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Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Background information

Pre-processor, Solver and Post-processor used:

¢ Visual-Mesh: For generation of the geometry and meshes.

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

e Analysis (PAM-CRASH Explicit): To perform an explicit Finite Element analysis.

¢ Visual-Viewer: Evaluating the results for contour plots, deformations, etc.

Prior knowledge for the exercise

It is assumed that Exercise 1 (Elastic loading of a cantilever beam) has been worked through. In order
to avoid unnecessary repetition some explanations on the use of Visual for meshing and creation of
the analysis model will be kept rather brief; whereas new options will be explained in more detail.

Problem data and description f f f # f f

Units: kN, mm, kg, ms \
Description: Plate 200mm*100mm, thickness 2mm with a central hole E
of diameter 20mm. !

Loading: Imposed total load = 20 kN (full model) with simple -f---- ———— -
support at the base.

Material:  Steel (E=210 kN/mm? (GPa), v=0.3 and density 7.8*10® I
kg/mm?3). For plasticity use a yield stress 190 MPa and a !
constant plastic modulus 0.2 GPa. AANANAA

Supplied datasets
No datasets or meshes are needed for this problem; the meshes will be generated in the exercise.
It is recommended that you use the following names for the PAM-CRASH input and results files:

For the elastic problem HoleInPlate_Elastic.pc
For the plastic problem HoleInPlate_Plastic.pc

In each case completed PAM-CRASH datasets are available in case you get into trouble.

Background information: Solution methods and geometry

Implicit versus explicit analysis: The PAM-CRASH code is a general purpose three dimensional (3D)
code for implicit and explicit FE analysis. This exercise performs implicit and explicit analyses of a
simple two dimensional (2D) structure with applied force loading.

Explicit analysis treats the structure as a dynamic problem and solves dynamic equations of motion in
the time domain; it is especially efficient to solve crash, impact and similar dynamic problems,
particularly if material non-linearity (plasticity..), large deformations or contact occur. For explicit
analysis you will find all nodal and element quantities given with respect to time.

Implicit analysis (usually) assembles the structure stiffness matrix to solve static loading problems that
are independent of time. Material non-linearity, large deformations and contact are possible with non-
linear solution methods. This exercise will include an implicit non-linear material analysis.

Geometry: The PAM-CRASH code is usually only applied to 3D structures; there are no special
capabilities for 1D or 2D geometries. For this exercise the 2D plate is analysed using shell elements
with appropriate loading and boundary conditions to make it a valid 2D problem.
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Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Part 1: Using VCP to construct the models

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

%] Visual-Crash PAM 8.0 - Home Page
Mode 1D 20 3D Assembly WeldTools Cras

ns | File Edit View

e,
ra: M -
i ok

I VM

element meshes. e
PLATE vep.p
; D:'\“‘.\Tutcna’\,l\gl.d;TE‘pc
Exit Alt + F4
Select the option New file then specify the model unit
system:
. I . Change Unit System [=] @
e Set Source Units to mm, kg, millisec, kelvin couree Ui —— o
A The target units will be the same Sustern: UNENDWN UNKNDWH
. Click OK Length MM v MM - ||
This specifies the unit systems (kN, mm, kg, msec). A units Mass Ko v | ks = | |7
conversion to a different system could be made if needed; Time MILUSEC v | [MLOSEC v 1
we use the same for both. Tewp: | [KELAN v [kELIN v
ok Cancel

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

Meshing procedures and option for the plate with a central hole

The usually approach to mesh a plate with a hole would be to define key points in x,y,z coordinates to
which lines and arcs (for the hole) are assigned. From this surfaces are defined and meshed. Usually
some planning is required to make sure a sensible mesh is constructed with more elements around

the hole, where the stress gradients are greatest.

In Visual mesh there is a special option to automatically mesh a hole in a plate and we shall take

advantage of this. The meshing procedures are:

¢ First create the plate with a suitable regular mesh (ignoring the hole).
e Then create the central hole and modify the mesh (there are special options for this).

Either the full plate with the central hole can be analysed, or advantage can be made of problem
symmetry to reduce computation costs. Taking advantage of symmetry may be less important today
with the high speed of modern computers; however, for large problems and parametric/optimisation
studies, where many analyses may be needed, it can still be a very useful option. We shall analyse

both the full and quarter symmetry models in this exercise.
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Meshing the plate (without hole)

The plate has four corner points that must first

be defined. It is arbitarily chosen that the model

lies in the x-y plane with one corner at the
origin (x=0, y=0) and the other points having
the coordinates shown; (use z=0 for all points).

The four corner nodes are defined using the
Node > By XYZ, Locate... panel in which the
coordinates for each point are entered and the
Apply tab is clicked. The default ID numbers

are used. For the four nodes use a z=0
coordinate value. Note that the node ID

numbers and their sequence are not important

to the exercise.

(0. 200)

| .

y
r_x
(100, 0)

By XYZ, Locate... & ?(pma) .—.
Method
® xrz O Center of:
O Locate QcGof:
X |0
Y: |0
z: |0
Entity Type
(® Node
O Point Start ID: | 1
Undo
Reset | L. Apply | Close |

(100, 200)

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.

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

Spend some time to review these
options, they are important.
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Generating the mesh surface

¢ Position the model into a convenient view (e.g. using the
XY tab and Center tab) so it appears in the center of
the screen (see previous information).

3/4 Point Mesh

e Activate the 2D > 3/4 Point Mesh tabs with the 4 S

O 3Point Polygon

point polygon option. Then click on the four corner
nodes in sequence (clockwise or anti-clockwise). On
clicking the last node the surface is generated as shown.

Generating the plate mesh

Click on the Mesh tab and a new panel opens to control ! ;
details of the mesh to be generated. ! . e

Element sizes, grading and connection options (stitching) ' || "o
to possible adjacent meshes can be defined and e i
controlled. — ; st |

Cancel

specify a 5mm element size and click the Create Mesh = T -
tab. The mesh will appear, accept this with the OK. :

Generating the mesh with hole (Full model) Falzendo e B
@ceate O Modfy~ "'Oal

Click on the 2D > Hole on 2D Mesh tabs and a new =
. . . @ Pt. On Mesh Part \

panel opens to control details for generating the hole in ;:,E e

1

Yo, of Rings: [ & |

the plate. | Tut:a\Riﬂgf\ﬂ/idLﬁ: 30. :

3 No. of Elems.lin Each Ring: | 60

Deactivate the Auto-Compute tab and specify a hole EE. Dlautocomye ,,'
H . - . ] \ias Type: [Lnear v
diameter of 20 mm with 8 rings to be meshed having a H shpocon[1 1

Transition ’

‘linear’ bias of 4 (the outer element lengths are 4 times ) i - ==
the inner ones). In this case the ring width is 30mm and No.of ot aye [ 2

L Preview

[ Reset L apply ‘ Close |

60 elements are specified in the circumferential direction.
In addition VISUAL will ask you to select a node on the
plate to which the hole center is located (use the left
mouse key to select the plate center node). Click tab
Preview to visualise the mesh. If this looks suitable click EEEEEEEEEEREEEE
Apply and Close to accept it. H

Remarks:

¢ The new mesh can be generated and cancelled untill
you are satisfied with the results.

e Try to generate something that has sensible mesh =8
grading bearing in mind the likely stress gradients of
the loaded problem.
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¢ Visual may have trouble to fit a meshed hole to the
base plate mesh and not all combinations are
feasible. Some experimentation of the input data may
be needed before the mesh is generated.

Saving the Full model (mesh only)

This now completes meshing of the full model with Visual Mesh. Save the data with File > Export
to a suitable folder with a suitable name (e.g. HoleInPlate_FullMesh.pc). Finally exit Visual Mesh.

The next steps look at modifying this model for quarter symmetry and mesh refinement.
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Preparing the ‘coarse’ quarter model mesh

Creating the quarter symmetry model

Probably the safest is to make a copy of the full model
just created to HoleInPlate_QuarterMesh.pc.

Then start a new session of Visual Mesh in which the
new dataset is read in for modification. Start Visual
Mesh and use Open File then select the dataset
HoleInPlate_QuarterMesh.pc to read it in.

Center the model in the x-y plane and visualise using
the wireframe option to get the adjacent view.

First elements outside the required quarter model are
eliminated. The following steps are done:

1. Activate the selection option “Element — By —
Element” in the top control panel.

2. Carefully draw boxes A and B over the required
elements to be eliminated (drag the depressed left
mouse key), then press the right mouse key and
activate Tools > Delete; confirm with Yes. In
practice this may be more easily done by repeating
the procedure several times with smaller boxes and
zooming into areas for better selection.

3. The aim is to delete all elements to the left of the
line L1 (x=50) and below Line L2 (y=100). In the
next step the irregular cut planes will be
repositioned and straightened to lie on the required
symmetry planes L1 and L2. (Note: this may not be
the best way to do this, but it does demonstrate
some useful options!)

|By ﬂ | Element
B

AE

E .

L1

Fmm—mmmmm e —

[TTTT
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Finding nodal (and other) properties

First make sure the selection option is active (e.g.
Node-By-Node) in the top panel. Then click on the
required node and it will be highlighted.

Coordinate information for the node will appear in the
lower panel.

Alternatively, click the right mouse key and then
Tools > Properties to open a new panel with the
required nodal information will then appear.

I"ﬁ_ Visual-Mesh 8.0 - HolelnPlate_QuarterMesh.pc
Applications File Edit View Curve Surfe

Fouvdo OB

EEIZE
Standard

Mode R [By v | Node | WE
St

-Vectur ={X=40.0022, ¥ =100.209, £ =0} Distance =

Selected Mode: 865 100 200
Vector={X=0,% =0, Z=0} Distance =0

N 865

| Properties (Graphical Selection) L @ 2
Explorer -
[ 1 - Properties [Graphical Selec| [
B8E5=3NODE / .
NODE /
IDNOD % ¥ Z
NODE | 869 1000 200, i}
Similar operation are followed to get other information . Al \
such as element numbers and properties. Pmﬁmﬁmmm vvvvvv i (e [
E

Adjusting nodal coordinates (1/2)

Using the above operations it will be found that some of
the key corner nodes do nor have the correct
coordinates due to the automated meshing operations.
The following table gives the required co-ordinates:

Point X Y z
A 50 110
B 60 100
C 100 100
D 100 200
E 50 200

The following operations will adjust nodal cordinates if

necessary.
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3. Repeat this procedure for the nodes at B and C
with the intermediate nodes between B-C. The
upper and right most lines should not need
adjustments.

Adjusting nodal coordinates (2/2) B S
@ Elem. Plane O Along Edge
s LB L
1. The option Node > Move (Correct 2D/3D Oomsurface [ Srfoce
Element Quality..) is used to adjust any corner Flomash___ | S
nodes (A through E) that may be necessary. Use the [y Check Eem. Qualty
options to check the nodal coordinates; if changes Ontrema | &2[=
are needed enter the new valuse and click Close to Omeireem M=
modify them. [0
2. Next the nodes between B-C and A-E need to be 4
aligned. Use the option Node > Align tabs and |
activate the 2 Pt. Line option. For A-E alignment |
click on the first extremity node (A) and then the last I Hign Nede B Eloer B | 0 [ 52]
extremity node (E), then click on the nodes to be I 8 Ourerrrs
alligned. A box can also be draged over the | D@Z::;:"E O
intermediate nodes. Click Apply and Close to I re—
impose the nodal coordinate changes. |
|
|
|
|

Possible problems

Beware that generated meshes may vary depending on the
automated meshing process. In this case the generated mesh
and modifications made have created a ‘bad’ quadrilateral
element with two sides being parellel (X)! This would not be
accepted by PAM-CRASH. We shall elimiate it and replace it
with a proper triangle.

Activate Element-By-Element selection in the top panel,
click on the element (X) and delete it with the (Entf/Del) key.
Be careful that only this element is highlighted for deletion.

With option 2D > 3/4 Point mesh and option 3 Point
Polygon a proper triangular element can be created by clicking the three corner nodes in sequence.
Then click Mesh to open a meshing panel; use a large element size (e.g.10mm) so only one element
is created and make sure the part ID is set to that of the other elements (Part ID = 1), so it gets the
same number.
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Saving the quarter model (mesh only)

This now completes meshing of the quarter model with
Visual Mesh. Save the data with File > Export to a
suitable folder using a suitable name (e.g. the original
name HoleInPlate_QuarterMesh.pc).

Then exit Visual Mesh.

[ Export : C:\Users\tony\Desktop\Temp_Training =2
Savein: | . Temp_Training -l @®-&ci| &~
™ Name
& HolelnPlate_FullMesh.pc
Desktop & HoleInPlate_QuarterMesh.pe
L
Computer
Eigene Do..
L
Netzwerk ¢ | i
T File name: HoleInPlate_QuarterMesh.pc E
e g
i 5 PAM-CRASH files (*.pc) Ca
Zuletaty,, | Tlescftipe
or
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Preparing ‘refined’ version of the quarter model mesh

. . i 1 Open: C\Users\tony\Desktop\Temp_Training 7))
Again, probably the safest is to make a copy of the toskin: [T Tenp Tranrg He-olci@-%-
quater mOdel jUSt created tO ! Nan:lau\elnp\ale QuarterMesh.pe.bak_fp oA;od;z
HoleInPlate_RefinedQuarterMesh.pc. e Bt ot pp

.! ¥ %] HolelnPlate_RefinedQuarterMesh.pc 05.062
Then start a new session of Visual Mesh in which Computer
the new dataset is read in for modification. Start )
Visual Mesh and use File > Open then select the o
new dataset, Niw.i.k '
1 T File name: HolelnPlate_RefinedQuarterMesh.pc v Open
HoleInPlate_RefinedQuarterMesh.pc < I : ,
Zuletzt v. iles of type: Al files (=) v Cancel
[ open as read-only Option
and read it in. Sente [ 3

Remeshing the transition zone and refinement areas

The refirned model is to have mesh refinement in the lower half of
the model for better prediction of stress and strain distributions
around the hole.

Split-20 = [ 9)[=]
1. For this the 2D > Split option is used. First a line of oy om
elements for the mesh transition are remeshed using the OlA ORAS I OfRsree
option “® . The adjacent picture shows the line of 1 i —
transition elements that have been introduced (chose a —

New Node ID: | 1534

similar line).

The element to be remeshed is first selected with the left
mouse key and then the corner node for the diagonal
intersect is selected, again with the left mouse key. Note
carefully the sequence to make sure there are no free
nodes (except on the lower face where additional

remeshing is made in the next step). If the remeshing is ET
wrong select Undo before proceeding; otherwise continue o) ol OE of
the remeshing. OXA o7 ©ldaaas
[ with Preview
[] 5nap To Surface Fiip
No Stitch A Smooth
2. Finally the 2D > Split tabs are selected with the = 1 ] — |
remeshing option shown to split quadrilaterals and QIEE=EsE ENEE

[T

triangles. A box is drawn with the left mouse key over the
elements to be refined and the new mesh is generated;
accept with Close.
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Combining the mesh

In the mesh refinement process duplicated nodes
have been produced at the boundaries where new
elements have been created. These duplicated nodes
must be merged and removed.

Click Checks > Coincident Nodes and the option
Check. This gives a view showing all duplicated
nodes in the model (a suitable Max Gap has to be
selected if the default is inappropriate). These
duplicated nodes are merged with the Fuse All tab.
Click Apply and Close to finish.

If the Coincident nodes Check option is retried a
view of the model showing only the outer free edges
should be drawn.

e [ Node Coindide Al

Coincident Nodes (ol I |

Detection
Max Gap: | 0-100000

Displayed Mesh Check

Display Boundary
Allow Element Modification

Coincide Nodes

Fuse Nodes

[% MNode Fuse All

Retain By
ID: | Lower 1D~ Position:| Lower D w

Reset L, apply Close

Saving the refined quarter model (mesh only)

This now completes re-meshing of the refined
quarter model with Visual Mesh. Save the data with
File > Export to a suitable folder using a suitable
name; e.g. overwrite the existing file,

HoleInPlate_RefinedQuarterMesh.pc

Then exit Visual Mesh.

“ i 5
Fie name: iolelnPlate RefinedQuartertfesh.pc v Save
Fies oftype: | PAM-CRASH fles (*.p0) v | concel
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Defining the model data (Visual-Crash PAM): Some general

comments

Preparing the model(s) for analysis

Full model:

e Application of boundary conditions on the lower face.

e Application of loading on the upper face.

e Application of part (geometric) and material data for
elastic and elasto-plastic solutions.

e Application of the PAM-CRASH control data.

Quarter (symmetry) models:

The same steps are followed as for the full model, except that
specific boundary conditions must be assigned on the (x) and
(y) symmetry planes to impose necessary symmetry.

Loaded end

[T TTT

Restrained end

Starting the Visual-Crash PAM work

The three meshed models (Full, quarter and refined quarter models) created so far will be modified
for analysis. First elastic materials analyses will be undertaken and later these datasets will be copied

and used for plastic analysis.

The safest way is to make copies of the three meshes and work with the new copies. This will allow

you to go back and start again with a new copy if things go wrong!

Copy:

HoleInPlate_FullMesh.pc
to HoleInPlate_FullModel_Elastic.pc for elastic analysis

HoleInPlate_QuarterMesh.pc
to HoleInPlate_QuarterModel_Elastic.pc for elastic analysis

HoleInPlate_RefinedQuarterMesh.pc

} Full model

} Quarter model

to HoleInPlate_RefinedQuarterModel_Elastic.pc for elastic analysis } Refined quarter

model
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Preparing the full analysis model: Elastic analysis

2 Open : C?\Users\tony\Desktop\Temp_Training [ ==
Starting the Visual-Crash PAM work . Flo-mluim-%-
Name An
Start Visual Crash PAM and open the copied model file using || DTN =
- |®] HolelnPlate_FullModel_PlasticMesh.pc 05)
N & - N )
Open File W S =
Computs @] HoleInPlate_Quarterhodel_Plastic.pc 051
. |®] HolelnPlate_RefinedQuarterMesh.pc 06/
4 |® HolelnPlate _RefinedQuarterModel_Elastic.pc 061
Use the copied dataset from the previous section, e
ey
@
Netzwerk »
HoleInPlate_FullModel_Elastic.pc B e oo b e 8 o=
Zu:;:v Files of type: b Gancel
i Option

'L@g}u O@OOBAG ﬂﬂﬁt(NL:;‘ﬁ)%-:- RIgE L 2

Positioning and centering of the model

Use the x-y and centering tabs to conveniently
position the model. This will make assignment of
the bounday constraints, loadings and other data
easier.

Also, in this case visualisation and assignment of
data is easier if the ‘wireframe’ visualisation option
is activated in the top panel.

L..

Boundary conditions

o . Boundary Condition Creation/Editing
Fixing the constrained end Mo
Click on the tabs Crash > Loads > Displacement [ .
BC to get the panel to assign nodes and conditions. L S S S
Use the left mouse key to draw a box over all the 0 o Boc >
nodes on the lower face, then click the Green Arrow woo v w x  m @
and the selected nodes will now appear in the list. ] | [ ——

Advanced [ autocreate [ visible [¥] Highlight  [] Show reset | [ Apply L

Activate the required boundary conditions for these ==

nodes (1=fixed, 0=free), in this case fix: H

e Fix the y,z translational directions (=1),
e |eave x free (=0) so contraction in the width !
direction is possible. [ SN i i i ,

e Fix the U,V,W rotations (=1). i i
Choose an appropriate title for the boundary

condition; e.g. “boundary conditions at holding end”.

The save the selection with Apply and Close.




Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Loading conditions (on the top face)

Click on the tabs Crash > Loads >
Concentrated Loads to get the panel to assign
nodal loads. Use the left mouse key to draw (drag)
a box over all the nodes on the top face and click
the Green Arrow; the selected nodes will now
appear in the nodal list.

We now set the load direction (set IDR = 2) and
assign the loads to these nodes via a load load
curve (in this case we shall use a linearly increasing
curve to 1kN over 3 msec for each node).

1. Click on LCUR and activate New. A new panel
to define the load curve will open. Click on File
and New for the possibility to define the data.

In the new panel define the load curve function.
In this case x-axis is time and y-axis is applied
load. Assume the load starts at zero and
increases to a constant load of 1kN at 3 msec.
The simulation time for this problem is 3 msec
(to be defined later). Note that the applied
loading is 1kN at each of the 21 nodes (total
load =21kN). Finish with Assign Curve.

3. Some final points:

¢ The applied load could be scale if needed,
but we shall use SCAF = 1.

¢ Set ILDTYP = 1 for load to be applied to all
nodes (this is the default).

¢ Give the nodal loads a suitable title so it can
be easily identified in the PAM-CRASH dataset
file.

¢ Make sure the load curve (LCUR) is assigned
to this set of nodes.

Finish with Apply and Close.

Concentrated Load Creation/Editing
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Assigning the Elastic Material and Part data

This is done using two entities which are linked

together; namely:

1. The Material data for material data such as
modulus, density and plasticity information.

2. The_Part data for (geometric data such as
thickness).

1. Material data

Select Crash > Materials Editor and then select
the type of Material Model; in this case use a 101 —
ELASTIC_SHELL. Then define the material data for
Aluminium (E=70 kN/mm?, v=0.3 and density
2.8%10° kg/mm°).

The material assignments are closed with Apply and
Close.

2. Part data

This is easily done via the explorer panel:

1. First click on Parts and the list of parts will open;
select the required part (=PART_1) and with the
right mouse key select Edit. The parts panel will
open.

2. Set the shell thickness to H=2mm. Click just
below H and set this to 2.

3. Finally, the material to be linked to this part must
be assigned. Click on IDMAT, then List and the
materials panel will open. Select the required
material and click OK.

4. Give the part a sensible name.

Finish the material/part assignment with Apply and
Close.

Material Editor

ID:1 Element Type: | AllStuct) v Type: | 10T-ELASTIC_SHELL

3

MATER /
IDMAT MATYP
MATER/ 1 101
BLANK AUXIDA AUXID2
o o
TITLE
HAME 4=>mat101 ( #0 Parts )
E BLANK NU
BLANK Ksl Fo
0.

]

| | sevewoe| ||

Material Editor

iD: 1 Element Type: [ AllStuct] |w)| Type: | 101-ELASTIC_SHELL
1

v
MATER /

IDMAT MATYP  RHO ISINT ISHG
MATER/ 1 101 28E6 0 0
BLANK  AUXID1 AUXID2  AUXID3  AUXID4  AUXIDS

(] (1 (i} (i}

TITLE
NAME 1=>mat101 ( #0 Parts )
E BLANK nu ALPHA  HGM HGW
70. 03
BLANK  KsI Fo

0. 0.

| |lsaverans]| | ]

TO2ELASTIC_PLASTIC_SHELL
T0FELASTIC_PLASTIC_ITERATIVE_HILL
TOSELASTIC_PLASTIC_ITR_WITH_IS0_DAMAG

RHO H108-4NISOTROPIC_ELASTIC_PLASTIC_ITERATI
T09:4MISOTROPIC_ELASTIC_PLASTIC_STAMPI

AUXID3 110-5UPERELASTIC_SHELL
o

115ELASTIC_PLASTIC GURSON_DAMAGE_SHI
T1GELASTIC PLASTIC ISOTROPIC_DAMAGE 5%

ALPHA HGM HGW HGQ
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Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Output results

Some useful output could be selected (this is
optional)

For time history at a node click Crash > Output

> Nodel TH and select a node (e.g. the center e
node at the loaded end) and complete the - o 1

selection by clicking the Green Arrow. Give a
suitable title and finish with Apply and Close.

THNOD /
IDNOD  ISTMOD
THNOD !
TITLE

Crash > Output > Element TH and selecting
the required element (for example some elements

around the hole) which will have the maximum .
stresses.

ﬁ
For the element repeat the process but using ] | st
X

[Jauto Create [ visble  [#] Highlight  [#] Show Reset | |[L Apply| Close

The PAM-CRASH control data must be set

Cantilever_10mmModelps - _ _ _ W

This controls the analysis and allows specific data like the B ta’mﬁever_mﬁqodemc s

problem analysis time (in msecs in this case), and ouput -~ E'"'f.%ﬁE'SU'?VERS'ON:Zm h X

; /’ - ANALYSIS : EXPLICIT N

intervals for the results. ; o Y e \‘

! (_) SOLVER : CRASH 1
\\ O UNIT : MM KG MS KELVII ,’

In the Explorer panel under controls the following controls*. O Ime/ Certovertomive |

can be opened and edited (click on the control and open RN : 823&;& /,/’

with the right mouse key to edit): Edemal Rfiences

i+{Z Transform (TF)

1. INPUTVERSION: Set this (if necessary) to the latest PAM- '

CRASH version installed and used. OCTRL/

2. ANALYSIS: Open if necessary and set this to EXPLICIT. OCTRL/ AL " - -

3. TITLE: Open and give the project a suitable tiltle (e.g. rHPouTRUT - QOTQJM___;{;;_—:"
HoleInPlate_FullMesh Elastic); this will appear on all pevouTRLT ey =
results plots using Visual Viewer and is important to help | **™"™" = e
identify the analysis. et eYeE QUALIFY

TOTAL_STRAIN —
4. RUNEND: Open and set this to (TI02=3.0) for the YESHO
. . CORNER_STRESS —
solution time. P.ﬂAX_EGUIUALENT_STRESSSALIFY
5. OCTRL: tIfSNO EEJALIFY1 EEJALIFYE EEJ
. PREFILTER @AUFY — = =
a. Open and set the THPOUTPUT to POINT with 1000. SPHPLOT = Ly
This will save 1000 points of time history information  |mrceLor =
. . QUALIF1 QUALIFZ  QUALIF3
for x-y graph plots in the .ERF results file. MPPOUTPUT =0 =
b. For DSYOUTPUT set option STATE with 10 to give ten |***""" MnoMT TS  Tsmes
plots of the deformed structure in the .ERF results file. "™ SaLrER
POST_PLY_FRAME — .
c. In these exercises results will be saved in the .ERF file | \x'gmﬁ Tconeres
format. In the OCTRL panel activate type 3 without e T ke - - - - -

compression (ICOMPRES=0).
d. Save the information with Apply and Close.

QUALIFY QUALIFIER:

COMPLEX_PRINT




Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Saving the dataset (.pc file)

e Save the model in a suitable
directory/name; e.g.
HoleInPlate_FullModel.pc.

¢ C(lick on File > Export and export the
model as PAM-CRASH input dataset.In
this case overwrite the file,

HoleInPlate_FullModel_Elastic.pc

This dataset should be complete and ready
for a PAM-CRASH analysis.

¥

TTTTT
|
]

[T

5 Export

Export
File Name: |HaolelnPlate_FulMaodel Elastic.pc

Directary: | C:\UsersMony DesktophTemp_Training

Export Order

PAM-CAASH Files [ pe.ps.inc. pos] ¥

.

Export Options

[ wisible Header Controls  [] Expandrange [ Posfile

Cancel | Export




Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Preparing the quarter (coarse and refined) analysis models for
elastic analysis

Essentially the same steps are followed for preparation of the quarter models (coarse and

refined meshes) for elastic analysis. A brief outline and differences to the previous full model
preparations are detailed below. These models will be analysed and results evaluated before
moving on to the elasto-plastic models.

The datasets (already copied) and to be used here are:

HoleInPlate_QuarterModel_Elastic.pc

HoleInPlate_RefinedQuarterModel_Elastic.pc

For each dataset the following modifications are made.

1.

For each dataset start Visual Crash PAM and
read in the file with Open File.

For boundary conditions:

Symmetry on line L1 - use 011111 conditions
Symmetry on line L2 - use 101111 conditions

where 0 and 1 are standard FE conventions
meaning (0O=free) and (1=fixed) in the
x,Y¥,z,U,V,W directions respectively.

Loading on the top face is the same as the
previous full model. But it should be noted that
strictly the centerline node should carry only
half the load (=0.5kN) due to the symmetry
conditions.

Materials and Parts information are the same
as for the previous full model.

Control information’s are all the same as for
the previous full model. But you should use
different names for the Title control card.
Remember to save results in the .ERF file
format; set this in the OCTRL panel - activate
type 3 without compression (ICOMPRES=0).

Save (overwrite) the completed models.

2 Open : C:\Users\tony\Desktop\ Temp_Training =713
Lookin: | . Temp_Training @ - |c Ere
|
= HolelnPlate_FullModel_Elastic.msg
esktop = HolelnPlate QuarterModel El
= HolelnPlate_RefinedQuarterM

Model_El
rterModel_Elastic.pe~

A ] HolelnPlate_O:
Tt | HolelnPlate Refine
mputer [ HolelnPlate_FullMe:

| HolelnPlate_FullMo

D
Co
lastic.pc

| HolelnPlate_Q
¥ [# HolelnPlate_Qs

Eigene Do <
2 & HolelnPlate RefinedQuarlaibesh.pc

t ) HolelnPlate RefinedQuarteiModel_Elasticpc
LY &) HolelnPlate_FullModel_Elastic.THP A
Netzwerk = = = = — r
T Fie name: HoleInPlate_QuarterModel_Elastic.pc . %
&
. . [Aifies (=) v m
Sy, Fiesoftype:
[] Open as read-only Option
Opends b v




Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Part 2: Elastic explicit models: Analysis and results

Running a PAM-CRASH analysis

e Start the simulation run from the ESI
Group Folder with the latest version
of PAM-CRASH.

e Select the directory and your .pc file.
It is also possible to select an SMP
(shared memory) or DMP
(distributed memory) version of the
code for parallel processing and to
select the number of processors you
would like to run. The ‘Explicit
Double Precision’ version is
recommended for training problems.

If the dataset is good it will proceed
through the dataset initialisation phase
into the solution phase and terminate
with '"NORMAL TERMINATION'.

o If there are data errors the run will
stop with an abnormal termination
message. Inspect the output/results
files for errors (search for ‘ERROR’
and investigate). Correct the
dataset; preferably in VISUAL CRASH
PAM (or in the editor) and rerun the
analysis.

ESI Group o
License
& PAM-OPT
Z PAM-RTM
‘& Virtual-Performance
2008.0
, 20100
;20110
v (/@ PAM-CRASH 64-Bit Solvers 2011
8B pAM-MEDYSA 64-Bit Solvers 201| £
8B pPAM-MVH 64-Bit Solvers 2011.0
(® PAM-SHOCK 64-Bit Solvers 2011
G Readme Virtual-Performance 201
4 Uninstall Virtual-Performance 20
'@' Documentation
B8 Solver Command prompt
'@ Visual-Environment
. 80
FLV Player
FolderMatch v3.4.5 -

4 Zuriick

| Programme/Dateien durchsuchen 2 |

Select input file for PAM-CRASH/SAFE 64-Bit solver...

Suchen in: . Temp_Training j I‘j‘ '
Mame Anderungsdatum Typ ‘ Grake
|®| HolelnPlate_FullMesh.pc 05.06.2012 17:55 PC-Datei 141 Kl
%] HoleInPlate_FullModel_Elastic.pc 06.06.2012 22:28 PC-Datei 144 Kl
|| HolelnPlate_QuarterMesh.pc 05.06.2012 20:32 PC-Datei 3EKl
|| HolelnPlate_QuarterModel_Elastic.pc 05.06.2012 20:32 PC-Datei 38Kl
|| HolelnPlate_Refined QuarterMesh.pc 06.06.2012 19:04 PC-Datei 106 K1
|| HolelnPlate_RefinedQuarterModel_Elastic.pc 06.06.2012 19:04 PC-Datei 106 Kl
Dateiname: |Ho|eInPIate_FuIIModeI_EIasllc.pc: E
Dateityp: |PAM-CRASH,-’SAFE input files (".pc) j f
Solver type: | PM-CRASH/SAFE Explicit Double Precision |
PaM-CRASHASAFE Explicit Single Precision
Mumber of processorz= |52 AFE Ex ble ioh k
PAM-CRASH/SAFE Implicit
PAM-CRASH/SAFE DMP/Platform-MPl Single Precizion
HORMAEL TERMINARATION
TOTAL NUMBER OF CYCLES = 6262
RVERAGE TIME PER ZONE CYCLE = TO9E+02
NUMBER. OF SHELLS ELIMINATED = [i]
NUMBER OF 5S0LIDS ELIMINATED = [i]
HNUMBER OF BEAMS ELIMINATED = a
WUMBER OF SPHS ELIMINATED = [i]
CEU(s) ELAFSED(s) CEU3 ELRES3
INPUT/INITIALIZATION 1.0000E+00 1.3000E+01 1.32 34.21
INTERNAL FORCE3 2.6000E+01 1.1000E+01 34.21 28.95
HODAL OPERRTICNS 2.3000E+01 &.0000E+00 30.2 21.05
OUTPUTS 2.4000E+01 &.0000E+00 31.58 15.79
CONTACTS 0.0000E+00 0.0000E+00 0.00 0.00
CONSTRAINTIS (RE,RW,BC..) 2.0000E+00 0.0000E+00 2.63 0.00
KJOINT /MBS SOLVERS 0.0000E+00 0.0000E+00 0.00 0.00
RDRFTIVE MESH (SIRMF) 0.0000E+00 0.0000E+00 0.00 0.00
TOTALS T7.6000E+01 3.8000E+01 100.00 100.00
CEU TIME 7.600E+01 (3)
ELZFSED TIME 3.800E+01 (s3)
BATIO CPU/ELLPSED TIME 200.00 %

NORMAL TERMINATICON,EXITO MESSAGE




Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Evaluating the results

Execute the three elastic analysis models:
HoleInPlate_FullModel_Elastic.pc
HoleInPlate_QuarterModel_Elastic.pc
HoleInPlate_RefinedQuarterModel_Elastic.pc

Check the analyses finish with ‘"NORMAL TERMINATION’ (if not check for errors, correct and rerun the
models). For the three models it is convenient to visualise results simultaneously in one viewing
frame. Start Visual Viewer and open results file HoleInPlate_FullModel_Elastic_RESULT.erfh5.
Then click on windows > Page Layout and the variation shown below below.

—OX| _ox =T

HolelnPlate_FullModel_Elastic
1/ 0.000000

&
e
s
5

g
&

il E S = =

B B
B [MHE

5

B

Customized Layouts
CustomTemplate2_ 1 W
Auto Display

B

z

A

Apply
Close

This will open three viewing windows with the current results occupying the first window. Click on
each of the new windows in turn (left mouse key) to activate it and then read in the remaining results
files to each window using File and Open,

1. HoleInPlate_QuarterModel_Elastic_ RESULT.erfh5

2. HoleInPlate_RefinedQuarterModel_Elastic_RESULT.erfh5

=

= DX HolenPlate_RefinedQuartervodel_Elastic EEX
110000000

1/ 0.000000 1/ 0.000000

A A

X
5 | HolelnPlate_FulModel_Elastic HolelnPlate_QuarterModel_Elastic

@ Solut ict
@ Total Number of




Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

The next step is to synchronise the three viewing frames. Ths is done on two levels:

1. For coupling of viewing information
2. For coupling of state (time) plots

For viewing coupling click on Window > Couple Windows to open the synchronisation panel. Then
activate the three models and also the Views box and the options under More. This will now force all
windows to be syncronised for zooming, viewing, contour plots, etc. Finish with Apply and Close.

HolelnPlate_FullModel _Elastic ] B HolelnPlate_Quarteriodel_Elastic SEE
DISPLACEMENTS _NOD_(L1) 1/0.000000 DISPLACEMENTS_NOD_Y(L1) 170000000
min=0.000 &t MODE 1 in HolelnPlate_Fullbiodel Elastic RESULT erfhs min=0.000 st MODE 1 _in HolelnPlate_Guarterhodel_Elastic _RESULT erfhs
max=0.000 &t NODE 1 in HalelnPlate_Full (i = @ e_Guarterhodel_Elastic_RESULT erfhd
0000 Windows , Stae
E- All Pages 1 \
0.000 =g K |
0.000 (P1W1) C-/UsersAtony/Deskiop/Tem | |
{P1W2) C:/UsersAony/Desktop/Tem “ "
0000 EEEEEEE (P1W3) C/UsersAony/Deskiop/Tem| /
0.000
— 0.000
__ 0000
— 0000 [¥] Views (pan, zoom, rotate)
_ 0000
0.000 / Stae
ll ‘\
0.000 ; i
0000 ; !
\ 1
0.000 N_7
0.000
0.000
0.000
¥
I—b X

P2

HolelnPlate_RefinedQuartertodel_Elastic EEE

DISPLACEMENTS_NOD_Y(L1) 11 0.000000
min=0.000 &t MODE 1 in HolelnPlate_Refined@uarterMorel_Elastic_RESULT erths
max=0.000 & NODE 1 in HoleinPlate_RefinedQuarterodel_Elastic_RESULT erths

0.000
0.000
0.000
0.000
0.000
— 0000
— 0000
__ 0000
__ 0000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

¥

-

For state coupling click on the syncronisation tab shown below and then activate the three models

to be syncronised. Finish with Close.

Bl Visual-Viewer 8.0 - Temp_Training/Hec

Applications  File

EE@EQ@O@OL

Edit View Ins

Standgrd | Vi
* [ o | 4 D
k%n g@&+nm
3 \ uilts 3
Synchronize H & X r
/ﬁ\
- 1 \ .
Elv:fgynchroniée ‘: ] @
Time Calibra‘ﬁon /,
Location | Synch Model Name Time Scale | Time Shift End Time
plwl HolelnPlate FullModel Hastic RESULT erfh5| 0939121 | 0.000000 | 2.393942
plw2 :InPlate QuarterModel Hastic RESULT erfh5| 0535258 | 0.000000

RefinedQuarterModel Hastic RESULT efhb  0.398019

plw3

0.000000

Selected Window
C:/Userstory/Desktop,/Temp_Training/HolelnPlate_RefinedQuarterModel_Elastic

[

I

1:0.000000 w 51:2.939981 v

(®) Cument Page
Skip: O All Pages
| Reset | | Auto Caiibrate... |
Close

Pz



Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

The following is a typical set of plots that may be produced. In this case the last state (=3msec) is
selected together with the contour variable (Displacement_Nod_Y) to show nodal displacements in the
loading direction. The states can be selected via Results > Animation Control, or the tabs shown
below. The contours are selected via Results > Contour.

1 Visual-Viewer 8.0 - Temp_Training/HolelfiPlate_QuarterModel Elastic RESULT.erfh5 (mm kg millisec) =] -EI-E'
: Applications File Edit View Inseg Results Septions Curves Plots Drawing Injury Report  Tools Macros Mindow Help [c¥a]
‘BB AO@O Lot B b [essicenty| k(o v [Buicen] K B fh Gl RreRe % ERBB Liedfade(n veO-AE
: Standard : s Views S~k Selection. : Visibiity o ouewy | Page
[ FE S [PRabbwmOT @[ B .
E Resuns - —~ Znimation
DD —ox S| —[E]%
F o/ 1 B [ pan | 4 0 | HOleINPlate_FulModel Elastic HolelnPlate_Quansriods!_Elastic HolelnPlate_RefinsdQuarterModel_Elastic
2 = s DISPLACEMENTS_MOD_\(L1) 1172909042 DISPLACEMENTS_NOD_Y(L1) 5172999955 DISPLACEMENTS _NOD_Y(L1) 517 2399964
B Page/Fie View & e ealiziit ) ir
& min=0.000 &t MODE 1 in HoleinPlate_Fulltodel_Elastic_RESULT erths min=0.000 &t MODE 1 in HoleinPlate_Quarterhodel_Elastic_RESULT erths min=0000 &t MODE 1 in HolelnPlate_RefinedQuartertodel_Elastic_RESULT erfhs
View: oPage OF\\E & max=0.348 at NODE 855 in HoleinPlate_FulModel_Elastic_RESULT erths 865 max=0.197 &t MODE 865 In HolelnPlate_QuarterModel_Elastic_RESULT erths 86! max=0187 at NODE 865 in HolelnPlate_RefinedQuarterModel_Elastic RESULT &t 5355
e
i@ Al Pages 0349 0.197 0.197
CH{IT] (P1) Page 1
b (W1) C/Users Aony/ 0226 0.184 0184
i b @ Solver: PAMCS
@ Solution : Bxplict 0303 0171 0.171
& @ Total Number of 0579 0.158 0168
P e 0256 0,145 0145
i i@ Total Number of
Bl (W3 Clserntory| | — 0233 — o — o
% b | = 0200 R _ omns
@ To Numberof || 494 __ 0105 _ 0105
— 0163 0092 L 0092
0.140 0079 0079
12 o 0086 0.086
0.093 0.053 0.053
0.070 0.039 0.039
0.047 0.026 0.026
0.023 0.013 0.013
N 0.000 0.000 0.000
¥ ¥ ¥
L X l M | %
Prw Pz Piwa

Finally, contour plots for example of membrane stress (resultant first principle) are obtained by
clicking Results > Contour and selecting entity type SHELL and this contour. For the full plate the
loading resultant is total applied load/width = 21kN/100mm = 0.21kN/mm. The maximum stress
resultant from the plot is 0.564 giving a stress concentration factor for the notch of 0.564/0.21 = 2.7,
which is a realistic value. As expected the finer meshed model shows higher stresses.

HolelnPlate_Fulitodel_Elastic -ox HalelnPlate_Quartertodel_Elastic -ox HalelnPlate_RefinedQuartertodel_Elastic -ox
Membrane_Stress_Res_local_First Princ.(L1) 11712999642 Membrane_Stress_Res_local_First Princ.(L1) 5112999955 Membrane_Stress_Res_local_First PrincaL1) 5112899964
min=-0.005 at SHELL 1352 in HolelnPlate_FullModel_Elastic_RESULT erths min=-0.005 & SHELL 1321 in HolelnPlate_QuarterModel_Elastic_RESULT erths min=-0010 a SHELL 2114 in HolelnPlate_RefinecQuarterhode|_Elastic RESULT .erthd
max=0.564 a SHELL 1337 in HolelnPlate_FullModel_Elastic_RESULT erths max=0.595 &t SHELL 1307 in HolelnPlate_QuarterModel_Elastic_RESULT erths max=0638 st SHELL 2060 in HolelnPlate_RefinedQuarterhode|_Elastic _RESULT .erthd
0.564 0585 0638
0526 0585 0595
0488 0515 0552
0450 0475 0509
0412 0435 0466
_ 0374 _ 0385 _ 0422
0326 0385 __ 0379
_ 0298 B 0315 _ 0336
_ 0260 B 0275 _ 0293
0222 0235 0250
0184 0195 0206
0147 0155 0.163
0109 0115 0.120
0.071 0.075 0.077
0033 0035 0.034
-0.005 -0.005 -0.010
¥ ¥ Y
L. L I
A Fwz FAwE




Tutorials 3,4: Elastic and elasto-plastic loading of a plate with a central hole

Part 3: Elasto-Plastic explicit models: Modifications, analysis
and results

Preparing the elasto-plastic analysis models
The previous elastic model are now modified for elasto-plastic analysis. The only differences

are made to the material law (elastic model 101 is changed to elasto-plastic model 103). The
datasets to be copied and modified are:

Copy HolelInPlate_FullModel_Elastic.pc
} Full model

to HoleInPlate_FullModel_Plastic.pc for plastic analysis

Copy HoleInPlate_QuarterModel_Elastic.pc

to HoleInPlate_QuarterModel_Plastic.pc for plastic analysis }

Copy HoleInPlate_RefinedQuarterModel_Elastic.pc

to HoleInPlate_RefinedQuarterModel_Pastic.pc  for plastic analysis }

model

The following gives details of the changes to be made to each of the above _Plastic datasets.
Start Visual Crash PAM, open each file in turn and make the changes.

Quarter model

Refined quarter

s Noges () (1217
EJ-{@ Elements (E) (1123)
~{Z Groups [GRF)
2~ Opignal Groups (OGRF)
P Ml — < S
(7 B Stuctual Materals (S

< | L 4 1=>1=matint (3

Assigning the Elasto-Plastic Model

1. Material data

In the explorer window the current elastic materials
model can be clicked and with the right mouse key
opened for editing. In the upper selection Type a new
materials model 103 — ELASTIC_PLASTIC can be
selected. The existic data (E=70 kN/mm?, v=0.3 and
density 2.8*¥10° kg/mm?) remain valid, only a new
plasticity curve must be added.

The yield stress and plasticity information can be
defined in a number of ways (yield stress, Curve,
power law, ...); the CURVE option is selected by
clicking on Yield Stress and selecting the type
CURVE; click the ‘0’ just under LC1 and New to enter
the following curve data.

In this case a simple 2 point curve is defined using:

~}-65 Thermal Matessis &7
{2 Acoustic Materials (V/
#~=> Porous Materials (PFh
#~E= Mpd (MPD)

2 Compostes

Material Editor

2 |7

1|1 Element Type: | AllStruct] v | Type: b
i T00HULL_MATERIAL_SHELL

Choose Database. .. =

03 C_PLASTIC ITERATIVE_ I 'ILL
ATERT T N { [I05ELSTIC_ PLASTIC TR WiTH Jan DAMARE]
. X WILELE FIE H WG ANIST Dam
MATER! 2 103 2866 0102 ANISUFRORE_BRASTIC PLASTIC_ITERATT £ skp References [] Al Materidl
BLANK  AUXIDI AUXIDZ  AUXIDS 4 103ANISOTAOPIC_ELASTIC_PLASTICLSTAMPI!  feril Name | Type | Densty | Young's Moduius | Pe
[ 0 0 of 110-5UPERELAS TIE_SHEL
TITLE TIEELASTIC PLASTIC GURSON DAMAGE SHI™
NAME 4=>mat101 ( #0 Parts )
E SigmOPTN  SIGMAY  HU ALPHA  HGM HGW HGI
70. Yield Stress 0. 0.3
E1 SIGMA1 E2 SIGMAZ E3 SIGMAJ E4 SIG
0 0 0 0 0 0 0 0
E5 SIGMAS E6 SIGMAE  E7 SIGMAT 3
0 a o a o a
¥ 5 < »
savetaDB| EZ || B2 Reset ||Ls  Apply Close
File Edit View Curves Plot
DER BEX IHREE &R
® | D | Curve Name [No.Pis.|  Xlsbdl |  Ylabel | Color | Xmn | Xmax | Yomin | Yomax |

Plot 1

X — effective strain

Y - effective stress

0.0 (start of plastic strain)

0.14 MPa (= yield stress)

0.5

0.25

Then click Assign Curve. Make sure this curve
(number 2) is assigned to parameter LC1.

Finish the changes to the material assignments with

Apply and Close.
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Example results are shown below for Max. equivalent stress (= Von Mises stress). The three plastic
models have been loaded into three windows and the previous operation for syncronisation of the

three windows has been done.

The results are similar for the three cases and show that significant plasticity has occurred around the
notch. Note that plasticity has occurred in regions that have a stress greater than the yield stress (=

0.15MPa).

One problem can also be seen in the corner loaded nodes; the deformations, stresses and
strains are high due to high nodal loads being applied (proper uniform loading should have
halved these loads for these nodes). It is an example how deformation and countour plots can
be usefully used to identify modelling errors.

HolelnPlate_FullhModel_Plastic -ox
Mz _Eciuivalert_Stress(L1) 11 1 2999868

min=0029 at SHELL 1202 in HoleinPlate_FullModsl_Plastic_RESULT erths
max=0.154 at SHELL 800 in HoleinPlate _FulModel_Plastic_RESULT &rfhs

0.154
0.146
0137
0129
0121
0112
0.104
0.096
0.087
0079
0.071
0.062
0.054
0.046
0037
0029

800

¥

b

HolelnPlate_Quarteradel_Plastic - Ox
Max_Eruivalert_Strass(L1) 51 /2999842

min=0033 at SHELL 1201 in HolelnPlate_CuarterModel_Plastic_RESULT erths
max=0.154 at SHELL 800 in HoleinPlate_Guarteriodel _Plastic_RESULT erthd

0.154
0.148
01338
0130
0122
0.114
0.108
n.0es
0.080
n.osz
0.073
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0.057
0.048
0.041
0.032

¥

b

HolelnPlate_RefinedQuarterModel _Plastic s
Max_Eruivalert_Strass(L1) 517 2999996

min=0020 at SHELL 2086 in HolelnPlate_RefinedCuarteriodel_Plastic_RESULT
max=0.154 at SHELL 800 in HoleinPlate_RefinedGuarteriodel_Plastic_RESULT,

0.154
0.145
0126
0127
0118
0.109
0.100
0092
0082
0074
0.065
0.056
0.047
0028
0029
0.020

¥

Lo
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Part 4: Implicit models: Modifications, analysis and results

Preparation of the elastic and elasto-plastic models

The following list the simple changes needed to convert the explicit datasets to implicit ones:

1. Specify that an Implicit analysis will be undertaken.

2. Specify the type of analysis; in this case either a Static, Linear analysis will be performed for the
elastic plate, or a Static, Non Linear analysis will be performed for the elasto-plastic plate.

3. Specify information concerning the number of loading steps to be undertaken to reach the
maximum load (for the nonlinear elasto-plastic analysis only).

Specify the element formulation to be used; in this case shell element type 6.

5. Finally, for the full plate study only, one modification to the boundary conditions is necessary to

prevent Rigid Body motion.

As previously the safest way is to copy the explicit datasets to implicit datasets, and then modify the

new (implicit) datasets with Visual Crash PAM.

Copy HoleInPlate_FullModel_Elastic.pc to HoleInPlate_FullModel_Elastic_Implicit.pc
Copy HoleInPlate_FullModel_Plastic.pc to HoleInPlate_FullModel_Plastic_Implicit.pc

The same is done for the elastic and plastic QuarterModel and RefinedQuarterModel datasets.

The following give details of the changes needed for implicit analysis.

1. The implicit control card

Cartiiever_10mmModel_mplict pe

B-{@ Cantilever_10mmMedel_Implicit pc
- (@ Controls (7)

") INPUTVERSION : 2011 Entity Creation
(OANALYSIS T EXPLICIT! Mode
In the explorer panel under Controls the type of T et .
. E-{=- Standand Controls (2) +| |
analysis can be changed from EXPLICIT to g,
{Z- Bdemal References 3 VERSION
IM PLICIT. SEZEDEE‘;? ﬁ ANALYSIS EXPL|CI™ e
~~{Z Dmpew (OMP) IMPLICIT
| o e ]
7= Nodes (N) (160}
T e 3P
~{=- Optional Groups (0GRF)
- Materials (M) (1)
1-(=> Links Advanced [visble [ Highlight
H-{= Joints
2. The type of implicit analysis PN
Type: |ICTRL/ v
In the main window under Crash > Controls > [+ ¢ ]
Standard Controls look in the window Type for 2l L L
. . . = ICTRL
ICTRL. Click this and the adjacent panel opens. In P QAL oAUz
the line ANALYSIS TYPE activate: ] wsesoumon 2
. - NEWTMX
STATIC and LINEAR for the elastic cases. R P S— i

STATIC and NON LINEAR for the elasto-
plastic cases.

[Jvisble [] Highlight [ Show Reset L, apply| | Close
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Control Cards Creation/Editing

3. The element type woce e
In the main window under Crash > Controls > CoRle / =
ECTRL
Standard Controls look in the window Type for (2] ||| ermc soromp ot PMELVEL
. . . 2DHINT
ECTRL. Click this and the adjacent panel opens. In o SHELL FORMULATION B
the line SHELL FORMULATION activate type 6. . e =
Fad 2 >
Advanced [Cvisible [#] Highlight [] Show Reset | |[b Apply| | Clot

4. The solution times step (for the nonlinear "t Crestion/Editing

Mode

elasto-plastic analysis only) Type: [TCTRL/

In the main window under Crash > Controls > c =
Standard Controls look in the window Type for P21 - e

TCTRL. For value DT2USR set 0.3. This — DTUSER

parameter specifies the time step size, and is o QuAURY  oTzuse

used to control the number of load increments “CALE i"‘””

made; RUNEND=3.0, DT2USR=0.3 giving 10 x| . o S

increments (between 0 to 1kN in the nodal

Ioads). Advanced [ visible [¥]Highlight [] Show

5. Changes to boundary conditions (full plate study only)

Boundary conditions for the quarter models do prevent any rigid body motion of the structure in both
the translational and rotational directions. This is not the case for the full plate study and rigid body
rotation (about the x axis) and rigid body translation (in the x direction) are possible. For an implicit
analysis it is necessary that all rigid body motions are suppressed, so that the global stiffness matrix
has a unique solution (i.e. the determinant is non-zero).

Consequently, fully constrain any one of the nodes on the lower face. If only one node is constrained
the loading in the plate is identical to the previous explicit analyses.

Note in the explicit solution the dynamic equations of motion are solved which do not require
suppression of rigid body modes. But clearly sensible constraints are still needed to resist applied
loading.

6. Export the dataset

Finally, for each model export (overwrite) the dataset with the correct name and close Visual Crash
PAM.

Check carefully that in the preparation of these analyses models:
e The elastic models (filename_Elastic_Implicit.pc) use the elastic material law 101.

e The plastic models (filename_Plastic_Implicit.pc) use the elasto-plastic shell material
model 103.
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Implicit results for the elastic and elasto-plastic models

Use PAM-CRASH Implicit to run the three elastic and elasto-plastic implicit problems,

HoleInPlate_FullModel_Elastic_Implicit.pc
HoleInPlate_QuarterModel_Elastic_Implicit.pc
HoleInPlate_RefinedQuarterModel_Elastic_Implicit.pc

HoleInPlate_FullModel_Plastic_Implicit.pc
HoleInPlate_QuarterModel_Plastic_Implicit.pc
HoleInPlate_RefinedQuarterModel_Plastic_Implicit.pc

Results from the analyses are processed in exactly the same way as the previous explicit analyses
using Visual Viewer and opening the .ERF results files. For the linear analyses there is only one
result state which corresponds to the maximum applied load, whereas for non-linear analyses a
deformed state is stored for each load increment in the iterative solution scheme.

The following contour plots from the .ERF files show some example results for the six models. The
figure uses a six window plot and syncronisation for the six models. The elastic studies (top row) and
elasto-plastic studies (bottom row) show maximum equiv. stress (= Von Mises stress) for the final
load. It can be seen that the elastic models have high localised elastic stresses at the root of the
notch, whereas the non-linear studies show plasticity and give peak stresses at the yield stress with

hardening.
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