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MANUAL
SUPERPLASTIC FORMING SIMULATION WITH ABAQUS 6.4-1

Sample input file *.inp

Section Commands

HEADING *HEADING
step 1 static
step 2 expand
SUPERPLASTIC FORMING OF cylinder WITH MEMBRANES uim LOADING
4/14/07 DA Wang: started
HT Pham: modified
(c) 2007, Dung-An Wang, all rights reserved
Products: ABAQUS/Standard
This program simulates the SPF of a tube using<eymmetric model

PART *NODE
DEFINITION |1, 0., 45.3891
ot 50, 16.,29.3891
(I"method) | 145 01338901
500, 0., 29.3891
1000, 0., 25.2448
*NGEN, LINE=C, SYSTEM=RC
1, 50, 1, 500
50, 100, 1, 500
*ELEMENT, TYPE=Max1
1,1,2
*ELGEN, ELSET=elset_part
1,991,1
*NSET,ELSET=elset_part, NSET=nset_part
*nset, nset = nset_monitor
100
*MEMBRANE SECTION, ELSET=elset_part, MATERIAL=mat U RAL

(2"method) | *include, input=<FILE.inut>

*MEMBRANE SECTION, ELSET=elset_part, MATERIAL=m&IPBAL

2.,

*RIGID BODY, ANALYTICAL SURFACE=elset_die, REFNODEet_center

MATERIAL *MATERIAL, NAME=mat_SUPRAL
DEFINITION | *ELASTIC

71000, .34

*CREEP, LAW=TIME

3.114E-5, 2., 0.

DIE *SURFACE, TYPE=SEGMENTS, NAME=surf_die
DEFINITION | START, -6.1883, 2.1448
(1 method) CIRCL, 6.1883, 2.1448, 0., 10.

CIRCL, 23.5399, 35.0093, -22.154, 38.1215
CIRCL, 22.8882, 36.6266, 21.5445, 35.1452
CIRCL, 22.5765, 39.7937, 24.4807, 38.3822
CIRCL, 22.5694, 42.1853, 20.9699, 40.9847
CIRCL, -6.1883, 52.7778, 0., 25.2448
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*RIGID BODY, ANALYTICAL SURFACE=surf_die, REFNODE=000

CONTACT *SURFACE, NAME=surf_part, Type=ELEMENT
DEFINITION | elset_part,SPOS
*CONTACT PAIR,INTERACTION=contact_part, smooth=0.2
surf_part, surf_die
*SURFACE INTERACTION, NAME=contact_part
***ERICTION
**0.1

BOUNDARY | *BOUNDARY

AND INITIAL | 1,1

CONDITIONS | 100, 1

50, 2

1000,1,6

*INITIAL CONDITIONS, TYPE=STRESS, UNBALANCED STRESSTEP
elset_part, 6.89e-3, 6.89¢e-3

*AMPLITUDE,DEFINITION=SOLUTION DEPENDENT,NAME=AUTO
1.,0.1,1000.

STEP1

STATIC *STEP, INC=100000, NLGEOM, unsymm=yes
SIMULATION | *STATIC
2.E-3,1.0,1.e-5, 1e-1
*DLOAD
elset_part,P, 1e-3

OUTPUT *monitor, dof=2, node= nset_monitor, freqog=1
*CONTACT PRINT, FREQUENCY=1
*CONTACT FILE, FREQUENCY=1, NSET=nset_part
*EL PRINT, ELSET=elset_part, FREQUENCY=1
S, E

CE,

SINV,

*PRINT, CONTACT=YES

*NODE FILE, NSET=nset_part, FREQUENCY=1
U,

*OUTPUT,FIELD, Frequency=1

*NODE OUTPUT

U,RF

*Element Output

S E

*END STEP

STEP 2

VISCO *STEP, INC=100000, NLGEOM, unsymm=yes
SIMULATION | *VISCO, CETOL=0.005
2e-3, 935, 2e-5,
*DLOAD,AMPLITUDE=AUTO
elset_part,P, 3e-1
*CREEP STRAIN RATE CONTROL, ELSET=elset_part, AMAIUDE=AUTO
le-3,

OUTPUT *monitor, dof=2, node= nset_monitor, freqogrl
*OUTPUT,FIELD, Frequency=1
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*NODE OUTPUT
U,RF

*Element Output
S, E

*END STEP

DESCRIPTIONS

=

HEADING

This section is used to define a title for the analysis

The heading can be several lines long, but only the first 80 ¢aesad the first line will
be saved and printed as a heading

N

PART DEFINITION

Figure 1. A sample of a final product

An arbitrary cross section of the product can be made to define the die shape.
An initial part usually has a simple shape, so we can defineettthji in the script file. In
this example it is a cylinder of diamefer32mm
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Figure 2. Coordinates of each curve end points.
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- To save the computer resources, only half of the model is used for the simulation.

- Refer to [2] for the definition OfNGEN, *ELEMENT, *ELGEN in defining the part

- Read the regular axisymmetric membrane element type MAX1]ifor its active DOF
(degrees of freedom)

3. MATERIAL DEFINITION

- The Young modulus, poision’s ratio and the part material constants Auithloe listed
here.

4. DIE DEFINITION

- In our simple cross section of the die, it consists of arcs thataw define the whole die
by defining coordinates of individual arc (2 end points and its center).

- Note that die nodes are defined CCW in order to have a normal yeehding toward
the part, while the part nodes are defined CW. Two normal vectdieafie and part
must point to each other.

- Description in defining SEGMENTS f66URFACE can be read in [2]

- In this kind of simulation, we assume that the die is a rigid bloalyisn't affected in any
cases from the part. This assumption is somewhat reasonable beéneadse is usually
much larger than the final product. So we do not need to define the material for the die.

- However if we want to know the stress distribution on the die ffettats life, it is still
capable to integrate it to the simulation.

- If the cross section is rather complicated or a 3D simulasisaquired, 2 sections PART
DEFINITION and DIE DEFINITION can be replaced by a i, this file can be
created by using a meshing software like HyperMesh or any others that orts expe

= Alpair HyperMesh v7.0 - F:/User/HuyTuan/forming/Hy. .. Q@Igl

anufl¢Ge 2
#l
it |2
nup_ |3 i
CBC  option| card
ce |~Too globalheld
CPas disgt| vis

Figure 3. Altair HyperMesh window

- A 3D mesh for part and die of this simulation using HyperMesh may look like.as #ig
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nset_gm
part

nset_edc

Figure 4. 3D schematic view

Sample of a file.inut

Heading

1/21/23

%300 0ae=3U 3xgop3Upg o 6 g33BIZMWAK ag (G3ép U
%%3Ug g 6 8+3 U 030 o ao 0AOBIEAQS yo6 ©3ép U
1/21/23

¥%1333cg yo gi33000aeeAaecOaxOax3/Exs3

1/21/23

Node definition

Laax@ds
33333 EIEAG 22 EEAAAs 22 RAA 33 AAAES 3

Part definition

“ORDadacscid@bakExCiPBRedcbogy 9 0 6 3
333333EIEA(;33333EHEE(',33333EHEEEE¢333333E”Ei(;?’a
333333 A3A3A3

333 E]j

Die definition

“ORDaDAacicladDALEXC;TReDcPDOy @ 0+-U@3
333333@AAE¢33333EQAééésssssmEéJsssssECEE
333333 A3A3A3

:E633333E

Boundary
condition node
sets

Yhae@cilame@dcD o 0o+UgA3
333EI/EEQ¢',333A3A3A3
Yaedcilaedcecb o 0 3
333EIAC}E¢333A3A3A3
Yhae@celaxe@dcbD g 00+UBAS3
333EIAQE¢333A3A3A3
333LdxeDcelaedeb o0 0 3
333 EJEEA:S
Y“aedcildedc¢cb @ 009 o 3
333 EIEAG,?
YdedDcelaae@dceb o9 0 6 3

EIACE 333 A3A3A

5. CONTACT DEFINITION

- This section defines the contact between the part and die. We nfiugt Becontact
surfaces, the die is a master surface and the part is a slave surface.
- Friction can also be added to the simulation to make it get along well witlicpract

6. BOUNDARY AND INITIAL CONDITIONS

Huy-Tuan Pham -5-



B 827%%8

National Chung Hsing University

Institute of Precision Engineering

- Practical boundary conditions will give good results.

7. STEP1

- The initial application of the pressures is assumed to occur so ikl it involves
purely elastic response. This is achieved by usingSAATIC procedure

8. STEP 2
- The creep response is developed in a second step usitg &0 procedure

9. RUN THE SIMULATION

- In the MS-DOS screen, change directory to the input fileegdiime.inp>, from the
command prompt type
D:\..\input file directory> abaqus job=<filename> interactive

10.POSTPROCESSING

- We will use the ABAQUS/CAE to access the results of simulation
- Sample result for a 2D simulation

Figure 5. ABAQUS/CAE window
3 fix nodes:(node 1, 100 dof 1 is zero, node 50 dof 2 is zero)
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Figure 6. The deformation history

Figure 7. Data history
(a). Pressure cycle,
(b). History of ratio between maximum creep strain rate and target cragp st
rate
- Sample results for a 3D simulation

Figure 8. A 3D simulation
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