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Background information

Pre-processor, Solver and Post-processor used:
e Visual-Mesh: For generation of the geometry and meshes.

e Visual-Crash PAM: To assign control, material data, loadings, constraints, contacts, time history
and analysis control data.

e Analysis (PAM-FORM Explicit): To perform the explicit Finite Element analysis.

Note that this analysis uses the PAM-CRASH code with a PAM-FORM licence to use the fabric
draping material model (140); this provides advantages in the range of modelling options that
can be used. For more complex thermoforming draping analysis, with temperature, the full PAM-
FORM and model preparation software’s must be used.

e Visual-Viewer: To evaluate the results of contour plots, deformations, fibre angles, etc.

Prior knowledge for the exercise
No prior Visual or PAM-Form knowledge is required for working through this exercise.

Problem data and description

Units: kN, mm, kg, ms

Description: Hemisphere radius 78mm
Upper and lower blankholders rings inner radius

85mm, outer radius 125mm
Fabric 350mm*350mm

. . . U
Loading: Pressure loading to the stationary blg[:]i;older
blankholders and velocity loading to the
hemisphere.

Material: Bi-axial (0°90) Non Crimp Fabric (NCF)

Supplied datasets

No datasets or meshes are needed to tackle the problem; the mesh will be generated as a part of the
exercise.

It is recommended that you use the following names for the PAM-FORM mesh and model files:
Hemisphere_Mesh.pc  to be generated in Part 1 of the exercise

Hemisphere_Model.pc to be copied from Hemisphere_Mesh.pc and used for Part 2 of the
exercise

In each case completed PAM-FORM datasets are available in case you get into trouble.
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Part 1: Using VCP to make the hemisphere, blankholder and fabric

meshes

Note: Some panels shown to construct and post-process the model are old and refer to Visual
version 4.0, some are new (Visual V8.5). Never-the-less it is possible to work through the

exercise and the tutorial is valid.

Preparing the mesh (Visual Mesh)

Start the Visual Crash Program (VCP) and under the
Applications tab select the Mesh option.

This will activate the meshing module (Visual Mesh) of
the VCP program which is dedicated to generating finite

element meshes.
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Select the option New file then specify the model unit

system:

e  Set Source Units to mm, kg, millisec, kelvin
e  The target units will be the same

e Click OK

This specifies the unit systems (kN, mm, kg, msec). A units
conversion to a different system could be made if needed;

we use the same for both.

Alternatively, an old or partially completed model could be
read in for further working using Open File and specifying

the name of the file.

Change Unit System
Source Units
System: UIMENDWN
Length: het el
Mazs: kG
Time: MILLISEC
Temp.: EELYIN

= ==
Target Units Factor
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oK Cancel

Some general comments before starting

Most mesh generation programs either allow the mesh to be generated by construction information
(points, lines, surfaces, volumes, etc.) or use surface and volume data from CAD packages such as
IDEAS and CATIA. Visual Mesh can handle CAD data; however, we shall generate the mesh here using

some simple construction features available in Visual-Mesh.

The usual procedure is:

e  Specify key points in x,y,z coordinates. Join these points with lines, arcs, circles, spline curves,
etc. And thenuse these lines as a basis to construct surface (patches) for 2D elements, or

volumes for 3D elements.

e  Care has to be made during this process to make sure the generated mesh is appropriate to
the loads, boundary conditions, part and material groupings, etc., that must be specified later
in the process. Some advanced planning is needed!

Note: Visual-Mesh follows similar steps to make the mesh, but some useful tools are available to
help simplify the process; these will now be used for the hemisphere, blankholders and fabric.
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Hemisphere: Preparing the geometry

The hemisphere will be generated first in three

steps: .
1. A 90° arc for the side is constructed.

2. This is then swept around the 360° base to
form the hemisphere. Z

3. finally, an apropriate mesh is generated.

1. Defining the (side) arc

Defining the side arc is done using tabs Curve > o —
Circle/Arc which open the following two panels. || = ~ —

1. Enter the data shown to generate a 90° arc of T %_‘
78mm radius. You will need to click on the e _
Define Axis tab to open the second panel. Criart e

2. The second panel specifies that the arc has a _il
center at global coordinates 0,0,0 and revolves = |
around the X-Axis. #

2. Defining the sphere

The arc is now rotated 360° around the Z-Axis.
Activate the tabs Surface > Revolve(Spin) and
enter the data shown to spin the arc around the Z-Axis
360°. You will need to click on the Define Axis tab to
open the second panel.

To perform the operation click on the Select Curves
tab, then on the curve with the left mouse key (it will T
be highlighted). Then click the ceter mouse key and oy
the new base outline will appear. Finally, click on

Mesh to open the mesh operations panel.

3. Meshing the sphere

In the new 2D meshing panel parameters control the

mesh size, the type of meshing, part numbers, etc. Bx
Aealai Osiay
e ¥ EdgeHander
N EdosSeedi 1
1 H Edge | Mot | Actvarced | 1D | ——— =t
Finer meshes can be generated by changing the e i5 ]
element size, or clicking on the boxes (located on the Fo | Bastton| Sato | |
geometry lines) with element numbers. A click on the T et _subaian |
e
box raises the number and shift click lowers the g
number. |

Lol ok |

In this case the default 10mm element size is suitable
for this training example and is used.
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Click on Create Mesh and OK.

The adjacent mesh is created.

Positioning and viewing options:

Important options are available in the
main (top) panel to position, center,
zoom (in and out) and gererally vary
viewing of the model.

1. Click the axis tab and with the ‘left’
mouse key to open options to
position the model in the x,y,z or

perspective (isometric) frame.

. Click the viewing tab with the ‘left’
mouse key to open options to
zoom in/out and generally position
the model.

Spend 2-3 minutes to be familiar with
these options; they are important. Use
tab options (1) and (2) to center and
position the model in isometric view.
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Generating the fabric geometry and mesh

The 4 corner nodes of the 350mm*350mm fabric
are first generated using the tabs Node > ByXYZ,
Locate... option. For each node enter the
coordinates shown and click apply to generate:

1. x=-175mm, y=-175mm, z=-80

2. x=+175mm, y=-175mm, z=-80

3. x=+175mm, y=+175mm, z=-80

4, x=-175mm, y=+175mm, z=-80

Note that the z=-80 coordimate corresponds to a
point 2mm below the bottom of the hemisphere.

Use the X-Y viewing tab and the centering tabs to
position and center the problem with the 4 new
nodes.

| lmx bz sz B vz] xg]
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Activate the 2D > 3/4 Point Mesh tabs with the
4 point polygon option. Then click on the four new
corner nodes of the fabric in sequence. On clicking
the last node the surface is shown. Finally click
Mesh to start the meshing operation.

Use a 5mm element size and click the tab Create
Mesh. The mesh will appear; accept this with the
OKand Close tabs.
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Generating the blankholder mesh

These are generated in a similar fashion to the
hemisphere; that is, a line representing a cut of
one blankholder is constructed; this is then swept
360° to get the upper (or lower) blankholder. The
second blankholder could be made in the same
way, or copied and translated from the first
blankholder. The latter method will be used here.

For easier viewing it is best to remove the current
meshes from the screen. Click on the Hide All
tab. The view can be restored with the Show All
tab.

Iif A)
SHOM HIDE  3fapé oo
ALL :‘ F:LL ifaf S ®

Generate the cut line for the upper blankholder,
using the Node > ByXYZ, Locate... option and
the following coordinates for the two nodes:

1. x=85mm, y=0mm, z=-78

2. x=125mm, y=0mm, z=-78

Then click on tabs Curve = Sketch Curve, click
on the two nodes and then Apply and Close to
create a line element ready for sweeping.

The line is now rotated 360° around the Z-Axis.
Activate the tabs Surface > Revolve(Spin) and
enter the data shown, you will need to click on
the Define Axis tab to open the second panel.

To perform the operation click on the Select
Curves tab, then on the curve (=line) with the
left mouse key (it will be highlighted). Then click
the center mouse key and the new base outline
will appear. Finally, click on Mesh to open the
meshing panel.
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For meshing use a 10mm element size and
activate the Method of meshing to Best. Click
the tab Create Mesh to visualise the trail mesh.

Also, it is necessary to give the blankholder a
unique identity number (ID). Click the tab 1D and
enter the number 5 for the Part ID.

Finally, accept the mesh with the OK tab and
click Close to close the 2D Mesh panel.
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Generating the (lower)
blankholder

The lower blankholder is copied from
the upper one using a transform and
copy operation (of 4mm in the negative
z-direction).

First make sure only the lower
blankholder is visible in the display
window. Hide any other parts by
clicking on them and using the Hide
tab.

Then click on the 2D > Transform
tabs and activate the Translate tab.
Define a vector for translation in the Z-
axis. Use the Flip tab to reverse the
traslation direction to the negative Z-
axis. Then click OK.

Click on the Select Entities tab and
drag a box with the left mouse key over
all elements of the blankholder; they
will be highlighted. Make sure a
distance of 4mm is entered and the
Copy option is activated; give the new
blankholder ring a new unique part
(e.g. ID=6).

Then click the tabs Update Entities,
Copy and Close to finalies the part
creation of the second blankholder.
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Final viewing of the full mesh

Click on the Show All tab to visualise
the full structure and use the various
viewing and positioning options to
examine the completed model.

t,

Ending the Visual-Mesh work

This now completes the meshing work with Visual
Mesh. It is wise to save the data with File > Expart 5]

Export to a suitable folder with a suitable name. e 'BNE:MT”‘““"F”"" GJE i =B -
Export this as a filename.pc file; which is the e h
default name for a PAM-FORM dataset. “Eig ’
E.g a suitable name could be: e
Hemisphere_Mesh.pc Ege-&zm
Remark: It is possible to use the File > Save
option to save data in a binary (.vcb) e -
format, which could be useful for large Nm:%geb i }:AMC":A:::”M j \—f:bs;fn
models. However, PAM-FORM only e

accepts the ASCII (.pc) format and so
this is used as the basis to store data in
this exercise.
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Part 2: Defining the model data (Visual-Crash PAM)

Preparation of the model for analysis

This involves:

e Starting Visual Crash PAM for definition of
entities (Loads, boundary conditions, etc.,).

e Application of constraints; the rigid body punch
and blankholders will have constrained
movements.

e Application of loading; the blankholders have
applied pressure and the punch is velocity driven.

o Definition of part (geometric) and material properties.
e Definition of contact data and friction between blankholders, fabric and the punch.
o Definition of the PAM-FORM control data.

Starting the Visual-Crash PAM

1. Itis probably wise to copy of the mesh file just created and work with the new copied file to add
the entities, etc. If things go wrong you then have a backup and can start the work again.

2. Copy: o= —_
Suchen |4‘”AMI\: il _Foem
Hemisphere_Mesh.pc to Hemisphere_Model.pc L0 I ey
e T 'J.‘m"\tﬂ"x
3. Start the Visual-Crash PAM and read in the copied file yw
(Hemisphere_Model.pc) using FILE > Open; this will
now be modified. i
8
Remark: For advanced users it is possible to activate ";" ;m
Visual-Crash PAM directly in the Contex panel Nt Desto

and perform the meshing and entity definintion

7))
] e ®@er -
Gabrdert &
Ock... 2m.08,7008
28.05.2008
28.05.2008
»
3 [Tt
3l e |
- |

operations in one step.

Perfoming the simulation

The various entities, contacts, part and material data will now be assigned and then the analysis
performed. The loading of the fabric involves two stages which are performed in sequence as a single

analysis:

Stage 1: The blankholders are pressure loaded. A suitable method is to ramp to pressure loading
from 0 msec to 5 msec and then hold this at the required constant pressure. This ramped
loading helps to minimise dynamic effects and oscillations, and will give better friction

modelling.

Stage 2: The punch is then velocity driven into the fabric from 10 msec to the end time; again,
ramping the velocity from 0 m/sec to the required constant velocity, over a finite time

period (e.g. 2 msec), is advisable to limit dynamic effects.
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Constraining and (velocity) loading the punch

The punch has simple velocity loading and can be easily treated by constraining all nodes in
appropriate directions and imposing a velocity time history in the Z- direction. The two steps to define
the punch conditions are:

1. Constrain the punch nodes with boundary conditions by fixing all rotations and the X, Y directions.
2. Apply a velocity loading to all punch nodes in the negative Z-direction.

1. The punch boundary conditions

Click on the tabs Crash > Loads >

Displacement BC to open the boundary % i o4 3 & 2 4 e | P T
conditions panel. In the selection type activate g orhe Coamen o
Part and click on the punch with the left mouse =
key. Then click on Update Selection to have this | e— m s

Cose |

part number appear in the selection list.

Now constrain all rotations (U,V,W) and
translations (X,Y); in each case 1 means
constrained, 0 means free. These are activated by
clicking on each condition in the panel. Choose an

appropriate title for the constraint; e.g. “punch xy 2
fixed”. Save the selection with Apply and Close. ,T ;
2. The punch applied velocity T I T -
Click on the tabs Crash > Loads > 3D BC n_'g*n mfs e [ | e
to open the velocity BC panel; make sure t = _ = [ || o
the Type is set to VEL3D. In the selection T R e T
type activate Part and click on the punch d " e
with the left mouse key; click on Update CurveEditor B x [
Selection to have this part number appear |[cosie [ GowiilGomp | e | s | el el Bemirate

P punch velacity 1 4 TIME VELOTTY 000 -000 1€

in the selection list.

< »
AuignNaCuve || O | Hew || Advanced <]

1. A velocity load is applied in the Z-

direction (IFUN3). Click on IFUN3 and a | ===
new panel to define the velocity curve 0“% ™ 1
will open. Click on NewCurve_1 and OK -
to define the data. N ooy | |-1.200
2. In the new panel define the velocity . ||7J -
curve function. The x-axis is time and y- *:“": .
axis is velocity. In this case the velocity is | & |- '
zero to 10 msec (while the blankholders o S I™™ oaor ssom wuson sraw soame veesen

are loaded and stabilised) and then ramped to -3m/sec at 12msec. This velocity is then held
constant to a time (e.g. 100msec) beyond the end simulation time (to be defined later).

3. Make sure the new velocity curve (e.g. IFUN3=1) is assigned.

Close and save the selection with Apply and Close.
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Application of blankholder constraints and pressure loading

For the two blankholders the following enitities and data must be a assigned:

1.
2.
3.

1.

Click on the tabs Crash > Loads >
Displacements BC to open the boundary
conditions panel. In the selection type activate
Part and click on the lower blankholder with the
left mouse key and then click Update Selection to
have this part number will appear in the selection
list. Now activate the required boundary
conduitions by setting all degrees of freedom
(X,Y,Z,U,V,W) to 1 to fix the part.

Choose an appropriate title for the constraint; e.g.
“lower blankholder — fully fixed”. Save the selection
with Apply and Close.

2.

Click on the tabs Crash > Constraints > Rigid
Body to open the rigid body panel. In the
selection type activate Part and click on the
upper blankholder with the left mouse key. Then
click on Update Selection to have this part
number appear in the selection list.

A Center Of Gravity (COG) rigid body node must
be defined. Click just below NCOG and four
options appear; select the first “Compute COG
Node”. Accept the new node number that is

Fully fix (=constrain) the lower blankholder.
Define the upper blankholder as a rigid body with a user defined COG node.

Constrain the upper blankholder COG node with appropriate boundary conditions; in this case all
rotations and the X, Y directions are fixed.

. Apply the ramped pressure loading to the upper blankholder.

Boundary conditions (fully fixing the lower blankholder)

Upper blankholder rigid body

automatically generated and which lies at the mass center of the blankholder. Remember this node as
other entities (boundary conditions and velocity) will be assigned to it later. Choose an appropriate
title for the Rigid Body; e.g. “upper blankholder RB”. Save the selection with Apply and Close.

3.

Boundary conditions (partially fixing the upper blankholder)

Open the boundary conditions panel using tabs Crash > Loads > Displacements BC. In this case
boundary conditions can only by applied to the RB COG node; this node must be specified via the List
box in the main controls. First click on the space below NODE and activate the option Pick/select
the entities using.......
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The upper blankholder RB COG node is entered in
the List Box (A). After pressing the return key it will
appear in the BC panel under NODE.

Constrain this part by setting X,Y,U,V,W = 1 (fixed)
and Z = 0 (free). Finally, choose an appropriate title
e.g. “upper blankholder RB node — XY constrained”.
Save the selection with Apply and Close.

4. Apply the ramped pressure loading to the

lower blankholder

A ramped pressure from 0.0 GPa to 0.0000035 GPa
is now applied to the upper blankholder over the
first 5Smsec of the analysis and then held constant.
However, first it is necessary to identify the direction
of the element normals, as these determine the
directions of positive and negative pressure. Click on
the tabs Checks > Element Normals to open the
adjacent panel. Viewing is easier using the By
Arrow option; click this and then Check.

Definition of shell element normals and pressure.: The arrow direction shows the direction that an
applied “negative” pressure would act on the element. Therefore, the upper blankholder requires a
negative applied pressure for closure.

Click the tabs Crash > Loads > Pressure Face
to open the Pressure Face Creation window. In
the Section type activate Part and click on the
lower blankholder; then click Update selection
to have this part appear in the selection list.

The pressure curve is now assigned:

1. Click on IFUN and a new panel to define the
load curve will open. Click on NewCurve_2
and OK to define the data.

2. In the new panel defines the pressure curve in
which the x-axis is time and y-axis is applied
pressure. Assume pressure starts at zero and
increases to a constant value of 0.00000355 at
5 msec; this is then held constant to a time
(e.g. 100msec) beyond the end simulation time
(to be defined later).

HemgntiaCuve | OF | fe

.m0

.o

o e
0000 20.000 40,080 G000 60000 100,000

1 I | =

3. Make sure the load curve (e.g. LCUR=2) is assigned.

Close and save the selection with Apply and Close.
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Contact interface definitions

Contact surfaces are now defined for the following:

1. Upper tool to fabric.
2. Lower tool to fabric.
3. Punch to fabric.

1. Upper blankholder to fabric

Click on the tabs Crash > Contacts to open the contact Creation panel.

activate “33 — Symmetric Node to Segment”.

Selecting the contact interfaces:
Activate Slave selection and
Part. Then click on the upper
blankholder with the left mouse key
and Update Selection to have
this part number appear in the
selection list. Repeat the process
with Master Selection for the
fabric.

Remark: The order of the slave and
master definitions is not
important in the
symmetric 33 type
contact.

In the data section enter: Damping
factor XDMP1 = 0.1, Coulomb
Friction FRIC = 0.15 and the
thickness of interface hcont = 1.99.

In the selection Type

ax|
)3 @ Slave Selection (" Master Selaction
‘$
Selection Type
CNTAC | & Selection Gy T

IDcTC HTYPE
p— 3 33 " Del Selection & nod O Gp

TITLE  Fitershod CEe O Ed
HAME upper tool to fabric ﬂ o
T1SL T25L ISENS hcont HACC HUMBKT  THKEXT IEDGE " Del Filker =MNod " part (7 Seg
o L] 1.99 0 o
IPCP SLFACM  FSVHL IKFOR. PEHKIH " Megative

] 0 0 0
FRICT IDFRIC XDMP1
e ' b Update Selection | Remave Al selection|
IREMOVY BLAHK ILEAK 1AC32 N
o o N Range Input/Edit ...
BLANK SEPSTR  SEPTHK PAREA
ISLITH HTCOHD HTSURF -
PART 5
END
PART 3
END
< >

I~ Highight [~ visible Reset Apply Close

A

X

Finally, close and save the selection with Apply and Close.

2. Lower blankholder to fabric

Repeat the above operations, with the same data, for the Lower blankholder to fabric contact.

3. Punch to fabric

Repeat the above operations, with the same data, for the Punch to fabric contact.
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Assigning the Material and Part data

This is done using two entities which are linked together; namely:
1. The Material data for material data such as density, fibre modulus and resin viscosity.
2. The Part data for geometric data such as thickness and fibre angles.

Material models:

¢ Rigid tooling: In this example the tools (blankholders and punch) are both effectively rigid and can
therefore be modelled using the 100-Null shell element material model. This model requires some
material properties which are only used to determine contact penalty forces.

e Fabric: This is modelled using the fabric specific material model 140.

la. Material data (Null 100 for rigid aterial Edito
tOOlS) ID: |1 Type: | T00-NULL_MATERIAL_SHELL |

Eineifios ‘s—ﬂsmw R T O O e T
Select Crash > Materials Editor and then o WATER ]
. . . ps AT WATYP  RHO ST ISHG  ISTRAT  IFROZ
select the type of Material Model, in this ~ BLANK  AUXVAR  AUKVARZ AUNVARS AUXVAR AUKVARS AUXVARS QU
0 o 0 .
Case use a 100_N ULL_MATER IAL e ¢ NAME -Lllll\-:'nr punch and blankholder
P £ BLANK NUE BLANK

Define the material data for Steel (E=210
GPa, v=0.3 and density 1.0*10° kg/mm?®).
Give a suitable title; e.g. Nulls for punch and

blankholder and save with Apply and Reoet | tooh Choe | SaveDB | Rctievess
Close. ] :

|~

£

Remark: Use consistent units (e.g. kN,
mm, msec and kg); the analysis
results will be in the same units
system.

1b. Part data for rigid tooling

This is easily done via the explorer panel: o R
. . , §

1. First click on Parts and the list of parts P ]

will open; select the required part (e.qg.

he fi | d th | el i Data Model Entities E|

the first tool part) and the parts pane ‘ e ;

W|” Open Wlth OK :mm ;mm XDIR YDIR ;V;;‘l:u\\sfnrpum:handhlankhuldar_m

0 2=ptabiic_id2

2. Set the shell thickness to 1mm. Click just | [*""
below h and set this to 1 (=1mm). Also
set the contact thickness to 1 mm.

3. Finally, the material to be linked to this Lo ] e |
Advanced [ Highlight [~ visible JJ Reset Apply Close

part must be assigned. Click on IMAT
and the materials panel will open. Select
the tools material and click OK.

Finish the part assignment giving the part a
suitable name (e.g. lower tool) and finish
with Apply and Close.

Repeat the parts assignment using the same Null material for the remaining blankholder and punch.
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2a. Material data (Fabric)

Select Crash > Materials Editor and then select the type of Material Model; in this case use a 140-
ORTHO_THERMO _VISCO_ELASTIC.

The data used corresponds to the calibration example
(http://www.ifb.uni-stuttgart.de/FEM/Ex_Materials/CompositesDraping_Mat140/)

e Fibre modulus E1=E2=1.0 GPa (set artificially low for CPU performance — it is also reasonable
for simulation purposes)

e Fabric density RHO = 1.0E-06 kg/mm?

e Constant fabric bending stiffness Fbl, Fb2 is used with B1=B2=0.825 GPa

e Constant fabric out-of-plane shear stiffness factors Fsl = Fs2 = 1.0

e The in-plane fabric shear is given via a curve function (see also function curve 3 below)

e The fabric shear angle versus thickness is defined via curve function 4 (parameter LC1 — see
also curve function 4 data below)

e Set flag RFLAG=1 and initial fibre directions to +45° and -45°. These angles are with respect
to the fibre reference direction set in the corresponding Parts cards.

e Give a suitable title; e.g. Fabric and save with Apply and Close.

MATER /
IDMAT MATYP  RHO ISINT ISHG ISTRAT  IFROZ
MATER / 2 140 1E-6 1 o
BLANK AUXIDT AUXID2 AUXIDS AUXID4 AUXIDS AUXIDG QvmM THDID IDMPD
] ] ] ] ] ] 1. 0
TITLE
HAME Fabric
BLANK BLANK HGM HGW HGGQ As
Eoption Ef BLANK  Fbi Fs1 ALPHA1 B
E1 1. STIF_CONS/. 45. 0.825
EZoption E2 BLANK  Fb2 Fs2 RFLAG  Alphaz B2
E2 1. STIF_CONS/. 1 45. 0.525
G_option LCS NUEp ALPHlock G_lock Fbm Fem SRFIL
CURVE 3 0.3 0. 0.
Eta_optn Eta BLANK T
Eta 0.
OPTION Ro B n thk_elim thk_mult thk_cut
BLANK
al bl wi phi lunc ZHI f
LC1 -
4
Plot 1
Edit Curves | Markers | Functions 08
Selected Curve:  curve for thickness evolution I—D
X Y
1 0 05 o7l
. 2 05 05
Curve function 4 for shear 3 0365 05
angle versus thickness ner
response =
. . e Zos-
This assumes constant thickness 4
for all shear angles
Show 0zl
Scalex: 1 ¥l Offsetx: O el

Unda |

o 0z 04 06 ns 1
Finish NONE
Save To Model Close

Selected: 1 X = 0.0580475 Y = -310857¢-005



http://www.ifb.uni-stuttgart.de/FEM/Ex_Materials/CompositesDraping_Mat140/�
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) Plot 1
Cu rve fu nctlon 3 for Edit |CurveslMarkerleunclluns 430 —|—B
shear StlffneSS Selected Curve:  Naon- symmetiic shear curve
X Y
response i 0 0
2 0.0349008 5.33-005 ook
3 0.0697577 5.01e-005
4 D.10453 0.0001305
5 0.139174 0.0001944
[ 0173649 0.0002665
7 025882 0.0004069 320
8 0342021 0.0004532 g
3 0422613 0.0004369 w
10 0500001 0.0004004 2
1 0573577 0.0003602 2.l
12 06427828 0.0003143 N §
13 0.707107 0.0002634 =
14 0.766045 0000222 =
15 0819152 0.000213 %
16 0.866026 0.0002494 160
17 0.506308 0.0003171
18 0.939693 0.0003718
80—
[#] Show
Scale |1 Y1 Offset X: |0 hal
Undo ‘ R | |
J ] 0z U:IHERANGLUEE 08 1
2b. Part data for fabric
This is easily done in the same way as for the previous tooling parts:
1. First click on the list of parts in the explorer panel and the list of parts will open; select the
required part (e.g. the fabric).
2. Set the shell thickness and TCONT to 0.5mm.
3. The orthotropic fibre direction
has to be set; define a global PART /
: IDPRT ATYPE  IDMAT  IDVAMAT IDTHMAT IDPMAT
frame reference vector in the X- | ..o > SHELL 2 0 0 0
direction using XDIR=1, TITLE
NAME fabric
YDIR=ZDIR=0. DTELIM TSCALF
4. Finally, the material to be linked | ;o7 EPSIml COULFRIC
to this part (i.e. the fabric 0.5
. . H NINT OFFSET  NTHDF
material). Click on IMAT and the |gs 3
materials panel will open. Select :}D“T BLANK }1"3"“ ED'F‘ GZD'R
the fabric material. - ' ' '
END_PART

Finish giving a suitable name (e.g.

fabric) and then click Apply and Close.
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Output results

If detailed element data is to be studied
these should be placed in the element
time histories for data storage on the

results files.

Click Crash = Output > Element TH
and activate selection type Ele. Then
select several elements in the fabric (click
on them using the left mouse key). Click
on Update Selection to have these
appear on the output selection. Finally
give a suitable title (e.g. selected
elements) and finish with Apply and

Close.

* Selection o

Selection Type

THELE |
ELEM
THELE / ]
TITLE
NAME selected elements
ELE 3170 3818 3587
END
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Defining some basic model data

For the PAM-FORM controls set the following parameters:

INPUT-
VERSION

Set the PAM-CRASH version being used (e.g.
2012)

RUNEND

Termination time for the analysis (=35.0 msec)

SOLVER

Use STAMP for a PAM-FORM analysis (This still
uses the PAM-CRASH code with special options
and outputs)

OCTRL

e THPOUTPUT — output interval for graphical (x,y)
time history information (e.g. use POINTS =
1000 for one thousand points)

e DSYOUTPUT - output interval for deformed
states (e.g. use INTERVAL = 1.0 for a picture
output at every 1msec)

o Parameter ERFOUTPUT - for a .erfh5 results file
specify type 3 without compression
(ICOMPRES=0)

TITLE

An optional title for output plots/results can be
defined

ANALYSIS

Use EXPLICIT for a dynamic analysis

E-{@ Hemizphere_Model pc

=@ Cantrols (7)
------ (3 INFUTVERSION : 2012
------ {3 ANALYSIS : EXPLICIT
B-{=- Optional Controls (2}
"""" {3 TITLE / : Hemisphere draping study with pre
BEl-{=- Standard Cortrols (2)
{3 OCTRL/
("3 RUNEND/
B--{= Edemal References
""" {= Transform {TF}
""" {= Dmpew (DMP)
B-{=- Varables

Saving the dataset

Save (update) the dataset Hemisphere Model.pc using the File > Export option.
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Part 2: Explicit analysis of the Hemisphere draping problem

The PAM-FORM dataset is run (using PAM-FORM or PAM-CRASH with special license options). The
results files generated are:

e Hemisphere_Model. THP for x-y time history plot information at selected points, elements, etc.

e Hemisphere_Model.DSY for deformation and contour plots of the full model.

In version V2012 the Hemisphere_Model RESULT.erfh5 file is also output containing both
information types. However, this is still under development (January 2013) and does not contain all
forming information; consequently, the .THP and .DSY files are used here.

Evaluating the results (Visual Viewer)

First, we shall look at selected results of the deformed structure and some information that are
available for contour plots of the complete structure; these are stored in the .DSY file at specified
time intervals (states).

Start Visual Viewer and open the Hemisphere_Model.DSY file.

1. Click Results = Animation .

Control and you will be able to "":::—”'"“ e
visualise the model and use the wisilals|n el
adjacent panel to examine s or
deformations, either at a certain

time, or as an animation.

states
& &

Use the Speed Control option to
change the viewing speed.
Additional tabs are available for

overlaying the Initial Mesh or ] 5] m] oL
Simultaneous Display of Foroiepond T

[] Smitaronbegior.e| 1 oarcas 2

selected states.

O] minswes.. |

Reset || Do

Click Close to exit this option.

Ll ~ [
Wrom 18 !o * rm [ Hermasphere draping sludy wath pressure b
g Ee -
2. It can be useful to Olelme = - i |z6e500
remove parts from the |/ s
viewing; for example g e
@ © | Lows blankhokder

the punch and blank-
holder that hide the
fabric. Or transparency
can be applied to
certain parts. For this
Parts Viewing in the
Explorer window is
activated and options
selected.
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3. Click Results > Contour and under Entity types activate SHELL; select FibresAngle to show
contour distribution of fibre angles for the woven fabric. Note that a fibre angle 0° means no
change in the original 90° angle between warp and weft directions (i.e. zero shear).

You will see various display options (e.g. Node (Smeared)...) are available and there is the
possibility to change the contour limits if required. This option, together with the previous
animation control panel, allows different contours for both nodal and element variables to be
visualised at certain time states or as an animation.

i . ]
k! Contou = Hemisphara draping study with prassure b

Cortinr | Rarbeng | Vecton Tensor Fioers Argi
e 380 i Hevisgher ol D5
Despiy Types 0000 of SHELL 358 wheve_Model D5

é . maved 762 mf SHELL 1535 in Hemisphers Modsl [I5Y
O Mode (Banded) 0 Mode (Smeared)

36 1 34 995529

() Buement 49.262
Conter I
] Cortonr O [ AutoDugley [ info

45978

: 42 634
[l ciobal panbans [ Dlay Parbaace i

] show Vestors Transform...

Remits |Eneses | Advanced

3410

SelectEnabes.., |

" ot stvess_Secend panc.«GFe>

" Membrane siress_Frst ponz o3Pg0
" Membrone siress_Second pene «GPas
Degros intmage Contact< >

1._Floer Srmincs

2_Fioer Srancs
Membrane il sress Ofas

Wemtrane san e
Wirkde_1c>
it Energy Dienaty amm2ma>

3284

0000

oort.. | Dport..| X & Aoy

Fiwt

Time history results (.THP file)

Open the time history file Hemisphere_Model. THP with Visual Viewer to plot x-y type
information. Using File > Import and Plot it is possible to create the following graph of fibre angle
evolution of the three stored elements during draping.

24 i =
]i—selec:ted elements_3170 Fibers Angle<>
[—selected elements_3587 Fibers Angle<>
[—selected elements_3918 Fibers Angle<>

20r

16

‘ » H
Oulee o & | Oa DOw L 55 012
Clehase 15 ‘zt

ta | Where o flat | A Tyoe | Advanced

(8 CurentPage (%) Curment Window (_)/_' 8

[ ervernrite i
Otewpice | Ohenwndon @ = M_.M
Lper || owe | 4
0 6 12 18 24 30 36

TIME(millisec)

P
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Checking the blank-holder loading and inertia effects

It is standard practice using explicit methods to accelerate the forming process and thereby reduce
CPU costs. This may create dynamic inertia effects that can be dangerous and cause unrealistic fabric
deformations; this should be checked. It is particularly important to make sure the blank-holder
loading correctly creates a state of quasi-static applied pressure; this requires slow ramped loading. It
may be necessary to do a pre-simulation with nodal damping to ‘steady’ the blank-holder loading,
before applying the punch.

In this study time history plots of the upper, lower and punch contact forces indicate the ramped
loading and contact damping have given a steady force (circa. 0.09kN) before the punch deforms the
fabric. In this case the blank-holders should operate effectively.

SECTIOH E

0.49
— CONTACT-4/lower tool to fabric Contact_Force_magnitude<kM:
— CONTACT-5/punch to fabric contact Contact_Force_magnitude<k:
0.42- T T T W |
0.35¢ |
) gos ]‘
Oubso [ Os Ow & & E
Dl hee /1] 74
= s Qo21t Iy
@curmimg Dometwees O f } J) ,M
[P
Omnmioe | Otewinion  © [F 014 J\,J\ ||j
|
! J
m o ] /_q/*f W
0.07+ ’,J
JN
% 6 12 18 24 30 3
TIME(millisec) -

A simple method to assess inertia
effects is to repeat the analysis
with 50% reduced loading rates
e.g. model (Hemisphere__
Model_Slow.pc) and check the
two solutions do not change
significantly.

The following compares the
standard model (bottom) with a
second having 50% slower
loading (top). The maximum
shear angle only changes from
49.2° to  48.9° indicating
negligible inertia effects.

Fiwy
-0M
323G

Similarly, information on contact
forces and punch intrusion force
should not change significantly.
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