Abaqus CAE (ver.6.9) Contact Tutorial

Problem Description

Note: You do not need to extrude the right vertical edge of the sensor.
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Analysis Steps
1. Start Abaqus and choose to create a new model database
2. Inthe model tree double click on the “Parts” node (or right click on “parts” and select Create)
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3. Inthe Create Part dialog box (shown above) name the part and
a. Select “3D”
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b. Select “Deformable”
c. Select “Shell”
d. Select “Extrusion”
e. Set approximate size =50
f. Click “Continue...”
4. Create the geometry shown below (not discussed here)
H18
2 | HZ2. L H4
I
: W2
Hy H
[
v 2.
[} H —
! 20

©2010 Hormoz Zareh 2 Portland State University, Mechanical Engineering



a. Click “Done”

b. Set Depth=2
c. Click “OK”

Il Edit Base Extrusion x|
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Cancel |

5. Double click on the “Materials” node in the model tree

a 0 T o

Click “OK”
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Name the new material and give it a description
Click on the “Mechanical” tab=>»Elasticity=»Elastic
Define Young’s Modulus and the Poisson’s Ratio (use SI (mm) units)

Il Edit Matenal
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Ok Cancel I

6. Double click on the “Sections” node in the model tree
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a. Name the section “ShellProperties” and select “Shell” for the category and “Homogeneous” for the
type
b. Click “Continue...”
c. Select the material created above (Steel) and set the thickness to 0.15
Click “OK”
x|
Mame: ShellProperties
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Section integration:  During analysiz ¢ Before analysis
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7. Expand the “Parts” node in the model tree, expand the node of the part just created, and double click on
“Section Assignments”
a. Select the entire geometry, except for the vertical face, in the viewport and press “Done” in the
prompt area
b. Select the section created above (ShellProperties)
c. Specify shell offset if necessary
Click “OK”
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a. Select “Dependent” for the instance type

b. Click “OK”
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ﬂﬂ Select the regions to be azzigned a section

Expand the “Assembly” node in the model tree and then double click on “Instances”

Section: ISheIIProperties

[ |
Hote: List contains only sections
applicable to the zelected regions.
Type: Shell. Homogeneous

Material: Steel

— Region
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()8 | Cancel |

Portland State University, Mechanical Engineering




Il Create Instance |
Model I Results |
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9. Double click on the “Steps” node in the model tree

a. Name the step, set the procedure to “General”, select “Static, General”, and click “Continue...”

b. Accept the default settings
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10. Double click on the “BCs” node in the model tree
a.

Name the boundary conditioned “Fixed” and select “Symmetry/Antisymmetry/Encastre” for the type
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b. Select the horizontal edges on the vertical surface and click “Done”
c. Select “ENCASTRE” for the boundary condition and click “OK”
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Il Edit Boundary Condition x|

Mame:  Fixed
Type:  Symmetry/Antisymmetey/Encastre
Step:  Apphy Load {Static, General)

Region: Fixed

 WSYMM (ULl = UR2 = UR3 =0}

 YSYMMUZ = UR1 = UR3 =)

 ZSYMM U3 = UR1 = URZ =0

 ®ASYMM (UZ = U3 = UR1 = 0; Abaqus/Standard only
 YASYMM (U1 = U3 = URZ = 0; Abaqus/Standard only)
' ZASYMM (U1 = U2 = UR3 = 0; Abaqus/Standard onky)
" PINMED (U1 = U2 = U3 = 0)

F ENCASTRE (ULl = Uz = U3 = UR1 = LURZ = LIR3 = 0}

[o]4 | Cancel |

11. Double click on the “BCs” node in the model tree
a. Name the boundary conditioned “Disp” and select “Displacement/Rotation” for the type
b. Select the top edge of the triangular portion of the geometry
c. Setthe y-displacement to -3
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12. Double click on the “Interaction Properties” node in the model tree
a. Name the interaction properties and select “Contact” for the type

I Create Interaction P =l

Mame: IEontact Froperties
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b. On the Mechanical tab Select “Tangential Behavior”
i. Set the friction formulation to “Frictionless”
c. On the Mechanical tab Select “Normal Behavior”

i. Because the surfaces do not start in contact, change the constraint enforcement method to
“Penalty”

Il Edit Contact Propeity 5‘ Il E dit Contact Property ll
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oK | Cancel | ok Cancel |

13. Double click on the “Interactions” node in the model tree

a. Name the interaction, select “Surface-to-surface contact”, and click continue
b. For the master surface select the lower portion of the geometry and click done
i. While applying the fixed displacement, the nodes at the tip of the upper portion of the
geometry will make contact at an unknown location on the lower surface

ii. Nodes on the slave surface cannot penetrate the surface formed by the element faces on the
master surface

c. Select the color of the surface corresponding to the top surface

d. Forthe slave surface, set the slave type to “Surface”

e. Select the upper portion of the geometry at the free end and click done

f. Select the color of the surface corresponding to the bottom surface

g. Change the contact interaction properties to the one created above (if not already done)
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Contact controls: | [0 efault) hd

0K

Cancel

©2010 Hormoz Zareh

Portland State University, Mechanical Engineering



14. In the model tree double click on “Mesh” for the Arch part,
Element Type” icon

and in the toolbox area click on the “Assign

Select the portion of the geometry associated with the boundary conditions and load

a.
b. Select “Standard” for element type
c. Select “Linear” for geometric order
d. Select “Shell” for family
e. Note that the name of the element (S4R) and its description are given below the element controls
f. Select “OK”
=
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Geometric Order Surface
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15. In the toolbox area click on the “Assign Mesh Controls” icon

“ Steel

BB b 1 B R P ot

S4R: A d-node doubly curved thin or thick shell, reduced integration, hourglass control, finite membrane strains.

Lt e LI R R P

a. Select the portion of the geometry associated with the boundary conditions and load

b. Change the element shape to “Quad”
c. Change the technique to “Structured”
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16. In the toolbox area click on the “Seed Part” icon

a. Setthe approximate global size to 0.25
X

— Sizing Controls

Approvimate global size: I@

k ¥ Curvature control
M aximurm deviation factor (0.0 < h/L < 1.0} |01
Seed Part [&pproximate number of elements per circle: 8]

&m g Minimum size factor [as a fraction of global size]:

& Use default (0] © Specify (0.0 < min < 1.0 ID.‘I
. ] ak. | Apply I Defaults | Cancel |

17. In the toolbox area click on the “Mesh Region” icon
B

B [y % B

Es"g E\( Mezh

Region

PR S e

b. Select the entire geometry, except for the vertical face
c. Select “Done”

18. In the model tree double click on the “Job” node
a. Name the job “switch”
b. Give the job a description
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I E dit Job

Mame: switch

Maodel: Model-1

Desgcription: | Perform contact analysiz on a contact switch

A ,{01»;- ot e

Remeshing Rules
: ﬂb Sketches

>\{' Annotations

Ei: Analysis

e g

[5 Predefined Fields

I Create Job |
M amne: Iswitch

Source: M odel

Eontlnue Cancel

i Generall Memor_l,ll Parallelization | Precision

— Job Type

& Full analysis
¢ Recover [E=plicit)

" Restart
~ Run Mode
Hist name:
* Background Queue:l Vl
d TvpE;

— Submit Time

& Immediately

& wait: I_ hirs. I_ ir.
Coa Tip..

Ok | Cancel |

19. In the model tree right click on the job just created and select “Submit”

d. Ignore the message about unmeshed portions of the geometry

e. While Abaqus is solving the problem right click on the job submitted, and select “Monitor”

Switch Context Chl+Space
Edit...
Copy...
Rename...
Delete. .. Del
Wwirite lhput
[rata Check
The me Continue ing" h
&] The mc tMonitar... saved
zlobal gned .
304 =1 E_T“"S rated
50 ele | ated o
FF 50 =le Export » [2t2d O
The -Hc " has

: M Switch Context Chl+Space
ﬁﬂ Adsptivity | Egip
Copy...
Fename...
Delete... Del
WdTike Input
[ ata Check
Submit
. Cantinue
B0 elen= d «
Q 50 elens d «
The job Results has=
——— | The job il Br s
Job Arch Ei=s
???| | Job Arch Export * E-St

f.  In the Monitor window check that there are no errors or warnings

i. If there are errors, investigate the cause(s) before resolving

ii. If there are warnings, determine if the warnings are relevant, some warnings can be safely

ignored

Job: switch  Statuz: Completed

Severe
Discon
Iter

Equil

Increment Att
Iter

Step

Total
Iter

1 8 1 1
1 k] 1 0 1
1 10 1 0 1
1 " 1 0 1

]

1]

Logl Erars I I'wamings I Output |

Started:  Abaqus/Standard
Completed: Abaqus/Standard

Completed: Tue Apr 28 11:27.32 2003

Kil

o ] 53
Total Step Time/LPES]
Time/Freq TlmefLPF Inc
0.632568 0.632568 0.0593262
0.721558 0.721558 0.0389832
0.855042 0.855042 0133484
1 1 0144958 <
| ¥
View Result Files
Al
Data |
Message |
- Status |
Dismiss

20. In the model tree right click on the submitted and successfully completed job, and select “Results”
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) m Switch Contest Chril+Space

%ﬂ Adaptivit R
Copy...
Fename...
Delete. . Del
Wwrite: npuit
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| Submit
e _._|  Continue
50 elem _ b ed o
El 50 elem Manitor... L od o
The job has=
The job™ bar s
Job Arc ! eis
>y Job Arc Export » =St
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21. Display the deformed contour of the (Von) Mises stress overlaid with the undeformed geometry
a. Inthe toolbox area click on the following icons
i. “Plot Contours on Deformed Shape”
ii. “Allow Multiple Plot States”
iii. “Plot Undeformed Shape”

Lzia

1(2(3] F@
L2314 A2

Bslfs

Plok Undefarmed

o B,
7]
B,

e
[Ehn
Fomr

Plok Contours on Shape
Deformed Shape HWE & -
e A L
[ | =
gil|

sl Allow Multiple Plot States ]

| = = 3
B 3 = 2
e e de ~.ﬁl!{f\' A R Se
22. In the toolbox area click on the “Common Plot Options” icon

a. Setthe Deformation Scale Factorto 1
b. Click “OK”

&, Mises
SNEG, (Iradion = -1.0)
590)

23. To change the output being displayed, in the menu bar click on Results=»Field Output
a. Select the contact pressure at surface nodes (CPRESS)
b. Click “OK”
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Il Field Output x|

Step/Frame

Step: 1. Apply Load

Frame: 11 Step/Frame

Primary Y ariable I Defurmed\faﬂablel Symbul\r’anablsl SlalusVaHahlel

— Output ¥ariable

I List only variables with results: VI

Name |D iption [ indi lex) =
ACYIELD Aclive yield flag at integration points

CF Faint loads at nodes

CH Paint moments at nodes

COPEM  SMEG Contact opening at suiface nodes

G
CSHEART SMEG Frictional shear stress at surface nodes
CSHEARZ SHEG Frictional shear stress at surface nodes

CSLIF1 SMEG Relative tangent at suface nodes

C5LIFZ SMEG Relative tangent at suiface nodes

E Shrain companents at integration points ll
B i Ci

Result  Blot  Animate  Re
Step/Frame. ..
Active Steps/Frames. ..

Section Poinks. ..

Section Paints.
Hiskot Cutpak,
Opkions. .. oK Apply Cancel I

CPRESS SNEG

+8.403e-02
+7.703e-02
+7.002e-02
+6.302e-02
+5.602e-02
+4.902e-02
+4.201e-02
+3.501e-02
+2.801e-02
+2.101e-02
+1.400e-02
+7.002e-03
+0.000e+00
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