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|. Import the mesh and create a new setup

Click the menu File/Import: select the thermal caseOl.dat file. (Figure 1).
Click the menu AutoSetup/Sheet Forming. (Figure 2).

1
2
3. Define the new simulation as illustrated in Figure 3.
4

Click OK to continue.

Look in: | input files

L Mame

-~

~| & EB e E

Date modified Type

=ik
= i |thermal_case0l.dat

2008/1/15 0:00 DAT File

Recent Flaces

Desktop
=l
Libraries
A

Computer

&

4

File name:

Files of type:

L

|therma|_u:ase".]'l dat

INASTRAN ( dat;" nas)

[ AllFiles

Figure 1

| ok |
j Irmport

Cancel

AutoSetup

Sheet Forming

Tube Forming
Rotary Bending
Roller Hemming
Superplastic Forming

Figure 2

Thickness: |1.D

— Process

Type: |Sing|e action ﬂ

— Original tool geometry

t Upper & Lower

& Upper & Lower

QK Cancel

Figure 3
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Il. Define blank part

Keep the General property default.

Click Blank illustrated in Figure 4.

Click Define Geometry button to display the Blank generator dialog box.
Click Add Part... (Figure 5).

Select part POO000O0L1.

Click OK to define it as the blank part (Figure 6).

Click Exit button ( Figure 5).

NOo bk bR

Sheet Forming

Setup  Display  Preview Job

| 10.farming L
General | Blank | Tools | Process | Contral |
Geometry
Part Material Thickness Property
‘ Cefine geometry... |

Figure 4
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Il. Define blank part

Blank generator -
Select Part

Dperation

Select by Cursor

Add part.. | i ’E f:+
o

Impaort elem... Select by Name

Parts | Outiine | Mesh edit

Surface mesh...

[ Exclude

Total selected 1

Displayed All Parts

Reject Last Part

QK Cancel

Figure 5 Figure 6
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11l. Define element formulation

1. Click the button below Property (Figure 7) .
2. Define the element formulation as 16.Fully Integrated (Figure 8).

Sheet Forming

Setup Display Preview Job

| 10.farming +

General | Blank| Tools | Process | Contral |

Section Properties (SHE

— Properties
Geometry 2

Part Material Thickness Property Element formulation (ELFORM):  J|16 -

J roooooor 1 | BLANKMAT |1.D ELFORM=2 |

Mumber of Integration points (MIP): |5

Figure 7 Shear correction factor (SHRF): |D.833

Sheet Forming

Setup Display Preview Job

Defautt |
| 10 forming L 3 ) .
Figure 8
General | Blank| Tools | Process | Contral |
Geometry
FPart Material Thickness Froperty

J roooooor 1 | BLANKMAT |1.D ELFCIRM:1E|

Figure 9
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V. Define blank structural material

1. Click the button below Material to define the structural material model (Figure 10).
2. Select the model 106*MAT_ELASTIC VISCOPLASTIC THERMAL (Figure 11).
3. Material parameters dialog box is illustrated in Figure 12.

Sheet Ferming

Setup  Display FPreview Job

| 10.forming L |
General | Blank| Tools | Process | Control |
Geometry
Part Material Thickness Froperty
‘ I POOOOOOT 1 I BLAMKEMAT 1.0 ELFORM=16 |
Figure 10
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V. Define blank structural material

T36 Type: [106*MAT_ELASTIC_VISCOPLASTIC_THERMAI

Type:

Mame: BLAMEMAT Material Mame: Eil_-"a'.r-JFir-.-1.-"4'.

Mass Density |?.a3e-m19

Young's Modulus: {207000.0

1*MAT_ELASTIC Poisson's Ratio: |D.23

4*MAT_ELASTIC_PLASTIC_THERMAL
12*MAT_ISOTROPIC_ELASTIC_PLASTIC
18*MAT_POWER_LAW_PLASTICITY
24*MAT_PIECEWISE_LINEAR_PLASTICITY
- I6*MAT_3-PARAMETER_BARLAT
JI7T*MAT_TRANSVERSELY_AMISOTROPIC_ELASTIC_PLASTIC
J9*MAT_FLD_TRAMSYERSELY_AMISOTROPIC
E4*MAT_RATE_SENSITIVE_POWERLAW_PLASTICITY
103*MAT_ANISOTROFIC_VISCOPLASTIC

Init. Yield Stress (SIGY): |

Expansion Coef {ALPHA): |EE-DDE

Viscous Param C (C): |

Viscous Param P (P): |

Strainfstress curve: | =MNone=

Forming Limit Curve: |-:Nnne:~

106*MAT_ELASTIC_VISCOPLASTIC_THERMAL
193*MAT_TRIP Default| oK | Cancel

12Z2*MAT_HILL_3R

123*MAT_MODIFIED_PIECEWISE_LINEAR_PLASTICITY
125*MAT_KINEMATIC_HARDENING_TRAMSVERSELY_AMISOTROFIC Figure 12
133*MAT_BARLAT_YLD2000

Figure 11
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Note: Structural Material Model For Thermal Forming

o *MAT _ELASTIC PLASTIC THERMAL (#4)

« *MAT _ORTHOTROPIC _THERMAL (#21)
— Linearly elastic material
— Orthotropic temperature dependent coefficients

« *MAT_ELASTIC _VISCOPLASTIC _THERMAL (#106)
(The #106 is defined in this case)
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V. Define blank structural material

4. Toggle on switch illustrated in Figure 13.

Load Curve defining Young’s modulus as
function of temperature.

Load Curve defining Poisson’s ratio as

Type: [106*MAT_ELASTIC_VISCOPLASTIC_THERMAI

function of temperature. Material Name: [BLANKIAT
Load Curve defining the coefficient of Mass Density:[7 83s-003
thermal expansion as function of Youngs Modulus: [<None> .
temperature. Poisson’s Ratio: | <Nene=
Load Curve for scaling the viscous material nit Yield Stress (SIGY) |
parameter C as a function of temperature. Expansion Cosf (ALPHA). | <Hone>
Load Curve for scaling the viscous material e
parameter P as a function of temperature. Viscous Param P (P): | <None= |

Strain/stress curve: | =Mone=

Forming Limit Curve: |{Nune:~

Load Curve ID. Once Tab is toggled on, the
user needs to define a table for effective
stress versus effective plastic strain.

»» | Default | oK

Figure 13

10
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V. Define blank structural material

5. Click the Young’s Modulus button illustrated in Figure 14.

6. The dialog box illustrated in Figure 15 pops up. Click Import button in Figure 15.
7. Select the file: LCE-Young.cur.

8. Click OK.

Type: [106*MAT_ELASTIC_VISCOPLASTIC_THERMAI

J pe 8] |
|npm| Formula | Operation | Clipboard 25| A= Ao ’g 4}’. Q @]
ursor:

Mo. X Y

Material Mame: |EILANKM&T

Foint:

Mass Density |?.839—[]DQ

Young's Modulus: | =MNone= |

Poisson's Ratio: | =Mone=

Init. Yield Stress (SIGY): |

Expansion Coef (ALPHA). | <Mone=

Viscous Param C (C); | =Mone=

Viscous Param P (P} | =Mone=

Strain/stress curve: |=Mone=

Cancel

Forming Limit Curve: |~=Nnne:~

Figure 15

- Default| oK | Cancel

Figure 14 11
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V. Define blank structural material

9. The imported curve illustrated in Figure 16.
10. Click OK to accept the curve illustrated in Figure 17.

Type: [106*MAT_ELASTIC_VISCOPLASTIC_THERMAI

| Load Curve - YoungM / Temperatu

Input| Formula|0peration Clipboard| =4 | 4 4 = 72\3’% <®’. Q @]

Mo. X Y

Material Hame: |EILANKMAT

OP: <Mone=> Cursor: (111.11, 2.1144e+5) Point:
20.0 212000.0 ﬂ ¥ (MPa)

100.0 207000.0
200.0 198000.0
270.0 193400.0
400.0 165970.0
500.0 1567990.0
600.0 150010.0
700.0 142030.0
800.0 134050.0
900.0 126070.0
1000.0 118090.0

Mass Density: [7.83e-009

Young's Mudulus:llﬂralidh

Poisson's Ratio: | =Mones

L= == T I = L+

Init. Yield Stress (SIGY): |

-
(=]

Expansion Coef (ALPHA): | =Mone=

-
pry

iy
(3]

Viscous Param C (C): | =Mone=

Insert
Delete Delete All

Viscous Param P (P} | =Mone:=

Strain/stress curve: |{Nune:~

|IIIIH‘III|IIIIHIII|IIIIHIII|IIIIHIII|III

X

i

T[T T[T T[T [T T[T T[T T [ IT T Trr T rioT]
(C}
0.0 200 400 600 800 1000

Forming Limit Curve: |~=Nune:~

Cancel

Default| oK | Cancel

Figure 16

Figure 17

12
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V. Define blank structural material

11. Refer to the above steps (step 5-step 8) to import the following curves:
— Select LCPR-Poisson.cur as Poisson’s Ratio;
— Select LCALPHA-Expansion.cur as Expansion Coef. (ALPHA);
— Select LCC-C-scaled.cur as the Viscous Param.C;
— Select LCC-P.cur as the Viscous Param.P.
The result is shown in Figure 18. Type: [106°MAT_ELASTIC_VISCOPLASTIC_THERMAI

Material Mame: |EILANI{MAT

Mass Density: |?.s3e-nng

Young's Modulus: |=Valid=

Poisson's Ratio: | <Valid=

Init. ¥ield Stress (SIGY): |

Expansion Coef (ALPHA): | <Valid=

Viscous Param C (C): | <Valid=

Viscous Param P (P} | =Valid=

Strainistress curve: |=Mone=

Forming Limit Curve: |~:Nnne:~

== | Default | oK

Figure 18 13
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V. Define blank structural material

1. Click the button left to Tab illustrated in Figure 19.
2. The Table pops up. Click Add in Figure 20.
3. Click None in Figure 21.

Value(C) : Value(C)

Type: [106*MAT_ELASTIC_VISCOPLASTIC_THERMAI - 0.0

Material Mame: |EILAN}{h-1AT

Mass Density: {7.83e-009

Young's Modulus: |=Valid=

Poiszon's Ratio: |=Valid=

Init. Yield Stress (SIGY): |

Expansion Coef (ALPHA): | =Valid=

Viscous Param C (C): [=Valid=

Viscous Param P (P). |=Valid=

Strainistress curve: |~:Nnne=~

Forming Limit Curve: |=Mone=

e Default | oK | T Expart O Cancel | Export Ok Cancel

Figure 19 Figure 20 Figure 21
14
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V. Define blank structural material

4. Click Import... to select the stress/strain curve at O degree. (Figure 22).
5. Select OD.cur.
6. Click OK.

Load Curve - 55C

PP S A L))

OP: =Hone= Cursor:
T (MPa)

Mo, X Y

Export... ' T[T T[T T [T T[T [ TI T T[T T[T T [TT T [TTTT]
A0 0.2 0.4 0.6 0.8 1

[=1

Cancel

Figure 22 15
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V. Define blank structural material

7. The stress/strain curve at 0 degree is imported. The result is shown in Figure 23.

8. Then Click OK to accept the result. The first curve definition is displayed with
valid. See Figure 24.

| EERlETEeEse Value(C) Curve

1 0.0 =\alid=

2F Qs
OP: =None> Cursor: (0.037037, 1630) Point:
12 0.16 1816.4453 ﬂ G (MPa)
13 |0.18000001(1867.9858 -
14 0.2 1916.6688
15 0.30000001|2120.2568
16 0.40000001|2307.8528
17 0.5 2464.8342
18 0.60000002|2606.5156

Mo. X Y

19 |0.69990999|2736.6331
0.80000001/2857 6138
0.89990998/2971.1404
3078.4351 =

Insert
Delete All

Add |De|ete |De|eteM|| Sort |

Cancel
Figure 23

Figure 24
16

Englineering Technology Assoclales, Inc.



V. Define blank structural material

9. Repeat the above steps (step 1-step 8)
to complete the table. ;

— 100D.cur
— 200D.cur No. Value(C) Curve
300D.cur 2 [1000 _<Valie> | 4]
. 3 J2000 e C_VISCOPLASTIC_THERMAI
— 400D.cur X — |
— 500D.cur 5 w000 valigs .E.|EIL-&NKM;&T
- 6OOD.Cur & |5[]I].[] =\alid= pity: |?_839-[][]g
700D.cur 7 Js000 <vaiid- o) =
. 8 |?[m.n <Valid= ptio: | <Valid= . |
— 800D.cur s foovo e |
— 900D.cur 10 |9[m.n =Valid= ) [ =Valid= ]
— 1000D.cur 11 [1000.0 L <valid | e | |
' i i [ <vatig=
The result is shown in Figure 25. add | Delete [Deteteat| sort | F'*| = —
I rve: | =Valid=
10.Click OK to accept the table. | .
Import... | Export... | oK | Cancel e [<None=

11.Click OK to accept the stress/strain
definition. (Figure 26). " Figure 25 — _Deaut | ok | cancel

Figure 26

17
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V. Define the symmetry plane

Only toggle on the blank part. And switch it to the top view.
Click Define... (Figure 27).
The dialog box pops up (Figure 28). Select the Quarter Symmetry.

Select the labeled node (Figure 29) in the display screen. Then all nodes on the
symmetry plane are selected automatically.

N

5. Click Exit in Figure 28 to accept the result.
. Symmetry Plane .
— Geometry typg ———
Sheet Forming E G ) .]
Setup Display Preview Job
[ 10sorming ﬂ‘ [ Symmetry Axis
O(0,0)
General |Blank| Tools | Process | Control | X{1,0)
— Geometry
Part Material Thickness Property * W-Plane
I PoO0OOOOOT 1 | BLAMKMAT | 1.0 ELFORM=16 &V W -Plane
) & 2 points on UV - Plane
— Position
Position: [0.0 0.0 0.0 Select point(s) ... |
— Symmetry
Symmetry type: |<N0ne= Define... Tolerance: 0.01

Exit

Figure 27

Figure 28 Figure 29 18
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V1. Define tools

Click Tools to define tools. (Figure 30).

Click Define Geometry...

Click Define Tool icon in Tool Preparation dialog box. (Figure 31).
Click Add Part... . See Figure 32.

Select part p3 and click OK. (Figure 33).

Click Exit to accept the selected part. (Figure 34).

Click Exit to exit the Tool Preparation dialog box.

Repeat steps 1-7 to define punch (p2) and binder (p4).

Click Exit to exit the Tool Preparation dialog box.

© 0N O WDE

(Note: define Friction Coefficient as 0.4).

19
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V1. Define tools

Sheet Forming

. R Tool Preparation (Sheet Forming
Setup Display Preview Job

File  Display

| 10 forming Geometry| Mesh|

Organize

General | Ellank|: 00Is§| Process | Control|

55

punch

— Current tool E@
&

die binder

Mame: 10_ ||:Iie

2
5
F'ositi;m: 0.0 0.0 0.0 ai Q Q‘ ﬁ- %ﬁ @
— Working direction % Eﬁ@ Ig

Direction: -W / ﬂ g jck %‘ %
— VAP AV AN

punch

binder

— Geometry

Define geometry...

— Contact

Offset:

0.0 -
Frictional coef. [0.125 |steel Std w|  Advanced..
w

Association: |<Nom=zr= J

" Surface normal
Delete

W U-V line

Summary... 0 parts, 0 elems, 0 surfs, 0 lines

Figure 30 Figure 31 20
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V1. Define tools

Select Part

Select by Cursor

#==n
Define tool / C{ﬁ L- "i' Define tool -

Select by Name

™ Exclude ; | Remove part

Ramove all parts Total selected 1 Remave all parts

™ Remove permanently Displayed All Parts ™ Remove permanently

Reject Last Part

(8] Cancel

Figure 32 Figure 33 Figure 34

21
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VII. Define thermal analysis

1. Click General on the Sheet forming GUI.
2. Toggle on Coupled thermal structural analysis option.
3. Atab named Thermal is displayed (Figure 35).

Setup Display Preview Job

| 10 forming +

EGeneraI§| Blank | Tools) Thermal | Process | Control |

— Title

Title: |Therma| Forming

— Working coordinate system

Working coordinate system: |GL'DEIAL ﬂ Select... Mew...

— Acceleration time

Tool acceleration time:  |0.001

— Thermal analysis

| |
IIF Coupled thermal structural analysis

Figure 35

Englineering Technology Assoclales, Inc.
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Thermal material

Thermal material type:

*MAT_THERMAL_ISOTROPIC

*MAT_THERMAL_ORTHOTROPIC
MAT_THERMAL_ISOTROPIC_TD

*MAT_THERMAL_ORTHOTROPIC_TD

*MAT_THERMAL_ISOTROPIC_PHASE_CHANGE
MAT_THERMAL_ISOTROPIC_TD_LC
MAT_ADD_THERMAL_EXPANSION

Englineering Technology Assoclales, Inc.
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V. Define thermal material

1. Click Blank on the Thermal analysis tab.

2. Define the blank thermal material and select
*MAT _TERMAL ISOTROPIC TD_LC. (Figure 36).

3. Use Thermal Density default (same as structure density).
4. Click ... to define Heat Capacity. (Figure 37).
5. Click Import... to import the heat capacity curve. (Figure 38).

24
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V. Define thermal material

Sheet Forming

Setup Display Preview Job

| 10.forming

General | Blank | Tools | Thermal ‘ Process | Control |

Blank| Tools | Eloundan.r| Contact| Control |

— Mode

+ Common thermal material

% Individual thermal material

— Thermal material

Type: |1*MAT _THERMAL ISOTROPIC Thermal Material

MNew. .. + Edit... Import.. Export...

1*MAT_THERMAL _ISOTROPIC
2*MAT_THERMAL _ORTHOTROPIC
F*MAT_THERMAL_ISOTROPIC_TD Thermal Density (TRO): |D.D kag/im3
4*MAT_THERMAL_ORTHOTROPIC_TD
5*MAT_THERMAL_ISOTROPIC_PHASE_CHAMGE

IE*MAT_THERMAL_ISUTROF'IC_TD_LC Thermal Cond. (TCLC): |"f~"u"EI|id3=“

Type: [6*MAT_THERMAL _ISOTROPIC_TD_LC

Heat Capacity (HCLC): |‘-‘~"u"E||id3=“

Cancel

Figure 37

Figure 36 25
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V. Define thermal material

' Load Curve - Heat Capacity / Temperatur

Input| Formula | Operation | Clipboard

- Y OP: =None= Cursor: (0, 0)

0.0 4.0 Y (JlkgK)

Add Insert

Delete Delete All |
Apply

X
Export... : ||||||||||||||||||||||||||||||||||||||||||||||||||“:_
)

0.0 200 400 800 a0a 1000

Cancel

Figure 38
26

Englineering Technology Assoclales, Inc.



V. Define thermal material

Select HCLC-heat-capacity.cur.

Click OK to accept the curve.

The file is imported. (Figure 39). (The unit of heat capacity here is J/kgK.)
Click OK to accept the operation.

© N O

Picad Curve - Heat Conae il R

Input| Formula | Operation Clipboard| f-$ f(w & :) @Ig 4}'- q @]

Mo. X Y

- & Cursor: (8.7302, 393.68) Point;
15 600.0 445 10745 ﬂ Y (Jkgk)

16 650.0 44812212
17 700.0 44976918
18 TH0.0 460.20295
19 800.0 450.57612
20 850.0 451.03965
21 500.0 451.7425

Type: [5*MAT_THERMAL_ISOTROPIC_TD_LC

Thermal Density (TRO): (0.0 ka/m3

.
=]
n

22 950.0 452.83146

23 (10000 454 45099
24 10500 456.74297
25  [1100.0 459.54656 ﬂ

Add Insert

Delete Delete All |

Heat Capacity (HCLC)}|=\Valid=
Thermal Cond. (TCLC): |*—*~Va|idr—~
Cancel |

/[ x Figure 40
Export... | T 1 LA B B B B LI I B B ©
| 400 300 :

Cancel |

[}
&
i

III|III|III|III|III|III
@
m
W

(]
e
n

=]
=

Figure 39
27
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V. Define thermal material

10. Repeat steps 4-9 to select TCLC-conductivity-scaled.cur as blank thermal
conductivity curve. (Figure 41).

11. The result is shown in Figure 42.

Input| Formula | Operation Clipboardl f$ é{w 2,;3 :-) ﬂ’g ‘4}). q @]

X Y

OP: <Nong= Cursor: (0, 0} Point:
100.0 12454 4 Y (Wimk)

150.0 1222.0

200.0 12003

250.0 11792

270.0 11684

335.0 10176

400.0 366.4

600.0 9456

500.0 1024.3

10000 [1104.0

12000  |11832 ]

Insert

Delete Delete Al |

l Thermal hMateria

Type: [5*MAT_THERMAL_ISOTROPIC_TD_LC

Thermal Density (TRO): |D.D kg/m3

Heat Capacity (HCLC): |~:‘u'alid:~

Thermal Cond. (TCLC): |~:‘u'alid:~

w
@
=1

Cancel

g

| LA L [ N ) L B N B
400

=
=

Cancel |

Figure 41

Figure 42

28
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V. Define thermal material

12. Refer to the above steps to define the tools thermal material.
— HCLC-heat-capacity-tools.cur
— TCLC-conductivity-tool-scaled.cur
The result is shown in Figure 43.

Sheet Forming

Setup  Display Preview Job

| 10 forming +

Ellank| Tools | Eluundarj.r| Cuntactl Control |
— Mode

¢ Commaon thermal material

% Individual thermal material

— Thermal material

Type: IB*I'u'IAT_THERMAL_ISUTRUF'IC_TD_LC |

New...'-T| Edit . | Import. | Export..

Figure 43

29
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IX. Define thermal boundary

1. Keep the initial blank temperature and tools temperature as default (800 and 50).
2. Keep the Radiation factor as default (0.8*SBC and SBC=5.67E-11).
3. Keep the Heat transfer coefficient as default (5W/m2K).

Please see Figure 44.

Sheet Forming

Setup Display Preview Job

| 10.farming +

Ellank| Tools | Euoundary| Contact | Contral |

— Temperature

Initial temperature of blank:  |800.0C

Initial temperature of tools: A00C

— Radiation

W Radiation factor: 0.5 35BC [T Curve multiplier
— Convection

l? Heat transfer cuef.:é |5.D Wimz2k [T Curve multiplier

Figure 44

Englineering Technology Assoclales, Inc.
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X. Define thermal contact

Define Thermal Conductivity as 40W/mK;

Define Radiation factor as 7.6*SBC,;

Define Heat Transfer Coefficient as 20W/m2K;

Min. gap is 0.001lmm and Max.gap is 0.5mm.

Select Two Way contact.

Toggle on Thermal boundary conditions are off when parts are in contact.
The definition is shown in Figure 45.

No bk Db R

31
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X. Define thermal contact

Sheet Forming

Setup Display Preview Job

| 10 forming +

General | Blank | Tools |

Blank | Tools | Eluundar'_'.r| Contact| Control |

— Maode

étﬂnmmunthermal contact

& Individual thermal contact

— Thermal contact

Thermal conductivity: (40.0 Wimk Min. gap: [0.001 mm
Radiation factor: 7.6 SBC Max. gap: (0.5 mm
Heat transfer coef.: (200 Wim2K Algarithm: [Twoway W

[+ Thermal boundary conditions are off when parts are in contact

[~ Thermal friction required

Figure 45

32
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Xl. Define thermal control

1. Define Thermal analysis type: 1 (0, Steady state analysis; 1, transient
analysis.) Please see Figure 46.

2. Define Thermal problem type: 1 (Nonlinear problem with material properties
evaluated gauss point temperature).

3. Click Advanced to define all parameters illustrated in Figure 47.

Sheet Forming Thrmermal contral
Setup Display Preview Job SOLVER(ATYPE)
SOLVER(PTYPE
| 10.forming + ( )
SOLVER(SOLVER)
General | Ellank| Tools | Thermal | Process | Control | SOLVER(CGTOL) 0.0001
EIIank| Tools | Boundary | Cuntact| Control ‘ SOLVER(FWORK) 1.0
TIMESTEPR(TS) 1

— Control parameters

TIMESTEPR(TIP} 1.0
Time scale factor (SCALEF): 1.0

TIMESTEP(ITS) 1e-006
Stefan Bolzmann constant (SBC) 5.67e-008 Wim2K4 TIMESTEP(TMIN) 0.0

Thermal analysis type (ATYPE) 1 TIMESTEP(TMAX) 0.0

TIMESTEP(DTEMP} 300.0

Thermal problem type (PTYPE): 1 TIMESTER(TSCP) 0.5
Time step control (TS): 1 NONLINEAR(REFMAX) |10

NONLINEAR(TOL) 0.0

Time integration parameter (TIP): 1.0 NOMLINEAR(DCP) 0.5

Max. matrix reformations (REFMAX): |1 0 | Advanced... |

0K | Defat

Figure 46 Figure 47 33
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XlIl. Define process

1. Click Process in Figure 48.
2. Select velocity curve as Sinu.W-H. And Keep Closing step default (Figure 48).

3. Drawing step is defined as illustrated in Figure 49.

Sheet Forming
Setup Display Preview Job

| 10 forming +
| 10.forming *ew

Sheet Forming

Setup Display Preview Job

General | Ellank| Tools | Thermal |Pro-cess| Control | — Current step
5 closing
Current step li Name: 10_ ||:|rawing ™ Hydro

e drawing
p— | Mame:  10_ ||:I|:|sing [ Hydro
rawing
— Tool control
oo Tools Action & Value
Tools Action & Value
die [velocity w|[20000 [Sinuw-H v | .
die velocity w|[20000  [Sinuw-H ¥ | | N P
— punc ationary
punch Stationary =
— hinder Velaci w | |-2000.0 SinuW-H »w [ .
binder Stationary | Y J| | J
— Dwration
Figure 48
9 Type: |Travel -
Tool; |[binder - Displacement: [-19.1

Figure 49
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XIll. Define control

1. Click Control to define control parameters. See Figure 50.

General
“Sheet Forming TERMINATION(ENDMAS) [0.0
S°up Diply ErEVEW S TIMESTEP(DT2MS) -1.2e-007
[0 forming ] HOURGLASS(IHQ) 4
General | Blank| Tools | Thermal | Process | control SHELL(ESORT) 1
— General :i“i'_E__'_T'_E'::':;“'": 2
Accuracy:  m—— [ Selective mass scaling SHELL(BWC) ' |2
Time step size (DT2ZMS): -1.2e-007 J Advanced... ':‘i|_E F :_‘ o -
— Refining meshes CONTACT(SLSFAC) 0.08
¥ Refining meshes Exclusion... CONTACTHS L’CHK} 2
Time steps (ENDTIMIADFFREQ): |40 J CONTACT I:SHLTHK} 1
Minimum element size (ADPSIZE): (1.0 {:ONTA{:T{F}ENOF}T} 4
Max. refinement levels (MAXLVL):. |4 Advanced... CONTACTI T|—}{:C|—;:3:: -
— Output ascii file CONTACT( FE[E 4.0
¥ Tool interface forces " Interval = OUTPU T'_ ! 1|:'::'FT:Z
v Material energies [ Interval PARALLELI:NCPU}
v Global data [ Interval
v Sliding interface energy [ Interval ﬂ ACCURACY{OSU} D
ACCURACY(INN)
Load...

0K Default Cancel
Summary... Exit i S H

Figure 50 Figure 51 35

Englneering Technology Assoclales, Inc



XIV.Add a cooling stage

1. Click New to add a new stage. See Figure 52.
2. Select the type: Cooling. See Figure 53.

Mew Process Stage

Sheet Ferming

Setup  Display  Preview Job

— Process
[Toforming . e |CET N |
Stage: |1[J |f|:|rm|ng =FORM= Delete | New... — Insert position
General | Ellankl Tools | Thermal | Process | Control | < Insert before

— Current tool

#+ Inser after

Mame: 10_ ||:Iie

binder

— Geometry

P3 3 |  Show

Position: [0.0 | [o.0  [o.0

Figure 52 Figure 53
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XV. Define tools

Click New to add tool: punch. S oo
CIle Apply Setup Display Preview Job

Click New to add tool: binder. tosorming |73 220ing | N
. Stage: |15 |cun||ng =CO0L= 7 Active MM
Click Apply.

General | Ellank| Tools | Thermal | Process | Control |

B wn e

— Current tool
die

MName: 15_ |c|ie

— Geometry

Define geometry... Show

Position: (0.0

— Working direction

Direction: |+W

Movement: |0.[

— Contact

Offset: 0.0 [<None> ]

Frictional coef.: [0.125 [steelstd »|  Advanced..

MNew |

Delete Positioning... Auto Assign

Summary... Exit

Figure 54
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Click Define Geometry...
Select the tool from the list: 15 die.

Click Define Tool icon in Tool Preparation dialog
box. (Figure 55).

Click Add Part... . (Figure 56).

Select part p3 and click OK. (Figure 57).

Click Yes to copy the selected part. (Figure 58).
Click Exit.

Repeat steps 2-7 to define 15 punch (P2) and
15 binder (P4).

Click Exit to exit the Tool Preparation dialog
box.

Englineering Technology Assoclales

XV. Define tools

I Tool Preparation (Sheet Farming

® QA 44 P Q
= % S
AW WA AP =
AV AVl

[ Surface norma

W U-V line

0 parts, 0 elems, 0 surfs, 0 lines

Figure 55

Ine.
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Cefine tool

all parts

Remaove permanently

Figure 56

XV. Define tools

Select Part

Select by Cursor

#ommn
| 2 i
Select by Name '

The following parts are assigned. Copy them?

[ Exclude

Figure 58
Total selected 1

Displayed All Parts

Reject Last Part

Ok Cancel

Figure 57
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1. Click Positioning... to define the tools position.

2. Key in the movement of the tools. (Figure 59).
3. Click OK to exit.

Position: 0.0

— Tools

Mame Movement Oon

die 300 [<None=

punch |D.D |-iNnne:~

binder L191 |ﬁNunEh

— Preference

Gap between blank and tool: |1.C [v Auto

Gap between tools: |D.0 [ In normal

v Round off

Cancel

Figure 59
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XVI. Define thermal parameters

1. Define the thermal material, contact and
control parameters same with the forming | =

Stage' 10.forming | 15.cooling ﬂ
Stage: |15 cooling =C0O0L= [+ Active Delete | Mew..

General | Ellank| Tools |Thermal| Process | Contraol |

Sheet Forming

Blank| Tools | Boundary | Contact | Control |

— Mode

0 Commaon thermal material

% Individual thermal material

— Thermal material

Type: |G*MAT_THERMAL_ISOTROPIC_TD_LC

MNew... Edit... Import.. Export...
Summary... Exit
Figure 60
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XVI. Define thermal parameters

2. Toggle off Radiation and Convection ——
option in cooling stage. Sep Display Preview Job

10 forming | 15.coaling +
Stage: |15 |cun|ing =C0O0L= W Active Delete | Mew..

General | EIIank| Tools |T | Process | Control |

Blank | Tools | Boundary | Contact | Control |

— Temperature

Initial temperature of blank:  |800.0C
Initial temperature of tools: 500C

— Radiation
™ Radiation factor:

— Convection

I— Heat transfer coef.:é

Summary...

Figure 61
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XVIl.Define cooling process

1. Click Process to define the process parameters.

2. Key in the duration time: 1

Sheet Forming

Setup Display Preview Job

10.forming | 15.coaling

General | Blank | Tools | Therma |Process| Control |

— Tool control

Tools Action

die Stationary -
punch Stationary -
binder Stationary w

— Constraints

Single point constraints (SPCs). | =None=

— Duration

— D3plot

Total frames: 15

Duration time: |[1.0

Summary...

Figure 62
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XVIII.Submit job

1. Click the menu Job/Job Submitter to submit the job.
2. The LS-DYNA solver starts automatically.

l lok apticns

— Input deck

S50 ca5 201\ ThermalForming&Coolingithermal_case0 1. dyn|jis

— Stages

Stage Salver Memory

10 forming [ovnaDouble v |f[s00 B
L3-DYMA Input Deck...

15.cooling |DYNA—DuubIe ﬂ |5[m MB

Job Submitter...

Figure 63

First stage to run: 10.farming

v Ldiput mes with job (L

Figure 64
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XIX.View the result in eta/POST

¢

bdje7| ]| 12]| L]

- 53]
1. Click eta/POST from eta/DYNAFORM menu. el
2. Open the result of thermal forming. Tompnare ]
3. Click the menu: Application->Show Blank Part Only. TWPERATURE) T |
4. Click the contour icon |4 . A
. " Reference Frame
5. Select the Temperature as contour plot. (User can switch |1
the temperature unit with Kelvin and Celsius). B
Increment Undeform
" Isosurface Setting
" Active Part
Contour Setting

User-Defined Contour

Export Contour Line

Export Contour Value

Contour Region
Figure 65 List Value

Frames
All Frames O | Reset|

0.000000

0.006450
0.009000
146

From 1 1o 13 Incr 1

v | mn| m| e

H 4l 13 H

Frame Mumber
1

Figure 66
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XIX.View the result in eta/POST

Temperature contour plot

Figure 67 Figure 68

Last frame of forming Last frame of cooling
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