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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

Units: kN, mm, kg, ms

Description: The “single lap joint” consists of two Aluminium adherends (each 3mm thick) bonded
with an adhesive layer (0.3mm thick). The joint overlap length is 20mm and the joint
width is 20mm. Each adherend has a free length of 100mm with a 10mm mesh transition
zones (denoted A in the figure below) adjacent to the bond line region. The exercise will
analyse two joint configurations:

1. A single lap joint which is free in the lateral (y) directions; except at the end
restraints.
2. A double lap joint which can be analysed by imposing symmetry constraints in
the lateral (y) direction.
Loading: Imposed loading is via velocity control at one end (end C), with fixed constraint at the
opposite end (end B).
Material: Two different material laws will be considered; namely an elastic and an elasto-plastic
with failure law for each joint type:

1. Elastic analysis: The elastic analysis will use Aluminium adherend properties of
E=70 kN/mm? (GPa), v=0.3 and density 2.8*¥10® kg/mm? and adhesive
properties of E=3kN/mm? (GPa), v=0.3 and density 1.6¥10°® kg/mm3.

2. Plastic analysis with failure: An elasto-plastic law with yield stress of 20 MPa will
be used with @ maximum Von Mises failure strain criteria.
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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-CRASH input and results files.

For the mesh model:
SingleLap_Mesh.pc

For the explicit analysis models:
Elastic problem: SingleLap_Elastic_Explicit.pc and DoubleLap_Elastic_Explicit.pc
Plastic problem: SingleLap_Plastic_Explicit.pc and DoubleLap_Plastic_Explicit.pc

and for the implicit analysis models:
Elastic problem: SingleLap_Elastic_Implicit.pc and DoubleLap_Elastic_Implicit.pc

Plastic problem: SingleLap_Plastic_Implicit.pc and DoubleLap_Plastic_Implicit.pc

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

Basic theory relevant to problem

For the double and single lap joints analytical solutions, assuming elastic material behaviour, are
available in the literature and can be used to help validate the Finite Element analysis results.

For the elastic double lap joint see the theory of Volkerson® and for the elastic single lap joint see the
thory of Goland and Reisner?.

! Volkersen, O. “Die nietkraftverteilung in zubeanspruchten nietverbindung mit konstanten
loshonquerschnitten®, Luftfahrtforschung, Vol 15, P41, 1938.
2 Goland, M. and Reissner, E. ,Stresses in cemented joints", J. Appl Mechanics, Vol 11, P17, 1944.
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Part 1: Using VCP to construct the model

Preparing the mesh (Visual Mesh)

Meshing options for the adhesive bonded joints

A common problem of modelling adhesive bonded joints is accurate representation of the high stress
gradients in the relatively thin glueline; especially, if accurate stress and strain predictions are needed
for failure analysis. In theory many elements could be used in the adhesive layer region; however, this
would quickly lead to very large meshes (number of elements) for the full joint which would make the
analysis of a large structure computationally very expensive. Careful planning of the mesh and use of
mesh grading methods are needed to obtain a suitably detailed mesh in the adhesive and adherends.

In this exercise 3D solid elements are used so that a good representation of the 3D stress distribution
in the joint is possible. It should be noted that in-plane loaded ‘wide’ joints (normal to the plane of the
joint) could be analysed as a plane strain (2D) problem; or, in the case of axial loaded tubular joints
as an axi-symmetric problem. 2D analysis greatly simplifies the Finite Element model and CPU costs,
but is limited to specific in-plane loading only.

For this exercise both a single and double lap joint will be analysed. It will be shown that the same
mesh can be used for each, with the main difference being the boundary conditions which convert the
single lap joint to one symmetric half of a double lap joint. In order to generate the 3D solid model
the following meshing steps are followed:

1. First generate key points (x,y,z coordinates) to define the geometry and mesh transition
zones on the section of the bonded joint.

2. Connect these points to obtain 2D surface patches which are then meshed with 2D elements.

3. The 2D surface mesh is then translated in the joint width direction and used to generate a full
3D solid model of the joint.

4. Finally, the redundant surface 2D elements are eliminated.
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Start the Visual Crash Program (VCP) and under the

Applications tab select the Mesh option.

21 Visual-Crash PAM 8.0 - Home Page
Applications | file Edit View Node 1D 20 3D Assembly WeldTools Cra:

& | 7 L &

I NVH-Interior Acoustics
FE MEDVSA

This will activate the meshing module (Visual Mesh) of ;‘!w 5
the VCP program which is dedicated to generating finite ‘2 CEED
element meshes. i
Change Unit System = -7 ==
Select the option New file then specify (if required) the cource Units TrgetUnits Foctor
model unit system to be used (mm, kg, millisec, Syseme || [UNKNOWN v || [UNKNDWN [v
kelvin). Length: M v MM v| 1
Mass: kG b kG ~ 1
Timne: MILLISEC b MILLISEC b 1
Temp.: KELYIM b KELYIN v
ok Cancel

Preparing the joint 2D surface mesh

The joint could be consider as having seven rectangular surface patches (three per adherend and one
for the glueline) which are described by 16 points (¢), as shown in the figure below. Each of these
surfaces will be meshed with 2D elements, but first the 16 points must be defined. It is arbitarily
chosen that this model lies in the x-y plane with the lower left corner at the origin (x=0, y=0); all
other points having the coordinates shown (use z=0 for all points).

Use the Node > By XYZ, Locate... panel with the required cordinates and click the Create Node
tab to create the 16 points:

Pt1
0,0,0

Pt 2
0,3.0,0

Pt3
90.0, 0, 0

Pt 4
90, 3.0, 0

Pt 16
220.0,6.3,0

Use the default ID numbers. The ID numbers and the order that the nodes are defined is not
important.

Patch 4
Patch 5 Patch 6 Patch 7
T — 3 | P16
2 B Pt 2 v=33 —
) y=3.0
¥ |0 :0 ‘
z |0 \ / |
Pt1
e Pt 3 | |x=13o X=220
O Paint StartD: | 1 X=0 X=90 X=100 X=120
Undo.

reset | [L apply || cose | Patch 1 Patch 2 Patch 3
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Positioning and zooming the model:

The positioning and viewing tabs explained in tutorials 1 through 4 are used to center and manipulate
the position/viewing angle of the nodes specified. Try to obtain the view shown below.

: [ ] [ ] [ ] [ ] i
i = = s -
Meshing Patch 1 (lower adherend)

For each of the seven surface patches the following 374 Paint Mesh B =]

steps are done: ® 4ot Polygon

(O 3 Paint Palygon

1. Generating the surface. Conveniently position
the model (e.g. using the XY tab and Center
tab). Then activate the 2D > 3/4 Point Mesh
tabs with the 4 point polygon option. Click on
the four corner nodes in sequence (clockwise or
anti-clockwise) for the patch representing the »
longer length of the lower adherend; on clicking
the last node the surface is generated as shown.

Undo

Reset | 1 Mesh | Close |

2. The Mesh tab is then clicked and definition of t e i -
the mesh can begin. e

2D Mesh =% |[=
3. The adjacent panel will appear together with a
proposed mesh, which we shall now modify. The

mesh density can be changed either by

Set Element Size Display
10 Edge Handles

Edge Seeds

Edge |Method | Advanced | ID
Count

Count: | 4 [ set toEdge

specifying an “element size”, or clicking on the
numbered boxes with the left mouse key. Click
twice on each of the boxes for the thickness
direction of the adherend to change from 1 to 3
(left mouse key). Use shift and the left mouse
key to lower numbers. Similarly, click on the
length direction boxes to change these from 9 to
20. Then click Create Mesh to visualise the
mesh.

4. Finally, the regular mesh is accepted with OK.

[+ Change Seed #

Synchronize

by: @ projection | [ Edge
QO Count

Biasing

Type: [Equal | Factors 5

[ Fip |; BiesEdge | SettoAl
Auto Bias
,  Create Mesh
Cancel ‘ U4 oK ‘




Tutorial 5,6: Single and Double lap adhesive joints

Meshing the transition zone (Patch 2)

Between each adherend and the adhesive zone
a graded mesh is made as follows:

1. Generating the surface using the 2D > 3/4
Point Mesh tabs with the 4 point polygon
option and click on the four corner points.
Click on Mesh to start the meshing.

2. Change the number of elements to 3 and 8
for the height and length directions
respectively.

In the thickness direction the default regular
mesh is used. For the length direction a
graded mesh is now defined; first for the
bottom line and then for the top. In option
Biasing use Type linear; use a Factor =
1.5 (the first element is 1,5 times larger than
the last element in the line). Click Bias Edge
and then on the line to be graded, if the
mesh grading is in the reverse direction use
the Flip tab to reverse the Bias; we want the
finer mesh to be at the adhesive end where
the stress concentrations are obviously
highest.

Repeat the operation for the top line.

3. Once the edges have the correct element
numbers and grading click Create Mesh to
visualise the mesh and OK to accept.

3/4 Paint Mesh

(2 4Paint Polygon

=7 ==

@ Paint -

() 3 Point Polygon

Reset ‘ L

Undo

Mesh ‘ Close | "

L.

2D Mesh

SR
Set Element Size Display
10 Edge Handles

Edge Seeds

Edge |Method | Advanced | ID
Count
Count: | 4 [+ Set to Edge

l} Change Seed #

Synchronize
by @ Projection

O Count

[ Edge

Biasing
Type: |Linear

[ Fip

+ | Factor:| 5

[+ bias Edge Set to All
Auto Bias

-4, Create Mesh
Cancel 4 oK

Meshing patches 3, 4 and 5

For each of these patches a regular mesh is
used. The adherend parts (patches 3 and 5)
have a 3*30 element mesh and the adhesive
layer has a 1*30 element mesh. The steps used
are identical to those above for patch 1, except
for the different element desities.

Remark: Note that the number of elements
assigned to each of the side are

consistent with adjacent patches. This

is important for a proper ‘continuous’
mesh across the patch boundaries.

3/4 Point Mesh

(® 4 Point Polygon
(O 3 Foint Polygon

Reset ‘ L

= 7=

Undo

vesh | cose |

2D Mesh

Set Element Size

0.554332

Dispiay
Edge Handles
Edge Seeds

Edge |Method | Advanced | ID
Count
Count: | 4 [ set to Edge

[ Change Seed #

Synchronize
by: @ Projection
QO Count

[ Edge

Bizsing
Type: |Lingar

[ Fip

+ | Factor: 15

[} BiasEdge | Setto Al
Auto Bias
L Create Mesh

Cancel | o OK

= | %][=]
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Meshing adherend patches 6
and 7

Patch 6 is meshed in identical
fashion to patch 2 with the same
mesh grading; again the smaller
elements are at the adhesive end
(i.e in the reverse direction to
patch 2!).

Patch 7 is has a regular mesh and
is meshed in the same way as
previously done for patch 1.

3/4 Point Mesh

() 4 Point Polygon

(O 3 Point Polygon

Reset | L

Mesh

=7 =]

Undo

Close

2D Mesh

B |7 =]
Set Element Size Display
3

Edge Handles
Edge Seeds

Edge |Method [Advanced | 1D
Count
Count: | 4 [} settoEdge

[% change Seed #

Synchronize

by: @ Projection [ Edge
) Count

Biasing
Type: |Linear  |w | Factor:| 15

[3 Fip [ BiasEdge | Settoal

Auto Bias
—,  Create Mesh
Cancel | s oK |

Combining the patches

In the meshing process so far seven
individual patches have been created and
meshed. At the boundaries of each patch
the element spacings have been carefully
chosen so there is mesh continuity.
However, it is possible that each patch
has separate nodes and the elements are
discontinuous. Or other discontinuities
occur.

Check this using the coincident nodes
option. 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 and Apply tabs to give the
second view. Finish with Close.

=7 [=]

Coincident Nodes

Detection
Max Gap: | 0. 100000

Displayed Mesh

Check

Dispiay Boundary
Allow Element Mocdification

Caincide Nodes

[ Mode Coincide Al

Fuse Nodes

[ Mode Fuse Al

Retain By
ID: [Loner D v/ Position:| Lower D

Reset L Apply Close

Coincident Nodes. % =]
Detection
Max Gap: | 0-100000

Displayed Mesh

Check

Display Boundary
Allow Element Modification

Coincide Nodes

[ Mode Coincide All

Fuse Nodes
[ Mode Fuse All

Retain By
: | Lower D |w/| Position:| Lower ID v

Reset L Apply Close
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Creating the 3D Solid mesh

1. The 3D (solid) mesh is generated from
the 2D (shell) mesh by clicking 3D >
Layer Mesh (Grow). Enter a
Distance of 20 (for a 20mm wide lap
joint). The Elements Faces option is
activated then select all elements by
dragging a box over the model with
the left mouse key and click the green
arrow to select. The mesh (partially
shown below) should appear, together
with a new panel for defining details
of the mesh to be created in the width
direction.

. In the new panel enter a value for the
No. of Layers which represents the
number of elements in the width
direction. Change the default 13 to
10; click on Mesh to visualise and
Apply to accept.

Layer Mesh - 2D = 7|
Source
() Blement Faces O surface

% Element Face

Distance: | 20

Flip
Core Mesh Options

I Fill Core with Tetra Elems.
Tetra Mesh Method: ¢ Uriform
& Gradual

Collector Options
Create Collectors:

[ For Layers and Core Mesh

[ For Internal Skin Elems.

[ For External Skin Elems.
Collector Prefix Mame:

Manage Collectors by: | Append v

Undo

Reset Ly Mesh ‘ Close ‘
Mesh - 30 = 7=]
Display
Edit Source Mesh [No. of Layers
No. of Layers: | 10 Edge Seeds Lt il L = [7=]
Biasing Source
(®) Element Faces O surface
Equal v 5
[ Element Face
[3 Edae Flip
Distance: | 20
Bias to Al
5 Fiip
Each Layer Thickness

Seed Project
® By Ratio
O By Projection

Snap Nodes
Tol.: | 0.01

Mesh Cptions/ID

Element Order: | Linear v

[3 partD
Eem. 5t.ID: | 379
Collapse Hexa Elems.

[™ Create Collectors

aal

Core Mesh Options

E

[ source Edge
[ Target Edge

Apply to All

[ Edge

Collector Options
Create Collectors:

Reset

L. Mesh ‘

[ Fill Core with Tetra Elems.

Tetra Mesh Method: ™ Uniform

 Gradual

[ For Layers and Care Mesh

[ For Internal Skin Elems.

[ Fer External Skin Elems.
Collector Prefix Name:

Manage Collectors by: | Append v

Undo

Close

for Layers
i

4 Mesh

\f[!)(‘

A B

The final 3D solid mesh

The following views using perspective, ploygon filling and zoom tabs show the mesh generated for the

3D solid adhesive joint.
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L NP 3

Deleting the (now redundant) 2D shell elements E@ s = = N%PL‘M’
Before finishing the meshing part of the work the shell e b b
elements, which were used as a basis to generate the solid o st
elements, must be deleted. Click on the [+] symbol of Parts L e
using the left mouse key. Then click on Part_1, which is the D o e
part for the shell elements; with the right mouse key and e
activate the option to delete this part. The 378 shell elements [ e |
are also eleminated with the part. Convert o Selection
S
Properties...

Saving the model (mesh only) e e Homimlmx
This now completes meshing of the single lap joint g | —r——
with Visual Mesh. Export the data with File > Desitop
Export to a suitable folder with a suitable name (e.g. L ¥
SingleLap_Mesh.pc). Then exit and close Visual Cometcs
Mesh. i

Eigene Do...

“

The next steps apply boundary conditions, loading, Heert | N
materials data, etc., Z:m’ :mp ::L:pf,:ﬁ.‘pp : TS




Tutorial 5,6: Single and Double lap adhesive joints

Defining the model data (Visual-Crash PAM)

Preparation of the model(s) for analysis

Single Lap Joint:
e The constrained end (below) is fully fixed.
The loaded end is constrained in all directions except x, and a velocity load curve is applied in

this direction.
The part and material data are applied: The adherends are Aluminum and the three cases will

be considered for the adhesive; namely, elastic, elasto-plastic and elasto-plastic with failure.
e Application of the PAM-CRASH control data.

Double Lap Joint:
The single lap joint is also used for the double lap joint except that symmetric boundary conditions are
applied to all nodes (y direction fixed) on the lower half of the joint.

Q:
N Single Lap Joint
Constrained end

Loaded end

N 6 = 6 ' 6 = 6 — 6 A Double Lap Joint

Renaming the datasets
It is probably best to copy the meshed dataset to a new name and use this for the following work.
This will allow you to start again with a new copy if things go wrong!

Copy:
SingleLap_Mesh.pc to SingleLap_Elastic.pc for the elastic analysis

The model SingleLap_Elastic.pc will be used to build the model for the elastic analysis of the single
lap joint. This will then be used as a basis to build the elasto-plastic, failure, double lap, and implicit

analysis models.
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Preparing the Single Lap joint analysis model: Elastic study

Starting the Visual Crash PAM work

Start Visual Crash PAM and open the copied model file using Open File. Use the copied dataset

from the previous section:

SingleLap_Elastic.pc

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 panel.

 Miews oo

(GWoed0PIGER UL, D6 R4

Boundary conditions

Constraining the fixed end

Click Crash > Loads > Displacements BC to get
the Boundary Condition panel. Use the left mouse
key to draw a box over all the nodes on the left
end then click the Green Arrow to update the
selection. The selected nodes will appear in the
nodal list.

Fully constrain these nodes (x,y,z components = 1
for fixed). Note that the rotational degrees of
freedom U,V,W are not present in Solid elements
and a constraint applied to these has no meaning.
Constraints are activated by clicking on each
condition and then the desire constraint integer.

Choose an appropriate title; e.g. “fixed end” and
save the selection with Apply and Close.

Constraining the loaded end

The same procedure is done at the other end
where loading will be applied, except that the
nodes are only constrained in the y and z directions
(x=0 free).

Boundary Condition Creation/Editing
Mode
m: (1

g §
FS
BOUNC /
P2 IDNOD X A z u
4 BOUNC 0 1 1 1 1
TITLE
HAME fixed end
M NOD 438 491 960 963 1432
NOD 1904 1907 2376 2379 2848
NOD 3320 3323 3792 3795 4264
NOD 4736 4739 5208 5211 531
X s

Advanced [ Auto create [ visible Highlight [ Show

1435
2851
4267
1003

Reset
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Loading conditions (at the loaded end)

Different types of loading could be applied to the
loaded end such as force, velocity or displacement
control in the x-direction. Since failure will be
modelled in a later exercise, it is probably best to
use either velocity, or displacement control since
force control can lead to rapid accelerations once
failure is initiated. Velocity is used here.

Click on the tabs Crash > Loads > 3D BC and in
the box Type activate VEL3D to get the panel to
assign velocities.

Use the left mouse key to draw (drag) a box over
all the nodes on the loading end and click the
Green Arrow. The selected nodes will now appear
in the nodal list.

The direction is identified be the IFUN number.
Click IFUN1 for the x direction and use File > New
to open a panel to define a velocity time history
curve.

In the new panel the x-axis is time and y-axis is
velocity. Assume the velocity increases linearly to
2mm/msec at 1msec: this equaes to a total
displacement of 1.0mm. Click Apply and OK to
close this panel.

Some final points:

e The applied velocities could be scaled, if
needed, but we shall use SCAL1 =1

¢ Give the nodal velocities a suitable title so it can
be easily identified .

e Make sure the velocity curve (IFUN1) is
assigned to this set of nodes.

Finish with Apply and Close.

3D BC's Creation/Editing
Mode

ﬂ §

DIS30 /

1DHOD
DIsS3D/ 0
BLANK CONST1

BLANK

TITLE
NAME

ﬂ
Iy
X

4

[ auto Create  [] visible Highlight [ ] Show Reset L

Visual Plot Editor

Fle Edit View Curves Plot

HEE BEX I¢RE

Type:

DIS3D

DIS3D />3

& =R

i

el

[ No_Ps. |

Show

Fomat [zg v,
= % Soale: |1

X0ffset [0

¥ S

ale: 1

¥ Offset |0

i

Xizbel |

VELOCITY

YLzbel

VELOCITY

| Color | Xmin | Xmax | Yamin | Ymax |

Plot 1

3D BC's Creation/Editing

Mode
™ |3 Type: [veL3D

[+]

VEL3D [

ﬁ 1DNOD
VEL3D 0

BLANK

IFUNe
1

CONST1  CONST2

BLANK CONSTIt _ CONSTI2

[x]
X

TITLE

HAME loaded end velocity

HOD 918 19
uon oo 72

<

[ ][

IFUNZ
0
CONST3

CONSTIZ

1390
2908

IFUN3
0

1391
aza7

Assign Mo Curve ||| Assign Curve

o7 o5
= W
< N

)] Sawe ToModel Close.

Selected: 1

SCAL1
1.

1862
w7

SCALZ
1.

1863
270

~ _ x=o0msu V= 0150754

v ®seecion
Selection Type
@ selection

SCALI  IFRA (© Del selection
" ‘ O Filter>Nod
© Del Filter >Nod

O Negative

[% Node

4 Rang
5 ]

P =~

= A
[ Auto Create  [] visible Highlight [ Show Reset ﬂ Apply| | Close |,

~ -
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Assigning the Elastic Material and Part data

] Preferences @@
This is done using two entities which are linked Console VP Preferences Vidow Manzger
General Directories Selection 3D View Graphics
together; namely: Selectio by rectangle

Only objects inside
E Objects inside + crossing objects

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

Selection color

2. The_Part data for (geometric data such as thickness). Ovdeomveson
@ Customize R
Misc.
First, a new part is made for the adhesive elements (20 Show temporary he ssected abects when they ar hdden

(currently the model only has one PID number = 2):

¢ C(lick on the tabs File > General Preferences >
Selection to open the adjacent panel. Make sure
that the “Only objects inside” option is active. This

Factory Setting Reset
will allow easier selection of the single row of
adhesive solid elements.
oK || mbrechen || Dbemctmen || Wi |

e Make sure the entity selector “Solid-By-Solid” is
active and then drag a box over the adhesive solids
(left mouse key). These elements will be highlighted.
Then, with the right mouse key, open the work tools
option and Change PID. Give a new PID target S

number (e.g. 3) and finish with Apply and OK. The ]
new part should get a new colour and a new part %
will appear in the explorer parts list. s
L. =
1. Material data (Aluminium Adherend PID=2) Material Ector
Select Crash > Materials > Structural and then ;'1 B .
select the type of Material Model; in this case use a 1 — o -
ELASTIC_PLASTIC_SOLID. Then define the material s m ,““ Q o
data for Aluminium (E=70 kN/mm?, v=0.3 and density o & B [
2.8%10°° kg/mm?). The input requires the equivalent S omorm Sew 8 mea saw maw s’
data K=58 kN/mm?, G=27 kN/mm?. Give a title and - —————
specify a high yield stress (e.g. 10,000 kN/mm?) so that s Swr s s o @ oo
yielding cannot occur. Close the material assignments « oE
with Apply and Close. [ |soe e iG] [ (o]
2. Part data (Aluminium Adherend PID =2)
This is easily done via the explorer panel: ——
1. First click on Parts and the list of parts will open; =iE
select the required part to open the parts panel. * =
2. The material to be linked to this part must be 7] ,,A:R_W WPRT  ATYPE IDMAT  IDVAWAT [DTHMAT - [DPAT
assigned. Click on IDMAT and a List option will i) | e a2 — ;
open: Select the required material and click OK. I
3. Give a suitable title. X] I e e w
Finish the assignments with Apply and Close. -
| advanced | v

Repeat for the Adhesive (PID=3): Use
K=2.5kN/mm?, G=1.15 kN/mm?, density=1.5%10"°
kg/mm?3, yield stress=10,000 kN/mm? and a new title.

Highiight ok
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Output results

During this exercise it will be useful to have time
history information at certain elements and
information of load transferred through the
adherends.

Element time history information

First it is necessary to view only the adhesive layer.
Make sure the entity selection option Part-By-Part is
activated in the top panel and then click on one
adherend; use the Hide Sel tab to hide the adherend
part.

For element time history selection click Crash >
Output > Element TH and select the elements (e.g.
all the center elements as shown); click the Green
Arrow the select and give a suitable title. Finish with
Apply and Close.

Reaction force (support) information

Use the Show All tab in the top panel to visualise the
full joint again and then suitably reposition the model
as shown (use the x-y tab and zoom tabs at the fixed
end). A section foce will now be defined close to the
constrained end to monitor the reaction force.

Click Crash > Output > Section Force and select
the Type SUPPORT. With selection type Nod Active a
row of nodes across the full width of the joint at the
support (=fixed end) is selected by dragging a box
over them, then click the Green Arrow; in the output
(.ERF) file nodal forces will be summated at these
nodes.

Chose a suitable title and finish the operation with
Apply and Close.

;| part

41

R By v

Part

LEY

Selection

Part

41

R By v

Part

L EY

Selectio

Section Force Creation/Editing

Mode
D: |2

Type: |SUPPORT

v

H
sEcFo/ | | | 4

, IDSF NTYP IFRA

SECFO 2 SUPPORT 0

TITLE

HAME reaction support
M NOD 488 491 960 963 1432 1435

NOD 1904 1907 2376 23719 2848 2851

HOD 3320 3323 3792 3795 4264 4267
X| | |wop 4736 4739 5208 5214 531 1003

NOD 1475 1947 2419 2891 3363 3835

HON a7 7709 RIR4 BR? N2 1498 bt

< »

Advanced [ Aute Create [ visble Highlight ~ [¥] show Reset | [ Apply| Close

@® selectior

=0 A3

n € Master Selection

Selection Type

@ Selection

Entity Type

O Del Selection @nod  Ocm
Ofitersod =] Ogle  Oedg
Q) Del Filter >Nod Qrart O seg

O Negative

[} Node

O ocrp

Remove Al Selection
Range Input/Edit ...
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The PAM-CRASH control data must be set

This controls the analysis and allows specific data like the
problem analysis time (in msecs in this case), and output
intervals for the results.

In the Explorer panel under controls the following controls (
can be opened and edited (click on the control and open
with the right mouse key to edit):

1.

INPUTVERSION: Set this (if necessary) to the latest PAM-
CRASH version installed and used.

N

2 Po/A [t2 B [@P Pat Gl

B BEp

Sngelap_Flagicpe= ~~ ~ "~ <<
E---g-zsﬁgle Lap_Hastic pc S

7@ Controls {7) ~

-(Zy INPUTVERSION : 2011

() ANALYSIS : EXPLICIT

+1-{=+ Optional Cortrols (2)

O TITLE ¢ : SingleLap Elastic Adhesive

-{_3 RUNEND/

{2 Nodes (N) (5192)
G-{i@ Elemerts (E) (3780)
{2 Materials (M) (2)

N ~EI-i@ Pats (P} (2) .7

2. ANALYSIS: Open if necessary and set this to EXPLICIT. TR
3. TITLE: Open and give the project a suitable title (e.g. S
SingleLap Elastic Adhesive); this will appear on all results | -
plots using Visual Viewer and is important to help identify |~ \/:'PI'HOFEIL?FA—L____:J;I:OIE‘::/
the analysis. S e glfsa%m Pt >
4. RUNEND: Open and set this to (TI02=1.0) for the —— b i
solution time. PRTOUTPUT CYCLE mee
QUALIFY
5. OCTRL: TOTAL_STRAIN ﬁsm]
a. Open and set the THPOUTPUT to POINT with 1000. |~ QALY
This will save 1000 points of time history information T o QUALIFY1 QUALIFY2 QU
for x-y graph plots in the .ERF results file. e QuaLFy = =
SPHPLOT —
b. For DSYOUTPUT set option STATE with 10 to giveten | S“'FY
plots of the deformed structure in the .ERF results file. | . .- auaL QuALEE - auALE
¢. In these exercises results will be saved in the .ERF file |rsoov_wmess e
MED_OPT TSTRSB  TSTRSE
format. In the OCTRL panel activate type 3 without MEDSTRS .
compression (ICOMPRES=0). POST_PLY_FRAME ‘iU,A_UEIE_R_ S
-~~~ ERFKEY ICOMPRES
d. Save the information with Apply and Close. ERFOUTPUT I N
FPMOUTPUT
QUALIFY QUALIFIERZ
COMPLEX_PRINT — —
Saving the dataset (.pc file) )
Save the model in a suitable directory and with a = Export = e
Expart
suitable name; e.g. SingleLap_Elastic.pc. o SingleLap._Elsstic.pe
Directory: | C:MUsersStorysDesktopTemp_T raining W

Click on File > Export and save the model as a PAM-
CRASH input file (SingleLap_Elastic.pc).

Export Order
Az Imported || PAM-CRASH Files [pe..ps..inc..pox]

Export Options

[ visible

(File > Save will save the model in a VCP internal
binary format which is more useful if CAD data is
present).

Header Controls [ Expandrange [~ Pos file

Cancel Exp
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Part 2: Explicit analysis of the Single Lap joint (elastic)

Running the PAM-CRASH analysis

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

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'.

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
License
& PAM-OPT
Z PAM-RTM
‘& Virtual-Performance
2008.0
, 20100
;20110
v (/@ PAM-CRASH 64-Bit Solvers 2011
#B 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
9 Documentation
B8 Solver Command prompt
'@ Visual-Environment
. 80
FLV Player
FolderMatch v3.4.5

1 Zuriick

| Programme/Dateien durchsuchen 2 |

Select input file for PAM-CRASH/SAFE 64-Bit solver.. ==
Suchenin: Temp_Training ~ ef F3-

Name Enderungsdatum  Typ

@ SingleLap_Elastic.pc 19.06.2012 10:51 PC-Datei

@ SingleLap_ElasticPlastic.pc 19.06.2012 10:51 PC-Datei

@] SingleLap_ElasticPlastic_Failure.pc 19.06.2012 10:51 PC-Datei

@ SingleLap_Mesh.pc 18.06.2012 19:10 PC-Datei

’

Dateiname:  [SingleLap_Elastic pc Launch

Dateityp [PAMCRASH/SAFE input fles ("pc)

Solver type: [FAM CRASH/SAFE Explcit Double Precision

Number of processors= [Z2ILEH FE Explicit
PAM-CRASH/SAFE Implicit
PAM-CRASH/SAFE DMP/Platform MPI Single Precision

-~ Apbrechen

PAM-CRASH/SAFE DMP/PlatformMPI Double Precsio
PAM-CRASH/SAFE DMPAMS-MPI Simple Pracision
PAM-CRASH/SAFE DMP/MS-MPI D ouble Precision

trager (03
b

HNORMRAL TERMINATION

TOTAL NUMBER OF CYCLES = 6262
AVERAGE TIME PER ZONE CYCLE =  0.9709E+02
NUMBER OF SHELLS ELIMINATED = 0
NUMBER OF SOLIDS ELIMINATED = i
NUMBER OF BEAMS ELIMINATED = 0
NUMBER OF SPHS  ELIMINATED = 0

CPU(s) ELAPSED (3) CPUS ELAPSE
TNPUT/INTTIALTZATTON 1.0000E+00 1.3000E+01  1.32  34.21
INTERNAL FORCES 2.6000E+01 1.1000E401 34.21  28.95
NODAL OFERATIONS 2.3000E+01 B.0000E+00 30.26  21.05
CUTPUTS 2.4000E+01 6.0000E400  31.58  15.79
CONTACTS 0.0000E+00 0.0000E+00  0.00  0.00
CONSTRAINTS (RB,RW,BC..) 2.0000E+00 0.0000E+00  2.63  0.00
KJOINT/MBS SOLVERS 0.0000E+00 0.0000E400  0.00  0.00
ADAPTIVE MESH (STAMP) 0.0000E400 0.0000E400  0.00  0.00
TOTALS 7.6000E+01 3.8000E401 100.00 100.00
CPU TIME 7.600E+01 (3)
ELAPSED TIME 3.800E+01 (3)
RATIO CPU/ELAPSED TIME 200.00 %

NORMAL. TERMINATION,EXITCO MESSAGE
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Evaluating the results (Visual Viewer)

Visual Viewer is used to post-process the full structure and time history results which are contained in
the (.ERF) result file SingleLap_Joint.erfh5.

Mesh plot results

Start the Visual-Viewer program and open the SingleLap_Elastic_RESULT.erfh5 results file
which contains deformed state and time history information.

The model is positioned to have a good viewing angle by depressing the centre mouse key and
moving it to the required angle (note that the position that the centre mouse key in pressed will be
the point of rotation). In addition the usual position, zoom, explode and viewing tabs in the main
control panel are useful.

The animation controls allow selected states to be viewed, and the Results > Contours option
opens the Contour panel so that certain contour variables may be selected; for example, stress
component XX, lying in the global x direction at time 1.0 msec is shown below.

-3
111 0.999928

SingleLap_Elastic

Stress30_Xx(L1)

min=-0.072 s SOLID 1053 in SingleLap_Elastic_RESULT erfhs
max=0.653 s SOLID 3323 in SingleLap_Flastic_RESULT erfhs

&

. Contour
Contour | Ranking | Vector/ Tensor 0659
Display Types
@ Node (Banded) (O Node (Smeared) 0610
© Blement 05861
Contour 0512
Contour OnjOff  [] Auto Display
0464
[ Global MinjMax Display Min/Vax 1D
[ show Vectors Transform. g e
Results | Entities | Advanced — 0366
0317
Select Entities. ..
_ 0269
NODE 2
3 SOLID 0220
B Plastic_or_Volumetic_Strain
- O 017
Stress3D_YY
oo Stress3D_ZZ. 0122
Stress3D_XY
Stress3D_YZ 0.074
Stress3D_XZ
wvenen Stress3D_Von Mises 0025
Stress3D_Tresca 0024
Stress3D_Pressure
Stress3D_Mean 0072
----- /" Stress3D_First Princ = v
< - »
z
Import.... | [Export... M E L Apply
Cose |, X

The adjacent view shows the
contour plot of through thickness

SingleLap_Elastic

Stressa0 oL

0051 & SOLID 2869 i SigeLsp_ Bt FESULT erhs

Diplay Types max-0107 & SOLID 2123 i SigeLsp_ Bt RESULT erhs
@tode (Banded) O Node (smesred)

shear stress in the adhesive layer e o107
(stress component XY) at the last | Fewosr canom o
state. The adhesive may be viewed | cow o
on its own by clicking on one | -
adherend and using the Hide Sel | e = |~ °%

0.007

tab in the main control panel to
hide the adherends.

-0.006
-0019
-0031
-0.044

-0.056

-0.069

If the upper and lower surfaces of
the adhesive are viewed it will be
seen that the shear stress
distribution is anti-symmetric.

-0081
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Time history plot results

In Visual Viewer time history information can also be extracted from the .ERF file. For example
select entity SUPPORT and component Section_Force_Magnitude.

e SECTION =0
- 18 = - - :
X |—react|on support Section_Force_Magnitude(L1)
Import and Plot = [R=]
Plot | Cross Plot
Desktop/Temp_Training/Singlel ap_Elastic RESULT.erfhs v, ﬂ 15¢

Dataset Plot Type
Q) Contour (@) Curve @®xvy € polar © Complex

EntityfOrdinate | LoadCase

Entities {1/1) Ordinates (1/4)

SECTION v || [section_Force x
a Section_Force ¥

Section_Force 7

[Section Force_Magnitude

FORCE(kN)
©

Oa0se G O Ow 5 S

6l
[ Complex Data | Where toPlot | Axis Type | Advanced |
@ currentPage O currentWindow O [/
I~ Overwrite 3t
OnNewPage | @ New Window ® %
Plot Close
%
Q
0 0.2 0.4 0.6 0.8 1

" TIME(millisec) -

In the Import and Plot panel it is also possible to plot time history information for each of the solid
elements that were saved in the Visual Crash PAM session.

The plot below shows the adhesive peel stress (stress components YY) for the centre edge solid
element shown. You will need to have opened all files with the File > Open Project option in order
to visualise the element being selected.

FEX
SingleLap Elastic Adhesive =il SECTION =IEX
1/ 0000000 0.16
&7 . [—central elernents adhesive_2123 Stress_vv<GPax
Import and Plot = [7 (=]
Pl s Plo
ser sktop/Temp_Training/SingleL ap_Elastic. THP ¥ ﬂ 0.12]
Plot Type )
ontour & curve || @ X1 £ Polar € Complex
Entity/Ordinate | LosdCase |
Entities (1/30) Ordinates (1/10)
soLp
T 0.08
o
2
(7]
[
w
cenral elements adhes [
F
: : : © 0.04
Oubse R oOs Ow &H S
[ Complex Data | Where to Plot [ Axis Type | Advanced |
@ currentpage O current window | O ff 0
™ overwrite
OnNewpage | @ new window ® ﬁ
o ¥
Plot Cose |, \Az
-0.04
0 0.2 04 0.6 0.8 1

TIME(millisec) _

2w
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Part 3: Explicit analysis of the Single Lap joint (elasto-plastic
and elasto-plastic with failure)
This section will perform an explicit simulation of the Single Lap joint using:

1. An elasto-plastic law for the adhesive.
2. An elasto-plastic with failure law for the adhesive.

Copy the files:
SingleLap_Elastic.pc to SingleLap_ElasticPlastic.pc for the elasto-plastic analysis.
SingleLap_Elastic.pc to SingleLap_ElasticPlastic_Failure.pc for the failure analysis.

For the two new models the only chages that need to be made are to the material laws:

1. Material modifications for the elasto-plastic 5o s

2 Oupt 2) Material Editor
2 Audiaries (1)

adhesive model w2 et Tpe s | Tpe 12081 E_PLASTIE 30110 3
Start Visual Crash PAM and read in SingleLap J—
_ElasticPlastic.pc. In the explorer panel open W B e I Sy G e 01
Materials (click on [+]) and then click on the elastic D N
adhesive material with the right mouse key; select R
option Edit. R

X 0
STRAT3  STRAT4 STRATS  STRAT6 Q1 Q2 Q3
0. 0. 0. 0. 0.

4 O [ME!

J Save to DB Qﬂ Fleset Apply

Enter 0.05 (MPa) for the yield stress and a small
plastic tangent modulus (= constant hardening slope) =2t
of 0.01 MPa. Finally, enter a new title for the material and close with Apply and Close.

A better problem title should be used (Explorer / Controls > Pam Controls > Title) such as
“SingleLap_Elastic Plastic adhesive”. The modified dataset is exported with the new name
SingleLap_ElasticPlastic.pc and close Visual Crash PAM.

2. Material modification for the elasto-plasticity with failure model

Repeat the above steps with dataset SingleLap_ElasticPlastic_Failure.pc.

B Materials (M) )
B Stnuctural Materials (SM) (2)
@ adhe:

In the explorer panel open Materials (click [+])

and then click the elastic adhesive with the right g;jﬁ

mouse key; select option Edit. In this case under .

Type select the material type 16 which allows =

MATER /

2 Element Type: v/ Type:| 1GELASTIC_PLASTIC WITH_DAMAGE_FAILLIR .

IDMAT MATYP  RHO ISINT ISHG ISTRAT  IFROZ

elasto-plastic behaviour and material failure. The W o o S e e S o DI
same data as above is entered, together with a 1
maximum elasto-plastic shear strain failure criteria . e
(EPSLNMAX=0.1). Finally, enter a new title and T — i —— ——

STRATS  STRAT4 STRATS  STRAT6 Q1 Q2 Q3 PFRAC
0. 0. 0. 0. 0. 0.

close with Apply and Close.

< ] [

J Save ta DB Eﬂ Resst Apply

<

Beware, a new material model has been defined 2 Hote oo
and it will be necessary to re-assign this material to the adhesive part. In the explorer panel select
Parts and then the adhesive material in Edit mode; reassign the adhesive material to this part. The
problem title should be updated to mention failure and the modified dataset exported with the new
name SingleLap_ElasticPlastic_Failure.pc. Finally close Visual Crash PAM.
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Mesh plot results ( Elasto-plastic only: Dataset SingleLap_ElasticPlastic.erfh5)

Start the Visual Viewer and use the split screen viewing option (2 screens split horizontally). Open
the elastic plastic model to the top screen and the elasto-plastic with failure results to the lower.

Synchronise the two screens/models and position them both to a suitable viewing angle. The following
plot illustrates a typical view that may be made, for example shear stress component xy at 0.9 msec.
Careful examination of the two models shows results are identical to 0.8 msec. Thereafter the joint
with failure starts to break and the two solutions differ. Another useful contour to check for potential

adherend failure is first principle stress.

e Singlel fip=E -ox
101/ 0900018

Hy/ Contour =l |=
Contour | Ranking | Vector/Tensor

Display Types
(® Node (Banded) O Node (smeared)
O Element

Contour
Contour OnfOff [ Auto Display
[] Global Min/Max Display Min/Max ID

[] show Vectors M

Results |Entities | Advanced

HELLLLEE b o000
So0000000

FRERRRE=25822008
ot Pt ot e oA e o

oo MRS ]| ] ——

£

Select Entities. . i
L © ||| SincleE s
Plastc_or_Volumetnc_Siran mea ’ A
Siress3D_X% max=0.028 =t SOLID 2264
o Stress3D_YY
Sress30_7Z
= 0029
0075
e Stress3D_YZ 0.020
StressID_XZ | 8 81?
Stress3D_Von Mises 0008
e Stress30_Tresca __ 0002
= 0o
Siress3D_Mean = oniz2
e/ Stress3D_First Princ — -0017
/" Stress3D_Second Princ - | :8 8%%
= = 0031
Import... | [Export.. ﬂ E Apply :8 gfg
Close x‘\i
Pz

The distribution and growth of plastic strain can be seen from contours of Plastic (or volumetric strain)
which start at about 0.6msec cover the full glueline at 0.9msec.

SingleLap_ElasticPlastic

10/ 0.900019

970800015

7 /0600044
1.718e-001

1604e-001
14896001
| 1374e-001

9795003

9.1420-003
84592003
L 7.8360-003

I 0-002
44200002

2 10520002
368304

1.260-001
11450

7183003
6530

736701 22910000

[ 36836.003 [ 1.1456-002
0.000e+000 0.000e+000

0 aosent
6530004
0.000e+000
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Mesh plot results (Elasto-plastic with failure: Dataset SingleLap_ElasticPlastic_
Failure.erfh5)

The following plots show contours of first principle stress at 0.9 msec. At this time the adhesive is fully
plastic and for the model with failure elements have started to reach the failure criteria (Von Mises
plastic strain = 0.1 or 10%) and are being eliminated. The stresses in the joint without failure (top)
are high (ca. 480 MPa); whereas the lower joint with failure has much lower stresses due to relaxation
of loads as adhesive fails.

—ox
10 / 0.800019

i Contour = el=]
Display Types
@ Mode (Banded) O Node (Smeared)
O Element

Contour
Contour Onjoff [ Auto Display
[ Globl MinMax: Display Min/Max ID

OO0 SRR S

Socoooooooocooooo
SISt el e )
~ GRZORIBRIZZIRGES

oo S]] ——

Renits [Entties | Advanced v
Select Entities...
‘Stress3D_XX -0OXx
Stress3D_YY 10 / 0.800026
S22

H
|13
%

P
/" Stress3D_Thid Pinc.
B PART

Hourglass_Energy_per_Pat

oot |t | K] B[ s
o |,

Soooo= 2o
2RFIB N o2 RA B
EREGSHE ARG5S &

Socoooooococcoooo

o ML ——

4‘ \

=
S
NS

The adhesive layer can be viewed on its own by clicking on the adherend (make sure the selection
entity Part-By-Part is active) and then using the Hide Sel tab. The eliminated elements in the model
with failure (bottom) at 0.9msec are now clearly visible.

" ax ax
SingleLap_ElasticPlastic -

Stress3D_First Princ (L1) 10/ 0.900018
min=-0.005 & SOLID 1033 in SingleLap_ElesticPlastic_RESLLT erfhs
max=0480 at SOLID 3323 in SingleLap_ElasticPlastic_RESULT.erfhs

&

) Contour = [7[=]
Contour

Display Types
@ ode (Banded) O Node (smeared)

O Bement
Contour
Contour Onfoff  [] Auto Display
(] Global MinMax Display MinMzx D

Ooooococoocoooooooo
EOOO i s
= I I L ety e )

~n B RSN TSR S

S]] ——

4. .

2] S’“O’EE 2 SingleLap_ElasticPlastic_Failure 10 f UQO_UODZ:
Stress30_First Princ (L1)
Plsic_or Vohmetc_ S 5005  SOUD 1052 n SgeLep st
Sress3D_XX MEX=0296 & SOLID 4149 in Singlelap_FlasticPlastc
Siress3D_YY
Siress3D_2Z
S XY 03
Stress3D_YZ 0.256
Stress3D_XZ 8 %%g
Stress3D_Ven Mises 0185
| 0175
_ 0155
¥
= T = 00%
./ Stress3D_Second Pr - 8 8;2
= 0034
R | B
Ooe |, x‘\?ﬂ &
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Time history results

The plot below compares the reaction force time histories (Section > Section_Force_Magnitude)
for the elasto-plastic (no failure) and the elasto-plastic with failure joints. At about 0.9msec both joints
become fully plastic causing the change in the loading slope . The joint with failure also breaks at
about this time causing dynamic oscillations as elements are eliminated.

SECTION

— Elasto-plastic joint
— Elasto-plastic with failure joint

h

10

FORCE(kN)
2

[o2]

0 02 0.4 06 0.8 1
TIME(millisec)
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Part 4: Explicit analysis of the Double Lap joint (elasto-plastic
with failure)

In order to demonstrate the method only the Single Lap joint using an elasto-plastic law with failure
will be analysed as a Double Lap joint; the other joints with other mterial laws could be treated in the
same way. Copy the file:

SingleLap_ElasticPlastic_Failure.pc to DoubleLap_ElasticPlastic_Failure.pc

The only change needed is to the boundary conditions and to give a new title for the analysis.

New boundary condition
Start Visual Crash PAM and read in the new file DoubleLap_ElasticPlastic_Failure.pc.

Sultably position the Joint L AP P P70 e

and then open the boundary
condition panel USing Crash BU;;\::ryCUndltmn Creation/Editing =%

il

D: [ ® selection " Master Select

> Loads > Displacement B P A
| - Selection Type
BC. Select all nodes on the ] = || @selecton ety Type
lower face (except the oy 2 E O § Fr o pr o i e
p SiE OFitersod =] Ofle  OF
Constraint One) and CI|Ck M HAME symmetry conditions for double lap O Del Filter >Nod Orat Os
. HOD 489 492 494 496 498 500 () Negative O oGrp
Update Selection. o i Gie h = i o
ﬂ l:DD 526 528 572 574 576 578 . b L} Node e I Remove All 5l
Range Input/Edit ...
ConStraIn these nOdeS in the Advanced [ visible [] Highlight ] Show Reset L, apply| | Close

y direction only (for yz
symmetry) and give a suitable title. Finish with Apply and Close.

The problem title should be updated to mention the Double Lap joint and then the modified dataset is
exported with the new name DoubleLap_ElasticPlastic_Failure.pc and Visual-Crash PAM is
closed.

Time history results (SingleLap... and DoubleLap ElasticPlastic_Failure.erfh5)

A comparison of the Single and Double Lap joints with 14 SEC_T'Z:gle .
failure are shown using the component Section > — Double Iap (EP with failure)
Section_Force_Magnitude. 12 N\
It can be seen that the results are similar with the double 10

lap joint (blue) having a slightly stiffer response to failure
due to the suppression of joint rotation. The results show
similar failure loads, which should not really be the case.

Generally single lap joints are weaker due to joint rotation

FORCE(kN)

which causes higher adhesive peel stresses that promote 4
earlier failure. This effect has not been captured here due
to the simple maximum plastic strain failure criterion that 2

has been used.

0 0.2 0.4 0.6 0.8 1
TIME(millisec)
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Part 5: Implicit analysis of the Single Lap joint (static and non-

linear)

Implicit analysis the Single Lap joint is demonstrated using elastic and elasto-plastic laws; the
techniqus used could be easily applied Double Lap joint. Failure modelling is currently not possible in
the implicit code. Three implicit analyses model will be performed:

Case 1: Static linear analysis of the Single Lap joint with elastic adhesive.

Case 2: Static non-linear analysis of the Single Lap joint with elasto-plastic adhesive.

Case 3: Static geometric non-linear analysis of the Single Lap joint with elasto-plastic adhesive.

Case 1: Static linear elastic study
Copy the file:

SingleLap_Elastic.pc to SingleLap_Elastic_Implicit.pc

Open the dataset with Visual Crash PAM and make the following changes:

1. The Implicit control card

B

Controls (7)
() INPUTVERSION : 2011
O ANALYSIS EXPLICIT

£=- Optional Controls ()

() TITLE o
In the explorer panel under Controls > Pam ey e
- . 2 Nodes (N)
Controls > Analysis change the type of analysis B Senris | | ) (g
from EXPLICIT to IMPLICIT. 5= omia ]
B Audlianes ! ﬁ ANALYSIS \E’:EI?\EI’::'
Finish with Apply and Close. (]
%] ||
Advanced [visible  [#] Highlicht ~ [] Show Reset | |Ls A
2. The type of implicit analysis PN
In the main window under Crash > Controls > H |¢ :
Standard Controls look in the window Type for 7 L
ICTRL. Click this and the adjacent panel opens. In QUALIYE QUALIFY?
the line ANALYSIS TYPE activate STATIC and ] upesoron M
LINEAR. ﬂ :JLJTERATIDIJJ.‘\A)( L cvRTL ’
L. R Advanced [visble [FHighight [Jshow | Reset | |1 Apply| | Close
Finish with Apply and Close. —
Control Cards Creation/Editing
3. The element type Mode R
In the main window under Crash > Controls > ] | =
Standard Controls look in the window Type for 2] e S e v
ECTRL. Click this and the adjacent panel opens. In SHELL_FORMULATION 22::::
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Tutorial 5,6: Single and Double lap adhesive joints

3. Changing the loading

Velocity loading (which we used in the previous
explicit analyses) is not possible in Implicit.

Remove the VEL3D loads and define an equivalent
DIS3D (imposed displacement). Give a curve
function of 0,0 to 1,1.

> | o | Gurve Name NoRs|  Xishd |  Yisbel | Cdor | Xmn | Xmex | Ymn | Ymex |

o 2 NewCurve2 LG 2 DIsPLACEMENT A [l 0000 1000 -1.000 1.000 |

T |NewCurvel 2 |NONE v NONE ~[— 2[000 [1000 0000 |2000

DISPLACEMENT

Dis30
ssss

AAAAAAA

Olvese Pltigriont Cshon | Reset | [Ls aoply] [cose

5. Title and exporting the PAM-CRASH dataset

In explorer Controls > Pam Controls open the
Title option in edit mode and give an appropriate
name; e.g. "SingleLap_Elastic adhesive IMPLICIT".

Finally export the dataset and close the Visual Crash
PAM session.

5| Export

Export
File Mame: | Singlelap_Elastic_|mplicit pc (¥

Directary: | C:AUsersstorgtDesktopiTemp_Training ~ -3

Export Order
Azlmported W || PAM-CRASH Files [.pe, ps.inc. pox] W

Export Options
[ visible Header Contiols [] Expandrange [ Posfie

Cancel | Expart

Case 2: Static non-linear elasto-plastic study

Copy the file:

SingleLap_Elastic_Implicit.pc to SingleLap_ElasticPlastic_Implicit.pc

Open the dataset with Visual Crash PAM and make the following changes:
1. In the control cards (Type ICTRL) change the QUALIFIER” from LINEAR to NON LINEAR.

2. In the material cards for the adhesive material change the yield stress (SIGMA_Y) to 0.05
kN/mm? and the plasticity hardening slope Et to 0.01 kN/mm?.

3. Give a new appropriate name for the analysis title in the control cards; e.g.

“SingleLap_ElasticPlastic adhesive IMPLICIT".

4. Under Crash > Controls > Standard Controls look in the window Type for TCTL and
specify the increment parameter DT2USR = 0.1. This would impose 10 load increments for

the specified 1.0 msec analysis time.

5. Export the file to SingleLap_ElasticPlastic_Implicit.pc and close the Visual Crash PAM

session.
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Case 3: Static geometric non-linear elasto-plastic study

Copy the file:
SingleLap_ElasticPlastic_Implicit.pc to SingleLap_ElasticPlastic_Implicit_GNL.pc

Open the dataset with Visual Crash PAM and make the following changes:

1. Give a new appropriate name for the analysis title in the control cards; e.g.
“SingleLap_ElasticPlastic adhesive IMPLICIT GNL".

2. Under Crash > Controls > Standard Controls look in the window Type for ICTRL and
change the qualifyer 2 from NON LINEAR to GEOMETRIC NON LINEAR.

3. Export the file to SingleLap_ElasticPlastic_Implicit_GNL.pc and close the Visual Crash
PAM session.

The three analysis models are run using PAM-CRASH Implicit.
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Comparing analysis results

The following illustrates typical results that can be investigated from the analyses in this exercise.

Comparison of the explicit (top) and static linear implicit (bottom) analyses

The following shows that a good agreement between the implicit and explicit results (single lap -
linear adhesive). The implicit results tend to slightly over predicted stresses due to errors in assuming
this problem is geometrically linear.
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Comparison implicit non-linear (top) and implicit geometric non-linear (bottom) analyses

Contour plots of first principle stress are shown below for the non-linear and geometric non-linear
implicit solutions at the last deformation state. The first principle stresses differ by about 20% and
show the importance of using the geometric non-linear option for this joint type. The Double Lap joint
does not undergo large joint rotations and therefore does not require a geometric non-linear analysis.
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