Abaqus CAE (ver.6.10) Contact Tutorial

Problem Description

In this problem, a segment of an electrical contact switch is modeled by displacing the upper portion by a
prescribed amount and investigating the resulting contact region and stress.
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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”
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).
a. Note: The right vertical edge of the switch does not need to be drawn.
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b. Click “Done”

Il Edit Base Extrusion x|

— End Condition

Type:  Elind
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— Optiong

Mote: Twist and draft cannot be specified together.

[~ Include twist, pitch: ID [Cist/Fesw]

[ Include draft, angle: |0 [Degrees]
Cancel |

c. SetDepth=2
d. Click “OK”
5. To aid in mesh refinement and assigning contact surfaces, we want to partition the lower half of the switch.
a. Inthe toolbox area click on the “Partition Face: Sketch” icon.
b. Select the lower half of the switch and click “Done”
c. Select the right edge of the lower half of the switch.
d. Inthe toolbar, click on the “Iso View” icon.
i. Note: If the View toolbar is not visible go to the menu View=>Toolbars=>Views
In the toolbox area click on the “Project Edges” icon.

P (]

Select the highest edge of the top half of the switch as shown. Click “Done” twice.
g. Click “Done” to accept partition geometry.
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6. Double click on the “Materials” node in the model tree
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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 Material x|
Mame: Steel
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i Material Behavi
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i Elastic

Type: Ilsulroplc VI ¥ Suboptions

[ Use temperature-dependent data
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Ok Cancel I

7. Double click on the “Sections” node in the model tree

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”
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8. 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 in the viewport and press “Done” in the prompt area
b. Select the section created above (ShellProperties)
c. Specify shell offset if necessary
d. Click “OK”
x
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e. Inthe menu bar select Assign =» Element Normal

f. Select the lower half of the switch, click “Done”

g. The purple faces of the contact areas should now be facing each other.
i. Note: The geometry may start with the purple faces up, in which case you will have to flip the

orientation of the top surface. The end goal is that you have the purple faces of the two
contacting surfaces facing each other.
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9. Expand the “Assembly” node in the model tree and then double click on “Instances”
a. Select “Dependent” for the instance type
b. Click “OK”
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10. 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, click “OK”

HNote: Tochange a Dependent inztance's
mesh, you must edit it part's mesh.
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11. Double click on the “BCs” node in the model tree
a. Name the boundary conditioned “Fixed” and select “Symmetry/Antisymmetry/Encastre” for the type

Il Create Boundary Condition x|
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b. Select the right edge of both halves of the switch and click “Done”
c. Select “ENCASTRE” for the boundary condition and click “OK”
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12. 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, click “OK”
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13. Double click on the “Interaction Properties” node in the model tree
a. Name the interaction properties and select “Contact” for the type, click “Continue...”
x|

Mame: IEontact Froperties

e T Type
- E;p ALE Adaptive Mesh Constraints

B Interactions Filrm condition
= Intera:t'}on Properties Cavity radiation
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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”
d. Click “OK”

Il Edit Contact Property x| M Edit Contact Property x|
Mame: Contact Properties Name: Contact Properties

.  Contact Property Options
— Contact Property Options
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14. 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 at the free end 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.
d.
e.
f.
g.
h. Click “OK”
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For the slave surface, set the slave type to “Surface”

[N Create Interaction

Marne: IContacE

Skep: IAppIy Load Vl

Procedure:  Static, General

x|

— Types for Selected Step

Surface-to-surface contack {Standard)

Self-contact {Standard)

Model change | Surface-to-surface conkact (Standard) |
Standard-Explicit Co-simulation

Acoustic impedance
Pressure penetration (Planar]Axisymmetric)

Cancel

Continue. .. I

Select the color of the surface corresponding to the top surface

Select the upper portion of the geometry at the free end and click done
Select the color of the surface corresponding to the bottom surface
Change the contact interaction properties to the one created above (if not already done)

Il E dit Interaction

Mame: Contact
Type:  Surface-to-suface contact [Standard)

Step:  Apply Load [Static, General)

Master suface: [Ficked] Edit Region... |l
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Slave Node/Surface Adjustment I Surface Smoothing | Clearance |
% No adjustment

" Adjust only to remove overclosure

"~ Specify tolerance for adjustment zone: ID
1~ adjust slave nodes in set 'I

ﬂ Create..

Contact interaction property: ICUnlacl Properties

Options:  Interference Fit.. I
Contact contrals: | [Default) hd

DKl

Cancel
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15. In the model tree double click on “Mesh” for the Switch part, and in the toolbox area click on the “Assign

Element Type” icon
Select all of the geometry

Select “Shell” for family

-0 a0 T

Select “OK”
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Select “Standard” for element type
Select “Linear” for geometric order

Note that the name of the element (S4R) and its description are given below the element controls

[N Element Type x|
— El t Library Family
Heat Transfer ;I

(' standard (" Explicit

— Geometric Order
& Linear ¢ Quadratic

Membrane
Surface

¥ Reduced integration

— Element Controls

Membrane strains:

Bending hourglass stiffness:
Drilling hourglass scaling Fac
Viscosity:

Second-order accuracy:
Hourglass contral:

Element deletion:

Mazx Degradation:

Scaling Factors: Displacement hourglass: |1

& Finike ' Small

Membrane hourglass stiffress: & Use defaule & Specifyl

& Use default € Specify: l_
tor: % Use default Specifyl_
& Use default ™ Specify l_
 ves % No
& Use default ¢ Enhanced ¢ Relax stiffness & Shiffness
& Use default @ ves & Mo
& Use default { Specify l_
Rotational hourglass: ll_ Linear bulk, viscosity:

o

S4R: A 4-node doubly curves

d thin or thick shell, reduced integration, hourglass contral, finite membrane strains.

16. In the toolbox area click on the “Assign Mesh Controls” icon

a. Select all of the geometry

b. Change the element shape to “Quad”
c. Change the technique to “Structured”

fiay [
& -

pﬁ Mesh Controls

B S
Ey

[t
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17. In the toolbox area click on the “Seed Edges” icon

a. Select the two fixed edges, click “Done”

b. Select “By
c. Set “Bias”
d

number”
to “None”

Under “Sizing Controls” enter 8 elements, Click “OK”

[N Local Seeds

Easic I Caonstraints I

— Method Bias
" By size & done ¢ Single O Double
(¥ By number

— Sizing Controls

Y

Mumber of elements: e

" Set Creation

[ Create set with name: IEdge Seeds-1

K | Apply | Defaults Cancel

18. In the toolbox area ensure the “Seed Edges” icon is still selected
a. Select the edges indicated below
b. Set “Method” to “By Size” and “Bias” to “Double”
c. Set Minimum size to 0.25 and Maximum size to 1, click “OK”

Easic I Canstraints I

[N Local Seeds

x|

— Method Bias

" By number

¢ Nome O Single % Double

— sizing Controls
Minimum size: 0.25

Maximum size:

Flip bias: Select. ., |
Set Creation
’]_ Create sek with name: IEdge Seeds-1

[o]'s | apply |

Defaulks

19. In the toolbox area ensure the “Seed Edges” icon is still selected
a. Select the remaining edges indicated below
b. Set “Method” to “By Size” and “Bias” to “None”
c. Set Approximate element size to 0.25, click “OK”
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20. In the toolbox area click on the “Mesh Part” icon

a. Click “Yes”

[N Local Seeds x|

Basic I Constraints I

— Method Bias

¢ By number

& none ¢ Single © Double

— Sizing Controls

Approximate element size: IU.25

¥ Curvature control
Maximum deviakion Factor (0.0 < hfL < 1.0%: |0.1
(Approximate number of elements per circle: &)

Minimum size Fackor {as a fraction of element size):

& Use default (0,13 ¢ Specify (0.0 < min < 1.0 I

5et Creation
’]_ Create set with name: IEdge Seads-1

Ok

| Apply | Defaults Cancel

[

Y-

B e

E”ﬂ Mesh Part
fi=gy 4

e

ﬂﬂ K to mesh the part? M

21. In the model tree double click on the “Job” node

a. Name the job “switch”

b. Give the job a description, click “Continue...”

c. Accept defaults, click “OK”
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I Create Job
M amne: Iswitch

Source: M odel

e ,p's»s- e s o e e
- [ Predefined Fields

] Remeshing Rules

: Y skekches

>\{' Annotations

Ei: Analysis

Processes

Eontlnue

Cancel

x|

I E dit Job

Mame: switch

Maodel: Model-1

Description: IF'erform contact analysiz on a contact switch

I Generall Memor_l,ll Parallelization | Precision

— Job Type

& Full analysis
¢ Recover [E=plicit)
" Restart

~ Run Mode

Hist name:
' Background Queue:l Vl ;

Type:

— Submit Time

& Immediately
& wait: I_ hirs. I_ ir.
[ At:l Tip...l

Ok | Cancel |

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

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

= m Switch Contest Chl+5pace
Switch Context Chil+Space . -
Edit Edit._.
Eop_l,l-_-__- Copy...
Fiamas Rename...
Delate Dal Delete... Del
Wite Input ‘wirite Input
Data Check ['ata Check
o — St
Continue ing" h 50 elens Cantinue 1.
Zed [o] 8 o
Results gned . The ] ob Results has
Kil e ey R pr_s
' ated o Job Arch Lz
Esport 3 ?tggs‘:‘ bEdd JDh Arch Export » E-St

b. 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  Status: Completed

=10l

step [ tcromen | an | B30 | | T [ vt | st [ v
1 g 1 1} 1 1 0.632568 0.632568 0.0593262
1 ] 1 i] 1 1 0.721558 0721558 00889832
1 10 1 1} 1 1 0.855042 0.655042 0133484
1 Il 1 i] 1 1 1 1 0.144358 "+ |
< | o

ilog I Erars I I'wamings I Clutput |

Started:  Abagqus/Standard
Completed: Abaqus/Standard
Completed: Tue Apr 28 11:27.32 2003

View Result Files

Data I
Message |
- Status |

Kill

Dismiss

23. 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 Edit__
Copy...
Rename...
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T Cantirue
50 elem . ted o
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The job has
—— | The job il Ear_s
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#HH | 3o8 A Export » s-St
T=T hae —-

24. 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”

1]1 3| ﬁ! I:EII ]:J:H !}{_EJ
1|23
L i)
B By
- E*’*‘ (S
a.. [i i % ]
i EI X s
L3 Iy B Plat Undefaormed
Plok Conkours on 0 A Shape
Deformed Shape D;}‘ g B =
=R = Ny, D=
O E‘i |
?_'l D-?‘? =T
e Allow Multiple Plot States ..|,3|
i : | | T Ir
B 4 1=t =
B P ﬁﬁﬁl Magnz Lo I

25. In the toolbox area click on the “Common Plot Options” icon
a. Setthe Deformation Scale Factor to 1
b. Click “OK”

s, Mises

SHEG, (fraction = -1,0)

(Aug: 75%)
+7.717e+02

+1.451e-02

26. 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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Result  Blot
Step/Frame. ..
Active Steps/Frames. ..

Animate  Re

Section Poinks. ..

ﬂistoE Cgkput, .

Opkions. ..

x
Step/Frame
Step: 1. Apply Load
Frame: 11 Step/Frame
Frimary Variable I Deformed Variable | Symbol Y ariable | Status Variable |
— Output ¥ariable
I List only variables with results: lﬁ
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
CPf EG e 5 E
CSHEART SMEG Frictional shear stress at surface nodes
CSHEARZ SHEG Frictional shear stress at surface nodes
CSLIPT SMEG Relative tangent at suface nodes
C5LIFZ SMEG Relative tangent at suiface nodes
E Shrain companents at integration points ll
B i Ci
Section Points:

aK Apply

Cancel I

CPRESS  SMESG
+1.50%=+00
+1.282=+00
+1.257=+00
+1.122=+00
+1.006=+00
+5.801e=-01
+7.0442-01

+&.286e-01

+5.02%2-01
+3.7722-01
+2.,313e-01
+1.257e-01
+0.000=+00
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