary components and their relative positions.

Application - Metal Forming

Figure 1
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Step 2
2. Job Setup (refer to Figures 2 and 3)

click Job Setup in the side panel in Figure 2 (launches the Job Setup Dialog in Figure 3)
enter Project Name: xmbr

specify Master Folder

set Units: L:Millimeter, F:Newton

— Job Setup
MNew
Job Setup Ao
Pref || Model Setup ——MMM —
Preparation
Info
Blank
Save Tool
Done Position
Drawbead
— Process
Process |

Figure 2
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. lob Setup e

*Project Name: Title

~
Master Folder:  C:\tutoriall EX3 )
A
pu—  —
[~ ~
Units: I'-‘Iillimeter, F:Hewtnn Unit Examples ‘

Forming Type: l_l

Figure 3
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Step 3

3. Define Blank (refer to Figures 4 and 5)

click Blank in the side panel in Figure 4 (launches Blank Assignment Dialog in Figure 5)

select “16 Blank” from the right hand list

click <<

click Yes to LSPP question (pop-up window) of whether to convert SPCs on the blank to MF GUI

select Element Formulation: 2-Belytschko-Tsay

enter Number of Integration: 5

enter Thickness: 1.6; must hit a carriage return.

click MD (launches Material Database Dialog shown in Figure 6)

'

Pref

Info

i

v

Done

— Job Setup
Job Setup

— Model Setup
Preparation

Tool

Position

Drawbead

— Process
Process

Figure 4
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. Blank Assignment o o ] |
Blank | Symmetry Constraint
Blank Name: Blank
— Define Material and Parts
Blank parts and Material *right click to return _ Add New Part
All part list Pick Part
2 Punch {Matid: 0, Thickn Blank Mesh

=)
5]

3 Die (Matid: 0, Thick

nes:
ick

2)
Load Mesh

Translate

Mat Type:
0.0

Mat Hame:
(D)D)
Mat ID: -t @ Thickness: 0.0

L1

—

5 )iement Formulation :@Belvlschku-TsaD

umber of Integ ration:@

Local CID:

0

EIE

7\

13
Coone)

LSPP Question

g S|

1 Do you want to convert the spc
¥ asaforming GUI format?

=0 O mr

Figure 5
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Step 4
4. Load material property for the blank (refer to Figure 6)

click - to go to current working directory (Figure 6)

click “mat_xmbr.k”
click Preview

click OK

click Done (Figure 5)

LSPP Material Database (;‘g
Public Directory v]

C:Vtutarial 1% _xmbr_F2.dir\1_tutarial_inputfiles. dir

(12)

mat_xmbr.k « < Preview

MAT Files (*.mat; =.k; *.key) T] ["] show hidden files

*MAT TRBNSVERSELY ANISOTROPIC ELASTIC PLASTIC
FMATERIAL NAME:ELANEMARET

o

-~
[y
N

m

L MID RO E DR SIGEY ETEN =] HLCID
1 7.830E-0% Z_070E+05 a.28 0.0 0.0 0.8e4 Z
*DEFINE CURVE
F LCID SICR SCLa SCLO QFFR QFED DATTYP
2 a
5 Rl ol
0._0000000000E+00 Z.5010000000E+02
1.2800000000E-03 3.5170000000E+02
2.1500000000E-03 3.5500000000E+402
2.5100000000E-03 4_Z5Z0000000E+402
4_T000000000E-03 4_4030000000E+02 -

Figure 6



LS-PREPOST METAL FORMING APPLICATION

TUTORIAL MANUAL

Step 5

5. Specify/accept boundary conditions for Blank (refer to Figure 7)

click Symmetry Constraint tab (Figure 7)
highlight: 1 X0Z[010101] (cid:0)
click Show and Modify

click right mouse button to return to Blank Assignment Dialog

click Done

. Blank Assignment

vm metry Constraint )} 1

Ssymmetric Planes:

*right click to return

Pick Node and Add

1 xozu1u1u1 i [i] 2 0

NodeList: how and Modify ) F

131819
131822
131824
131826
131828
131830
131832
131834
131836
131838

121QAM

»

e, |

Add nodes By Plane

Constrains:

| x0Z[010101] -

Local CID: © Jj

Figure 7
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Step 6

6. Define Die (refer to Figures 8 and 9)

Click Tool in the side panel in Figure 8 (launches Tool Assignment Dialog in Figure 9)

select the Die tab
set Friction: 0.125, hit a carriage return

select ‘3 Die’ from the right hand list (All part list)

click <<

keep Tool Position vs. Blank as: @ Above

deactivate [ ] contact Offset

set Draw Direction: [1 "]

set: Contact Type: [FﬂR.I'-‘I]HG_DHE_WA‘H’_SUR.FAEE_TG_SUR.FAEE

L

v

— Job Setup
Job Setup |

— Model Setup
Preparation

Blank
~ (D)
Pusn
Drawbead

— Process
Process |

Figure 8
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. Toaol Assignment E@ﬁ

Forming Type:(Single Action/Air Draw)

Die Punch | Binder

Tool +/- |

7 \/\

2) nome: e

Friction: ®°

Die part list *right click to return _ add Hew Part
All part list Pick Parts |
) 21l Load Mesh
3 Di
GXg
Translate
4' Offset
N

eol Position vs Blank:

Draw Directinn:‘ z { 8) bt

Local CID: ©

Contact Tvpe:@nnm_m_wm_ﬁunmcf_m_sunfm 2 9 } :

Done

Figure 9
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Step 7
7. Define Punch (refer to Figure 10)

select the Punch tab
enter Friction: 0.125; hit a carriage return
select “2 Punch” from the right hand list (All part list)

click <<

select Tool Position vs. Blank: @ Below

deactivate: [_|Contact Offset

set Draw Direction: -

set: Contact Type: [F'DFIH]llG_DHE_‘WA‘H'_SUFIfAEE_Tﬂ_SURFAEE -

. Toaol Assignment E@i‘]
Forming Type:(Single Action/Air Draw) Tool +/-

Frictiun:

Punch part list *right click to return _ Add New Part
All part list Pick Parts
Punch Load Mesh
4 Binder —_—
(X
Translate
Offset

Tool Position vs Blank:

] e Draw Direction: aza@_v‘

e ) Above
oca - 1
(\%(ontact Offset 1.1 Local CID: o+

Contact Type: (FORMING_ONE_WAY_SURFACE_TO_SURFACE 8

S— e

Done

Figure 10
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Step 8

8. Define Binder (refer to Figure 11)

select the Binder tab
enter Friction: 0.125

select “4 Binder” from the right hand list (All part list)

click <<

select Tool Position vs. Blank: @ Below

deactivate: [_|Contact Offset

set Draw Direction: [I

)

set: Contact Type: [F'DFIH]llG_DHE_‘WA‘H'_SUFIfAEE_Tﬂ_SURFAEE -

click Done

. Tool Assignment

(5 e |

| *Die | *Punch ( Binder

Forming Type:(Single Action/Air Draw)

Tool +/-

Hame: Binder

Binder part list

c

*right click to return _ Add Mew Part

ontact Offset

Tool Position vs Blank: e
( ) Above
6 @

All part list Pick Parts
4 Binder Load Mesh
(DD R

Friction:

Translate

Offset

1.1

Draw Direction:‘ z ( ) -

p —

Local CID: 0 .+

N
Contact Type: ((FORMING_ONE_WAY_SURFACE_TO_SURFACE Y 8 ) ~
— phkies SN

N\

Figure 11
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Step 9

9. Position components (refer to Figures 12 through 14)

click Position in the side panel in Figure 12 (launches Tool Positioning Dialog in Figure 13)

activate M Blank as a movable tool
activate ¥ Die as a movable tool
activate M Binder as a movable tool
click Auto Position

click Done

Shown in Figure 14 is the properly positioned forming system.

'

Pref

Info

i

v

Done

— Job Setup
Job Setup

— Model Setup
Preparation

Blank

Tool

—

Position

Drawbead

1

— Process
Process

Figure 12
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Bl Too! Positioning NMIEIED
— Manual Move Part Moved
_' +
- +
- +
. s

[] Blank Auto Tipping

Auto Position Home |

Figure 13
I 'IIJJII;#.'JI.'I[JJI flln’Jln'I[.' IHF
T
L
il .III'IIfJI .'I[.llrf|II |’JIFJ[.'Ir J"Iln’JI.'JI.'I!
]
Figure 14
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Step 10

10. Define Process (refer to Figures 15 through 17)

click Process in the side panel in Figure 15 (launches Metal Forming Process Dialog box as shown in

Figure 16)

select Process Type: Forming (Figure 16)

activate Active Tool: M Die

select Die Action: Closure with
select Die Closure With: Binder

set Binder Velocity: v=1000 (mm/s)
activate Active Tool: M Punch
select Punch Action: Stationary
activate Active Tool:  Binder
select Binder Action: Stationary

click Advanced (launches Advanced Setting Dialog in Figure 17)
set Tool Closure Clearance: 0.1 (mm)

click Done

click Control Tab (Figure 18)
activate M Adaptive

set Adaptive Cycles: 20

set Adaptive Level: 4

set minimum element size Minsize: 1.5

set Output States#: 8

1

Pref

Info

i

v

Done

— Job Setup
Job Setup

— Model Setup
Preparation

Blank

Tool

Position

Drawbead

— Process

(Cprocess Y 1

Figure 15
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I5f Metal forming Process E@g

Closing | Drawing

Definition | Control

Active

binder

Input value

Unit: (L:Millimeter, F:-Newton)

Mva 11>

Preview

Output Dyna |

e |

Figure 16
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. Advanced Setting Dialog |_|
Tools User Define Load Curve Type Start Time End Time
LCID vel. Disp.
Die
Punch
Binder

Tool closure cleara noe:

Figure 17
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I5f Metal forming Process = | B [l

Process Type: | Forming - ]

Closing | Drawing

[¥] Active
Definition ( Control § 14
Cvcla:“ Lew_-l:“ I'-'Imsme:“

| Output Adap. Mesh Curve Id:

Qutput Dynain:
Blank [ Tools

Output States#: Add... |

Preview Output Dyna Done |

Figure 18
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Step 11

11. Define Process — continued (refer to Figures 19 through 21)

click Drawing Tab (Figure 19)

activate Active Tool: M Die

select Die Action: Closure with

select Die Closure With: Punch

set Punch Velocity: v=5000 (mm/s)
activate Active Tool: M Punch

select Punch Action: Stationary

activate Active Tool: M Binder

select Binder Action: follow as

set binder to follow: Die

click Advanced (launches Advanced Setting Dialog in Figure 20)
set Tool Closure Clearance: 0.1 (mm)
click Done

click Control Tab (Figure 21)

activate M Adaptive

set Adaptive Cycles: 80

set Adaptive Level: 5

set minimum element size Minsize: 1.5
set Output States#: 10

click Preview for tool kinematic animation

or * or *

click Animate

click Done

to animate tools (Figure 22)

click Output Dyna in Figure 21 (launches Dyna Input Decks Forming Dialog in Figure 23)
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P

ﬁ Metal forming Process

(=== |

Process Type: | Forming

Active

G run) Gimtomay (7)
Gom s Ev]

Action o Input value

Unit: (L:Millimeter, ENewton) Advanced |) q
(11
Preview Qutput Dyna | Done |
Figure 19
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. Advanced Setting Dialog

Tools User Define
LCID

Die

Punch

Binder

Load Curve Type Start Time End Time

vel. Disp.

Tool closure clearance:

Figure 20
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I5f Metal forming Process E@g
Process Type: | Forming v]
Drawing
— Active

Definition 'W‘ 14

Adaptive e

craes(0)(16)  tevet( Y(17) e (15 18)

Output Adap. Mesh Curve Id: o . | +|

Qutput Dynain:

[ Tools

Figure 21
[ . Toaols Animation Preview(Closing) @LJ
Q Time: “
€ | Gumio—|
State#: 0

Figure 22
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Step 12

12. Define Output Options (Figures 23 and 24)

click Advanced (Figure 23)
set Blank File name: blank.k (Figure 24); hit a carriage return.
set Tooling File name: tools.k; hit a carriage return.

set Drawbead File name: beads.k; hit a carriage return.
set Dyna Input File name: sim.dyn; hit a carriage return.

click Done

. Dyna Input Decks(Forming)

oyoa Version:(Vo71_~|

Master Folder: C:\tutoriall

Process Sub-Folder:

Output Dyna

Figure 23
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. Templates And Preference &J

|Templ.atﬁ Prefenenoe| Output Options |

— Qutput File Extenzions

Blank File:\&
Tooling File:
Drawbead File:

Dyna Input FileX

i

[ write all model to one Dyna input file

Fleld Hames Comments Parameter Names
Part Move [] Smooth Curve{velocity) DBead_Box
[ DBead_As_Beam [] contact MPP

()
Templates path: - Load All Save All ‘ @'

Figure 24
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Step 13
13. Output LS-Dyna input decks (Figures 25)
In Dyna Input Decks (Forming) Dialog
click Browse to specify a file folder for output files
click Output Dyna
. Dyna Input Decks(Forming) &J

oyna Version: (1971~

Advanced... ‘

Master Folder: C\tutoriall

Process Sub-Folder:

Qutput Dyna

Figure 25
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Step 14

14. Run LS-DYNA and processing results

Run LS-DYNA - C:\LSDYNA\program\Is971_s_R4.2_win32_p.exe i=sim.dyn ncpu=2 memory=240M
The simulation takes about 3.0 hours on a Xeon CPU 5150 @ 2.66GHz. The actual memory used was
around 82 MW (million words), about 328 MB (megabytes).

Launch LS-PrePost

File > Open - LS-Dyna Binary Plot

Open “d3plot”

1) 3-D breakdown animation

select desired parts by clicking on SelPar as shown in Figure 26

click } to animate the forming process

Dutput Trace Xyplot
Anno Light FLD

SPlane Setting State
Range Vector Measur

Find Ident ASCIT

Fcomp History Views
Appear Color Model First 1 Last 52 Inc 1 /| Loop
Group Blank C SEIPau 2 > — ‘ x| ‘ [ ‘ @J\{} ‘ + I ‘
D 2[3|als|[6[7]D 0 w

Figure 26
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2) 2-D section animation
click | 1 (Figure 27)
click | sPlane
click [[]Basend
click on the node location as shown in Figure 28
click M in Figure 27
click Cut
click  Project View |
click > to animate the 2-D section in Figure 29
Shown in Figure 30 are a few sections throughout the animation.
— Section Plane
@ Fixs () FixM Lagr
@ 1p+NL 7 N1-N2
71 3nds ) 2Nds+D
[ | BasePt Q[ Basenid 3 >
0
23.3897
180.77299
Node 5
ﬂlltpllt Trace xvpht MNormX NormY D MormZ |
Anno Light FLD 0.0 0.0 1.0
@\'SPHHB Setting | State Centroid |  Reset
Range Vector Measur 7
Find Ident ASCII D Kpcuts  CIr
Fcomp History Views j
Appear Color Model 6' Options o=t
Group Blank selPar Model Meas Line
1 2|3|4|5|E|}'|D Force Save Done

Figure 27
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Figure 28

First 1 Last 52 1 [¥| Loop
NN

U

Figure 29
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Figure 30
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3) Thickness variation contour

click Fecomp | (Figure 31)
click  Misc

click Shell Thickness

click Range

click @ user

set Min: 1.344

set Max: 1.6

set Levels: 16

click = |to move to the last state

Shown in Figure 32 is the blank thickness variation contour
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Follow Splitw Particle Follow
Output Trace Xyplot

Splitw Particle
Output Trace Xyplot

Anno Light FLD Anno Light FLD

SPlane Setting State

SPlane Setting State
Range Vector Measur @ Range Vector Measur

Find Ident ASCII Find Ident ASCTI
‘ 1 Fcomp History Views Fcomp History Views
Appear Color Model Appear Color Model

Group Blank selPar

Group Blank SelPar

1 2[3[a|ls]e|7]D 1 2|[3]|a|s|[e]|7]D
— Fringe Component — et Fringe Range
Md1 pressure ) Dynamic () Static
Stress @ ) Show
Hdv q
Ypthickness reductic o
Result || hourglass energy () Entire Model

Strain time step size @ Active parts Only

2 Misc ) ) Active Elements Only

Min:

) O G D

1.3
sRate Avg:[Nodal ]

Residu [ Reverse Colors
FLD 4| m | » [ show region minfmax
Beam | >hell Thickness

[ 1dent Min [ | Max

crp | | Thickness Strain _~ |

Mo. min/ max entities 5

LSPLOT Pick

- - o0 |:| Lower [Grav!lﬂl v]
r !
ooty | ["lupper [Grav!lﬂ - ]
pply | (I ~
p = |intpt 2 [ set Iso Range >
rin intpt 3

intpt 4
intpt 5

Figure 31
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Isform - forming process .

Time= 0.05173, #nodes=247527, #elem=249534 Fringe Levels
Contours of Shell Thickness 1.600e+00
min=1.3026, at elem# 310057

max=1.89797, at elem# 424598 1.584e+00

1.5686+00
15526400 _
15366400 _
15206400 _
15046400 _
1.488e+00 _
1.4726+00
1.4566+00
1.4406+00
1.424e+00 _
1.408e+00 _
1.3926+00
1.3766+00
1.3608+00
1.3448+00 |

Figure 32
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4) Mean stress contour

click Fecomp | (Figure 33)
click  Misc
click Pressure

select for shell mid-plane
click Range

click @ Dynamic

set Levels: 14

click = |to move to the last state

Shown in Figure 34 is the mean stress contour at blank mid-plane.
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Follow Splitw Particle Follow Splitw Particle
Output Trace Xyplot Output Trace Xyplot
Anno Light FLD Anno Light FLD
SPlane Setting State SPlane Setting State
Range Vector Measur < 5 Range Vector Measur
Find Ident ASCTI Find Ident ASCTI
‘ 1 Fcomp History Views Fcomp History Views
Appear Color Model Appear Color Model
Group Blank SelPar Group Blank selPar
1 2(3|a[5][6]7]0D 1 2[(3|a|[s5]|e][7]0
— Fringe Component — Set Fringe Range
Md1 [~ ™ . .
(I @ Dynamic () Static
temperature
=L=S internal energy 7 User ") Show
Hdw shell thickness
Yathickness reductic B
Result hourglass energy () Entire Model
Strain time step size i@ Active parts Only
- ) Acti me n
2 HEC) ) Active Elements Only
Infin Min: Assign |Maxx
Green 0.72 0.9
Almans
SRate Avg: [Nodal -]
Residu [ Reverse Colors
FLD ‘| 1 b ["| Show region min/max
Beam | Shel Thickness " 1dent Min || Max
CFD [““dmﬁs S ] Mo. min/max entities 5
Pick
=L [ Lower [Grav!lﬂ v]
User Thick: 0.0
|:| Upper [Gra\r!H]l v]
[] set Iso Range

W — O

PaIEttel I.lpdatel Done |

Figure 33
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Isform - forming process

Time= 0.05173, #inodes=247527, #elem=249534
Contours of Pressure

shell integration pt#1

min=-526.762, at elem# 427361

max=470.394, at elem# 354350

Figure 34

Fringe Levels
4.704e+02
3.992e+02
3.279e+02
2567e+02 |
1.855e+02 _

4.304e+01
-2.818e+01
-9.941e+01
-1.706e+02
-2.419e+02
3.131e+02
-3.843e+02
-4 555e+02
5.268e+02 |

1.143e+02 _
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5) Formability plot

click | FLD (Figure 35)

click @ File

click Browse

select FLD file: fld_true.fld

highlight file: fld_true.fld

dlick _set |

deactivate [ |FLD E'strain since FLD curve data provided is in true strain space

activate @ part

set | Middle - |

ik

set Allowable thinning: 0.16 (Figure 36)

set R-value: 0.864

select again (Figure 35)
shown in Figure 37 is the Formability plot of the blank
activate @ Area

click and drag the left mouse button to include an area of the blank as shown in Figure 37

click Plot

shown in Figure 38 is FLD diagram plot for the blank elements selected.
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Follow splitw | Particle Follow splitw | Particle
Output Trace Xyplot / Output Trace Xyplot
Anno Light | @D Anno Light FLD
SPlane Setting State SPlane Setting State
Range Vector Measur Range Vector Measur
Find Ident ASCID Find Ident ASCII
Fcomp History Views Fcomp History Views
Appear Color Model Appear Color Model
Group Blank SelPar Group Blank SelPar
1 2|3|a]s]e][7]0D 1 2[3|als|[e][7]0D
— Forming Limit Results — 8 —— — Forming Limit Results
Calculated FLD Curve: Calculated FLD Curve:
t= 0.8 n= 0.21 t= 0.8 n= 021 ( Set )

default_file w fic_true.fid
defanlt_file
@ Point (") Tracer @ Point (71 Tracer

[] FLD E'Strain

FLD E'Strain )

OO ©

) Part Clr | Info @ Part ) Clr | Info |
@ Element T —— ) Element "
- — | — -
) Area _ | Area §
_ Polygon Out _ Polygon
E|#=.r Hﬂde:m’; s El# =r HﬂdE:m’r =
T=, %R= T=, %R=
Major Strain: Major Strain:
U=,L= u:‘_l_:
Minor Strain: Minor Strain:
U=,L= - U=,L= o

| . postion (9 )
Plot | New | Padd (16| New | Padd
Clear | Raise

Clear | Raise Pop Done Pop Done

Marne Date modified Type

0@ 4/17/200911:36 AM  FLD File

Figure 35
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. Formability Diagram - FLD for Xmbr (True)
Limit % FLC: 0 Cracks
Safety margin % FLC: 20 Risk of cracks
Allowable thinning: S
Essential thinning: 0.02 Inadequate stretch
Allowable thickening: 0,01
R-val Q 0.864
value - Wrinkling tendency Wrinkles
Close
e~
Figure 36

Isform - forming process

Time= 0.05173, #nodes=247527, #elem=249534
Contours of Formability: Mid. Surface

FLD curve: FLD for Xmbr {True) Cracks

Formability key

Risk

of cracks
Severe
thinning
Good
Inadequate
stretch
Wrinkling
tendency

Wrinkles

Figure 37
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Major True Strain

1.6

1.4

1.2

o
%

it
o

e
=

ot
N

FLD for Xmbr {True)

P

k'

k

™

N\

N

N\

~

0.6

-0.4

-0.2

Minor True Strain

Figure 38

96



LS-PREPOST METAL FORMING APPLICATION

TUTORIAL MANUAL

6) In-plane major/minor strain vector plot

click selpar |, Figure 39

highlight: S16

click =

click | vector

select |p. Inplane Strain -

activate @ Dynamic
key in SF: 0.06
activate @ part

pick anywhere on the blank

shown in Figure 40 is the in-plane major/minor strain vector plot.
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Follow splitw | Particle Follow splitw | Particle
Output Trace Xyplot Output Trace Xyplot
Anno Light FLD Anno Light A FLD
SPlane | Setting State SPlane SEI:I:m( 4 )tate
Range Vector Measur Range Vector Measur
Find Ident ASCII Find Ident ASCII
Fcomp History Views Fcomp History Views
Appear Color Model / ) Appear Color Model
Group Blank |@ Group Blank SelPar

1 2|3|a]s]e]7]0

— Part Selection — Wector Plot
51
1D b 53 i {(P. Inplane Strain 5 -
Beam N
Shell 2 51 52 53
Solid : ° . Y ,
Tshell BB
CNRB B9 Vector Range
Mass B10
; B1i1 .
0
Disc B12 i Min
SBelt B13 =
Inerta B14
Rsurf E iz
Sphnd  |g17 Static
Fluid B18
_ B19 -
@ Single B 20 ) User Show
") Area B21 °
) Poly B 22 3
: B 23 SF[1.0 (006 >
B 24
Save
B 25 ["| Hidden line vector off
Load B 26
E 27 [| Keep vector display e
o N
T -
Owhoe  @rarS
@Rm I Kp SortBy " Area () ElfNode
All Mone Rev
Auto Apply Done Apply ‘ Clear ‘ Done ‘
First Last 52 Inc 1 Loop
<« m|»| o]+ 0]

Figure 39
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7) Major/Minor strain contour plot

click Fecomp |, Figure 41

click FLD

highlight: upper_epsl
shown in Figure 42 is the upper surface major in-plane strain contour
highlight: upper_eps2 (Figure 41)

shown in Figure 43 is the upper surface minor in-plane strain contour
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Follow Splitw Particle

Durtput Trace Xyplot

Anno Light FLD

SPlane Setting State

Range Vector Measur

( 1 Find Ident ASCII
Fcomp History Views

Appear Color Model

Group Blank SelPar

1 2|3[a|s5|e|7]D

— Fringe Component

Md1 lower epsl/fldc
upper epsl/fidc
Stress ||| middle eps1/fide

Ndwv maxima eps1/fldc
lower fldc-epsi
Result upper fldc-epsi
middle fldc-eps1

Strain

T
maxima epsl
Green lower eps2

L« r epsd
middle eps2
5.Rate maxima eps2
max shear stress

Residu sigmal
2 ~ N || sigma2
. FAD _J

intpt 2
Frin > |/inipt 3

ntpt 5

Figure 41
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Isform - forming process

Time= 0.05173, #nodes=247527, felem=240534 Fringe Levels
Contours of Upper Surface eps1 3.369e-01
FLD curve: FLD for xmbr
min=-0.0953532, at elem# 414132 2.336e-01
max=0.336915, at elem# 424652 2503e-01
2.071e01_
1.638e-01
1.205e-01
7.719e-02
3.391e02
9.379e03
5.267e-02
9.595e02 |
")
Figure 42
Isform - forming process )
Time= 0.05173, #nodes=247527, #elem=248534 Fringe Levels
Contours of Upper Surface eps2 1.208e-01
FLD curve: FLD for xmbr
min=-.361602, at elem# 333468 7.260e-02
max=0.12084, at elem# 427372 2435802 _|
-2.389e-02 _
-7.214e02
-1.204e-01
-1.686e-01
-2.169e-01
-2.651e-01
-3.134e01
-3.616e-01 |

Figure 43
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9) Thinning along a section (XY plot)

click Fcomp |, Figure 44

click Misc

highlight: % thickness reduction

click | SPlane

click [[|Basend

pick on a node along the symmetric plane, as shown in Figure 45

click mMormy |, Figure 44

click Cut

click Line

click Plot

shown in Figure 46 is thinning percentage of the blank along the symmetric plane.
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Follow Splitw Particle Follow Splitw Particle Follow Splitw Particle
Durtput Trace Xyplot Durtput l\Traﬂe Xyplot Output Trace Xyplot
Anno Light FLD Anno( 4 )ight FLD Anno Light FLD
SPlane | Setting | State (SPlane)—Setting | State SPlane  Setting | State
Range Vector Measur Range Vector Measur Range Vector Measur

Find 1 \dent ASCII Find Ident ASCII Find Ident ASCII
istory Views Fcomp History Views Fcomp History Views
Appear Color Model Appear Color Model Appear Color Model
Group Blank SelPar Group Blank SelPar Group Blank SelPar
1 2[3|[als|[se][7]0D 1 2[3|[als|[se][7]0D 1 2|3|a]s]e][7]0D
— Fringe Component — Section Plane — Section Plane
Md1 pressure @ FixS () FixM Lagr @ Fixs () FixM Lagr
st !:Etmperliiture : : :
internal energy 3 @ 1p+NL @ 1p+NL ) N1-N2
Ndv sh ) - -
« Yothickness reductic 1 3Nds () 3Nds ) 2Nds+D
Result hou
Strain | || OMe Step size [ | BasePt Selected PartID: 16
LN = = -
< Misc ) 41,1106 AtX =0 At X = End:
X= -135.529800 153.335419
2 0 Y= 0.000000 0.000000
L I= -139.058701 -139.084763
Almans -95.368698
5.Rate Node 27288
Residu
_ - |T - HormX | HormY rmZ | |:|Cha'm 10
Beam | - Shel Thickness 0.0 1.0 0.0 Plot New Padd
CFD [Thiclmﬁs Strain - ] Centroid | Reset | Flip Raise Pop
LSPLOT Pick Project View | Project View |
vser | [ 09 o e o || for ) s a
Apply | I 8
- intpt 2 @ dptions Crush Cut Options ol 9 )
Frin ~ ~ | iptpt 3
intpt 4 Model Meas Line Model Meas @
intpt 5
Force Save Done Force Save Done
Figure 44
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Isform - forming process

24
current z-strain

-1.125e+0
-1.501e+01 _|

-1.87Te+1 _

Figure 45

12_ M

. |

T Y N
e, | | [ |7

0 100 200 300 400

% Thickness Reduction- based on current z-strain
-
]
L |

Distance Along Section

Figure 46
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9) Mass increase plot

click | Ascm |, Figure 47
highlight: glstat
click  Load

select: 18-% Mass Increase

click Plot

shown in Figure 48 is the mass increase of the blank in percentage.
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Follow Splitw Particle

Output Trace Xyplot

Anno Light FLD

SPlane Setting State

Range Vector Heast( 1>
Find Ident @

Fcomp History Views

Appear Color Model

Group Blank SelPar

1 2[3]a]s7]7]o
2

[ »

Isform - forming process
Plot - RGWal ld — 4 | |

New i LA % Mass Increase | A

| rs

Rev

Info

11-Eroded IE "
12-Eroded HGE

13-Eng Ratio w/o Eroded Eng
16-5tep Size

% Mass Increase {(E+3)

20-Y-velocity rw
21-7-velocity bl 1] : 4 X !

22-Resultant Velocitv 0 0.01 0.02 0.03 0.04 0.05
1| i [ »
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Time

Figure 47 Figure 48

107



